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Agenda Item 1: Introduction

1.1 The ninth meeting of working group-D was held 22 September -1 October 1998 in Ottawa at the
Department of Transportation. Mr. Doug Mein, Director of Air Navigation Safety Services welcomed Working Group D
(WG-D) to Ottawa.  He expressed his great pleasure on behalf of Transport Canada hosting the meeting.

1.2 WG-D expressed their appreciation for the hospitality received and the professional manner at which the
preparations for the meeting were made by Mr. Sim the AMCP member for Canada and Mr. Taylor.

1.3 The Agenda for the meeting and an overview of the working papers were provided.  (See Attachment A
and B respectively).  The attendants to the meeting introduced themselves and the list of attendants is contained in
Attachment C.

1.4 The US Panel member informed the working group that Ms. Brandy Lohse has received another assignment
and therefore won’t participate in the WG-D activities anymore.  WG-D asked the US Panel member to thank Ms. Lohse for
her contribution to WG-D.  Mr Bill Blake will be the point of contact for all VDL Mode 4 matters.

Agenda Item 2: Overview of related activities.

2.1 The Panel secretary presented the results from AMCP Working Group F, being held 14-18 September 1998
in Montreal.  Working group F is mainly addressing the ICAO inputs to ITU, development of the ICAO policy for WRC
2000 and the finalization of the ICAO spectrum handbook.  For the latter a request can be expected from WG-F to WG-D for
protection requirements for the introduction of digital modulation in the VHF band.

2.2 The WG-D received a communiqué from the ATNP addressing previous comments made on VDL Mode 4
and VDL Mode 3 to which WG-D responded.   For VDL Mode 3 ATNP noted that ISO/IEC 8208 is not a suitable interface
for achieving a broadcast function, but that it is the accepted interface for point to point communication over air-ground
subnetworks.

2.3 WG-D was informed that RTCA SC172 held their last meeting on July 28-30, 1998 at RTCA Headquarters
in Washington, DC.  At this meeting, SC172 Working Group 2 (WG-2) focused primarily on the potential RF interference
mechanisms between VDL mode 2 and 3 equipment and existing analog radios.  The results of this activity will be used to
propose modifications, if required, to the existing VDL RF mask identified in the VDL RF SARPs and VDL MASPS.  WG2
concluded that there was not enough information brought forward from equipment manufacturers to make a recommendation
whether to modify the currently defined RF mask. The FAA has initiated a test program at the FAA Technical Center to
further collect radio data to support making a decision. WG2 also continued to review the work on the development of the
VDL Mode 3 system that will be incorporated into the already existing VDL Mode 2 MASPS once completed.

2.4 RTCA 172 WG3 continued work on the VDL Mode 2 MOPS in conjunction with Eurocae WG47.  WG47
is responsible for the development of the physical layer of the protocol stack while WG3 is concentrating the DLS, LME,
and subnetwork layers. WG47 is considering releasing a VDL Mode 2 MOPS which will include the physical layer only by
the end of 1998.  The next meeting of WG47 is scheduled for October 8-9, 1998 in Paris, France. The next meeting of SC172
is scheduled for November 17-19, 1998 in Washington, DC.



2.5 WP-2 described the joint effort between the ICAO AMCP WG-D VSG-4 and the Eurocae WG 51 SG/2.
WG 51 is developing MOPS for ADS-B based on the draft VDL Mode 4 SARPs. Although WG-D encourages co-ordination
between the various standardization organizations, it should be noted that the requirements for ADS-B standards are the
purview of the ADS Panel.

2.6 WP-3 provided an update on the NEAN (North European ADS-B Network) Program called NUP.  The
objective of the NUP program is to establish a pre-operational European ADS-B network based on draft global standards,
with certifiable equipment and applications to support new ATM concepts.

2.7 Working paper 19 contained the results from a simulation study comparing VDL Mode 1,2 and 3, Mode S
radar data link and AMSS data link.  WG-D appreciated the contribution and discussed the need of this information related
to the guidance to regional planning groups to implement data link communications. It was noted that regarding the Mode S
radar datalink it would be appropriate to ask SICASP to comment.  Further work will be conducted on HF data link.
WG-D considered this information valuable and questioned how the results could be applied in relation to the RCP concept.
Therefore, the secretariat was requested to provide WG-D with the draft version of the RCP as being developed by the
ADSP, as this document could bridge the gap between the operational and technical communication requirements.

Action 9-1: Secretariat to ask SICASP comments on WP 19 regarding the Mode S radar datalink.

Action 9-2: Secretariat to ask SICASP-WGA comments on WP 19 regarding the AMSS datalink.

Action 9-3: Secretariat to request the RCP material from the ADSP for consideration by WG-D

2.8 WP 20 was written with the purpose to determine the potential for accommodating additional services in the
band 108-137 MHz.  It discussed a possible conflict between the introduction of new communication, navigation and
surveillance systems within the band.  It concluded that within the US there is no capacity to implement ADS-B in the 108-
137 MHz band.  Although WG-D acknowledged the problem of the presently congested VHF band, it considered it
premature to draw any conclusion as the future utilization of the VHF band will be determined by a yet to be defined
operating concept.  WP 31 argued that there was no material to exclude the ADS-B operation form the band. Furthermore, it
informed WG-D on Eurocontrol’s activities to determine operational requirements covering both ADS-B and ADS-C.
Regarding the question whether surveillance application could be implemented in either the 108-117.95 MHz or the 118-137
MHz part of the band, further clarification is required.  The secretary advised that this issue should be brought to the
attention of the WG-F.

Action 9-4: Request clarification from the AMCP-WG F on the utilization of the 108-137 MHz band.

Agenda Item 3: Results from AMCP/5

3.1 WG-D discussed various aspects of the AMCP memo's 11 and 13 (Working papers 7 and 8). These memos
contain information on the results of the review of the AMCP/5 report by the Air Navigation Commission and the
organization of the further work in AMCP as a whole.

3.2 With respect to the development of SARPs for VDL Mode 3 it was noted that the Commission wished to be
informed on all vocoders which meet the selection requirements. It was also noted that the tests of the vocoders in other
languages than English would provide important information that would contribute to its final selection. In this regard WG-D
emphasized the timely availability of the results of these tests.

3.3 It was also noted that AMCP should develop proposals for the reorganization of the current VDL Mode 2
SARPs according to the new guidelines to panels for developing SARPs material.  The newly developed HF SARPs could
be used as a model for the reorganization



3.3 With respect to the work towards the completion of SARPs for VDL Mode 4 the meeting noted that to date
no decision has been taken in ICAO with respect to the acceptance of either the SSR Mode S extended squitter system or the
VDL Mode 4 systems for ADS (B) applications. Any further work on these systems would include the risk that draft SARPs
would not materialize into ICAO SARPs.

3.4 To identify further the respective roles of VDL Mode 4 and Mode S extended squitter, ICAO has developed,
on the basis of the comparative analysis of data links which was submitted to AMCP/5, an extract addressing only SSR
Mode S extended squitter and VDL Mode 4. This material will also be submitted in October 1998 to the SICASP. It is
planned that at the end of 1999 a final report will be completed identifying the various performance characteristics and
possible uses of these systems. The outcome of this study should identify whether the systems are complimentary or are
unnecessarily proliferating data link technology in aviation. It was also noted that the ADSP is expected to complete its
ADS-B SARPs and guidance material by the end of 1999. This material needs to be used when completing the validation of
SARPs for VDL Mode 4. WG-D agreed that the focus of the comparative analysis would be ADS-B, while consideration
should be given to possible other applications being supported by either technology.

3.5 Finally, WG-D noted the concern expressed by the Commission on the difficulties with the VDL Mode 2
RF characteristics. As AMCP/6 is required to further address this issue with a view of developing proposals for revision of
the current RF SARPs, WG-D agreed that it should co-ordinate with WG-B to resolve the issue expeditiously.

Agenda Item 4: Results form AMCP WG-B

4.1 The working group noted the report of the meeting of Working Group B, which was held on 30-31 July
1998 in Washington DC, United States. Working Group B reviewed the difficulties and possible solutions with respect to the
anticipated interference caused to DSB-AM (25 kHz as well as 8.33 kHz channel spacing) by the currently defined RF
characteristics for VDL Mode 2. At the Working Group B/D meeting in Oberpfaffenhofen (Germany) in December 1997
this interference was reported for the first time in AMCP. WG-D noted that further improvements to the RF emission mask
could relieve or remove the interference to the DSB-AM system. However, to date no manufacturer has committed to
implementing or developing such improvements. Due to the lack of such information, no indication could be given as to
which extend the new RF characteristics would permit efficient frequency assignment planning. This aspect was considered
extremely important by WG-D as VDL Mode 2, 3 and 4 would be implemented in a frequency band, which in some parts of
the world is already heavily congested. With respect to VDL Mode 3 it was noted that the efficiency for frequency
assignments is an important factor, contributing to the successful implementation of this systems.

4.2 The meeting agreed that by the next meeting of WG-D, in January 1999, information is required with
respect to the necessary amendments to the RF characteristics for VDL Mode 2. That meeting should al least confirm the
need to amend the current SARPs and identify the parameters which will be affected. Preferably, at that meeting a complete
set of amendments to the current RF SARPs should be developed. AMCP/6, provisionally scheduled for March 1999, will
review the matter and develop proposals for the Air Navigation Commission.

4.3 The meeting reviewed WP 13 and WP 17 on VDL radio interference investigation, market survey summary
and status.  This paper identified the difficulties with on-board transmitters (frequency separation between the adjacent
channel to be about 3 channels (75 kHz) when operating in the same geographical for interference between VDL. For
interference when VDL is on the same aircraft as DSB-AM channel spacing of 32 channels (800 kHz) is required. The paper
presented an ideal system performance for the RF modulation scheme, which when implemented, would reduce the
unwanted transmissions significantly and improve the compatibility with DSB-AM.

4.4 WG-D further noted that, once the final RF criteria are established, their effect on efficient frequency
assignment planning needs to be considered. Therefore frequency assignment planning criteria need to be developed, prior to
acceptance of the new planning parameters, for:

a) DSB-AM vs. VDL  (co-channel and adjacent channel(s))
b) VDL vs. VDL (co-channel and adjacent channel (S))



4.5 With respect to developing a frequency plan for VDL Mode 3the overall spectrum efficiency needs to be
compared to the 25 kHz channel assignment parameters and possibly the 8.33 kHz assignment parameters and presented to
AMCP/6.

4.6 WG-D noted WP 24, containing some remark on WP-13.  The remarks from the WG-B Rapporteur
indicated that WG-B would be the most appropriate Working group to discuss the issue.   WG-D agreed in principle,
however, it decided to develop a working paper for the next WG-B meeting to progress the matter.  Noting the proposed
meeting date for the next WG-B meeting, WG-D considered it to be more appropriate to conduct WG-B after the RTCA-172
meeting (reference Agenda Item 2) in November as more information would be available to ensure the combined WG B and
WG-D meeting in January can propose a solution to AMCP/6.

4.7 Finally, with respect to the optional modulation scheme for VDL Mode 4 the meeting agreed that an
assessment of the potential interference from GFSK into VDL Mode 2 (D8PSK), DSB-AM, ILS, VOR and GBAS needs to
be presented to Working Group B/D prior to accepting the GFSK modulation scheme by the working groups.

Action 9-5: WG-D members to comment on the draft working paper to be submitted to WG-B as in Attachment
D before the 20th of October

Action 9-6: The secretariat to request the Rapporteur of WG-B to postpone the next WG-B meeting until the end
of November.

Agenda Item 5: Report VSG3 VDL Mode 3

5.1 The Mode 3 Validation Sub-group (VSG-3) continued their work to finalize and validate the draft SARPs
material for VDL Mode 3.  The VSG-3 agenda included:

Review of VSG3 activities since December 1997
Review of open action items
Address SARPs issues not identified in action items
Channel labeling issues
Address use of 112-118 MHz frequency band
Restructuring of VDL SARPs in Annex 10 Vol. III, part 1
Review Mode 3 Validation Plan
Review open Change Proposals to VDL Mode 3 SARPs
Review of Concerns of ATNP
Discussion of Working papers relevant to Mode 3 SARPs/validation
Vocoder Sub-group Activity
Timeline for Completion of Validation
Future Work

5.2 Review of VSG3 Activities since December 1997

5.2.1 VSG3 reviewed the progress of meetings that had taken place since December 1997 which impacted the
activity of the sub-group.  These meetings included AMCP/5 and a sub-group meeting in May 1998.  The group also
discussed the activities of various parties who are actively participating in the Mode 3 validation effort.

5.2.2 In regard to Vocoder testing, the group was informed that the ANC is to be provided appropriate material on
all qualified Vocoders as tested by the Vocoder  sub-group.   The Mode 3 VSG agreed that although all qualified Vocoders
would be flight tested, end-to-end time delay testing would not be part of the flight tests for each of the qualified Vocoders.
This is due to the limitation that end-to-end time delay testing requires an integrated radio with a Vocoder, and that



integrated radios with all qualified Vocoders would not be available.  It was agreed in VSG3 that the previous integrated
radio tests and validation work on the Vocoder end to end time delay would be sufficient.

5.2.3 VSG3 reviewed Working Paper 14, which provided a detailed summary of VSG3 activity since December
1997.  This included work on the VDL Mode 3 SARPs and Validation Plan, and progress on VSG3 action items.

5.3 Review of Open Action Items

5.3.1 The VSG 3 reviewed all open action items.  Since the last AMCP WG-D meeting, the VSG 3 opened 41
new action items.  31 open VSG3 action items were closed at this meeting and 27 remain open.  The update of the action
item list is attached as Attachment E.
As a result of discussion of open action items and other work of the VSG 3, several future action items for WG-D were
agreed.

5.3.2 VSG-3 discussed the need for an indicator for the situation of a simultaneous transmission by two users to
all other radios on channel. The need was express as one but not the only possible effect of such a channel blockage is total
silence on the channel. It was not clear whether audible or visual indicators were needed to this situation. As a result of the
sub-group discussion it was agreed that the provision of a recordable indication to VDL Mode 3 users of a blockage situation
(i.e. two users attempting channel transmission at exactly identical times) needs to be given.  As these issues might have
consequences for on board recording of air-ground communication and the human factor aspects, it is suggested that any
specific specification of this indication should be discussed by the ICAO Flight Recorder panel and the appropriate human
factor activities within ICAO.  These issues are attached as Attachment F.

Action 9-7: The secretariat requested to bring Attachment F to the attention of the ICAO FLIREC Panel.

5.3.2 The sub-group discussed the removal of Mode 1 material from the VDL SARPs.  It was noted that this
process would require the coordination with other organizations including IATA, Service Providers, and the Rapporteur of
WG-C.  This coordination may need to be considered as an action item for WG-D.  The Secretariat noted that if consensus
was agreed among all parties, a proposal for removal of this material could be sent to States along with the proposal to
update VDL SARPs to add Mode 3 material. The January 1999 meeting of WG-D requires this input.

Action 9-8: WG-D members to assess the possible removal of Mode 1 material from Annex 10 and report the
results to WGD/10.

5.4 Address SARPs Issues not identified in Action Items

5.4.1 The sub-group discussed two SARPs issues not identified in the Action Item list.  These included use of the
112-118 MHz frequency band for VHF communication and channel labeling issues.

5.4.2 In regard to the 112-118 MHz frequency band, the Secretariat indicated that there is an open action item
resulting from AMCP/4 on this issue.  The open action item requests information on spectrum requirements for the use of
this frequency band for ATC communication.  To date, no material has been brought forward to WG-B.

Action 9-9: The secretariat to coordinate with WB-B to determine the need to change the allocation of the 112-
118 MHz or part thereof for communication purposes.

5.4.3 The group discussed a Channel Labeling Working Paper presented at AMCP/5 by the member nominated
by IFALPA.  Several concerns from ATC operations in regard to the proposed labeling scheme were identified, especially in
regard to the use of alphabetical characters.  Several members of the VSG3 drafted a new paper to address channel labeling
for VDL Mode 3.  The proposal, which suggests a channel designation based scheme for VDL Mode 3 as compared to the



current frequency designation based system, attempts to limit the number of digits to identify channels.  The paper is
provided as Attachment G to this report.

5.4.4 In regard to channel labeling issues, the group discussed the need to have appropriate expertise involved in the
formulation and review of proposed channel labeling schemes. Further, while the group understood the concerns expressed
about the current channel labeling for all VHF communications systems especially 8.33 kHz, it was also clear that transition
to the proposed channel labeling scheme or some variant was beyond this group or even this panel. It was noted that with the
introduction of VDL Mode 3 there is an opportunity to introduce a possible solution to solve or alleviate the problem of
errors in frequency identification. Therefore while this new labeling scheme might be introduced only with VDL Mode 3,
dual channeling schemes would exist for the other system VHF Communications systems. WG-D discussing the issue agreed
that input from operational experts is essential. Input is required by late November 1998.

Action 9-10: The secretariat to invite comments from the appropriate ICAO bodies and other operational
expertise to establish the requirement for a logical channel labeling scheme to reduce errors in
frequency identification.

5.5 Restructuring of SARPs in Annex 10

5.5.1 Three working papers were reviewed on the Reorganization of the Annex 10 material on VDL and
integration of new material on Mode 3 was considered. After some discussion it was determined that ICAO material
contained three basic documents that were pertinent to the reorganization of material. These documents were Chapter 6 of
Annex 10 Volume 3 Part 1 titled VHF Air-Ground Digital Link (VDL), Attachment B to Part 1 of Annex 10 green pages
titled Guidance Material for the VHF Digital Link (VDL), and the Implementation Aspects document for the VDL currently
in the process to be published by ICAO. To eliminate potential editorial error in the process or reorganizing the material, the
Secretariat has been requested and agreed to deliver electronic copies of the current documents to the VSG3. It was also
determined that after the material was reorganized the final documents that should exist are Chapter 6 of Annex 10 Volume 3
Part 1 titled VHF Air-Ground Digital Link (VDL) containing regulatory material, a technical manual for the VDL, and
implementation aspects of the VDL which might have volume 1 for the current material and volume 2 for the Mode 3
material. It was decided the green pages of the Annex 10 material for VDL would no longer exist.

5.5.2 WP-10 contains a first draft on the proposed new Chapter 6 material of Annex 10 in accordance with our
previous guidance from the WG-D8 meeting held in December 1997. This working paper is a red line/strike out of current
Annex 10 chapter 6 material. This working paper has used the concept that those materials contained in sections 6.1 through
6.4 should be retained basically in tact in Annex 10. These sections contain the physical layer and any other regulatory
material. Sections 6.5 through 6.7, which contain the detailed protocols for the MAC layer through the Subnetwork
Dependent Convergence Function, are being replaced with regulatory higher level material as appropriate to those functions.
Additions as appropriate and consistent with the above structure for the Mode 3 material were added. It was decided that the
WP-10 would form the basis of the future work on the Annex 10 material. This structure also means that the material that
must be fully validated for Annex 10 is basically the physical layer. Identification of the specific sections and material that
are currently under consideration relative to the interference investigations are to be forwarded WG-B. WP-9 is also a red
line/strike out of current Annex 10 chapter 6 material. This paper is complimentary to WP-10 and forms the basis of the
Technical manual for the VDL. This working paper has used the concept that those materials contained in sections 6.1
through 6.4 should replaced with references to the regulatory material contained in Annex 10. Sections 6.5 through 6.7
would contain the detailed protocol for the MAC layer through the Subnetwork Dependent Convergence Function that are
currently found in Annex 10. This paper does not contain any additions for the Mode 3 material and is considered an
intermediate paper. WP-25 is the same as WP-9 except that material appropriate to the Mode 3 has been added. WP-25 was
accepted as the basis of future work on this task. It is expected that current green pages in Annex 10 might be added to the
WP-25. The implementation aspect document will be created from an updated version of a working paper available on the
Web Site maintained for the VSG currently.

5.5.3 WP-10, Attachment H to this report, is proposed as the basis of the reorganized and updated Annex 10
material on the VDL. WP-25, Attachment I of this report, is proposed as the basis of the Technical Manual on the VDL. In
addition, review and comment of WP-10 and WP-25 is requested of the membership of WG-D by the 15 of December 1998.



Action 9-11: WG-D members to review and provide comments on Attachments H and I as the proposed
restructure and update on SARPs and Technical manual by 15 December 1998.

5.6 Review VDL Mode 3 Validation Plan

5.6.1 The first draft of the VDL Mode 3 Validation Plan was presented to WG-D at the December 1997 meeting.
Since then, the document has been under configuration control.  A procedure to track changes to the document and a total of
6 Change Proposals (CPs) have been reviewed and accepted by the Mode 3 VSG between December 1997 and WG-D/9.
Five of these Change Proposals (CPs 1-5) have been incorporated into the most recent version of the Validation Plan, version
2.0.

5.6.2 The group reviewed two open Change Proposals for the Validation Plan.  One change, CP7, adds targeted
applications to the Validation Plan Operation Concept for VDL Mode 3.  The second, CP8, updates the Validation Cross
Reference Index based on the latest accepted version of the VDL Mode 3 SARPs and incorporates other miscellaneous
editorial changes.   CP7 was accepted by the subgroup as presented and CP8 was accepted with minor editorial changes.
These CPs, along with CP6 previously accepted by VSG3, will now be incorporated into the Validation Plan.

5.6.3 VSG3 discussed the need for review of the VDL Mode 3 Validation Plan by WG-D members.  Several
questions about equipment flight tests arose during the sub-group discussions.  The review and comment by 1 December
1998 on the Validation Plan and specifically the flight test portion will ensure that all concerns of WG-D members will be
addressed.

5.6.4 In regard to validation, the group discussed opportunities for international interoperability testing.  The UK
suggested that it might be able to provide their prototype radios to the US for interoperability testing after they complete their
flight test activity.

5.6.5 The latest version of the validation plan is attached as Attachment J. Three Change Proposals adding
material which have not been incorporated to date are also attached as Attachments K, L and M.

Action 9-12: WG-D members to review and comment on Validation Plan by 1 December 1998

5.7 Review Open Change Proposals to VDL Mode 3 SARPs

5.7.1 VSG3 discussed several open change proposals to the VDL Mode 3 SARPs.  These change proposals had
previous been submitted to the group via the formal document change procedures.  The closure for discussion of the change
proposals was due to fall during the AMCP WG-D9 meeting dates.

5.7.1 For the VDL Mode 3 SARPs, twenty-one open change proposals (CPs 104-124) were discussed by the
group.  Also discussed were comments on the proposed changes submitted by various members of the Mode 3 VSG.  During
the sub-group meeting, 8 CPs were accepted with modification, 12 CPs were accepted as proposed, and 1 CP remains open.
The sub-group should close the open CP shortly at which time all accepted CPs will be incorporated into the VDL Mode 3
SARPs.

5.8 Review of Concerns of ATNP

5.8.1 The VSG reviewed working paper 4, which contains comments from the ATNP on the connection of the
VDL Mode 3 methodology to the ATN. We have noted their information and generated a response to the concerns which
indicates that the VDL Mode 3 will be capable of supporting both a CLNP connection as previously indicated and the



ISO/IEC 8208 interface. The response is attached as Attachment N. In addition we wish to inform the ATNP on the NPDU
size requirements for the VDL Mode 3 subnetwork. This paper is attached as Attachment O. This paper basically states that
if the ISO/IEC 8208 is utilized, 1100 octets can be supported. If the CLNP attachment is utilized, then 924 octets maximum
NPDU size is supported. The reason for this lower value is associated to the requirement to achieve the transfer of high
priority information without being blocked by lower priority, long streams of information.

Action 9-13: The Secretariat to forward Attachment N and O to ATNP.

5.9 Discussion of Working Papers relevant to VDL Mode 3 SARPs/Validation Plan

5.9 A total of 10 Working Papers relevant to VDL Mode 3 development and validation were presented to the
Working Group.  These inputs resulted in the version 1.6a of the draft SARPs, attached as Attachment P and the revision of
the validation plan discussed under 5.6.  Reference WPs 4, 5, 9, 10, 11, 12, 14, 15, 16, and 25.

5.10 Vocoder Subgroup

Discussion with the Vocoder subgroup on the availability of the final Vocoder occurred. The Vocoder subgroup informed
the VSG3 that the final selection of the Vocoder would not be possible prior to June of 1999 due to Secretariat and ANC
direction for review of all qualified Vocoders.

5.11 Discussion of timeline for completion of VDL Mode 3 validation

This discussion was driven by the timeline for testing and selection of a Vocoder for VDL Mode 3.  It was determined that
the time line for this process would be completed by summer 1999 due to the final selection of the Vocoder. All validation
and flight testing including flight testing of all qualified Vocoders are to be completed in January 1999. Analysis and
documentation of those flight tests are to occur in February. SARPs material for each qualified Vocoder would be available
by the end of January 1999. This documentation would allow the selected Vocoder to be easily inserted in the final SARPs.
There are additional flight tests for configuration 3T planned for and will occur in May 1999 preformed by the UK. At this
time period the validation efforts would be complete.

5.12 Future Work

The group identified several changes required to the validation plan and VDL Mode 3 SARPs.  Also, continued work on
proposed material for Annex 10 and its supplements was identified.  The group will continue to perform the work on the
validation of the VDL Mode 3 SARPs as indicated in the validation plan so that this process will be complete and ready for
adoption as soon as possible.

Agenda Item 6:  Status of Vocoder Testing.

6.1 The Vocoder Sub-Group met to consider the status of vocoder testing and other matters.

6.2 Review of Activities

6.2.1 The activities undertaken subsequent to the WG-D/8 meeting were reviewed.

6.2.1.1 WP 16 outlined the current status of vocoder testing being carried out by the FAA.  The paper indicated that,
as a result of the Request for Proposal issued by the FAA, two vendors had submitted vocoders for evaluation.  These
vocoders are currently being tested along with two benchmark vocoders.  The benchmarks are the vocoder used by the FAA
to conduct the VDL Mode 3 voice quality tests in 1997 and the current US Department of Defense 2400 bps vocoder
standard.



6.2.1.2 The testing has been confined to English, Japanese Accented English and Spanish Accented English
because the expected tapes containing French Accented English and Tunisian Accented English did not materialize.

6.2.1.3 The current state of progress is that all source tapes have been passed through the vocoders for the test
conditions being considered (i.e. Noise Type, Noise Level, BER and Bit Rate) and are currently being evaluated for voice
quality.  Final results of the voice quality scoring are expected in October 1998.  Voice quality is also to be evaluated by a
panel of air traffic controllers to measure the acceptability of  each vocoder in the air traffic control environment  This
activity is expected to take place during the last week of September 1998.

6.2.1.4 WP 5 gave an overview of the vocoder valuation program being undertaken in Japan. This involves
assessing the performance of all four vocoders when operating with Japanese accented English and the Japanese language.
The current state of progress is that the source tapes prepared by Japan have been processed through the vocoders at the FAA
Technical Center and returned to Japan for evaluation. The results will be presented to WG D/10 in January 1999.

6.2.1.5 During the discussion of these Working Papers, the ICAO Secretariat expressed concern that no information
was available regarding the manufacturer and country of origin of the two new submissions. This concern arose because of
the need to assure the ANC and all ICAO Member States that the selection process was open and fair.  The US Participant
explained that the knowledge of the origin of the vocoders offered was confined to a limited group even within the FAA.
This information was being kept confidential to ensure that those carrying out the evaluation could not possibly know whose
product they were evaluating and hence show bias in their assessment.  It was however also recognized that the ICAO
Secretariat required this information and details of the licensing requirements as soon as possible to allow these to be
assessed by the ICAO Legal Bureau.

Action 9-14: Ed Coleman agreed to provide ICAO  with details of the manufacturer and country of origin of all
vocoders being considered, together with their associated licensing details, by the end of October
1998.

6.2.1.7 A concern was expressed that the acceptability tests were only to be carried out by Air Traffic Controllers.
The Canadian participant noted that pilots from his organization would be at Atlantic City on 5 October and could participate
in tests if required.  Both IFALPA and IBAC also offered to seek assistance from their members. Although it would be
preferably that the tests were carried out in Atlantic City, it was noted that the Pilot evaluations need not be carried out at
Atlantic City.  Discs containing the vocoded voice recordings under the complete range of conditions could be made
available and allow the assessment to be carried out at any location.

Action 9-15: IFALPA and IBAC agreed to seek assistance from their members to participate in pilot acceptability
tests.

6.2.1.8 The Sub-group noted with regret that the evaluation of the European Languages against the new vocoders is
not yet available. In order that the performance of the vocoders can be assessed with European languages, it is planned to
carry out the tests using the tapes provided for the previous evaluation.  However, the jet noise level used on these tapes is set
at 83 dB C rather than 79 dB A and the results will not  be directly comparable. The overall effect is that dB C scale will give
a worse case than the appropriate dB A scale. Insufficient time now exists to generate source tapes without delaying the
technical evaluation.

6.2.1.9 The delay in testing may mean that the evaluation cannot be completed in the same time scale as the US and
Japanese evaluations.  It was agreed that the lack of results should not be allowed to delay the vocoder selection process,
which is planned to be completed by January 1990, within the limits set by the ANC.

6.3 Selection Criteria



6.3.1 Action Item 15 from the previous meeting required selection criteria to be defined when more than one
vocoder is considered acceptable.

6.3.2 WP 12 outlined the criteria for testing of vocoders at the FAA Technical Center.  The plan had originally
been published as part of the FAA Request for Proposal issued in April 1998. It included the evaluation plan and the
technical licensing requirements.

6.3.3 The secretary pointed out that the procedures contained in WP 12 were not coordinated with ICAO. He also
informed the group that in particular with respect to the ICAO proposed mechanism to deal with patent issues, a different
approach would be followed by ICAO. This relates in particular to some of the provisions in part I, section 4 and part II
section F of WP 12. He expressed his opinion that under the current circumstances, ICAO could not take any responsibility
for any difficulty on any of these regulatory or legal aspects that may come up in the future with respect to the vocoder
selection procedure. The technical elements in WP 12 were fully supported.

6.3.4 The Secretary expressed considerable concern regarding selection process and how the results would be
communicated to ICAO. It was agreed that ICAO should be passed all information, including the results of the evaluation
with the candidate vocoders ranked in order of merit.  The ICAO legal experts should be provided with licensing conditions
for review.  ICAO would preserve the confidentiality of these conditions if required.

6.3.5 The Secretary outlined the process for obtaining the ANC’s approval of the selected vocoder. Initially it
would be necessary for the licensing conditions to be examined by the Legal Bureau. Because SARPs are mandatory and
States must comply, ICAO licensing conditions require that proprietary items be licensed, if required, in a non-
discriminatory way.  In order to involve the ANC in the vocoder selection process, the ICAO Secretariat will present a paper
to the ANC, which sets out the evaluation data derived from the testing and the licensing conditions.  The evaluation data is
to include the raw evaluation results, a list of all vocoders, which meet the required standard in the rank order determined by
AMCP, and details of the algorithm used to develop the ranking order from the raw data.

6.3.6 The Sub-Group considered the criteria necessary to determine the ranking order of the qualified vocoders
based on their ability to provide the best value for the aeronautical community and developed a process to allow the ranking
order to be determined.  The details of this process are contained in Attachment Q to this Report. The attachment is missing
an equation allowing the Mean Opinion Scores used in the foreign language testing to be related to the combined DRT and
DAM scores derived from the English language tests.

6.3.7 The secretary advised WG-D that to prevent possible future discussions on the established weighting
criteria, a memo should be sent to all AMCP members to invite their comments.

Action 9-16:  The US Participant agreed to provide the missing equation in Attachment Q by 15 October 1998.

Action 9-17: Secretariat to circulate a memo to introduce the ranking method to all by AMCP members by 30th

October 1998.

6.4 Review of Outstanding Action Items

6.4.1 Item V3  - Identify ground network restrictions for TDMA due to vocoder was reassigned to R Morganstern
with a revised target date of WG D 10.

6.4.2 Item V15  - Definition of Selection Criteria when more than one vocoder is acceptable. Closed.

6.4.3 Item V31  - Initiation of the Distribution of the ICAO announcement letter. Closed



6.4.4 Item V32  - Provide measured values of delays in the current NAS and relevant delay studies. Remains
Open.

6.4.5 Item V37  - Provide group with detailed information concerning mini-DAM. Closed.

6.4.6 Item V38  - Send reminder for tape transmission to Tunisia and France.  Closed

6.4.7 Item V39 - Clarify if recorded tapes containing emergency situations are available. Remains Open

6.4.8 Item V40  - Clarify if DRT scores needed for a third evaluation process.  Closed.

6.5 Program Review

6.5.1 The meeting noted that the laboratory evaluation activities being carried out by the FAA and Japan were on
course to allow the results to be presented at AMCP WG D 10 in January 1999.  Flight testing would .however be completed
later and there was a general acceptance that vocoder selection could not be completed until the flight test results had been
analyzed.  The ICAO Secretariat considered that for draft SARPs to be approved at AMCP 6 they should have been
completed at this meeting of WG D.  The precedent set by VDL Mode 2 however suggests that the latest date for WG D to
complete the task would be January 1999 and that validation could continue up to a Working Group of the Whole held not
later than September 1999.

6.5.2 The need to involve the ANC in the selection process for the vocoder appeared to make completion of the
SARPs by WG 10 unachievable.  The Sub-group therefore concluded that, if the licensing information was made available
immediately and the required test results were made available at the end of January, vocoder  selection could be made in mid
1999.

6.5.3 The meeting noted that vocoder selection activities for AMSS were also taking place in ICAO and that there
was a need for a co-ordinated approach, particularly with respect to the way licensing issues were dealt with.

6.6 Future Work

6.6.1 The Sub-group agreed that it should have the opportunity to review the proposed flight test plan.  The
review will be conducted by e-mail.

Action 9-18: The FAA to circulate a draft flight test plans to the Sub-group by 10 November and indicate the
required date for comments.

Action 9-19: All WG-D Members are to comment on the flight test plan by the end of November.

6.7 Summary of New Action Items

6.7.1 The following new action items were generated during the meeting:

Num
ber

Action Action by Date

V 41 Release technical and licensing data to ICAO by end of
October 1998

E
Coleman

ASAP

V 42 Circulate draft Flight Test Plan E
Coleman

10 Nov. 98

V 43 Comment on draft Flight Test Plan All 1 Dec. 98

V44 Seek assistance for pilot acceptability tests IFALPA/I ASAP



BAC
V45 Provide relationship between DRT-DAM and MOS B Eckstein 15 Oct. 98

Agenda Item 7: Report from VSG VDL Mode 4

7.1 Introduction

7.1.1 At AMCP/5 it was agreed to continue the already started validation activity on VDL Mode 4, which may
become an ICAO standard for a Datalink for Surveillance Applications. At AMCP/5 a report on the activities of the
Validation Subgroup on VDL Mode 4 was presented. Since AMCP/5, VSG 4 held the following meetings:

VSG/5 – meeting held in Malmö, Sweden (25.05. – 26.05.1998),
VSG/6 – meeting held in Bagshot, UK (23.06. – 24.06.1998),
VSG/7 – meeting held in Offenbach, Germany (30.07.1998),
VSG/8 – meeting held in Stockholm, Sweden (2.09. – 3.09.1998),
VSG/9 – meeting held in Ottawa, Canada (24.09. – 25.09.1998).

7.1.2 Main purpose of these meetings was to finish work on SARPs-inspection and finish work on presented
Problem Reports and Change Requests as far as possible. Up to now 43 Problem reports were issued. 42 of them were
already discussed within the group. 16 of them need further consideration. Ít is expected that most of these PRs could be
closed at VSG/10. As a consequence of the discussion of the PRs 50 Change Requests were generated. Most of them were
discussed within the VSG. 34 of them could be closed. The actual lists indicating the status of each of CRs is enclosed to this
report.

7.1.3 There are two main issues, which are the SYNC Burst format and a new procedure for rapid net entry
(RNE). The current status of these two aspects is outlined in more detail in this report. It is expected that a decision could
also be reached at VSG/10.

7.1.2 Also consultation meetings took place with the Airborne Architecture Group, and EUROCAE WG51-SG2.
The Airborne Architecture Group has already worked out an airborne architecture proposal for commercial aircraft. This
group also undertakes and establishes a consultation process with Airlines and their Associations, Aircraft and Avionics
Manufacturers, ATM Providers, Regulatory Authorities and interested Research Agencies in the development of these
concepts.  Eurocae WG51-SG2 is responsible for developing MOPs for VDL Mode 4 aircraft transceivers.

7.1.3 Since AMCP/5 Eurocontrol supports the coordination of the VDL Mode 4 validation process.

7.2 Main activities, issues and problems

7.2.1 The following list gives an overview of the main activities and issues covered during the last VSG-meetings:
Inspection activities;
Analysis activities;
Simulation activities;
Equipment manufacture and testing;
Sync burst format;
Study of net entry issues;
Study of airborne architectural issues;
Study of hidden terminal effects;
ADS-B operational requirements;
Study of timing sources.



7.3 Inspection Activities

7.3.1 Inspection activities have been completed by the VSG members with assistance from:
PMEI;
Helios
Institute of Telecommunications of the Technical University of Braunschweig;
EUROCAE WG51-SG2.

7.3.2 Inspection activities are now complete and have resulted in a number of change requests. These changes
result in the production of  a new version of SARPs, version 5.4.2, which was presented during VSG/9.

7.4 Analysis activities

7.4.1 The analysis activities have been completed. This task includes:
-An analysis of slot reservation conflict handling. The results of the work have been accepted by the VSG and have
resulted in change request VDL4CR027.
-Refinement of the random access protocol, resulting in change request VDL4CR034
-A re-organization of the MAC sublayer (VDL4CR002)
-Consideration of re-use range for ground quarantined slots (VDL4CR028)
-Removal of specific application content from SARPs to a separate document (VDL4CR032).
-The very last aspect will be further discussed in the context of SYNC burst format definition.

7.5 Simulation Activities

7.5.1 Work has been carried out under LFV sponsorship to simulate ADS-B using VDL Mode 4 in the LA Basin
and core European airspace. Recent results have demonstrated message delivery probabilities in the Core European and LA
Basin Scenarios. Further work is being carried out to develop the simulator to support further analysis of the system.

7.5.2 A protocol simulator is being developed by PMEI to do detailed analysis of the VDL Mode 4 protocols.
The protocol simulator was described in VDL4 reference paper R31. Results from this work will become available during
the autumn of 98.

7.5.3 Work is in progress at DLR to simulate the physical layer characteristics. Final results are expected for the
next VSG-meeting in December 98.

7.6 Equipment Manufacture and Testing

7.6.1 Draft SARPs compliant equipment for broadcast functionality is expected to be available in October 1998
from two manufacturers, ADSI and SAAB. It is also expected that fully SARPs compliant equipment will be available early
in 1999. First results regarding unit test are planned to be presented at the VSG/10 –meeting in December 98. SAAB will
start flight testing beginning of December 1998. Both manufacturers are planning to finish unit and flight tests end of March
1999.  In addition DFS is planning to carry out some radio interference tests. The detailed test conditions are still to be
defined.

7.7 Sync Burst Format

7.7.1 In order to reduce the material of the VDL Mode 4 Draft SARPs the VSG is undertaking an analysis process
regarding the Sync burst format. The Sync burst contains of a fixed part, which is transmitted as part of every ADS-B
message and serves as a means for communication control. This element should include all information to establish and
maintain the communication link.
The variable part of Sync burst contains additional material related to the ADS-B application. There are several different
versions of variable parts expected, which include for instance information with respect to the detailed current position of a
VDL Mode 4 transmitter, flight ID, special high resolution position for surface operations etc. These different variable parts



might change in the future reflecting the ongoing discussion with respect to the Operational Requirements for ADS-B.
Therefore the VSG came to the conclusion, that this material should be explained in a specific manual attached to the core
SARPs material, which only includes the definition of the fixed part.
This means for the validation process, that it will be split into two parts. One part is related to the validation of the core
SARPs material. The second part is dedicated to the manual including the variable Sync burst formats and their capability to
fulfil the emerging Operational Requirements for ADS-B. It should be pointed out, that activities with respect to these two
validation components are undertaken in parallel. It should therefore considered to be a logical split rather than a split in
time.

7.8 Study of Net Entry Issues

7.8.1 Several proposals to expedite Net Entry were discussed within VSG. At VSG/9 a decision was reached to
implement one of this algorithm including new message types (Plea, Plea Response, Big Negative Dither). The core idea of
this entry scheme is to ask for help, in order to get reservation of slots by another station, which has the complete knowledge
of the reservation table for this channel. This scheme is expected to allow reserved access to the link within less than 5
seconds. With the current scheme outlined in the SARPs at least a time period of 1 minute is needed to have random access
and at least 2 minutes is needed to get reserved access to the link. Further investigations regarding the performance
improvements is needed. Especially high load conditions have to be considered.

It is expected to have a final discussion on this issue at VSG/10.

7.9 Study of Airborne Architectural Issues
The number of antennas required to support the system is being investigated under the auspices of the VSG. There are two
main activities:
Investigations being carried out by the VDL Mode 4 Aircraft Architecture Working Group, who are independent experts set
up to investigate how emerging CNS/ATM operational requirements can be met by a fully integrated and affordable airborne
solution. The group has provided a report and presentations to airlines and the results of the work will be made available to
ICAO through the VSG.
Work is being carried out at DLR to assess how many antennas are required to support a cellular system concept.

7.10 Study of Hidden Terminal Effects
The VSG are investigating hidden terminal effects through a number of studies including:

-Analysis to be carried out at DLR on the reasons for occurrence and impact of hidden terminals;
-Simulation work using the VDL Mode 4 simulator;
-Flight tests.

DLR considers it together with airborne architecture issues.

7.11 Meeting the ADS-B operational requirements

7.11.1 The validation process will compare the system performance with ADS-B operational requirements. One
issue is to show how system capacity and integrity requirements can be met and this work will build on the simulation work
being carried out during the validation process.
The validation work will also show how the system can support typical ADS-B message content. The VSG is currently
considering the specification detail required for the sync burst and considering reducing the fixed part in favor of a larger
variable part, whose content would be specified by a separate, application specific, body. The detailed content of the sync
burst for ADS-B message will be specified by a group such as EUROCAE WG 51, who are currently developing an
operational concept for VDL Mode 4 prior to specification of MOPS for the system.
The VSG is also considering the detailed requirements contained in ADS-B MASPs and analyzing the reporting rates
required on the GSCs to meet the requirements.  As states by the ANC the validation process can only be finalized after
ADSP has developed the operational requirements for ADS –B, expected to be completed by October 1999.  WG-D is
concerned whether ADSP will meet this target date and requested to be informed on the status of ADS-B activities by ADSP.



7.11.2 On the aspect of the operational requirements, the option was discussed to transmit the geometric altitude on
a primal basis with a sequent deviation transmission of barometric altitude.  It is assumed that geometric altitude is not used
in the air traffic environment and that the better solution is to have the barometric altitude transmitted on a primal basis with
a sequential deviation transmission of geometric altitude.

Action 9-20: The secretariat to provide WG-D with a status report on ADS-B from ADSP and its Terms of
Reference.

7.11.2 A working party within the VSG was set-up at the VSG/9-meeting with the task to consider further the
assessment of Air-Ground Digital Links regarding Surveillance Applications Requirements. In a first step an analysis of
material presented in WP6 of WG-D9 with respect to the performance of VDL Mode 4 will be conducted. WP6 is an
executive summary of the assessment report presented at AMCP/5 summarizing material regarding VDL Mode 4 and Mode
S Extended Squitter. First results of this activity are expected at VSG/10. Later on this work shall be completed taking into
account also other Surveillance Applications. It is expected that a parallel activity will be started within SICASP focusing on
Mode S Extended Squitter.

7.12 Study of timing sources

7.12.1 A study is being commissioned by Eurocontrol to investigate timing issues. The terms for the study have
been produced and approved by the VSG. This study will be focussed on the practicality of deriving back-up timing from
received bursts. The study will also look at options for timing and will investigate cost/performance trade-off.

7.13 Update of the VDL Mode 4 validation plan

7.13.1 The VSG group undertook great efforts in order to keep the original time schedule of this exercise. The
VSG met about every four weeks since AMCP/5 in order to finish work as far as possible. Unfortunately due to some delay
regarding the availability of equipment it is expected that the whole validation exercise dedicated to the core SARPs material
might be finished at the end of march 1999. More information from the manufacturers regarding unit and flight tests is
excepted to be presented at VSG/10 early December 1998.

7.14 Restructuring of SARPs material

7.14.1 The VSG already started an effort to consider the split of the current SARPs material into a core SARPs,
which includes the communications data, link and associated link management function on one side. On the other side a
process is ongoing establishing a manual including all Application relevant material, which will be attached to the SARPs. It
is planned to undertake a complete restructuring effort according to the ICAO guidelines in the context of the final review
process when validation is completed.

7.15 RFI issue

7.15.1 Due to the need to give timely input to the work of WG-B a co-ordination activity between FAA, DFS and
radio manufacturers was started at VSG/9 related to RFI testing of VDL Mode 4 equipment. DFS is planning to conduct
some of these tests within the next months. But this depends on the availability of equipment. The two manufacturers (ADSI,
SAAB) will also provide more information about their test results soon. During VSG/8 it become clear, that in a first step the
co-ordination for the allocation of 2 GSC (Global Signalling Channel) should start early. All other needed channels to
support VDL Mode 4 are related to local arrangement. It is expected that in addition two local channels are needed to
provide the ADS-B service in high-density airspace.  The need for two GSCs needs to be validated after which WG-B can
assess the availability.

7.16 Status summary

7.16.1 The VDL Mode 4 SARPs validation process consists of two stages:



-Validation of core communications data link and associated link management function, and:
-Validation of surveillance applications, including ADS-B and ADS-C.

Validation will be considered complete when both stages are completed and compliance with the final operational
requirements on ADS-B from the ADSP has been established.

7.16.2 Due to the fact, that it is expected, that unit and flight tests will be completed at the end of March 1999, the
first stage should be completed by this time.  Because the final ADSP ADS-B requirements are not expected to be available
until later in 1999, the second stage will use ADS-B information available, including the ADS-B MASPS/MOPS.  Once the
final ADSP ADS-B requirements are available, VSG 4 will perform the necessary investigation to complete the necessary
validation activities.

7.17 Future meetings

7.17.1 VSG/10 will be hosted by –Helios Tech. in Bagshot, UK, from 30November until 4 December1998.

Agenda Item 8:  Future developments

8.1 New Systems

8.1.1 The meeting received a presentation on the E-TDMA concept (WP 26/27/28).  WG-D discussed the
concept, which maybe considered in the context of the operating communication concept beyond 2010.

8.2 Terms of Reference

8.2.2 The Panel Secretary advised that regarding the new task on the comparative analysis between VDL Mode 4
and Mode S extended squitter, the terms of reference of WG-D don’t need to be amended,

Agenda Item 9: Report to AMCP/6

9.1 The panel secretary presented the proposed Agenda of AMCP/6.  WG-D noted that there were no Agenda
Items directly related the work of AMCP WG-D and expressed its discomfort.  The secretary explained that as no action was
required from the panel for WG-D to continue a status report of WG-D activities is not necessary.  Furthermore, AMCP
Panel members receive a copy of all WG-D reports.

9.2 Notwithstanding 9.1, if a WG-D member considers it appropriate for WG-D to submit a working paper to
AMCP/6 on a specific Agenda item, it should make a proposal at WG D/10.

Agenda Item 10: Administrative matters and next meetings.

10.1 WG-D discussed whether WG-D information could be made available on the ICAO Web site.  The
secretariat explained that ICAO has a web site, however, couldn't guarantee if and when WG-D information could be
available on this site.  One administration offered to provide this information in the mean time, however, before they could
do so they need to know the ICAO policy on distributing draft material available without any restrictions.

Action 9-21: The Secretariat to see if and when AMCP-WG-D information can be made available on the
ICAO web site and whether there are any restrictions.

10.2 On the invitation of the FAA, WG-D 10 will be held 19-28 January 1999 at the Allo Moana Hotel in
Honolulu, Hawaii.



10.3 WG-D/11 will be held around September/October.  Exact date and location will be determined at a later
date.
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ATTACHMENT E

ACTION ITEM LIST:  VDL Mode 3 PVSG, AMCP WG/D9

# Work Item Orig.
Mtg.

Paper(s) Co-ord. Status Plan Date

1 System synchronization and timing
integrity, reliability, failure modes, and
recovery mechanisms

D4

D5…

D6

WP5, WP12

WP19, F1

Chris Moody
(USA)

Completed

2 D8PSK Modulation performance D5

D6

WP5

WP4,14,

15,16

Dave Farncombe
(U.K).

Completed

3 Potential interference caused, for the
standard range configuration, by
transmissions from aircraft within LOS
but at a distance in excess of 200 nmi

D5

D8

WP5

WP 6

Closed
pending
validation

4 Level of error detection capability for
management channel data and the size
of the ID address space for ground
stations

D4

D6

WP12

WP25, F1

Rob Morgenstern
(USA)

Completed,
pending
validation

5 Support for wide area coverage (e.g.,
the 3S or 2V2S configuration)

D5 WP5

CP37

Dave Farncombe
(U.K.)

Completed D7

6 Tandem connections to the vocoder and
cross-coupling

See Vocoder
task group
action item
V3, V10

7 Development of procedures for making
changes to the draft SARPs

D5

D6 WP26

Brian Hung
(USA)

Completed;
Procedures
Adopted

D6

8 Capability to have direct access to
subnetwork without CLNP

D5 WP4, CP89 USA Closed D9

9 Vocoder delay requirements and voice
end-to-end delay performance

D7 WP53 See vocoder
task group
action item
V2, V17



# Work Item Orig.
Mtg.

Paper(s) Co-ord. Status Plan Date

10 VDL Mode 3 performance in the voice
air-to-air relay application

D5

D6

D7

WP5

WP19

WP14

Chris Moody
(USA)

Completed;
Covered by
timing
strategy as
part of item
1

D7

11 Identify scenarios and any required
additional system configurations for
MODE 3 voice system support for non
ATS applications.

-“unprotected” assignments with
ground stations

-assignments without ground stations

(Operational scenarios;  time scales
needed from interested states)

D5 WP5 Dave Farncombe

(UK)

Completed
pending
approval of
UK

D7

12 Refinement of the traffic model to be
used in system simulation and
validation

D5

D7

D8

WP55

WP 24

Eleuterio Esteban
(Spain)

Closed D8

13 Determination of VDL Mode 3 user
data transfer times

D5

D7 WP22

Brian Hung
(USA)

Completed D7

14 (Incorporated in item 11) Closed

15 VDL Mode 3 data communications
handoffs (and the overhead of such
handoffs) as an aircraft moves between
ATC sectors

D5
Brian Hung
(USA)

Open D10

16 Definition of a subnetwork priority
mechanism

-identify decisions required

-identify simulation tasks required

-identify vendor input required

-identify airborne interface and # of
levels required

D4 Brian Hung
(USA)

Closed D9

17 VDL Mode 3 support of direction
finding

D5 WP5 Henk
Van Noort
(Netherlands)

Closed D8

18 Preparation of a tutorial on 3T mode D5 Disc. Warren Wilson Completed



# Work Item Orig.
Mtg.

Paper(s) Co-ord. Status Plan Date

(USA)

19 Labeling scheme for VDL Mode 3
virtual voice channels

D4

D8

WP25

WP 4

RTCA 172

Closed

D8

20 Develop detailed timing maintenance
logic including validation procedures
for M unlink beacons;  (build on
approach proposed in D6 WP19)

D6

D7

F1

WP14

WP17

Chris Moody

(USA)

Completed D7

21 Determine need for ability to have a
receiver alert voice user to the presence
of a “step-on” condition.

D6 George Matich
(UK)

Warren Wilson
(USA)

Open D10

22 Identify potential airborne architecture
approaches for data operation

- Simplified router approach for
single subnetwork users (related to 8)

D6 Mitre Paper:
MTR98W0071

Ted Signore,
(USA)

Closed D9

23 Develop XID negotiation procedures D6

D8 CP87

Brian Hung
(USA)

Closed D8

24 Identify spectrum constraints and
transition strategies

D6 WG/B Closed 2/97

25 Develop/review approach for
incremental band expansion for
inclusion in MOPS

D6 WG/B Closed 11/96

26 Resolve difference with Mode 2,3
SARPs on ramp-up time

D7 WP20 RTCA 172/
Warren Wilson
(USA)

Close
pending
acceptance
of CP124

AMCP-5

27 Analyze effects of remaining MAC
protocol enhancements and develop
SARPs changes

D7

D8

WP22

CP78-86

USA Closed D8

28 For consistency with Mode 1,2 SARPs,
analysis of proper HDLC approach for
REJ/SREJ, Disconnect Mode, XID;

D7 CP59

CP60

USA

USA

Closed D9



# Work Item Orig.
Mtg.

Paper(s) Co-ord. Status Plan Date

May  require OpNet simulation
CP61

CP62

CP64

CP65

CP96

USA

ARINC

USA

ARINC

29 Impact of receiver failure

(need more specific definition of item)

D7 Need further
definition from
UK.  To be
addressed in
validation

Closed D9

30 Explore airborne radios being capable
of relaying timing to “lost” aircraft
when no discrete addressing or polling
from ground.

D7 CP50 Completed D7

31 Guidance Material and Implementation
Aspects

a) Basic voice and data configurations
operating concept.

b) Detail the logic for validation of M
burst (beacon) uplinks

c) Timing concept
description/tutorial.

d) Squelch logic operation.

e) 3T configuration operating
concept.

f) Requirements and possible
approaches for synchronizing
ground radios

g) Ground network architecture
considerations:

 - timing issues involved in placement of
vocoders and MAC logic (i.e.,
control site vs. radio site).

 - GNI hierarchy approaches/concepts

h) Broadcast uplink traffic (i.e.,
common channel with two way
traffic, or separate channel

D7

D7

D7

WP14

WP14,15

USA

USA

Possible input
from  Vocoder
subgroup

USA

USA

Open D10



# Work Item Orig.
Mtg.

Paper(s) Co-ord. Status Plan Date

broadcast data link)

i) Spectrum criteria for cosite ground
and airborne installations as well as
CCI and ACI criteria.

j) Ground Station Code management.

k) Data link scheduler algorithms

l) Priority processing

m) Parameter tuning

n) Expand Implementation Aspects to
include ground implementations

o) Add bit ordering example to
Implementation Aspects

p) Note details on frame grouping in
Implementation Aspects

q) Consider including performance
values such as link establishment
time, handoff time and recovery
time in Implementation Aspects

r) Input on 3S configuration

5/98

5/98

5/98

5/98

USA

USA

USA

USA

USA

USA

USA

USA

UK

32 Broadcast Protocol Architecture D7 D9/flimsy USA Closed D9

33 Determine signal quality (site selection
criteria) assessment method for channel
selection in 3S and 3T automated
handoff

D7 D8/WP22 George Matich
(UK)

Open D10

34 High level operating concept to be
added to validation plan

D8 CP1 Chris Moody
(USA)

Closed AMCP-5

35 Identify specific scenarios for Unit Test
and Flight test in Validation Plan

D8 CP5 Chris Moody
(USA)

George Matich
(UK)

Closed AMCP-5

36 Include data traffic model in Validation
Plan

D8 CP2 Brian Hung
(USA)

Closed AMCP-5

37 Establish FAA web page for validation D8 Tricia Gaudette
(USA)

Closed 2/98

38 Codify channel labeling changes
required for Annex 10 update

D8 Tricia Gilbert
(USA)

Open WGW/AMCP-
6



# Work Item Orig.
Mtg.

Paper(s) Co-ord. Status Plan Date

39 Investigate A/G protocol negotiation
procedure

D8 CP87,
CP96,
CP101,
CP123

Brian Hung
(USA)

Closed D9

40 Insert 3S flight test for FT7 in
Validation Plan

5-98 CP6 Andrew Baron
(UK)

Closed

41 Provide STel Channel Sounding CD
data to UK

5-98 Tricia Gilbert
(USA)

Closed D9

42 Discuss Ground Site for long range
testing (200nmi)

5-98 John Petro (USA) Open D10

43 Check with DVSI as to how to interface
VC-20-MTR and AMBE chip

5-98 Rob Morgenstern
(USA)

Closed D9

44 Add failure mode analysis
documents/reports to Validation Plan
(i.e. availability, integrity, FEC, timing
analyses)

5-98 Rob Morgenstern/
Warren Wilson
(USA)

Open D10

45 Add G/A frequency transfer
mechanism for 3S (need new CP)

5-98 Chris Moody
(USA)

Open D10

46 Place new version of Requirements and
Desirable Features document on web

5-98 Tricia Gilbert
(USA)

Closed D9

47 Add targeted applications to Validation
Plan Appendix A (Ops Concept)

5-98 CP7 Tricia
Gilbert/Brian
Hung (USA)

Closed D9

48 Document decision made to lead to
current synchronization sequences
(material may be included in
implementation aspects)

5-98 Warren Wilson
(USA)

Closed D9

49 Ensure WPs which apply to validation
of Alternate Timing Rules are noted in
Validation Plan

5-98 Chris Moody/
Warren Wilson
(USA)

Open D10

50 Include Mode 3 in Modulation Support
Table of Annex 10 when incorporating
Mode 3 material

5-98 Tricia Gilbert
(USA)

Open

51 Fill in validation methods for Section 6
of SARPs in Validation Plan

5-98 CP8 Yoon Hung
(USA)

Closed D9

52 Correct all references to 4800 and 4000
bps rates if necessary once vocoder

5-98 VSG Open D10



# Work Item Orig.
Mtg.

Paper(s) Co-ord. Status Plan Date

algorithm selected

53 Update SARPs Section 6.4.4.2 based
on vocoder algorithm method of
dealing with vocoder frame erasures

5-98 Ed Coleman
(USA)/VSG

Open D10

54 Check on use of Voice Request field to
support Urgent Voice request for non-
3T configurations and document

5-98 Warren Wilson
(USA)

Chris Moody
(USA)

Open D10

55 Withdrawn

56 Check sensitivity of Emergency Comm
Satellite (121.5 MHz) to ACI.

5-98 Chris Moody
(USA)

Open

57 Examine tradeoff between phase noise
and tune time

5-98 UK Open

58 Check for input from Japanese
delegation regarding 3T tune time (tune
time is driver for phase noise)

5-98 Chris Moody
(USA)

Closed

59 US AM on AM test data and CD-ROM
recordings provided to UK

5-98 John Petro (USA) Open D10

60 Examine implications of stretching rise
and fall times and impact on guard time

5-98 Warren Wilson/
Jim Eck (USA)

Closed D9

61 Distribute rapid state transition diagram
from OPNET simulation (if possible)

5-98 Brian Hung
(USA)

Closed D9

62 Draft letter to ATNP concerning VDL
Broadcast capabilities

8-98 D9 flimsy Ted Signore
(USA)

Closed D9

63 Draft letter to ATNP concerning 1100
octets

8-98 Tricia Gilbert/
Rob Morgenstern
(USA)

Closed D9

64 Determine best way to state broadcast
requirement in proposed Annex 10
material (e.g. link layer broadcast
service?)

8-98 Ted Signore
(USA)

Open D10

65 Determine if it is necessary to call out
Automated Handoff capability
separately in proposed Annex 10
material under System Capabilities

8-98 Chris Moody
(USA)

Closed D9

66 Ensure note pertaining to bit ordering is
included in Annex 10 material as

8-98 Vic Nagowski/
Bruce Eckstein

Open D10



# Work Item Orig.
Mtg.

Paper(s) Co-ord. Status Plan Date

appropriate (USA)

67 Provide material for proposed Annex
10 update pertaining to Adjacent
Channel Emissions (6.2.4, 6.3.4)

8-98 Jim Eck (USA) Open D10

68 Resolve power stabilization and AGC
setting time differences between
MASPS and SARPs (Annex 10 current
states 4 symbols)

8-98 Vic Nagowski/
Bruce Eckstein
(USA)

Open D10

69 Check Annex 10 for possible
typographical error made in a reference
from Mode 2 interleaving section.
There is a reference to transmission
length but section provided
(6.4.3.1.3.5) is Header FEC (should
reference be 6.4.3.1.3.4?)

8-98 Vic Nagowski/
Bruce Eckstein
(USA)

Open D10

70 Review turnaround material in Annex
10 for Mode 2 (Section 6.4.3.3);
Define similar material for Mode 3

8-98 RTCA
WP178

Warren Wilson/
John Petro (USA)

Open D10

71 Annex 10 material states ramp-up time
is 3 symbol periods;  check if RTCA
decided to change value to 2.5 symbol
periods;  Decide if this is a "VDL"
section and if so, where does it go

8-98 Vic Nagowski/
Bruce Eckstein
(USA)

Open D10

72 Transmitter ramp-down current
requirement is power -60 dB with
reference to nominal power output no
later than 2.5 symbol periods after
center of last info symbol;  Did RTCA
discuss a number besides -60?  Should
it be considered here?  Provide
minimum acceptable value.

8-98 Warren Wilson
(USA);  Bruce
Eckstein to
coordinate with
Vic Nagowski
(USA)

Open

73 Provide brief description of Mode 3
DLS for proposed Annex 10 material
Section 6.5.1.1

8-98 Rob Morgenstern
(USA)

Closed D9

74 Provide update to VDL link layer
service description for proposed Annex
10 material Section 6.5.1.2

8-98 Rob Morgenstern
(USA)

Closed D9

75 Provide brief write-up of Mode 3 Data
link service for proposed Annex 10
material Section 6.5.3.2

8-98 Rob Morgenstern/
Rick Beeped
(USA)

Closed D9

76 Airborne Installation power 8-98 Warren Wilson/ Closed D9



# Work Item Orig.
Mtg.

Paper(s) Co-ord. Status Plan Date

requirements in Annex 10 material
based on 10 W.  Align with MASPS
that are based on 15 W? (same may
apply for ground installation power
requirements)

John Petro (USA)

77 Ensure accuracy/completeness of
Annex 10 Spurious Emissions
requirement (6.2.3)

8-98 John Petro (USA) Open D10

78 Generate CP to remove unprotected
circuits as a type of voice circuit
supported by the Mode 3 Voice Unit

8-98 CP124 Chris Moody
(USA)

Closed D9

79 Determine if proposed material
pertaining to Mode 3 Voice Unit for
Annex 10 is sufficient.  Determine how
to specify selected vocoder in Annex 10

8-98 Ed Coleman
(USA)

Open D10

80 Discuss vocoder license/disclosure
information with vocoder
subgroup/Robert Witzen in regard to
inclusion of vocoder material in Annex
10

8-98 VSG Open



ATTACHMENT F

Potential Aspects of VDL/3 Voice Operation that may require An Operational Assessment

Below are listed operational aspects of VDL Mode 3 related to basic voice service that should be reviewed by experts in
ATC operations and voice radiotelephony procedures.  The issues listed relate only to the introduction and use the voice
functionality in VDL 3.  Of most immediate concern is a determination of which issues could impact VDL 3 standards.
Other potential aspects related to the use of data link and other features requiring new ATC automation functions are outside
the scope of this list and are clearly considered outside the scope of any VDL 3 standards.

1. Providing a degree of protection against “phantom controllers”:  VDL 3 voice signals transmitted from ATC ground
transmitters have their digital voice bursts coded differently than that of voice bursts transmitted from avionics.  This
coding could be used to provide a source-of-transmission indicator to the pilot, thus allowing a crude form of message
authentication by the pilot.  This could reduce the risk of being misled by “phantom controllers”.  Is an indicator for the
pilot as to the source of a voice transmission needed?  If it is to be provided, what form should it take?  Would there be a
requirement that this indicator be standardized?  If so, when?

 
2. Providing an indication of a “step-on” condition to channel users:  The VDL3 architecture should significantly

reduce channel blockage induced by a “step-on” condition, particularly between pilot and controller.  This is due to the
signaling capability in the Management subchannel.  However, it is still possible that a voice access “step-on” condition
could occur between two airborne users.  When this does occur, it could result in silence on the voice channel to a third
party user.  In the current system it is usually obvious to a third party that a step-on has occurred as a strong heterodyne
tone will be evident to the third party.  Is the potential for occurrence of a step on in VDL 3 significant?  If so should
some indication be available to a third party observer?  Is the indication needed by pilots, the ground system user or
both?  What form should it take (e.g., tone, light etc) and should it be standardized?  If so, when?  How is the condition
to be detected?  There may be some possibilities to address this with logic in the airborne radio that interprets the uplink
signaling information, but these changes may have other implications for failure modes that would need investigation.

 
3. Pilot indicator of airborne transceiver timing status:  Being a TDMA system, the VDL3 architecture is dependent on

timing information to maintain its spectrum efficiency through channel multiplexing.  VDL3 has adopted what is
referred to as a “reversionary” timing strategy that allows an airborne radio to be robust to timing failures.  Essentially an
airborne transceiver always uses the ground station beacon uplink as its primary timing source.  Failing this (for
whatever reason) an airborne transceiver attempts to obtain timing from a “ground connected” airborne user in the user
group.  Timing from this alternate source may result in a somewhat degraded transmitted voice quality for the affected
user until the timing information improves.  Finally, if neither a ground beacon or an alternate--airborne “relay”--source
of timing is available, the airborne radio enters what is referred to as a “free running” timing state if no source is
available.  Also when an aircraft first enters a new sector, if no ground station beacon or airborne radio is heard, the
airborne radio will enter the free run timing state after [60] seconds.  During this time the ability to transmit voice from
this airborne radio is inhibited to ensure that no other ground or airborne stations are present.  Operational questions
which arise are as follows:

⇒ Should the pilot somehow be cued as to the timing state of the airborne radio, in particular the (very limited)
cases where transmission is momentarily inhibited?

⇒ If so, what form should such an indicator take and should it be standardized?
⇒ If so, when should it be standardized?
 

4. Need for a “passive” mode for airborne transceiver:  When airborne radios capable of discrete addressing and data
link encounter a ground station which supports discrete addressing and data link, the airborne radio immediately
attempts a procedure known as “net entry”.  Net entry serves to “register” the user with the ground station and serves to
generate a compressed “local user id” for that airborne radio.  The address space available is 60 aircraft per user group.
In the current analog system many users (particularly VFR) may passively monitor ATC channels simply for situational



awareness information.  If this practice continues after VDL3 is deployed (and assuming a significant GA equipage
occurs) there is a potential for these users to lose their anonymity and to displace address space needlessly.  If this is a
concern, a switch on the airborne radio could control whether it was in a passive or active mode.  Would such a mode
switch be needed?  If so how should it be implemented?  Should it be standardized?  If so, when?

 
5. Signaling an end of voice transmission: With the current analog radio it is usually obvious to an observer on the

channel precisely when another transmission is ending due to the manifestation of a short burst or click in the receiver.
User ability to accurately discern the end of a voice transmission is important to minimizing channel conditions that can
lead to step on.  Also a quick “double click” of the PTT switch is used in some situations as an acknowledgement.  Will
some similar artificial cue to an end of transmission be required in VDL3?  If so how is it to be implemented and should
it be standardized?  If so, when?

 
6. Warning users of a “fringe of coverage” situation:  Analog radio signals tend to degrade in a graceful fashion at

extremes of coverage.  In a digital system like VDL3 there may be less warning to the user that coverage limits are about
to be reached.  Will it be viable or necessary to introduce a degree of “comfort noise” into VDL3 voice transmission
when coverage limits are being approached in order to emulate the characteristics of the analog system?.  If so should it
be standardized in any way?  If so when?

 
7. Coordination of multiple VDL3 radios in an aircraft:  As discussed in item 4 above, airborne transceivers can be in

an active mode even when not in use by the flight crew.  This is because the airborne transceiver will make certain
transmissions without crew interaction (i.e., for net entry and poll response).  Because of this, some coordination
amongst radios will be needed when multiple VDL3 avionics are installed on a single aircraft to ensure that only one
transceiver at a time gets tuned to a given channel identifier in an active mode.  Otherwise both transceivers could
attempt net entry and poll responses simultaneously resulting in a type of “step on” interference as perceived by the
ground station.  Will some special interlock control be needed to prevent this condition?  If so how will it be
implemented?  If it's needed could it impact pilot procedures?

 
8. Potential impact of an airborne receiver failure:  A failure of the receive portion of the VDL3 airborne transceiver

installation will result in lack of proper timing information being available to the transmitter portion of the avionics.  The
worst case scenario is where the avionics are operated in the “free run” state (discussed in item 3 above) with the crew
making several transmissions before switching to an alternate transceiver.  These transmissions could then result in
interference to potentially 2 user groups on the channel.  Is this risk of interference significant operationally?  If so, what
measures need to be taken to further reduce the risk of this interference?  [This may not be much different than the
situation today except for the fact that 2 user groups could be involved].  Would these measures need to be reflected in
any standards material?



ATTACHMENT G
Channel Labelling

1. INTRODUCTION
Research into sociology performed by the VOLPE Transportation Development Centre has shown that the
most common airborne mistakes in radiotelephony are frequency identification. In an effort to make
radiotelephony procedures safer and simpler in an environment where there will be an increase availability of
usable channels with the incorporation of 8.33Khz, TDMA (VDL Mode 3) along with the current DSB-AM
system an adequate channelling labelling scheme must be developed.

1. BACKGROUND
The current DSB-AM system uses a five-digit frequency designator where the first digit is always a ONE and
is never selectable by the user. However it is always pronounced on radiotelephony procedures per Annex ten
guidelines.

1. PROPOSAL
A system can be developed using the same five-digit designator where the first digit would have two
positions ZERO and ONE. Position ONE would be the current frequency designation based system (i.e.
118.00 MHz) and POSITION ZERO FOR a channel designation based system (i.e. ch 032.00).

1. CHANNEL DESIGNATOR
Considering that in any 1 MHz allocation there is the possibility of having 320 channels and there are 29
MHz available in the aviation VHF band a total of 9,280 channel designators would be required for the entire
VHF Band as described below:

40 25kHz DSB-AM
40 TDMA time slot # 1
40 TDMA time slot # 2
40 TDMA time slot # 3
40 TDMA time slot # 4
120 8.33kHz DSB-AM

320 total per MHz X 29 MHz = 9,280 channels required.

3.1 Allocation would begin at 108.00 MHz with channel 000.01 and increment .01 until reaching 092.80 which
would correspond to 136.997 MHz. See figures 1,2,3,4,5.

3.2 Reserving channels for the entire aviation VHF band would allow the correct allocation when required.

1. TRANSITION
During the transition period from one system to the other and considering that this will happen on different
schedules in different parts of the world, a single control head governing different radios (i.e. DSB-AM, 8.33
kHz, TDMA) can make it transparent to the user what means of communication is being employed. That is
when using 25 kHz spacing the first digit on the selector will be ONE and the user will select the published or
assigned frequency like it is done today. When using 8.33 kHz and or TDMA the first digit will be a ZERO
and the user will select the published and or assigned channel.

4.1 There will be channels allocations reserved for DSB-AM (i.e. 118.00KHz = ch 032.00) which may be used in
the future if desired.



Freq Mode Numeric
108.000
0

25kHz DSB-AM 00.01

108.000
0

TDMA time slot #
1

00.02

108.000
0

TDMA time slot #
2

00.03

108.000
0

TDMA time slot #
3

00.04

108.000
0

TDMA time slot #
4

00.05

108.000
0

8.33kHz DSB-AM 00.06

108.008
3

8.33kHz DSB-AM 00.07

108.016
7

8.33kHz DSB-AM 00.08

108.025
0

8.33kHz DSB-AM 00.09

108.025
0

25kHz DSB-AM 00.10

108.025
0

TDMA time slot #
1

00.11

108.025
0

TDMA time slot #
2

00.12

108.025
0

TDMA time slot #
3

00.13

108.025
0

TDMA time slot #
4

00.14

108.033
3

8.33kHz DSB-AM 00.15

108.041
7

8.33kHz DSB-AM 00.16

108.050
0

8.33kHz DSB-AM 00.17

108.050
0

25kHz DSB-AM 00.18

Figure 1
Sample Channel allocation in the lower
end of the VHF Aviation Band.

Freq Mode Numeric
112.000
0

25kHz DSB-AM 12.81

112.000
0

TDMA time slot #
1

12.82

112.000
0

TDMA time slot #
2

12.83

112.000
0

TDMA time slot #
3

12.84

112.000
0

TDMA time slot #
4

12.85

112.000
0

8.33kHz DSB-AM 12.86

112.008
3

8.33kHz DSB-AM 12.87

112.016
7

8.33kHz DSB-AM 12.88

112.025
0

8.33kHz DSB-AM 12.89

112.025
0

25kHz DSB-AM 12.90

112.025
0

TDMA time slot #
1

12.91

112.025
0

TDMA time slot #
2

12.92

112.025
0

TDMA time slot #
3

12.93

112.025
0

TDMA time slot #
4

12.94

112.033
3

8.33kHz DSB-AM 12.95

112.041
7

8.33kHz DSB-AM 12.96

112.050
0

8.33kHz DSB-AM 12.97

112.050
0

25kHz DSB-AM 12.98

Figure 2
Sample Channel allocation using the same
scheme starting at 112.00 MHz.



Freq Mode Numeric
136.950
0

25kHz DSB-AM 92.66

136.950
0

TDMA time slot #
1

92.67

136.950
0

TDMA time slot #
2

92.68

136.950
0

TDMA time slot #
3

92.69

136.950
0

TDMA time slot #
4

92.70

136.958
3

8.33kHz DSB-AM 92.71

136.966
7

8.33kHz DSB-AM 92.72

136.975
0

8.33kHz DSB-AM 92.73

136.975
0

25kHz DSB-AM 92.74

136.975
0

TDMA time slot #
1

92.75

136.975
0

TDMA time slot #
2

92.76

136.975
0

TDMA time slot #
3

92.77

136.975
0

TDMA time slot #
4

92.78

136.983
3

8.33kHz DSB-AM 92.79

136.991
7

8.33kHz DSB-AM 92.80

Figure 3
Sample Channel allocation in the upper
end of the VHF Aviation Band.

Freq Mode Numeric
118.000
0

25kHz DSB-AM 32.01

118.000
0

TDMA time slot #
1

32.02

118.000
0

TDMA time slot #
2

32.03

118.000
0

TDMA time slot #
3

32.04

118.000
0

TDMA time slot #
4

32.05

118.000
0

8.33kHz DSB-AM 32.06

118.008
3

8.33kHz DSB-AM 32.07

118.016
7

8.33kHz DSB-AM 32.08

118.025
0

8.33kHz DSB-AM 32.09

118.025
0

25kHz DSB-AM 32.10

118.025
0

TDMA time slot #
1

32.11

118.025
0

TDMA time slot #
2

32.12

118.025
0

TDMA time slot #
3

32.13

118.025
0

TDMA time slot #
4

32.14

118.033
3

8.33kHz DSB-AM 32.15

118.041
7

8.33kHz DSB-AM 32.16

118.050
0

8.33kHz DSB-AM 32.17

118.050
0

25kHz DSB-AM 32.18

Figure 4
Sample Channel allocation using the same
scheme starting at 118.00 MHz.



Freq Mode Numeric

118.0000 25kHz DSB-AM 32.01

118.0000 TDMA time slot # 1 32.02

118.0000 TDMA time slot # 2 32.03

118.0000 TDMA time slot # 3 32.04

118.0000 TDMA time slot # 4 32.05

118.0000 8.33kHz DSB-AM 32.06

118.0083 8.33kHz DSB-AM 32.07

118.0167 8.33kHz DSB-AM 32.08

118.0250 8.33kHz DSB-AM 32.09

118.0250 25kHz DSB-AM 32.10

118.0250 TDMA time slot # 1 32.11

118.0250 TDMA time slot # 2 32.12

118.0250 TDMA time slot # 3 32.13

118.0250 TDMA time slot # 4 32.14

118.0333 8.33kHz DSB-AM 32.15

118.0417 8.33kHz DSB-AM 32.16

118.0500 8.33kHz DSB-AM 32.17

118.0500 25kHz DSB-AM 32.18

118.0500 TDMA time slot # 1 32.19

118.0500 TDMA time slot # 2 32.20

118.0500 TDMA time slot # 3 32.21

118.0500 TDMA time slot # 4 32.22

118.0583 8.33kHz DSB-AM 32.23

118.0667 8.33kHz DSB-AM 32.24

118.0750 8.33kHz DSB-AM 32.25

118.0750 25kHz DSB-AM 32.26

118.0750 TDMA time slot # 1 32.27

118.0750 TDMA time slot # 2 32.28

118.0750 TDMA time slot # 3 32.29

118.0750 TDMA time slot # 4 32.30

118.0833 8.33kHz DSB-AM 32.31

118.0917 8.33kHz DSB-AM 32.32

118.1000 25kHz DSB-AM 32.33

118.1000 TDMA time slot # 1 32.34

118.1000 TDMA time slot # 2 32.35

118.1000 TDMA time slot # 3 32.36

118.1000 TDMA time slot # 4 32.37

118.1000 8.33kHz DSB-AM 32.38

118.1083 8.33kHz DSB-AM 32.39

118.1167 8.33kHz DSB-AM 32.40

118.1250 8.33kHz DSB-AM 32.41

118.1250 25kHz DSB-AM 32.42

118.1250 TDMA time slot # 1 32.43

118.1250 TDMA time slot # 2 32.44

118.1250 TDMA time slot # 3 32.45

118.1250 TDMA time slot # 4 32.46

118.1333 8.33kHz DSB-AM 32.47

118.1417 8.33kHz DSB-AM 32.48

118.1500 8.33kHz DSB-AM 32.49

118.1500 25kHz DSB-AM 32.50

118.1500 TDMA time slot # 1 32.51

118.1500 TDMA time slot # 2 32.52

118.1500 TDMA time slot # 3 32.53

118.1500 TDMA time slot # 4 32.54

118.1583 8.33kHz DSB-AM 32.55

118.1667 8.33kHz DSB-AM 32.56

118.1750 8.33kHz DSB-AM 32.57

118.1750 25kHz DSB-AM 32.58

118.1750 TDMA time slot # 1 32.59

118.1750 TDMA time slot # 2 32.60

118.1750 TDMA time slot # 3 32.61

118.1750 TDMA time slot # 4 32.62

118.1833 8.33kHz DSB-AM 32.63

118.1917 8.33kHz DSB-AM 32.64

118.2000 25kHz DSB-AM 32.65

118.2000 TDMA time slot # 1 32.66

118.2000 TDMA time slot # 2 32.67

118.2000 TDMA time slot # 3 32.68

118.2000 TDMA time slot # 4 32.69

118.2000 8.33kHz DSB-AM 32.70

118.2083 8.33kHz DSB-AM 32.71

118.2167 8.33kHz DSB-AM 32.72

118.2250 8.33kHz DSB-AM 32.73

118.2250 25kHz DSB-AM 32.74

118.2250 TDMA time slot # 1 32.75

118.2250 TDMA time slot # 2 32.76

118.2250 TDMA time slot # 3 32.77

118.2250 TDMA time slot # 4 32.78

118.2333 8.33kHz DSB-AM 32.79

118.2417 8.33kHz DSB-AM 32.80

118.2500 8.33kHz DSB-AM 32.81

118.2500 25kHz DSB-AM 32.82

118.2500 TDMA time slot # 1 32.83

118.2500 TDMA time slot # 2 32.84

118.2500 TDMA time slot # 3 32.85

118.2500 TDMA time slot # 4 32.86

118.2583 8.33kHz DSB-AM 32.87

118.2667 8.33kHz DSB-AM 32.88

118.2750 8.33kHz DSB-AM 32.89

118.2750 25kHz DSB-AM 32.90

118.2750 TDMA time slot # 1 32.91

118.2750 TDMA time slot # 2 32.92

118.2750 TDMA time slot # 3 32.93

118.2750 TDMA time slot # 4 32.94

118.2833 8.33kHz DSB-AM 32.95

118.2917 8.33kHz DSB-AM 32.96

118.3000 25kHz DSB-AM 32.97

118.3000 TDMA time slot # 1 32.98

118.3000 TDMA time slot # 2 32.99

118.3000 TDMA time slot # 3 33.00

118.3000 TDMA time slot # 4 33.01

118.3000 8.33kHz DSB-AM 33.02

118.3083 8.33kHz DSB-AM 33.03

118.3167 8.33kHz DSB-AM 33.04

118.3250 8.33kHz DSB-AM 33.05

118.3250 25kHz DSB-AM 33.06

118.3250 TDMA time slot # 1 33.07

118.3250 TDMA time slot # 2 33.08

118.3250 TDMA time slot # 3 33.09



118.3250 TDMA time slot # 4 33.10

118.3333 8.33kHz DSB-AM 33.11

118.3417 8.33kHz DSB-AM 33.12

118.3500 8.33kHz DSB-AM 33.13

118.3500 25kHz DSB-AM 33.14

118.3500 TDMA time slot # 1 33.15

118.3500 TDMA time slot # 2 33.16

118.3500 TDMA time slot # 3 33.17

118.3500 TDMA time slot # 4 33.18

118.3583 8.33kHz DSB-AM 33.19

118.3667 8.33kHz DSB-AM 33.20

118.3750 8.33kHz DSB-AM 33.21

118.3750 25kHz DSB-AM 33.22

118.3750 TDMA time slot # 1 33.23

118.3750 TDMA time slot # 2 33.24

118.3750 TDMA time slot # 3 33.25

118.3750 TDMA time slot # 4 33.26

118.3833 8.33kHz DSB-AM 33.27

118.3917 8.33kHz DSB-AM 33.28

118.4000 25kHz DSB-AM 33.29

118.4000 TDMA time slot # 1 33.30

118.4000 TDMA time slot # 2 33.31

118.4000 TDMA time slot # 3 33.32

118.4000 TDMA time slot # 4 33.33

118.4000 8.33kHz DSB-AM 33.34

118.4083 8.33kHz DSB-AM 33.35

118.4167 8.33kHz DSB-AM 33.36

118.4250 8.33kHz DSB-AM 33.37

118.4250 25kHz DSB-AM 33.38

118.4250 TDMA time slot # 1 33.39

118.4250 TDMA time slot # 2 33.40

118.4250 TDMA time slot # 3 33.41

118.4250 TDMA time slot # 4 33.42

118.4333 8.33kHz DSB-AM 33.43

118.4417 8.33kHz DSB-AM 33.44

118.4500 8.33kHz DSB-AM 33.45

118.4500 25kHz DSB-AM 33.46

118.4500 TDMA time slot # 1 33.47

118.4500 TDMA time slot # 2 33.48

118.4500 TDMA time slot # 3 33.49

118.4500 TDMA time slot # 4 33.50

118.4583 8.33kHz DSB-AM 33.51

118.4667 8.33kHz DSB-AM 33.52

118.4750 8.33kHz DSB-AM 33.53

118.4750 25kHz DSB-AM 33.54

118.4750 TDMA time slot # 1 33.55

118.4750 TDMA time slot # 2 33.56

118.4750 TDMA time slot # 3 33.57

118.4750 TDMA time slot # 4 33.58

118.4833 8.33kHz DSB-AM 33.59

118.4917 8.33kHz DSB-AM 33.60

118.5000 25kHz DSB-AM 33.61

118.5000 TDMA time slot # 1 33.62

118.5000 TDMA time slot # 2 33.63

118.5000 TDMA time slot # 3 33.64

118.5000 TDMA time slot # 4 33.65

118.5000 8.33kHz DSB-AM 33.66

118.5083 8.33kHz DSB-AM 33.67

118.5167 8.33kHz DSB-AM 33.68

118.5250 8.33kHz DSB-AM 33.69

118.5250 25kHz DSB-AM 33.70

118.5250 TDMA time slot # 1 33.71

118.5250 TDMA time slot # 2 33.72

118.5250 TDMA time slot # 3 33.73

118.5250 TDMA time slot # 4 33.74

118.5333 8.33kHz DSB-AM 33.75

118.5417 8.33kHz DSB-AM 33.76

118.5500 8.33kHz DSB-AM 33.77

118.5500 25kHz DSB-AM 33.78

118.5500 TDMA time slot # 1 33.79

118.5500 TDMA time slot # 2 33.80

118.5500 TDMA time slot # 3 33.81

118.5500 TDMA time slot # 4 33.82

118.5583 8.33kHz DSB-AM 33.83

118.5667 8.33kHz DSB-AM 33.84

118.5750 8.33kHz DSB-AM 33.85

118.5750 25kHz DSB-AM 33.86

118.5750 TDMA time slot # 1 33.87

118.5750 TDMA time slot # 2 33.88

118.5750 TDMA time slot # 3 33.89

118.5750 TDMA time slot # 4 33.90

118.5833 8.33kHz DSB-AM 33.91

118.5917 8.33kHz DSB-AM 33.92

118.6000 25kHz DSB-AM 33.93

118.6000 TDMA time slot # 1 33.94

118.6000 TDMA time slot # 2 33.95

118.6000 TDMA time slot # 3 33.96

118.6000 TDMA time slot # 4 33.97

118.6000 8.33kHz DSB-AM 33.98

118.6083 8.33kHz DSB-AM 33.99

118.6167 8.33kHz DSB-AM 34.00

118.6250 8.33kHz DSB-AM 34.01

118.6250 25kHz DSB-AM 34.02

118.6250 TDMA time slot # 1 34.03

118.6250 TDMA time slot # 2 34.04

118.6250 TDMA time slot # 3 34.05

118.6250 TDMA time slot # 4 34.06

118.6333 8.33kHz DSB-AM 34.07

118.6417 8.33kHz DSB-AM 34.08

118.6500 8.33kHz DSB-AM 34.09

118.6500 25kHz DSB-AM 34.10

118.6500 TDMA time slot # 1 34.11

118.6500 TDMA time slot # 2 34.12

118.6500 TDMA time slot # 3 34.13

118.6500 TDMA time slot # 4 34.14

118.6583 8.33kHz DSB-AM 34.15

118.6667 8.33kHz DSB-AM 34.16

118.6750 8.33kHz DSB-AM 34.17

118.6750 25kHz DSB-AM 34.18

118.6750 TDMA time slot # 1 34.19

118.6750 TDMA time slot # 2 34.20

118.6750 TDMA time slot # 3 34.21

118.6750 TDMA time slot # 4 34.22

118.6833 8.33kHz DSB-AM 34.23

118.6917 8.33kHz DSB-AM 34.24



118.7000 25kHz DSB-AM 34.25

118.7000 TDMA time slot # 1 34.26

118.7000 TDMA time slot # 2 34.27

118.7000 TDMA time slot # 3 34.28

118.7000 TDMA time slot # 4 34.29

118.7000 8.33kHz DSB-AM 34.30

118.7083 8.33kHz DSB-AM 34.31

118.7167 8.33kHz DSB-AM 34.32

118.7250 8.33kHz DSB-AM 34.33

118.7250 25kHz DSB-AM 34.34

118.7250 TDMA time slot # 1 34.35

118.7250 TDMA time slot # 2 34.36

118.7250 TDMA time slot # 3 34.37

118.7250 TDMA time slot # 4 34.38

118.7333 8.33kHz DSB-AM 34.39

118.7417 8.33kHz DSB-AM 34.40

118.7500 8.33kHz DSB-AM 34.41

118.7500 25kHz DSB-AM 34.42

118.7500 TDMA time slot # 1 34.43

118.7500 TDMA time slot # 2 34.44

118.7500 TDMA time slot # 3 34.45

118.7500 TDMA time slot # 4 34.46

118.7583 8.33kHz DSB-AM 34.47

118.7667 8.33kHz DSB-AM 34.48

118.7750 8.33kHz DSB-AM 34.49

118.7750 25kHz DSB-AM 34.50

118.7750 TDMA time slot # 1 34.51

118.7750 TDMA time slot # 2 34.52

118.7750 TDMA time slot # 3 34.53

118.7750 TDMA time slot # 4 34.54

118.7833 8.33kHz DSB-AM 34.55

118.7917 8.33kHz DSB-AM 34.56

118.8000 25kHz DSB-AM 34.57

118.8000 TDMA time slot # 1 34.58

118.8000 TDMA time slot # 2 34.59

118.8000 TDMA time slot # 3 34.60

118.8000 TDMA time slot # 4 34.61

118.8000 8.33kHz DSB-AM 34.62

118.8083 8.33kHz DSB-AM 34.63

118.8167 8.33kHz DSB-AM 34.64

118.8250 8.33kHz DSB-AM 34.65

118.8250 25kHz DSB-AM 34.66

118.8250 TDMA time slot # 1 34.67

118.8250 TDMA time slot # 2 34.68

118.8250 TDMA time slot # 3 34.69

118.8250 TDMA time slot # 4 34.70

118.8333 8.33kHz DSB-AM 34.71

118.8417 8.33kHz DSB-AM 34.72

118.8500 8.33kHz DSB-AM 34.73

118.8500 25kHz DSB-AM 34.74

118.8500 TDMA time slot # 1 34.75

118.8500 TDMA time slot # 2 34.76

118.8500 TDMA time slot # 3 34.77

118.8500 TDMA time slot # 4 34.78

118.8583 8.33kHz DSB-AM 34.79

118.8667 8.33kHz DSB-AM 34.80

118.8750 8.33kHz DSB-AM 34.81

118.8750 25kHz DSB-AM 34.82

118.8750 TDMA time slot # 1 34.83

118.8750 TDMA time slot # 2 34.84

118.8750 TDMA time slot # 3 34.85

118.8750 TDMA time slot # 4 34.86

118.8833 8.33kHz DSB-AM 34.87

118.8917 8.33kHz DSB-AM 34.88

118.9000 25kHz DSB-AM 34.89

118.9000 TDMA time slot # 1 34.90

118.9000 TDMA time slot # 2 34.91

118.9000 TDMA time slot # 3 34.92

118.9000 TDMA time slot # 4 34.93

118.9000 8.33kHz DSB-AM 34.94

118.9083 8.33kHz DSB-AM 34.95

118.9167 8.33kHz DSB-AM 34.96

118.9250 8.33kHz DSB-AM 34.97

118.9250 25kHz DSB-AM 34.98

118.9250 TDMA time slot # 1 34.99

118.9250 TDMA time slot # 2 35.00

118.9250 TDMA time slot # 3 35.01

118.9250 TDMA time slot # 4 35.02

118.9333 8.33kHz DSB-AM 35.03

118.9417 8.33kHz DSB-AM 35.04

118.9500 8.33kHz DSB-AM 35.05

118.9500 25kHz DSB-AM 35.06

118.9500 TDMA time slot # 1 35.07

118.9500 TDMA time slot # 2 35.08

118.9500 TDMA time slot # 3 35.09

118.9500 TDMA time slot # 4 35.10

118.9583 8.33kHz DSB-AM 35.11

118.9667 8.33kHz DSB-AM 35.12

118.9750 8.33kHz DSB-AM 35.13

118.9750 25kHz DSB-AM 35.14

118.9750 TDMA time slot # 1 35.15

118.9750 TDMA time slot # 2 35.16

118.9750 TDMA time slot # 3 35.17

118.9750 TDMA time slot # 4 35.18

118.9833 8.33kHz DSB-AM 35.19

118.9917 8.33kHz DSB-AM 35.20

Figure 5

Sample Channel allocation in 1 MHz.   
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ATTACHMENT H

Proposed material for Annex 10 Chapter 6, VHF Air-Ground Digital Link (VDL)

CHAPTER 6.  VHF AIR-GROUND DIGITAL LINK (VDL)

6.1  DEFINITIONS AND
SYSTEM CAPABILITIES

The very high frequency (VHF) digital link (VDL) provides both voice and data service capability,
operating together or independently.  The data capability is a constituent mobile subnetwork of the
aeronautical telecommunication network (ATN), functioning in the aeronautical mobile VHF
frequency band.  In addition, the VDL may provide non-ATN functions. The Standards and
Recommended Practices (SARPs) for the VDL are defined and referenced below.

Note.  Where appropriate, references to the Manual on VDL Technical Specifications
have been included in the SARPs.

6.1.1  Definitions

Aeronautical telecommunications network. An internetwork architecture that allows ground, air-
ground, and aircraft data subnetworks to interoperate by adopting common interface services and
protocols based on the International Organization for Standardization (ISO) Open Systems
Interconnection (OSI) Reference Model.

Broadcast. A transmission intended to be received by all stations.

Data link service sub-layer. The sub-layer that resides above the MAC sub-layer. The DLS
manages the transmit queue, creates and destroys DLEs for connection-oriented
communications, provides facilities for the LME to manage the DLS, and provides facilities for
connectionless communications.

Data terminal equipment. A DTE is an endpoint of a subnetwork connection.

Frame. The link layer frame is composed of a sequence of address, control, FCS and information
fields, bracketed by opening and closing flag sequences. A valid frame is at least 11 octets in
length and contains an address field (8 octets), a link control field (1 octet) and a frame check
sequence (2 octets). A frame may or may not include a variable-length information field.

Link. A link connects an aircraft DLE and a ground DLE and is uniquely specified by the
combination of aircraft DLS address and the ground DLS address. A different subnetwork entity
resides above every link endpoint.

Link layer. The layer that lies immediately above the physical layer in the Open Systems
Interconnection protocol model. The link layer provides for the reliable transfer of information
across the physical media. It is subdivided into the data link sub-layer and the media access
control sub-layer.
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Link management entity. A protocol state machine capable of acquiring, establishing, and
maintaining a connection to a single peer system. An LME establishes data link and subnetwork
connections, “hands-off” those connections, and manages the media access control sub-layer and
physical layer. An aircraft LME tracks how well it can communicate with the ground stations of
a single ground system. An aircraft VME instantiates an LME for each ground station that it
monitors. Similarly, the ground VME instantiates an LME for each aircraft that it monitors. An
LME is deleted when communication with the peer system is no longer viable.

Media access control (MAC). The sub-layer that acquires the data path and controls the movement
of bits over the data path.

Physical layer. The lowest level layer in the Open Systems Interconnection protocol model. The
physical layer is concerned with the transmission of binary information over the physical
medium (e.g. VHF radio).

Quality of service. The information relating to data transfer characteristics used by various
communication protocols to achieve various levels of performance for network users.

Subnetwork dependent convergence facility (SNDCF). A facility that matches the characteristics
and services of a particular subnetwork to those characteristics and services required by the
internetwork facility.

Subnetwork entity. In this document, the phrase “ground DCE” will be used for the subnetwork
entity in a ground station communicating with an aircraft; the phrase “ground DTE” will be used
for the subnetwork entity in a ground router communicating with an aircraft station; and, the
phrase “aircraft DTE” will be used for the subnetwork entity in an aircraft communicating with
the station. A subnetwork entity is a packet layer entity as defined in ISO 8208.

Subnetwork layer. The layer that establishes, manages, and terminates connections across a
subnetwork.

System. A VDL-capable entity. A system comprises one or more stations and the associated VDL
management entity. A system may either be an aircraft system or a ground system.

VDL management entity. A VDL-specific entity that provides the quality of service requested by
the ATN-defined SN_SME. A VME uses the LMEs (that it creates and destroys) to enquire the
quality of service available from peer systems.

6.1.2  Modes of Operation

6.1.2.1    Mode 1 shall be a Carrier Sense Multiple Access (CSMA) data only mode which
utilizes a low speed physical layer.

6.1.2.2    Mode 2 shall be a CSMA data only mode utilizing a high-speed physical layer.

6.1.2.3     Mode 3 shall be a Time Division Multiple Access (TDMA) integrated voice and data
mode utilizing a high-speed physical layer.
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  6.1.3  Radio channels and
 functional channels

6.1.3.1    Aircraft station radio frequency range. An aircraft shall be capable of tuning to any of
the channels in the range specified in Section 6.1.5.1.1 within 100 milliseconds after the receipt of a
tuning command.

6.1.3.2    Ground station radio frequency range. A ground station shall be capable of operating
on its assigned channel within the spectrum detailed in 6.1.3.1.

6.1.3.3    Common signaling channel. Frequency 136.975 MHz shall be used as a worldwide
common signaling channel (CSC) for VDL Mode 2 to announce the availability of VDL Mode 2
services.

6.1.4  System capabilities

The VDL communication functions shall meet the general requirements in 6.1.4.1 through 6.1.4.5
below.

6.1.4.1    Data transparency. The VDL system shall provide code-independent, byte-
independent transfer of data.

6.1.4.2    Broadcast. The VDL system shall provide link layer broadcast services.

6.1.4.3    Connection management. The VDL system shall establish and maintain a reliable
communications path between the aircraft and the ground system .

Note.— In this context “reliable” is defined by the BER requirement specified in 6.3.5.1.

6.1.4.4    Ground network transition. A VDL-equipped aircraft shall transition from one ground
station to another when circumstances dictate and according to the procedure associated with the
mode of operation.

6.1.4.5    Voice capability.  The VDL Mode 3 system shall support a real time, half-duplex voice
operation based on a “Listen-Before-Push-To-Talk” channel access.

6.1.5  Air-ground VHF digital
link communications
system characteristics

6.1.5.1    The characteristics of the air-ground VDL communications system used in the
international aeronautical mobile service shall be in conformity with the following specifications:

6.1.5.1.1    The radio frequencies used shall be selected from the radio frequencies in the band
117.975 - 137 MHz in accordance with the conditions of Radio Regulation 595. The lowest
assignable frequency shall be 118.000 MHz and the highest assignable frequency shall be 136.975
MHz. The separation between assignable frequencies (channel spacing) shall be 25 kHz.
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Note.— Volume V specifies that the block of frequencies from 136.9 - 136.975 MHz inclusive is
reserved for VHF air-ground digital communications.

6.1.5.1.2    The design polarization of emissions shall be vertical.

6.2  SYSTEM CHARACTERISTICS OF
THE GROUND INSTALLATION

6.2.1  Ground station
transmitting function

6.2.1.1    Frequency stability. The radio frequency of VDL ground station equipment operation
shall not vary more than plus or minus 0.0002 per cent (2 parts per million) from the assigned
frequency.

Note.— The frequency stability for VDL ground stations using DSB-AM modulation is specified
in Volume III, Part II, Chapter 2 for 25 kHz channel spacing.

6.2.2  Power

Recommendation.—The effective radiated power should be such as to provide a field strength
of at least 75 microvolts per metro (minus 109 dBW/m2) within the defined operational coverage of
the facility, on the basis of free-space propagation.

6.2.3  Spurious emissions

6.2.3.1    Spurious emissions shall be kept at the lowest value which the state of the technique
and the nature of the service permit.

Note.—Appendix 8 to the Radio Regulations contains the tolerances for the levels of spurious
emissions to which transmitters must conform in accordance with Radio Regulation 304.

6.2.4  Adjacent channel emissions

6.2.4.1    The amount of power from a VDL ground transmitter under all operating conditions
when measured over the 25 kHz channel bandwidth of the first adjacent channel shall not exceed 0
dBm.

6.2.4.2    The amount of power from a VDL ground transmitter under all operating conditions
when measured over the 25 kHz channel bandwidth of the second adjacent channel shall be less
than minus 25 dBm and from thereon it shall monotonically decrease at the minimum rate of 5 dB
per octave to a maximum value of minus 52 dBm.
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6.2.4.3    The amount of power from a VDL ground transmitter under all operating conditions
when measured over a 16 kHz channel bandwidth centered on the first adjacent channel shall not
exceed minus 20 dBm.

 6.3  SYSTEM CHARACTERISTICS OF
THE AIRBORNE INSTALLATION

6.3.1    Frequency stability. The radio frequency of VDL airborne equipment shall not vary more
than plus or minus 0.0005 per cent (5 parts per million) from the assigned frequency.

Note.—The frequency stability for VDL airborne stations using DSB-AM modulation is specified
in Volume III,  Part II, Chapter 2 for 25 kHz channel spacing.

6.3.2    Power. The effective radiated power shall be such as to provide a field strength of at least
20 microvolts per metro (minus 120 dBW/m2) (minus 87 dBm) on the basis of free space
propagation, at ranges and altitudes appropriate to the operational conditions pertaining to the areas
over which the aircraft is operated.

6.3.3  Spurious emissions

6.3.3.1    Spurious emissions shall be kept at the lowest value which the state of the technique
and the nature of service permit.

Note.— Appendix 8 to the Radio Regulations contains the tolerances for the levels of spurious
emission to which transmitters must conform in accordance with Radio Regulation 304.

 6.3.4  Adjacent channel emissions

6.3.4.1    The amount of power from a VDL airborne transmitter under all operating conditions
when measured over the 25 kHz channel bandwidth of the first adjacent channel shall not exceed 0
dBm.

6.3.4.2    The amount of power from a VDL airborne transmitter under all operating conditions
when measured over the 25 kHz channel bandwidth of the second adjacent channel shall be less
than minus 25 dBm and from thereon it shall monotonically decrease at the minimum rate of 5 dB
per octave to a maximum value of minus 52 dBm.

6.3.4.3    The amount of power from a VDL airborne transmitter under all operating conditions
when measured over a 16 kHz channel bandwidth centered on the first adjacent channel shall not
exceed minus 20 dBm.

6.3.5  Receiving function

6.3.5.1    Specified error rate. The specified error rate for Mode 2 operation shall be the
maximum corrected Bit Error Rate (BER) of 1 in 104.  The specified error rate for Mode 3 operation
shall be the maximum uncorrected BER of 1 in 103.
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6.3.5.2    Sensitivity. The receiving function shall satisfy the specified error rate with a desired
signal strength of not more than 20 microvolts per metro (minus 120 dBW/m2) (minus 87 dBm).

Note.— The required signal strength at the edge of the service volume takes into account the
requirements of the system and signal losses within the system, and considers environmental noise
sources.

6.3.5.3    Undesired signal rejection. The receiving function shall satisfy the specified error rate
with a desired signal field strength of not more than 40 microvolts per metro (minus 114 dBW/m2)
(minus 81 dBm) and with an undesired signal on the adjacent or any other assignable channel at
most 40 dB higher than the desired signal.

6.3.5.3.1    Recommendation.— The receiving function should satisfy the specified error rate
with a desired signal field strength of not more than 40 microvolts per metro (minus 114 dBW/m2)
(minus 81 dBm) and with an undesired signal on the adjacent or any other assignable channel at
least 60 dB higher than the desired signal.

Note.— Guidance material on the measurement technique is included in Annex 10, Volume V,
Attachment A, section 7.

6.3.5.4  INTERFERENCE
IMMUNITY PERFORMANCE

6.3.5.4.1    The receiving function shall satisfy the specified error rate with a desired field
strength of not more than 40 microvolts per metro, and with one or more out-of-band signals,
except for VHF FM broadcast signals, having a total level at the receiver input of minus 33
dBm.

Note.—In areas where adjacent higher band signal interference exceeds this specification, a
higher immunity requirement will apply.

6.3.5.4.2    The receiving function shall satisfy the specified error rate with a desired field
strength of not more than 40 microvolts per metro, and with one or more VHF FM broadcast signals
having a total level at the receiver input of minus 5 dBm.

6.4  PHYSICAL LAYER
PROTOCOLS AND SERVICES

The aircraft and ground stations shall access the physical medium operating in simplex mode.

6.4.1  Functions

6.4.1.1    The physical layer shall provide the following functions:

a) transmitter and receiver frequency control;

b) digital reception by the receiver;
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c) digital transmission by the transmitter; and

d) notification services.

Note.  Digital implies both digitized voice and data.

6.4.1.1.1    Transmitter/receiver frequency control. The VDL physical layer shall set the
transmitter or receiver frequency as commanded by the link management entity (LME).

Note.— The LME is a Link layer entity specified in the Manual on VDL Technical Specifications.

6.4.1.1.2    Digital reception by the receiver. Signals received shall be decoded so that they may
be accurately read at the higher layers.

6.4.1.1.3    Digital transmission. The VDL physical layer shall appropriately encode and transmit
information received from higher layers over the RF channel.

6.4.1.1.4    Notification services. The operational parameters of the equipment shall be monitored at the
physical layer.

6.4.2  Mode 1 physical layer

6.4.2.1    To transmit a sequence of frames, a station shall insert the bit numbers and flags (with
aviation VHF link control (AVLC) frame format as specified in the Manual on VDL Technical
Specifications), prepend the training sequence (with AVLC frame format as specified in the Manual
on VDL Technical Specifications) and finally encode and modulate the RF signal (as per 6.4.2.1.1,
6.4.2.1.1.1 and 6.4.2.1.4).

6.4.2.1.1    Modulation scheme. Mode 1 shall use an amplitude-modulated minimum shift keying
(AM-MSK) modulation scheme, which is a constant-phase, frequency shift keying technique using
two tones. The presence of the lower tone of a tone pair shall indicate a bit change from the
previous bit. The presence of the higher tone shall indicate that there is no bit change. The phases of
the two tones shall be chosen so that the minimum phase discontinuity occurs at the interface with
the preceding bit and so that the amplitude of each tone is zero at the bit transition. The slope of the
waveforms at the end of a bit cell shall be positive for a binary one and negative for a binary zero.

6.4.2.1.1.1    Phase continuity. Phase coherence shall be maintained through the transmission
media for successful decoding at the receiving end. The establishment of correct phase relationships
shall be performed by the ground and aircraft decoding hardware during the continuous wave (CW)
tone segment of the training sequence.

6.4.2.1.2    Modulation rate. Mode 1 shall provide for binary ones and binary zeros to be
modulated by using 1200-Hz and 2400-Hz tones, producing data transmission at a bit rate of 2 400
bits/s ± 0.02 per cent.

6.4.2.1.3    Training sequence. Data transmission shall begin with a demodulator training
sequence consisting of three segments:

a) transmitter power stabilization;
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b) continuous wave tone; and

c) bit ambiguity resolution.

Note.— Immediately after these segments, an AVLC frame with the format specified in the
Manual on VDL Technical Specifications follows.

6.4.2.1.3.1    Transmitter power stabilization. The first segment of the training sequence is the
transmitter power stabilization, which shall consist of no more than 128 binary ones. The
transmitter shall be within 90 per cent of the steady state power level by the end of the transmitter
power stabilization segment.

Note.— It is not necessary to transmit all 128 ones. The next phase of the training sequence
should begin as soon as the transmitter has reached 90 per cent power output.

6.4.2.1.3.2    Continuous wave tone. After the transmitter has stabilized, a CW tone consisting of
88 binary ones, shall be transmitted.

6.4.2.1.3.3    Bit ambiguity resolution. The third segment of the training sequence shall consist of
the unique word 1101 0101 0101 0100 and shall be transmitted from left to right.

6.4.2.1.4    Transmission distortion. The distortion at amplitude modulation up to 90 per cent
shall not exceed 10 per cent over the modulation frequency range of 600 Hz to 6.6 kHz.
Transmitted noise shall be at least 45 dB below the level of the carrier modulated 90 per cent at 1
kHz.

6.4.3  Mode 2 physical layer

6.4.3.1    To transmit a sequence of frames, a station shall insert the bit numbers and flags
(with AVLC frame format as specified in the Manual on VDL Technical Specifications),
compute the forward error correction (FEC) (per 6.4.3.1.4), interleave (per 6.4.3.1.5), prepend
the training sequence (per 6.4.3.1.3), carry out bit scrambling (per 6.4.3.1.6) and finally
encode and modulate the RF signal (per 6.4.3.1.1).

6.4.3.1.1    Modulation scheme. Mode 2 shall use differentially encoded 8 phase shift keying
(D8PSK), using a raised cosine filter with α = 0.6 (nominal value). The information to be
transmitted shall be differentially encoded with 3 bits per symbol (baud) transmitted as changes in
phase rather than absolute phase. The data stream to be transmitted shall be divided into groups of 3
consecutive data bits, least significant bit first. Zeros shall be padded to the end of the transmissions
if needed for the final channel symbol.

6.4.3.1.1.1    Data encoding. A binary data stream entering a differential data encoder shall be
converted into three separate binary streams X, Y, and Z so that bits 3n form X, bits 3n + 1 form Y,
and bits 3n + 2 form Z. The triplet at time k (Xk, Yk, Zk) shall be converted to a change in phase as
shown in Table 6-11, and the absolute phase φk is the accumulated series of ∆k, that is:

                                                  
1  All tables are located at the end of this chapter.
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φk = φk-1 + ∆k

6.4.3.1.1.2    Transmitted signal form. The phase-modulated baseband signal as defined in
6.4.3.1.1.1 shall excite the pulse shape filter.

( ) ( )∑ +∞=

−∞=
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where:

h is the complex impulse response of the pulse shape filter;
k is defined in 6.4.3.1.1.1;
Φ is defined by the equation in 6.4.3.1.1.1;
t is time;
Ts is time duration of each symbol.

The output (function of time) of the pulse shape filter (S(t)) shall modulate the carrier frequency.
The pulse shape filter shall have a nominal complex frequency response of a raised-cosine filter
with α=0.6. The spectral mask and the phase mask tolerance are given in Tables 6-2 and 6-3.

6.4.3.1.2    Modulation rate. The Mode 2 symbol rate shall be 10 500 symbols/second ± 0.005
per cent, resulting in a nominal bit rate of 31 500 bits/s.

Note.— This modulation stability requirement is less stringent than the Mode 3 requirement
(6.4.5.2).

6.4.3.1.3    Training sequence. Data transmission shall begin with a demodulator training
sequence consisting of five segments:

a) transmitter power stabilization and receiver automatic gain control (AGC) setting;

b) synchronization and ambiguity resolution;

c) reserved symbol;

d) transmission length; and

e) header FEC.

Note.— Immediately after these segments, an AVLC frame with the format as specified in the
Manual on VDL Technical Specifications follows.

6.4.3.1.3.1    Transmitter power stabilization and receiver AGC setting. The first segment of the
training sequence is the transmitter power stabilization and receiver AGC setting, which shall
consist of four symbols each representing 000. The transmitter shall be within 90 per cent of the
steady state power level by the end of the transmitter power stabilization segment.

6.4.3.1.3.1.1    Recommendation.— Although it is necessary to transmit all symbols, it is
preferable for transmitters to ramp-up to 90 per cent of steady state in no more than two symbols.

6.4.3.1.3.2    Synchronization and ambiguity resolution. The second segment of the training
sequence shall consist of the unique word:
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000 010 011 110 000 001 101 110 001 100 011
111 101 111 100 010

and shall be transmitted from left to right.

6.4.3.1.3.3    Reserved symbol. The third segment of the training sequence shall consist of the
single symbol representing 000.

Note.— This field is reserved for future definition.

6.4.3.1.3.4    Transmission length. To allow the receiver to determine the length of the final
Reed-Solomon block, the transmitter shall send a 17-bit word, from least significant bit (lsb) to
most significant bit (msb), indicating the total number of data bits that follow the header FEC.

Note.— The length does not include those bits transmitted for: the Reed Solomon FEC, extra bits
padded to ensure that the interleaver generates an integral number of 8-bit words, or the extra bits
padded to ensure that the data encoder generates an integral number of 3-bit symbols.

6.4.3.1.3.5    Header FEC. To correct bit errors in the header, a (25, 20) block code shall be
computed over the reserved symbol and the transmission length segments. The block code shall be
transmitted as the fifth segment. The encoder shall accept the header in the bit sequence that is
being transmitted. The five parity bits to be transmitted shall be generated using the following
equation:

 [P1 , ... , P5] = [R1 , ... , R3 , TL1 , ... , TL17] H
T

where:

P is the parity symbol (P1 shall be transmitted first);

R is the reserved symbol;

TL is the transmission Length symbol;

T is the matrix transpose function; and

H is the parity matrix defined below:























=

10101010011110010110

11001100101011011011

11110000110011100011

11111111000011111100

11111111111100000000

H

6.4.3.1.3.6    Bit transmission order. The five parity bits of the resultant vector product shall be
transmitted from the left bit first.
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6.4.3.1.4    Forward error correction. In order to improve the effective channel throughput by
reducing the number of required retransmissions, FEC shall be applied after the training sequence,
regardless of frame boundaries.

6.4.3.1.4.1    FEC calculation. The FEC coding shall be accomplished by means of a systematic
fixed-length Reed-Solomon (RS)(255,249) 28-ary code.

Note.— This code is capable of correcting up to three octets for data blocks of 249 octets (1992
bits). Longer transmissions must be divided up into 1992 bit transmissions and shorter
transmissions must be extended by virtual fill with trailing zeros. Six RS-check octets are appended
for a total block of 255 octets.

The field defining the primitive polynomial of the code shall be as follows:

( ) ( )1278 ++++= xxxxxp

The generator polynomial shall be as follows:
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where:

α is a primitive element of GF(256);
GF(256) is a Galois field (GF) of size 256.

Note.— The Reed-Solomon codes are described in the Recommendation for Space Data System
Standards Telemetry Channel Coding, by the Consultative Committee for Space Data Systems (see
Appendix A).

6.4.3.1.4.2    Block lengths. The six RS-check octets shall be calculated on blocks of 249 octets.
Longer transmissions shall be split into blocks of 249 octets, per 6.4.3.1.5 Blocks of shorter length
shall be extended to 249 octets by a virtual fill of trailing zeros. The virtual fill shall not be
transmitted. Blocks shall be coded according to 6.4.3.1.4.3 through 6.4.3.1.4.3.3.

6.4.3.1.4.3    No error correction. For blocks with 2 or fewer non-fill octets, no error correction
shall be used.

6.4.3.1.4.3.1    Single-byte error correction. For blocks with 3 to 30 non-fill octets, all six RS-
check octets shall be generated, but only the first two shall be transmitted. The last four RS-check
octets shall be treated as erasures at the decoder.

6.4.3.1.4.3.2    Two-byte error correction. For blocks with 31 to 67 non-fill octets, all six RS-
check octets shall be generated, but only the first four shall be transmitted. The last two RS-check
octets shall be treated as erasures at the decoder.

6.4.3.1.4.3.3    Three-byte error correction. For blocks with 68 or more non-fill octets, all six
RS-check octets shall be generated and transmitted.
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6.4.3.1.5    Interleaving. To improve the performance of the FEC, an octet-based table-driven
interleaver shall be used. The interleaver shall create a table having 255 octets per row and c
columns, where

(bits) 1992

(bits)length on transmissi
=C

where:

a) the transmission length is as defined in 6.4.3.1.3.5; and

b) c = the smallest integer greater than or equal to the value of the fraction.

After extending the data to an even multiple of 1992 bits, the interleaver shall write the transmission
stream into the first 249 octets of each row by taking each consecutive group of eight bits and
storing them from the first column to the 249th. The first bit in each group of eight bits shall be
stored in the eighth bit position; the first group of 1992 bits shall be stored in the first row, the
second group of 1992 bits in the second row, etc. After the FEC is computed on each row, the FEC
data (or erasures) shall be stored in columns 250 through 255. The interleaver shall then pass the
data to the scrambler by reading out column by column, skipping any octet which contains erasures
or all fill bits. All of the bits in an octet shall be transmitted from bit 8 to bit 1.

On reception, the de-interleaver shall calculate the number of rows and size of the last (potentially
partial) row from the length field in the header. It shall only pass valid data bytes to the higher layer.

6.4.3.1.6    Bit scrambling. To aid clock recovery and to stabilize the shape of the transmitted
spectrum, bit scrambling shall be applied. The pseudo noise (PN) sequence shall be a 15-stage
generator (see Figure 6-12) with the characteristic polynomial:

X15 + X + 1

The PN-sequence shall start after the frame synchronization pattern with the initial value 1101 0010
1011 001 with the left-most bit in the first stage of the register as per Figure 6-1. After processing
each bit, the register shall be shifted one bit to the right. For possible encryption in the future this
initial value shall be programmed. The sequence shall be added (modulo 2) to the data at the
transmit side (scrambling) and to the scrambled data at the receive side (descrambling) per Table 6-
4.

Note.— The concept of a PN scrambler is explained in the International Radio Consultative
Committee (CCIR) Report 384-3, Annex III, Section 3, Method 1 (see Appendix A).

6.4.3.2  CHANNEL SENSING

6.4.3.2.1    Channel busy to idle detection. When a station receives on-channel power of at least -
87 dBm for at least 5 milliseconds, then:

a) with a likelihood of 0.9, it shall continue to consider the channel occupied if the signal level
is attenuated to below -92 dBm for less than 1 millisecond; and

                                                  
2  All figures are located at the end of this chapter.
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b) with a likelihood of 0.9, it shall consider the channel unoccupied if the signal level is
attenuated to below -92 dBm for at least 1.5 milliseconds.

Note.— The maximum link throughput available to all users is highly sensitive to the RF channel
sense delay (from the time when the channel actually changes state until a station detects and acts
on that change) and RF channel seizure delay (from the time when a station decides to transmit
until the transmitter is sufficiently ramped up to lock out other stations). Accordingly, it is
imperative that all efforts are made to reduce those times as the state-of-the-art advances.

6.4.3.2.2    Channel idle to busy detection. With a likelihood of at least 0.9, a station shall
consider the channel occupied within 1 millisecond after on-channel power rises to at least -90
dBm.

6.4.3.2.3    Recommendation.— The detection of an occupied channel should occur within 0.5
milliseconds.

Note.— A higher probability of false alarm is acceptable on the idle to busy detection than the
busy to idle detection because of the effects of the two different errors.

6.4.3.3  RECEIVER/TRANSMITTER
INTERACTION

6.4.3.3.1    Receiver to transmitter turnaround time. A station shall begin the transmission of the
unique word portion of the training sequence within 1 millisecond after terminating the receiver
function. The total frequency change during the transmission of the unique word shall be less than
10 Hz. After transmission of the unique word, the phase acceleration shall be less than 500 Hz per
second.

6.4.3.3.2    Transmitter to receiver turnaround time. The transmitted power level shall decay at
least by 20 dB within 0.3 milliseconds after completing a transmission. A station shall be capable of
receiving and demodulating with nominal performance, an incoming signal within 1.5 milliseconds
after transmission of the final information symbol.

6.4.4  Physical layer system
parameters for Modes 1 and 2

6.4.4.1    The physical layer shall implement the system parameters as defined in the Manual on
VDL Technical Specifications.

6.4.5  Mode 3 physical layer

6.4.5.1    Modulation Scheme.  The modulation scheme for Mode 3 shall be as defined in
Section 6.4.3.1.1.
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6.4.5.2    Modulation Rate.  The Mode 3 symbol rate shall be 10 500 symbols/s ± 0.0005 percent,
resulting in a nominal bit rate of 31 500 bits/s.

Note.— This modulation stability requirement is more stringent than the Mode 2 requirement
(6.4.3.1.2).

6.4.5.3    Management (M) Burst and Handoff Check Message (H) Burst Uplink.  The M uplink
burst (specified in the Manual on VDL Technical Specifications) shall consist of two segments, the
Training Sequence followed by the System Data.  The H uplink burst (specified in the Manual on
VDL Technical Specifications) shall consist of two segments, the Training Sequence followed by
the Handoff Check Message.

6.4.5.3.1    Training Sequence.  Uplink M burst and H burst training sequences shall consist of
two components as follows:

• Transmitter ramp up and power stabilization

• Synchronization and Ambiguity resolution

 

 6.4.5.3.1.1    Transmitter Ramp-Up and Power Stabilization.  The first component of the training
sequence shall be the transmitter ramp up and power stabilization, which shall include a power
stabilization period of no more than  [five] symbols, each representing 000.  The transmitter shall
reach at least [90%] of nominal power no later than [3] symbol periods prior to the center of the first
synchronization symbol.  The power transmitted shall be no more than [-60 dB] with respect to the
nominal output power prior to [5.5] symbol periods before the center of the first symbol of the
synchronization sequence.

 Note. The full five symbol periods must elapse prior to transmission of the
synchronization and ambiguity resolution sequence due to the slotted nature of Mode 3.

 6.4.5.3.1.2    Synchronization and Ambiguity Resolution.  The second component of the training
sequence shall consist of the synchronization sequence-known as S2*-as follows:

 000  001  101 100  110  010  111  100  010  011  101  000  111  000  011  001

 and shall be transmitted from left to right.

 Note. The sequence S2*  is very closely related to the sequence S2 (defined in Section
6.4.5.5.1.2) .  The 15 phase changes between the 16 symbols of S2* are each exactly 180o out of
phase from the 15 phase changes associated with S2 .  This relationship can be used to simplify the
process of simultaneously searching for both sequences.

 

 6.4.5.3.2    System Data and Handoff Check Message.  The non-3T configuration (specified in
the Manual on VDL Technical Specifications) System Data shall consist of 32 transmitted symbols.
The 96 transmitted bits shall include 48 bits of information and 48 parity bits, generated as 4 Golay
(24, 12) codewords.  The 3T configuration (specified in the Manual on VDL Technical
Specifications) System Data shall consist of 128 transmitted symbols.  The 384 transmitted bits
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shall include 192 bits of information and 192 parity bits, generated as 16 Golay (24,12) codewords.
The 3T configuration Handoff Check Message shall consist of 40 transmitted symbols.  The 120
transmitted bits shall include 60 bits of information and 60 parity bits, generated as 5 Golay (24,12)
codewords.

 The specific definition of the Golay encoder shall be as follows:

 If the 12 bit input bit sequence is written as a row vector x, then the 24 bit output sequence can be
written as the row vector y, where y = x G, and the matrix G shall be given by

 
 

 
 1

 
 1

 
 0

 
 1

 
 0

 
 1

 
 1

 
 1

 
 0

 
 0

 
 0

 
 1

 
 1

 
 0

 
 0

 
 0

 
 0

 
 0

 
 0

 
 0

 
 0

 
 0

 
 0

 
 0

 
 

 
 0

 
 1

 
 1

 
 1

 
 1

 
 1

 
 0

 
 0

 
 1

 
 0

 
 0

 
 1

 
 0

 
 1

 
 0

 
 0

 
 0

 
 0

 
 0

 
 0

 
 0

 
 0

 
 0

 
 0

 
 

 
 1

 
 1

 
 1

 
 0

 
 1

 
 0

 
 0

 
 1

 
 0

 
 1

 
 0

 
 1

 
 0

 
 0

 
 1

 
 0

 
 0

 
 0

 
 0

 
 0

 
 0

 
 0

 
 0

 
 0

 
 

 
 0

 
 1

 
 1

 
 0

 
 0

 
 0

 
 1

 
 1

 
 1

 
 0

 
 1

 
 1

 
 0

 
 0

 
 0

 
 1

 
 0

 
 0

 
 0

 
 0

 
 0

 
 0

 
 0

 
 0

 
 

 
 1

 
 1

 
 1

 
 0

 
 0

 
 1

 
 1

 
 0

 
 1

 
 1

 
 0

 
 0

 
 0

 
 0

 
 0

 
 0

 
 1

 
 0

 
 0

 
 0

 
 0

 
 0

 
 0

 
 0

 G =
 
 1

 
 0

 
 1

 
 1

 
 0

 
 0

 
 1

 
 1

 
 0

 
 1

 
 1

 
 0

 
 0

 
 0

 
 0

 
 0

 
 0

 
 1

 
 0

 
 0

 
 0

 
 0

 
 0

 
 0

 
 

 
 1

 
 0

 
 0

 
 1

 
 1

 
 0

 
 0

 
 1

 
 1

 
 0

 
 1

 
 1

 
 0

 
 0

 
 0

 
 0

 
 0

 
 0

 
 1

 
 0

 
 0

 
 0

 
 0

 
 0

 
 

 
 0

 
 1

 
 0

 
 1

 
 1

 
 0

 
 1

 
 1

 
 1

 
 1

 
 0

 
 0

 
 0

 
 0

 
 0

 
 0

 
 0

 
 0

 
 0

 
 1

 
 0

 
 0

 
 0

 
 0

 
 

 
 0

 
 0

 
 1

 
 0

 
 1

 
 1

 
 0

 
 1

 
 1

 
 1

 
 1

 
 0

 
 0

 
 0

 
 0

 
 0

 
 0

 
 0

 
 0

 
 0

 
 1

 
 0

 
 0

 
 0

 
 

 
 0

 
 0

 
 0

 
 1

 
 0

 
 1

 
 1

 
 0

 
 1

 
 1

 
 1

 
 1

 
 0

 
 0

 
 0

 
 0

 
 0

 
 0

 
 0

 
 0

 
 0

 
 1

 
 0

 
 0

 
 

 
 1

 
 1

 
 0

 
 1

 
 1

 
 1

 
 0

 
 0

 
 0

 
 1

 
 1

 
 0

 
 0

 
 0

 
 0

 
 0

 
 0

 
 0

 
 0

 
 0

 
 0

 
 0

 
 1

 
 0

 
 

 
 1

 
 0

 
 1

 
 0

 
 1

 
 1

 
 1

 
 0

 
 0

 
 0

 
 1

 
 1

 
 0

 
 0

 
 0

 
 0

 
 0

 
 0

 
 0

 
 0

 
 0

 
 0

 
 0

 
 1

 

 Note. The extended Golay code allows for the correction of any error pattern with 3 or
less bit errors and the detection of any 4-bit error pattern.

 

 6.4.5.3.3    Transmitter Ramp-Down.  The transmitter power shall be [-60 dB] with respect to the
nominal power output no later than 2.5 symbol periods after the center of the last information
symbol.

 6.4.5.4    Management (M) Burst Downlink.  The M downlink burst (specified in the Manual on
VDL Technical Specifications) shall consist of two segments, the Training Sequence followed by
the System Data.

 6.4.5.4.1    Training Sequence.  The M downlink burst training sequence shall consist of two
components as follows:

• Transmitter ramp up and power stabilization

• Synchronization and Ambiguity resolution

 

 6.4.5.4.1.1    Transmitter Ramp-Up and Power Stabilization.  This shall be as defined in Section
6.4.5.3.1.1.
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 6.4.5.4.1.2    Synchronization and Ambiguity Resolution.  Three separate synchronization
sequences shall be used for this burst type.  The standard sequence - known as S1 - shall be as
follows:

 000  111  001  001  010  110  000  011  100  110  011  111  010  101  100  101

 and shall be transmitted from left to right.

 The special sequence used to identify poll responses shall be as defined in Section 6.4.5.3.1.2.

  The special sequence used to identify Net Entry Requests (S1*) shall use the following sequence:

 000 001 111 111 100 000 110 101 010 000 101 001 100 011 010 011

 and shall be transmitted from left to right.

 Note. The sequence S1* is very closely related to the sequence S1.  The 15 phase changes
between the 16 symbols of S1* are each exactly 180o out of phase from the 15 phase changes
associated with S1 .  This relationship can be used to simplify the process of simultaneously
searching for both sequences.

 6.4.5.4.2    System Data.  The System Data segment shall consist of 16 transmitted symbols.  The
48 transmitted bits shall be encoded as 24 bits of System Data with two consecutive (24, 12) Golay
code words.

 The encoding of the (24, 12) Golay code words should be as defined in Section 6.4.5.3.2.

 6.4.5.4.3    Transmitter Ramp-Down.  This shall be as defined in Section 6.4.5.3.3.

 6.4.5.5    Voice or Data (V/D) Burst.  The V/D burst (specified in the Manual on VDL Technical
Specifications) shall consist of three segments:  the Training Sequence followed by the Header
followed by the User Information segment.  The same V/D burst format shall be used for both
uplink and downlink.

 6.4.5.5.1    Training Sequence.  V/D burst training sequence shall consist of two components as
follows:

• Transmitter ramp-up and power stabilization

• Synchronization and Ambiguity resolution

6.4.5.5.1.1    Transmitter Ramp-Up and Power Stabilization.  This shall be as specified in
Section 6.4.5.3.1.1.

6.4.5.5.1.2    Synchronization and Ambiguity Resolution.  The second component of the training
sequence shall consist of the synchronization sequence-known as S2-as follows:

000 111 011 010 000 100 001 010 100 101 011 110 001 110 101 111

and shall be transmitted from left to right.
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6.4.5.5.2    Header.  The Header segment shall consist of 8 transmitted symbols.  The
24 transmitted bits shall be encoded as 12 bits of Header using a single (24, 12) Golay code word.

The encoding of the (24, 12) Golay code word shall be as defined in Section 6.4.5.3.2.

6.4.5.5.3    User Information.  The User Information segment shall consist of 192 3-bit symbols.
When transmitting user data, the 576 bits shall be encoded as a single Reed-Solomon (72, 62) 28-ary
code word.  The field defining the primitive polynomial of the code shall be as described in Section
2.3.4.  The generator polynomial shall be as follows:

Note 1. The Reed-Solomon (72, 62) code is capable of correcting up to five 28-ary (code word)
symbol errors in the received word.

Note 2. The Reed-Solomon (72, 62) code word is a shortened version of the systematic (255,
245) code.  To shorten the code, only use the code words that contain all zeros in the last 183 code
word symbol positions.  The encoder circuit is identical to the full rate code except that the data
block is padded with zeros and only 72 symbols are to be transmitted.  For the decoder circuit,
methods to shorten the code include modifying the error detection logic and pre-multiplying the
received code word by x183.   

When transmitting voice, FEC shall be applied to the analysis output of the vocoder as specified in
Section 6.8.

6.4.5.5.4    Transmitter Ramp-Down.  This shall be as defined in Section 6.4.5.3.3.

6.4.5.6    Interleaving.  There shall be no interleaving in Mode 3 operation.

6.4.5.7    Bit Scrambling.  Bit scrambling shall be performed on each burst under Mode 3
operation as specified in Section 6.4.3.1.6.  The scrambling sequence shall be reinitialized on each
burst effectively providing a constant overlay for each of the Mode 3 fixed length bursts.

   6.5  LINK LAYER PROTOCOLS
  AND SERVICES

6.5.1  General information

6.5.1.1    Functionality. The VDL link layer shall provide the following sub-layer functions:

i=120

129
i(x - )∏ α



58

a) media access control (MAC) sub-layer, which requires the use of the CSMA algorithm for
Mode 1 and 2 or TDMA for Mode 3;

b) a data link service (DLS) sub-layer

• For Mode 1 and 2, the DLS sub-layer provides connection-oriented point-to-point links
using data link entities (DLE) and connection-less broadcast link over the MAC sub-
layer

• For Mode 3, the DLS sub-layer provides acknowledged connectionless point-to-point
and point-to-multipoint links over a MAC sublayer that guarantees sequencing; and

c) a VDL management entity (VME), which establishes and maintains DLEs between the
aircraft and the ground-based systems using link management entities (LME).

Note. Specific VDL link layer functions are specified in the Manual on VDL Technical
Specifications.

6.5.1.2  SERVICE

6.5.1.2.1    Connection-oriented. The VDL Modes 1 and 2 link layer shall provide a reliable
point-to-point service using a connection-oriented DLS sub-layer.

6.5.1.2.2    Connection-less. The VDL Modes 1 and 2 link layer shall provide an
unacknowledged broadcast service using a connection-less DLS sub-layer.

6.5.1.2.3  Acknowledged Connection-less.  The VDL Mode 3 link layer shall provide an
acknowledged point-to-point service using a connectionless DLS sublayer that relies upon the MAC
sublayer to guarantee sequencing.

  6.5.2  MAC sub-layer

6.5.2.1    The MAC sub-layer shall provide for the transparent acquisition of the shared
communications path. It makes invisible to the DLS sub-layer the way in which supporting
communications resources are utilized to achieve this.

Specific MAC services and procedures for VDL Modes 2 and 3 are specified in the Manual on
VDL Technical Specifications.

6.5.3  Data link service sub-layer

6.5.3.1    For Mode 2, the DLS shall support bit-oriented simplex air-ground communications
using the aviation VHF link control (AVLC) protocol specified in the Manual on VDL Technical
Specifications.

Specific data link services, parameters, and protocol definitions for VDL Mode 2 are specified in
the Manual on VDL Technical Specifications.
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6.5.3.2    For Mode 3, the DLS shall support bit-oriented, priority based, simplex air-ground
communications using the acknowledged connectionless data link (A-CLDL) protocol specified in
the Manual on VDL Technical Specifications.

Specific data link services, parameter, and protocol definitions for VDL Mode 3 are specified in
the Manual on VDL Technical Specifications.

6.5.4  VDL management entity

6.5.4.1    Services.  The VDL management entity shall provide link establishment, maintenance
and disconnection services as well as support parameter modification.

6.5.4.2    Formats and Procedures.  The VDL management entity services, parameter formats,
and procedures for Modes 1, 2 and 3 are specified in the Manual on VDL Technical Specifications.

6.6  SUBNETWORK LAYER
PROTOCOLS AND SERVICES

6.6.1  Architecture for Modes 1 and 2

The subnetwork layer protocol used across the VHF air-ground subnetwork for VDL Modes 1 and
2 is referred to formally as a subnetwork access protocol (SNAcP) and shall conform to ISO 8208,
except as specified in the Manual on VDL Technical Specifications. The SNAcP is referred to
within the Mode 1 and 2 portion of the Manual on VDL Technical Specifications as the subnetwork
protocol. If there are any differences between the Manual on VDL Technical Specifications and the
cited specifications, the Manual on VDL Technical Specifications shall have precedence. On the
air-ground interface, the aircraft subnetwork entity shall act as a DTE and the ground subnetwork
entity shall act as a DCE.

Subnetwork layer protocol access points, services, packet formats, parameters and
procedures for VDL Modes 1 and 2 are specified in the Manual on VDL Technical
Specifications.

6.6.2  Architecture for Mode 3

The subnetwork layer used across the VHF air-ground subnetwork for VDL Mode 3 provides
the flexibility to simultaneously support multiple subnetwork protocols.  The currently
defined options are to support ISO8473 Connectionless Network Protocol and to support
ISO8208 as defined in the Manual on VDL Technical Specifications.  The Manual on VDL
Technical Specifications shall have precedence with respect to any differences with the cited
specifications.  For the ISO8208 interface, both the air and ground subnetwork entities shall
act as DCEs.

Subnetwork layer protocol access points, services, packet formats, parameters and
procedures for VDL Mode 3 are specified in the Manual on VDL Technical Specifications.
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6.7  THE VDL MOBILE
SUBNETWORK DEPENDENT

CONVERGENCE FUNCTION (SNDCF)

6.7.1  VDL Modes 1 and 2 SNDCF

The following subparagraphs define the SNDCF requirements for the Modes 1 and 2 SNDCF.

6.7.1.1  Introduction.  The VDL Modes 1 and 2 mobile SNDCF shall be the standard mobile
SNDCF.

6.7.1.2  New function.  The VDL Modes 1 and 2 mobile SNDCF shall support maintaining
context (e.g. compression tables) across subnetwork calls. The SNDCF shall use the same context
(e.g. compression tables) across all SVCs negotiated to a DTE, when negotiated with the same
parameters. The SNDCF shall support at least 2 SVCs sharing a context.

Note.— Because handoffs can be expected to reorder packets, certain compression algorithms
do not lend themselves to use over VDL Modes 1 and 2. Further, implementors of dictionary-based
compression algorithms must be sensitive to the problem of updates arriving on either the old or
newly established call.

6.7.3  Call user data encoding.  The Call User Data field shall be as detailed in the ATN Manual,
exceptwith modifications as specified in the Manual on VDL Technical Specifications.

6.7.2  VDL Mode 3 SNDCF

The VDL Mode 3 mobile shall support one or both of two defined SNDCFs.  The first is the
standard  ISO 8208 SNDCF as defined in the ATN Manual.  This is a connection oriented SNDCF.
The second type of SNDCF supported by VDL Mode 3 is denoted frame-based SNDCF.  This
connection-less oriented SNDCF is specified in the Manual on VDL Technical Specifications,
including network layer interface, support for broadcast and unicast network packets, and ATN
router support,.

Note. —  The framed-based SNDCF is termed such because it uses the VDL Mode 3 frames
without the need for an additional protocol (viz. ISO 8208 SNDCF) to transfer network packets.
The frame-based SNDCF achieves independence from the network protocol by identifying the
payload of each frame.  Upon receipt of a frame, the payload is examined and control is passed to
the protocol identified.

6.8  Voice Unit for Mode 3

6.8.1  Services
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The Voice Unit shall provide for a transparent, half-duplex, “push-to-talk” audio and signalling
interface between the user and the VDL.  Two separate mutually exclusive voice circuit types shall
be supported.

• Dedicated circuits: This shall provide service to a specific user group on an exclusive
basis with no sharing of the circuit with other users outside the group.  Access shall be
based on a "listen-before-push-to-talk" discipline.

• Demand assigned circuits: This shall provide voice circuit access which is arbitrated by
the ground station in response to an access request received from the aircraft station.
This type of operation shall allow dynamic sharing of the channel resource increasing
trunking efficiency.

6.8.1.1  Priority Access.  The Voice Unit operation shall support a priority override access for
authorized ground users.

6.8.1.2   Message Source Identification.  The Voice Unit operation shall support notification to
the user of the source of a received message (i.e., whether the message originated from an air or
ground station).

6.8.1.3   Coded Squelch.  The Voice Unit shall support a coded squelch operation that offers
some degree of rejection of undesired cochannel voice messages based on the burst time of arrival.

6.8.2  Speech encoding, parameters, and procedures

Speech encoding definition, voice unit parameters, and procedure descriptions for VDL Mode 3
Voice Unit operation are specified in the Manual on VDL Technical Specifications.
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ATTACHMENT I

MANUAL ON VHF DIGITAL LINK (VDL) TECHNICAL SPECIFICATIONS

1  DEFINITIONS AND
SYSTEM CAPABILITIES

The very high frequency (VHF) digital link (VDL) provides both voice and data service capability,
operating together or independently.  The data capability is a constituent mobile subnetwork of the
aeronautical telecommunication network (ATN), functioning in the aeronautical mobile VHF
frequency band.  In addition, the VDL may provide non-ATN functions. The Standards and
Recommended Practices (SARPs) for the VDL are defined in Annex 10  Vol. III, part 2, Chapter 6.
The SARPs contain introductory and general, regulatory information.  Additionally, the SARPs
include detailed specification of the Physical Layer Protocols and Services.   This Manual contains
detailed specifications of Link Layer Protocols and Services, Subnetwork Layer Protocols and
Services, VDL Mobile Subnetwork Dependent Convergence Function (SNDCF), and the VDL
Mode 3 Voice Unit.

Note. Where appropriate, references to Annex 10 Vol. III, part 2, Chapter 6 have been
included in this Manual.

1.1  Definitions

Aeronautical telecommunications network. An internetwork architecture that allows ground, air-
ground, and aircraft data subnetworks to interoperate by adopting common interface services and
protocols based on the International Organization for Standardization (ISO) Open Systems
Interconnection (OSI) Reference Model.

Aircraft address. A unique combination of 24 bits available for assignment to an aircraft for the
purpose of air-ground communications, navigation and surveillance.

Asynchronous balanced mode. A balanced operational mode in which a data link connection has
been established between two service access points. Either data link entity can send commands
at any time and initiate responses without receiving permission from the peer data link entity on
the connection.

Asynchronous disconnected mode. A balanced non-operational mode in which no logical data link
connection exists between two link layer entities. A connection must be established before data
can be sent.

ATN router. An intermediate system used to interconnect subnetworks conforming to the lower
three layers of the OSI reference model.

Autotune function. The function, performed by the link management entity, allows a ground station
to command an aircraft to change frequencies.
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Broadcast. A transmission intended to be received by all stations.

Broadcast handoff. The process by which a ground LME commands certain aircraft to execute a
link handoff and optionally maintain its current subnetwork connections, without the need to
explicitly confirm the link handoff or optionally the subnetwork connection maintenance.

Broadcast link handoff. The process by which a ground LME commands certain aircraft to execute
a link handoff to a specific ground station without the need to explicitly confirm the link
handoff.

Broadcast subnetwork connection handoff. The process by which a ground LME commands
certain aircraft to execute a link handoff to a specific ground station and maintain its current
subnetwork connections without the need to explicitly confirm the link handoff or the
subnetwork connection maintenance.

Burst.  A continuous bitstream consisting of either an M burst or a V/D burst.

Coast timing.  A timing state where the airborne radio is not receiving timing synchronization
pulses from the ground station.  The airborne user will attempt to synchronize with any non-
coasting airborne users instead.  However, the airborne timing is not as accurate and additional
guard time may be needed.

Code rate.  The ratio of information bits to overall transmitted bits for an error protection code.

Current link (or current ground station). Either the ground-to-aircraft link or the active link when
in the process of a handoff.

Data circuit-terminating equipment. A DCE is a network provider equipment used to facilitate
communications between DTEs.

Data link entity. A protocol state machine capable of setting up and managing a single data link
connection.

Data link service sub-layer. The sub-layer that resides above the MAC sub-layer. The DLS
manages the transmit queue, creates and destroys DLEs for connection-oriented
communications, provides facilities for the LME to manage the DLS, and provides facilities for
connectionless communications.

Data terminal equipment. A DTE is an endpoint of a subnetwork connection.

Effective data rate. The actual instantaneous data throughput realized after overheads imposed by
bit stuffing and by any forward error correction encoding, but not retransmissions.

Expedited subnetwork connection establishment. The process by which an aircraft DTE
establishes a subnetwork connection with a ground DTE with which it does not have a
subnetwork connection during link establishment (or aircraft-initiated handoff) by inserting the
CALL REQUEST packet and its response in the link establishment (or aircraft-initiated handoff)
frame and its response.
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Expedited subnetwork connection maintenance. The process by which an aircraft or ground DTE
maintains a subnetwork connection with a DTE with which it has a subnetwork connection
during link handoff by inserting the CALL REQUEST packet and its response in the link
handoff frame and its response.

Explicit subnetwork connection establishment. The process by which an aircraft DTE establishes a
subnetwork connection with a ground DTE with which it does not have a subnetwork connection
only after completing the link establishment (or handoff).

Explicit subnetwork connection maintenance. The process by which an aircraft DTE maintains a
subnetwork connection with a ground DTE with which it has a subnetwork connection only after
completing the link handoff.

Extended Golay code.  A 1/2 rate error correction code capable of correcting three bit errors and
detecting four bit error patterns within a 24 bit block size.

Frame. The link layer frame is composed of a sequence of address, control, FCS and information
fields, bracketed by opening and closing flag sequences. A valid frame is at least 11 octets in
length and contains an address field (8 octets), a link control field (1 octet) and a frame check
sequence (2 octets). A frame may or may not include a variable-length information field.

Ground network interface.  The ground equipment that interfaces the voice switch and ATN router
with the remote radio via the VDL protocols.

Initiated handoff. The transmission process by which a station initiates link handoff.

Internetworking protocol. A protocol that transfers data packets between intermediate systems and
end systems interconnected by subnetworks and that is supported by the routing protocols and
addressing plan.

Link. A link connects an aircraft DLE and a ground DLE and is uniquely specified by the
combination of aircraft DLS address and the ground DLS address. A different subnetwork entity
resides above every link endpoint.

Link establishment. The process by which an aircraft and a ground LME discover each other,
determine to communicate with each other, decide upon the communication parameters, create a
link and initialize its state before beginning communications.

Link handoff. The process by which peer LMEs, already in communication with each other, create
a link between an aircraft and a new ground station before disconnecting the old link between
the aircraft and the current ground station.

Link layer. The layer that lies immediately above the physical layer in the Open Systems
Interconnection protocol model. The link layer provides for the reliable transfer of information
across the physical media. It is subdivided into the data link sub-layer and the media access
control sub-layer.

Link management entity. A protocol state machine capable of acquiring, establishing, and
maintaining a connection to a single peer system. An LME establishes data link and subnetwork
connections, “hands-off” those connections, and manages the media access control sub-layer and
physical layer. An aircraft LME tracks how well it can communicate with the ground stations of
a single ground system. An aircraft VME instantiates an LME for each ground station that it
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monitors. Similarly, the ground VME instantiates an LME for each aircraft that it monitors. An
LME is deleted when communication with the peer system is no longer viable.

Local User ID.  The unique identification of a specific aircraft including its user group allocation
and a six bit aircraft identifier.

MAC cycle.  The standard timing cycle that consists of two consecutive (even and odd) TDMA
frames.

M burst.  A management channel data block of bits.  This burst contains signaling information
needed for media access and link status monitoring.

Media access control (MAC). The sub-layer that acquires the data path and controls the movement
of bits over the data path.

Mode 3.  A VDL mode that uses D8PSK modulation and TDMA media access control scheme.
Multicast. A transmission intended to be received by multiple stations.

Network layer. The layer that provides the upper layers with independence from the data
transmission and routing functions used to connect systems. The network layer is responsible for
routing and relaying functions both within any subnetwork and throughout the aeronautical
internetworking domain.

New link (or new ground station). After successful completion of handoff (or link establishment),
the new “current” link.

N(r). The receive sequence number at the link layer, which indicates the sequence number of the
next expected frame (and explicitly acknowledges all lesser numbered frames).

N(s). The send sequence number at the link layer, which indicates the sequence number associated
with a transmitted frame.

Old link (or old ground station). Following link establishment during a handoff, the link that was
previously the “current” link becomes the “old” link.

Physical layer. The lowest level layer in the Open Systems Interconnection protocol model. The
physical layer is concerned with the transmission of binary information over the physical
medium (e.g. VHF radio).

Private parameters. The parameters that are contained in exchange identity (XID) frames and that
are unique to the VHF digital link environment.

Proposed link (or proposed ground station). The link being negotiated (in a handoff) to replace the
current link.

Quality of service. The information relating to data transfer characteristics used by various
communication protocols to achieve various levels of performance for network users.

Reed-Solomon code.  An error correction code capable of correcting symbol errors.  Since symbol
errors are collections of bits, these codes provide good burst error correction capabilities.

Requested handoff. The one-transmission process by which a station requests its peer entity to
initiate a link handoff.
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Service primitives. The status and control information that must be available to the receiving entity
to properly process incoming information. A service primitive may contain parameters. If
parameters exist, they describe information that is defined either as mandatory (M) or optional
(O) for conformance to a particular communications standard.

Service provider. An entity at a layer that provides services to the layer above. These services are
provided at service access points through the use of service primitives.

Service user. An entity at a layer that makes use of the services that are provided at service access
points by the layer below through the use of service primitives.

Slotted Aloha.  A media access control technique for multiple access transmission.  A station can
only transmit at the beginning of a time slot.

Squelch window.  The time period a radio searches for the beginning of a message.
Subnetwork connection. A long-term association between an aircraft DTE and a ground DTE using

successive virtual calls to maintain context across link handoffs.

Subnetwork connection maintenance. The process by which the VDL SNDCF maintains
subnetwork context from one subnetwork connection to the next during handoffs.

Subnetwork connection management. The process by which the VDL SNDCF initially establishes
a connection and then maintains it during handoffs.

Subnetwork dependent convergence facility (SNDCF). A facility that matches the characteristics
and services of a particular subnetwork to those characteristics and services required by the
internetwork facility.

Subnetwork entity. In this document, the phrase “ground DCE” will be used for the subnetwork
entity in a ground station communicating with an aircraft; the phrase “ground DTE” will be used
for the subnetwork entity in a ground router communicating with an aircraft station; and, the
phrase “aircraft DTE” will be used for the subnetwork entity in an aircraft communicating with
the station. A subnetwork entity is a packet layer entity as defined in ISO 8208.

Subnetwork layer. The layer that establishes, manages, and terminates connections across a
subnetwork.

System. A VDL-capable entity. A system comprises one or more stations and the associated VDL
management entity. A system may either be an aircraft system or a ground system.

System configuration.  Defines the allocation of time slot resources to various user groups
supported by a given ground station.

T. The baud period or 1/baud rate.

TDMA frame.  The basic unit of time (120 ms) which consists of 3 or 4 time slots.  In any voice
communication, a radio will transmit digitized voice bits periodically once per frame.

Time slot.  A TDMA timing unit allocated for an M burst and V/D burst.
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Truncation.  A timing state where the airborne timing uncertainty is such that the V/D (voice) burst
duration is reduced to increase the guard time.  The additional guard time provides more room
for timing error without interfering with adjacent time slots.

Unicast. A transmission addressed to a single station.

User group.  A collection of aircraft grouped for access purposes (e.g. ATC sectorization).   

V/D burst.  The user information part of the TDMA frame time slot that contains either voice or
data.

VDL management entity. A VDL-specific entity that provides the quality of service requested by
the ATN-defined SN_SME. A VME uses the LMEs (that it creates and destroys) to enquire the
quality of service available from peer systems.

VDL station. A VDL-capable entity. A VDL station may either be an aircraft station or a ground
station. A VDL station is a physical entity that transmits and receives frames over the air-ground
interface and comprises, at a minimum: a physical layer, media access control sub-layer, and a
unique DLS address. The particular initiating process (i.e. DLE or LME) in the VDL station
cannot be determined by the source DLS address. The particular destination process cannot be
determined by the destination DLS address. These can only be determined by the context of
these frames as well as the current operational state of the DLEs.

Vocoder.  A low bit rate voice encoder/decoder.

Vocoder frame.  A window of time in which the vocoder models the speech waveform.

Voice analysis.  The process where speech is modelled and converted into parameters.

Voice synthesis.  The process where voice analysis parameters are used to generate speech.

Voice unit.  A device that provides a transparent, half duplex audio, and signalling interface
between the user and VDL.

1.2  Modes of Operation

The Modes of operation for the VDL are defined in Sections 6.1.2 of the VDL SARPs, Annex 10
Vol. III, part 2, Chapter 6.

  1.3  Radio channels and
 functional channels

The radio frequency range for the Aircraft station and Ground station are defined in Section 6.1.3 of
the VDL SARPs, Annex 10 Vol. III, part 2, Chapter 6.  The common signalling channel frequency
for VDL Mode 2 is defined in Section 6.1.3 of the VDL SARPs, Annex 10 Vol. III, part 2, Chapter
6.

1.4  System capabilities
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The VDL communication functions shall meet the general requirements indicated in Section 6.1.4
of the VDL SARPs, Annex 10 Vol. III, part 2, Chapter 6.

1.5  Air-ground VHF digital
link communications
system characteristics

The characteristics of the air-ground VDL communications system used in the international
aeronautical mobile service shall be in conformity with the specifications of Section 6.1.5 of the
VDL SARPs, Annex 10 Vol. III, part 2, Chapter 6.  This specification includes definition of radio
frequency bands, channel spacing, and emissions polarization.

2  SYSTEM CHARACTERISTICS OF
THE GROUND INSTALLATION

2.1  Ground station
transmitting function

The radio frequency stability of VDL ground station equipment is specified in Section 6.2.1 the
VDL SARPs, Annex 10 Vol. III, part 2, Chapter 6.

2.2  Power

The recommended effective radiated power of the VDL ground station equipment is specified in
Section 6.2.2 of the VDL SARPs, Annex 10 Vol. III, part 2, Chapter 6.

2.3  Spurious emissions

Spurious emissions specifications for the VDL ground station equipment are provided in Section
6.2.3 of the VDL SARPs, Annex 10 Vol. III, part 2, Chapter 6.

2.4  Adjacent channel emissions

Adjacent channel emissions specifications for the VDL ground installation are provided in Section
6.2.4 of the VDL SARPs, Annex 10 Vol. III, part 2, Chapter 6.

 3  SYSTEM CHARACTERISTICS OF



69

THE AIRBORNE INSTALLATION

3.1    Frequency stability

The radio frequency stability of VDL airborne station equipment is specified in Section 6.3.1 the
VDL SARPs, Annex 10 Vol. III, part 2, Chapter 6.

3.2    Power

The effective radiated power of the VDL airborne station equipment is specified in Section 6.3.2 of
the VDL SARPs, Annex 10 Vol. III, part 2, Chapter 6.

3.3  Spurious emissions

Spurious emissions specifications for the VDL airborne station equipment are provided in Section
6.3.3 of the VDL SARPs, Annex 10 Vol. III, part 2, Chapter 6.

 3.4  Adjacent channel emissions

Adjacent channel emissions specifications for the VDL airborne installation are provided in Section
6.3.4 of the VDL SARPs, Annex 10 Vol. III, part 2, Chapter 6.

3.5  Receiving function

Specified error rates, receiving function sensitivity, undesired signal rejection, and interference
immunity specifications for the VDL airborne station are provided in Section 6.3.5 of the VDL
SARPs, Annex 10 Vol. III, part 2, Chapter 6.

4  PHYSICAL LAYER
PROTOCOLS AND SERVICES

4.1  Functions

The functions provided by the VDL Physical Layer are specified in Section 6.4.1 of the VDL
SARPs, Annex 10 Vol. III, part 2, Chapter 6.

4.2  Mode 1 physical layer
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The specification of the VDL Mode 1 Physical Layer is provided in Section 6.4.2 of the VDL
SARPs, Annex 10 Vol. III, part 2, Chapter 6.

4.3  Mode 2 physical layer

The specification of the VDL Mode 1 Physical Layer is provided in Section 6.4.3 of the VDL
SARPs, Annex 10 Vol. III, part 2, Chapter 6.

Formula deletedFormula deletedFormula deletedFormula deletedformula deleted

4.4  Physical layer system
parameters for Modes 1 and 2

4.4.1    System Parameters

The physical layer shall implement the system parameters as defined in Table 4-11.

4.4.1.1    Parameter P1 (minimum transmission length). Parameter P1 defines the minimum
transmission length that a receiver shall be capable of demodulating without degradation of BER.

4.5  Mode 3 physical layer

The specification of the VDL Mode 1 Physical Layer is provided in Section 6.4.5 of the VDL
SARPs, Annex 10 Vol. III, part 2, Chapter 6.

   5  LINK LAYER PROTOCOLS
  AND SERVICES

5.1  General information

General information regarding the Link Layer Protocols including Functionality and Services is
provided in Section 6.5.1 of the VDL SARPs, Annex 10 Vol. III, part 2, Chapter 6.  The MAC sub-
layer for Modes 1 and 2 is specified in Section 5.2 of this Manual.  The Data link service sub-layer
for Modes 1 and 2 is specified in Section 5.3 of this Manual and the VDL Management Entity for
VDL Modes 1 and 2 is specified in Section 5.4.  The VDL Mode 3 MAC sub-layer, Data link
service sub-layer, and Link Management Entity (LME) sub-layer are specified in Sections 5.5, 5.6
and 5.7 of this Manual, respectively.

  5.2  Modes 1 and 2 MAC sub-layer

                                                  
1 All tables are located at the end of this manual.
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5.2.1    General description

A general description of the VDL Modes 1 and 2 MAC sub-layer is provided in Section 6.5.2.1 of
the VDL SARPs, Annex 10 Vol. III, part 2, Chapter 6.

Note.— The service specification for the MAC sub-layer is modeled on the MAC Service
Definition (ISO DP 10039).

 5.2.2  MAC services for Modes 1 and 2

5.2.2.1    Multiple access. The MAC sub-layer shall implement a non-adaptive p-persistent
CSMA algorithm to equitably allow all stations the opportunity to transmit while maximizing
system throughput, minimizing transit delays, and minimizing collisions.

5.2.2.2    Channel congestion. The MAC sub-layer shall notify the VME sub-layer whenever
channel congestion is detected (see 5.2.3.2).

5.2.3    MAC service system parameters for Modes 1 and 2

The MAC service shall implement the system parameters defined in Table 5-1.

5.2.3.1    Timer TM1 (inter-access delay timer). Timer TM1 shall be set to the time (TM1) that a
MAC sub-layer will wait between attempts to access the channel. This timer shall be started if it is
not already running and the channel is idle after an unsuccessful access attempt. The timer shall be
cancelled if the channel becomes busy. When the timer expires another access attempt shall be
made.

5.2.3.2    Timer TM2 (channel busy timer). Timer TM2 shall be set to the maximum time (TM2)
that a MAC sub-layer will wait after receiving a request to transmit. This timer shall be started if it
is not already running, when the MAC sub-layer receives a request for transmission. The timer shall
be cancelled upon a successful access attempt. When the timer expires, the VME shall be informed
that the channel is congested.

5.2.3.3    Parameter p (persistence). Parameter p (0 < p ≤ 1) shall be the probability that the
MAC sub-layer will transmit on any access attempt. An access attempt shall be a Bernoulli process
with a probability of success equal to p.

5.2.3.4    Counter M1 (maximum number of access attempts). Counter M1 shall be set to the
maximum number of attempts (M1) that a MAC sub-layer will make for any transmission request.
This counter shall be cleared upon: system initialization, Timer TM2 expiring, or a successful
access attempt. The counter shall be incremented after every unsuccessful access attempt. When the
counter reaches the maximum number of attempts (M1), authorization to transmit shall be granted
as soon as the channel is idle.

5.2.4  Description of procedures for Modes 1 and 2

5.2.4.1    Channel sensing. Before attempting to access the channel, the MAC sub-layer shall
verify that the channel is idle.
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5.2.4.2    Access attempt. An access attempt shall be made when Timer TM1 expires, the channel
transitions from busy to idle or a transmission request arrives from the DLS while the channel is
idle.

5.3  Modes 1 and 2 Data link service sub-layer

5.3.1    General information for Modes 1 and 2

The DLS shall support bit-oriented simplex air-ground communications using the aviation VHF
link control (AVLC) protocol specified in this section.

Note.— The DLS for Modes 1 and 2 is derived from HDLC, as specified by ISO 3309, ISO 4335,
ISO 7809, and ISO 8885. Any definitions of service are derived from the OSI Data Link Service
Definition ISO 8886.3. AVLC is a variant of HDLC and derived from, but is not fully specified by,
options 1, 3.2, 4, 7, and 12 of ISO 7809. Explicit references to these documents are made later in
this section.

 5.3.2  Services for Modes 1 and 2

Note.— In this section, the specific functions of the DLS are described with no reference to service
primitives used for these functions. The link layer service primitives and protocol state machine are
described in the VDL Guidance Material for Modes 1 and 2.

5.3.2.1    Frame sequencing. The receiving DLS sub-layer shall ensure that duplicated frames are
discarded and all frames are delivered exactly once over a point-to-point connection.

Note.— Sequence numbers are included in the frame format to facilitate this service.

5.3.2.2    Error detection. The DLS sub-layer shall ensure that all frames corrupted during
transmission are detected and discarded.

Note. — FCS is included in the frame format to facilitate this service.

5.3.2.3    Station identification. The DLS sub-layer shall accept over a point-to-point connection
only frames that are addressed to it.

Note.— Unique source and destination addresses are included in the frame format to facilitate
this service.

5.3.2.4    Broadcast addressing. The VDL shall support broadcast addresses that shall be
recognized and acted upon by all appropriate receivers.

5.3.2.5    Data transfer. Data shall be transferred in the information fields of VDL INFO, UI and
XID frames, per ISO 7809. The link layer shall process the largest packet size, specified in 6.4 of
this document, without segmenting. Only one data link user packet shall be contained in an INFO or
UI.
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  5.3.3  AVLC data link service
 protocol specification for Modes 1 and 2

5.3.3.1    Frame format. AVLC frames shall conform to ISO 3309 frame structure except as
specified in Figure 5-12.

5.3.3.2    Address structure. The address field shall consist of eight octets. As described in ISO
3309, option 7, the least significant (first transmitted) bit of each octet shall be reserved for address
extension. When set to binary 0 it shall indicate that the rest of the following octet is an extension of
the address field. The presence of binary 1 in the first transmitted bit of the address octet shall
indicate that the octet is the final octet of the address field.

5.3.3.3    ADDRESS FIELDS

The address field shall contain a destination address field and a source address field. The destination
address field shall contain a destination DLS address or a broadcast address. The source address
field shall contain a DLS address. There is a status bit in the source address and a status bit in the
destination address field, which shall be set by the transmitting station to reflect status information.
The status bits and address details are defined in 5.3.3.3.1 to 5.3.3.3.7.

Note.— See the Modes 1 and 2 guidance material for information on address field.

5.3.3.3.1    Air-ground status bit. The status bit in the destination address field (bit 2, octet 1)
shall be the air-ground bit. The air-ground bit shall be set to 0 to indicate that the transmitting
station is airborne. It shall be set to 1 to indicate that the transmitting station, either fixed or mobile,
is on the ground. The default value for the air/ground bit shall be 0 for aircraft that do not provide
this information at the link level; the value shall be 1 for ground stations.

5.3.3.3.2    Command/response status bit. The status bit in the source address field (bit 2, octet 5)
shall be the command/response (C/R) bit. The C/R bit shall be set to 0 to indicate a command
frame, and set to 1 to indicate a response frame.

5.3.3.3.3    Data link service addresses. The DLS address shall be 27 bits, divided into a 3-bit
type field and a 24-bit specific address field.

5.3.3.3.4    Address type. The address type field is described in Table 5-2.

5.3.3.3.5    Aircraft specific addresses. The aircraft specific address field shall be the 24-bit
ICAO aircraft address.

5.3.3.3.6    ICAO-administered ground station specific addresses. The ICAO-administered
ground station specific address shall consist of a variable-length country code prefix (using the
same country code assignment defined in Annex 10, Volume III, Chapter 9, Appendix 1, Table 1)
and a suffix. The appropriate authority shall assign the bits in the suffix.

5.3.3.3.7    ICAO-delegated ground station specific addresses. The ICAO-delegated ground
station specific address shall be determined by the organization to which the address space is
delegated.

                                                  
2 All figures are located at the end of this manual
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5.3.3.4    BROADCAST ADDRESS

The broadcast address shall be used only as a destination address for unnumbered information (UI)
frames or for XID frames broadcasting ground station information.

5.3.3.4.1    Encoding. The broadcast addresses shall be encoded as in Table 5-3.

5.3.3.5    Link control field. The basic repertoire of commands and responses for AVLC shall be
as detailed in Table 5-4 and shall be encoded as per ISO 4335.

5.3.3.6    Information field. The information field of an SREJ shall be as defined in 5.3.11.2, an
XID shall be as defined in 5.4.2, and all other frames shall be as defined in ISO 4335.

  5.3.4  Data link service
 system parameters for Modes 1 and 2

These parameters needed by the DLS sub-layer shall be as listed in Table 5-5 and detailed in 5.3.4.1
through 5.3.4.7. DLS parameters shall be set using XID frames.

5.3.4.1    Timer T1 (delay before retransmission). Timer T1 shall be set to the time that a DLE
will wait for an acknowledgement before retransmitting an INFO, RR (P=1), SREJ (P=1) or a
FRMR frame.

The value of Timer T1 shall be computed by the following formula:

Timer T1 = T1min + 2TD99 + min(U(x),T1max)

where:

U(x) is a uniform random number generated between 0 and x;

x = T1mult* TD *T1expretrans

TD99 = (TM1*M1)/(1-u) and is the running estimate for the 99th percentile transmission delay
(between the time at which the frame is sent to the MAC sub-layer and the time at which its
transmission is completed);

u is a measurement of channel utilization with a range of value from 0 to 1, with 1 corresponding
to a channel that is 100 per cent occupied;

retrans is the largest retransmission count of all the outstanding frames.

Timer T1 shall be started after any INFO, RR (P=1), SREJ (P=1) or FRMR frame is queued for
transmission unless it is already running. If the timer expires, all outstanding INFO, RR (P=1),
SREJ (P=1) or FRMR frames that have been queued for at least T1min + 2TD shall be
retransmitted. The timer shall be cancelled upon receipt of an acknowledgement.

After processing an acknowledgement or Timer T1 expires, Timer T1 shall be restarted if there
are still frames outstanding. Whenever Timer T1 is restarted, the timer shall be set as if it had been
started when the oldest outstanding frame was queued.
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Note.— There is one Timer T1 per DLE.

5.3.4.2    Parameter T2 (delay before acknowledgement). Parameter T2 defines the maximum
time allowed for the DLE to respond to any received frame (other than an XID) in order to ensure
the response is received before the peer DLE's Timer T1 expires.

A station shall respond to any received frame (other than an XID) within parameter T2 time in
order to ensure the response is received before the peer DLE's Timer T1 expires.

Note. — The period T2 should be a delay (shorter than the T1min value of the peer DLE) to
permit the acknowledging DLE to schedule the response as an event in normal data processing and
to allow sufficient time for an acknowledgement while maximizing the likelihood that an INFO
frame will be transmitted and eliminate the need for an explicit acknowledgement.

5.3.4.3    Timer T3 (link initialization time). Timer T3 shall be set to the time that a DLE waits
for an XID response before retransmitting an exchange identification command (XID_CMD). The
period of Timer T3 shall be computed by using the same algorithm and parameters of Timer T1,
except that T3min shall be separately negotiated. XID_CMDs (except for ground station
information frames) shall be retransmitted using the procedures defined in 5.3.4.1.

Note 1. — There is one Timer T3 per a DLE.

Note 2. — T3min shall be greater than T1min to allow the responding entity time to co-
ordinate the response and perform any additional initialization processing.

5.3.4.4    Timer T4 (maximum delay between transmissions).  Timer T4 shall be set to the
maximum delay between transmissions (T4). Timer T4 shall be started or restarted on en-queuing a
frame for transmission. Timer T4 shall never be cancelled. If a DLE does not receive a frame before
Timer T4 expires, it shall send a command frame (P=1) to ensure a response from the peer DLE.
When in the ABM, the DLE shall send an RR; when in the SRM, the DLE shall send an SREJ;
when in the FRM, the DLE shall send a FRMR. The value of Timer T4 shall be at least two minutes
longer for a ground DLE than for the peer aircraft DLE. The command frame shall be transmitted
using normal Timer T1 procedures up to N2 times. If no response is received, the DLE shall assume
that the link is disconnected and that site recovery procedures shall be invoked.

Note 1. — Timer T4 is used to verify the continued existence of the link.

Note 2. — There is one Timer T4 per a DLE.

5.3.4.4.1    Recommendation. — A DLE in the ABM or SRM should send any outstanding
frames with the P bit of the last INFO frame set to 1.

5.3.4.5    Parameter N1 (maximum number of bits of any frame). The parameter N1 defines the
maximum number of bits in any frame (excluding flags and zero bits inserted for transparency) that
a DLS shall accept.

5.3.4.6    Counter N2 (maximum number of transmissions). Counter N2 defines the maximum
number of transmissions that the DLS shall attempt to transmit any outstanding XID_CMD frame.
A Counter N2 shall be set to zero when a new frame is ready for transmission. Counter N2 shall be
incremented after each transmission of the frame. The counter shall be cleared after its associated
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frame is acknowledged. When Timer T1 expires, a DLE shall invoke the retransmission procedures
of 5.3.4.1 up to N2 - 1 times. When Timer T3 expires, a DLE shall invoke the retransmission
procedures of 5.3.4.3 up to N2 - 1 times. When Counter N2 reaches the maximum number of
attempts (value of parameter N2) the LME shall be informed and the frame shall not be transmitted.

Note 1.— There is one Counter N2 per unacknowledged frame.

Note 2.— The value of the ground N2 parameter may be different from the value of the aircraft
N2 parameter.

5.3.4.7    Parameter k (window size). Parameter k shall be set to the maximum number of
outstanding sequentially numbered INFO frames that may be transmitted before an
acknowledgement is required.

Note.— The value of the ground k parameter may be different from the value of the aircraft k
parameter.

5.3.5    Description of procedures

Except as noted in 5.3.6 through 5.3.11.6, the standard procedures described in ISO 4335 and ISO
7809 shall be followed.

5.3.6    Modes of operation

The only modes of operation that a DLE shall support are those detailed below.

5.3.6.1    Operational mode. The operational mode shall be asynchronous balanced mode
(ABM).

5.3.6.2    NON-OPERATIONAL MODE

The non-operational mode shall be asynchronous disconnected mode (ADM).

Note.—Among the reasons a DLE or LME enters non-operational mode includes issuing or
receiving any of the following frames: DISC, XID_CMD_LCR, DM or XID_RSP_LCR (abbreviated
frame names are defined in Tables 5-6 and 5-12).

5.3.6.2.1    DISC frame. If a DLE is unable to continue to receive, it shall transmit a DISC to
terminate the current link. The P bit shall be set to 0 in DISC commands. A DLE shall treat all
received DISCs (regardless of the P bit) as a DISC (P=0).

Note. — The use of a DISC command may result in the loss of unacknowledged data.

5.3.6.2.2    DM frame. If a DLS receives any valid unicasted frame, except for an XID or TEST
frame, from a DLS with which it does not have a link, it shall respond with a DM frame. All DM
frames shall be transmitted with the F bit set to 0. An aircraft transmitting or receiving a DM frame
shall initiate link establishment on one LME if no links remain. A DLE shall treat all received DMs
(regardless of the F bit) as a DM (F=0).

Note 1.— If an LME is in the process of executing a handoff, it will retransmit the
XID_CMD_HO (P=1) and wait for Timer T3 to expire.
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Note 2.— A station receiving an invalid frame may choose to discard the frame instead of
responding with a DM.

Note 3.— The procedures for an LME receiving a unicasted XID from an LME with which it
does not have a link are found in 5.4.4.

5.3.6.3    Frame reject mode. When in ABM or SRM, and after transmitting a FRMR command,
the DLE shall enter the frame reject mode (FRM). The DLE shall re-enter the ABM only after it
receives a UA (F=1) frame.

5.3.6.4    Sent selective reject mode. When in ABM, and after transmitting a SREJ, the DLE shall
enter the sent selective reject mode (SRM). The DLE shall re-enter the ABM only after it receives
the missing INFO frames.

 5.3.7  Use of the P/F bit for Modes 1 and 2

The use of the P/F bit shall follow the procedures detailed in ISO 4335, except as modified by
5.3.7.1 through 5.3.7.4.

5.3.7.1    General. When a DLE receives a command frame with the P bit set to 1, the F bit shall
be set to 1 in the corresponding response frame. The C/R bit in the address field shall be referenced
to resolve the ambiguity between command and response frames.

5.3.7.2    INFO frames. After receiving an INFO frame, a DLE shall generate an
acknowledgement within T2 seconds after detecting the end of transmission. If a valid INFO (P=1)
is received, the response shall be either an RR (F=1) or SREJ (F=1). If a valid INFO (P=0) is
received, the response shall be either an RR (F=0) or SREJ (F=0).

5.3.7.3    Recommendation.— The only time that an RR or SREJ frame should be transmitted
with P=1 is when T4 expires. The only times that an INFO frame should be transmitted with P=1 is
either when T4 expires or the transmit window has closed.

5.3.7.4    Unnumbered frames. The P bit shall be set to 0 for UI and DISC frames. The F bit shall
be set to 0 for DM frames. Therefore, a response (e.g. UA) shall not be expected, and if received,
shall be treated as an error.

5.3.8  Unnumbered command
frames collisions for Modes 1 and 2

When a command frame collision occurs, the entity which has precedence shall discard the received
frame from its peer entity and the peer entity shall respond as if it had never sent its command
frame.

5.3.8.1    DLE procedures. While waiting for a response to an unnumbered command frame (i.e.,
FRMR), a DLE whose DLS address is lower than its peer DLE shall have precedence.

5.3.8.2    LME procedures. An LME receiving a Broadcast Handoff shall process it regardless of
what XID_CMD it is waiting for a response. Otherwise, an LME sending an XID_CMD (P=1) shall
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have precedence over an LME sending an XID_CMD (P=0). Otherwise, an LME whose DLS
address is lower than its peer LME shall have precedence.

5.3.9    XID frame

The XID frame shall be used for the LME to establish and maintain links as defined in 5.4. The
originator of an XID_CMD (P=1) frame shall retransmit the XID upon expiration of Timer T3
whenever no response has been received. The receiving LME shall use the XID sequence number
and retransmission field to differentiate a retransmission from a new XID; however, no meaning
shall be attached to a missing sequence number. An LME shall send the exact same XID_RSP to
every retransmission of an XID_CMD, unless it intends to change the link status via an XID_CMD
(_HO, or _LCR).

5.3.10    Broadcast

Only XID_CMDs or UIs shall be broadcast. The P bit shall be set to 0 (no acknowledgement) for
broadcast frames.

5.3.11  Information transfer for Modes 1 and 2

Except as noted below, the procedures for information transfer shall be specified by ISO 4335 and
ISO 7809.

5.3.11.1    TRANSMIT QUEUE MANAGEMENT

When the DLS sub-layer has frames to transmit, it shall wait for the MAC sub-layer to authorize
transmission. Two transmit queues shall be maintained, one for supervisory and unnumbered (XID,
FRMR, TEST, DISC, DM, RR, SREJ) frames and the other for information (INFO and UI). While
waiting for authorization to transmit, the DLS sub-layer shall update the transmit queue, eliminating
certain frames as specified in 5.3.11.1.1 through 5.3.11.1.7. If all of the frames on the DLS transmit
queue are eliminated, then the authorization to transmit shall be ignored.

5.3.11.1.1    Eliminate redundant frames. At most one RR, SREJ, DM, FRMR or retransmitted
INFO (of a given sequence number) shall be queued in response to a transmission.

5.3.11.1.2    Recommendation.— To eliminate redundant frames, superseded frames in the
transmit queue should be deleted (e.g., an INFO queued in response to a T1 timeout and then an
SREJ).

5.3.11.1.3    Recommendation. — If any INFO frame is received from a peer DLE, the DLS
sub-layer should update the N(r) of all numbered frames addressed to that DLE in the transmit
queue, thus improving the probability of the acknowledgment arriving.

5.3.11.1.4    Recommendation. — To eliminate unnecessary retransmissions, if any numbered
frame is received from a peer DLE, all frames in the transmit queue that it acknowledges should be
deleted. If an XID_CMD from a peer LME with a lower DLS address or an XID_RSP is received
from a peer LME, any XID_CMDs in the transmit queue for that LME should be deleted.
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5.3.11.1.5    Procedures for transmission. Supervisory frames have higher priority than the
information frames, and so supervisory and unnumbered (XID, FRMR, TEST, DISC, DM) frames
shall be transmitted in preference to information frames.

5.3.11.1.6    Recommendation. — On transmission of an INFO frame, the DLE should also
transmit any queued RR so as to avoid transmitting the RR as a separate frame.

5.3.11.1.7    Recommendation. — A station receiving a FRMR, DISC, or DM frame should
delete all outstanding traffic for the transmitting DLE as it would not be accepted if transmitted.

5.3.11.1.8    Recommendation. — All unicast frames in the transmit queue should be deleted
after the radio supporting this transmit queue is retuned as the intended station cannot receive the
transmission.

5.3.11.2    SREJ frame. The multi-selective reject option in ISO 4335 shall be used to request the
retransmission of more than one INFO frame. The SREJ (F=0) frame shall be generated only after
receipt of an out-of-order INFO (P=0). The SREJ (F=1) shall be generated only after receipt of an
INFO (P=1), RR (P=1) or SREJ (P=1). The SREJ (P=1) frame shall be generated only in
accordance with the procedures of 5.3.4.4. A DLE shall acknowledge those frames which were
received correctly but out of order by including in the SREJ information field an octet with bits 6-8
set to the INFO frame's sequence number and bit 1 set to 1. Although the F bit may be set to 0, the
SREJ frame shall always acknowledge INFO frames up to N(r)-1 (where N(r) is the value in the
control field).

Note.— AVLC has extended the standard ISO 4335 SREJ functionality to selectively
acknowledge frames. In ISO 4335, the octets in the information field which were requesting
retransmission of frames had bit position 1 set by default to 0.

5.3.11.3    FRMR frame. If a DLE receives an illegal frame (as defined by ISO 4335), it shall
transmit a FRMR (P=1) to reset the link (e.g. state variables, timers and queues). A DLE, on
receiving or transmitting a UA (F=1), shall reset the link (no XID exchange required). A DLE shall
use the normal T1 and N2 procedures during the FRMR/UA exchange. A DLE transmitting the
FRMR shall also retransmit the FRMR either upon expiration of Timer T4 or upon receipt of any
frame other than a UA (F=1). A DLE receiving an illegal FRMR shall either discard the frame or
treat it as a valid FRMR.

5.3.11.4    UA frame. The UA frame shall be used only to acknowledge a FRMR.

5.3.11.5    UI frame. UI frames shall be used solely to support connectionless data transfer
required to provide broadcast services.

5.3.11.6    TEST frame.

Note. — The TEST command/response exchange has been included in AVLC to allow a station
to perform a loopback test using logic that is isolated from the normal frame processing.

5.4  Modes 1 and 2 VDL management entity

5.4.1    Services
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The services of the VME shall be as follows:

a) link provision; and

b) link change notifications.

5.4.1.1    Link provision. A VME shall have an LME for each peer LME. Hence, a ground VME
shall have an LME per aircraft and an aircraft VME shall have an LME per ground system. An
LME shall establish a link between a local DLE and a remote DLE associated with its peer LME. A
ground LME shall determine if an aircraft station is associated with its peer aircraft LME by
comparing the aircraft address; two aircraft stations with identical aircraft addresses are associated
with the same LME. An aircraft LME shall determine if a ground station is associated with its peer
ground LME by bit-wise logical ANDing the DLS address with the station ground system mask
provided by the peer ground LME; two ground stations with identical masked DLS addresses are
associated with the same LME. Each aircraft and ground LME shall monitor all transmissions from
its peer's stations to maintain a reliable link between some ground station and the aircraft while the
aircraft is in coverage of an acceptable ground station in the ground system.

Note.— If an aircraft receives a frame from a ground station, only one LME will process
and react to that frame. Thus the qualifying phrase “from a ground station associated with
its peer LME” will not be included and should be understood to be implied.

5.4.1.2    Link change notifications. The VME shall notify the intermediate-system system
management entity (IS-SME) of changes in link connectivity supplying information contained in
the XID frames received.

 5.4.2  Exchange identity (XID)
 parameter formats for Modes 1 and 2

In the tables included in the subsections to this section, the following order is implied:

a) bit order in each parameter value shall be indicated by subscript numbers. Bit 1 shall
indicate the least significant bit; and

b) bits shall be transmitted octet by octet, starting with the parameter id, and within each octet
the rightmost bit (as shown in the tables) shall be transmitted first.

Note 1.— The tables are divided into three major columns that define the field name, the bit
encoding and brief explanatory notes.

Note 2.— Requirements for the use of the parameters defined in the following sections are
defined in 5.4.4.

5.4.2.1    Encoding. The XID information field shall be encoded per ISO 8885 and may include
the parameters described in 5.4.2.2 to 5.4.2.7.

5.4.2.2    PUBLIC PARAMETERS



81

XID parameters shall be encoded as defined in ISO 8885, with the addition of the private parameter
data link layer subfield as defined in ISO 8885. The format identifier (hexadecimal 82) shall be used
(per ISO 4335.2, Annex C) to identify the public parameter list identified in ISO 8885. The VDL
shall use the public parameter group ID of hexadecimal 80 to negotiate the common HDLC
parameters. The public parameter set ID shall be included in XID frames if other public parameters
are included; the public parameter set ID shall not be included in XID frames if other public
parameters are not included.

Note. — ISO 8885 defines certain public parameters as receive and transmit which are referred
to herein as uplink and downlink respectively.

5.4.2.2.1    HDLC public parameter set identifier. The HDLC parameter setshall be identified by
the ISO IA5 character string “8885:1993” encoded as per Table 5-6. This parameter shall be
included whenever any of the public parameters are sent. It shall be the first public parameter sent
as per ISO 8885.

5.4.2.2.2    Timer T1 parameter. This parameter defines the value of the downlink Timer T1 that
an aircraft DLE shall use. The values shall be defined in units of milliseconds for T1min and T1max
and in hundredths for T1mult and T1exp. The timer values shall be encoded as 4 unsigned 16-bit
integers as per Table 5-7.

5.4.2.3    VDL private parameters. The parameter identifier field shall allow simple identification
of the purpose of the parameter as defined in Table 5-8.

5.4.2.4    GENERAL PURPOSE INFORMATION PRIVATE PARAMETERS

Both aircraft and ground-based LMEs shall use general purpose information private parameters to
transfer basic information to each other.

5.4.2.4.1    VDL private parameter set identifier. The VDL private parameter set identifier shall
be the ISO IA5 character capital “V” encoded as per Table 5-9. This parameter shall be included
whenever any of the private parameters are sent. It shall be the first private parameter sent as per
ISO 8885.

5.4.2.4.2    Connection management parameter. This parameter defines the type of XID sent and
the connection options negotiated for that particular link. It shall be used in XID frames sent during
link establishment and ground-based initiated ground station handoff and shall be encoded as per
Tables 5-10, 5-11 and 5-12. An LME shall set the reserved bits to 0 on transmission, and shall
ignore the value of these bits on receipt.

5.4.2.4.3    Signal quality parameter (SQP). This parameter defines the received signal quality
value of the last received transmission from the destination of the XID. It shall be encoded as a 4-bit
integer as per Table 5-13. If the transmitting LME included the SQP parameter in the XID_CMD
(P=1) frame, then the responding LME shall also include it in the respective XID_RSP (F=1) frame.

Note.— This parameter will be used for testing purposes.

5.4.2.4.4    XID sequencing parameter. This parameter defines the XID sequence number (sss)
and an XID retransmission number (rrrr). It shall be encoded as per Table 5-14. An LME shall
increment the sequence number for every new XID (setting the retransmission field to 0 on the first
transmission) and shall increment the retransmission field after every retransmission. In an
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XID_RSP, the sequence number shall be set to the value of the XID_CMD sequence number
generating the response (the retransmission field shall be ignored).

5.4.2.4.5    AVLC specific options parameter. This parameter defines which AVLC protocol
options are supported by the transmitting station. It shall be encoded as per Tables 5-15 and 5-16.
An LME shall set the reserved bits to 0 on transmission, and shall ignore the value of these bits on
receipt. When both this parameter and the Connection Management parameter are included in an
XID, the bit values for those options which are included in both parameters shall be determined by
the Connection Management parameter.

5.4.2.4.6    Expedited subnetwork connection parameter. This parameter defines the expedited
packets that the current XID contains. This parameter, which may be repeated, shall contain one and
only one of the following subnetwork packets: CALL REQUEST, CALL CONFIRMATION, or a
CLEAR REQUEST. It shall be encoded as Table 5-17. The inclusion of this parameter shall invoke
the expedited subnetwork connection procedures. This parameter shall only be included if the
ground LME indicates that it supports expediting subnetwork connections. If, during link
establishment, an aircraft LME has not received a ground station information frame (GSIF), it may
assume expedited subnetwork connection is supported.

5.4.2.4.7    LCR cause parameter. This parameter defines the reason why the link connection
request was refused. The parameter, which may be repeated, shall consist of a rejection cause code
(c bits), backoff delay time in seconds (d bits), and any additional data required by the various
parameters. It is encoded as per Table 5-18. Cause codes 00 hex to 7F hex shall apply to the
responding station; cause codes 80 hex to FF hex shall apply to the responding system and shall be
encoded as per Table 5-19. At least one copy of this parameter shall be included whenever the “r”
bit in the Connection Management parameter is set to 1; this parameter shall not be included if the
“r” bit is set to 0. An LME receiving an LCR Cause parameter less than 80 hex shall not transmit
another XID_CMD to that peer station for the duration of time designated in the LCR Cause
parameter. An LME receiving an LCR Cause parameter greater than 7F hex shall not transmit
another XID_CMD to that peer system for the duration of time designated in the LCR Cause
parameter.

Note.— An aircraft LME receiving a station-based cause code from one ground station may
immediately transmit the same XID_CMD to another ground station of the same ground system.

5.4.2.5    AIRCRAFT-INITIATED INFORMATION PRIVATE PARAMETERS

An aircraft LME shall use aircraft-initiated information parameters to inform the ground about that
aircraft's capabilities or desires. Ground LMEs shall not send these parameters.

5.4.2.5.1    Modulation support parameter. This parameter defines the modulation schemes
supported. This parameter shall be sent on link establishment. It shall be encoded as shown in
Tables 5-20 and 5-21.

5.4.2.5.2    Acceptable alternate ground station parameter. This parameter defines a list of
ground stations in order of preference. This parameter shall be a list of DLS addresses encoded in
32-bit fields as per Table 5-22. These shall be used by the ground LME during handoffs as possible
alternate ground stations, if the proposed ground station is not acceptable to the ground LME.

5.4.2.5.3    Destination airport parameter. This parameter defines the aircrafts destination airport
identifier. It shall be encoded as four 8-bit ISO IA5 characters per Table 5-23.
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5.4.2.5.4    Aircraft location parameter. This parameter defines the current position of the
aircraft. It shall be encoded as shown in Tables 5-24 and 5-25.

5.4.2.6    GROUND-BASED INITIATED MODIFICATION PRIVATE PARAMETERS

A ground LME shall use the ground-based initiated modification parameters to change the value of
various parameters in one or more aircraft. Aircraft LMEs shall not send an XID with these
parameters.

5.4.2.6.1    Autotune frequency parameter. This parameter defines the frequency and modulation
scheme that an aircraft LME shall use to reply to a ground station listed in the replacement ground
station parameter. This parameter shall be sent by a ground LME when an autotune is required. The
parameter shall be encoded as a 16-bit field as per Table 5-26. The modulation subfield (m bits)
shall be defined as per Table 5-27. The frequency subfield (f bits) shall be the frequency encoded
as:

Integer [(frequency in MHz * 100) - 10000].

Note.— As an example, for a frequency of 131.725 MHz, the encoded value is decimal 3172 or
hexadecimal C64.

5.4.2.6.2    Replacement ground station list. This parameter defines a list of ground stations in
order of ground LME preference. This parameter shall be encoded as a list of DLS addresses in 32-
bit fields as per Table 5-27. These addresses shall be used by the aircraft LME during handoffs as
possible alternate ground stations if the proposed ground station is not acceptable to the LME.

5.4.2.6.3    Timer T4 parameter. This parameter defines the value of Timer T4 (in minutes) that
the aircraft DLEs shall use. It shall be encoded as an unsigned 16-bit integer as per Table 5-28.

5.4.2.6.4    MAC persistence parameter. This parameter defines the value of the parameter p in
the p-persistent CSMA algorithm that an aircraft MAC shall use. This 8-bit integer shall be encoded
as hexadecimal 00 (= decimal 1/256) to hexadecimal FF (= decimal 256/256) as per Table 5-29.

5.4.2.6.5    Counter M1 parameter. This parameter defines the value of M1 that an aircraft MAC
shall use. It shall be encoded as a 16-bit unsigned integer as per Table 5-30.

5.4.2.6.6    Timer TM2 parameter. This parameter defines the value of Timer TM2 (in seconds)
that an aircraft MAC shall use. It shall be encoded as an 8-bit integer per Table 5-31.

5.4.2.6.7    Timer TG5 parameter. This parameter defines the value of Timer TG5 (in seconds)
that the initiating and responding LMEs shall use. It shall be encoded as two 8-bit integers per Table
5-32.

5.4.2.6.8    T3min parameter. This parameter defines the value of T3min (in milliseconds) that
an aircraft DLE shall use. It shall be encoded as an unsigned 16-bit integer as per Table 5-33.

5.4.2.6.9    Ground station address filter parameter. This parameter defines the DLS address of
the ground station from which links are handed-off. This parameter shall be sent in an XID_CMD
and a receiving aircraft LME shall process the XID_CMD only if it has a link to the identified



84

ground station. The ground station address filter shall be encoded in a 32-bit field as defined in
Table 5-34.

5.4.2.6.10    Broadcast connection parameter. This parameter defines a single aircraft's link
attributes for a new link, i.e.:

— aircraft address whose link was successfully established on the new link (minimum
information);

— an optional list of one or more subnetwork connections maintained for that aircraft; and

— for each subnetwork connection listed, an indication of whether its subnetwork dependent
convergence facility (SNDCF) context was maintained.

As per Tables 5-35 and 5-36:

— the aircraft id subfield (a bits) shall be listed once and shall be the aircraft address;

— the optional M/I subfield (m bit) shall be the SNDCF M/I bit in the CALL
CONFIRMATION Call User Data field; and

— the optional LCI subfield (l bits) shall be the logical channel identifier of a subnetwork
connection on the old link which is to be maintained on the new link.

Any particular aircraft shall not appear in more than one broadcast parameter block.

5.4.2.7    GROUND-BASED INITIATED INFORMATION PRIVATE PARAMETERS

A ground LME shall use ground-based initiated information parameters to inform one or more
aircraft LMEs about that ground-based system's capabilities. Aircraft LMEs shall not send these
parameters.

5.4.2.7.1    Frequency support list. This parameter defines the list of frequencies, modulation
schemes and associated ground stations supported in the coverage area of the originating ground
station. The parameter shall consist of a list of 48-bit entries as shown in Table 5-37. The
modulation subfield (m bits) shall be encoded as defined in Table 5-21. The frequency subfield (f
bits) shall be encoded as:

Integer [(frequency in MHz * 100) - 10000]

Note.— As an example, for a frequency of 131.725 MHz, the encoded value is decimal value
3172 or hexadecimal C64.

The ground station address (g bits) shall be the DLS address encoded in a 32-bit field as defined in
Table 5-37. The ground DLS address shall be the DLS address of a ground station which can
provide services on the specified frequency and modulation scheme. No association shall be made
between the operating parameters included in the transmitted XID frame and the operating
parameters of the ground station(s) listed. During frequency recovery the aircraft LME shall choose
randomly a frequency from the list to re-acquire service.
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5.4.2.7.2    Airport coverage indication parameter. This parameter defines a list of four-character
airport identifiers of airports for which the ground station can support communication with aircraft
on the ground. Each four-character identifier shall be encoded as four 8-bit ISO IA5 characters as
per Table 5-38.

5.4.2.7.3    Nearest airport parameter. This parameter defines the four-character airport ID of the
airport nearest the ground station. It shall be encoded as four 8-bit ISO IA5 characters as per Table
5-39. The nearest airport parameter shall not be included in an XID if the Airport Coverage
Indication is included.

5.4.2.7.4    ATN router NETs parameter. This parameter defines a list of ATN air-ground routers
identified by the “administration identifier” (ADM) and “administration region selector” (ARS)
subfields of their network entity titles (NETs). It shall be encoded as per Table 5-40.

5.4.2.7.5    Ground-based system mask parameter. This parameter defines the ground-based
system mask. It shall be encoded as a 27-bit mask in a 32-bit field as per Table 5-41.

5.4.2.7.6    Timer TG3 parameter. This parameter defines the value of Timer TG3 (in half-
seconds) that the ground LME is using. It shall be encoded as a pair of unsigned 16-bit integers as
per Table 5-42.

5.4.2.7.7    Timer TG4 parameter. This parameter defines the value of Timer TG4 (in seconds)
that the ground LME is using. It shall be encoded as an unsigned 16-bit integer as per Table 5-43. A
value of 0 shall mean that the ground LME is not using this timer.

5.4.2.7.8    Ground station location parameter. This parameter defines the position of the ground
station. It shall be encoded as shown in Tables 5-25 and 5-44.

5.4.3  VME service system
 parameters for Modes 1 and 2

The VME service shall implement the system parameters defined in Table 5-45 and detailed in
5.4.3.1 through 5.4.3.5.

5.4.3.1    Timer TG1 (minimum frequency dwell time). Timer TG1 shall be set to the minimum
time (TG1) an aircraft LME dwells on a frequency while attempting to establish a link (in order to
receive a valid uplink from at least one ground station). This timer shall be set by an aircraft LME
(if it is not already running) when an aircraft tunes to a new frequency during a frequency search. It
shall be cancelled when a valid uplink is received. On expiry of the timer the aircraft station shall:

a) establish a link with one of the ground-based systems from which it has received a valid
uplink;

b) continue searching; or

c) if an aircraft does not detect any uplink traffic within TG1 seconds, it shall tune to the next
frequency in the search table.

Note 1.— The duration of TG1 should be chosen to ensure a valid uplink is received from at
least one ground-based system before the timer expires.
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Note 2.— There is one Timer TG1 per LME.

5.4.3.1.1    Recommendation.— In order to allow an aircraft station an opportunity to link to
its most preferred ground-based system, Timer TG1 should not be cancelled unless a valid uplink is
received from its most preferred ground-based system.

5.4.3.2    Timer TG2 (maximum idle activity time). Timer TG2 shall be set to the maximum time
(TG2) that an LME shall retain information on another station without receiving a transmission
from it. The timer shall be started when a valid transmission is first received from a station and shall
be restarted on each subsequent receipt of a valid transmission from that station. It shall never be
cancelled. If Timer TG2 expires, an LME shall assume that the station is no longer reachable; if a
link existed with that station, then site recovery shall be invoked.

Note.— There is one Timer TG2 for each station being monitored.

5.4.3.3    Timer TG3 (maximum time between transmissions). Timer TG3 shall be used at the
ground station only. The timer shall be set to the maximum time (TG3) between transmissions on
any frequency. Timer TG3 shall be started when the station becomes operational and restarted on
the transmission of any frame. This timer shall never be cancelled. On expiration, if the ground
station is operational, then it shall transmit a GSIF; the timer shall be restarted. The value to set the
TG3 timer to shall consist of a fixed value equal to the minimum value plus a random value
uniformly chosen between 0 and 20 seconds.

Note.— There is one Timer TG3 per ground station.

5.4.3.4    Timer TG4 (maximum time between GSIFs). Timer TG4 shall be used at the ground
station only. The timer shall be set to the maximum time (TG4) between transmissions of a GSIF on
any frequency. Timer TG4 shall be started when the station becomes operational and restarted on
the transmission of a GSIF. This timer shall never be cancelled. On expiration, if the ground station
is operational, then it shall transmit a GSIF; the timer shall be restarted. The value to set the TG4
timer to shall consist of a fixed value equal to the minimum value plus a random value uniformly
chosen between 0 and 20 seconds.

Note.— There is one Timer TG4 per ground station.

5.4.3.5    Timer TG5 (maximum link overlap time). Timer TG5 shall be set to the maximum time
that initiating and responding LMEs shall maintain the old link during handoffs. The LME initiating
the handoff shall start its Timer TG5 when it receives an XID_RSP_HO. The LME responding to
the handoff shall start its Timer TG5 when it transmits its XID_RSP_HO. The initiating LME shall
never restart its Timer TG5; the responding LME shall restart its Timer TG5 if it retransmits an
XID_RSP_HO. Timer TG5 shall be cancelled if either the old or new link is prematurely
disconnected. After TG5 expires, each LME shall silently disconnect its half of the old link.

Note.— There is one Timer TG5 per LME.

5.4.4  Description of LME
procedures for Modes 1 and 2
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The aircraft and ground LMEs shall use the XID frame types listed in Table 5-46 and the
procedures described in the text below to provide a reliable connection between the aircraft and
ground-based system. Frame collision processing (see 5.3.8) shall be applied before determining if a
frame is illegal or unexpected (see5.4.2.4.7). If an LME receives any valid XID_HO or XID_LPM
frame from a system with which it does not have a link, it shall respond with an XID_LCR with the
“d” bit set to 1 in the Protocol Violation Cause Code.

5.4.4.1    FREQUENCY MANAGEMENT PROCEDURES

The aircraft LME shall use the following procedures to acquire a frequency on which reliable VDL
services are available.

5.4.4.1.1    Frequency search. The aircraft LME shall initiate the frequency search procedure on
system initialization or after link disconnection, if it can no longer detect uplink VDL frames on the
current frequency. It shall attempt to identify a frequency on which VDL service is available by
tuning the radio to the CSC and to other frequencies on which it knows a-priori that VDL service is
available. It shall scan until it detects a valid uplink VDL frame with an acceptable source address
or until Timer TG1 expires, in which case it shall tune the radio to another frequency and continue
to scan.

5.4.4.1.2    Frequency recovery. The aircraft LME shall initiate the frequency recovery
procedure if it can no longer establish a link on the current frequency or if the MAC entity indicates
that the current frequency is congested. It shall tune the radio to an alternate frequency using the
data in the Frequency Support List previously received on the current link.

5.4.4.2    Link connectivity procedures. The aircraft and ground LMEs shall use the following
procedures to maintain connectivity across the VHF link:

a) ground station identification;

b) initial link establishment;

c) link parameter modification;

d) aircraft-initiated handoff;

e) aircraft-requested ground-based initiated handoff;

f) ground-based initiated handoff;

g) ground-based requested aircraft-initiated handoff;

h) ground-based requested broadcast handoff; and

i) autotune.

5.4.4.3    Ground station identification. A ground station shall send a GSIF by broadcasting a
XID_CMD (P = 0) with parameters as per Table 5-46 if its Timer TG3 expires, (meaning that it has
not transmitted any frame in TG3), seconds, or if its Timer TG4 expires, (meaning that it has not
sent a GSIF in TG4 seconds). If a ground station offers Mode 2 service, the operator of that ground
station shall ensure that, besides transmitting GSIFs on the service frequency, GSIFs are transmitted
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on the CSC. Aircraft LMEs receiving a GSIF shall process its content to identify the functionality of
the ground station as well as the correct operational parameters to be used when communicating
with it. Aircraft LMEs which have a connection with the transmitting ground station shall process
only informational parameters and those parameters specified for an XID_CMD_LPM as per Table
5-46.

5.4.4.4    LINK ESTABLISHMENT

The aircraft LME shall initiate the link establishment procedure with a ground station only to
establish an initial link with the ground-based system. An aircraft transmitting or receiving a DM
frame shall initiate link establishment if no links remain.

5.4.4.4.1    Aircraft initiation. The aircraft LME shall choose a ground station with which it
wishes to establish a link based on the signal quality of all received uplink frames and on
information in any received GSIFs. It shall then attempt to establish a link with the chosen ground
station by sending an XID_CMD_LE (P=1) frame. This frame shall include the mandatory
parameters as per Table 5-46 and also any optional parameters for which the aircraft LME does not
wish to use the default value. If the aircraft LME has received a GSIF from the ground station to
which it is transmitting the XID_CMD_LE (P=1), then it shall use the parameters as declared;
otherwise, it shall use the default parameters.

5.4.4.4.2    General ground response. If the ground LME receives the XID_CMD_LE, it shall
confirm link establishment by sending an XID_RSP_LE frame containing the parameters as per
Table 5-46. The ground LME shall include in the XID_RSP_LE any optional parameters for which
it is not using the default values. If the XID_RSP_LE includes the Autotune parameter then the
Replacement Ground Station List parameter shall be included indicating the ground stations on the
new frequency that the aircraft LME can establish a new link using the operating parameters
specified in the XID_RSP_LE. If the XID_RSP_LE does not include the Autotune parameter, the
ground LME shall include the Replacement Ground Station List parameter if it wishes to indicate
the ground stations which can be reached on the current frequency using the same operating
parameters as the transmitting station.

5.4.4.4.3    Exceptional cases. If an LME receiving the XID_CMD_LE cannot establish the link
with the sending LME, then it shall transmit an XID_RSP_LCR (F=1) instead of an XID_RSP_LE
(F=1). If the parameters in the XID_RSP_LE from the ground LME are not acceptable to the
aircraft LME, then the aircraft LME shall transmit a DISC to the ground. If the Autotune parameter
is included in the XID_RSP_LE and the aircraft LME is unable to perform the autotune, then the
aircraft LME shall respond with an XID_CMD_LCR (P=0); the link established on the current
frequency shall not be affected. While waiting for a response to an XID_CMD_LE, an aircraft LME
receiving any unicasted frame other than a TEST or an XID shall retransmit the XID_CMD_LE
instead of transmitting a DM.

Note.— See 5.3.8 on the processing of an XID_CMD.

5.4.4.5    LINK PARAMETER MODIFICATION

5.4.4.5.1    Ground-based initiation. The ground LME shall request a modification of an existing
link connection's parameters by sending an XID_CMD_LPM (P=1) to the aircraft LME containing
the parameters as per Table 5-46.
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5.4.4.5.2    General aircraft response. The aircraft LME shall acknowledge with an
XID_RSP_LPM containing the parameters as per Table 5-46.

5.4.4.5.3    Recommendation.— If Counter N2 is exceeded for the XID_CMD_LPM, the ground
LME should attempt to handoff via another station before disconnecting the link to the aircraft.

5.4.4.6    AIRCRAFT-INITIATED HANDOFF

If an aircraft LME implements this section, then it shall set the “i” bit in the AVLC Specific Options
parameter to 1; otherwise, it shall set the “i” bit to 0.

5.4.4.6.1    Aircraft handoff. Once the aircraft LME has established a link to a ground station, it
shall monitor the VHF signal quality on the link and the transmissions of the other ground stations.
The aircraft LME shall establish a link to a new ground station if any of the following events occur:

a) the VHF signal quality on the current link is poor and the signal quality of another ground
station is significantly better;

b) Counter N2 is exceeded on any frame sent to the current ground station;

c) Timer TG2 expires for the current link; or

d) Timer TM2 expires. In this case, the aircraft LME shall autonomously tune to an alternate
frequency (provided in a frequency support list) before initiating the handoff.

5.4.4.6.2    Site selection preference. From among those ground stations with acceptable link
quality, the aircraft LME shall prefer to handoff to a ground station which indicates (in the GSIF)
accessibility to the air-ground router(s) to which the aircraft DTE has subnetwork connections.

5.4.4.6.3    Recommendation.— If an aircraft has commenced approach to its destination
airport and its current link is with a ground station that does not offer service at that airport, it
should handoff to a ground station which indicates in its Airport Coverage Indication parameter
that it offers service at that airport.

5.4.4.6.4    Interaction of LMEs. When an aircraft VME hands off from a ground station in one
ground-based system (and thus associated with one LME) to a ground station in another ground-
based system (and thus associated with a different LME in the aircraft), the new LME shall use the
link establishment procedures and the old LME shall send a DISC when directed by the VME.

Note. — Optimally the old link should not be disconnected until after the new link is capable of
carrying application data. However this is outside the scope of these SARPs.

5.4.4.6.5    General ground response. If the ground LME receives the XID_CMD_HO, it shall
confirm link handoff by sending an XID_RSP_HO frame containing the parameters as per Table 5-
46. The ground LME shall include in the XID_RSP_HO the optional parameters for which it is not
using the default values. If the XID_RSP_HO includes the Autotune parameter, then the
Replacement Ground Station List parameter shall be included to indicate the ground stations with
which the aircraft LME can establish a new link on the new frequency, using the operating
parameters specified in the XID_RSP_HO. If the XID_RSP_HO does not include the Autotune
parameter, the ground LME shall include the Replacement Ground Station List parameter if it



90

wishes to indicate the ground stations which can be reached on the current frequency using the same
operating parameters as the transmitting station.

5.4.4.6.6    Disconnecting old link. If the new and old ground stations are associated with
different systems, then the procedures of 5.4.4.6.4 shall be followed. Otherwise, the aircraft LME
shall set Timer TG5 when it receives the XID_RSP_HO. The ground LME shall set Timer TG5
after it transmits the XID_RSP_HO. Both stations shall continue to operate on the old link until
their respective Timer TG5 expires, after which each will consider the link disconnected without
sending or receiving a DISC.

5.4.4.6.7    Exceptional cases. If the ground LME cannot satisfy the XID_CMD_HO, then it
shall transmit an XID_RSP_LCR instead of an XID_RSP_HO; the current link shall not be
affected. While waiting for a response to an XID_CMD_HO, an aircraft LME receiving any
unicasted frame other than a TEST or an XID from any ground station other than the current station
shall retransmit the XID_CMD_HO. If Counter N2 is exceeded on the XID_CMD_HO, the aircraft
LME shall attempt to handoff to another ground station; the current link shall not be affected. If the
aircraft LME cannot perform the autotune, it shall transmit an XID_CMD_LCR (P=0); the current
link shall not be affected. If the parameters in the XID_RSP_HO are not acceptable to the aircraft
LME, then the aircraft LME shall transmit a DISC to the ground on the new link.

Note.— See 5.3.8 on the processing of an XID_CMD.

5.4.4.7    AIRCRAFT-REQUESTED GROUND-INITIATED HANDOFF

An aircraft LME shall not perform this section when its peer LME does not support handoff
initiation. An aircraft LME shall only perform this section if the current and proposed ground
stations are both managed by its peer LME.

5.4.4.7.1    Aircraft action. For an aircraft LME to request the ground LME to initiate a handoff,
it shall send an XID_CMD_HO (P=0) addressed to its current or proposed ground station with the
parameters as per Table 5-46. During this procedure the current link shall not be affected until the
aircraft LME receives an XID_CMD_HO (P=1).

5.4.4.7.2    General ground response. If the ground LME receives the XID_CMD_HO, it shall
commence a ground-initiated handoff from a proposed ground station. The ground LME shall only
transmit the XID_CMD_HO (P=1) once per XID_CMD_HO (P=0) request that it receives.

5.4.4.7.3    Exceptional cases. If the ground system cannot initiate the handoff, it shall send an
XID_CMD_LCR (P=0); the current link shall not be affected.

5.4.4.7.4    Recommendation.— If Counter N2 is exceeded for the XID_CMD_HO, the aircraft
LME should attempt to request to handoff to another station before disconnecting all links to the
ground and restarting link establishment.

5.4.4.8    GROUND-BASED INITIATED HANDOFF

If a ground LME implements this section, then it shall set the “i” bit in the AVLC Specific Options
parameter to 1; otherwise, it shall set the “i” bit to 0.

5.4.4.8.1    Ground action. To command an aircraft, to which a link exists, to establish a new link
to a proposed ground station on the same frequency, the ground LME shall send via that ground
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station an XID_CMD_HO (P=1) to the aircraft with parameters as per Table 5-46. If the ground
LME will accept a handoff to other ground stations, the XID_CMD_HO shall include the
Replacement Ground Station List parameter specifying the link layer address of those other stations.
Any operating parameters in the XID_CMD_HO (either modification or informational) shall be
valid for the transmitting station and for all ground stations listed in the Replacement Ground
Station List parameter, except the Airport Coverage Indication parameter and Nearest Airport
parameter which are only valid for the transmitting ground station.

5.4.4.8.2    General aircraft response. The aircraft LME shall respond by sending an
XID_RSP_HO with parameters as per Table 5-46 to either the proposed ground station or to its
preferred ground station if the XID_CMD_HO included the Replacement Ground Station List
parameter.

5.4.4.8.3    Disconnecting old link. The aircraft LME shall set Timer TG5 after it transmits the
XID_RSP_HO. The ground LME shall set Timer TG5 when it receives the XID_RSP_HO.
Although new traffic will be sent over the new link, the old link shall not be disconnected
immediately to allow any old traffic to be delivered.

5.4.4.8.4    Exceptional cases. If the aircraft LME cannot accept the handoff request, it shall
respond with an XID_RSP_LCR; the current link shall not be affected. While waiting for a
response to an XID_CMD_HO, a ground LME receiving any unicasted frame other than a TEST or
an XID from the aircraft shall retransmit the XID_CMD_HO. If the parameters in the
XID_RSP_HO are not acceptable to the ground LME, then the ground LME shall transmit a DISC
to the aircraft on the new link.

Note. — See 5.3.8 on the processing of an XID_CMD.

5.4.4.8.5    Recommendation.— If Counter N2 is exceeded for the XID_CMD_HO, the ground
LME should attempt to handoff via another station before disconnecting all links to the aircraft.

5.4.4.9    GROUND-BASED REQUESTED AIRCRAFT-INITIATED HANDOFF

A ground LME shall not perform this section with aircraft that do not support handoff initiation.

5.4.4.9.1    Ground action. For the ground LME to request an aircraft to initiate a handoff, it shall
send an XID_CMD_HO (P=0) on the current link with parameters as per Table 5-46. The
parameters in the XID (both modification and informational) are valid for all ground stations listed
in the Replacement Ground Station List. It shall only include operational parameters if it also
includes the Replacement Ground Station List parameter. If the Autotune parameter is included,
then the Replacement Ground Station List parameter shall apply to the new frequency.

5.4.4.9.2    General aircraft response. If the aircraft LME receives the XID_CMD_HO, it shall
commence an aircraft-initiated handoff to a ground station, preferably one listed in the Replacement
Ground Station List parameter.

Note.— See 5.3.8 on the processing of an XID_CMD.

5.4.4.9.3    Exceptional cases. If the aircraft LME cannot initiate the handoff, it shall send an
XID_CMD_LCR (P=0); the current link shall not be affected. If the Autotune parameter is included
in the XID_CMD_HO (P=0), the aircraft LME shall retransmit on the new frequency the
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XID_CMD_HO (P=1) using the normal retransmission procedures; otherwise, it shall only transmit
the XID_CMD_HO (P=1) once per received XID_CMD_HO (P=0).

5.4.4.9.4    Recommendation.— If Counter N2is exceeded for the XID_CMD_HO, the ground
LME should attempt to request a handoff via another station before disconnecting all links to the
aircraft.

5.4.4.10    GROUND-BASED REQUESTED BROADCAST HANDOFF

If the ground LME broadcasts link handoffs then it shall set the “bl” bit in the AVLC options
parameter to 1; otherwise, it shall set the “bl” bit to 0. If the ground LME supports broadcast
subnetwork connection handoff, the ground LME shall also support broadcast link handoffs and
shall set the “bl” and “bs” bits in the AVLC options parameter to 1; otherwise, it shall set the “bs” bit
to 0.

5.4.4.10.1    Ground action. If the ground LME supports broadcast link handoffs, for each
aircraft that indicates it supports broadcast link handoff, the ground LME shall confirm the link
handoff by including the Broadcast Connection parameter per Table 5-46. If the ground LME
supports broadcast subnetwork connection management, for each aircraft that indicates it support
broadcast subnetwork connection management, the ground LME shall confirm the link handoff and
the subnetwork connection maintenance by including the Broadcast Connection parameter per
Table 5-46.

5.4.4.10.2    Aircraft response. The LME in each aircraft shall process received broadcast
XID_CMD_HO (P=0) and determine if the ground LME had performed a broadcast link recovery
(and possibly an expedited subnetwork recovery) for it. It shall do this by verifying that the Ground
Station Address Filter parameter contains the DLS address of the ground station that it is connected
to and that a Broadcast Connection parameter exists containing its aircraft address. Aircraft LMEs
supporting broadcast recovery shall consider that a link handoff has occurred with the new link
having the same parameters as the old link (as modified by the parameters in the broadcast XID).
The old link shall be disconnected immediately.

5.4.4.10.2.1    The Broadcast Connection parameter shall include the subnetwork connection
information (i.e. the M/I and LCI subfields) for only those subnetwork connections between the
aircraft DTE and the peer ground DTEs that the ground LME maintained. Aircraft LMEs
supporting broadcast subnetwork connection management shall process the remainder of the
Broadcast Connection parameter to determine which subnetwork connections the ground LME
maintained. For those subnetwork connections associated with the logical channels on the old link
that the ground LME maintained, the aircraft DTE shall consider as if the CALL REQUEST and
CALL CONFIRMATION sent on the old link were resent on the new link (except that the M/I bit
in the Broadcast Connection parameter shall supersede the value in the previous CALL
CONFIRMATION). At this point the aircraft DTE, ground DCE, and ground DTE shall be
initialized. If the Broadcast Connection parameter indicates that the ground was not able to maintain
a subnetwork connection (i.e. a particular LCI is not mentioned in the Broadcast Connection
parameter), the aircraft shall explicitly establish this subnetwork connection as per 6.6.3.3.1.

5.4.4.10.3    Exceptional cases. If the aircraft LME does not support broadcast recovery, but the
ground LME performed a broadcast link recovery for it, then the aircraft LME shall perform either
an air-initiated link handoff, (if the aircraft LME supports same) or request a link handoff. If the
aircraft LME finds the new ground station unacceptable, it shall perform an air-initiated handoff (if
the aircraft LME supports same) or request a link handoff. If the Ground Station Address Filter
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parameter does not equal the DLS address of a link that the aircraft LME has or if no aircraft
identifier subfield in a Broadcast Connection parameter equals its aircraft address, the aircraft LME
shall not process the ground requested broadcast handoff. If the aircraft LME supports broadcast
link handoffs but does not support broadcast subnetwork connection management and the Broadcast
Connection field is implemented as per Table 5-36, the aircraft LME shall explicitly establish its
subnetwork connections. If the Broadcast Connection parameter indicates that a subnetwork
connection was maintained, but the aircraft LME does not recognize that subnetwork connection,
then the aircraft DTE shall transmit a CLEAR REQUEST for each unrecognized subnetwork
connection.

5.4.4.11    GROUND-BASED COMMANDED AUTOTUNE

This section summarizes the autotune details found in 5.4.4.3, 5.4.4.5, and 5.4.4.8.

5.4.4.11.1    Ground action. To command an aircraft LME to handoff to a ground station on a
different frequency, the ground LME shall include the Autotune and Replacement Ground Station
List parameters in an XID it sends during a link establishment or handoff procedure.

5.4.4.11.2    General aircraft response. On receipt of an XID commanding an autotune, the
aircraft LME shall retune the aircraft radio to the new frequency and commence an aircraft-initiated
handoff to the chosen ground station.

5.4.4.11.3    Exceptional cases. If the aircraft LME cannot perform the autotune, it shall transmit
an XID_CMD_LCR (P=0); the current link shall not be affected.

5.4.4.12    EXPEDITED SUBNETWORK CONNECTION MANAGEMENT

If a LME implements this section, then it shall set the “v” bit in both the AVLC Specific Options
and in the Connection Management parameters to 1; otherwise it shall set them to 0. This section
shall only be applicable for the link establishment, air initiated handoff, and ground initiated
handoff processes.

5.4.4.12.1    Initiating station of subnetwork connection management. To perform an expedited
subnetwork connection establishment or maintenance, the initiating LME shall include in the
XID_CMD the Expedited Subnetwork Connection parameter for each subnetwork connection that
needs to be established or maintained. The procedures for an expedited link establishment and
maintenance shall be the same as outlined in 5.4.4.4, 5.4.4.6 and 5.4.4.8.

5.4.4.12.2    General responder action. If the responding LME receives a XID_CMD with one or
more Expedited Subnetwork Connection parameters, it shall confirm subnetwork connection
establishment or maintenance by sending an XID_RSP containing the parameters as per Table 5-46.
The responding LME shall attempt to establish or maintain the specified subnetwork connections as
outlined in 6.6.3. The responding LME shall include in the XID_RSP the CALL CONFIRMATION
or CLEAR REQUEST responses (i.e. in the Expedited Subnetwork Connection parameter) and any
optional parameters for which it is not using the default values. The ground LME shall not process
the Expedited Subnetwork Connection parameters if it includes the Autotune parameter in the
XID_RSP.

5.4.4.12.3    Exceptional cases. If the responding LME can not support the expedited subnetwork
connection establishment or maintenance but can support the link establishment or handoff, it shall
respond with XID_RSP with the Connection Management “v” bit set to 0 and shall not include the
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Expedited Subnetwork Connection parameters in the XID_RSP. If T3min expires, the responding
LME shall include all responses (i.e. CALL CONFIRMATION or CLEAR REQUEST) that it has
received up to that point in the XID_RSP. Any late responses from respective DTE(s) shall be sent
to the initiating LME in INFO frames.

Note.— All XID_CMD retransmissions will cause the responding LME to respond with the same
XID_RSP without further processing. All late subnetwork connection responses from ground DTEs
will not be included in the retransmitted XID_RSP.

5.5    Mode 3 MAC sub-layer

The MAC sublayer shall support both voice and data operation.

For data operation, the MAC sublayer shall provide for the transparent acquisition of the shared
communication path.

For voice operation, the MAC sublayer shall support simplex voice communications with pre-
emptive access for authorized ground users.

5.5.1    MAC services

5.5.1.1    Multiple access.  For data operation, the MAC sublayer shall implement a ground
station centralized, reservation-based access to the channel which permits priority-based access.
The sublayer shall implement both a polling based access and a random access method for
reservation requests.

Note. These methods provide a fair access (i.e., non-bias) for all aircraft.

For voice operation, access shall be primarily supported by the user based on a “listen before
talk” discipline.  Additionally, authorized ground users shall have the capability to pre-empt
airborne users occupying the voice channel.

Note.  This pre-emptive access provides a limited capability to cope with "stuck" microphone
situation by allowing authorized users to deactivate the transmitter of the offending user.

5.5.1.2    Channel occupancy.  Channel occupancy shall be considered as the amount of time
spent on the channel per access event.

For data operation, an access event shall consist of no more than 15 consecutive V/D (data) burst
opportunities.  For downlink data transmission, an access event shall be the result of a single
Reservation Request.

For voice operation, an access event shall not be limited to a fixed number of V/D (voice) burst
opportunities.  However voice operation shall honor the voice signalling information issued in the
M uplink burst.  An access event shall correspond with each push-to-talk (PTT) assertion.

5.5.2    MAC protocol framework.

5.5.2.1    TIMING STRUCTURE
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Media access for Mode 3 shall observe the system timing structure described in this section.
Observing this timing structure shall be a necessary but not a sufficient condition for media access,
as the procedures of Section 5.5.4 shall also be observed.

5.5.2.1.1    TDMA frame.  The TDMA frame shall be of 120 ms duration and shall contain either
3 or 4 TDMA time slots as determined by the System Configuration (Section 5.5.2.4) in effect for
the ground station.

5.5.2.1.2    Time slot.  A TDMA time slot shall be of 30 or 40 ms duration depending on the
System Configuration in effect for the ground station.  A time slot shall be the basic channel
resource allocated to a user group for either voice or data transmission.

Note. Multiple time slots can be assigned to a single user group (e.g., voice and data).

5.5.2.1.3    Bursts.  A TDMA time slot shall consist of either a) one Management (M) burst and
one Voice or Data (V/D) burst, b) four M bursts, or c) one M burst and one handoff check message
(H) burst. The format of the bursts shall be as specified in Figures 5-2a, 5-2b, and 5-2c.

Note. An M burst is used for signalling and link management.  A V/D burst is used for user
information.  An H burst is used for automated handoff of ground stations.

The time scale hierarchy for TDMA frames, time slots and bursts shall be as shown in Figures 5-
3a, 5-3b, and 5-3c.

Note.  The only difference in the timing structure between the Normal Range 30 ms slots and
the Long Range 40 ms slots is an increased propagation guard time allowance.  The exact
allocation of propagation guard time is reflected in Tables 5-49, 5-50, and 5-51.

5.5.2.1.4    Epoch.  An Epoch shall consist of 25 MAC cycles (6 seconds).  Epochs shall begin at
the following number of seconds after the minute: 0, 6, 12, 18, 24, 30, 36, 42, 48, 54.

5.5.2.1.5   External time reference interface.  The VDL Mode 3 ground stations shall have the
option to synchronize their station TDMA system timing clocks to a common absolute time
standard.  This external time source shall provide a timing strobe once per second on the second and
a separate strobe on epoch boundaries.  For purposes of providing epoch strobes, the external time
source shall be aligned to UTC on 6 January 1980.

Note 1.  UTC is not easily usable as a time source for VDL Mode 3 because UTC requires
leap second adjustments at irregular intervals.

Note 2.  GPS system time was aligned to UTC time on 6 January 1980, but now differs by an
integral number of seconds.  (A GPS receiver calculates GPS system time and provides conversion
to UTC time by adding the appropriate number of leap seconds.  This number is available as part of
the GPS navigation message.)  Any other absolute time source which is traceable to UTC without
leap second adjustments is also suitable as an external time source for VDL Mode 3.

Note 3.   Synchronization of airborne radios to a common external time source is not required
for Mode 3 operation.
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5.5.2.2    System data and header field formats.  Fields contained in the System Data segment of
the M uplink bursts and the Header segment of the V/D bursts shall be used for controlling access to
the channel and for link management functions (Section 5.7).  The definition of the fields of these
burst segments shall be as given in Appendix F.

5.5.2.3    User groups.  An airborne radio shall be associated with a user group for purposes of
channel access for voice and data transmissions and for aircraft addressing functions used by the
ground station.  A single VDL frequency assignment (i.e., ground station radio) for Mode 3 shall
support from 1 to 4 user groups depending on the System Configuration in effect for that ground
station.

5.5.2.4    System configuration in the Guidance Material.5.5.2.5.1________    Logical burst access
channels.   For the 3T configuration, VDL shall grant media access individually for each of up to 18
separate Logical Burst Access Channels (LBACs) numbered 1-18.  For each MAC cycle (3T), the
timing for each LBAC shall be as giVEN BY TABLE 5-50.  FOR THe 3S configuration, VDL shall
grant media access individually for each of up to 12 separate LBACs numbered 1-12. For each
MAC cycle (3S), the timing for each LBAC shall be as given by Tabn in the Guidance Material.

5.5.2.5.1    Logical burst access channels.   For the 3T configuration, VDL shall grant media
access individually for each of up to 18 separate Logical Burst Access Channels (LBACs)
numbered 1-18.  For each MAC cycle (3T), the timing for each LBAC shall be as given by Table 5-
50.  For the 3S configuration, VDL shall grant media access individually for each of up to 12
separate LBACs numbered 1-12. For each MAC cycle (3S), the timing for each LBAC shall be as
given by Table 5-51.  For all other configurations (except 3T and 3S), VDL shall grant media
access individually for each of up to 8 separate LBACs numbered 1-8.  A description of each
LBAC for these cases (other than 3T and 3S) shall be as given by Table 5-48.

Note. MAC cycles for each System Configuration are shown labelled with each LBAC in the
Guidance Material.

5.5.2.5.2    Burst access timing.  The System Configuration code provided in the M uplink burst
(Appendix F, Section 2.1) shall be used by the aircraft VDL in conjunction with the timing
reference point  to establish proper burst timing.  For the 3T configuration, LBACs shall be
established according to Table 5-50;  for 3S configuration, LBACs shall be established according to
Table 5-51; and for other configurations (except 3T and 3S), LBACs shall be established according
to Table 5-49.  The timing reference point shall be established as per Section 5.5.4.1.

5.5.3    Airborne MAC service system parameters

Airborne MAC service system parameters shall be as defined in Table 5-52a and Table 5-52b.
Descriptions of the parameters are provided in Sections 5.5.3.1 through 5.5.3.8.

5.5.3.1    Parameter t (truncation).  This parameter shall be the number of MAC cycles which
can elapse in normal timing state 1 (TS1) while not receiving a primary time reference without
requiring transmitted V/D (voice) bursts to be truncated.  This parameter shall be determined by the
symbol clock stability of the aircraft VDL and represents the number of MAC cycles prior to
accumulating a timing drift of ±1 symbol periods.  The aircraft VDL shall enter truncate timing
state 2 (TS2) from TS1, except in 3T configuration, when the number of MAC cycles which has
elapsed without receiving a primary timing reference exceeds this parameter.
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5.5.3.2    Parameter f (free running). This parameter shall represent the maximum Coast Timing
Counter 3 (CTC3) (Section 5.5.4.1.3) value beyond which the free running timing state 3 (TS3) is
entered.  This parameter shall be determined by the symbol clock stability and represents the
number of MAC cycles of “coasting” which must elapse without receipt of a primary timing or
Alternate Timing Signal (ATS) before transitioning to TS3.

Note. This parameter represents at least two whole polling cycles.

5.5.3.3    Counter NM1 (maximum retry).  The NM1 counter shall be the maximum number of
retransmissions of a random access Reservation Request message.  Upon exceeding the NM1
counter, the LME (Section 5.7) shall be notified.

5.5.3.4    Parameter RR (reservation request randomizer).  The parameter RR shall specify the
number of available time slots over which to select a time slot at random to transmit the Reservation
Request message.

5.5.3.5   Parameter RE (net entry request randomizer). The parameter RE shall specify the
number of available time slots over which to select a time slot at random to transmit the Net Entry
Request message.

5.5.3.6   Parameter RL (leaving net randomizer). The parameter RL shall specify the number of
available time slots over which to select a time slot at random to transmit the Leaving Net message.

5.5.3.7    Parameter W1R (reservation request retransmission delay min). The parameter W1R
specifies the minimum number of MAC cycles that an airborne radio shall wait before attempting a
Reservation Request message retransmission.

5.5.3.8    Parameter W2R (reservation request retransmission delay max).  The parameter W2R
specifies the maximum number of MAC cycles that an airborne radio shall wait before attempting a
Reservation Request message retransmission.

5.5.4   Description of procedures

Media access shall observe the procedures described in this section in addition to observing the
timing structure limitations of Section 5.5.2.1.

5.5.4.1    TIMING ACQUISITION AND MAINTENANCE

5.5.4.1.1    Primary timing reference.  The aircraft VDL shall derive its primary timing from the
received M uplink burst (LBAC 11 for 3T configuration, either LBAC 7, 9, or 11 for 3S
configuration, and LBAC 5 for other configurations) associated with its assigned user group and
Ground Station Code (GSC).  The timing reference point shall be established based on the first
received symbol of the synchronization sequence of the M uplink burst associated with the user
group assigned.  VDL media access opportunities for transmitted bursts shall be set relative to this
reference in terms of transmitted symbol periods as shown in Table 5-49 and Table 5-50.

5.5.4.1.2    Alternate timing reference.  When required by the procedures of Section 5.5.4.1.3
through Section 5.5.4.1.5, the aircraft VDL shall derive Alternate timing in TS2 from ATSs.  ATSs
shall be derived from poll responses (except in the 3T configuration)  associated with the user group
or another user group (if available) and M uplink burst in slots other than the one controlling the
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airborne radio’s user group received during that MAC cycle.  This alternate timing shall be based on
the first received symbol of the synchronization sequence of the received V/D (voice) burst.   The
aircraft VDL shall accept timing from ATSs if they obey the following rule:

Tr < Ta + 0.04  • CTC2  • Ts

where Ta shall be the expected time of an ATS as determined by the airborne radio’s clock, Tr
shall be the actual time of arrival of the ATS with respect to the airborne radio’s clock, and Ts shall
be the symbol period.

5.5.4.1.3   Coast timing counters.  The aircraft VDL shall maintain  Coast Timing Counter 1
(CTC1), Coast Timing Counter 2 (CTC2), and Coast Timing Counter 3 (CTC3) in order to
determine the timing state for each MAC cycle. CTC1, CTC2, and CTC3 shall be maintained as per
Table 5-53.

5.5.4.1.4   Timing states.  The aircraft VDL shall take on one of four  possible timing states
(except 3T configuration)  as determined by the CTCs as shown in Table 5-54.

Note  The timing state controls operation of the Voice Unit (Section 8).

5.5.4.1.5    Timing state transitions.  When in TS1, an aircraft VDL in 3T configuration shall
skip TS2 and transition through a non-transmit period before entering TS3.  When in TS3, the
aircraft VDL shall accept time from any ATS and enter TS2.  Any aircraft VDL shall immediately
revert to TS1 upon reception of a valid primary timing signal.

5.5.4.1.6   Dummy poll responses.  When an airborne radio receives an uplink M channel
message with value 61 in the Aircraft ID (Poll) field, indicating that the ground station does not
support discrete addressing, an airborne radio shall transmit dummy Poll Responses in downlink M
slots reserved for Poll Response.  The format of a dummy Poll Response shall be identical to a
regular Poll Response.  Dummy Poll Responses shall not be processed by the controlling ground
station.  The MAC cycle in which to transmit the dummy Poll Responses shall be chosen by the
following algorithm:

Immediately after net initialization, after determining that the uplink Beacon contains Aircraft ID
= 61, divide all further MAC cycles into groups of [25].  Within each group, choose one MAC cycle
at random from 1 to [25] in which to transmit a dummy Poll Response.  Continue to transmit
dummy Poll Responses for as long as the airborne radio remains in timing state TS1.

Note 1.  For the voice-only configurations: 4V, 3V, and 3S, polling may not be implemented
and a ground radio in one of these configurations may not support polling.  In order to support the
transmission of an Alternate Timing Reference in these configurations (see 5.5.4.1.2), airborne
radios must transmit “Dummy Poll Response” messages since they are never actually polled.

Note 2.  Analysis and simulation have shown that, unless the number of airborne radios is
extremely large, the probability that at least one MAC cycle out of 25 contains one and only one
dummy Poll Response is very close to 1.

Note 3.  The LBACs available for dummy Poll Responses include LBAC 1 for configurations
4V and 3V, and LBAC 1, 3 or 5 for configuration 3S, depending upon whichever LBAC is
associated with the time slot the airborne radio is currently connected to.
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5.5.4.2   Voice operation support.  The aircraft VDL shall grant media access on a MAC cycle-
by-MAC cycle basis based on the timing state and the voice signalling information received in the
M uplink burst of the previous MAC cycle.  The rules for media access shall be as described in
Table 5-55.  The conditions of both the timing state and the signalling shall be met in order to be
granted access in a given MAC cycle.

The Voice Unit (Section 8) shall be notified of the timing state during each MAC cycle.

Note. Currently, only 3T system configuration supports voice reservation signalling.

5.5.4.3   LINK MANAGEMENT SUPPORT

5.5.4.3.1    Polling.  The aircraft station shall respond to a poll by the ground station by
transmitting a Reservation Request message in LBAC 2, 3, or 4 for 3T configuration, LBAC 1, 3, or
5 for 3S configuration, and LBAC 1 for other configurations in the MAC cycle immediately
following the poll.  This opportunity to request a reservation shall be used consistent with the
procedures of Section 5.5.4.4.3.  If no reservation is needed by the aircraft VDL, the Number of
Slots Requested field and the Voice Request field shall be set to zero.

5.5.4.3.2   Net entry request message.  When directed by the LME (Section 5.7), the airborne
MAC sublayer shall transmit a Net Entry Request message.  The MAC sublayer shall attempt
transmission in LBAC 1, 2, 3, 4, 5, 7, 9, 13, 15, or 17 for 3T configuration, LBAC 1, 3, or 7 for 3S
configuration, and LBAC 1, 3 or 5 opportunities for other configurations, when these LBAC
channels are available for random access (RA) on a slotted aloha basis.  The rules for determining
whether these LBAC channels are available for RA or acknowledgement of uplink data segments
shall be as shown in Table 5-56a.

Transmission attempts for the Net Entry Request message shall be based on the algorithm of
Appendix H for selecting an appropriate downlink M-burst LBAC to transmit the Net Entry
Request message.  The parameter RE (defined in Section 5.5.3.5) is a MAC Service System
Parameter.  The value of RE is given in Table 5-52b.  This procedure shall be terminated when a
valid Net Entry Response message is received or the number of retransmissions exceeds NL1 (see
Table 5-59).

5.5.4.3.3   Leaving net message.  When directed by the LME (Section 5.7), the airborne MAC
sublayer shall select an appropriate downlink M-burst LBAC to transmit a Leaving Net message
based on the algorithm of Appendix H.  There shall be no retransmission of a Leaving Net message.

5.5.4.4    DATA OPERATION SUPPORT

5.5.4.4.1    Segmentation function.  The MAC sublayer shall perform segmentation of the user
message longer than one data burst received from the upper layer to support data burst transmission.
The segmentation function shall observe the following procedures:

Each segment, except the last, shall occupy an entire data burst and shall set the EOM field of
the Header segment to 0.  Each segment of the user message shall include the Segment Number in
the Segment Number field of the Header segment of each V/D (data) burst.  The Segment Number
shall begin with 1 for the first segment and shall be incremented by 1 for subsequent segments.  The
final segment of the user message shall set the EOM field to 1 to indicate to the peer MAC entity
that the user message is completed.  A Segment Number of 0 is reserved.
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All downlink segments of the user message shall occupy only the time slots indicated in the
Reservation Response field of the M uplink (Normal Message) burst (Section 2.2.1 of Appendix F)
user group and shall be transmitted in consecutive burst opportunities.

Any missing or corrupted segments shall result in discarding of the entire user message.

Note.  The Maximum user message size is established by the maximum DLS frame size
assuring containment within a maximum of 15 V/D (data) bursts (Section 5.6.3.2).

5.5.4.4.2    Uplink data transfer.  The VDL ground station shall determine burst scheduling for
uplink user message transmission.  Methods used for priority scheduling of messages by the ground
station shall be a local matter not subject to standardization in the SARPs.

Note.  The ground station is limited to transmission of DLS I frames to a single aircraft in any
given V/D (data) burst in order for the acknowledgement process to work properly.

5.5.4.4.2.1    Acknowledgement protocol.  Upon receipt of an ACK frame from the local DLS
sublayer, an Acknowledgement message shall be transmitted in the M burst downlink associated
with the same slot on the following MAC cycle. The downlink ACK frame shall not be transmitted
in a V/D (data) burst.  The peer MAC sublayer shall restore the ACK frame and forward to the local
DLS sublayer.

Note. The protocol used by the DLS must ensure an explicit ACK frame is issued in time to be
transmitted in the proper M burst in the following MAC cycle.  Transmitting an explicit
acknowledgement in the designated M downlink burst improves channel efficiency and response
time relative to transmission of the ACK frame via a V/D (data) burst and requiring the reservation
request procedure.

5.5.4.4.2.2    Reservation request acknowledgement.  Upon receipt of a valid Reservation
Request in the contention M subchannels, if the ground station is unable to honor the request due to
unavailability of the time slots, a Reservation Request Acknowledgement (RACK) message shall be
generated and sent to the requester.  The Reservation Request Acknowledgement message is a
special Reservation Response message (described in Section F.2.2.1) with value 0001 in the
Reserved Slot.  The RACK message shall not be sent in response to a Poll Response that cannot be
immediately granted.

Upon receiving a RACK message, the airborne radio shall stop retransmitting the pending
request.  The airborne radio shall not attempt to send any Reservation Request messages unless
polled by the ground station or until after receiving an acknowledgement of correct reception of this
requested V/D (data) transmission, if it is an acknowledged Data Link Protocol Data Unit
(DLPDU), or until after transmission of an unacknowledged DLPDU.

5.5.4.4.3    Downlink data transfer.

5.5.4.4.3.1    Data transfer.  The MAC sublayer shall transmit downlink data in Normal timing
state only.

Note. The airborne MAC can not transmit downlink M bursts when it is not in Normal timing
state.
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5.5.4.4.3.2   Assemble message for MAC data transfer.  Every MAC cycle, the MAC sublayer
shall determine if transmit queue manager has traffic to be transmitted.  The existence of traffic in
the transmit queue manager shall cause the MAC sublayer to initiate the data transfer procedure
described in Sections 5.5.4.4.3.3 through 5.5.4.4.3.5 below.

5.5.4.4.3.3    Request a reservation.  When downlink data traffic is offered by the transmit queue
manager, or an access signal is received from the Voice Unit, the MAC sublayer shall select a
downlink M-burst LBAC from the available RA LBACs to transmit the Reservation Request
message based on the process of Appendix H and the random number generation algorithm of
Appendix G.  The parameters RR, W1R and W2R (defined in Sections 5.5.3.4, 5.5.3.7, and 5.5.3.8)
are MAC Service System Parameters.  The values for these parameters are given in Table 5-52b.  A
subsequent Reservation Request for transmission of a new data message shall not be issued until an
ACK frame associated with the current message transmission is received.

Note 1.  3T system configuration is currently the only configuration where an access signal is
issued by the Voice Unit.

Note 2.  The available random access LBACs depend on process type and configuration.
LBACs scheduled for Poll Responses and downlink ACKs are removed from the lists.

5.5.4.4.3.4    Reservation request retransmission.  The airborne radio shall select a downlink M-
burst LBAC for random access Reservation Request Retransmission based on the process of
Appendix H and the random number generator algorithm of Appendix G.  The Reservation Request
Retransmission shall be repeated until one of the following occurs:  (1) a valid response is received,
(2) a poll is received, or (3) the number of retransmissions exceeds NM1.

5.5.4.4.3.5    Reservation confirmation indication.  Upon receipt of a Reservation Response
(Appendix F, Section 2.2) signalling an “access scheduled,” the MAC sublayer shall authorize
transmission of all segments of the user message starting in the slot indicated.

5.5.4.4.3.6    Acknowledgement protocol.  Acknowledgements to downlink transmissions shall
be supported directly by the DLS with no special support from the MAC sublayer.

5.5.4.5    MAC data frame retransmission.     The VDL Mode 3 MAC sublayer shall maintain a
retransmission timer T1 for each media access reservation transmitted.  The timer T1 is the time that
the MAC sublayer shall wait for an acknowledgement prior to retransmission.  Timeout of the T1
timer shall result in retransmission only of those DLS frames within the reservation requiring
acknowledgement.  Frames not requiring acknowledgement are not subject to, and shall be omitted
from any retransmission.  The DLS shall determine which frames are included.  The MAC shall
send a primitive to the DLS indicating the need to retransmit the appropriate frames from the last
reservation.  The number of retransmission of any DLS frame shall not exceed N2 times.  The LME
shall be informed when the retransmission exceeds N2 times.

The MAC data frame retransmission system parameters T1 and N2 shall be defined in Table 5-
56b.

5.5.4.6    Automated handoff for 3T configuration.  System configuration 3T shall support
automated handoff of ground stations for aircraft which are capable of retuning frequencies within
[2] ms.  LBAC 11 shall be broadcast by all ground stations permitting an aircraft station to listen to
all nearby ground stations (one per MAC cycle) and determine which ground station provides the
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strongest signal.  In the LBAC 12 burst, the ground station shall broadcast its Ground Station Code
and the frequencies of four proximate nets to be monitored.  The aircraft station shall then scan
through these frequencies on the next four MAC cycles and compare signal quality.  While listening
to other stations, the aircraft shall accumulate a database of all nearby nets to be scanned and their
latest signal quality measurement.  For every MAC cycle, the airborne radio shall update one
measurement.  If another ground station presents a stronger signal for [3] measurements, then the
aircraft station shall determine that the new net provides a better link and shall transfer the aircraft
to the new net.  Furthermore, if a 3T configured aircraft station becomes "lost" and can not make
contact with its assigned net, it shall attempt to contact the next strongest ground station signal.  If
the aircraft station cannot locate a new ground station, the LME shall be notified.  If at any time no
LBAC 11 signals are received, the LME shall be notified.

5.6 Mode 3 data link service sub-layer

5.6.1    Services

The DLS sublayer services shall be carried over the TDMA V/D slot.  These services shall include
error detection and recovery, and address identification.

Note. Frame sequencing is assumed to be provided by the Media Access Control protocol.

5.6.1.1   Error detection.  Error detection shall be provided by a 24-bit Frame Check Sequence
(FCS) generated by the 24-bit CRC-24Q polynomial.  This FCS shall be overlaid on the 24-bit
aircraft station address with an exclusive-OR operation.  The polynomial used for this FCS shall be
as follows:

x24+ x23+ x18+ x17+ x14+ x11+ x10+ x7+ x6+ x5+ x4+ x3+ x+ 1

5.6.1.2    ADDRESS IDENTIFICATION

The link layer header shall contain the aircraft station address.

Note. The ground station address is implied by the frequency and slot assignment.

5.6.1.2.1    Address uniqueness.  All aircraft stations shall be uniquely addressed by the 24-bit
ICAO address.

5.6.1.2.2    Broadcast addressing.  The broadcast addressing service shall be as defined in
Section 5.3.2.4.

5.6.1.3    Data transfer.  Data shall be transferred in the information fields of VDL INFO and
CTRL frames.  The link layer shall process the largest packet size without segmenting.  One and
only one subnetwork packet shall be contained in an INFO frame.

5.6.2    Mode 3 data link service protocol specification

5.6.2.1   Frame format.  The data link protocol data units (DLPDUs) shall be formatted as
specified in Figure 5-4.
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Note.  A transmitter may include more than one frame in a single MAC sublayer access event
so long as only one destination is required to acknowledge.

5.6.2.2    FCS/AIRCRAFT ADDRESS FIELD

The FCS/aircraft address field shall consist of three octets for the FCS/aircraft station address
subfield and 3 bits for the address type subfield.

5.6.2.2.1    FCS/aircraft station address.  The FCS/aircraft station address subfield shall be the
24-bit ICAO aircraft address combined with the 24-bit FCS described in Section 5.6.1.1 via an
exclusive-OR operation.  The most significant byte shall be encoded in Octet 1 of the frame and the
least significant byte shall be encoded in Octet 3.

Note. In Sections referring to Modes 1 and 2, this 24-bit ICAO aircraft address is referred to
as the Aircraft Specific Address.

5.6.2.2.2    Address type.  The address type subfield shall consist of three bits which indicate the
usage of the remaining 24 bits aircraft address.  The most significant bit is bit 3 in Figure 5-4.  The
following table lists the address type options.

Code             Description
000 Frame transmitted by the ground station to the specified aircraft
001 Frame transmitted by the specified aircraft to the ground station
011-110 Spare
111 Frame transmitted by the ground station to all aircraft, the 24-bit

aircraft station address shall be set to binary 1.

Note 1. This field will indicate to the receiver whether the aircraft station address or
broadcast address should be used to decode the FCS.

Note 2.  For the ground station, the MAC sublayer can provide the 6-bit Aircraft Identifier via
primitives to the DLS to determine which aircraft station address to use to extract the FCS.

5.6.2.3    LINK CONTROL FIELD

The Link Control field consists of the 2-bit Frame Type subfield and the 3-bit Priority subfield, as
shown in Figure 5-5.

5.6.2.3.1    Frame type.  The frame type subfield identifies the purpose of the information
contained within the frame.  INFO frames shall carry user data, ACK frames shall be used to
indicate correct transmission of frames, and CTRL frames shall be used to communicate link
control information.

5.6.2.3.2    Priority.  The priority subfield supplies the priority of the frame for processing.  The
16 levels of priority supported by the ATN shall be encoded in the 3-bit field as in Table 5-57.
CTRL_CMD, CTRL_RSP, and ACK frames are always management priority and shall always
contain binary 111 in the priority subfield.  The priority field shall be encoded such that bit 6 of
Figure 5-5 is the most significant bit.
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Note.  It is a local State issue for the priority mapping of the ATN priority levels to priority
levels within the VDL Mode 3 subnetwork.

5.6.2.4   DATA CONTROL FIELD

The data control field shall consist of a 6-bit Ground Subnetwork Address subfield followed by a
10-bit Data Length subfield.  ACK frames do not contain the Data Control field.

5.6.2.4.1    Ground subnetwork address subfield.  The ground subnetwork address subfield shall
contain a unique 6-bit number used to identify the ground subnetwork entity used to communicate
with the airborne user.  The binary value of 000000 shall be reserved to indicate ‘Unknown
Subnetwork Address’.  This is used during the connection establishment phase when an airborne
DLS may not yet know the appropriate subnetwork address to use.

Note.  The Ground Subnetwork Address must be unique with respect to the adjacent facilities,
so that during handoffs between routing domains, the link layer can uniquely identify the
subnetwork entity to process the packet with respect to current or next facility.

5.6.2.4.2    Data length subfield.  The data length subfield shall contain a 10-bit number
representing the number of octets contained within the Information Field.

5.6.2.5    Information field.  The information field shall contain user data.  This field shall not be
present for ACK frames.

5.6.3    Data link service system parameters

The parameters needed by the DLS sublayer shall be as listed in Table 5-58 and detailed in
Section 5.6.3.1 through 5.6.3.3.  DLS parameters shall be determined by the exchange of CTRL
frames, if the default values are not to be used.

5.6.3.1    Timer T3 (link initialization time).  Timer T3 shall be the time that a data link entity
waits for a CTRL_RSP frame before retransmitting a CTRL_CMD frame.

Note. This timer is only effectual if the CTRL frame is unacknowledged.  Otherwise, the MAC
sublayer will handle retransmission in a more timely manner.

5.6.3.2    Parameter N1 (Maximum I frame size).  The N1 parameter indicates the maximum
frame size in bits that a station shall accept.

5.6.3.3    Parameter MG (maximum number of bursts for grouped frames).  The MG parameter
shall indicate the maximum number of bursts that the grouped frames can occupy in a single
reservation for media access.

Note.  This number of bursts does not necessarily need to be equal to the maximum frame size.

5.6.4   Description of procedures

The VDL data link operation procedure shall follow the procedures described in the following
subsections.
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5.6.4.1    Modes of operation.  The DLS shall operate in asynchronous balanced mode at all
times.

Note. Either station may send messages at any time and are considered peers with respect to
management of the data link.

5.6.4.2   Broadcast.  Only INFO and CTRL_CMD frames shall be broadcast.  For broadcast
frames, the address and address type field shall be set to all binary 1's.

5.6.4.3    INFORMATION TRANSFER

The information transfer procedure shall be as described in the following sections.

5.6.4.3.1    Transmission queue management.  The management frames (ACK, CTRL_CMD,
CTRL_RSP) shall be classified as network management messages and prioritized accordingly.

5.6.4.3.1.1    Priority processing.  Each information frame shall be assigned a priority number by
the link layer according to the priority parameter received from the subnetwork.  The number of
information frame priorities shall be as defined in Appendix F, Section 2.11.2.  Frames shall be
forwarded to the MAC sublayer on a first-in/first-out manner within each priority level, with the
exception that link layer management frames shall have precedence over other network
management traffic.

5.6.4.3.1.2 Recommendation.  To reduce the number of media accesses, new information
frames, as they arrive at the transmission queue, should be checked for priorities and grouped in
their order of arrival with existing frames of the same priorities into a single MAC sublayer access
event.  If supported, frame grouping shall be limited to messages whose combined length satisfies
the maximum data size constraint of a single MAC access event.

Note. Grouping is the inclusion of more than one frame within a single media access event.

5.6.4.3.1.3    Frame grouping.  Grouped frames shall be treated as a single entity with respect to
acknowledgement and retransmission, with the restrictions indicated in the following subsections.

5.6.4.3.1.3.1    Grouping INFO frames.  If grouping is supported, the DLS shall only present
INFO frames of a single priority to the MAC for inclusion in a single reservation for media access,
unless the addition of lower priority frames can be accommodated without requiring additional
bursts to be transmitted.

Note. The intention of allowing lower priority messages to be grouped is to allow otherwise
wasted bandwidth to be used.  This filling of excess space in a burst is not mandatory.

5.6.4.3.1.3.2    Grouping acknowledged frames.  With respect to frames requiring
acknowledgement, only those for the same destination shall be grouped.

5.6.4.3.1.3.3    Grouping unacknowledged frames.  Management frames not requiring
acknowledgement should be added to the next group regardless of priority, so long as the length
indicated by parameter MG is not exceeded, to maximize system efficiency.

5.6.4.3.2    Reception acknowledgement.
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5.6.4.3.2.1    Acknowledged frames.  Discretely-addressed INFO, CTRL_CMD and CTRL_RSP
frames shall require acknowledgement of correct reception via the ACK frame.  Upon correctly
passing the FCS test of all frames requiring acknowledgement in a media access event (e.g., single
frame or group), the DLS shall send a single ACK frame to the originator of the frame or group.  If
the FCS for any frame requiring acknowledgement in a media access event fails, all frames
requiring acknowledgement (discretely-addressed INFO and CTRL frames) in the group shall be
discarded.

Note. The airborne MAC sublayer will remove ACK frames from the queue and send the M
downlink (Acknowledge) burst instead.

5.6.4.3.2.2    Unacknowledged frames.  Broadcast INFO and CTRL_CMD, and all ACK frames
shall be unacknowledged.  If any frame not requiring acknowledgement passes its FCS, then that
frame should be processed.

5.6.4.3.3    Transmission acknowledgement/retransmission.  The DLS shall not send a new
frame to the MAC sublayer until the previous frame(s) in the last media access has been
acknowledged.  Upon request from the MAC sublayer for retransmission, the DLS shall provide the
MAC with the frames for retransmission.  This shall consist of only the frames requiring
acknowledgement in the previously sent media access event.

Note. The Media Access Control sublayer is responsible for the determination of when to
retransmit the message.  The DLS must remain involved in the retransmission procedure as the
MAC sublayer cannot acknowledge correct receipt of a message until the DLS declares the
message to have passed the FCS test.

5.6.4.4    CONTROL FRAME

The CTRL frame shall be used for the LME to establish and maintain links as defined in Section
5.7.  This frame’s information field shall be formatted as per Section 5.7.3.3.

5.6.4.4.1    Control command frame.  The CTRL_CMD frame shall be used to send XID_CMD
parameters.

5.6.4.4.2    Control response frame.  The CTRL_RSP frame shall be used to answer XID
commands.

5.7   Mode 3 link management entity

5.0.1    Services

The LME sublayer shall provide link establishment and release services between local DLS and
remote DLS.  It shall deliver link status information to the subnetwork dependent convergent
facility (SNDCF), DLS, and voice unit.

5.7.2   Operation Procedures

The LME shall support:
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• Link establishment
 

• Link release
 

• Handoff
 

• Recovery
 

 5.7.2.1    LINK ESTABLISHMENT
 

 The Mode 3 link establishment procedure shall consist of two phases.
 

• Net Initialization
 

• Net Entry
 

 The following section describes the operation of these phases.  The link establishment procedure for
handoff shall be as defined in Section 5.7.2.3.

 
 5.7.2.1.1    Net Initialization.  Before the link establishment procedure, the aircraft VDL shall

initialize to initial timing state 0 (TS0) and set CTC1 to parameter t, CTC2 to 0, and CTC3 to 0.
The first part of the link establishment procedure shall be the acquisition of the M uplink burst
(LBAC 11 for 3T configuration, LBAC 7, 9, or 11 for 3S configuration, and LBAC 5 for other
configurations) associated with the specified user group identifier.  Upon receipt of [2] consecutive
M uplink bursts containing the same information in octets 1-3 (i.e., System Configuration, Squelch
Window, Slot ID, and Ground Station Code) of the uplink burst, the LME shall declare the net
initialized and shall establish the net operating parameters based on the static information contained
in octets 1-3.  Upon net initialization, the aircraft VDL shall transition from TS0 to TS1.

 
 Note.  Net Initialization is a prerequisite for the next step of Net Entry, however with Net

Initialization only dedicated voice circuits (Section 8) can be supported.
 
 5.7.2.1.2    Net Entry.  The net entry procedure shall begin with the aircraft station transmitting a

Net Entry Request message following a successful net initialization.  After the message is
transmitted, the aircraft shall wait for the ground response.  If no reply is received in TL1 MAC
cycles (Table 5-60), the aircraft shall retransmit the Net Entry Request message.  After NL1 retries
(Table 5-60), the SN-SME shall be notified.  If a Net Entry Response message is received before
the TL1 timer expires, the aircraft station shall transmit a Poll Response message in the next MAC
cycle.  If the Net Entry Response message is of type "previous link preserved," the aircraft TL3
timer (Table 5-60) shall be stopped.

 
 Note. All configurations that offer one or more data circuit(s) must support net entry (3V1D,

2V2D, 2V1D, 3T).  The voice only configurations (3V, 4V, and 3S) may support net entry if discreet
addressing is required by the ground user.

 
 Upon receiving a Net Entry Request message, the ground shall check the aircraft ICAO number.

If this number has been assigned a Local ID and the TL3 timer has not been started, the ground
shall transmit the Net Entry Response message of type “previous link preserved.”  When the Poll
Response message is received by the ground station, the ground station shall respond by sending a
Reservation message to the entering aircraft during the next MAC cycle.  This message shall be
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either a reservation or a RACK if data slots were requested or a “no reservation” message if no data
slots were requested.

 
 If the aircraft ICAO number has not been assigned a Local ID, the ground shall assign the next

available Local User ID to the requesting aircraft and the pending disconnect link table shall be
examined.  If the aircraft ICAO number is found in the table, the link status shall be reinstated, the
TL3 timer shall be stopped, and the link port address shall be changed to the new radio station port
address.  The ground shall transmit the Net Entry Response message of type "previous link
preserved."  When the Poll Response message is received by the ground station, the ground station
shall respond by sending a Reservation message to the entering aircraft during the next MAC cycle.
This message shall be either a reservation or a RACK if data slots were requested or a “no
reservation” message if no data slots were requested.

 
 If the aircraft ICAO number is not found in the table, the ground shall transmit the Net Entry

Response message of type "no previous link."  When the Poll Response message is received by the
ground station, the ground station shall respond by sending a Reservation message to the entering
aircraft during the next MAC cycle.  This message shall be either a reservation or a RACK if data
slots were requested or a “no reservation” message if no data slots were requested.  It shall also
form a join event message and deliver it to all ground routers which are directly connected to the
local ground network interface (GNI).

 
 If the requesting aircraft does not receive a Reservation message from the ground in the next

MAC cycle after transmitting the Poll Response message, it shall restart the net entry procedure.
 
 Note.  The GNI provides a connection management function across multiple ground stations

such that the same subnetwork connections are maintained with aircraft served by those ground
stations.  A description of the GNI function is provided in the Guidance Material.

 
 5.7.2.2    LINK RELEASE

 
 5.7.2.2.1    Explicit Link Release.  The airborne LME shall acknowledge and execute a net

handoff only after receiving the same Next Net message in two consecutive cycles.
Acknowledgement shall consist of transmitting the Next Net ACK message in response to the next
poll.

 
 When the airborne LME determines that a net handoff is required, a Leaving Net message shall

be sent to the ground station and TL3 timer shall be started.  When TL3 expires, the link shall be
changed to disconnect status, and a leave event message shall be formed and delivered to the
aircraft router.

 
 Note.  The airborne LME could take action to execute a net handoff as a result of three

possible prior activities: 1) pilot manually selects new channel and takes actions to execute
transfer; 2) a Next Net Command message is uplinked and the pilot takes action to execute the
transfer; and 3) the airborne LME autonomously executes a net handoff (system configuration 3T
only).

 
 After the Leaving Net message is received, the ground shall start TL3 timer, change link status to

pending and stop polling the aircraft.  When the TL3 expires, the link shall be changed to
disconnect status, and the Local User ID assigned to the aircraft shall be made available for
reassignment.  And, a leave event message shall be formed and delivered to the ground router(s).
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 5.7.2.2.2    Implicit Link Release.  When the aircraft LME determines that the poll request is not
received from the ground over TL4 MAC cycles (Table 5-60), the aircraft LME shall start the TL3
timer and execute the net entry procedure described in Section 5.7.2.1.2.

 
 When the ground LME determines that an aircraft does not respond to the poll requests

exceeding the NL2 times (Table 5-60), the ground LME shall change the link status to idle state,
and inform the SN-SME and the DLS.  A leave event message shall be formed and delivered to the
associated ground router(s).

 
 

 5.7.2.3    HANDOFF
 
 5.7.2.3.1    Same GNI.  When an aircraft transfers to a new net which is served by the same GNI,

the data link between the GNI and the aircraft shall be redirected from the old ground station to the
new ground station.  To accomplish this, first, the aircraft shall execute the procedure described in
Section 5.7.2.2.1 while in the old net.  Then, the link establishment procedure described in Section
5.7.2.1 shall be used to reinstate the link status when the aircraft enters into the new net.  The
subnetwork virtual connection shall remain undisturbed, while the link layer switches nets.

 
 5.7.2.3.2    Different GNI.  When an aircraft transfers to a new net which is served by a different

GNI, the data link between the old GNI and the aircraft shall be disconnected as described in
Section 5.7.2.2.1 or Section 5.7.2.2.2, depending on the prior activities.  A new data link shall be
established following the link establishment procedure described in Section 5.7.2.1.

 
 5.7.2.4    Recovery.  The recovery procedure shall be initiated when the GNI has lost state

information.  Both the ground and aircraft VDL shall operate in the recovery mode until
connections are re-established with all responding aircraft.

 
 After the ground enters into recovery state, it shall broadcast a Recovery message to instruct all

aircraft to enter into the same state.  While in the recovery state, the aircraft shall be polled
sequentially one-by-one by the ground station.  For system configurations without data service and
3V1D, all aircraft shall be polled and respond with a Net Entry Request message as per Section
F.2.10 to reconstruct associations between ICAO address and local ID.  If the radio is operating in a
system configuration supporting data service, upon receiving the uplink Reservation Response field
of the Recovery message, the aircraft shall downlink a CTRL_RESP frame containing an Expedited
Recovery XID, as per Section 5.7.3.3.4.2.1, and a Network Initialization XID, as per Section
5.7.3.3.4.1.3.  The Expedited Recovery XID indicates the aircraft addressing information as well as
information needed to recover the data scheduler.  The Network Initialization XID indicates the
desired subnetwork connection.  The aircraft shall only transmit those network information and
network subparameters needed to initialize the network.  Additional parameters and network
connections can be negotiated after the recovery process is complete.  The intent is to keep the
CTRL_RESP frame to a single burst transmission.

 
 Note 1.  The recovery procedure allows the normal net entry process to be bypassed to re-

establish contact with aircraft that are still in the ground station coverage area when the recovery
procedure is invoked.

 
 Note 2.  For system configuration 3V1D, all local IDs can be polled faster than all aircraft

can access the data subchannel.  As such, it may be desired to allow the ground station to skip
sending an uplink Recovery message to a local ID that is known to not be assigned due to lack of
response to the poll.
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 Note 3.  Only system configurations (i.e., 2V2D and 3T) that do not use the poll response M

burst (LBAC 1 for 2V2D configuration and LBAC 2, 3, and 4 for 3T configuration) for recovery can
allow aircraft to downlink, via random access, Net Entry Request and Reservation Request M
bursts during the recovery process.  These requests will be processed after the recovery state is
complete.  System configurations that utilize LBAC 1 (e.g., 4V, 3V1D, 3V, and 3U) during recovery
must wait until the recovery state is completed before allowing new aircraft to establish links.

 
 5.7.2.5    LINK NEGOTIATION AND MODIFICATION

 
 5.7.2.5.1    Description of LME Procedures.  The aircraft and ground LMEs shall use the

CTRL_CMD and CTRL_RSP frame types listed in Table 5-59 and the procedures described in the
text below to provide a reliable connection between the aircraft and ground system.  CTRL_CMD
frames shall be used for XID_CMD parameters and CTRL_RSP frames shall be used for XID_RSP
parameters.  Frame collision processing (see Section 5.3.8) shall be applied before determining if a
frame is illegal or unexpected (see Section 5.4.2.4.7).  If an LME receives any valid CTRL frame
from a system with which it does not have a link, it shall respond with an XID_LCR with the ‘d’ bit
set to 1 in the Protocol Violation Cause Code.

 
 Note.  Mode 3 uses the CTRL_CMD frame in a similar manner as Modes 1 and 2 use an XID

frame with the C/R bit set to Command.  Likewise, the CTRL_RSP frame is used similar to the
Modes 1 and 2 XID frame with the C/R bit set to Response.

 
 5.7.2.5.2     Link Connectivity Procedures.  The aircraft and ground LME shall be capable of

using the following procedures to establish and maintain connectivity across the VHF link.
 

• air-initiated link establishment;
• ground-initiated link establishment;
• air-initiated link handoff;
• ground-initiated link handoff;
• addressed link parameter modification; and
• broadcast link parameter modification

5.7.2.5.3    Air-initiated Link Establishment.

5.7.2.5.3.1    Air Initiation.  When commanded, the aircraft LME shall attempt to establish a link
with a ground station by sending an XID_CMD_LE frame with parameters as per Table 5-59a.

5.7.2.5.3.2    General Ground Response.  If the ground LME receives the XID_CMD_LE, it
shall confirm link establishment by sending an XID_RSP_LE frame containing the parameters as
per Table 5-59a.

5.7.2.5.3.3  Exceptional Cases.  If the ground LME receiving the XID_CMD_LE cannot
establish the link with the aircraft LME, then it shall transmit an XID_RSP_LCR instead of an
XID_RSP_LE, as per Table 5-59b.

If the parameters in the XID_RSP_LE from the ground LME are not acceptable to the aircraft
LME, then the aircraft LME shall notify the MAC to send a Leave_Net M burst to terminate the
link.
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While waiting for a response to an XID_CMD_LE, an aircraft LME receiving any unicast frame
other than a CTRL_RSP shall retransmit the XID_CMD_LE.

5.7.2.5.4     Ground-initiated Link Establishment.

5.7.2.5.4.1     Ground Initiation.  When commanded, the ground LME shall attempt to establish a
link with the aircraft station by sending an XID_CMD_LE frame with parameters as per Table 5-
59a.

5.7.2.5.4.2     General Aircraft Response.  If the aircraft LME receives the XID_CMD_LE, it
shall confirm link establishment by sending an XID_RSP_LE frame containing the parameters as
per Table 5-59a.

5.7.2.5.4.3    Exceptional Cases.  If the aircraft LME receiving the XID_CMD_LE cannot
establish the link with the ground LME, then it shall transmit an XID_RSP_LCR instead of an
XID_RSP_LE, as per Table 5-59b.

If the parameters in the XID_RSP_LE from the aircraft LME are not acceptable to the ground
LME, then the ground LME shall notify the MAC to send a Terminate_Net M burst to sever the
link.

While waiting for a response to an XID_CMD_LE, a ground LME receiving any unicasted
frame other than a CTRL_RSP shall retransmit the XID_CMD_LE.

5.7.2.5.5    Air-initiated Link Handoff.

5.7.2.5.5.1    Air Initiation.  When commanded, the aircraft LME shall attempt to establish a new
link with the ground station by sending an XID_CMD_LE frame with parameters as per Table 5-
59a.

5.7.2.5.5.2    General Ground Response.  If the ground LME receives the XID_CMD_LE, it
shall confirm link handoff by sending an XID_RSP_LE frame containing the parameters as per
Table 5-59a.

5.7.2.5.5.3    Disconnecting the Old Link.  The aircraft LME shall set Timer TG5 when it
receives the XID_RSP_LE.  The ground LME shall set Timer TG5 after it transmits the
XID_RSP_LE.  Both the aircraft station and old ground station shall continue to receive on the old
link until their respective Timer TG5 expires, after which each shall consider the link disconnected
without sending or receiving a DISC.

Note.— This procedure allows the aircraft and ground station to process DLS frames that have
been received in the old DLEs but not forwarded to the higher layer entities.

5.7.2.5.5.4    Exceptional Cases.  If the ground LME cannot satisfy the XID_CMD_LE, then it
shall transmit a XID_RSP_LCR instead of an XID_RSP_LE, as per Table 5-59b.

While waiting for a response to an XID_CMD_LE, an aircraft LME receiving any unicast frame
other than a CTRL_RSP from the current station shall retransmit the XID_CMD_LE.

If the parameters in the XID_RSP_LE are not acceptable to the aircraft LME, then the aircraft
LME shall notify the MAC to send a Terminate_Net M burst to sever the link.
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5.7.2.5.6     Ground-initiated Link Handoff.

5.7.2.5.6.1    Ground Initiation.  When commanded, the ground LME shall attempt to establish a
new link with the aircraft station by sending an XID_CMD_LE frame with parameters as per Table
5-59a.

5.7.2.5.6.2    General Aircraft Response.  The aircraft LME shall respond by sending an
XID_RSP_LE frame with parameters as per Table 5-59a.

5.7.2.5.6.3     Disconnecting the Old Link.  The aircraft LME shall set Timer TG5 after it
transmits the XID_RSP_LE.  The ground LME shall set Timer TG5 when it receives the
XID_RSP_LE.  Although new traffic will be sent over the new link, the old link shall not be
disconnected immediately to allow any old traffic to be delivered.

5.7.2.5.6.4    Exceptional Cases.  If the aircraft LME cannot accept the handoff request, it shall
respond with a XID_RSP_LCR.

While waiting for a response to an XID_CMD_LE, a ground LME receiving any unicast frame
other than a CTRL from the aircraft shall retransmit the XID_CMD_LE.

If the parameters in the XID_RSP_LE are not acceptable to the ground LME, then the ground
LME shall notify the MAC to send a Terminate_Net M burst to terminate the link.

5.7.2.5.7    Addressed Link Parameter Modification.

5.7.2.5.7.1    Ground Initiation.  The ground LME shall request a modification of parameters of a
link by sending an XID_CMD_LPM to the aircraft LME containing the parameters as per Table 5-
59b.

5.7.2.5.7.2    General Aircraft Response. The aircraft LME shall acknowledge with an
XID_RSP_LPM containing the parameters as per Table 5-59b.

5.7.2.5.8    Broadcast Link Parameter Modification.

5.7.2.5.8.1  Ground Initiation.  The ground LME shall request a modification of parameters of
all links by sending an XID_CMD_LPM to the aircraft LMEs containing the parameters as per
Table 5-59b.  The XID_CMD_LPM frame shall use the same format as the GSIF frame (see
Section 5.4.2.4.2).

5.7.3    Link Management Frames

The LME shall process two frame types: M burst frame, and XID frame.  The M burst frame shall
provide link establishment, link release, and link monitoring functions.  The XID frame shall be
used to negotiate the link characteristics when default parameters are not used.

5.7.3.1    M burst message format.  Net Entry Request, Net Entry Response, Next Net
Command, Leaving Net, and Recovery shall be the M burst messages which shall be used to
establish and release the air/ground link.  These message formats are defined in Appendix F.
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Note. As the M burst message is treated as a separate logical channel from that employed for
user data, the DLS sublayer is bypassed for these messages.

5.7.3.2    LME SERVICE SYSTEM PARAMETERS

The system parameters used in the LME sublayer shall be as specified in Table 5-60.

5.7.3.2.1    Counter NL1 (maximum net entry request retry).  The Net Entry Request message
shall be retransmitted no more than NL1 times.  When the NL1 count is exceeded before a Net
Entry Response message is received, subnetwork layer system management entity (i.e., SN-SME)
shall be informed.

5.7.3.2.2    Counter NL2 (polling reply counter).  The counter NL2 shall represent the maximum
number of polls issued by the ground station to a single aircraft station without receiving a response.
When the number of polls exceeds NL2, the upper layers shall be notified.

5.7.3.2.3    Timer TL3 (disconnect delay timer).  The TL3 defines the time interval that the LME
shall wait before the link is changed to idle state.

Note. Used by the ground LME to support link redirection across multiple ground stations.

5.7.3.2.4    Timer TL4 (polling interval).  The TL4 shall represent the maximum number of
elapsed MAC cycles between receipt of two consecutive polls.  Upon expiration of this timer the
upper layers shall be notified.

5.7.3.2.5    Timer TG5 (maximum link overlap time).  Timer TG5 shall represent the maximum
time interval that initiating and responding LMEs shall maintain the old link during handoffs.  The
LME initiating the handoff shall start its Timer TG5 when it receives an XID_RSP_LE.  The LME
responding to the handoff shall start its Timer TG5 when it transmits its XID_RSP_LE.  The
initiating LME shall never restart its Timer TG5;  the responding LME shall restart its Timer TG5 if
it retransmits an XID_RSP_LE.  Timer TG5 shall be cancelled if either the old or new link is
prematurely disconnected.  After TG5 expires, each LME shall silently disconnect its half of the old
link.

Note.  There is one Timer TG5 per LME.

5.7.3.2.6    Parameter W1E (net entry retransmission delay min).  The parameter W1E specifies
the minimum number of MAC cycles that an airborne radio shall wait before attempting a Net
Entry Request message retransmission.

5.7.3.2.7    Parameter W2E (net entry retransmission delay max).  The parameter W2E specifies
the maximum number of MAC cycles that an airborne radio shall wait before attempting a Net
Entry Request message retransmission.

5.7.3.3    EXCHANGE IDENTITY (XID) PARAMETER FORMAT

The XID parameter of CTRL_CMD and CTRL_RSP frames shall be formatted as defined in
Section 5.4.2.  The CTRL frame containing the XID parameters shall be delivered using the V/D
burst.
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Note.  XID parameters are extracted from the DLS sublayer CTRL frames and sent to the LME.

5.7.3.3.1    Public parameters.

5.7.3.3.1.1      General public parameters.  The general public parameter format shall be as
defined in Section 5.4.2.2 except for acknowledgment timer (Timer T1) and reply delay timer
(Timer T2).

5.7.3.3.1.2      Mode 3 public parameters.

5.7.3.3.1.2.1    Mode 3 public parameter set identifier.  The Mode 3 parameter set shall be
identified by the ISO IA5 character string “8885:1993:Mode3” encoded as per Table 5-61.  This
parameter shall be included whenever any of the Mode 3 public parameters are sent.  It shall be the
first Mode 3 public parameter sent as per ISO 8885.

5.7.3.3.1.2.2     Timer T1 (delay before retransmission) parameter.  The value of Timer T1
(counted in MAC cycles and used by aircraft) shall be encoded as an unsigned 8-bit integer as per
Table 5-62:

5.7.3.3.1.2.3    Timer T2 (delay before acknowledgement) parameter.  The value of Timer T2
(counted in 1/2 MAC cycles and used by aircraft) shall be encoded as an unsigned 8-bit integer as
per Table 5-63.

5.7.3.3.2      Private parameters.  The VDL private parameter identifier shall allow simple
identification of the purpose of the parameters defined in Table 5-8.

5.7.3.3.3    General private parameters.

5.7.3.3.3.1    General purpose information private parameters.  Mode 3 shall use a subset of the
general purpose information private parameters defined in Section 5.4.2.4, which includes the
parameter set identification parameter, connection management parameter, signal quality parameter,
XID sequencing parameter, and LCR cause parameter.

5.7.3.3.3.2     Aircraft-initiated information private parameters.  Mode 3 shall use the
modulation support parameter defined in Section 5.4.2.5.1.

5.7.3.3.3.3     Ground-initiated modification private parameters.  Mode 3 shall use the timer
TG5 parameter defined in Section 5.4.2.6.7.

5.7.3.3.4    Mode 3 private parameters.

5.7.3.3.4.1    General purpose information private parameters.  Both aircraft and ground LMEs
shall use general purpose information private parameters to transfer Mode 3 basic information to
each other.

5.7.3.3.4.1.1    Private parameter set identifier.  This parameter shall be required whenever any
of the Mode 3 private parameters are to be sent.  It shall be the first parameter sent as per Table 5-
64:

5.7.3.3.4.1.2    Algorithm version number parameter.  This parameter shall indicate vocoder
algorithm versions supported by the aircraft or to be used from the ground encoded as a variable
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length bit-field with each bit being set corresponding to the algorithm version in question as per
Table 5-65:

5.7.3.3.4.1.3    Network initialization parameter.   The network initialization parameter shall
define the network support which the avionics VDL Mode 3 installation can perform as well as pass
any necessary information to initialize the subnetwork protocol or any compression.  Table 5-66a
defines the format of this parameter set. The length field shall contain the number of networks
present.  For each network, a length field shall indicate the number of subparameters.  If no
subparameters are needed for a network, then that network’s length field shall indicate zero.

Note 1. As many networks as applicable can appear, as defined in Table 5-66b.

Note 2. It is assumed that the ground system will support all options and the airborne system
will support at least one.

A Network Type value of zero shall indicate that the VDL Mode 3 (VDL3) system is carrying
ISO8208 packets which shall be transferred to an ATN ISO8208 data communication equipment
(DCE) at the remote end.  The ISO8208 packets will be compressed using the VDL3 PLP
Compression as defined in Section TBD.  A Network Type value of one shall indicate that the
VDL3 system is carrying ATN CLNP packets which shall be transferred to an ATN-conformant
CLNP service at the remote end.  The CLNP packets shall be compressed using the VDL3
compression as defined in 6.7.2.1.  A Network Type value of two indicates that: (1) The VDL3
system is carrying ISO8208 packets which shall be transferred to an ATN ISO8208 DCE at the
remote end;  and (2) No compression is performed.  Similarly, a Network Type value of three shall
indicate that the VDL3 system is carrying ATN CLNP packets which shall be transferred to an
ATN-conformant CLNP service at the remote end with no compression.

Note 1. The ATN designation tells the VDL3 system to support any ATN-specific requirements.
For example, ATN join and leave events will be generated when network types of 0, 1, 2, or 3 are
sent from the aircraft to the ground.

Note 2.  An indication of ‘No Compression’ in this parameter only indicates that the VDL
subnetwork performs no compression.  This does not indicate or prohibit any compression by the
network or higher layers.

5.7.3.3.4.2    Air-initiated information private parameters.  An aircraft LME shall use aircraft-
initiated information private parameters to inform the ground about the aircraft's Mode 3
capabilities or desires.  Ground LMEs shall not send these parameters.

5.7.3.3.4.2.1    Expedited recovery parameter.  The Expedited Recovery parameter shall be used
by the aircraft to communicate its MAC sublayer state to allow the ground MAC sublayer to reload
its state information.  Table 5-67 defines the format of this parameter.  The aircraft address shall be
the 24-bit ICAO aircraft station address.  The Reservation Status field shall include a 3-bit priority
field and a 4-bit Number of Slots field indicating at what priority and how many slots are needed for
any outstanding data requests for the aircraft.  Upon reception by the ground station, this
information shall be forwarded to the MAC sublayer.
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5.7.3.3.4.3    Ground-initiated modification private parameters.  A ground LME shall use the
ground-initiated modification parameters to change the value of various Mode 3 parameters in one
or more aircraft.  Aircraft LMEs shall not send an XID with these parameters.

5.7.3.3.4.3.1    t (Truncation) parameter.  The value of t (counted in MAC cycles and used by
aircraft) shall be encoded as an unsigned 8-bit integer as per Table 5-68:

5.7.3.3.4.3.2     f (Free running) parameter.  The value of f (counted in MAC cycles and used by
aircraft) shall be encoded as an unsigned 8-bit integer as per Table 5-69:

5.7.3.3.4.3.3    Counter NM1 (maximum retry) parameter.  The value of counter NM1 (used by
aircraft) shall be encoded as an unassigned 8-bit integer as per Table 5-70:

5.7.3.3.4.3.4    RR (reservation request randomizer) parameter.  The value of RR (used by
aircraft) shall be encoded as an unsigned 8-bit integer as per Table 5-71:

5.7.3.3.4.3.5     W1R (reservation request delay min) parameter.  The value of W1R (counted in
MAC cycles and used by aircraft) shall be encoded as an unsigned 8-bit integer as per Table 5-72:

5.7.3.3.4.3.6    W2R (reservation request delay max) parameter.  The value of W2R (counted in
MAC cycles and used by aircraft) shall be encoded as an unsigned 8-bit integer as per Table 5-73:

5.7.3.3.4.3.7    RE (net entry randomizer) parameter.  The value of RE (used by aircraft) shall be
encoded as an unsigned 8-bit integer as per Table 5-74:

5.7.3.3.4.3.8    RL (leaving net randomizer) parameter.  The value of RL (used by aircraft) shall
be encoded as an unsigned 8-bit integer as per Table 5-75:

5.7.3.3.4.3.9    Timer T3 (link initialization time) parameter.  The value of timer T3 (counted in
MAC cycles and used by aircraft) shall be encoded as an unsigned 8-bit integer as per Table 5-76:

5.7.3.3.4.3.10    Counter NL1 (maximum net entry request retry) parameter.  The value of
counter NL1 (used by aircraft) shall be encoded as an unsigned 8-bit integer as per Table 5-77:

5.7.3.3.4.3.11    Timer TL3 (disconnect delay timer) parameter.  The value of timer TL3
(measured in seconds and used by aircraft) shall be encoded as an unsigned 8-bit integer as per
Table 5-78:

5.7.3.3.4.3.12    Timer TL4 (polling interval) parameter.  The value of timer TL4 (measured in
seconds and used by aircraft) shall be encoded as an unsigned 16-bit integer as per Table 5-79:

5.7.3.3.4.3.13    W1E (net entry request delay min) parameter.  The value of W1E (counted in
MAC cycles and used by aircraft) shall be encoded as an unsigned 8-bit integer as per Table 5-80:

5.7.3.3.4.3.14    W2E (net entry request delay max) parameter.  The value of W2E (counted in
MAC cycles and used by aircraft) shall be encoded as an unsigned 8-bit integer as per Table 5-81:

5.7.3.3.4.3.15    MG (maximum number of grouped bursts) parameter.  The value of MG
(counted in bursts and used by aircraft) shall be encoded as an unsigned 8-bit integer as per Table 5-
82:
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5.7.3.3.5    Ground-initiated information private parameters.  A Mode 3 ground LME shall use
ground-initiated information private parameters to inform one or more aircraft LMEs about that
ground system’s capabilities.  Aircraft LMEs shall not send these parameters.

5.7.3.3.5.1     Counter NL2 (polling reply) parameter.  The NL2 counter, as used by the ground
station, shall be encoded as an unsigned 8-bit integer as per Table 5-83.

6  SUBNETWORK LAYER
PROTOCOLS AND SERVICES

6.1  Architecture

General information on the VDL subnetwork layer protocol architecture is provided in Sections
6.6.1 and 6.6.2 of the VDL SARPs, Annex 10 Vol. III, part 2, Chapter 6.   Detailed specifications
for VDL Modes 1 and 2 are provided in Section 6.1.1 (Access Points for Modes 1 and 2), Section
6.2 (Services for Modes 1 and 2), Section 6.3 (Packet format for Modes 1 and 2), Section 6.4
(Subnetwork layer service system parameters for Modes 1 and 2), Section 6.5 (Effects of layers 1
and 2 on the subnetwork layer for Modes 1 and 2), and Section 6.6 (Description of procedures for
Modes 1 and 2).  Detailed specifications for VDL Mode 3 are provided in Section 6.7 (Subnetwork
layer protocol for VDL Mode 3) of this Manual.

6.1.1    Access points for Modes 1 and 2. The subnetwork service access point (SNSAP) shall be
uniquely identified by the subnetwork data terminal equipment (DTE) address. SNSAPs shall
define the subnetwork point of attachment (SNPA) used by the service primitives that define the
subnetwork service to the subnetwork dependence convergence protocol.

 6.2  Services for Modes 1 and 2

This section specifies the services offered by the subnetwork sub-layer. The services are described
in an abstract manner and do not imply any particular implementations. The services provided by
the subnetwork to the subnetwork service user shall include the functions described in 6.2.1 through
6.2.4.

6.2.1    Subnetwork connection management. A variety of ISO 8208 packet types, procedures,
and facilities shall be used to establish, terminate, and manage connections across the subnetwork.
Connection status information shall be maintained at both ends of the connection. Connection status
information shall also be maximized to ensure that the minimum amount of information is passed
with each data transfer phase transmission and that ground system operational control of the
subnetwork is maximized.

6.2.2    Packet fragmentation and reassembly. This subnetwork capability shall allow the
fragmenting of large data units passed from the subnetwork user for transmission across the air-
ground portion of the subnetwork. Reassembly shall be performed at the receiving end of the
subnetwork.
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6.2.3    Error recovery. REJECT packet types shall be used for subnetwork-level error recovery.
These packets shall be sent between subnetwork entities to cause retransmission of invalid packets
and to recover from error response time-out states. Under no circumstances shall RESET or
RESTART be used to recover from an error that can be handled by REJECT. Aircraft DTEs shall
accept REJECT packets and should retransmit the specified packets.

6.2.3.1    Recommendation.— The ground DCE with which an aircraft has a VDL link should
not clear subnetwork connections on receipt of REJECT packets but should retransmit the specified
packet.

6.2.4    Connection flow control. DATA packet sequence numbering combined with the use of a
sliding window shall be used for passive flow control.

6.2.4.1    Recommendation.— Receive not ready (RNR) packets should not be used for explicit
flow control.

Note.— The use of explicit RNRs requires a subsequent packet to clear the f2 (DXE RECEIVE
NOT READY) state (see ISO 8208). The RNRs and subsequent RR frames will cause more RF
utilization than would be caused by merely delaying the acknowledgment.

  6.3  Packet format for Modes 1 and 2

Except as qualified below, the packet format shall be as specified in ISO 8208, Section 12. During
call setup, VDL shall use the extended format in conjunction with the fast select facility.

6.3.1    General format identifier. The Qualifier bit (Q-bit) in DATA packets shall be set to 0 in
VDL. Modulo 8 sequencing shall be used in the VDL.

Note.— A subnetwork entity may receive a CLEAR CONFIRMATION with the appropriate
cause code if the peer subnetwork entity wants to use modulo 128 sequencing.

6.3.2    Calling and called DTE addresses. Calling and called DTE addresses shall be as detailed
in 6.3.2.1 through 6.3.2.3.

6.3.2.1    Encoding. Octet 5 and consecutive octets shall consist of the following addresses, in
order:

a) called DTE address; and

b) calling DTE address.

6.3.2.1.1    Address field. This variable length field is known informally as the address field. The
address field shall be encoded in a BCD form. When appropriate, the address field shall be rounded
up to an integer number of octets.

6.3.2.2    Aircraft DTE address. The aircraft DTE address shall be the BCD encoding of the octal
representation of the 24-bit ICAO aircraft address.

6.3.2.3    Ground DTE address. The VDL subnetwork-specific ground DTE addresses shall be
the BCD encoding of the ADM, and optionally the ARS field (from the NET, as defined in the
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ATN Manual). It shall be sent in the Called Address Extension facility. Bit 8 of the first octet after
the facility code shall be set to 1 and bit 7 shall be set to 0. The Called Address shall not be included
when using VDL subnetwork-specific ground DTE addresses.

6.3.2.4    Ground network DTE addresses. If the ground LME indicates support of ground
network DTE addresses during link establishment, it shall accept and process addresses which
follow the format used in the ground network. All CALL REQUESTs from the ground shall use, as
the Calling Address, the ground DTEs X.121 address.

Note.— This facility allows addressing of ground DTEs other than those associated with the
ATN routers in the list of ATN router NETs. It requires however that the aircraft system
management entity (SME) know or be informed via an application exchange of the address of the
DTE in the ground network.

6.3.3    Call user data field. The fast select facility shall be used to carry the VDL mobile
SNDCF Call User Data, including the intermediate system hello (ISH) PDU.

Note.— This reduces the number of transmissions required to setup the various layers. Refer to
the Manual of the Aeronautical Telecommunication Network (ATN) (Doc 9578), Chapter 11.

6.3.4    Packet types. All packet types (except the INTERRUPT, INTERRUPT
CONFIRMATION, and RECEIVE NOT READY) shall be used in the VDL. Packet encoding shall
be as specified in ISO 8208.

6.4  Subnetwork layer service
system parameters for Modes 1 and 2

The parameters listed in Table 6-1 shall be used in the subnetwork protocol. Except as noted in 6.6,
the description of function and procedures shall be as documented in ISO 8208. For all parameters,
Table 6-1 indicates the configured or negotiated values that shall be used by the aircraft DTE and
the ground DCE. T21, T23, and R23 shall also apply to the ground DTE.

6.4.1    Packet size. The Packet Size shall be negotiated via the flow control parameter
negotiation facility or Nonstandard Default Packet Size facility to be the value in Table 6-1
appropriate to the mode for both directions.

6.4.2    Parameter W (transmit window size). The parameter W shall be the maximum number of
outstanding sequentially numbered data packets that may be transmitted before an
acknowledgement is required. In the absence of negotiations via the nonstandard default window
size facility or the flow control parameter negotiation facility, this parameter shall be as per Table 6-
1. W shall be negotiated to the same value in both directions.

Note.— This parameter is identical to the standard ISO 8208 parameter W.

6.4.3    Parameter A (acknowledgment window size). This parameter, A, shall be the minimum
number of frames the receiver shall receive before it generates an RR packet. Parameter A shall not
be separately negotiated, but be set to the smallest integer greater than or equal to the value of one-
half of parameter W.
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Note.— The purpose of the acknowledgment window is to reduce the probability that an explicit
acknowledgement needs to be sent. The acknowledgment window is set to one-half of the transmit
window to reduce the probability that a station will go into flow control.

  6.5  Effects of layers 1 and 2
  on the subnetwork layer for Modes 1 and 2

The subnetwork layer virtual circuit shall be valid only on the underlying link layer connection over
which it was established.

6.6  Description of procedures for Modes 1 and 2

Except where noted in 6.6.1 through 6.6.5, the provisions of ISO 8208 shall apply between the
aircraft DTE and the ground DCE. If a ground DCE receives an unsupported packet layer facility, it
shall either process the CALL REQUEST without altering the facilities or shall send a CLEAR
CONFIRMATION.

6.6.1    Supported facilities. Table 6-2 lists options and facilities, documented in ISO 8208, that
shall be supported by VDL.

6.6.2    Unsupported facilities. Table 6-3 lists the facilities, documented in ISO 8208, that shall
not be supported by the VDL.

6.6.3    Subnetwork establishment and connection management. The subnetwork establishment
and connection management options used shall be chosen as required by the operational conditions.

6.6.3.1    Subnetwork entity initialization. The ground DCE shall be initialised on receipt of a
valid XID_CMD_LE. The aircraft DCE shall be initialised on receipt of a valid XID_RSP_LE.

Note.— Only the subnetwork entities corresponding to the link on which the
XID_CMD_LE/XID_RSP_LE is received will be initialized. The entities assigned to other links will
not be affected.

6.6.3.2    Subnetwork connection establishment. Only aircraft DTEs shall request subnetwork
connection establishment in the VDL subnetwork.

6.6.3.2.1    Explicit subnetwork connection establishment. Immediately after link establishment,
the aircraft DTE shall attempt to establish a subnetwork connection to at least one ground DTE. The
aircraft DTE shall request a single subnetwork connection per ground DTE by the transmission of a
CALL REQUEST packet specifying the ground DTE address in the Called Address field. On
receipt of the CALL REQUEST, the ground DCE shall attempt to establish a subnetwork
connection to the specified DTE. A CALL CONFIRMATION packet shall be sent to the aircraft
DTE if the connection is established; otherwise a CLEAR REQUEST packet including a diagnostic
specifying the cause of failure shall be sent. The ground DCE shall use the Called Line Address
Modified Notification facility to inform the aircraft DTE of the ground DTE's X.121 address.

Note.— The Calling Address field in CLEAR CONFIRMATION packet will contain the Aircraft
DTE address.
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6.6.3.2.2    Expedited subnetwork connection establishment. An aircraft LME initiating
expedited subnetwork connection establishment shall implement this section. The aircraft LME
shall invoke the procedures described in 5.4.4.12 when connecting to a ground LME indicating
support for expedited subnetwork connection procedures. The aircraft DTE shall reissue CALL
REQUESTs for those logical channels for which responses (i.e. either a CALL CONFIRMATION
or a CLEAR REQUEST) were not included in the XID_RSP_LE. The ground DCE shall use the
Called Line Address Modified Notification facility to inform the aircraft DTE of the ground DTE's
X.121 address.

Note 1.— The CLEAR CONFIRMATION, if required, will be transferred in an INFO frame.

Note 2.— The Calling Address field in CLEAR CONFIRMATION packet will contain the
Aircraft DTE address.

6.6.3.3    Subnetwork connection maintenance. During link establishment a ground DCE shall
indicate its available routers in the ATN Router NETs parameter and the aircraft LME shall then
attempt to maintain all subnetwork connections.

Note.— For subnetwork connections to be maintained across ground station changes, the LME
gives preference in choosing a new ground station to ground stations indicating accessibility to the
DTEs to which subnetwork connections already exist.

6.6.3.3.1    Explicit subnetwork connection maintenance. To explicitly request subnetwork
connection maintenance to a ground DTE, an aircraft DTE shall send a CALL REQUEST packet to
the ground DTE with a fast select facility containing a VDL mobile SNDCF Call User Data Field
indicating a request to maintain SNDCF context. If the ground DTE can accept the call, it shall
respond with a CALL ACCEPTED packet with a fast select facility containing a VDL mobile
SNDCF Call User Data field indicating whether the SNDCF context was maintained. If the DTE or
a DCE is unable to accept the call, it shall send a CLEAR REQUEST packet to the aircraft DTE
including a diagnostic specifying the cause of failure. The ground DTE shall use the Called Line
Address Modified Notification facility to inform the aircraft DTE of the ground DTE's X.121
address.

6.6.3.3.2    Expedited subnetwork connection maintenance. An LME initiating expedited
subnetwork connection maintenance shall implement this section. If both the aircraft and ground
LMEs support expedited subnetwork procedures, then the procedures described in 5.4.4.12 shall be
invoked. The initiating DTE shall reissue CALL REQUESTs for those logical channels for which
responses (i.e. a CALL CONFIRMATION or a CLEAR REQUEST) were not included in the
XID_RSP_HO. A ground DTE shall set the Calling Address field to its X.121 address. The ground
DCE shall use the Called Line Address Modified Notification facility to inform the aircraft DTE of
the ground DTE's X.121 address.

Note.— The CLEAR CONFIRMATION, if required, will be transferred in an INFO frame. How
the ground LME obtains the CALL REQUEST packet(s) (in ground-initiated handoffs) is outside the
scope of this document.

6.6.3.3.3    Broadcast subnetwork connection maintenance. In order to set the “bs” bit in the XID
AVLC Specific Options parameter to 1, an LME shall support this section. The procedures
described in 5.4.4.10 shall be invoked for each aircraft that indicates support for broadcast
subnetwork procedures. The ground DTE and DCE and aircraft DTE shall assume those
subnetwork connection have been maintained per 5.4.4.10. If an aircraft DTE cannot accept a call, it
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shall send a CLEAR REQUEST. If the ground DTE indicated that it maintained the SNDCF
context but the aircraft DTE cannot maintain the SNDCF context, it shall send a CALL REQUEST
indicating that the SNDCF context is not to be maintained.

Note.— The CLEAR CONFIRMATION, if required, will be transferred in an INFO frame. How
the ground and aircraft LME know how to create the calls with their associated negotiated facilities
is outside the scope of this document.

6.6.4    Error handling. An aircraft DTE or ground DCE shall send a CLEAR REQUEST,
RESET REQUEST, or RESTART REQUEST packet only for recovery from a DTE failure. When
an aircraft DTE or ground DCE receives a packet with a bad sequence number, it shall transmit a
REJECT, as specified in ISO 8208, Section 13.4.

6.6.5    Acknowledgments. An RR packet shall be generated only when a valid DATA packet is
received with a P(s), which closes the acknowledgment window. The aircraft DTE or ground DCE
shall transmit an RR packet acknowledging the outstanding packets as soon as it is able.

6.7 Subnetwork layer protocol for VDL Mode 3

6.7.1     Payload Identification

For each Information frame sent by the VDL Mode 3 system, a payload identification octet shall be
defined as in Figure 6-1. This octet shall be the first octet appearing in the user data field of the
Information frame. The user data as described by the payload octet shall immediately follow.  The
Type field shall identify the network protocol of the user data.

6.7.2    Compression Signaling

For each network packet transferred, an indication that the packet is compressed or not compressed
shall exist. The Type Specific Information Field located in the Payload octet shall be reserved for
this purpose. A value of all zeros (0000 binary) shall be reserved to indicate that no compression
information is present, i.e. the data is not compressed. A value of zero shall be used when
transferring ATN data in ISO8208 packets. Additional values for the Type Specific Information
Field are possible and are dependent on the compression scheme employed. These values shall be
defined with the compression documentation, as necessary.

Note. The compression scheme employed for a particular network type is signaled in a DLS
Control frame during net entry.  The non-zero values of the Type-Specific Information Field of
Figure 6-1 have meaning only with respect to the specific compression defined for a network
protocol.

6.7.2.1    CLNP Compression.  The compression technique to be used for CLNP packets shall be
defined in Appendix J.  The Type-Specific Information subfield of the Payload octet shall be
encoded as per Figure J-3.  For non-compressed CLNP, the Type-Specific Information subfield
shall be binary 0000.
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7  THE VDL MOBILE
SUBNETWORK DEPENDENT

CONVERGENCE FUNCTION (SNDCF)

7.1  VDL Modes 1 and 2 SNDCF

A introduction and new function description of the SNDCF for VDL Modes 1 and 2 is provided in
Section 6.7.1 of Annex 10 Vol. III, part 2, Chapter 6.  More detailed specifications are contained in
this section.

7.1.1  Call user data encoding for Modes 1 and 2

The Call User Data field shall be as detailed in the ATN Manual, except as modified below.

7.1.1.1    ISH PDU. The ISH PDU shall be included in both the CALL REQUEST and CALL
CONFIRMATION packets.

7.1.1.2    Maintained/initialized status bit. The fifth bit of the compression technique octet (i.e.
the sixth octet of the Call User Data field) shall be the maintained/initialized (M/I) status bit which
is used to indicate whether the SNDCF context (e.g. the compression state) was maintained from an
old SVC to a new SVC.

7.1.1.3    CALL REQUEST. If the calling SNDCF is requesting that the SNDCF context be
maintained from an existing call to the new call being established, it shall set the M/I bit to 1;
otherwise, the M/I bit shall be set to 0.

7.1.1.4    CALL CONFIRMATION. If the called SNDCF has successfully maintained the entire
SNDCF context to the new call being established, it shall set the M/I bit to 1; otherwise, the M/I bit
shall be set to 0.

7.2  VDL Mode 3 SNDCF

A general description of the SNDCF for VDL Mode 3 is provided in Section 6.7.2 of Annex 10
Vol. III, part 2, Chapter 6.

8  Voice Unit for Mode 3

8.1  Services

Voice Unit services for VDL Mode 3 are specified in Section 6.8.1 of Annex 10 Vol. III, part 2,
Chapter 6.  Detailed Voice Unit specifications are provided in the following sections.
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8.1  Speech Encoding

The Voice Unit shall analyze, encode and forward error correct the user’s speech at a total bit rate
of 4800 bps.

8.1.1  Speech Encoding Algorithm

[TBD] Comment - The algorithm must use a voice frame size compatible with the TDMA frame of
120 ms.

8.1.2  FEC Protection for Encoded Speech

[Algorithm dependent, TBD]

Note.The FEC parity bits are included in the 4800 bps transmission rate.

8.1.3  Voice Burst Framing

Exactly [TBD] voice frames shall be transmitted in a single V/D (voice) burst.

8.2  Parameters

The net parameters listed in this section shall be used to control the operation of the Voice Unit.

8.2.1  Group ID

For receive, the Group ID shall be used to control squelch operation in order to filter out any
received V/D (voice) bursts which do not match the Group ID provided by the LME upon net entry.

For transmit, the Header segment of the V/D (voice) burst shall be encoded with the Group ID
provided by the LME upon net entry.

If the net entry procedure has not been executed, the value of Group ID shall be the same as the
value of Slot ID upon net initialization.

8.2.2   Squelch Window

The squelch window shall be used to control squelch operation in order to allow the Voice Unit to
reject undesired V/D (voice) bursts based on their timing.

The coding and use of the Squelch Window field shall be as provided in Section F.2.1.7 .

8.2.3  Algorithm Version Number

The XID parameter as per Table 5-65 shall be used if the default is not used.

8.3  Description of Procedures

8.3.1  Link Establishment
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8.3.1.1   Link Initialization.    Upon arrival on a new net, the airborne LME shall provide the
Voice Unit with the net parameters as part of the LME’s net initialization procedure.  These
parameters shall be the Slot ID and Squelch window.

If the aircraft VDL did not enter TS1, it shall search for ATSs to determine the number of slots
in its net and enter TS2.  If CTC3 equals parameter f before the aircraft VDL enters TS2, it shall
enter TS3.

8.3.1.2   Net Entry.  Upon net entry , the airborne LME shall provide the Voice Unit the Local
User ID parameter.

8.3.2  Timing

Voice frames, on which the analysis and synthesis functions are based, shall be synchronized to the
timing of V/D (voice) burst transmission.  When receiving a speech transmission, the Voice Unit
shall derive voice frame timing from the received V/D (voice) bursts.

8.3.2.1  Transmit Delay.  At the time of transmission of the V/D (voice) burst, that burst shall
contain the analysis representation of speech input to the radio no earlier than 150 ms from the time
of transmission.

Note. This delay budget includes up to 45 ms additional delay for ground network functions.

8.3.2.2  Receive Delay.  Speech output as a result of the synthesis function shall be available no
later than 55 ms after receiving the V/D (voice) burst.  The speech shall be delayed sufficiently to
handle the maximum variation in propagation delays in combination with maximum clock timing
drift to ensure that the vocoder synthesis clock will remain a constant period throughout the PTT
cycle.

Note. The delay budget includes up to 45 ms additional delay for ground network functions.

8.3.3  Voice Transmit Function

Upon PTT activation, the voice unit shall set the Ready-to-Send (RTS) flag to notify the MAC layer
that the voice unit would like to transmit.  The voice unit shall also check the Clear-to-Send (CTS)
flag to determine if the channel is available.   If the channel is available (i.e., CTS indication), the
voice unit shall transmit the V/D (voice) burst.  If, upon PTT, the channel is occupied, the user shall
be notified.  The final V/D (voice) burst transmitted as a result of release of PTT shall be indicated
by setting the EOM flag in the Header Segment of the burst.

8.3.3.1  Demand-Assigned Circuits.  For the 3T configuration, enabling the RTS flag shall cause
the MAC layer to generate a voice Reservation Request message.  When the corresponding
response is received, the CTS flag shall be enabled, signalling when the speech should be
transmitted.  The CTS flag shall signal during every TDMA frame to provide timing
synchronization with the assigned user group.

8.3.3.2  Vocoder Processing.  If the Voice Unit is notified that it is to operate in the truncated
burst mode, the voice unit shall truncate the data normally contained in the V/D (voice) burst as
follows:

[TBD algorithm dependent]
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The Voice Unit shall delay transmission of truncated bursts by 16 symbol periods relative to the
nominal CTS signal.

Note. This allows for 16 symbol periods of positive or negative timing drift.

The MID field  of the V/D (voice) burst header shall be set to Downlink voice: TS2 to indicate to
the receiver that the burst is truncated.

If the Voice Unit is notified that it is to operate in normal or free running mode, the voice unit
shall transmit full length V/D (voice) burst.  In normal mode, the MID field of the V/D (voice) burst
header shall be set to Uplink voice for ground VDL and Downlink voice: TS1 for aircraft VDL.  In
free running mode, the MID field of the V/D (voice) burst header shall be set to Downlink voice:
TS3.  The Voice Unit shall transmit the bursts at the nominal CTS signal.

8.3.3.3  Access Pre-emption.  If the CTS indication is lost during transmission (signalling a
ground pre-emption), the voice unit shall cease transmitting and shall process any received V/D
(voice) bursts.  The ability to transmit voice shall be inhibited until PTT is reset by the user.

8.3.4  Voice Receive Function

8.3.4.1  PRE-PROCESSING

8.3.4.1.1  Source Filtering.  The Squelch Window parameter shall be applied as specified by the
LME.  If the voice burst is outside the squelch window defined in Table 8-1 for 4-slot
configurations and Table 8-2 for 3-slot configurations, the burst shall be assumed to be co-channel
interference and shall be suppressed.

8.3.4.1.2  Vocoder Processing.  A received V/D (voice) burst with MID field of Uplink voice,
Downlink voice: TS1, or Downlink voice: TS3 shall be processed at the normal vocoder rate of
4800 bps.  A received V/D (voice) burst with MID field of Downlink voice: TS2 shall be processed
at the truncated rate of 4000 bps.

8.3.4.1.3  Source Identification.  The user shall be notified of the source of the received voice
message (ground or air) based on the entire Message ID field.

8.3.4.2  Voice Synthesis.  The voice unit shall buffer and delay the speech sufficiently to
maintain a constant period for the analysis and synthesis clocks of the vocoder regardless of the
varying propagation delay, and relative clock timing drifts between transmitter and receiver.

If bursts are missing, the voice unit shall slowly attenuate the speech to silence (or pseudo-
noise).  The voice unit shall resume normal operation when receipt of the V/D (voice) bursts
continues.
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TABLES FOR THE MANUAL ON VHF DIGITAL LINK (VDL) TECHNICAL SPECIFICATIONS

Table 4-1.  Physical services system parameters for Modes 1 and 2

Symbol Parameter name Mode 1 value Mode 2 value

P1 Minimum transmission length 16504 bits   131071 bits

Table 5-1.  MAC service system parameters for Modes 1 and 2

Symbol Parameter name Minimum Maximum Mode 1
Default

Mode 2
Default

Increment

TM1 Inter-access delay 0.5 ms 125 ms 75.5 ms 4.5 ms 0.5 ms

TM2 Channel busy 6 s 120 s 60 s 60 s 1 s

p persistence 1/256 1 26/256 13/256 1/256

M1 Maximum number of access
attempts

1 65 535 66 135 1

Table 5-2.  Address type field encoding

Bit encoding Description type Comments

27 26 25

0 0 0 reserved Future use

0 0 1 Aircraft 24-bit ICAO address

0 1 0 reserved Future use

0 1 1 reserved Future use

1 0 0 Ground station ICAO-administered address space

1 0 1 Ground station ICAO-delegated address space

1 1 0 reserved Future use

1 1 1 All stations broadcast All stations

Table 5-3.  Broadcast address encoding
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Broadcast destination Type field Specific address field

All aircraft 001 All ones

All ground stations of a
particular provider

100 or 101, as necessary Most significant bits: Variable length
    provider code
Remaining bits: All ones

All ground stations with
ICAO-administered addresses

100 All ones

All ground stations 101 All ones

All stations 111 All ones

Table 5-4.  AVLC commands and responses

Commands Responses

INFO [Information] INFO

RR [Receive Ready] RR

XID [Exchange Identity] XID

TEST TEST

SREJ [Selective Reject] SREJ [Selective Reject]

FRMR [Frame Reject]

UI [Unnumbered INFO] UA [Unnumbered Acknowledge]

DISC [Disconnect] DM [Disconnected mode]

Table 5-5.  Data link service system parameters for Modes 1 and 2

Symbol Parameter name Minimum Maximum Mode 1
default

Mode 2
default

Increment

T1min Delay before retransmission Minimum 0 s 20 s 5.5 s 1.0 s 1 ms

T1max Maximum 1 s 20 s 15 s 15 s 1 ms

T1mult Multiplier 1 2.5 1.45 1.45 0.01

T1exp Exponent 1 2.5 1.7 1.7 0.01

T2 Delay before ACK 25 ms 10 s 500 ms 500 ms 1 ms

T3min Link initilization time Minimum 5 s 25 s 10.5 s 6 s 1 ms

T3max Maximum 1 s 20 s 15 s 15 s 1 ms

T3mult Multiplier 1 2.5 1.45 1.45 0.01

T3exp Exponent 1 2.5 1.7 1.7 0.01

T4 Maximum delay between
transmissions

aircraft 10 min 1440 min 20 min 20 min 1 min

ground 12 min 1442 min 22 min 22 min 1 min

N1 Maximum number of bits in any frame 1144 bits 16504 bits 2168 bits 8312 bits 1 bit
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Symbol Parameter name Minimum Maximum Mode 1
default

Mode 2
default

Increment

N2 Maximum number of transmissions 1 15 6 6 1

k Window size 1 frame 7 frames 4 frames 4 frames 1 frame

Table 5-6.  HDLC public parameter set identifier

Parameter ID 0 0 0 0 0 0 0 0 HDLC public
parameter set

Parameter length 0 0 0 0 1 0 0 1

Parameter value 0 0 1 1 1 0 0 0 character `8'

0 0 1 1 1 0 0 0 character `8'

0 0 l l 1 0 0 0 character `8'

0 0 1 1 0 1 0 1 character `5'

0 0 1 1 1 0 1 0 character `:'

0 0 1 1 0 0 0 1 character `1'

0 0 1 1 1 0 0 1 character `9'

0 0 1 1 1 0 0 1 character `9'

0 0 1 1 0 0 1 1 character `3'
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Table 5-7.  Timer T1 parameter

Parameter ID 0 0 0 0 1 0 0 1 Timer T1 downlink

Parameter length 0 0 0 0 1 0 0 0

Parameter value l16 l15 l14 l13 l12 l11 110 19 (T1min)

18 17 16 15 14 13 12 11

u16 u15 u14 u13 u12 u11 u10 u9 (T1max)

u8 u7 u6 u5 u4 u3 u2 u1

m16 m15 m14 m13 m12 m11 m10 m9 (T1mult)

m8 m7 m6 m5 m4 m3 m2 m1

e16 e15 e14 e13 e12 e11 e10 e9 (T1exp)

e8 e7 e6 e5 e4 e3 e2 e1

Table 5-8  VDL private parameters

Bit 8 Bit 7 Purpose

0 0 General purpose information private parameter

0 1 Ground-initiated modification private parameter

1 0 Aircraft-initiated information private parameter

1 1 Ground-initiated information private parameter

    Note._ ISO 8885 defines the group identifier of the private parameter function to be
the hexadecimal value F0.

Table 5-9.  Parameter set identification

Parameter ID 0 0 0 0 0 0 0 0 Parameter set identification

Parameter length 0 0 0 0 0 0 0 1

Parameter value 0 1 0 1 0 1 1 0 Character V

Table 5-10.  Connection management parameter

Parameter ID 0 0 0 0 0 0 0 1 Connection management

Parameter length n8 n7 n6 n5 n4 n3 n2 n1

Parameter value 0 0 0 0 v x r h

    Note._ The value in the parameter length field is variable to allow for the possibility of additional options.

Table 5-11.  Connection management parameter values
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Bit Name Encoding

 1 h h = 0 No link currently established.

h = 1 Link currently established.

2 r r = 0 Link connection accepted.

r = 1 Link connection refused.

3 x x = 0 Only VDL-specific ground DTE addresses.

x = 1 Ground network DTE addresses accepted.

4 v v = 0 Expedited subnetwork connection not supported

v = 1 Expedited subnetwork connection supported.

5-8 Reserved Set to 0

Table 5-12.  Abbreviated XID names

Name C/R P/F h r x v Notes

GSIF 0 0 - - - - Ground Station Identification Frame

XID_CMD_LE 0 1 0 0 x x Link Establishment

XID_CMD_LCR 0 0 0 1 x x Link Connection Refused

XID_CMD_LPM 0 1 - - - - Link Parameter Modification

XID_CMD_HO 0 1 1 0 x x If P=1, then Initiating Handoff.

XID_CMD_HO 0 0 1 0 x x If broadcast and P=0, then comanding a Broadcast
Handoff.
If unicast and P=0, then Requesting Handoff.

XID_RSP_LE 1 1 0 0 x x

XID_RSP_LCR 1 1 0 1 x x

XID_RSP_LPM 1 1 - - - -

XID_RSP_HO 1 1 1 0 x x

x = don't care case
- = connection management parameter not included

Table 5-13.  Signal quality parameter

Parameter ID 0 0 0 0 0 0 1 0 SQP

Parameter length 0 0 0 0 0 0 0 1

Parameter value 0 0 0 0 q4 q3 q2 q1

The contents of the SQP value field (q bits) are as defined in 4.1.1.4.

Table 5-14.  XID sequencing parameter
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Parameter ID 0 0 0 0 0 0 1 1 XID sequencing

Parameter length 0 0 0 0 0 0 0 1

Parameter value r4 r3 r2 r1 0 s3 s2 s1

Table 5-15.  AVLC specific options parameter

Parameter ID 0 0 0 0 0 1 0 0 AVLC specific options

Parameter length n8 n7 n6 n5 n4 n3 n2 n1

Parameter value 0 0 0 bs bl i v x

    Note._ The value in the parameter length field is variable to allow for the possibility of additional options.

Table 5-16.  AVLC specific option values

Bit Name Encoding

1 x x = 0 Only VDL-specific DTE addresses

x = 1 Ground network DTE addresses accepted

2 v v = 0 Expedited subnetwork connection not supported

v = 1 Expedited subnetwork connection supported

3 i i = 0 Does not support Initiated Handoff.

i = 1 Supports Initiated Handoff.

4 bl bl = 0 Broadcast link handoff not supported.

bl = 1 Broadcast link handoff supported

5 bs bs = 0 Broadcast subnetwork connection not supported

bs = 1 Broadcast subnetwork connection supported
(b1 shall also be 1)

6-8 Reserved Set to 0

Table 5-17.  Expedited subnetwork connection parameter

Parameter ID 0 0 0 0 0 1 0 1 Expedited SN connection

Parameter length n8 n7 n6 n5 n4 n3 n2 n1

Parameter value p8 p7 p6 p5 p4 p3 p2 p1 an ISO 8208 octet

Table 5-18.  LCR cause parameter
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Parameter ID 0 0 0 0 0 1 1 0 LCR cause

Parameter length n8 n7 n6 n5 n4 n3 n2 n1

Parameter value c8 c7 c6 c5 c4 c3 c2 c1 cause

d16 d15 d14 d13 d12 d11 d10 d9 delay

d8 d7 d6 d5 d4 d3 d2 d1

a8 a7 a6 a5 a4 a3 a2 a1 additional data

Table 5-19.  Cause code table

Cause Function Additional data encoding

00h Bad local parameter.
    The additional data block, which may be repeated,
contains the GI and PI of a parameter which cannot be
satisfied by this ground station. This cause will not be
sent for an illegal Connection Management parameter.

g8

p8

g7

p7

g6

p6

g5

p5

g4

p4

g3

p3

g2

p2

g1

p1

01h Out of link layer resources. undefined

02h Out of packet layer resources.

03h Terrestrial network not available.

04h Terrestrial network congestion.

05h Cannot support autotune.

06h Station cannot support initiating handoff.

07-7Eh Reserved

7Fh Other unspecified local reason.

80h Bad global parameter.
   The additional data block, which may be repeated,
contains the GI and PI of a parameter which cannot be
satisfied by any ground station in the system. This cause
will not be sent for an illegal Connection Management
parameter.

identical to cause code 00

81h Protocol Violation.
The first octet of the additional data block contains:
1 - C/R bit (c bit) of the received XID;
2 - P/F bit (p bit) of the received XID;
3 - Disconnected bit (d bit) shall be set to 1 if the LME

has no links with the remote LME (the unexpected bit
shall also be set to 1);

4 - Illegal bit (i bit) shall be set to 1 if the LME receives
an illegal XID (i.e., not listed in Table 3-46 and
described in 6.5.4.4);

5 - Unexpected bit (u bit) shall be set to 1 if the LME
receives a legal XID which is not legal in the context
in which it was received.

    The remaining octets contains the parameter value of
the Connection Management parameter (m bits) if included in
the illegal XID.

0

m8

0

m7

0

m6

u

m5

i

m4

d

m3

p

m2

c

m1
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Cause Function Additional data encoding

    After transmitting or receiving an LCR with this cause
code, an LME shall delete all of its links.

82h Ground system out of resources.

83-FEh Reserved

FFh Other unspecified system reason.

Table 5-20.  Modulation support parameter

Parameter ID 1 0 0 0 0 0 0 1 Modulation support

Parameter length 0 0 0 0 0 0 0 1

Parameter value 0 0 0 0 m4 m3 m2 m1

Table 5-21.  Modulation scheme and bit rate

Bit Name Encoding

1 MSK 0 (Not Mode 1)

1 Mode 1, 2 400 bits/s

2 D8PSK 0 (Not Mode 2)

1 Mode 2, 31 500 bits/s

3 Reserved Set to 0

4 Reserved Set to 0

    Note._ More than one modulation scheme may be supported by an aircraft.
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Table 5-22.  Acceptable alternative ground station parameter

Parameter ID 1 0 0 0 0 0 1 0 Alternate ground station

Parameter length n8 n7 n6 n5 n4 n3 n2 n1

Parameter value g22 g23 g24 g25 g26 g27 0 0 DLS Address

g15 g16 g17 g18 g19 g20 g21 0

g8 g9 g10 g11 g12 g13 g14 0

g1 g2 g3 g4 g5 g6 g7 0

Table 5-23.  Destination airport parameter

Parameter ID 1 0 0 0 0 0 1 1 Destination airport

Parameter length n8 n7 n6 n5 n4 n3 n2 n1

Parameter value a8 a7 a6 a5 a4 a3 a2 a1 (first character)

b8 b7 b6 b5 b4 b3 b2 b1

c8 c7 c6 c5 c4 c3 c2 c1

d8 d7 d6 d5 d4 d3 d2 d1 (fourth character)

Table 5-24.  Aircraft Location parameter

Parameter ID 1 0 0 0 0 1 0 0 Aircraft location

Parameter length 0 0 0 0 0 1 0 0

Parameter value v12 v11 v10 v9 v8 v7 v6 v5 latitude (v)

v4 v3 v2 v1 h12 h11 h10 h9 longitude (h)

h8 h7 h6 h5 h4 h3 h2 h1

a8 a7 a6 a5 a4 a3 a2 a1 altitude (a)
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Table 5-25.  Aircraft location subfield description

Subfield Range Encoding Notes Abbre-
viation

Latitude +90 to -90 Integer [degrees*10] positive = north,
negative = south,
coded as two's complement

v bits

Longtitude +180 to -180 Integer [degrees*10] positive = east,
negative = west,
coded as two's complement

h bits

Altitude 0 to 255 Integer [FL / 10 ] use 0 for < 999 feet,
255 for >= 255 000 feet

a bits

    Note._ For example, 100 degrees 18 minutes west equals 100.3 degrees west, which is expressed as -1003,
which is encoded as C15 hexadecimal.

Table 5-26.  Autotune frequency parameter

Parameter ID 0 1 0 0 0 0 0 0 Autotune frequency

Parameter length 0 0 0 0 0 0 1 0

Parameter value m4 m3 m2 m1 f12 f11 f10 f9

f8 f7 f6 f5 f4 f3 f2 f1

Table 5-27.  Replacement ground station list

Parameter ID 0 1 0 0 0 0 0 1 Replacement ground station list

Parameter length n8 n7 n6 n5 n4 n3 n2 n1

Parameter value g22 g23 g24 g25 g26 g27 0 0

g15 g16 g17 g18 g19 g20 g21 0

g8 g9 g10 g11 g12 g13 g14 0

g1 g2 g3 g4 g5 g6 g7 0

Table 5-28.  Timer T4 parameter

Parameter ID 0 1 0 0 0 0 1 0 Timer T4

Parameter length 0 0 0 0 0 0 1 0

Parameter value n16 n15 n14 n13 n12 n11 n10 n9

n8 n7 n6 n5 n4 n3 n2 n1
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Table 5-29.  MAC persistence parameter

Parameter ID 0 1 0 0 0 0 1 1 MAC persistence

Parameter length 0 0 0 0 0 0 0 1

Parameter value n8 n7 n6 n5 n4 n3 n2 n1

Table 5-30.  Counter M1 parameter

Parameter ID 0 1 0 0 0 1 0 0 Counter M1

Parameter length 0 0 0 0 0 0 1 0

Parameter value n16 n15 n14 n13 n12 n11 n10 n9

n8 n7 n6 n5 n4 n3 n2 n1

Table 5-31.  Timer TM2 parameter

Parameter ID 0 1 0 0 0 1 0 1 Timer TM2

Parameter length 0 0 0 0 0 0 0 1

Parameter value n8 n7 n6 n5 n4 n3 n2 n1

Table 5-32.  Timer TG5 parameter

Parameter ID 0 1 0 0 0 1 1 0 Timer TG5

Parameter length 0 0 0 0 0 0 1 0

Parameter value i8 i7 i6 i5 i4 i3 i2 i1 (initiating)

r8 r7 r6 r5 r4 r3 r2 r1 (responding)

Table 5-33.  T3min parameter

Parameter ID 0 1 0 0 0 1 1 1 T3min

Parameter length 0 0 0 0 0 0 1 0

Parameter value n16 n15 n14 n13 n12 n11 n10 n9

n8 n7 n6 n5 n4 n3 n2 n1
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Table 5-34.  Ground station address filter parameter

Parameter ID 0 1 0 0 1 0 0 0 Ground station address filter

Parameter length 0 0 0 0 0 1 0 0

Parameter value g22 g23 g24 g25 g26 g27 0 0 DLS address

g15 g16 g17 g18 g19 g20 g21 0

g8 g9 g10 g11 g12 g13 g14 0

g1 g2 g3 g4 g5 g6 g7 0

Table 5-35.  Broadcast connection (link only) parameter

Parameter ID 0 1 0 0 1 0 0 1 Broadcast connection

Parameter length 0 0 0 0 0 0 1 1

Parameter value a24 a23 a22 a21 a20 a19 a18 a17 Aircraft ID

a16 a15 a14 a13 a12 a11 a10 a9

a8 a7 a6 a5 a4 a3 a2 a1

    Note._ This table shows the case of a successful link handoff, with no switched virtual circuits (SVCs)
maintained.

Table 5-36.  Broadcast connection (link and subnetwork) parameter

Parameter ID 0 1 0 0 1 0  0 1 Broadcast connection

Parameter length 0 0 0 0 0 1 0 1

Parameter value a24 a23 a22 a21 a20 a19 a18 a17 aircraft ID

a16 a15 a14 a13 a12 a11 a10 a9

a8 a7 a6 a5 a4 a3 a2 a1

0 0 0 m 112 111 110 19 an M/I bit and an LCI

18 17 16 15 14 13 12 11

    Note._ This table shows the case of a successful link handoff, as well as one SVC having been maintained.
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Table 5-37.  Frequency support list

Parameter ID 1 1 0 0 0 0 0 0  Frequency support list

Parameter length n8 n7 n6 n5 n4 n3 n2 n1

Parameter value m4 m3 m2 m1 f12 f11 f10 f9

f8 f7 f6 f5 f4 f3 f2 f1

g22 g23 g24 g25 g26 g27 0 0

g15 g16 g17 g18 g19 g20 g21 0

g8 g9 g10 g11 g12 g13 g14 0

g1 g2 g3 g4 g5 g6 g7 0

Table 5-38.  Airport coverage indication parameter

Parameter ID 1 1 0 0 0 0 0 1 Airport coverage indication

Parameter length n8 n7 n6 n5 n4 n3 n2 n1

Parameter value a8 a7 a6 a5 a4 a3 a2 a1 (first character)

b8 b7 b6 b5 b4 b3 b2 b1

c8 c7 c6 c5 c4 c3 c2 c1

d8 d7 d6 d5 d4 d3 d2 d1 (fourth character)

Table 5-39.  Nearest airport parameter

Parameter ID 1 1 0 0 0 0 1 1 Nearest airport

Parameter length 0 0 0 0 0 1 0 0

Parameter value a8 a7 a6 a5 a4 a3 a2 a1 (first character)

b8 b7 b6 b5 b4 b3 b2 b1

c8 c7 c6 c5 c4 c3 c2 c1

d8 d7 d6 d5 d4 d3 d2 d1 (fourth character)
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Table 5-40.  ATN router NETs parameter

Parameter ID 1 1 0 0 0 1 0 0 ATN router NETs

Parameter length n8 n7 n6 n5 n4 n3 n2 n1

Parameter value a24 a23 a22 a21 a20 a19 a18 a17 ADM subfield

a16 a15 a14 a13 a12 a11 a10 a9

a8 a7 a6 a5 a4 a3 a2 a1

r24 r23 r22 r21 r20 r19 r18 r17 ARS subfield

r16 r15 r14 r13 r12 r11 r10 r9

r8 r7 r6 r5 r4 r3 r2 r1

Table 5-41.  Ground-based system mask parameter

Parameter ID 1 1 0 0 0 1 0 1 Ground-based system mask

Parameter length 0 0 0 0 0 1 0 0

Parameter value g22 g23 g24 g25 g26 g27 0 0

g15 g16 g17 g18 g19 g20 g21 0

g8 g9 g10 g11 g12 g13 g14 0

g1 g2 g3 g4 g5 g6 g7 0

Table 5-42.  Timer TG3 parameter

Parameter ID 1 1 0 0 0 1 1 0 Timer TG3

Parameter length 0 0 0 0 0 1 0 0

Parameter value 116 115 114 113 112 111 110 19 (lower bound)

18 17 16 15 14 13 12 11

u16 u15 u14 u13 u12 u11 u10 u9 (upper bound)

u8 u7 u6 u5 u4 u3 u2 u1

Table 5-43.  Timer TG4 parameter

Parameter ID 1 1 0 0 0 1 1 1 Timer TG4

Parameter length 0 0 0 0 0 0 1 0

Parameter value v16 v15 v14 v13 v12 v11 v10 v9

v8 v7 v6 v5 v4 v3 v2 v1
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Table 5-44.  Ground station location parameter

Parameter ID 1 1 0 0 1 0 0 0 Ground station location

Parameter length 0 0 0 0 0 0 1 1

Parameter value v12 v11 v10 v9 v8 v7 v6 v5 latitude (v)

v4 v3 v2 v1 h12 h11 h10 h9 longitude (h)

h8 h7 h6 h5 h4 h3 h2 h1

Table 5-45.  VDL management entity system parameters for Modes 1 and 2

Symbol Parameter name Minimum Maximum Mode 1
default

Mode 2
default

Increment

TG1
(air only)

Minimum frequency dwell time 20 s 600 s 240 s 240 s  1 s

TG2 Maximum idle activity time
    aircraft
    ground

120 s
10 min

360 s
4320 min

240 s
60 min

240 s
60 min

1 s
1 min

TG3
(ground only)

Maximum time between
transmissions

100 s 120 s uniform
between

100-120 s

uniform
between

100-120 s

 0.5 s

TG4
(ground only)

Maximum time between GSIFs 100 s None N/A N/A  1 s

TG5 Maximum link overlap time
    initiating

    responding
0 s
0 s

255 s
255 s

20 s
60 s

20 s
60 s

1 s
1 s
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Table 5-46a.  XID parameters

GSIF Air initiated
link establishment

Link parameter modification

Source
 address

Ground
station

Aircraft New ground
station

Current ground
station

Aircraft

Destination
 address

All
aircraft

Proposed
ground station

Aircraft Aircraft Current
ground station

XID parameters GI PI GSIF
(P=0)

XID_CMD_LE
(P=1)

XID_RSP_LE
(F=1)

XID_CMD_LPM
(P=1)

XID_RSP_LPM
(F=1)

Public parameters

    Parameter set ID 80h 01h M M M N/A N/A

    Procedure classes 80h 02h M M M N/A N/A

    HDLC options 80h 03h M M M N/A N/A

    N1-downlink 80h 05h O N/A O N/A N/A

    N1-uplink 80h 06h O N/A O N/A N/A

    k-downlink 80h 07h O N/A O N/A N/A

    k-uplink 80h 08h O N/A O N/A N/A

    Timer T1 _ downlink 80h 09h O N/A O N/A N/A

    Counter N2 80h 0Ah O N/A O N/A N/A

    Timer T2 80h 0Bh O N/A O N/A N/A

Private parameters

    Parameter set ID F0h 00h M M M M M

    Connection management F0h 01h N/A M M N/A N/A

    SQP F0h 02h N/A O O O O

    XID sequencing F0h 03h N/A M M M M

    AVLC specific options F0h 04h M M M N/A N/A

    Expedited SN connection F0h 05h N/A O O N/A N/A

    LCR cause F0h 06h N/A N/A N/A N/A N/A

    Modulation support F0h 81h N/A M N/A N/A N/A

    Alternate grd stations F0h 82h N/A O N/A N/A N/A

    Destination airport F0h 83h N/A O N/A N/A N/A

    Aircraft location F0h 84h N/A O N/A N/A N/A

    Autotune frequency F0h 40h N/A N/A O N/A N/A

    Repl. ground station F0h 41h N/A N/A O N/A N/A

    Timer T4 F0h 42h O N/A O O N/A

    MAC persistence F0h 43h O N/A O O N/A

    Counter M1 F0h 44h O N/A O O N/A

    Timer TM2 F0h 45h O N/A O O N/A

    Timer TG5 F0h 46h O N/A O O N/A

    Timer T3min F0h 47h O N/A O N/A N/A

    Address filter F0h 48h N/A N/A N/A N/A N/A
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GSIF Air initiated
link establishment

Link parameter modification

Source
 address

Ground
station

Aircraft New ground
station

Current ground
station

Aircraft

Destination
 address

All
aircraft

Proposed
ground station

Aircraft Aircraft Current
ground station

    Broadcast connection Foh 49h N/A N/A N/A N/A N/A

    Frequency support F0h C0h O N/A O N/A N/A

    Airport coverage F0h C1h M1 N/A O2 N/A N/A

    Nearest airport ID F0h C3h M1 N/A O2 N/A N/A

    ATN router NETs F0h C4h M N/A M N/A N/A

    System mask F0h C5h M N/A M N/A N/A

    TG3 F0h C6h O N/A O N/A N/A

    TG4 F0h C7h O N/A O N/A N/A

    Ground station location F0h C8h O N/A O N/A N/A

GI = ISO 8885 Group identifier
PI = ISO 8885 Parameter identifier
M = Mandatory
O = Optional
N/A = Not applicable
h = hexadecimal

NOTES
1. In a GSIF XID frame it is mandatory to include either the Airport Coverage Indication parameter or the Nearest Airport Identifier

parameter but not both (see 5.4.2.7.3).
2. Where the Airport Coverage Indication parameter and the Nearest Airport Identifier parameter are marked as optional, either

parameter may be included in the frame or neither but not both.
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Table 5-46b.  XID parameters

Ground initiated
handoff

Air initiated handoff

Source
 address

Proposed
ground station

Aircraft Aircraft New ground
station

Destination
 address

Aircraft New ground
station

Proposed
ground station

Aircraft

XID parameters GI PI XID_CMD_HO
(P=1)

XID_RSP_HO
(F=1)

XID_CMD_HO
(P=1)

XID_RSP_HO
(F=1)

Public parameters

    Parameter set ID 80h 01h O O O O

    Procedure classes 80h 02h O O O O

    HDLC options 80h 03h O O O O

    N1-downlink 80h 05h O N/A N/A O

    N1-uplink 80h 06h O N/A N/A O

    k-downlink 80h 07h O N/A N/A O

    k-uplink 80h 08h O N/A N/A O

    Timer T1 - downlink 80h 09h O N/A N/A O

    Counter N2 80h 0Ah O N/A N/A O

    Timer T2 80h 0Bh O N/A N/A O

Private parameters

    Parameter set ID F0h 00h M M M M

    Connection management F0h 01h M M M M

    SQP F0h 02h O O O O

    XID sequencing F0h 03h M M M M

    AVLC specific options F0h 04h O O O O

    Expedited SN connection F0h 05h O O O O

    LCR cause F0h 06h N/A N/A N/A N/A

    Modulation support F0h 81h N/A N/A N/A N/A

    Alternate ground stations F0h 82h N/A N/A O N/A

    Destination airport F0h 83h N/A O O N/A

    Aircraft location F0h 84h N/A O O N/A

    Autotune frequency F0h 40h N/A N/A N/A O

    Repl. ground station F0h 41h O N/A N/A O

    Timer T4 F0h 42h O N/A N/A O

    MAC persistence F0h 43h O N/A N/A O

    Counter M1 F0h 44h O N/A N/A O

    Timer TM2 F0h 45h O N/A N/A O

    Timer TG5 F0h 46h O N/A N/A O

    Timer T3min F0h 47h O N/A N/A O

    Address filter F0h 48h N/A N/A N/A N/A
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Ground initiated
handoff

Air initiated handoff

Source
 address

Proposed
ground station

Aircraft Aircraft New ground
station

Destination
 address

Aircraft New ground
station

Proposed
ground station

Aircraft

    Broadcast connection F0h 49h N/A N/A N/A N/A

    Frequency support F0h C0h O N/A N/A O

    Airport coverage F0h C1h O2 N/A N/A O2

    Nearest airport ID F0h C3h O2 N/A N/A O2

    ATN router NETs F0h C4h M N/A N/A O

    System mask F0h C5h O N/A N/A M

    TG3 F0h C6h O N/A N/A O

    TG4 F0h C7h O N/A N/A O

    Ground station location F0h C8h O N/A N/A O

GI = ISO 8885 Group identifier
PI = ISO 8885 Parameter identifier
M = Mandatory
O = Optional
N/A = Not applicable
h = hexadecimal

NOTES
1. In a GSIF XID frame it is mandatory to include either the Airport Coverage Indication parameter or the Nearest

Airport Identifier parameter but not both (see 5.4.2.7.3).
2. Where the Airport Coverage Indication parameter and the Nearest Airport Identifier parameter are marked as optional,

either parameter may be included in the frame or neither but not both.
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Table 5-46c.  XID parameters

Air requested
handoff

Ground requested
handoff

Ground requested
broadcast

Link connection
rejection

Source
 address

Aircraft Current ground
station

New ground
station

Any station

Destination
 address

Current or
proposed

ground station

Aircraft All aircraft Any station

XID parameters GI PI XID_CMD_HO
(P=0

XID_CMD_HO
(P=0)

XID_CMD_HO
(P=0)

XID_RSP_LCR
XID_CMD_LCR

Public parameters

    Parameter set ID 80h 01h N/A O O N/A

    Procedure classes 80h 02h N/A O O N/A

    HDLC options 80h 03h N/A O O N/A

    N1-downlink 80h 05h N/A O O N/A

    N1-uplink 80h 06h N/A O O N/A

    k-downlink 80h 07h N/A O O N/A

    k-uplink 80h 08h N/A O O N/A

    Timer T1 - downlink 80h 09h N/A O O N/A

    Counter N2 80h 0Ah N/A O O N/A

    Timer T2 80h 0Bh N/A O O N/A

Private parameters

    Parameter set ID F0h 00h M M M M

    Connection management F0h 01h M M M M

    SQP F0h 02h N/A N/A N/A N/A

    XID sequencing F0h 03h M M M M

    AVLC specific options F0h 04h N/A O O N/A

    Expedited SN connection F0h 05h N/A N/A N/A N/A

    LCR cause F0h 06h N/A N/A N/A M

    Modulation support F0h 81h N/A N/A N/A N/A

    Alternate ground stations F0h 82h O N/A N/A N/A

    Destination airport F0h 83h O N/A N/A N/A

    Aircraft location F0h 84h O N/A N/A N/A

    Autotune frequency F0h 40h N/A O N/A N/A

    Repl. ground station F0h 41h N/A O N/A N/A

    Timer T4 F0h 42h N/A O O N/A

    MAC persistence F0h 43h N/A O O N/A

    Counter M1 F0h 44h N/A O O N/A

    Timer TM2 F0h 45h N/A O O N/A

    Timer TG5 F0h 46h N/A O O N/A

    Timer T3min F0h 47h N/A O O N/A
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Air requested
handoff

Ground requested
handoff

Ground requested
broadcast

Link connection
rejection

Source
 address

Aircraft Current ground
station

New ground
station

Any station

Destination
 address

Current or
proposed

ground station

Aircraft All aircraft Any station

    Address filter F0h 48h N/A N/A M N/A

    Broadcast connection F0h 49h N/A N/A M N/A

Private parameters

    Frequency support F0h C0h N/A O O N/A

    Airport coverage F0h C1h N/A N/A O2 N/A

    Nearest airport ID F0h C3h N/A N/A O2 N/A

    ATN router NETs F0h C4h N/A O M N/A

    System mask F0h C5h N/A O O N/A

    TG3 F0h C6h N/A O O N/A

    TG4 F0h C7h N/A O O N/A

    Ground station location F0h C8h N/A O O N/A

GI = ISO 8885 Group identifier
PI = ISO 8885 Parameter identifier
M = Mandatory
O = Optional
N/A = Not applicable
h = hexadecimal

NOTES
1. In a GSIF XID frame it is mandatory to include either the Airport Coverage Indication parameter or the Nearest

Airport Identifier parameter but not both (see 5.4.2.7.3).
2. Where the Airport Coverage Indication parameter and the Nearest Airport Identifier parameter are marked as optional,

either parameter may be included in the frame or neither but not both.

Table 5-47.  System Configuration

System
Config.

User Groups Supported/
Identifying Time Slots

Services to
Each Group

Slots Assigned
to Each Group

Normal Range 4V 4/(A, B, C, D) Dedicated voice ckt 1

3V1D 3/(A, B, C) Dedicated voice ckt
w/shared data ckt

2

2V2D 2/(A, B) Dedicated voice ckt
w/dedicated data ckt

2

3T 1/(B, C, D) Demand assigned voice
and data

1

Long Range 3V 3/(A, B, C) Dedicated voice ckt 1
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3S 1/(A) Dedicated voice circuit
with 3 station diversity

3

2V1D 2/(A, B) Dedicated voice ckt
w/shared data ckt

2

Table 5-48. Logical Burst Access Channel (LBAC) Descriptions for Configurations other than
3T and 3S

LBAC#* Applicability Description

1 air only M downlink burst used for polling response or Random Access (RA)

2 air, ground V/D (voice) burst even frame

3 air only M downlink burst used for ACK or RA

4 air, ground V/D (data) burst even frame

5 ground only M uplink burst and timing reference point

6 air, ground V/D (voice) burst odd frame

7 air only M downlink burst used for ACK or RA

8 air, ground V/D (data) burst odd frame
*  Used to identify burst opportunities in Table 5-49.
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Table 5-49. LBAC Timing Offset Values for Configurations other than 3T and 3S

System
Config.

User
Group
Slot ID

Media Access Timing for Each LBAC (See Section 5.5.2.5.1) Relative to
Timing Reference Point (Symbol Periods)

Even Frame Odd Frame

1 2 3 4 5 6 7 8

4 Slots Per Frame (Normal Range)

4V A-D -1260 -1195 N/A N/A 0 65 N/A N/A

3V1D A -1260 -1195 -315 -250 0 65 945 1010

B -1260 -1195 -630 -565 0 65 630 695

C -1260 -1195 -945 -880 0 65 315 380

2V2D A-B -1260 -1195 -630 -565 0 65 630 695

3 Slots Per Frame (Long Range)

3V A-C -1260 -1142 N/A N/A 0 118 N/A N/A

2V1D A -1260 -1142 -420 -302 0 118 840 958

B -1260 -1142 -840 -722 0 118 420 538
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Table 5-50.  LBAC Description and Timing for 3T Configuration

LBAC# Access by User Group* Applicability Description Media Access Timing for
Each LBAC Relative to
Timing Reference Point

(Symbol Periods)

1 (B,C,D) air only M downlink RA -1260

2 (B,C,D) air only M downlink polling
response or RA

-1182

3 (B,C,D) air only M downlink polling
response or RA

-1104

4 (B,C,D) air only M downlink polling
response or RA

-1026

5 (B,C,D) air only M downlink ACK or RA -945

6 (B,C,D) air/ground V/D even frame -880

7 (B,C,D) air only M downlink ACK or RA -630

8 (B,C,D) air/ground V/D even frame -565

9 (B,C,D) air only M downlink ACK or RA -315

10 (B,C,D) air/ground V/D even frame -250

11 (B,C,D) ground only M uplink, Timing
Reference Point

0

12 (B,C,D) ground only M uplink handoff check 201

13 (B,C,D) air only M downlink ACK or RA 315

14 (B,C,D) air/ground V/D odd frame 380

15 (B,C,D) air only M downlink ACK or RA 630

16 (B,C,D) air/ground V/D odd frame 695

17 (B,C,D) air only M downlink ACK or RA 945

18 (B,C,D) air/ground V/D odd frame 1010

*For 3T configuration, Group IDs B, C, and D are treated as one user group.

Note.�See the Guidance Material for further description of 3T timing.
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Table 5-51.  LBAC Description and Timing for 3S Configuration
LBAC # Applicability Description Media Access Timing for Each LBAC

Relative to Timing Reference Point
(Symbol Periods)

1 air only M downlink polling response or RA -1260

2 air, ground V/D (voice) even frame -1142

3 air only M downlink polling response or RA -840

4 air, ground V/D (voice) even frame -722

5 air only M downlink polling response or RA -420

6 air, ground V/D (voice) even frame -302

7 ground only M uplink and timing reference point 0

8 air, ground V/D (voice) odd frame 118

9 ground only M uplink and timing reference point 420

10 air, ground V/D (voice) odd frame 538

11 ground only M uplink and timing reference point 840

12 air, ground V/D (voice) odd frame 958

Table 5-52a.  Airborne MAC Service System Parameters

Symbol Parameter Name Min. Max. Mode 3 Default Increment

t Truncation
(MAC cycles)

1 256 [50*] 1

f  Free Running 1 256 [250*] 1

NM1 Maximum
Reservation

Request Retry

1 10 [4] 1

*  Based on the specified clock accuracy of 5 PPM for airborne radios and 2 PPM for ground radios,
plus 1 PPM timing shift due to a 1 Mach aircraft.
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Table 5-52b.  Airborne MAC Service System Parameters

System Configuration

Symbol Parameter Name 4V 3V1D 2V2D 3T 3V 2V1D 3S

RE Net Entry
Randomizer

[1] [1] [3] [10] [1] [1] [1]

RR

Reservation Request
Randomizer [1] [3] [3] [10] [1] [3] [1]

RL Leaving Net
Randomizer

[1] [3] [3] [10] [1] [3] [1]

W1R Reservation Request
Delay Min

(MAC cycle)

[3] [3] [3] [3] [3] [3] [3]

W2R Reservation Request
Delay Max

(MAC cycle)

[3] [3] [3] [3] [3] [3] [3]

Note.— RE, RR, RL, W1R and W2R are system configuration dependent.

Table 5-53.  Rules for CTCs Maintenance

Timing Received in
MAC cycle n-1

Action to update CTC1 in
MAC cycle n

Action to update CTC2 in
MAC cycle n

Action to update CTC3 in
MAC cycle n

Primary Reset to 0
Reset to 0

Reset to 0

Alternate Increment Reset to 0 if time is
accepted else increment

Reset to 0

None Increment Increment Increment
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Table 5-54.  Timing States

Timing state CTC1 value CTC3 value

Initial TS0*** t* 0

Normal TS1 0 < CTC1< t* 0 < CTC3 < t*

Truncate TS2 (except 3T
configuration)

CTC1  ≥ t* CTC3 < f**

Free Running TS3 CTC1  ≥ t* CTC3  ≥ f**

*  Defined in Section 5.5.3.1

** Defined in Section 5.5.3.2

*** Net Initialization state, special rules apply (see Section 5.7.2.1.1)

Table 5-55.  Conditions for Voice Media Access (Aircraft VDL)

Voice Signal Field* Encoding

Timing State Ground Access Occupied by
Airborne User

Voice Channel Idle

Initial TS0 No Access No Access No Access

Normal TS1 No Access Access permitted if
access granted in

previous MAC cycle

Access

Truncate TS2 Access Access Access

Free Running TS3 Access Access Access

*  Defined in Appendix F, Section 2.1.3.
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 Table 5-56a.  Access Rules for M Downlink

Configu- LBAC Utilization of LBAC
   ration     #

RA ACK

Other than

3T and 3S

1 LBAC 5 in previous MAC cycle did not request
a poll response

No acknowledgement allowed

3 LBAC 4 in previous MAC cycle did not have
an uplink V/D (data) burst Header segment
with EOM* = 1

LBAC 4 in previous MAC cycle had an uplink V/D
(data) burst Header segment with EOM = 1

7 LBAC 8 in previous MAC cycle did not have
an uplink V/D (data) burst Header segment
with EOM = 1

LBAC 8 in previous MAC cycle had an uplink V/D
(data) burst Header segment with EOM = 1

3T 1 Unconditional RA No acknowledgement allowed

2 LBAC 11 in previous MAC cycle did not
request a poll response

No acknowledgement allowed

3 LBAC 11 in previous MAC cycle did not
request a poll response

No acknowledgement allowed

4 LBAC 11 in previous MAC cycle did not
request a poll response

No acknowledgement allowed

5 LBAC 6 in previous MAC cycle did not have
an uplink V/D (data) burst Header segment
with EOM = 1

LBAC 6 in previous MAC cycle had an uplink V/D
(data) burst Header segment with EOM = 1

7 LBAC 8 in previous MAC cycle did not have
an uplink V/D (data) burst Header segment
with EOM = 1

LBAC 8 in previous MAC cycle had an uplink V/D
(data) burst Header segment with EOM = 1

9 LBAC 10 in previous MAC cycle did not have
an uplink V/D (data) burst Header segment
with EOM = 1

LBAC 10 in previous MAC cycle had an uplink
V/D (data) burst Header segment with EOM = 1

13 LBAC 14 in previous MAC cycle did not have
an uplink V/D (data) burst Header segment
with EOM = 1

LBAC 14 in previous MAC cycle had an uplink
V/D (data) burst Header segment with EOM = 1

15 LBAC 16 in previous MAC cycle did not have
an uplink V/D (data) burst Header segment
with EOM = 1

LBAC 16 in previous MAC cycle had an uplink
V/D (data) burst Header segment with EOM = 1

17 LBAC 18 in previous MAC cycle did not have
an uplink V/D (data) burst Header segment
with EOM = 1

LBAC 18 in previous MAC cycle had an uplink
V/D (data) burst Header segment with EOM = 1

3S 1 LBAC 7 in previous MAC cycle did not request
a poll response

No acknowledgement allowed

3 LBAC 9 in previous MAC cycle did not request
a poll response

No acknowledgement allowed

5 LBAC 11 in previous MAC cycle did not
request a poll response

No acknowledgement allowed

*  Defined in Section 3.1.2 of Appendix F.
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Table 5-56b   MAC Data Frame Retransmission System Parameters

Symbol Parameter Name Minimum Maximum Mode 3 Default Increment

T1 Delay before
retransmission
(ground)

1 40 2 1

Delay before
retransmission
(aircraft)

2 40 6 1

N2 Maximum number
of retransmissions

1 20 3 1

Note.  Units for T1 is MAC Cycles (240ms)

Table 5-57.  VDL3/ATN Priority Mapping

Bit Field ATN Priority VDL3 Priority

111 14. Network/Systems Management Management

110-000 <State Defined> <State Defined>

Table 5-58.  DLS System Parameters

Symbol Parameter Name Minimum Maximum
Mode 3
Default Increment

T3 Link initialization time
(MAC cycle)

20 30 [25] 1

N1 Maximum from-aircraft and
to-aircraft frame size

16 bytes 924 bytes [924] bytes 1 byte

MG Maximum number of bursts
for grouped frames (bursts)

1 15 [7] 1
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Table 5-59a.  XID Parameters

Air initiated
link establishment/handoff

Ground initiated
link establishment/handoff

Source Aircraft New ground
station

Proposed ground
station

Aircraft

Destination Proposed ground
station

Aircraft Aircraft New ground
station

XID parameters GI PI XID_CMD_LE XID_RSP_LE XID_CMD_LE XID_RSP_LE

Public parameters
(8885:1993)

Parameter set ID 80h 01h M M M M
N1-downlink 80h 05h N/A O O N/A
N1-uplink 80h 06h N/A O O N/A
Counter N2 80h 0Ah N/A O O N/A

Public parameters
(8885:1993:Mode3)

Parameter set ID 80h 01h O O O O
Timer T1 80h 09h N/A O O N/A

Private parameters (V)

Parameter set ID F0h 00h M M M M
Connection management F0h 01h M M M M
SQP F0h 02h O O O O
XID sequencing F0h 03h M M M M
LCR cause F0h 06h N/A N/A N/A N/A

Timer TG5 F0h 46h N/A O O N/A

Modulation support F0h 81h O N/A N/A O

Private parameters (W)

Parameter set ID F0h 00h M M M M
Algorithm Version Number F0h 01h O O O O
Network Initialization F0h 02h O O O O

t F0h 40h N/A O O N/A
f F0h 41h N/A O O N/A
Counter NM1 F0h 42h N/A O O N/A
RR F0h 43h N/A O O N/A
W1R F0h 44h N/A O O N/A
W2R F0h 45h N/A O O N/A
RE F0h 46h N/A O O N/A
RL F0h 47h N/A O O N/A
Timer T3 F0h 48h N/A O O N/A
Counter NL1 F0h 49h N/A O O N/A
Timer TL3 F0h 4Ah N/A O O N/A
Timer TL4 F0h 4Bh N/A O O N/A
W1E F0h 4Ch N/A O O N/A
W2E F0h 4Dh N/A O O N/A
MG F0h 4Eh O N/A O N/A

Expedited Recovery F0h 82h N/A N/A N/A O

Counter NL2 F0h C1h N/A O O N/A

Table 5-59b. XID Parameters

Addressed link parameter modification Broadcast link
parameter

modification

Link connection
rejection

Source Current ground
station

Aircraft Current ground
station

Any station

Destination Aircraft Current ground
station

Aircraft Any station

XID parameters GI PI XID_CMD_LPM XID_RSP_LPM XID_CMD_LPM
(GSIF)

XID_RSP_LCR
XID_CMD_LCR
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Public parameters
(8885:1993)

Parameter set ID 80h 01h O N/A O N/A
N1-downlink 80h 05h O N/A O N/A
N1-uplink 80h 06h O N/A O N/A
Counter N2 80h 0Ah O N/A O N/A

Public parameters
(8885:1993:Mode3)

Parameter set ID 80h 01h O N/A O N/A
Timer T1 80h 09h O N/A O N/A

Private parameters (V)

Parameter set ID F0h 00h M M M M
Connection management F0h 01h N/A N/A N/A M
SQP F0h 02h O O O N/A
XID sequencing F0h 03h M M M M
LCR cause F0h 06h N/A N/A N/A M

Timer TG5 F0h 4Ch O N/A O N/A

Modulation support F0h 81h N/A N/A N/A N/A

Private parameters (W)

Parameter set ID F0h 00h M M M M
Algorithm Version Number F0h 01h O N/A O O
Network Initialization F0h 02h O O O N/A

t F0h 40h O N/A O N/A
f F0h 41h O N/A O N/A
Counter NM1 F0h 42h O N/A O N/A
RR F0h 43h O N/A O N/A
W1R F0h 44h O N/A O N/A
W2R F0h 45h O N/A O N/A
RE F0h 46h O N/A O N/A
RL F0h 47h O N/A O N/A
Timer T3 F0h 48h O N/A O N/A
Counter NL1 F0h 49h O N/A O N/A
Timer TL3 F0h 4Ah O N/A O N/A
Timer TL4 F0h 4Bh O N/A O N/A
W1E F0h 4Ch O N/A O N/A
W2E F0h 4Dh O N/A O N/A
MG F0h 4Eh O N/A O N/A

Expedited Recovery F0h 82h N/A N/A N/A N/A

Counter NL2 F0h C1h O N/A O N/A

key for Tables 5-59a and b above:

Abbreviations used:

GI = ISO 8885 Group Identifier

PI = ISO 8885 Parameter Identifier

M = Mandatory

O = Optional

N/A = Not applicable

h = hexadecimal
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Table 5-60a.  LME System Parameters

Symbol Parameter Name Minimum Maximum Mode 3
Default

Increment

NL1

(air)

Maximum net entry request retry 1 15 [3] 1

NL2

(gnd)

Polling reply counter 1 255 [3] 1

TL3 Disconnect delay timer 5 s 30 s [10] s 1 s

TL4

(air)

Polling interval

(MAC cycles)

1 300 [120] 1

TG5 Maximum link initiating 0 s 255 s 20 s 1 s

overlap time responding
0s 255 s 60 s 1 s

Table 5-60b.  Airborne LME Service System Parameters

System Configuration

Symbol Parameter Name 4V 3V1D 2V2D 3T 3V 2V1D 3S

W1E Net Entry Request
Delay Min

(MAC cycle)

[5] [5] [5] [5] [5] [5] [5]

W2E Net Entry Request
Delay Max

(MAC cycle)

[5] [5] [5] [5] [5] [5] [5]

Table 5-61.  Mode 3 Public Parameter Set Identifier

Parameter ID 0 0 0 0 0 0 0 1 Mode 3 public parameter
set

Parameter length 0 0 0 0 1 1 1 1

Parameter value 0 0 1 1 1 0 0 0 character ‘8’

0 0 1 1 1 0 0 0 character ‘8’

0 0 1 1 1 0 0 0 character ‘8’

0 0 1 1 0 1 0 1 character ‘5’

0 0 1 1 1 0 1 0 character ‘:’
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0 0 1 1 0 0 0 1 character ‘1’

0 0 1 1 1 0 0 1 character ‘9’

0 0 1 1 1 0 0 1 character ‘9’

0 0 1 1 0 0 1 1 character ‘3’

0 0 1 1 1 0 1 0 character ‘:’

0 1 0 0 1 1 0 1 character ‘M’

0 1 1 0 1 1 1 1 character ‘o’

0 1 1 0 0 1 0 0 character ‘d’

0 1 1 0 0 1 0 1 character ‘e’

0 0 1 1 0 0 1 1 character ‘3’

Table 5-62. Timer T1 Parameter

Parameter ID 0   0   0   0      1   0   0   1 Timer T1

Parameter length 0   0   0   0      0   0   0   1

Parameter value v8  v7  v6  v5     v4  v3  v2  v1

Table 5-63. Timer T2 Parameter

Parameter ID 0   0   0   0      1   0   1   1 Timer T2

Parameter length 0   0   0   0      0   0   0   1

Parameter value v8  v7  v6  v5     v4  v3  v2  v1

Table 5-64. Parameter Set Identification

Parameter ID 0 0 0 0 0 0 0 0 Parameter set identification

Parameter length 0 0 0 0 0 0 0 1

Parameter value 0 1 0 1 0 1 1 1 Character W
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Table 5-65.  Algorithm Version Number Parameter

Parameter ID 0 0 0 0 0 0 0 1 Algorithm Ver. No.

Parameter length n8 n7 n6 n5 n4 n3 n2 n1

Parameter value b8 b7 b6 b5 b4 b3 b2 b1 value

Table 5-66a.  Network Initialization

Parameter ID 0   1  0  0      0  0   0   1 Network Initialization

Parameter Length n8 n7 n6 n5     n4 n3 n2 n1 Number of networks

Network Type T8 T7 T6 T5   T4 T3 T2 T1 May contain multiple networks

Network Length S8 S7 S6 S5   S4 S3 S2 S1 Number of subparameters

Subparameter ID I8  I7  I6  I5     I4  I3  I2  I1 May contain multiple
      subparameters for each network

Subparameter Length L8 L7 L6 L5   L4 L3 L2 L1 Length of Value in octets

Subparameter Value v8 v7 v6 v5     v4 v3 v2 v1

Table 5-66b.  Network Type Values

Network Type Protocol
0000 0000 ATN/ISO8208/VDL3 PLP Compression
0000 0001 ATN/ISO8473/VDL3 CLNP Compression
0000 0010 ATN/ISO8208 (No Subnetwork Compression)
0000 0011 ATN/ISO8473 (No Subnetwork Compression)
0000 0100 to  1111 1111 Reserved

Table 5-67. Expedited Recovery Parameter

Parameter ID 0 0 0 0 0 0 1 0 Expedited Recovery

Parameter length 0 0 0 0 0 1 0 1

Parameter Value v8 v7 v6 v5 v4 v3 v2 v1 Local Identifier

a24 a23 a22 a21 a20 a19 a18 a17 Aircraft Address

a16 a15 a14 a13 a12 a11 a10 a9
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a8 a7 a6 a5 a4 a3 a2 a1

0 p3 p2 p1 s4 s3 s2 s1 Reservation Status

Table 5-68. t Parameter

Parameter ID 0 1 0 0 0 0 0 0 t

Parameter length 0 0 0 0 0 0 0 1

Parameter value v8 v7 v6 v5 v4 v3 v2 v1 value

Table 5-69. f Parameter

Parameter ID 0 1 0 0 0 0 0 1 f

Parameter length 0 0 0 0 0 0 0 1

Parameter value v8 v7 v6 v5 v4 v3 v2 v1 value

Table 5-70.  Counter NM1 Parameter

Parameter ID 0 1 0 0 0 0 1 0 Counter NM1

Parameter length 0 0 0 0 0 0 0 1

Parameter value v8 v7 v6 v5 v4 v3 v2 v1 value

Table 5-71. RR Parameter

Parameter ID 0 1 0 0 0 0 1 1 RR

Parameter length 0 0 0 0 0 0 0 1

Parameter value v8 v7 v6 v5 v4 v3 v2 v1 value

Table 5-72. W1R Parameter

Parameter ID 0 1 0 0 0 1 0 0 W1R

Parameter length 0 0 0 0 0 0 0 1

Parameter value v8 v7 v6 v5 v4 v3 v2 v1 value
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Table 5-73. W2R Parameter

Parameter ID 0 1 0 0 0 1 0 1 W2R

Parameter length 0 0 0 0 0 0 0 1

Parameter value v8 v7 v6 v5 v4 v3 v2 v1 value

Table 5-74. RE Parameter

Parameter ID 0 1 0 0 0 1 1 0 RE

Parameter length 0 0 0 0 0 0 0 1

Parameter value v8 v7 v6 v5 v4 v3 v2 v1 value

Table 5-75. RL Parameter

Parameter ID 0 1 0 0 0 1 1 1 RL

Parameter length 0 0 0 0 0 0 0 1

Parameter value v8 v7 v6 v5 v4 v3 v2 v1 value

Table 5-76.  Timer T3 Parameter

Parameter ID 0 1 0 0 1 0 0 0 Timer T3

Parameter length 0 0 0 0 0 0 0 1

Parameter value v8 v7 v6 v5 v4 v3 v2 v1 value

Table 5-77.  Counter NL1 Parameter

Parameter ID 0 1 0 0 1 0 0 1 Counter NL1

Parameter length 0 0 0 0 0 0 0 1

Parameter value v8 v7 v6 v5 v4 v3 v2 v1 value

Table 5-78.  Timer TL3 Parameter

Parameter ID 0 1 0 0 1 0 1 0 Timer TL3

Parameter length 0 0 0 0 0 0 0 1

Parameter value v8 v7 v6 v5 v4 v3 v2 v1 value
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Table 5-79.  Timer TL4 Parameter

Parameter ID 0 1 0 0 1 0 1 1 Timer TL4

Parameter length 0 0 0 0 0 0 1 0

Parameter value v16 v15 v14 v13 v12 v11 v10 v9 value

v8 v7 v6 v5 v4 v3 v2 v1

Table 5-80. W1E Parameter

Parameter ID 0 1 0 0 1 1 0 0 W1E

Parameter length 0 0 0 0 0 0 0 1

Parameter value v8 v7 v6 v5 v4 v3 v2 v1 value

Table 5-81. W2E Parameter

Parameter ID 0 1 0 0 1 1 0 1 W2E

Parameter length 0 0 0 0 0 0 0 1

Parameter value v8 v7 v6 v5 v4 v3 v2 v1 value

Table 5-82. MG Parameter

Parameter ID 0 1 0 0 1 1 1 0 MG

Parameter length 0 0 0 0 0 0 0 1

Parameter value v8 v7 v6 v5 v4 v3 v2 v1 value

Table 5-83  Counter NL2 Parameter

Parameter ID   1     1     0      0         0      0      0     1 Counter NL2

Parameter length   0     0     0      0         0      0      0     1

Parameter value   v8    v7    v6     v5        v4     v3     v2    v1
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Table 6-1.  Subnetwork layer service system parameters for VDL Modes 1 and 2

Symbol Name Minimum Maximum Mode 1
standard

Mode 2
standard

T20 RESTART REQUEST response timer 1 s 300 s 180 s 180 s

T21 CALL REQUEST response timer 1 s 300 s 200 s 200 s

T22 RESET REQUEST response timer 1 s 300 s 180 s 180 s

T23 CLEAR REQUEST response timer 1 s 300 s 180 s 180 s

R20 RESTART REQUEST retransmission count 0 7 1  1

R22 RESET REQUEST retransmission count 0 7 1  1

R23 CLEAR REQUEST retransmission count 0 7 1  1

P Packet size 128 octets 2048 octets 256 octets 1024 octets

W Transmit window size 1 packet 7 packets 7 packets 7 packets

A Acknowledgment window size 1 packet 4 packets 4 packets 4 packets

LTC Lowest two-way channel 0 4095 1024 1024

HTC Highest two-way channel 0 4095 3071 3071

    Note._ P, W, A values define defaults. Other parameter values are preset and not negotiated. The packet size (P) and
window sizes (W, A) define defaults, and may be negotiated during call setup.

Table 6-2.  Facilities supported by the VDL Modes 1 and 2

Facility ISO 8208 Section

Packet retransmission 13.4

Nonstandard default packet sizes 13.9

Nonstandard default window sizes 13.10

Flow control parameter negotiation 13.12

Fast select 13.16

Fast select acceptance 13.17

Called line address modified notification 13.26

Called address extension 14.2
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Table 6-3.  Facilities not supported by VDL Modes 1 and 2

Facility ISO 8208 Section

Q-bit 6.6

Non-receipt of window rotation information 11.2

Window status transmission timer (Timer T24) 11.2.2

On line facility registration 13.1

Extended packet seq. numbering 13.2

D-bit modification 13.3

Reject response timer (Timer T27) 13.4.1

Incoming calls barred 13.5

Outgoing calls barred 13.6

One-way logical channel outgoing 13.7

One-way logical channel incoming 13.8

Default throughput classes assignment 13.11

Throughput class negotiation 13.13

Closed user group related facilities 13.14

Bilateral closed user group related facilities 13.15

Reverse charging 13.18

Reverse charging acceptance 13.19

Local charging prevention 13.20

Network user identification 13.21

Charging information 13.22

RPOA selection 13.23

Hunt group 13.24

Call redirection 13.25

Call redirection notification 13.27

Transit delay selection and indication 13.28

Calling address extension 14.1

Minimum throughput class negotiation 14.3

End-to-end transit delay negotiation 14.4

Expedited data negotiation 14.5
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Table 8-1. Source filtering squelch window matrix for 4-slot configurations

Airborne Receiver State Squelch Window (Note 1) Ground Receiver
State Squelch

Window (Note 1)

State
Message Type

TS1
(Note 2)

TS2
(Note 2, Note 3)

TS3 TS1
(Note 2)

Uplink voice -1 to +1 -33 to +1 Wide Open NA

Downlink voice: TS1 -2 to +4(n+1) -34 to +4(n+1) Wide Open -1 to +(4n+3)

Downlink voice: TS2 -2 to +4(n+9) -34 to +4(n+9) Wide Open -1 to +(4n+35)

Downlink voice: TS3 Wide Open
(Note 4)

Wide Open
(Note 4)

Wide Open Wide Open
(Note 4)

Note 1. Each squelch window is defined relative to the nominal burst time in symbols
Note 2. n = squelch window parameter
Note 3. If n  is unknown, then the default value is 6
Note 4. Receive any such message with “correct” group ID if not already receiving a voice message

Table 8-2. Source filtering squelch window matrix for 3-Slot configurations

Airborne Receiver State Squelch Window (Note 1) Ground Receiver
State Squelch

Window (Note 1)

State
Message Type

TS1
(Note 2)

TS2
(Note 2, Note 3)

TS3 TS1
(Note 2)

Uplink voice -1 to +1 -33 to +1 Wide Open NA

Downlink voice: TS1 -2 to +8(n+1) -34 to +8(n+1) Wide Open -1 to +(8n+7)

Downlink voice: TS2 -2 to +8(n+5) -34 to +8(n+5) Wide Open -1 to +(8n+39)

Downlink voice: TS3 Wide Open
(Note 4)

Wide Open
(Note 4)

Wide Open Wide Open
(Note 4)

Note 1. Each squelch window is defined relative to the nominal burst time in symbols
Note 2. n = squelch window parameter
Note 3. If n is unknown, then the default value is 7
Note 4. Receive any such message with “correct” group ID if not already receiving a voice message
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FIGURES FOR THE MANUAL ON VHF DIGITAL LINK (VDL) TECHNICAL SPECIFICATIONS

Figure 5-1. Link layer frame format for VDL Modes 1 and 2

* See also 5.3.3.3.1.

Note._ ISO 3309 states that a transmitter may include more than one frame in a single physical layer
transmission, with a single flag separating each frame.
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(Section 6.4.5 of Annex 10 Vol III, part 2, Chapter 6)

RU:  Ramp-up and power stabilization
RD:  Ramp-down
HD:  Header

a) Management (M) and V/D Bursts

5 16 N 5 16 8

User Information

Guard
M Burst V/D Burst

Guard

192
=  S *

30 or 40 ms

2 2

Synchronization Sequence

Symbol Periods

S
Syst
Data S2 HD

RU RURD RD

S  =  S2*  for uplink (Section 6.4.5.3.1.21);
        S1, S2*, or S1* for downlink (Section 6.4.5.4.1.21)
N  =  32 for uplink; 16 for downlink

RU:  Ramp-up and power stabilization
RD:  Ramp-down

Symbol Periods5 16 16 2

S
Syst
Data

RU RD

5 2

S
Syst
Data

RU RD

GuardGuard

5 16 16 2

S
Syst
Data

RU RD

5 16 16 2

S
Syst
Data

RU RD

GuardGuard

78 78 78 81 Symbol Periods

[Also for M(2) and M(3)]
Periods

30 ms

M Burst
(1)

M Burst
(2)

M Burst
(3)

M Burst
(4)

b) Four Management (M) Bursts (Downlink of 3T)

S  =  S1 or S1*  for M(1) (Section 6.4.5.4.1.21);
        S1, S2*, or S1* for M(2), M(3), and M(4)
                                       (Section 6.4.5.4.1.21)
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RU:  Ramp-up and power stabilization
RD:  Ramp-down

c)  Management (M) and Handoff Check Message (H) Bursts (Uplink of 3T)

M Burst H Burst
GuardGuard

5 16 128 2

Synchronization Sequence

S2* System Data
RU RD

5 16

Handoff Check
     Message

40

30 ms

2 Symbol Periods

S2*

RU RD

(Section 6.4.5.3.1.2 of Annex 10 Vol III, part 2, Chapter 6)

1.  Sections referred to in this figure are in Annex 10 Vol. III, part 2, Chapter 6.

Figure 5-2.  TDMA Bursts and Slot Components
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c) Long Range Configurations (Section 5.5.2.4)

b) Normal Range 3T Configuration (Section 5.5.2.4)

Even frame (120 ms)
ms)

slot A slot B slot C slot D slot A slot B slot C slot D

Odd frame (120 ms)
ms)

   M
Burst

  V/D
Burst

   M
Burst

   M
Burst

   M
Burst

   M
Burst

   M
Burst

   H
Burst

   M
Burst

  V/D
Burst

Slots B and D are the same as Slot C

a) Normal Range Non-3T Configurations (Section 5.5.2.4)

Even frame (120 ms)
ms)

Odd frame (120 ms)
ms)

Slot
30 ms

V/D
Burst

M
Burst

slot A slot B slot C slot D slot A slot B slot C slot D

Slot
40 ms

V/D
Burst

M
Burst

slot A slot B slot C slot A slot B slot C

Even frame (120 ms)
ms)

Odd frame (120 ms)
ms)

Even frame (120 ms)
ms)

Odd frame (120 ms)
ms)

slot A slot B slot C slot D slot A slot B slot C slot D

   M
Burst

  V/D
Burst

   M
Burst

   M
Burst

   M
Burst

   M
Burst

   M
Burst

   H
Burst

   M
Burst

  V/D
Burst

Slots B and D are the same as Slot C

MAC cycle (240 ms)
ms)

Slots B, C, and D are the same as Slot A

Slots B and C are the same as Slot A

Figure 5-3.  TDMA System Time Scale Hierarchy
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First bit
trans-
mitted

↓

Bit Number

Description Octet 1 2 3 4 5 6 7 8

FCS/Aircraft 1 Aircraft Station Address

Address 2 XOR

Field 3 24-bit FCS

Link Control 4 Address Type Priority Frame Type

Data Control 1 5 Ground Subnetwork Address DL [MSB]

Data Control 2 6 Data Length (DL) [LSB], N

Information 7..N+6 User Data

Figure 5-4.  DLS Sublayer Frame Format

Link Control Field Bit Encoding

Frame Type 4 5 6 7 8

Data Frame INFO (Information) Priority 0 0

Management CTRL_CMD (Control
Command)

1 1 1 0 1

  Frames CTRL_RSP (Control Response) 1 1 1 1 1

ACK (Acknowledge) 1 1 1 1 0

Figure 5-5.  VDL Mode 3 Link Control Field

1 2 3 4 5 6 7 8
Type-specific Info Type

BIT PROTOCOL
0000 ISO8208
0001 ISO8473
0010 - 1111 Reserved

Figure 6-1.    Payload octet



DRAFT

ATTACHMENT J

Validation of the draft VDL Mode 3 SARPs

1. Introduction

1.1  Task of Working Group D and Pre-Validation SubGroup (PVSG)

ICAO AMCP Working Group D has been developing draft Standards and Recommended
Practices (SARPs) and guidance material for VHF digital link (VDL) Mode 3.  Significant progress
has been made.  This has led to the next stage of SARPs development—validation.  It is
recommended that the validation activity be put under the control of the Configuration Control Board
(PVSG).  The PVSG will start with the draft VDL Mode 3 SARPs (version 1.4) as a basis for
validation.

1.2 Purpose

The purpose of the validation activity under the PVSG is to coordinate and support the
international efforts on validation of the VDL Mode 3 SARPs.

2. Approach to Validation

2.1 General

The draft VDL Mode 3 SARPs has been developed to meet a set of system requirements and
desirable features.  SARPs are necessary to achieve interoperability between key elements of the
system, interoperability between equipment from different manufacturers, and the system’s external
interfaces as well.  Successful validation will ensure that these SARPs are complete, correct, and
unambiguous.

The Mode 3 validation will closely follow those approaches used in the validation of both the
aeronautical mobile satellite service (AMSS) SARPs and VDL Mode 1 & 2 SARPs.  The validation
process is well described in a paper produced in the Mode 1 & 2 SARPs validation process [1].   Main
features applicable to Mode 3 are to 1) keep the draft SARPs under strict configuration management,
2) identify problems and propose them for change, 3) maintain SARPs Validation Cross Reference
Index (VCRI)—a table form of database showing validation methods for each requirement specified
in the draft SARPs, and 4) place the validation plan under PVSG control.

2.2 Validation Methods

Several validation methods were used and proven effective in previous validation efforts for
AMSS and VDL Modes 1 and 2.  Six specific methods were proposed for validating the Mode 3
SARPs in a recent AMCP Working Group D meeting [2].  These are summarized below:

Inspection (I):  Validation by common technical knowledge or comparison with information
based on another document.
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Analysis (A):  Validation by logical or mathematical methods, or by the manipulation of
collected data in order to draw conclusions about the behavior of a system or subsystem that is
not directly observed.

Simulation (S):  Validation by construction and execution of a computer software model of the
system or subsystem.

Test (T):  Validation by the collection of data by the FAA or contractors using specified test
procedures, equipment, and scenarios.  Testing consists of three categories:

Unit test (UT).   Validation on the basis of prototype or pre-production equipment at
equipment  level against relevant SARPs requirements.

Integration test (IT).  Validation on the basis of an integrated system.  An integration test
may include avionics on the ground but does not involve flight.

Flight test (FT).   Validation on the basis of testing equipment and system in a real (or
close to real) operational environment.

Monitoring (MN):  Validation by observation of the system or subsystem during operation by
users, e.g., by commercial airlines.

Manufacturers’ Data (MD):  Validation by evaluating manufacturer’s test data and test
conditions or existing equipment certification documentations against specific standards.

The validation of a requirement can be accomplished by one or more of the above methods. It
is useful to develop a VCRI table to check the status of each requirement.  Appendix A shows a VCRI
developed for validation of Mode 3 SARPs.  The VCRI consists of every SARPs requirement
identified by paragraph number, against which the techniques used for validation are shown.

3. Validation Process

A validation plan is required to identify the different tasks that need to be performed, the level
of effort required, participants, and the validation schedule.  It is suggested that the PVSG should
assume the responsibility of validation at the appropriate time.  Ideally, validation of each requirement
of the draft SARPs should be performed by at least two (independent) participants.  This way, if the
results agree, it lends more credibility to the results.  If the results disagree, the PVSG can attempt to
resolve the differences.
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3.1 Validation Activity Under PVSG

The PVSG has been responsible for configuration management of the Mode 3 SARPs change
control process.  Under the proposal that the validation activity is controlled by PVSG, the validation
process will closely follow the management control process outlined in [3], which contains
procedures for configuration management, change proposal formats, distribution of change proposals
for review, and change proposal approval.

3.2 Validation Schedule

All the SARPs requirements are planned to be validated using those methods described in
Section 2.2.  Validation starts with Inspection and Analysis based on existing ICAO AMCP and
RTCA working papers.  These working papers have been developed by two different Working
Groups (WGs):  ICAO AMCP WG-D and RTCA SC172 WG2 (referred to as AMCP and RTCA,
respectively, hereafter).  Inspection and analysis have largely been done using these working papers.
For simulation and testing, a number of simulation procedures and test procedures are proposed as
described in Section 3 and Section 4 of the Work Plan.  The schedule for validation using these
methods are shown in the form of a Gantt chart in Section 5 of the Work Plan.  The other two
methods—Monitoring and Manufacturer’s Data—are also shown in the chart but without their
schedule due to lack of information on them.

4. Validation Results

The validation results should be documented by recording the progresses made by the
application of different validation methods.  These documents may include the Validation Cross
Reference Index (VCRI), reports on the application of each method, history of change requests, and
versions of draft SARPs under configuration control.

5. Validation Work Plan

The attached validation work plan for VDL Mode 3 is proposed as a document to be
maintained by the PVSG through the validation phase.  It will provide the vehicle to record and track
past progress as well as to identify future work items for participants.
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Validation Work Plan for VDL Mode 3

Section 1.  VCRI and Record of Validated SARPs Requirements

Section 2.  Index of Work Relevant to Validation

Section 3.  Simulation Procedures and Scenarios

Section 4.  Test Procedures and Scenarios

Section 5.  Schedule and Action Items

Section 6.  Records of Change Requests
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Section 1.  VCRI and Record of Validated SARPs Requirements

The VCRI identifies the techniques to be used for validating every requirement of the Mode 3 SARPs.
Each validation method is identified by one or two letters as shown below:

I Inspection

A Analysis

S Simulation

T Test

Test consists of three different categories:

• UT (Unit test)

• IT (Integration test)

• FT (Flight test)

MN Monitoring

MD Manufacturer’s Data

In the VCRI table shown in this section (Table 1-1), underlines associated with particular validation
method(s) mean “completed.”  (No underline means just “planned” at the present time.)  AMCP and
RTCA Working Papers relevant to individual requirements are grouped by index Ni, i = 1, 2, …, 24
as shown in Section 2.  Simulation and test procedures are given in Section 3 and Section 4,
respectively.

Inspection, analysis, simulation, and test are indicated in the VCRI table using notations and formats
shown in the examples below:

Examples of notations:
I: Inspection completed
A(N2): Analysis completed using references (Working Papers) referred to by index N2.
S(S1): Simulation planned using simulation procedure S1.
T(FT3): Test planned using flight test procedure FT3.
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Table 1-1.  Mode 3 SARPs Validation Cross Reference Index (VCRI)

DEFINITIONS AND SYSTEMS CAPABILITIES (SARPS SECTION 1)

Paragraph
Number

Requirement   Validation method(s)

1.1 Definitions. N/A

1.2 Acronyms and abbreviations N/A

                1.5.7 Automated Handoff I

1.5.8 Voice I

1.6 Modes of Operation I

PHYSICAL LAYER PROTOCOLS AND SERVICES (SARPS SECTION 2)

Paragraph
Number

Requirement   Validation method(s)

2.5. Definition for Mode 3 (TDMA) N/A

2.5.1 Modulation Scheme I, A(N1), T(UT1)

2.5.2 Modulation Rate I, A(N2)

2.5.3 Management (M) Burst Uplink I

2.5.3.1 Training Sequence I, A(N3)
2.5.3.1.1 Transmitter Ramp-up and Power Stabilization I, A(N4)
2.5.3.1.2 Synchronization and Ambiguity Resolution I

2.5.3.2 System Data I, A(N5)

2.5.3.3 Transmitter Ramp-Down I, A(N4)

2.5.4 Management (M) Burst Downlink I

2.5.4.1 Training Sequence I

2.5.4.1.1 Transmitter Ramp-up and Power Stabilization
                                         (Same as 2.5.3.1.1)

I, A(N4)

2.5.4.1.2 Synchronization and Ambiguity Resolution I

2.5.4.2 System Data I

2.5.4.3 Transmitter Ramp-D        (Same as 2.5.3.3) I, A(N4)

2.5.5 Voice or Data (V/D) Burst I

2.5.5.1 Training Sequence I

2.5.5.1.1 Transmitter Ramp-up and Power Stabilization
                                         (Same as 2.5.3.1.1)

I, A(N4)
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2.5.5.1.2 Synchronization and Ambiguity Resolution I

2.5.5.2 Header I, T(UT2)

2.5.5.3 User Information I, T(UT2)

2.5.5.4 Transmitter Ramp-Down     (Same as 2.5.3.3) I, A(N4)

2.5.6 Interleaving N/A

 2.5.7 Bit Scrambling I

LINK LAYER PROTOCOLS AND SERVICES  (SARPs Section 3)

Paragraph
Number

Requirement   Validation method(s)

3.5 MAC Sublayer (Mode 3) I, A(N6)

3.5.1 MAC Services N/A

3.5.1.1 Multiple Access I

3.5.1.2 Channel Occupancy I

3.5.2 MAC Protocol Framework A(N7)

3.5.2.1 Timing Structure I

3.5.2.1.1 TDMA Frame I

3.5.2.1.2 Time Slot I

3.5.2.1.3 Bursts I, A(N8)

3.5.2.2 System Data and Header Field Formats I, A(N9)

3.5.2.3 User Groups I

3.5.2.4 System Configurations
(for 2V2D and 3T configurations)

I, A(N10), S(S1)

3.5.2.5 Media Access Control Cycle I, A(N11), S(S1)

3.5.2.5.1 Logical Burst Access Channels I, S(S1)

3.5.2.5.2 Burst Access Timing I, S(S1)

3.5.3 Airborne MAC Service System Parameters I, A(N12), S(S3)

3.5.3.1 Parameter t (Truncation) I, T(FT3)

3.5.3.2 Parameter f (Free Running) I, T(FT3)

3.5.3.3 Counter NM1 (Maximum Retry) I, S(S3)

3.5.3.4 Parameter p (Persistence) I, S(S3)

3.5.3.5 Counter M1 (Maximum Number of Access
Attempts)

I, S(S3)

3.5.4 Description of Procedures I

3.5.4.1 Timing Acquisition and Maintenance A(N13)
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3.5.4.1.1 Primary Timing Reference I, T(T3)

3.5.4.1.2 Alternate Timing Reference I, T(T3)

3.5.4.1.3 Coast Timing Counters I, A(N14), T(FT3)

3.5.4.1.4 Timing States I, A(N15), T(FT3)

3.5.4.1.5 Timing State Transitions I, T(FT3)

3.5.4.2 Voice Operation Support I, T(FT3)

3.5.4.3 Link Management Support N/A

3.5.4.3.1 Polling I

3.5.4.3.2 Net Entry Request Message I, S(S4)

3.5.4.3.3 Initial Poll Response Message I, S(S4)

3.5.4.3.4 Leaving Net Message I

3.5.4.4 Data Operation Support N/A

3.5.4.4.1 Segmentation Function I, S(S1)

3.5.4.4.2 Uplink Data Transfer I, S(S1)

3.5.4.4.2.1 Acknowledgment Protocol I, S(S1)

3.5.4.4.3 Downlink Data Transfer N/A

3.5.4.4.3.1 Data Transfer I

3.5.4.4.3.2 Assemble Message for MAC Data Transfer I, S(S1)

3.5.4.4.3.3 Request a Reservation I, S(S1)

3.5.4.4.3.4 Reserva-tion Request Retransmission I, S(S1)

3.5.4.4.3.5 Reservation Confirmation Indication I, S(S1)

3.5.4.4.3.6 Acknowledgment Protocol I, S(S1)

3.5.4.5 Automated Handoff for 3T Configuration I, T(FT4)

3.6 Data Link Services (DLS) (Mode 3) A(N16)

3.6.1 Services I

3.6.1.1 Frame Sequencing                       (Mode 2) I, S(S1)

3.6.1.2 Error Detection                           (Mode 2) I

3.6.1.3 Address Identification                 (Mode 2) I

3.6.1.3.1 Address Uniqueness                   (Mode 2) I

3.6.1.3.2 Broadcast Addressing                 (Mode 2) I

3.6.1.4 Data Transfer                     (Modes 2 & 3) I, S(S1)

3.6.2 Mode 3 Data Link Service Protocol
Specification

N/A

3.6.2.1 Frame Format I

3.6.2.2 Address Field I

3.6.2.2.1 Address Type I

3.6.2.2.2 Command/Response C/R Status Bit I
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3.6.2.2.3 Aircraft Station Address I

3.6.2.3 Control Field I, S(S1)

3.6.2.4 Information Field I, S(S1)

3.6.3 Data Link Service System Parameters I, S(S1)

3.6.3.1 Timer T1 (Delay Before Retransmission) I, S(S1)

3.6.3.2 Timer T2 (Delay Before Acknowledgment) I, S(S1)

3.6.3.3 Timer T3 (Link Initialization Time) I, S(S1)

3.6.3.4 Parameter N1 (Maximum I Frame Size) I, S(S1)

3.6.3.5 Counter N2 (Maximum Number of
Retransmissions)

I, S(S1)

3.6.3.6 Parameter K (Window Size) I, S(S1)

3.6.4 Description of Procedures I

3.6.4.1 Modes of Operation N/A

3.6.4.1.1 Operational Mode                       (Mode 2) I, S(S1)

3.6.4.1.2 Non-Operational Mode               (Mode 2) I, S(S1)

3.6.4.1.3 DISC PDU I, S(S1?)

3.6.4.2 Use of the P/F Bit                       (Mode 2) I, S(S1)

3.6.4.2.1 Numbered Frames                      (Mode 2) I, S(S1)

3.6.4.2.2 Info Frames                                (Mode 2) I, S(S1)

3.6.4.2.3 Unnumbered Frames                  (Mode 2) I, S(S1)

3.6.4.3 Broadcast  (Mode 2: 1st sentnc of Sec 3.3.9 I, S(S1?)

3.6.4.4 Information Transfer I, S(S1)

3.6.4.4.1 Transmission Queue Management I, S(S1?)

3.6.4.4.2 REJ DPDU   Discrepancy with Sec 3.3.10.2 I, S(S1)

3.6.4.4.3 Resetting       Sec 3.3.11 does not exist I, S(S1?)

3.7 Link Management Entity (LME) Sublayer
(Mode 3)

N/A

3.7.1 Services I

3.7.2 Operation Procedures I

3.7.2.1 Link Establishment I, A(N5)

3.7.2.1.1 Net Initialization I

3.7.2.1.2 Net Entry I, S(S4)

3.7.2.2 Link Release N/A

3.7.2.2.1 Explicit Link Release I , T(FT5)

3.7.2.2.2 Implicit Link Release I

3.7.2.3 Handoff I, S(S5) , T(FT1), T(FT2)

3.7.2.3.1 Same GNI I, S(S5) , T(FT1)
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3.7.2.3.2 Different GNI I, S(S5) , T(FT2)

3.7.2.4 Recovery I, S(6)

3.7.2.5 Link Negotiation and Modification

3.7.3 Link Management Frames I, S(?)

3.7.3.1 M Burst Message Format     (P: partially) I, S(S1)(P)

3.7.3.2 LME Service System Parameters. I, S(S2)

3.7.3.2.1 Counter NL1 (Maximum Net Entry Request
Retry)

I, S(S2)

3.7.3.2.2 Counter NL2 (Polling Reply Counter) I, S(S2)

3.7.3.2.3 Timer TL1 (Net Entry Request Timer) I, S(S2)

3.7.3.2.4 Timer TL3 (Disconnect Delay Timer) I, S(S2)

3.7.3.2.5 Timer TL4 (Polling Interval) I, S(S2)

3.7.3.3 Exchange Identity (XID) Parameter Format. I

3.7.3.3.1 Public Parameters I

3.7.3.3.1.1 Timer T1 (Delay Before Retransmission) I

3.7.3.3.1.2 Timer T2 (Delay Before Acknowledgment) I

3.7.3.3.2 Private Parameters I

3.7.3.3.3 General Purpose Information Private
Parameters

I

3.7.3.3.3.1 Parameter Set Identifier I

3.7.3.3.3.2 XID Sequencing I

3.7.3.3.4 Aircraft-initiated Information Private
Parameters

N/A

3.7.3.3.4.1 Modulation Support                      (Mode 2) I

3.7.3.3.5 Ground-initiated Modification Private
Parameters

N/A

3.7.3.3.5.1 MAC Persistence  (Mode 2, Sec 3.7.3.3.5.1) I

3.7.3.3.5.2 M1 Counter (Maximum Number of Access
Attempts).            (Mode 2, Sec 3.7.3.3.5.2)

I

3.7.3.3.5.3 Parameter t (Truncation) I

3.7.3.3.5.4 Parameter a (Alternate Timing) I

3.7.3.3.5.5 Counter NM1 (Maximum Retry) I

3.7.3.3.5.6 Timer T3 (Link Initialization Time) I

3.7.3.3.5.7 Counter NL1 (Maximum Net Entry Request
Retry)

I

3.7.3.3.5.8 Timer TL1 (Net Entry Request Timer) I

3.7.3.3.5.9 Timer TL3 (Disconnect Delay Timer) I
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3.7.3.3.5.10 Timer TL4 (Polling Interval) I

3.7.3.3.5.11 Algorithm Version Number I

3.7.3.3.6 Ground-initiated Information Private
Parameters

I

3.7.3.3.6.1 Counter NL2 (polling reply) I
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SUBNETWORK LAYER PROTOCOLS AND SERVICES (SARPS SECTION 4)

Paragraph
Number

Requirement   Validation method(s)

4.7 Subnetwork Layer (Mode 3) A(N17)

4.7.1 Architecture I

4.7.2 Services I

4.7.2.1 Subnetwork Connection Management I

4.7.2.2 Packet Fragmentation and Reassembly I

4.7.2.3 Error Recovery I

4.7.2.4 Connection Flow Control I

4.7.2.5 Supported Optional User Facilities I, A(N18)

4.7.3 Packet Format I

4.7.3.1 Calling and Called DTE Addresses I

4.7.3.2 Data Packet Format I

4.7.4 Subnetwork Layer Service System Parameters I

4.7.5 Description of Procedures I

4.7.5.1 Connection Establishment N/A

4.7.5.1..1 Ground Originated Request I

4.7.5.1.2 Aircraft Originated Request I

4.7.5.2 Data Transfer I

4.7.5.2.1 Ground Originated Packet I

4.7.5.2.2 Aircraft Originated Packet I

4.7.5.2.3 Acknowledgment I

4.7.5.2.4 Data Flow/Congestion Control I

4.7.5.3 Connection Release N/A

4.7.5.3.1 Ground Originated Connection Release I

4.7.5.3.2 Aircraft Originated Connection Release I
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VOICE UNIT (SARPS SECTION 6)

Paragraph
Number

Requirement   Validation method(s)

6.1 Services A(N19)

6.1.1 Priority Access

6.1.2 Message Source Identification

6.1.3 Coded Squelch

6.2 Speech Encoding

6.2.1 Speech Encoding Algorithm                 [TBD] A(N20)

6.2.2 FEC Protection for Encoded Speech    [TBD]

6.2.3 Voice Burst Framing

6.3 Parameters

6.3.1 Group ID

6.3.2 Squelch Window

6.3.3 Algorithm Version Number                  [TBD]

6.4 Description of Procedures N/A

6.4.1 Link Establishment N/A

6.4.1.1 Link Initialization.

6.4.1.2 Net Entry

6.4.2 Timing

6.4.2.1 Transmit Delay

6.4.2.2 Receive Delay

6.4.3 Voice Transmit Function

6.4.3.1 Demand-Assigned Circuits

6.4.3.2 Vocoder Processing A(N21)

6.4.3.3 Access Pre-emption

6.4.4 Voice Receive Function N/A

6.4.4.1 Pre-processing A(N21)

6.4.4.1.1 Aircraft Originated Connection Release

6.4.4.1.2 Vocoder Processing

6.4.4.1.3 Source Identification

6.4.4.2 Voice Synthesis A(N22)
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Format and Usage of the System Data and Header Segments  for Mode 3 Operation (SARPs
Appendix F)

Paragraph
Number

Requirement   Validation method(s)

F.1 M Burst N/A

F.1.1 Standard and 3S Configurations M Uplink
System Data Segment (Generic Elements)

F.1.1.1 Message ID

F.1.1.2 System Configuration

F.1.1.3 Voice Signal

F.1.1.4 Aircraft ID (Poll)

F.1.1.5 Slot ID

F.1.1.6 Ground Station Code

F.1.1.7 Squelch Window

F.1.2 Normal Message

F.1.2.1 Reservation Response

F.1.3 Net Entry Response Message

F.1.4 Next Net Command Message

F.1.4.1 Next Net

F.1.4.2 Local User ID

F.1.4.3 Net Type T(FT5)

F.1.5 Recovery Message

F.1.6 Handoff Check Message

F.1.6.1 Adjacent Frequency

F.1.7 3-T Config M Uplink System Data Segment
(Generic Elements)

T(FT4)

F.1.8 M Downlink System Data Segment (Generic
Elements)

F.1.9 Net Entry Request Message

F.1.10 Reservation Request Message A(N23)

F.1.10.1 Number of Slots Requested

F.110.2 Data Message Priority

F.1.10.3 Voice Request

F.1.11  Acknowledgment Message

F.1.11.1 N(R)

F.1.12 Leaving Net Message

F.1.13 Initial Poll Response Message
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F.2 V/D Burst

F.2.1 V/D (Voice) Burst Header Segment

F.2.1.1 Message ID

F.2.1.2 EOM

F.2.2 V/D (Data) Burst Header Segment

F.2.2.1 Segment Number

F.2.3 Recovery Data Frame

F.2.3.1 Recovery Message ID

F.2.3.2 IDRP Hold Time
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Section 2.  Index of Work Relevant to Validation

Working Papers (and flimsies) relevant to individual requirements are grouped by index Ni, i  = 1, 2,
…, 24.  AMCP and RTCA represent ICAO AMCP WG-D and RTCA SC172 WG2, respectively.

VCRI
Index
Label

Document Title RTCA
#

AMCP #

N1 VHF Time Division Multiple Access Radio Prototype D3/WP27
ENRI’s Plan of D8PSK Radio D4/WP7

VDL TDMA Mode Radio Prototype Design and Performance
Measurements

D4/WP23

Cochannel Interference Performance of the VDL Physical Layer D4/WP24
Very High Frequency (VHF) Propagation Characteristics D5/WP14
Cochannel Interference Performance of VDL D5/WP15
VDL Waveform Interference Effects on the Existing DSB-AM
System

D5/WP20

VHF Channel Propagation Measurements D6/WP4
Physical Layer Test Procedures for VDL WP180 D7/WP19
Modelling of Multipath and Ducting Effects in VHF Propagation
Channel for Aeronautical Mobiles

D7/WP27

Revised MASPS Chapter 3 for CSMA WP105
Proposal to Optimize the Current Modulation "8-DPSK" WP138
Preliminary Notes on the Phase Mask of Table 3-3 of the VDL
MASPS (Change No. 1 to RTCA/DO-224)

WP208

N2 VDL Mode 3 Timing Tolerance D7/WP16

Physical Layer Test Procedures for VDL WP180 D7/WP19

N3 More VDLT Timing Issues WP164
Comments on VDL Receiver Performance Testing WP167

N4 VDLT Prototype Ramp-Up/Ramp-Down Performance WP143 D6/WP3
VDL Ramp-up and Power Stabilization Trade-offs WP177 D7/WP20
ACI Characteristics in Mode 3 and VDLT Ramp Up/Receiver
AGC During Training Sequence

WP154

VDL Ramp and Power Stabilization Time WP162
Action Item 045 WP205
A Fax Sheet On MASPS Transmitter Power (?) WP210

N5 Management Channel Integrity For VDL Mode 3 (TDMA) WP115 D6/WP25
N6 Proposed Near-Term VDL Mode 3 Simulation Plan WP197
N7 VDL TDMA Mode Radio Prototype Design and Performance

Measurements
D4/WP23

VDL TDMA radio System D6/WP18
VDL/TDMA MAC Performance Enhancements and Simulation WP196 D7/WP22
VDLT Performance Enhancements WP182

N8 Management Channel Integrity For VDL Mode 3 D6/WP25
Management Channel Integrity for VDL Mode 3 (TDMA) WP115
VDLT Ground Timing Requirements WP134
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Aeronautical Path Loss Modeling Considering Earth Reflections WP169
N9 Sample VDL TDMA Transmissions WP146 D6/WP38

More VDLT Timing Issues WP164
N10 Some Aspects of VDL TDMA Performance for A/G Data

Communications
WP110 D4/flimsy 7

Recent VDL/TDMA Performance Simulation and Analysis for
A/G Data Communications Briefing

D5/WP19

Residual VDL TDMA Timing Issues WP194
N11 Some Aspects of VDL TDMA Performance for A/G Data

Communications
WP110 D4/flimsy 7

Recent VDL/TDMA Performance Simulation and Analysis for
A/G Data Communications Briefing

D5/WP19

N12 VDLT Truncated Voice Mode D3/WP17
VDL Mode 3 Timing Tolerance D7/WP16

Residual VDL TDMA Timing Issues WP194
N13 Proposed Approach for VDL TDMA Timing WP165 D6/WP19

VDL TDMA Timing Rules WP179 D7/WP14
Leap Seconds and VDLT Timing WP163 D7/WP15
Simulation Study And Analysis Of The TDMA System
Capabilities Considering The ATS Traffic Model

D7/WP55

Presentation on Timing and Synchronization Concepts for the
VDLT System

WP114

VDLT Ground Timing Requirements WP134
VDLT External Interface WP135
VDLT Timing Procedures WP136
VDLT Timing Maintenance WP137
VDL TDMA Timing Issues WP141
VDL/TDMA Voice Operating Concept Re: Timing WP159
Timing Considerations for Free Running and Coast/Truncate
VDLT

WP186

Leap Seconds and VDL TDMA Timing WP190
N14 Residual VDL TDMA Timing Issues WP194
N15 VDLT Truncated Voice Mode D3/WP17

VDLT Timing Maintenance WP137
Residual VDL TDMA Timing Issues WP194

N16 Proposed Near-Term VDL Mode 3 Simulation Plan WP197
N17 A Proposal to Allow Direct Access to VDLT by Application

Process
WP108

The VDL/ATN Interface WP187
CLNP Compression in VDL Mode 3 WP207

N18 Supporting Priority Service in VDL Mode 3 D3/WP20
VDL SARPs Message Priorities D3/WP26
A Proposed VDL Mode 3 Data Link Layer Priority
Implementation

D4/WP30

Definition of Priority Categories within the ATN Internetwork D5/WP2
N19 Vocoder Selection Considerations D2/WP4

Vocoder Coding Schemes for Radio Mobile Applications D2/WP10
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Vocoder Requirements and Testing Criteria D2/WP11
Vocoder Standards Overview D2/WP13
Investigations Into The Operational Effects Of The VDL Mode 3
Voice Throughput Delay

D7/WP53

Investigation Of Influences On ATC Communications By The
Delay Time Generated In Voice Communications Using VDL

D7/WP59

N20 Eurocontrol Contribution to Vocoder Selection D4/WP8
UK Assessment of Vocoder Threshold Scores for DRT and
ATC-DAM

D4/WP21

Status of Vocoder Testing at the FAA Technical Center D4/WP27
Vocoder Communicability Test Procedures D4/WP28
Timing Delay Information for Candidate Vocoders D4/WP29
Evaluation of Speech Coders in Aeronautical Environments D4/WP34
Vocoder Selection D5/WP24
Vocoder D5/WP25
Vocoder Selection Criteria D5/WP28
Vocoder development in Japan D5/WP29
Recordings of Special Conditions That Could Affect Voice
Quality of the VDL/TDMA Link

WP145 D6/WP5

Overview Of Vocoder Plans, Testing & Status For VDL WP188 D7/WP10
Low Delay Coding Of Speech D7/WP54
Eurocontrol Vocoder Intelligibility Testing D7/WP57

N21 VDLT Truncated Voice Mode D3/WP17
N22 UK Ground Infrastructure Requirements for Vocoders D4/WP22

Timing Delay Information for Candidate Vocoders D4/WP29
VDL TDMA radio System D6/WP18

N23 Supporting Priority Service in VDL Mode 3 D3/WP20
VDL SARPs Message Priorities D3/WP26
A Proposed VDL Mode 3 Data Link Layer Priority
Implementation

D4/WP30

Definition of Priority Categories within the ATN Internetwork D5/WP2
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Section 3.  Simulation Procedures and Scenarios

Two simulation models are to be used as part of the VDL/3 validation effort.  One is a subnetwork
model which contains only lower layer protocols specific to the VDL/3 (i.e., MAC, DLS, LME, and
partial physical layer).  The integrated model includes all higher layer protocols up to the application
to allow validation of connection management functions.  Simulation tasks are numbered S1, S2, etc.
This notation appears in the VCRI to indicate the simulation activity applicable to each SARPs
requirement.

General guidelines:

Running the simulation requires specific input parameters and data.  These include primarily system
configurations, number of aircraft per user group,  traffic model, traffic intensity, and interarrival time
of aircraft into and out of the ground station’s service volume.  Depending on the system
configuration, simulations are performed to obtain statistics for different (mean) aircraft counts per
user group.  Details of input parameters and data are described below:

• Number of aircraft per user group: 30 to 60 for 2V2D, and 30 to 180 for 3T.  Examples:  30, 40,
60, and 80.

 

• System Configurations: 2V2D, 3T
 

• The AMCP WG D has adopted a traffic model for simulation efforts as summarized in Table 3-1.
Note that the combined uplink and downlink A/G data link traffic in Table 3-1 is used as a
reference point of a Load Factor of 1.   The Load Factor and number of aircraft served per channel
are the parameters that are varied to assess capacity.

 



version 2.0  March 1998

20

 Table  3-1.  VDL  Data Link Message Traffic Assessments

 

 

   Message  
Distribution

Priority

Uplink Downlink

Notes:  1.  Rates are in number of messages per second per aircraft 
             2.  31 octets of protocol header added to each message in simulation 
             3.  Each message is acknowledged at Data Link Sublayer except broadcast 
             4.  ack of uplink message uses downlink M subchannels, ack of downlink  
                  message requires 8 octet conveyed in the V/D (data) subchannels 
             5.  Broadcast service provided for constant uplink messages  
             6.  Periodical fixed size downlink meteorological observations      
             7.  All traffic collectively represents a Load Factor of 1

     average  
 mesage rate 
in steady sate

  average  
    size 
   in bits

High

Low

Low

Medium

0.017

 0.0017

0.001

0.017

0.002

0.024

0.0008

2400 2400

137

3325

110

100

     Constant  
  (Notes 5 & 6) 17600.0033

     average  
 message rate 
in steady state

  average  
    size 
   in bits

Exponential 
inter-arrival 
with Poisson 
message size

198

*  A Proposed VDLT Traffic Model for Capacity Simulation, AMCP/WG-D/5 WP-16, 1996 

 

 

• Traffic intensity:  Traffic intensity depends on the number of aircraft as well as packet arrival rate.
For a fixed number of aircraft (e.g., 30, 40, 60, 80, or 180), the packet arrival rates of the traffic
data are scaled by varying the Load Factor.  Thus each Load Factor defines one set of packet
arrival rates.  The simulation model is then run for all of these different sets of packet arrival rates.
Load Factors of 0.2 to 8 (including 1.0) are used.

 

• Interarrival time of aircraft into and out of the ground stations service volume:  Aircraft mobility
could be implemented with quasi-stationary aircraft movement where each aircraft is placed at a
fixed number of positions along a flight path.  Aircraft positions and movement (in time) are given
in flight files.  Interarrival time between arrival/departure into and out of the ground stations
service volume is related to the number of aircraft to be reached (in steady state).  Flight files
should assume exponentially distributed interarrival time for service volume entry/exit.
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Simulation scenarios

Individual simulation scenarios described below will use specific values (or a range of values) for a
specific parameter specified in the VDL SARPs to validate that  parameter.  The first four scenarios
(S1, S2, S3, and S4) can be run with the subnet simulation model, whereas the last two (S5 and S6)
require the integrated model.  For each of these scenarios, simulation will be run and appropriate
output statistics will be gathered.  These include  end-to-end (ETE) delay, number of transmitted
packets and successfully received packets, number of retransmissions (e.g., packet counts for 1, 2, 3,
and 4 retransmissions), channel throughput, message rate/priority, M channel overhead, etc.

1) Simulation 1 (S1):  DLS system parameters of SARPs Table 3-57 (T1, T2, T3, N1, N2, and K)

Objective: Derive optimum default DLS system parameters for nominal operating conditions.
Conditions: Configurations - 2V2D and 3T

Number of aircraft - 30 for 2V2D and 80 for 3T
Traffic intensity - load factor of 1.0

Procedures:
a) Vary T1 (minimum, default, and maximum) while keeping other parameters at default values.
b) Vary T2 (min, default, and max) while keeping other parameters at default values.
c) Vary T3 (min, default, and max) while keeping other parameters at default values.
d) Vary N1 (min, default, and max) while keeping other parameters at default values.
e) Vary N2 (min, default, and max) while keeping other parameters at default values.
f) Vary N3 (min, default, and max) while keeping other parameters at default values.

2)  Simulation 1 (S2):  LME system parameters of SARPs Table 3-58 (NL1, NL2, TL1, TL3, and
TL4)
Note:  Newly proposed changes (i.e., CP 82 and CP 87) will affect these parameters.  Specifically,
TL1 is removed and three new parameters (W1E, W2E, and TG5) are added.

Objective: Derive optimum default LME system parameters for nominal operating conditions.
Conditions: Configurations - 2V2D and 3T

Number of aircraft - 30 for 2V2D and 80 for 3T
Traffic intensity - load factor of 1.0

Procedures:
a) Vary NL1 (min, default, and max) while keeping other parameters at default values.
b) Vary NL2 (min, default, and max) while keeping other parameters at default values.
c) Vary TL1 (min, default, and max) while keeping other parameters at default values.
d) Vary TL3 (min, default, and max) while keeping other parameters at default values.
e) Vary TL4 (min, default, and max) while keeping other parameters at default values.
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3)  Simulation 3 (S3):  Airborne MAC Service System Parameters of SARPs Table 3-52 (t, f, NM1,
P, and M1)
Note:  Newly proposed changes (i.e., CP 84) will affect these parameters.  Specifically, P and M1
are removed and five new parameters (RE, RR, RL, W1R, and W2R) are added.

Objective: Derive optimum default Airborne MAC Service System Parameters for nominal
operating conditions.

Conditions: Configurations - 2V2D and 3T
Number of aircraft - 30 for 2V2D and 80 for 3T
Traffic intensity - load factor of 1.0

Procedures:
a) Vary t (min, default, and max) while keeping other parameters at default values.
b) Vary f (min, default, and max) while keeping other parameters at default values.
c) Vary NM1 (min, default, and max) while keeping other parameters at default values.
d) Vary P (min, default, and max) while keeping other parameters at default values.
e)  Vary M1 (min, default, and max) while keeping other parameters at default values.

4) Simulation 4 (S4):  Net entry

Objective: Validate proper net entry operation and XID exchange protocol for nominal operating
conditions.

Conditions: Configurations - 2V2D and 3T
Number of aircraft - 30 for 2V2D and 80 for 3T
Traffic intensity - load factor of 1.0

Procedure:
Insert probes at appropriate points of the simulation codes to record time to complete the net entry.
Run the simulation model and record (average) net entry time, number of retries, and XID
exchanges.

5) Simulation 5 (S5):  Handoff

Objective: Verify proper IDRP connection management and assess overhead for nominal operating
conditions.

Conditions: Configurations - 2V2D and 3T
Number of aircraft - 30 for 2V2D and 80 for 3T
Traffic intensity - load factor of 1.0
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Procedure:
Handoff starts when an aircraft enters a new coverage area and is completed when IDRP
connection is re-established  (via the ground station involved).   Run the model and record the
time (elapse) taken during IDRP re-establishment as well as the number of octets involved in that
process (i.e., IDRP overhead).

6)  Simulation 6 (S6):  Recovery from ground network outage

Objective: Verify proper performance of recovery procedures in SARPs assuming a cold start (i.e.,
no state information).

Conditions: Configurations - 2V2D and 3T
a)  2V2D (normal traffic)

Number of aircraft - 30
Traffic intensity - load factor of 1.0

b) 2V2D (high traffic)
Number of aircraft - 60
Traffic intensity - load factor of 3.0

c) 3T (high traffic)
Number of aircraft - 180
Traffic intensity - load factor of 3.0

Procedures:
Simulate ground station failure with cold recovery for different user groups and different traffic
intensities as shown above.  Cold Start implies all aircraft addresses and state information (for
ISO 8208 connections) are lost when the ground system fails per the recovery process
documented in SARPs Section 3.7.2.4.  This process involves both address inquiry and virtual
link establishment (for a systems using ISO 8208 for compression).  (For a system not using
ISO 8208, Recovery may involve only portions of them.)

a) Simulate loss of all aircraft addresses and state information (ground network interface failure).
b)  Verify that state information is recovered on all aircraft as per SARPs and Guidance Material
c)  Record time required to recover all aircraft.

7)  Simulation 7 (S7):  Response to burst corruption scenarios

Objective: To verify the proper performance of MAC/DLS protocols in response to all possible
burst corruption scenarios

Conditions: Configurations - 2V2D and 3T
Number of Aircraft - 80 per 25 kHz channel
Traffic Intensity -  load factor of 2 for 2V2D
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    load factor of 4 for 3T

Procedures:
Use simulation to introduce random burst corruption of both uplink and downlink management
and data bursts.  Verify proper protocol operation in handling burst corruption under the following
simulated conditions.

1. M_up burst corruption:   the loss of an M-up burst to a specific airborne station under each of
the following conditions (text in parenthesis gives expected system response to corrupted
burst):
a) M_up burst carries Reservation Request Acknowledgment (the airborne radio may

retransmit a reservation request)
b) M_up burst carries Reservation Request Response (the airborne radio may retransmit a

reservation request)
c) M_up burst carries polls (the ground station will detect the missing poll response in next

cycle)

2. M_down burst corruption:  the loss of an M_down burst to the ground station under each of
the following conditions:
a) M_down burst may carry with it reservation request (within the maximum number of

retries NL2, schedule another poll to the same aircraft)
b) M_down burst may carry with it a net entry request (within maximum number of retries

NL1, immediately poll the same aircraft)

3. M_RA burst corruption:  the loss of an M_RA burst to the ground station under each of the
following conditions:
a) M_RA burst carries a downlink reservation request or net entry request. (the airborne radio

will retransmit the reservation request or net entry request)
b) M_RA  burst carries an acknowledgment of an uplink data transmission (the ground

station will retransmit the unacknowledged data frame (s))

4. Uplink data burst corruption:  the loss of an specific uplink data burst under each of the
following conditions;
a) the rejection of a uplink data frame (the ground station will retransmit only

unacknowledged data frame)
b) the loss of acknowledgments of previous downlink data frames (some airborne radios will

repeat previous reservation requests)

5. Downlink data burst corruption: the loss of a downlink data burst in a downlink data frame
(with single or multiple bursts)
a) the loss of the entire downlink data frame (the retransmission of previous reservation

request from the airborne radio to the ground station.)
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6. Data frame corruption: the successful delivery of a data burst with detected DLS FCS errors
a) discard all data frames received in the data burst or bursts (ground station will retransmit

unacknowledged data bursts later) (airborne radios will repeat previous reservation
request)

Note -- that VDL Mode 3 MAC/DLS must include the following operations in its protocol
procedures in handling burst corruptions:

• the removal of redundant reservation requests by the ground station,
• the proper setting of retransmision timers,
• polling retry delay, and
• the exclusion of acknowledgment frames from every unacknowledged uplink data

frame retransmission.
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Section 4.  Test Procedures and Scenarios

This section describes a proposed plan for VDL Mode 3 equipment unit test and flight test.  The
objective of the equipment unit test is to validate prototype or pre-production equipment under a
controlled laboratory environment.  Flight testing will have two basic objectives.  The first is to test
those complex SARPs requirements under test scenarios that can only be exercised in a flight
environment.  Secondly, flight testing will serve as final validation of all basic VDL Mode 3 functions
under normal operating conditions.  Seven scenarios for flight test are described here, which depend
on the number of aircraft (one or two), number of ground stations (one or two), and the manner in
which handoff occurs between two ground stations.  The two ground stations may be attached to the
same ground network interface (GNI) or two different GNIs.  (It is assumed that only one GNI is
attached to each air/ground ATN router.  In general, multiple GNIs can be attached to the same
router.)

General guidelines:

• Test aircraft are equipped with communications equipment meeting SARPs requirements.

• Aircraft movement—position, velocity, and altitude—as well as information on the environment
(i.e., terrain, water, etc.) will be recorded in the aircraft.

• Packets of data as well as voice will be transmitted and recorded at both the transmitter and
receiver.  Subjective evaluation of the recorded voice will be used to determine the voice quality
and its operational accaptability.

• Vary relevant input parameters as necessary and record all relevant output performance results.
Some (or most) of output performance parameters listed in the simulation procedures (Section 3)
may be recorded.

• Most of Flight Test (FT) scenarios described below are generally applicable to most of the
requirements in the SARPs.  So, in general, FTs are not indicated in the VCRI matrix except for
those cases where some specific FTs need to be emphasized for some specific requirements.  For
example, T(FT2), which is designed mainly for timing related requirements, is entered in sections
of coast timing counters (SARPs Section 3.5.4.1.3) and Timing States (SARPs Section 3.5.4.1.4).

Unit test scenarios

1) Unit Test Scenario 1 (UT1):   Transmitted spectrum

Test Objective:  Verify that the transmitted spectrum conforms to the spectral mask.

Procedures:
Refer to Draft Eurocae MOPS.

2) Unit Test Scenario 2 (UT2):  Receiver sensitivity
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Test Objective:  Determine the sensitivity of the VDL Mode 3 receiver.

Procedures:
Refer to Draft Eurocae MOPS

3) Unit Test Scenario 3 (UT3):  Connection Management

Test Objective:  Verify proper operation of the data link messaging.

Procedures:
Set up the VDL3 system with the ground station wired to the ‘airborne’ radio under test such that
the received signal levels are [-65] dBm or better.  Repeat steps for both 2V2D and 3T system
configurations.

1. Verify Ground radio is properly configured by GNI.
2. Verify Connection Establishment procedures of airborne radio.  Verify XID processing.

Verify generation of Join Event to router and ability of upper layers to establish their
connections.

3. Verify aircraft polling and response.
4. Disconnect (or severely attenuate) radios and verify detection of loss of connection for both

ground and airborne radios.  Also verify airborne radio’s proper changing of timing modes due
to loss of ground timing.

5. Reconnect (or remove additional attenuation) radios and verify the return of ground timing
and the new Connection Establishment.

6. Uplink a Next Net M burst to switch user groups and verify reception of airborne radio.
Change to new net and verify generation of Leave Net burst and proper connection
establishment of new net with link preserved. (This test will only be performed for 2V2D.)

4) Unit Test Scenario 4 (UT4):  Data link transfer

Test Objective:  Verify proper operation of the data link messaging.

Procedures:
Set up the VDL3 system with the ground station wired to the ‘airborne’ radio under test such that
the received signal levels are [-65] dBm or better.  Repeat steps for both 2V2D and 3T system
configurations.

1. Connect system and log in airborne radio.
2. Send a downlink data link message and verify that the airborne system properly requests a

reservation, is granted access and sends the message.  Verify the ground grants access, and
sends the acknowledgement.
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3. Send a multi-SNPDU low priority message and then send a small high priority message and
verify that the high priority message is delivered before the lower priority message is
completed.

4. Send an uplink data link message and verify that the airborne radio receives the data and that
an Acknowledgement is sent down at the proper time.

Flight test scenarios

1) Flight Test Scenario 1 (FT1):  two aircraft; and one ground station (Figure 4-1a)

System Configurations:  GS1 in 2V2D, frequency f1, net A

Test Objective:  The following requirements and functions will be tested:

1. Coverage range;
2. Basic time maintenance;
3. Party line;
4. Ground override;
5. Stuck mike clearing;
6. Urgent communication;
7. Data connection establishment and data transfer;
8. Data broadcast;
9. Net exclusion for out-of-range aircraft.

Procedures:
With both aircraft configured for continuous periodic transfer of application data in both air to
ground and ground to air directions, perform the following:

1. Aircraft #1 (AC1)will takeoff and climb to a cruising altitude, and continue to fly toward the
edge of coverage and beyond.  Aircraft #2 (AC2)will maintain at its cruising altitude and
remain within the coverage range of GS1.

2. Coverage range: Voice recording will be continuous for duration of test with evaluations made
at periodic range intervals to verify that the coverage range requirements are met.

3. Basic time maintenance: Monitor both airborne transmissions periodically during the flight at
the ground station to verify proper timing relative to uplink beacon.

4. Party line:  Verify that uplink voice transmission can be heard by both aircraft radio operators
and either downlink voice transmission can be heard by the other airborne radio operator.

5. Ground override/Stuck microphone:  Verify the ground has the ground to air pre-emption
capability.  With either airborne radio push-to-talk activated to simulate stuck mike condition,
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verify that the ground station has the capability to uplink voice to both aircraft and that the
stuck mike must reset PTT to regain access to the voice channel.

6. Urgent communication:  With the voice channel seized by AC1, verify that AC2 “pilot” has
the capability to notify the ground controller of an urgent communications requirement and
request for immediate voice access.

7. Data connection establishment and data transfer: Verify data connection and data transfer
from either aircraft to the ground  and the ground to either aircraft, within the data subnetwork
(i.e., through the DLS sublayer) and via GNI connection to external entities.

8. Data broadcast:  Verify that both aircraft receive data broadcast packets.  Record received
packet and compare to uplinked packet.

9. Net exclusion:  AC1 will fly approximately 50% beyond the service volume of GS1 as defined
by the squelch window configuration setting.  AC1 will acquire the beacon transmission of
GS1 and initiate either a voice access or net entry procedures.  Verify that GS1 is able to
determine the out-of-range condition and deny its access.

2) Flight Test Scenario 2 (FT2):  one aircraft; and two ground stations attached to same GNI
(Figure 4-1b)

System Configurations:  GS1 in 2V2D, frequency f1, net A
GS2 in 3T, frequency f2

Test Objective:  The following requirements and functions will be tested:

Transfer of communication;

• Leave net

• Net initialization/Net entry.

Procedures:
With AC1 configured for continuous periodic transfer of application data in both air to ground and
ground to air directions, perform the following:

1. Aircraft #1 will takeoff and climb to a cruising altitude within GS1 coverage, and continue to
fly toward the edge of coverage of GS1 and into the coverage of GS2.

2. Transfer of communication:  With AC1 in GS1 coverage near the GS2 coverage boundary,
initiate transfer of communication from GS1 to GS2.  This includes the transmission of a next
net message by GS1 using the proper specific GSC and the code for “no GSC information
available”, a leave net message by AC1, and acceptance of new channel information by the
pilot.

3. Net initialization/Net entry:  After transfer of communication, monitor the net initialization
and net entry performance of AC1 by observing the time it takes for AC1 to acquire the GS2
beacon and time to complete net entry.
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4. AC1 continues its flight in the GS2 net, while testing the 3T configuration basic functionality,
then turn around and fly toward the GS1 net.

5. Repeat steps 2 and 3 for AC1 to exit the GS2 net and enter the GS1 net.
6. Repeat steps 2 and 3 with an incorrect GSC in the Next Net message.  Verify that the airborne

radio will not be able to complete the net entry procedure.

Note:  This test could be performed with both ground stations collocated if needed.

3) Flight Test Scenario 3 (FT3):  one aircraft; and two ground stations attached to two different
GNIs (Figure 4-1c)

System Configurations:  GS1 in 3T, channel frequency f1
GS2 in 3T, channel frequency f2

Test Objective:  To test automated handoff in 3T configuration.

Procedures:

1. The aircraft will takeoff and climb to a cruising altitude, and maintain communications with
GS1.

2. The aircraft will overfly GS1 and enters the GS2 service volume.  As the received signal level
from GS2 is getting stronger than that from GS1 the site selection algorithm will eventually
change the ground station connection automatically from GS1 to GS2.  (Site selection
algorithm is TBD.)

3. The aircraft will turn around and re-enter the GS1 service volume until the ground station
connection changes automatically from GS2 to back to GS1.  Record where and at what
receive levels the radio switches ground stations for each transition and how long it takes to
establish IDRP connection.

4. Repeat steps 2-3 [TBD] times.

Note:  GS1 and GS2 could be collocated and the uplink power adjusted to simulate aircraft
movement between separated ground stations.

4) Flight Test Scenario 4 (FT4):  two aircraft and one ground station attached to one GNI
(Figure 4-1a)

System Configuration:  2V2D, channel frequency f1

Test Objective:  The main purpose of this test is to test air-to-air communications capability and to see
whether AC2 is able to get alternate timing from AC1, when AC2 is either out of
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line-of-sight (LOS) from GS1 or no ground station is present.  The specific tests to
be performed include:

1. Air-air communications with and without a ground station (voice only).
2. Communications relay (voice only).
3. Free running voice mode.
4. GNI failure recovery.

Procedures:

1. AC1 will takeoff and climb to a cruising altitude and remain in the GS1 coverage area.  AC2
will climb to a lower cruising altitude and also in the coverage area of GS1.

2. With AC1 and AC2 in LOS of GS1, verify that air-to-air communications capability when
both aircraft are in TS1 timing state.

3. With AC1 in LOS of GS1, AC2 extends beyond LOS of GS1, and AC1 and AC2 in LOS and
within range of each other, observe loss of GS1 beacon at AC2 and verify that AC2 is able to
update its timing from the Poll Response of AC1 and has switched its timing states from TS1
to TS2.  Verify that air-to-air communications capability in truncated voice mode while AC2
is in TS2.  Monitor the RF waveform and record the timing accuracy of both the AC1 and
AC2 bursts.  If accessible, record coast time counters (CTC1, CTC2, and CTC3) and AC2’s
timing state transitions—TS1 and TS2.  (TS1 and TS2 indicate normal timing state and
truncate timing state, respectively.)

4. While in TS2, continue to monitor the coast time counters, perform air-to-air communications
between AC1 and AC2 and verify that AC2 is operating in truncated voice mode.  Monitor the
RF waveform and record the timing accuracy of both the AC1 and AC2 bursts.  Make voice
recording for evaluation of voice quality in truncated voice mode.

5. While maintaining the geometry of step 3, test voice communication between AC2 and GS1
via relay of AC1.

6. With both aircraft in LOS of GS1 and with each other, terminate the GS1 transmission to
simulate loss of all timing sources. Verify that air-to-air communications capability in full
voice while in TS1,  truncated voice while both AC1 and AC2 are in TS2, and free-running
voice mode while both AC1 and AC2 are in TS3.  Monitor the RF waveform and record the
timing accuracy of both the AC1 and AC2 bursts while in TS1 and TS2.  Monitor all coast
time counters, if accessible, and the timing state changes.

7. Resume GS1 operation, observe that both airborne radio timing states have reverted back to
TS1.  Monitor the transmit time alignment of aircraft relative to uplink beacon.

8. Disable GNI and monitor how long it takes for the GNI to recover.
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5) Flight Test Scenario 5 (FT5):  one aircraft and two ground stations (Figure 4-1c)

System Configuration:  GS1 in 2V2D, channel frequency f1, net A (desired station)
GS2 in 2V2D, channel frequency f1, net A, different GSC as GS1 
(undesired station)

Test Objective: The main purpose of this test is to simulate the ducting propagation anomaly from a
distant ground station with a different Ground Station Code (GSC) from that used for
the desired station and its effect on the airborne radio.

Procedures:
Configure GS2 to simulate large distance separation from GS1 through timing adjustment if
physical separation is impractical.  This test will be performed with both GS1 and GS2 operating,
with GS1 simulating the desired ground station and GS2 the undesired ground station. The
airborne radio is assumed to have no information on GSC at initialization.

1. AC1 will take off and fly at a cruising altitude within the GS1 service volume where
approximately 0 dB nominal D/U (desired signal to undesired signal power ratio) between
GS1 and GS2 can be simulated.  Adjust the relative power output of the two ground stations
such that nominal D/U as perceived at AC1 can be varied over a range from -30 to +30 dB.
Ground station relative timing should be adjusted to simulate significant ground station
separation if such separation cannot be physically achieved.

2. Set the nominal D/U to -30 dB and re-initialize the ground radio to observe that the airborne
radio will acquire the beacon signal from the undesired ground station GS2.  Verify that
subsequent Net Entry by the airborne radio will fail and any attempt to access the voice
channel will also fail.  (Aircraft outside of GS2 squelch window setting)

3. Reset the nominal D/U to 0 dB.  Incrementally increase the nominal D/U ratio and re-initialize
the airborne radio until the desired ground station beacon is acquired.  Record the nominal
D/U ratio where the airborne radio acquires and locks onto the beacon from the desired ground
station.

4. After acquisition, momentarily reduce the nominal D/U from the threshold required for
acquisition to simulate worst case fading events, verify that the airborne radio does not lock
onto the undesired ground station.

5. Incrementally decrease the nominal D/U ratio from threshold and record the nominal D/U
ratio where the airborne radio loses lock of the desired ground station.  Continue to decrease
the nominal D/U and record the ratio where the airborne radio locks onto the undesired ground
station.

6) Flight Test Scenario 6 (FT6):  two aircraft and two ground stations (Figure 4-1d)

System Configuration:  GS1 in 2V2D, channel frequency f1, time slot A
GS2 in 2V2D, channel frequency f1, time slot A
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Test Objective:  The purpose of this test is to show that a signal transmission, which falls outside the
coded squelch window setting of an airborne radio will not be processed by the radio
and therefore, unable to “break the squelch” of an airborne radio in an opposing
cochannel service volume.

Procedures:
Configure the two ground stations to simulate significant separation of the cochannel service
volumes.  With both aircraft configured for continuous periodic transfer of application data in both
air to ground and ground to air directions in their respective nets, perform the following:

1. Adjust the network timing of GS1 and GS2 such that the transmission of AC2 will be outside
the extended squelch window setting of AC1.

2. AC1 will take off and fly at a cruising altitude within the service volume of GS1. AC2 will
take off and fly at a cruising altitude within the service volume of GS2.

3. AC2 will access the GS2 network voice channel and will actively talk, while GS1 voice
channel is inactive.  Observe that there is no squelch break at AC1.

7) Flight Test Scenario 7 (FT7):  two aircraft and two ground stations

System Configuration:  [TBD]

Test Objective:  The purpose of this test is to measure the operational performance of  the 3S
configuration and the site selection algorithms used by the airborne radios.

Procedures:  [TBD]
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    Figure 4-1.  Flight Test Scenarios
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Section 5.  Schedule and Action Items

ID Task Name

1 Inspection (all sections)

2 Baseline Validation Plan

3 Analysis (many sections)

4 Simulation

5 Unit Test

6 Flight Test (Protocols)

7 Vocoder Selection

8 Unit Test (Selected Vocoder Integration)

9 Flight Test (Selected Vocoder Integration)

10 Validation Deliverable

11

12

4/15/98 8:00 AM

12/15/98 8:00 AM

6/1/99 8:00 AM

Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug
1998 1999
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Section 6.  Records of Change Requests

VDL Mode 3 Change Proposal (CP) Status Summary Table (November 1997)

CP
No.

VDL
MODE

3
SARPs
Section

Title Category Status Comments

1-30 IMPLEMENTED (D5)
31 3.5.2.5.2 Emergency Voice

Access
Necessar

y
IMPLEMENTED (D6)

32 3.5.4.2 Conditions for Voice
Media Access

Necessar
y

IMPLEMENTED (D6)

33 3.6.3 DLS System
Parameters

Necessar
y

IMPLEMENTED (D6)

34 F.1.1.3 Voice Signal Useful IMPLEMENTED (D6)
35 F.1.2 Normal Message Useful IMPLEMENTED (D6)
36 F.1.2.1 Reservation Response Useful IMPLEMENTED (D6)
37 3.5 Replacing 2V2S

System Configuration
with 3S Configuration

Useful IMPLEMENTED (D7) Approved with
modification to move
changes in regard to Table
F-2 to a separate CP, i.e.
CP72

38 2.4.3.2 3T Configuration M
Uplink Message
Format

Necessar
y

IMPLEMENTED (D6)

39 2.4.3.1.2
2.4.4.1.2

Rearrangement of
Synchronization
Sequences

Useful WITHDRAWN (D7) Superseded by CP51

40 Appendi
x F

Rearrangement of M
channel messages

Useful WITHDRAWN (D7) Superseded by CP52

41 2.4.4.1.1 Transmitter Power
Stabilization

Editorial IMPLEMENTED (D6)

42 3.7.2.2.1 Receipt of Next Net
message

Useful IMPLEMENTED (D6)

43 F.1.6.1 Adjacent Frequency
<n>

Editorial IMPLEMENTED (D6)

44 3.6.3 T2 Timer increment in
Table 3-49

Useful IMPLEMENTED (D6)

45 3.7.3.3.5
.11

Algorithm Version
Number

Useful IMPLEMENTED (D6)

46 3.7.3.3.6 Ground-initiated
Information Private
Parameters

Useful IMPLEMENTED (D6)

47 ii Document History Editorial IMPLEMENTED (D6)
48 F.1.4.1 Next Net Command

Message
Useful IMPLEMENTED (D6)
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49 2.4.3.1,
2.4.3.3,
2.4.4.1,
2.4.4.3,
2.4.5.1,
2.4.5.4

Transmitter Ramp-
Up/Ramp-Down and
Power Stabilization

Major IMPLEMENTED (D7) Accepted with
modification to Figure 3-2
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CP
No.

VDL
MODE

3
SARPs
Section

Title Category Status Comments

50 Section
3
Section
5

VDL TDMA Timing
Rules

Major IMPLEMENTED (D7) Accepted with added note
to recommend ground
station perform discrete
addressing and polling

51 2.4 Modification of
Synchronization
Sequences

Major IMPLEMENTED (D7) Accepted with
modification to Figure 3-2

52 Appendi
x F

M Channel Message
and V/D Burst Header
Formats

Major IMPLEMENTED (D7)

53 2.4.2 Modulation Rate Minor IMPLEMENTED (D7)
54 3.6.1.3.2 Broadcast Addressing Editorial IMPLEMENTED (D7)
55 3.6.1.4 Data Transfer Editorial IMPLEMENTED (D7)
56 3.6.2.2.3 Aircraft Station

Address
Editorial IMPLEMENTED (D7) Accepted with

modification-move
reference to Aircraft
Specific Address to a note

57 3.6.4.2.1 Numbered Frames Editorial IMPLEMENTED (D7)
58 3.7.3.3.2 Private Parameters Editorial IMPLEMENTED (D7)
59 3.6.4.2.2 INFO Frames (REJ vs.

SREJ HDLC frames)
TBD PENDING (D7) Requires further review;

Reference Action Item
number 28

60 3.6.4.2.3 Unnumbered Frames
(Disconnect Mode
frames)

TBD PENDING (D7) Requires further review;
Reference Action Item
number 28

61 3.6.4.4.2 REJ DPDU (REJ vs.
SREJ HDLC frames)

TBD PENDING (D7) Requires further review;
Reference Action Item
number 28

62 3.6.4.4.3 Resetting Functionality TBD PENDING (D7) Requires further review;
Reference Action Item
number 28

63 3.7.3.3 Exchange Identity
Parameter Format

Minor REJECTED (D7) Exchange Identity
Parameter Formats for
Mode 3 are defined in the
same manner as Mode 2,
thus no change is required

64 3.7.3.3.1 Exchange Identity
Public Parameters

TBD PENDING (D7) Requires further review;
Reference Action Item
number 28
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CP
No.

VDL
MODE 3
SARPs
Section

Title Categor
y

Status Comments

65 3.7.3.3.3.2 Exchange Identity
Sequencing Parameter

TBD PENDING (D7) Requires further review;
Reference Action Item
number 28

66 2.4 Definition for Mode 3
(Physical Layer
Protocols and
Services)

Editorial IMPLEMENTED
(D7)

67 Section 5 Voice Unit Editorial IMPLEMENTED
(D7)

68 Section 3
Tables

Link Layer Protocols
and Services

Editorial IMPLEMENTED
(D7)

69 Section 4
Tables

Subnetwork Layer
Protocols and Services

Editorial IMPLEMENTED
(D7)

70 3.6.2.4
Figure

VDL Mode 3
Commands and
Responses

Editorial IMPLEMENTED
(D7)

71 Appendix
F

Appendix F  Format
and Usage of the
System Data and
Header Segments for
Mode 3 Operation

Editorial IMPLEMENTED
(D7)

72 F.1.1.2 Table F-2 System
Configuration Codes

Editorial IMPLEMENTED
(D7)

Generated and accepted at
AMCP WG/D/7;  derived
from CP37

73 Multiple Miscellaneous Figure,
Terminology and
Editorial Changes

Editorial SUBMITTED

74 3.5.2.4 System Configuration
Changes

Major SUBMITTED

75 3.5.2.1.4 Epoch Minor PROPOSED
76 3.5.2.1.5 External Timing

Reference
Major PROPOSED

77 3.5.4.1.6 Dummy Poll
Responses

Minor PROPOSED

78 3.5.4.4.3.3 Request a Reservation Major PROPOSED
79 3.5.4.4.3.4 Reservation Request

Retransmission
Major PROPOSED

80 3.5.4.4.2.2
, F.1.2.1

Reservation Request
Acknowledgement

Major PROPOSED

81 3.6.4.4.1 Transmission Queue
Management

Major PROPOSED

82 3.5.4.3.2,
Table 3-
58,

Net Entry Request Major PROPOSED
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3.7.3.2.5,
3.7.3.2.6

83 3.5.4.3.4 Leaving Net Major PROPOSED
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CP
No.

VDL
MODE 3
SARPs
Section

Title Categor
y

Status Comments

84 3.5.3 MAC service system
parameters

Major PROPOSED

85 Appendix
G

Random Number
Generation Algorithm

Major PROPOSED

86 Appendix
H

Random Access Slot
Selection Algorithms
for Airborne Radios

Major PROPOSED

87 3.7.2.1.2,
3.7.2.2,
3.7.2.4,
Figure F-
12,
Section 4

Remove Reference of
ISO 8208 Interface

Minor PROPOSED

88 3.7.3.3.4,
4.7.1

Compression Signaling Minor PROPOSED

89 4.7.2,
Appendix
I

CLNP Compression
Definition

Minor PROPOSED

90 3.5.4.3.3,
3.7.2.1.2,
F.1.1.1,
F.1.13

Initial Poll Response Major PROPOSED

91 3.7.2.5,
3.7.3.2.6,
3.7.3.3.3,
3.7.3.3.4,
3.7.3.3.5

Link Negotiation and
Modification

Major PROPOSED



version 2.0  March 1998

42

APPENDIX A.  VDL MODE 3 SYSTEM OPERATING CONCEPT

1.0 Overview

The very high frequency (VHF) Digital Link (VDL) Mode 3 system provides functionally
simultaneous voice and data communications between airborne and ground-based users.   VDL Mode
3 is based on the Time Division Multiple Access (TDMA) technology and is primarily sector-based
with a dedicated circuit for each user group.  The network control concept is based on a centralized
net system with the ground station as the network controller.  The network controller controls the
network configuration, network timing, net entry and exit, and user access for data link.

2.0 System description

2.1 Physical layer

At the physical layer, the VDL Mode 3 system architecture is completely consistent with that of the
ICAO VHF digital Link (VDL) Mode 2.  This offers the dual benefit of:  a) simplifying the VDL
Mode 3 system standardization process since part of an existing standard will apply; and b) providing
a path by which initial implementation of the VDL Mode 2 capability can be upgraded to the
integrated voice and data link standard of VDL Mode 3.

2.2 Timing structure

The VDL Mode 3 system operation is based on 120 millisecond (ms) frames.  Each VDL Mode 3
frame contains either four 30 ms slots for normal range operations or three 40 ms slots  for long range
operations.  Each of these slots forms the basis for an independent two-way air ground simplex circuit
capable of supporting two way real-time voice or data link applications.  Each slot can be
independently accessed with two separate bursts.  The first of these is a management (M) burst that
carries system data for signalling and circuit initialization functions1.  The second is the voice or data
(V/D) burst that carries user information.

2.3 System configurations

The VDL Mode 3 system architecture offers a degree of flexibility to accommodate a wide range of
operational requirements through a set of predefined system configurations.

In the Air Traffic Control (ATC) environment, distinct user groups exist based on ATC positions or
sectors.  Each user group includes the ground user (usually an air traffic controller) and the “client”
aircraft of that ground user.  A fundamental objective of the VDL Mode 3  system is to provide voice
circuit resources to each user group on a dedicated basis while simultaneously providing access to
data link with a single airborne radio transceiver.  To accommodate this functional requirement, a pre-
defined set of system configurations is established.  Each system configuration corresponds to a

                                                  
1    Two types of (M) bursts are provided: the uplink M burst is used by the ground station for timing and network
management and the downlink M burst is used by the airborne users for downlink management functions.
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specific pre-configured static allocation of the resources of each 25 kHz channel (i.e., individual time
slots) to the user groups.

To provide additional flexibility, a VDL Mode 3 system can be configured  where resource
allocations for both voice and data are made strictly on a demand basis within a 25 kHz channel.  This
configuration could also be used to support a high capacity data-only service if desired.

The system configuration established for a ground radio is communicated to the airborne radios
through an initialization message continually broadcast by the ground station.  Airborne radios,
therefore, “sense” and adapt to the system configuration of the ground radio with which
communications will be established.  This adaptation to the proper system configuration is completely
transparent to the users.

2.4 Vocoder operations

Low bit rate digital voice coding (vocoding) is the key enabling technology that gives digital mobile
radios high spectrum efficiency for voice operation.  Digital voice operation in the VDL Mode 3
system is based on a low bit rate voice coder (vocoder) operating at 4.8 kbps.

2.5 Discrete addressing

The VDL Mode 3 system supports voice and data functionality requiring discrete addressing.
Discrete addressing in the VDL Mode 3 system is coupled to the user group.  A local user ID is
established for each new airborne user that enters the group (or net).  A process known as net entry
serves to automatically “log in” a new arrival to the group.  Basic voice operation involving only the
“listen-before-push-to-talk” protocol is available without discrete addressing or the net entry process.

2.6 Media access protocol

For voice operation, the media access protocol is based strictly on a “listen-before-push-to-talk”
protocol (competition limited only to users within the group) with the added ability for voice
signalling as described in section 4.2.2.

For data operation, media access employs a centrally managed reservation protocol for all data traffic.
This approach gives the ground station maximum flexibility for making efficient use of channel
capacity and for implementing prioritization in the media access layer.  Access for downlink data
traffic is granted by the ground station based on reservation requests made by airborne radios.  Access
for uplink data traffic is managed directly by the ground station.  A complete media access protocol
cycle requires two TDMA frames or a media access control (MAC) cycle of 240 ms.

3. OPERATING SCENARIOS/EXAMPLES

3.1 Operating scenarios for voice operation
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The voice communications system must provide all of the functional capabilities of the present voice
system if it is to meet its basic operational requirements.  In general, these requirements can be
divided into two discrete types:

a)  communications channel performance requirements; and
b)  coverage requirements.

The coverage requirements are related to the various operating scenarios postulated for the voice
communications system and can be further sub-divided into the following groups:

a)  air-ground coverage provided by a single ground station;
b)  air-ground coverage provided by multiple ground stations;
c)  air-air coverage when both aircraft are within the coverage of the ground station;
d)  air-air coverage when only one aircraft is within the coverage of the ground station; and
e)  air-air coverage when neither aircraft is within the coverage of the ground station.

Note that, for the purpose of describing these scenarios, the airborne segment is taken to include
aircraft on the ground, vehicles and personnel on the ground carrying mobile equipment, and mobile
equipment used as a low cost ground stations by some users.

3.1.1 Air-ground voice coverage from a single ground station

Air-ground coverage from a single ground station will satisfy the operating requirements of the
majority of users.  These users will require the ability to maintain communication within a limited
geographical area covered from a single ground station.  Typical requirements will include:

a)  ground movement, tower, approach and ATIS services at aerodromes;
b)  en-route channels for use in busy airspace where coverage requirements can be met from a

single ground station;
c)  aeronautical operational control (AOC) operations; and
d)  other users.

The AOC and other users may be required to share a common channel in order to improve spectrum
utilization.  These users will place low traffic demands on the channel and may be geographically
distributed such that they each need their own ground station.

3.1.2 Air-ground voice coverage from multiple ground stations

This requirement fulfills the needs of single user groups requiring coverage beyond that achievable
from a single ground station.  In the present system, this facility is provided by operator selection of
the appropriate ground station or by use of the off-set carrier system.  The latter technique is often
preferred by ground users because it requires a simple human-machine interface.

The need for multiple ground station operation by a single user group will arise for two reasons:

a)  the required coverage area is large; and
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b)  low level coverage of a single radio station is restricted by topographical features.

Large coverage areas will be required when an ATC sector controls lightly used airspace and the
control team can deal with a large area without experiencing an overload and for other specialized
ATC applications.  Typical applications will include upper air sectors away from main air routes, FIS,
Volmet and oceanic Clearance Delivery channels.  AOC communications will also employ wide area
networks along high traffic routes.

Where coverage is restricted because of hilly or mountainous terrain, and ATC sectors require good
low level coverage, multiple station operation will also be employed to provide fill-in cover in areas
not covered by the primary radio station.

3.1.3 Air-air voice coverage when both aircraft are within range of a ground station

A party line capability which permits all users of a channel (both air and ground) to monitor the
communication traffic is an essential requirement.  Its primary purpose will be to facilitate channel
management by allowing all users of the channel to be aware when it is occupied and hence only
attempt to occupy it when is perceived to be free.  It will also allow air-crew operating within a sector
to monitor the content of all communications and build up a picture of the traffic situation in their
vicinity.

3.1.4 Air-air voice coverage when only one aircraft is within range of a ground station

The ability to maintain air to air coverage when only one aircraft is within range of a ground station is
an essential safety feature which will allow an aircraft outside of coverage to maintain indirect contact
with ATC through an intermediary.  Although ATC communications systems are normally designed
to provide direct air-ground communications with a high availability, a number of technical and
operational situations can develop which cause cover to be reduced.  Examples of such situations
include:

a)  a ground station failure in a multiple ground station system;
b)  failure of the primary ground station in a single ground station system and reduced cover

from the back-up ground station due to its non-optimum location;
c)  propagation path perturbations due to weather effects, particularly on channels providing

cover on over sea sectors, where land-based radio stations are operating close to their
maximum practical range; and

d)  aircraft faults and adverse weather conditions (e.g., icing) which require aircraft to descend
below the altitudes normally served.

3.1.5 Air-air voice coverage when out of range of a ground station

An air-to-air communication capability when both aircraft are out of range of a functional ground
station is required to support safety back-up procedures.  A typical application will be to provide a
fall-back mechanism in the event of a ground station failure by allowing the affected aircraft to be
directed to a standby channel by a communication relay via a co-operating aircraft flying in an
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adjacent sector.  It will also be used to allow aircraft to maintain air to air contact in remote areas,
including oceanic areas, where no ground infrastructure exists.

The ability of mobile user systems to maintain communications links without recourse to fixed ground
station will be used to allow other ground users, for example, private flyers, flying clubs, gliding clubs
and balloonists to employ portable equipment as a flexible ground station.

3.2 Operating scenarios for data operations

The data communications subnetwork must provide all of the functional capabilities to meet the basic
operational requirements of air-to-ground and ground-to-air point-to-point data link and ground-to-air
data broadcast within the user group subnetwork.  In addition, the data subnetwork must also provide
connectivity through the ground station via a terrestrial communications network to aeronautical
telecommunication network (ATN) intermediate systems which will offer access to ground ATN end
systems.  In general, these requirements can be divided into two discrete types:

a)  communications channel performance requirements; and
b)  coverage requirements.

The coverage requirements are related to the various operating scenarios postulated for the data
communications subnetwork.  Unlike the coverage requirement of section 3.1.3, there is no air-air
coverage requirement for data link and there is no data operation involving multiple ground stations
serving a common user group.  The coverage requirements for data can thus be further sub-divided
into the following groups:

a)  air-ground coverage provided by a single ground station; and
b)  ground-air broadcast coverage.

Note that, for the purpose of describing these scenarios, the airborne segment is taken to include
aircraft on the ground, vehicles and personnel on the ground carrying mobile equipment, and mobile
equipment used as a low cost ground stations by some users.

4. CONCEPT OF OPERATIONS

4.1 Network operations

4.1.1 Airborne Radio Initialization

Upon entering a new sector, an airborne user needs to tune its transceiver to the designated channel
and acquire the appropriate uplink M sub-channel broadcast message to establish the proper timing
reference and to extract the network information to properly configure its radio.

A radio can begin operation immediately after initialization (except in 3T configuration).  However, it
will only be able to operate in the basic voice mode and will not be able to operate in data mode or
any of the optional enhanced voice modes, which require the airborne radio to register with the
ground controller to receive a discrete address.
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4.1.2 Net entry

Upon completion of net initialization the airborne radio transmits a Net Entry Request message in an
appropriate downlink M sub-channel.  The ground station responds to a Net Entry Request message
by transmitting a Net Entry message containing a discrete address that the entrant will use while it is
in the net.  Upon receiving the discrete address, the airborne user can participate in both voice and
two-way data communications in the network.

4.1.3 Connection management

Connection management can be automated and driven by an external ground-based application (e.g.,
ATC procedures or automation) to the degree desired by the CAA or service provider.  A completely
manual approach to connection management (as is required in the voice-only system) is always
available as an option.  Alternatively, a semi-automated approach could be used whereby the new
channel assignment is uplinked to the proper airborne radio under initiation by the ground user which
is then “activated” by the pilot to effect the actual channel change.  Finally, a fully automated
approach could be used whereby the new channel assignment is uplinked to the proper airborne radio
under direct control of an external ground-based application without ground user intervention, which
is then “activated” by the pilot to effect the change.

4.1.4 Polling

To provide orderly channel access, the slotted ALOHA random access reservation protocol is
supplemented by a sequential polling of its registered users by the controlling ground station.  Every
uplink M channel can support a polling command from the ground station.  Polling is also used by the
air and ground radios to support link management.

4.2 System operations for voice service

4.2.1 Circuit Initialization

Upon entry of the logical voice channel into the airborne radio, the airborne radio immediately begins
monitoring the M sub-channel uplink associated with the selected time slot and frequency.  The
initialization message are used to configure the airborne radio for operation on the circuit.
Initialization takes less than 1 second.

4.2.2 Basic voice operation

The basic voice operation is based on the same “listen-before-push-to-talk” protocol used in the
current 25 kHz double sideband (DSB)-amplitude modulation (AM) system.  Upon circuit
initialization, the pilot is able to monitor the transmissions of any user on the circuit.  In addition, the
airborne radio will receive the voice circuit status from the uplink M burst to indicate the voice circuit
to be idle, occupied by an airborne user, or occupied by the ground station. When the circuit is clear,
the pilot asserts push-to-talk (PTT) to seize the channel and begins transmission.  The basic voice
operation provides direct air-air “party line” connectivity within a user group.
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For 3T configuration, the activation of the PTT will result in the transmission in the downlink M burst
a reservation request for voice transmission.  Upon receiving the request the ground station will make
a time slot assignment if capacity is available.  A signal will accompany with the assignment to cue to
the airborne requester to proceed.  The request and assignment are transparent to the user.  The 3T
configuration also provides “party line” connectivity within its user group.

4.2.3 Voice signalling

Since all airborne radios (even those in PTT transmit mode) continue to monitor the uplink M sub-
channel voice circuit status, voice signalling features can be supported.  The ground user can be given
special status on the voice circuit with the ability to assert PTT at any time and cause any airborne
radio in PTT mode to cease transmitting.  The airborne user could be informed of the preemption by
the loss of local side tone (and presence of ground user audio).  Lockout of this airborne user would
be reset by release of PTT by the ground user and release of PTT by the airborne user.

An additional similar capability supported is the ability to resolve contentions among airborne users
attempting to access the channel.  If one airborne user asserts PTT more than one TDMA frame (120
ms) after another competing airborne user, the logic, signalling, and voice channel monitoring would
support contention-free access on a “first come-first serve” basis. Voice channel contentions of
overlapping transmissions by multiple airborne users can be either resolved by uplink M channel
signalling or by the ground user activating the PTT, thus terminating the transmissions of the airborne
users.

4.2.4 Enhanced voice operations

For airborne users that are participating in discrete addressing/data link, some enhancements to voice
operation can be supported as options if found operationally desirable from the ground user’s
perspective.  Essentially this would entail a “caller ID” feature that could reinforce/replace the verbal
identities used by the pilot on downlink and a “selective call” feature that enables the ground user to
selectively signal the airborne user that is the recipient of a voice call.  The local user ID in the header
of the V/D bursts used for voice traffic is used to implement these capabilities.

Additional optional voice features which may be implemented through the use of the downlink M
burst include “call waiting” and urgent message indication.  The call waiting feature comes into play
if an airborne user activates PTT while another user is already talking on the net.  When this occurs
the airborne radio can transmit a special signal in the voice request field of the downlink M burst.
This signal can be used to notify the ground controller that an additional airborne user wishes to
speak.  If an airborne user is experiencing an emergency, he can activate a special urgent message
switch which will cause another special downlink M burst.  This will notify the ground controller of
the urgent situation and he can take the appropriate action.

4.3 Data operation

4.3.1 Point-to-point data link access
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Data link operation is based on user making reservation request to the ground station for the exclusive
use of the V/D slots for the duration necessary to complete the data transfer.  Data link service
requires discrete addressing and is available for the registered users only.

On downlink, airborne radios with data to transmit make reservation requests via a slotted ALOHA
protocol with provision for retransmission, in the event of a collision in the request transmission.  In
addition to this random access reservation request the ground radio will also periodically poll the
registered users in sequence.  As each user is polled, it is given an opportunity to use the downlink M
sub-channel without contention.  This ensures that each airborne user will have a chance to have its
requests heard by the ground receiver.

The request includes the message length in terms of the number of V/D bursts required and the
priority of the downlink message.  Upon successful receipt of a reservation request, the ground station
issues a reservation response.  The scheduling of downlink message transmissions is controlled by the
ground station and is dependent upon the priorities of the messages.  On uplink, the ground station
schedules its traffic for the V/D uplink bursts also based on message priority.

All point-to-point data transmissions require acknowledgment.  Protocol is provided to initiate
retransmission automatically if acknowledgment is not received within allowable time.

4.3.2 Data broadcast

A broadcast capability is provided to the ground station to broadcast data messages to all users of the
user group.  This is accomplished by using a group ID that includes all airborne users in the user
group.  Unlike discretely addressed data transmissions, no acknowledgment mechanism is provided
for data broadcast.  Data integrity in broadcast can be enhanced by broadcasting the same message a
number of times.
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ATTACHMENT K

Proposed Change to VDL Mode 3 Draft SARPs/Validation Plan

Document Version No: 2 Dated: March 1998

Date Submitted: 3 April 1998

1. Affected Document:   VDL Mode 3 Validation Plan

2. Change Proposal Reference No.  6

3. Affected Section Title and Page No:

Various sections throughout document

4. Status:  ACCEPTED

5. Summary of Change:

Various editorial changes including:
 - Remove sections which were part of the original working paper to propose the Validation Plan so

that the document consists of only the Validation Plan, itself.
-  Add table of contents
-  Update Validation Cross Reference Index (VCRI) and other sections of the document to include

updated section numbers, section titles, and parameter changes per version 1.5 of the VDL Mode
3 SARPs

-  Other miscellaneous editorial changes

6. Need for change:

Clarify document and ensure document conforms to latest version of the VDL Mode 3 SARPs.

7. Proposed Change:

Make changes per Validation Plan version 2 markup, “Vplan2m.doc”, attached.

8. Category: Mark (+) appropriate letter below to indicate category of Change Proposal

a.+ Editorial, i.e. the reported defect is a pure editorial problem, and does not 
raise a technical issue;

b. Minor, i.e. the reported issue/defect raises a minor technical problem or
constitutes a minor document change;

c. Major; i.e. a requested change raises a significant technical issue which
may require thorough study before being decided on or indicates a
significant change to the document.
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Submitted by: Tricia Gaudette Gilbert
Organization: Stanford Telecom
Address: 1761 Business Center Dr.   Reston, VA 20190
Phone: (703) 438-8174
Fax: (703) 438-8112
Internet: tgilbert@sed.stel.com
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ATTACHMENT L
Proposed Change to VDL Mode 3 Draft Validation Plan

Document Version No:  2 Dated: <03/98>

Date Submitted: <8/98>

1. Affected Document: VDL Mode 3 Validation Plan

2. Change Proposal Reference No. 7

3. Affected Section Title and Page No:

Appendix A VDL Mode 3 System Operating Concept

4. Status:   ACCEPTED

5. Summary of Change:

Amendment Appendix A of Validation Plan to include targeted applications in VDL Mode 3 System
Operating Concept

6. Need for change:

Added targeted applications to the Mode 3 System Operating Concept for completeness.

7. Proposed Change:

Add Section 5 to Appendix A as follows:

5.  Targeted Applications

5.1  General

The integrated voice and data communications system is required to support the maximum possible range of
applications, including the voice communications currently handled by the existing analog system and data
communications.  The specific applications to be served are a function of particular user groups.  These user
groups can be classified under the following general headings:

a) En-route air traffic control including oceanic control
b) Terminal air traffic control
c) Aerodrome services
d) Aeronautical operational control
e) Other users

5.2  En-route (including oceanic) Air Traffic Control
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The en-route and oceanic ATC environment includes both regulated and unregulated airspace.  It features a
wide range of traffic densities and requires the use of both fixed and random route structures.  In general,
aircraft operating in this type of airspace are established at cruising altitude or are transitioning to or from
terminal or aerodome control areas.  In the oceanic environment, they are transitioning from domestic to
oceanic-airspace.

Targeted applications for VDL Mode 3 in the en-route and oceanic ATC environment include the following:

a) Controller/pilot communications
b) Controller/pilot data link to enable oceanic clearance messages
c) Interconnection of Flight Management Services (FMS) with the ground-based flight data processing

system (FDPS) and meteorological (MET) systems to enable:
 1)   Downlink of conflict alert data
 2)   Downlink of MET data
 3)   Others

d) Pilot interrogation of ground data bases including MET (discrete request and broadcast)
e) Controller interrogations of FMS

5.3  Terminal Air Traffic Control

Terminal air traffic control operations are concerned with the control of aircraft arriving at or departing from
a number of major aerodromes located in close proximity.  The operating concept features high traffic
densities and involves complex route structures to ensure the safe separation of traffic.

Targeted applications include:

a) Controller/pilot voice communications
b) Controller/pilot data communications
c) Interconnection of FMS with FDPS and MET systems to enable:

 1)   Downlink of conflict alert data
 2)   Downlink of MET data
 3)   Others

d) Pilot interrogation of ground data bases including:
 1)   MET (discrete request and broadcast)
 2)   Automatic Terminal Information Service (ATIS) (discrete address and broadcast)

e) Controller interrogation of FMS

5.4  Aerodrome Air Traffic Control

Aerodrome ATC systems cover a wide range of complexity which depends on the capacity of the aerodrome
and whether its approach control function is handled by a terminal control facility.

As a minimum, aerodromes can be expected to have one VHF voice communication channel.  Major
international airports, however, have many channels each performing a discrete function such as ground
movement control, tower control, approach control, and fire service.
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Targeted applications for the aerodrome environment include:

a) Controller/pilot voice communications
b) Controller/pilot data link to provide:

 1)   Departure clearance
 2)   Push back clearance
 3)   Taxi clearance
 4)   Others

c) Interconnection of FMS and FDPS to enable:
 1)   Downlink of conflict alert data
 2)   Others

d) Pilot interrogation of ground data bases including:
 1)   MET
 2)   ATIS

e) Controller interrogation of FMS

5.5  Aeronautical Operational Control

Aeronautical operational control is a large and growing communications requirement which tends to cover
large areas.  It provides an essential link between aircraft and their ground-based organization to pass a wide
range of communications associated with flight safety and regularity.  The VDL Mode 3 is capable of
serving the range of AOC voice and data traffic.

5.6  Other Users

The other users category includes many types of users such as gliders, balloonists and operators of small
flying strips.  The nature of their operation makes it unlikely that they will require or want data
communications for the foreseeable future.  The targeted application for this type of user will therefore be
limited to the provision of voice communications.

8. Category: Mark (+) appropriate letter below to indicate category of Change Proposal  (for
example, a mark has been placed by letter a below, indicating an Editorial change.)

a. Editorial, i.e. the reported defect is a pure editorial problem, and does not
raise a technical issue;

b.+ Minor, i.e. the reported issue/defect raises a minor technical problem or
constitutes a minor document change;

c. Major; i.e. a requested change raises a significant technical issue which may
require thorough study before being decided on or indicates a significant
change to the document.
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ATTACHMENT M
Proposed Change to Validation Work Plan for VDL Mode 3

Document Version No:  2.0 Dated: <03/98>

Date Submitted: <09/02/98>

1. Affected Document: VDL Mode 3 SARPs

2. Change Proposal Reference No.  CP8

3. Affected Section Title and Page No:

Various Sections

4. Status:   Accepted with Modification as  follows:
Change title of Unit Test(UT) 4, UT5, and UT6 to Integration Test(IT)1, IT2, and IT3 since

these tests are actually integration tests rather than unit tests.

5. Summary of Change:

Various editorial changes including:
• Remove sections which were part of the original working paper to propose the Validation
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Section 1.  Approach to Validation and Validation Process 1.  Approach to Validation and Validation Process

1.1 Approach to Validation 1.1  Approach to Validation
1.1.1 General

The draft Very High Frequency (VHF) Digital Link (VDL) Mode 3 Standards and Recommended
Practices (SARPs) have been developed to meet a set of system requirements and desirable features.
SARPs are necessary to achieve interoperability between key elements of the system, interoperability
between equipment from different manufacturers, and the system’s external interfaces as well.
Successful validation will ensure that these SARPs are complete, correct, and unambiguous.

The Mode 3 validation will closely follow those approaches used in the validation of both the
aeronautical mobile satellite service (AMSS) SARPs and VDL Mode 1 & 2 SARPs.  The validation
process is well described in a paper produced in the Mode 1 & 2 SARPs validation process (Section
1.3.1).   Main features applicable to Mode 3 are to 1) keep the draft SARPs under strict configuration
management, 2) identify problems and propose solutions, 3) maintain SARPs Validation Cross
Reference Index (VCRI)—a table form of database showing validation methods for each requirement
specified in the draft SARPs, and 4) place the validation plan under control of the VDL Mode 3
Validation Sub-working Group (VSG).

1.1.2 Validation Methods

Several validation methods were used and proven effective in previous validation efforts for AMSS and
VDL Modes 1 and 2.  Six specific methods were proposed for validating the Mode 3 SARPs in the AMCP
Working Group D/7 meeting .  These are summarized below:

Inspection (I):  Validation by common technical knowledge or comparison with information
based on another document.

Analysis (A):  Validation by logical or mathematical methods, or by the manipulation of collected
data in order to draw conclusions about the behavior of a system or subsystem that is not directly
observed.

Simulation (S):  Validation by construction and execution of a computer software model of the
system or subsystem.

Test (T):  Validation by the collection of data by the FAA or contractors using specified test
procedures, equipment, and scenarios.  Testing consists of three categories:

Unit test (UT).   Validation on the basis of prototype or pre-production equipment at
equipment  level against relevant SARPs requirements.

Integration test (IT).  Validation on the basis of an integrated system.  An integration test
may include avionics on the ground but does not involve flight.

Flight test (FT).   Validation on the basis of testing equipment and system in a real (or close
to real) operational environment.

Monitoring (MN):  Validation by observation of the system or subsystem during operation by
users, e.g., by commercial airlines.
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Manufacturers’ Data (MD):  Validation by evaluating manufacturer’s test data and test
conditions or existing equipment certification documentations against specific standards.

The validation of a requirement can be accomplished by one or more of the above methods. It is useful to
develop a VCRI table to check the status of each requirement.  Table 2-1 shows a VCRI developed for
validation of Mode 3 SARPs.  The VCRI consists of every SARPs requirement identified by paragraph
number, against which the techniques used for validation are shown.

1.2. Validation Process 1.2  Validation Process

A validation plan is required to identify the different tasks that need to be performed, the level of effort
required, participants, and the validation schedule.  It is suggested that the VSG should assume the
responsibility of validation at the appropriate time.  Ideally, validation of each requirement of the SARPs
should be performed by at least two (independent) participants.  This way, if the results agree, it lends
more credibility to the results.  If the results disagree, the VSG can attempt to resolve the differences.
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1.2.1 Validation Activity Under VSG

The VSG has been responsible for configuration management of the Mode 3 SARPs change
control process.  Under the proposal that the validation activity is controlled by PVSG, the validation
process will closely follow the management control process outlined in the document identified in Section
1.3.3, which contains procedures for configuration management, change proposal formats, distribution
of change proposals for review, and change proposal approval for the VDL Mode 3 Validation Work
Plan.

1.2.2 Validation Schedule

All the SARPs requirements are planned to be validated using those methods described in Section1.1.2.
Validation starts with Inspection and Analysis based on existing ICAO AMCP and RTCA working
papers.  These working papers have been developed by two different Working Groups (WGs):  ICAO
AMCP WG-D and RTCA SC172 WG2 (referred to as AMCP and RTCA, respectively, hereafter).
Inspection and analysis have largely been done using these working papers. For simulation and testing, a
number of simulation procedures and test procedures are proposed as described in Section 4 and Section
5 of the Work Plan.  The schedule for validation using these methods are shown in the form of a Gantt
chart in Section 6 of the Work Plan.  The other two methods—Monitoring and Manufacturer’s Data—
are not shown in the chart due to lack of information on them.

1.3 References 1.3  References

1.3.1 R. D. Darby, “Development and Validation of the draft SARPs for VDL Mode 1 (and Mode 2)”,
AMCP/4-WP/13, 15 February 1996.

1.3.2 B. Hung, “Initial Considerations on the Validation of Draft Mode 3 SARPs,” AMCP WG D/7 WP-
21, 8-17 April 1997.

1.3.3 “AMCP WG-D VDL Mode 3 SARPs and VDL Mode 3 Validation Plan Change Procedures
Document”, February 1998.
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Section 2.  VCRI and Record of Validated SARPs Requirements 2.  VCRI and Record of Validated SARPs
Requirements

The VCRI identifies the techniques to be used for validating every requirement of the Mode 3 SARPs.
Each validation method is identified by one or two letters as shown below:

I Inspection

A Analysis

S Simulation

T Test

Test consists of three different categories:

• UT (Unit test)

• IT (Integration test)

• FT (Flight test)

 MN Monitoring

 MD Manufacturer’s Data
 

 In the VCRI table shown in this section (Table 2-1), underlines associated with particular validation
method(s) mean “completed.”    AMCP and RTCA Working Papers relevant to individual requirements
are grouped by index Ni, i = 1, 2, …, 24 as shown in Section 3..  Simulation and test procedures are given
in Section 4 and Section 5, respectively.
 
 Inspection, analysis, simulation, and test are indicated in the VCRI table using notations and formats
shown in the examples below:
 
 Examples of notations:
 I: Inspection completed
 A(N2): Analysis completed using references (Working Papers) referred to by index N2.
 S(S1): Simulation planned using simulation procedure S1.
 T(FT3): Test planned using flight test procedure FT3.
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 Table 2-1.  Mode 3 SARPs (version 1.6a)Validation Cross Reference Index (VCRI)

 DEFINITIONS AND SYSTEMS CAPABILITIES (SARPs Section 1)
 
 Paragraph Number  Requirement  Validation Method(s)

 1.1  Definitions  N/A
 1.2  Acronyms and Abbreviations  N/A

 1.5.7  Automated Handoff  I
 1.5.8  Voice  I
 1.6  Modes of Operation  I

 PHYSICAL LAYER PROTOCOLS AND SERVICES (SARPs Section 2)

 
 Paragraph Number  Requirement  Validation Method(s)

 2.5  Definition for Mode 3 (TDMA)  N/A
 2.5.1  Modulation Scheme  I, A(N1)
 2.5.2  Modulation Rate  I, A(N2)
 2.5.3  Management (M) Burst and Handoff Check Message

(H) Burst Uplink
 I

 2.5.3.1  Training Sequence  I, A(N3)
 2.5.3.1.1  Transmitter Ramp-Up and Power Stabilization  I, A(N4), T(UT3)
 2.5.3.1.2  Synchronization and Ambiguity Resolution  I, A(N24)
 2.5.3.2  System Data and Handoff Check Message  I, A(N5)
 2.5.3.3  Transmitter Ramp-Down  I, A(N4) , T(UT3)
 2.5.4  Management (M) Burst Downlink  I
 2.5.4.1  Training Sequence  I, A(N3)
 2.5.4.1.1  Transmitter Ramp-Up and Power Stabilization

(same as 2.5.3.1.1)
 I, A(N4), T(UT3)

 2.5.4.1.2  Synchronization and Ambiguity Resolution  I, A(N24)
 2.5.4.2  System Data  I
 2.5.4.3  Transmitter Ramp-Down (same as 2.5.3.3)  I, A(N4) , T(UT3)
 2.5.5  Voice or Data (V/D) Burst  I
 2.5.5.1  Training Sequence

 
 I, A(N3)

 2.5.5.1.1  Transmitter Ramp-Up and Power Stabilization
(same as 2.5.3.1.1)

 I, A(N4), T(UT3)

 2.5.5.1.2  Synchronization and Ambiguity Resolution  I, A(24)
 2.5.5.2  Header  I
 2.5.5.3  User Information  I
 2.5.5.4  Transmitter Ramp-Down (same as 2.5.3.3)  I, A(N4) , T(UT3)
 2.5.6  Interleaving  N/A
 2.5.7  Bit Scrambling  I
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 LINK LAYER PROTOCOLS AND SERVICES (SARPs Section 3)

 
 Paragraph Number  Requirement  Validation Method(s)

 3.5  MAC Sublayer (Mode 3)  I, A(N6)
 3.5.1  MAC Services  N/A
 3.5.1.1  Multiple Access  I
 3.5.1.2  Channel Occupancy  I
 3.5.2  MAC Protocol Framework  A(N7)
 3.5.2.1  Timing Structure  I
 3.5.2.1.1  TDMA Frame  I
 3.5.2.1.2  Time Slot  I
 3.5.2.1.3  Bursts  I, A(N8)
 3.5.2.1.4  Epoch  
 3.5.2.1.5  External Time Reference Interface  I
 3.5.2.2  System Data and Header Field Formats  I, A(N9)
 3.5.2.3  User Groups  I
 3.5.2.4  System Configurations  I, A(N10), S(S1)
 3.5.2.5  Media Access Control Cycle  I, A(N11), S(S1)
 3.5.2.5.1  Logical Burst Access Channels  I, S(S1)
 3.5.2.5.2  Burst Access Timing  I, S(S1)
 3.5.3  Airborne MAC Service System Parameters  I, A(N12), S(S3)
 3.5.3.1  Parameter t (Truncation)  I, T(FT4)
 3.5.3.2  Parameter f (Free Running)  I, T(FT4)
 3.5.3.3  Counter NM1 (Maximum Retry)  I, S(S3)
   
   
 3.5.3.4  Parameter RR (Reservation Request Randomizer)  I, S(S3)
 3.5.3.5  Parameter RE (Net Entry Request Randomizer)  I, S(S3)
 3.5.3.6  Parameter RL (Leaving Net Randomizer)  I, S(S3)
 3.5.3.7  Parameter W1R (Reservation Request

Retransmission Delay Min)
 I, S(S3)

 3.5.3.8  Parameter W2R (Reservation Request
Retransmission Delay Max)

 I, S(S3)

 3.5.4  Description of Procedures  I
 3.5.4.1  Timing Acquisition and Maintenance  A(N13)
 3.5.4.1.1  Primary Timing Reference  I
 3.5.4.1.2  Alternate Timing Reference  I, A(N24)
 3.5.4.1.3  Coast Timing Counters  I, A(N14), T(FT4)
 3.5.4.1.4  Timing States  I, A(N15), T(FT4)
 3.5.4.1.5  Timing State Transitions  I, T(FT4)
 3.5.4.1.6  Dummy Poll Responses  I, T(?)
 3.5.4.2  Voice Operation Support  I, T(FT1), T(FT4)
 3.5.4.3  Link Management Support  N/A
 3.5.4.3.1  Polling  I, T(UT5)
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 3.5.4.3.2  Net Entry Request Message  I, S(S4) , T(FT2)
   
 3.5.4.3.3  Leaving Net Message  I, T(FT2)
 3.5.4.4  Data Operation Support  N/A
 3.5.4.4.1  Segmentation Function  I, S(S1)
 3.5.4.4.2  Uplink Data Transfer  I, S(S1)
 3.5.4.4.2.1  Acknowledgement Protocol  I, S(S1)
 3.5.4.4.2.2  Reservation Request Acknowledgement  I, S(?)
 3.5.4.4.3  Downlink Data Transfer  N/A
 3.5.4.4.3.1  Data Transfer  I
 3.5.4.4.3.2  Assemble Message for MAC Data Transfer  I, S(S1)
 3.5.4.4.3.3  Request a Reservation  I, S(S1)
 3.5.4.4.3.4  Reservation Request Retransmission  I, S(S1)
 3.5.4.4.3.5  Reservation Confirmation Indication  I, S(S1)
 3.5.4.4.3.6  Acknowledgement Protocol  I, S(S1)
 3.5.4.5  Automated Handoff for 3T Configuration  I, T(FT3)

 3.6  Data Link Services (DLS) (Mode 3)  A(N16)
 3.6.1  Services  I
   
 3.6.1.1  Error Detection                       (Mode 2)  I, S(S1)
 3.6.1.2  Address Identification             (Mode 2)  I
 3.6.1.2.1  Address Uniqueness                (Mode 2)  I
 3.6.1.2.2  Broadcast Addressing              (Mode 2)  I
 3.6.1.3  Data Transfer                     (Modes 2 & 3)  I, S(S1)
 3.6.2  Mode 3 Data Link Service Protocol Specification  N/A
 3.6.2.1  Frame Format  I
 3.6.2.2  FCS/Aircraft Address Field  I

 3.6.2.2.1  FCS/Aircraft Station Address  I

 3.6.2.2.2  Address Type  I
   
   
 3.6.2.3  Link Control Field  I, S(S1)

 3.6.2.3.1  Frame Type  I, S(S1)

 3.6.2.3.2  Priority  I, S(S1)

 3.6.2.4  Data Control Field  I, S(S1)

 3.6.2.4.1  Ground Subnetwork Address Subfield  I, S(S1)

 3.6.2.4.2  Data Length Subfield  I, S(S1)

 3.6.3  Data Link Service System Parameters  I, S(S1)
   
   
 3.6.3.1  Timer T3 (Link Initialization Time)  I, S(S1)
 3.6.3.2  Parameter N1 (Maximum I Frame Size)  I, S(S1)
 3.6.3.3  Parameter MG (Maximum Number of Bursts

for Grouped Frames)
 I, S(S1)
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 3.6.4  Description of Procedures  I
 3.6.4.1  Modes of Operation  N/A
   
   
   
   
   
   
   
 3.6.4.2  Broadcast  I, S(S1)

   
 3.6.4.3  Information Transfer  I, S(S1)
 3.6.4.3.1  Transmission Queue Management  I, S(S1)

 3.6.4.3.1.1  Priority Processing  I, S(S1)

 3.6.4.3.1.2  Recommendation  I, S(S1)

 3.6.4.3.1.3  Frame Grouping  I, S(S1)

 3.6.4.3.1.3.1  Grouping INFO Frames  I, S(S1)

 3.6.4.3.1.3.2  Grouping Acknowledged Frames  I, S(S1)

 3.6.4.3.1.3.3  Grouping Unacknowledged Frames  I, S(S1)

 3.6.4.3.2  Reception Acknowledgment  I

 3.6.4.3.2.1  Acknowledged Frames  I, S(S1)

 3.6.4.3.2.2  Unacknowledged Frames  I, S(S1)

 3.6.4.3.3  Transmission Acknowledgment/Retransmission  I, S(S1)

 3.6.4.4  Control frame  I, S(S1)

 3.6.4.4.1  Control Command Frame  I, S(S1)

 3.6.4.4.2  Control Response Frame  I, S(S1)

 3.7  Link Management Entity (LME) Sublayer (Mode 3)  N/A
 3.7.1  Services  I
 3.7.2  Operation Procedures  I
 3.7.2.1  Link Establishment  I, A(N5)
 3.7.2.1.1  Net Initialization  I, T(FT2)
 3.7.2.1.2  Net Entry  I, S(S4) , T(FT2)
 3.7.2.2  Link Release  N/A
 3.7.2.2.1  Explicit Link Release  I, T(FT2)
 3.7.2.2.2  Implicit Link Release  I, T(FT2)
 3.7.2.3  Handoff  I, S(S5), T(FT2), T(FT3)
 3.7.2.3.1  Same GNI  I, S(S5), T(FT2)
 3.7.2.3.2  Different GNI  I, S(S5), T(FT3)
 3.7.2.4  Recovery  I, S(S6) , T(FT4)
 3.7.2.5  Link Negotiation and Modification  N/A
 3.7.2.5.1  Description of LME Procedures  I
 3.7.2.5.2  Link Connectivity Procedures  I
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 3.7.2.5.3  Air-initiated Link Establishment  N/A
 3.7.2.5.3.1  Air Initiation  I
 3.7.2.5.3.2  General Ground Response  I
 3.7.2.5.3.3  Exceptional Cases  I
 3.7.2.5.4  Ground-initiated Link Establishment  I
 3.7.2.5.4.1  Ground Initiation  I
 3.7.2.5.4.2  General Aircraft Response  I
 3.7.2.5.4.3  Exceptional Cases  I
 3.7.2.5.5  Air-initiated Link Handoff  I
 3.7.2.5.5.1  Air Initiation  I
 3.7.2.5.5.2  General Ground Response  I
 3.7.2.5.5.3  Disconnecting the Old Link  I
 3.7.2.5.5.4  Exceptional Cases  I
 3.7.2.5.6  Ground-initiated Link Handoff  I
 3.7.2.5.6.1  Ground Initiation  I
 3.7.2.5.6.2  General Aircraft Response  I
 3.7.2.5.6.3  Disconnecting the Old Link  I
 3.7.2.5.6.4  Exceptional Cases  I
 3.7.2.5.7  Addressed Link Parameter Modification  I
 3.7.2.5.7.1  Ground Initiation  I
 3.7.2.5.7.2  General Aircraft Response  I
 3.7.2.5.8  Broadcast Link Parameter Modification  I
 3.7.2.5.8.1  Ground Initiation  I
 3.7.3  Link Management Frames  I, S(S4)
 3.7.3.1  M Burst Message Format  I, S(S2)(S7)
 3.7.3.2  LME Service System Parameters  I, S(S2)
 3.7.3.2.1  Counter NL1 (Maximum Net Entry Request Retry)  I, S(S2)
 3.7.3.2.2  Counter NL2 (Polling Reply Counter)  I, S(S2)
   
 3.7.3.2.3  Timer TL3 (Disconnect Delay Timer)  I, S(S2)
 3.7.3.2.4  Timer TL4 (Polling Interval)  I, S(S2)
 3.7.3.2.5  Timer TG5 (Maximum Link Overlap Time)  I, S(S2)
 3.7.3.2.6  Parameter W1E (Net Entry Retransmission Delay

Min)
 I, S(S2)

 3.7.3.2.7  Parameter W2E (Net Entry Retransmission Delay
Max)

 I, S(S2)

 3.7.3.3  Exchange Identity (XID) Parameter Format  I
 3.7.3.3.1  Public Parameters  N/A
 3.7.3.3.1.1  General Public Parameters  I
 3.7.3.3.1.2  Mode 3 Public Parameters  N/A
 3.7.3.3.1.2.1  Mode 3 Public Parameter Set Identifier  I
 3.7.3.3.1.2.2  Timer T1 (Delay Before Retransmission)  I
 3.7.3.3.1.2.3  Timer T2 (Delay Before Acknowledgement)  I
 3.7.3.3.2  Private Parameters  I
 3.7.3.3.3  General Private Parameters  N/A
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 3.7.3.3.3.1  General Purpose Information Private Parameters  I
 3.7.3.3.3.2  Aircraft-initiated Information Private Parameters  I
 3.7.3.3.3.3  Ground-initiated Modification Private Parameters  I
 3.7.3.3.4  Mode 3 Private Parameters  N/A
 3.7.3.3.4.1  General Purpose Information  Private Parameters  I
 3.7.3.3.4.1.1  Parameter Set Identifier  I
 3.7.3.3.4.1.2  Algorithm Version Number  I
   
 3.7.3.3.4.1.3  Network Initialization Parameter  I

 3.7.3.3.4.2  Air-initiated Information Private Parameters  N/A
 3.7.3.3.4.2.2  Expedited Recovery Parameter  I

 3.7.3.3.4.3  Ground-initiated Modification Private Parameters  N/A
   
   
 3.7.3.3.4.3.1  t (Truncation) Parameter  I
 3.7.3.3.4.3.2  f (Free Running) Parameter  I
 3.7.3.3.4.3.3  Counter NM1 (Maximum Retry) Parameter  I
 3.7.3.3.4.3.4  RR (Reservation Request Randomizer) Parameter  I
 3.7.3.3.4.3.5  W1R (Reservation Request Delay Min) Parameter  I
 3.7.3.3.4.3.6  W2R (Reservation Request Delay Max) Parameter  I
 3.7.3.3.4.3.7  RE (Net Entry Randomizer) Parameter  I
 3.7.3.3.4.3.8  RL (Leaving Net Randomizer) Parameter  I
 3.7.3.3.4.3.9  Timer T3 (Link Initialization Time) Parameter  I
 3.7.3.3.4.3.10  Counter NL1 (Maximum Net Entry Request Retry)  I
   
 3.7.3.3.4.3.11  Timer TL3 (Disconnect Delay Timer)  I
 3.7.3.3.4.3.12  Timer TL4 (Polling Interval)  I
   
 3.7.3.3.4.3.13  W1E (Net Entry Request Delay Min) Parameter  I
 3.7.3.3.4.3.14  W2E (Net Entry Request Delay Max) Parameter  I
 3.7.3.3.4.3.15  MG (Maximum Number of Grouped Bursts)

Parameter
 I

 3.7.3.3.5  Ground-initiated Information Private Parameters  I
 3.7.3.3.5.1  Counter NL2 (Polling Reply) Parameter  I

 SUBNETWORK LAYER PROTOCOLS AND SERVICES (SARPs Section 4)

 Paragraph Number  Requirement  Validation Method(s)

 4.7  Subnetwork Layer (Mode 3)  A(N17)
 4.7.1  Payload Identification  I
 4.7.2  Compression Signaling  I
   
   
 4.7.2.1  CLNP Compression  I, S(TBD)
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 VOICE UNIT (SARPs Section 6)

 Paragraph Number  Requirement  Validation Method(s)

 6.1  Services  A(N19)
 6.1.1  Priority Access  T(UT-TBD), T(FT1)
 6.1.2  Message Source Identification  I, T(FT1), T(UT-TBD)
 6.1.3  Coded Squelch  I, T(FT6), T(UT-TBD)

 6.2  Speech Encoding  A, T(UT7)
 6.2.1  Speech Encoding Algorithm [TBD]  A(N20)
 6.2.2  FEC Protection for Encoded Speech [TBD]  A
 6.2.3  Voice Burst Framing  I

 6.3  Parameters  I
 6.3.1  Group ID  I
 6.3.2  Squelch Window  I
 6.3.3  Algorithm Version Number [TBD]  I

 6.4  Description of Procedures  N/A
 6.4.1  Link Establishment  N/A
 6.4.1.1  Link Initialization  I
 6.4.1.2  Net Entry  I
 6.4.2  Timing  I
 6.4.2.1  Transmit Delay  T(UT7)
 6.4.2.2  Receive Delay  T(UT7)
 6.4.3  Voice Transmit Function  I
 6.4.3.1  Demand-Assigned Circuits  I
 6.4.3.2  Vocoder Processing  A(N21)
 6.4.3.3  Access Pre-emption  I
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 6.4.4  Voice Receive Function  N/A
 6.4.4.1  Pre-processing  N/A
 6.4.4.1.1  Source Filtering  I, A(N21)
 6.4.4.1.2  Vocoder Processing  A, T(UT7)
 6.4.4.1.3  Source Identification  I
 6.4.4.2  Voice Synthesis  I, A(N22)
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 Format and Usage of the System Data and Header Segments for Mode 3 Operation (SARPs Appendix F)

 Paragraph Number  Requirement  Validation Method(s)

 F.1  Unused Reserved (Spare) Bits  I
 F.2  M Burst  N/A

 F.2.1  Non-3T Configuration M Uplink System Data
Segment (Generic Elements)

 I

 F.2.1.1  Message ID  I
 F.2.1.2  System Configuration  I
 F.2.1.3  Voice Signal  I
 F.2.1.4  Aircraft ID (Poll)  I
 F.2.1.5  Slot ID  I
 F.2.1.6  Ground Station Code  I
 F.2.1.7  Squelch Window  I
 F.2.2  Normal Message  I
 F.2.2.1  Reservation Response  I
 F.2.3  Net Entry Response Message  I
 F.2.4  Next Net Command Message  I
 F.2.4.1  Next Net  I
 F.2.4.2  Local User ID  I
 F.2.4.3  Net Type  I
 F.2.5  Recovery Message  I
 F.2.6  Handoff Check Message  I
 F.2.6.1  Adjacent Frequency <n>  I
 F.2.7  3-T Configuration M Uplink System Data Segment

(Generic Elements)
 I, T(FT3)

 F.2.8  Terminate Net Message  I
 F.2.9  M Downlink System Data Segment (Generic

Elements)
 I

 F.2.10  Net Entry Request Message  I
 F.2.11  Poll Response and Reservation Request Message  I, A(N23)
 F.2.11.1  Number of Slots Requested  I
 F.2.11.2  Data Message Priority  I
 F.2.11.3  Voice Request  I
 F.2.12  Acknowledgement Message  I
   
 F.2.13  Leaving Net Message  I
   

 F.3  V/D Burst  N/A
 F.3.1  V/D (Voice) Burst Header Segment  I
 F.3.1.1  Message ID  I
 F.3.1.2  EOM  I
 F.3.2  V/D (Data) Burst Header Segment  I
 F.3.2.1  Segment Number  I
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 Random Number Generator Algorithm (SARPs Appendix G)

 Paragraph Number  Requirement  Validation Method(s)

 Appendix G  Random Number Generator Algorithm  I, A
 
 Random Access Downlink M Burst Selection Algorithms for Airborne Radio (SARPS Appendix H)

 Paragraph Number  Requirement  Validation Method(s)

 Appendix H  Random Access Downlink M Burst Selection
Algorithms for Airborne Radios

 I, A

 
 Appendix J - CLNP compression definition (SARPs Appendix J)

 
 Paragraph Number  Requirement  Validation Method(s)

 J.1  Compression Formatting  I

 J.1.1  Compression Header Definition  I

 J.1.1.1  Payload  I

 J.1.1.2  Compression Type  I

 J.1.1.3  Q  I

 J.1.1.4  Index Number  I

 J.1.1.5  QOS  I

 J.1.1.6  Priority  I

 J.1.1.7  Security  I

 J.1.1.8  Bit field  I

 J.1.1.9  Lifetime  I

 J.1.1.10  Data Unit Identifier (DUI)  I

 J.1.1.11  Segment Offset  I

 J.1.1.12  Total Length  I

 J.1.1.13  Discard Reason  I

 J.1.1.14  Options  I

 J.1.2  Compression Field Values  I

 J.1.2.1  Multicast Packets  I

 J.1.2.2  Uncompressed CLNP Packets  I

 J.2  Compression Rules  I, A, S

 J.3  Decompression Rules  I, A, S

 J.4  Compression System Parameters  I

 J.4.1  CT1 (Multicast Packet Period) Parameter  I

 J.4.2  CT2 (Multicast Refresh) Timer  I

 J.4.3  CT3 (Index Idle) Timer  I
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 Section 3.  Index of Work Relevant to Validation 3. Index of Work Relevent to Validation

 Working Papers (and flimsies) relevant to individual requirements are grouped by index Ni, i  = 1, 2, …,
24.  AMCP and RTCA represent ICAO AMCP WG-D and RTCA SC172 WG2, respectively.

 
 VCRI
 Index Label

 Document Title  RTCA #  AMCP #

 N1  VHF Time Division Multiple Access Radio Prototype   D3/WP27
  ENRI’s Plan of D8PSK Radio  

 D4/WP7
  VDL TDMA Mode Radio Prototype Design and Performance

Measurements
  D4/WP23

  Cochannel Interference Performance of the VDL Physical Layer   D4/WP24
  Very High Frequency (VHF) Propagation Characteristics   D5/WP14
  Cochannel Interference Performance of VDL   D5/WP15
  VDL Waveform Interference Effects on the Existing DSB-AM

System
  D5/WP20

  VHF Channel Propagation Measurements   D6/WP4
  Physical Layer Test Procedures for VDL  WP180  D7/WP19
  Modelling of Multipath and Ducting Effects in VHF Propagation

Channel for Aeronautical Mobiles
  D7/WP27

  Revised MASPS Chapter 3 for CSMA  WP105  
  Proposal to Optimize the Current Modulation "8-DPSK"  WP138  
  Preliminary Notes on the Phase Mask of Table 3-3 of the VDL

MASPS (Change No. 1 to RTCA/DO-224)
 WP208  

 N2  VDL Mode 3 Timing Tolerance   D7/WP16
  Physical Layer Test Procedures for VDL  WP180  D7/WP19
 N3  More VDLT Timing Issues  WP164  
  Comments on VDL Receiver Performance Testing  WP167  
 N4  VDLT Prototype Ramp-Up/Ramp-Down Performance  WP143  D6/WP3
  VDL Ramp-up and Power Stabilization Trade-offs  WP177  D7/WP20
  ACI Characteristics in Mode 3 and VDLT Ramp Up/Receiver

AGC During Training Sequence
 WP154  

  VDL Ramp and Power Stabilization Time  WP162  
  Action Item 045  WP205  
  A Fax Sheet On MASPS Transmitter Power (?)  WP210  
 N5  Management Channel Integrity For VDL Mode 3 (TDMA)  WP115  D6/WP25
 N6  Proposed Near-Term VDL Mode 3 Simulation Plan  WP197  
 N7  VDL TDMA Mode Radio Prototype Design and Performance

Measurements
  D4/WP23

  VDL TDMA radio System   D6/WP18
  VDL/TDMA MAC Performance Enhancements and Simulation  WP196  D7/WP22
  VDLT Performance Enhancements  WP182  
 N8  Management Channel Integrity For VDL Mode 3   D6/WP25
  Management Channel Integrity for VDL Mode 3 (TDMA)  WP115  
  VDLT Ground Timing Requirements  WP134  
  Aeronautical Path Loss Modeling Considering Earth Reflections  WP169  
 N9  Sample VDL TDMA Transmissions  WP146  D6/WP38
  More VDLT Timing Issues  WP164  
 N10  Some Aspects of VDL TDMA Performance for A/G Data

Communications
 WP110  D4/flimsy 7

  Recent VDL/TDMA Performance Simulation and Analysis for A/G
Data Communications Briefing

  D5/WP19
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  Residual VDL TDMA Timing Issues  WP194  
 N11  Some Aspects of VDL TDMA Performance for A/G Data

Communications
 WP110  D4/flimsy 7

  Recent VDL/TDMA Performance Simulation and Analysis for A/G
Data Communications Briefing

  D5/WP19

 N12  VDLT Truncated Voice Mode   D3/WP17
  VDL Mode 3 Timing Tolerance   D7/WP16
  Residual VDL TDMA Timing Issues  WP194  
 N13  Proposed Approach for VDL TDMA Timing  WP165  D6/WP19
  VDL TDMA Timing Rules  WP179  D7/WP14
  Leap Seconds and VDLT Timing  WP163  D7/WP15
  Simulation Study And Analysis Of The TDMA System Capabilities

Considering The ATS Traffic Model
  D7/WP55

  Presentation on Timing and Synchronization Concepts for the
VDLT System

 WP114  

  VDLT Ground Timing Requirements  WP134  
  VDLT External Interface  WP135  
  VDLT Timing Procedures  WP136  
  VDLT Timing Maintenance  WP137  
  VDL TDMA Timing Issues  WP141  
  VDL/TDMA Voice Operating Concept Re: Timing  WP159  
  Timing Considerations for Free Running and Coast/Truncate

VDLT
 WP186  

  Leap Seconds and VDL TDMA Timing  WP190  
 N14  Residual VDL TDMA Timing Issues  WP194  
 N15  VDLT Truncated Voice Mode   D3/WP17
  VDLT Timing Maintenance  WP137  
  Residual VDL TDMA Timing Issues  WP194  
 N16  Proposed Near-Term VDL Mode 3 Simulation Plan  WP197  
 N17  A Proposal to Allow Direct Access to VDLT by Application Process  WP108  
  The VDL/ATN Interface  WP187  
  CLNP Compression in VDL Mode 3  WP207  
 N18  Supporting Priority Service in VDL Mode 3   D3/WP20
  VDL SARPs Message Priorities   D3/WP26
  A Proposed VDL Mode 3 Data Link Layer Priority

Implementation
  D4/WP30

  Definition of Priority Categories within the ATN Internetwork   D5/WP2
 N19  Vocoder Selection Considerations   D2/WP4
  Vocoder Coding Schemes for Radio Mobile Applications   D2/WP10
  Vocoder Requirements and Testing Criteria   D2/WP11
  Vocoder Standards Overview   D2/WP13
  Investigations Into The Operational Effects Of The VDL Mode 3

Voice Throughput Delay
  D7/WP53

  Investigation Of Influences On ATC Communications By The
Delay Time Generated In Voice Communications Using VDL

  D7/WP59

 N20  Eurocontrol Contribution to Vocoder Selection   D4/WP8
  UK Assessment of Vocoder Threshold Scores for DRT and ATC-

DAM
  D4/WP21

  Status of Vocoder Testing at the FAA Technical Center   D4/WP27
  Vocoder Communicability Test Procedures   D4/WP28
  Timing Delay Information for Candidate Vocoders   D4/WP29
  Evaluation of Speech Coders in Aeronautical Environments   D4/WP34
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  Vocoder Selection   D5/WP24
  Vocoder   D5/WP25
  Vocoder Selection Criteria   D5/WP28
  Vocoder development in Japan   D5/WP29
  Recordings of Special Conditions That Could Affect Voice Quality

of the VDL/TDMA Link
 WP145

 D6/WP5

  Overview Of Vocoder Plans, Testing & Status For VDL  WP188  D7/WP10
  Low Delay Coding Of Speech   D7/WP54
  Eurocontrol Vocoder Intelligibility Testing   D7/WP57
 N21  VDLT Truncated Voice Mode   D3/WP17
 N22  UK Ground Infrastructure Requirements for Vocoders   D4/WP22
  Timing Delay Information for Candidate Vocoders   D4/WP29
  VDL TDMA radio System   D6/WP18
 N23  Supporting Priority Service in VDL Mode 3   D3/WP20
  VDL SARPs Message Priorities   D3/WP26
  A Proposed VDL Mode 3 Data Link Layer Priority

Implementation
  D4/WP30

  Definition of Priority Categories within the ATN Internetwork   D5/WP2
 N24  VDL TDMA System Description: Formats and Protocols, MITRE

Paper MP95W0000294R1, October 1997 (Warren Wilson)
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 Section 4.  Simulation Procedures and Scenarios 4.  Simulation Procedures and Scenarios
 
 Two simulation models are to be used as part of the VDL/3 validation effort.  One is a subnetwork model
which contains only lower layer protocols specific to VDL Mode 3 (i.e., MAC, DLS, LME, and partial
physical layer).  The other, an integrated model which includes all higher layer protocols up to the
application, allows validation of connection management functions.  Simulation tasks are numbered S1,
S2, etc.  This notation appears in the VCRI to indicate the simulation activity applicable to each SARPs
requirement.
 
 4.1 General Guidelines4.1  General Guidelines

 Running the simulation requires specific input parameters and data.  These include primarily system
configurations, number of aircraft per user group,  traffic model, traffic intensity, and interarrival time
of aircraft into and out of the ground station’s service volume.  Depending on the system configuration,
simulations are performed to obtain statistics for different (mean) aircraft counts per user group.
Details of input parameters and data are described below:

 

• System Configurations: 2V2D, 3T
 

• Number of aircraft per user group: 30 to 60 for 2V2D, and 30 to 180 for 3T.  Examples:  30, 40, 60,
and 80.

• 
 

• The AMCP WG D has adopted a traffic model for simulation efforts as summarized in Table 4-1.
Note that the combined uplink and downlink A/G data link traffic in Table 4-1 is used as a reference
point of a Load Factor of 1.   The Load Factor and number of aircraft served per channel are the
parameters that are varied to assess capacity.
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 Table  4-1.  VDL  Data Link Message Traffic Assessments
 

 

   Message
Distribution

Priority

Uplink Downlink

Notes:  1.  Rates are in number of messages per second per aircraft
             2.  31 octets of protocol header added to each message in simulation
             3.  Each message is acknowledged at Data Link Sublayer except broadcast
             4.  ack of uplink message uses downlink M subchannels, ack of downlink
                  message requires 8 octet conveyed in the V/D (data) subchannels
             5.  Broadcast service provided for constant uplink messages
             6.  Periodic fixed size downlink meteorological observations
             7.  All traffic collectively represents a Load Factor of 1

     average
 message rate
in steady state

  average
    size
   in bits

High

Low

Low

Medium

0.017

 0.0017

0.001

0.017

0.002

0.024

0.0008

2400 2400

137

3325

110

100

     Constant
  (Notes 5 & 6) 17600.0033

     average
 message rate
in steady state

  average
    size
   in bits

Exponential
inter-arrival
with Poisson
message size

198

* A Proposed VDLT Traffic Model for Capacity Simulation, AMCP/WG-D/5 WP-16, 1996

 
 

• Traffic intensity:  Traffic intensity depends on the number of aircraft as well as packet
arrival rate.  For a fixed number of aircraft (e.g., 30, 40, 60, 80, or 180), the packet
arrival rates of the traffic data are scaled by varying the Load Factor.  Thus each Load
Factor defines one set of packet arrival rates.  The simulation model is then run for all of
these different sets of packet arrival rates.  Load Factors of 0.2 to 8 (including 1.0) are
used.

 

• Interarrival time of aircraft into and out of the ground station’s service volume:  Aircraft mobility
could be implemented with quasi-stationary aircraft movement where each aircraft is placed at a
fixed number of positions along a flight path.  Aircraft positions and movement (in time) are given in
flight files.  Interarrival time between arrival/departure into and out of the ground station’s service
volume is related to the number of aircraft to be reached (in steady state).  Flight files should assume
exponentially distributed interarrival time for service volume entry/exit.
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4.2 Simulation Scenarios4.2 Simulation Scenarios

Individual simulation scenarios described below will use specific values (or a range of values) for a
specific parameter specified in the VDL SARPs to validate that parameter.  A total of seven simulations
(S1-S7) are proposed.  S5 requires the integrated simulation model, whereas the remaining simulations
(S1, S2, S3, S4, S6, and S7) may use the subnet simulation model. For each of these scenarios, simulation
will be run and appropriate output statistics will be gathered.  These include  end-to-end delay, number
of transmitted packets and successfully received packets, number of retransmissions (e.g., packet counts
for 1, 2, 3, and 4 retransmissions), channel throughput, message rate/priority, M channel overhead, etc.

1) Simulation 1 (S1):  DLS system parameters of SARPs Table 3-57 (T3, N1, and MG)

Objective: Derive optimum default DLS system parameters for nominal operating conditions.
(Requirements marked by simulation procedure S1, such as error detection, data transfer,
etc, should be tested.)

Conditions: Configurations - 2V2D and 3T
Number of aircraft - 30 for 2V2D and 80 for 3T
Traffic intensity - load factor of 1.0

Procedures:

a) Vary T3 (min, default, and max) while keeping other parameters at default values.
b) Vary N1 (min, default, and max) while keeping other parameters at default values.

c)Vary MG (min, default, and max) while keeping other parameters at default values.

2)  Simulation 2 (S2):  LME system parameters of SARPs Table 3-59 (NL1, NL2, TL3, TL4, TG5, W1E,
and W2E)
.

Objective: Derive optimum default LME system parameters for nominal operating conditions.
Conditions: Configurations - 2V2D and 3T

Number of aircraft - 30 for 2V2D and 80 for 3T
Traffic intensity - load factor of 1.0

Procedures:
a) Vary NL1 (min, default, and max) while keeping other parameters at default values.
b) Vary NL2 (min, default, and max) while keeping other parameters at default values.
c) Vary TL3 (min, default, and max) while keeping other parameters at default values.
d) Vary TL4 (min, default, and max) while keeping other parameters at default values.
e) Vary TG5 (min, default, and max) while keeping other parameters at default values.
f) Vary W1E (default) while keeping other parameters at default values.
g) Vary W2E (default) while keeping other parameters at default values.

3)  Simulation 3 (S3): MAC Parameters of SARPs Table 3-52 except t and f (NM1, RE, RR, RL, W1R,
and W2R) and Table 56b (T1 and N2)
.

Objective: Derive optimum default Airborne MAC Service System Parameters for nominal operating
conditions.

Conditions: Configurations - 2V2D and 3T
Number of aircraft - 30 for 2V2D and 80 for 3T
Traffic intensity - load factor of 1.0
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Procedures:
a) Vary NM1 (min, default, and max) while keeping other parameters at default values.
b) Vary RE (default) while keeping other parameters at default values.
c) Vary RR (default) while keeping other parameters at default values.
d) Vary RL (default) while keeping other parameters at default values.
e) Vary W1R (default) while keeping other parameters at default values.
f) Vary W2R (default) while keeping other parameters at default values.

g) Vary T1 (min, default, and max) while keeping other parameters at default values.
h) Vary N2  (min, default, and max) while keeping other parameters at default values.

4) Simulation 4 (S4):  Net entry

Objective: Validate proper net entry operation and XID exchange protocol for nominal operating
conditions.

Conditions: Configurations - 2V2D and 3T
Number of aircraft - 30 for 2V2D and 80 for 3T
Traffic intensity - load factor of 1.0

Procedure:
Insert probes at appropriate points of the simulation codes to record time to complete the net entry.
Run the simulation model and record (average) net entry time, number of retries, and XID
exchanges.

5) Simulation 5 (S5):  Handoff

Objective: Verify proper IDRP connection management and assess overhead for nominal operating
conditions.

Conditions: Configurations - 2V2D and 3T
Number of aircraft - 30 for 2V2D and 80 for 3T
Traffic intensity - load factor of 1.0

Procedure:
Handoff starts when an aircraft enters a new coverage area and is completed when IDRP connection
is re-established  (via the ground station involved).   Run the model and record the time (elapse)
taken during IDRP re-establishment as well as the number of octets involved in that process (i.e.,
IDRP overhead).

6)  Simulation 6 (S6):  Recovery from ground network outage

Objective: Verify proper performance of recovery procedures in SARPs assuming a cold start (i.e., no
state information).

Conditions: Configurations - 2V2D and 3T
a)  2V2D (normal traffic)

Number of aircraft - 30
Traffic intensity - load factor of 1.0

b) 2V2D (high traffic)
Number of aircraft - 60
Traffic intensity - load factor of 2.0

c) 3T (high traffic)
Number of aircraft - 180
Traffic intensity - load factor of 2.0
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Procedures:
Simulate ground station failure with cold recovery for different user groups and different traffic
intensities as shown above.  Cold Start implies all aircraft addresses and state information (for
ISO 8208 connections) are lost when the ground system fails per the recovery process
documented in SARPs Section 3.7.2.4.  This process involves both address inquiry and virtual
link establishment (for a systems using ISO 8208 for compression).  (For a system not using
ISO 8208, Recovery may involve only portions of them.)

a)Simulate loss of all aircraft addresses and state information (ground network interface failure).
b)  Verify that state information is recovered on all aircraft as per SARPs and Guidance Material
c)  Record time required to recover all aircraft.

7)  Simulation 7 (S7):  Response to burst corruption scenarios

Objective: To verify the proper performance of MAC/DLS protocols in response to all possible burst
corruption scenarios

Conditions: Configurations - 2V2D and 3T
Number of Aircraft - 80 per 25 kHz channel
Traffic Intensity -  load factor of 2.0 for 2V2D

    load factor of 4.0 for 3T

Procedures:
Use simulation to introduce random burst corruption of both uplink and downlink management and
data bursts.  Verify proper protocol operation in handling burst corruption under the following
simulated conditions.

1. M_up burst corruption:   the loss of an M-up burst to a specific airborne station under each of
the following conditions (text in parenthesis gives expected system response to corrupted burst):
a) M_up burst carries Reservation Request Acknowledgment (the airborne radio will

retransmit a reservation request)
b) M_up burst carries Reservation Request Response (the airborne radio will retransmit a

reservation request)
c) M_up burst carries polls (the ground station will detect the missing poll response in next

cycle)
d) M_up burst carries a Next Net message (the ground station will detect the missing Next Net

acknowledgement in the next poll response opportunity)

2. M_down burst corruption:  the loss of an M_down burst to the ground station under each of the
following conditions:
a) M_down burst carries a reservation request (within the maximum number of retries NL2)
b) M_down burst carries a net entry request (within maximum number of retries NL1)
c) M-down burst carries a downlink Acknowledgment message.
d) M-down burst carries a next net Acknowledgment message.

3. M_RA burst corruption:  the loss of an M_RA burst to the ground station under each of the
following conditions:
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a) M_RA burst carries a downlink reservation request or net entry request. (the airborne radio
will retransmit the reservation request or net entry request)

b) M_RA  burst carries an acknowledgment of an uplink data transmission (the ground station
will retransmit the unacknowledged data frame(s))

4. Uplink data burst corruption:  the loss of a specific uplink data burst under each of the following
conditions;
a) the rejection of a uplink data frame (the ground station will retransmit only unacknowledged

data frame)
b) the loss of acknowledgments of previous downlink data frames (some airborne radios

will repeat previous reservation requests)
5. Downlink data burst corruption: the loss of a downlink data burst in a downlink data frame

(with single or multiple bursts)
a) the loss of the entire downlink data frame (the retransmission of previous reservation request

from the airborne radio to the ground station.)
6. Data frame corruption: the successful delivery of a data burst with detected DLS Frame Check

Sequence (FCS) errors
a) discard all data frames received in the data burst or bursts (ground station will retransmit

unacknowledged data bursts later) (airborne radios will repeat previous reservation
request)

Note:  The VDL Mode 3 MAC/DLS must include the following operations in its protocol
procedures in handling burst corruptions:

• the removal of redundant reservation requests by the ground station,
• the proper setting of retransmision timers,
• polling retry delay, and
• the exclusion of acknowledgment frames from every unacknowledged uplink data frame

retransmission.
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 Section 5.  Test Procedures and Scenarios 5. Test Procedures and Scenarios
 
 This section describes a proposed plan for VDL Mode 3 equipment unit test and flight test.  The
objective of the equipment unit test is to validate prototype or pre-production equipment under a
controlled laboratory environment.  Flight testing will have two basic objectives.  The first is to test those
complex SARPs requirements under test scenarios that can only be exercised in a flight environment.
Secondly, flight testing will serve as final validation of all basic VDL Mode 3 functions under normal
operating conditions.  Seven scenarios for flight test are described here, which depend on the number of
aircraft (one or two), number of ground stations (one or two), and the manner in which handoff occurs
between two ground stations.  The two ground stations may be attached to the same ground network
interface (GNI) or two different GNIs.  (It is assumed that only one GNI is attached to each air/ground
ATN router.  In general, multiple GNIs can be attached to the same router.)

 5.1 General Guidelines 5.1 General Guidelines

 Test aircraft are equipped with communications equipment meeting SARPs requirements.

• Aircraft movement—position, velocity, and altitude—as well as information on the
environment (i.e., terrain, water, etc.) will be recorded in the aircraft.

• Packets of data as well as voice will be transmitted and recorded at both the
transmitter and receiver.  Subjective evaluation of the recorded voice will be used to
determine the voice quality and its operational capability.

• Vary relevant input parameters as necessary and record all relevant output
performance results.  Some (or most) of output performance parameters listed in the
simulation procedures (Section 4) may be recorded.

• Most of Flight Test (FT) scenarios described below are generally applicable to most
of the requirements in the SARPs.  So, in general, FTs are not indicated in the VCRI
matrix except for those cases where some specific FTs need to be emphasized for
some specific requirements.  For example, T(FT2), which is designed mainly for
timing related requirements, is entered in sections of coast timing counters (SARPs
Section 3.5.4.1.3) and Timing States (SARPs Section 3.5.4.1.4).

5.2 Unit Test Scenarios5.2 Unit Test Scenarios

1) Unit Test Scenario 1 (UT1):  Transmitted spectrum

Test Objective:  Verify that the transmitted spectrum conforms to the spectral mask.

Procedures:
Refer to Draft Eurocae MOPS.

2) Unit Test Scenario 2 (UT2):  Noise Rejection Test

Test Objective:  Verify the BER requirement (10-3) under simulated noise.

Procedures:
Refer to Draft Eurocae MOPS.

3) Unit Test Scenario 3 (UT3):  Transmitter Ramp-Up, Ramp-Down, and Power Stabilization



Date:  10 September 1998

27

Test Objective:  Verify that the transmitter ramp up, ramp down, and power stabilization requirements
are met.

Procedures:
Refer to Draft Eurocae MOPS.

4) Unit Test Scenario 4 (UT4):  Receiver sensitivity

Test Objective:  Determine the sensitivity of the VDL Mode 3 receiver.

Procedures:
Refer to Draft Eurocae MOPS

5) Unit Test Scenario 5 (UT5):  Connection Management

Test Objective:  Verify proper operation of the data link messaging.

Procedures:
Set up the VDL Mode 3 system with the ground station wired to the ‘airborne’ radio under test such
that the received signal level is [-65] dBm or better.  Repeat steps for both 2V2D and 3T system
configurations.

1. Verify Ground radio is properly configured by GNI.
2. Verify Connection Establishment procedures of airborne radio.  Verify XID processing.  Verify

generation of Join Event to router and ability of upper layers to establish their connections.
3. Verify aircraft polling and response.
4. Disconnect (or severely attenuate) radios and verify detection of loss of connection for both

ground and airborne radios.  Also verify airborne radio’s proper changing of timing modes due
to loss of ground timing.

5. Reconnect (or remove additional attenuation) radios and verify the return of ground timing and
the new Connection Establishment.

6. Uplink a Next Net M burst to switch user groups and verify reception of airborne radio. Verify
generation of Leave Net burst and proper connection establishment of new net with link
preserved. (This test will only be performed for 2V2D.)

6) Unit Test Scenario 6 (UT6):  Data link transfer

Test Objective:  Verify proper operation of the data link messaging.

Procedures:
Set up the VDL Mode 3 system with the ground station wired to the ‘airborne’ radio under test such
that the received signal level is [-65] dBm or better.  Repeat steps for both 2V2D and 3T system
configurations.

1. Connect system and log in airborne radio.
2. Send a downlink data link message and verify that the airborne system properly requests a

reservation, is granted access by the ground station, and sends the message.  Verify that the
ground sends the acknowledgement.

3. Send a multi-SNPDU low priority message followed by a small high priority message and verify
that the high priority message is delivered before the lower priority message is initiated.
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4. Send an uplink data message to the airborne radio and verify that the airborne radio receives the
data and that an Acknowledgement is sent down at the proper time.

7)  Unit Test Scenario 7 (UT7):  Vocoder processing

Test Objective:  Verify speech encoding, data rates at normal and truncated voice operations, and delays
for the transmit and receive processing

Procedures:
Set up the VDL Mode 3 system with the ground station wired to the ‘airborne’ radio under test such
that the received signal level is [-65] dBm or better.  Perform the steps for the 2V2D system
configuration.

1.  Verify the nominal data rate for the vocoder to be 4800 bps under normal normal voice mode.
2.  Verify the nominal data rate for the vocoder to be 4000 bps under truncate voice mode.
3.  Measure the processing delay for the transmit subsystem.
4.  Measure the processing delay for the receive subsystem.

5.3 Flight Test Scenarios5.2 Flight Test Scenarios

1) Flight Test Scenario 1 (FT1):  two aircraft; and one ground station (Figure 5-1a)

System Configurations:  GS1 in 2V2D, frequency f1, net A

Test Objective:  The following requirements and functions will be tested:

1. Coverage range;
2. Basic time maintenance;
3. Basic voice operations

• Party line;
• Ground override;

4.   Stuck mike clearing;
1.  Urgent communication;
2.  Data connection establishment and data transfer;
3.  Data broadcast;
4.  Net exclusion for out-of-range aircraft.

Procedures:
With both aircraft configured for continuous periodic transfer of application data in both air to
ground and ground to air directions, perform the following:

1. Aircraft #1 (AC1) will takeoff and climb to a cruising altitude, and continue to fly toward the
edge of coverage and beyond.  Aircraft #2 (AC2) will maintain at its cruising altitude and remain
within the coverage range of GS1.

2. Coverage range: Voice traffic will be recorded for the duration of the test with the operating
ranges properly identified.  Evaluations will be made at periodic range intervals to verify
subjective voice quality and that the coverage range requirements are met.
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3. Basic time maintenance: Monitor both airborne transmissions periodically during the flight at
the ground station to verify proper timing relative to uplink beacon.

4. Party line:  Verify that uplink voice transmission can be heard by both aircraft radio operators
and either downlink voice transmission can be heard by the other airborne radio operator.

5. Ground override/Stuck microphone:  Verify the ground has the ground to air pre-emption
capability.  With either airborne radio push-to-talk activated to simulate stuck mike condition,
verify that the ground station has the capability to uplink voice to both aircraft and that the
stuck mike must reset PTT to regain access to the voice channel.

6. Urgent communication:  With the voice channel seized by AC1, verify that AC2 “pilot” has the
capability to notify the ground controller of an urgent communications requirement and request
for immediate voice access.

7. Data connection establishment and data transfer: Verify data connection and data transfer from
either aircraft to the ground  and the ground to either aircraft, within the data subnetwork (i.e.,
through the DLS sublayer) and via GNI connection to external entities.

8. Data broadcast:  Verify that both aircraft receive data broadcast packets.  Record received
packet and compare to uplinked packet.

9. Net exclusion:  AC1 will fly approximately 50% beyond the service volume of GS1 as defined by
the squelch window configuration setting.  AC1 will acquire the beacon transmission of GS1 and
initiate either a voice access or net entry procedures.  Verify that GS1 is able to determine the
out-of-range condition and deny its access.

2) Flight Test Scenario 2 (FT2):  one aircraft; and two ground stations attached to same GNI (Figure 5-
1b)

System Configurations:  GS1 in 2V2D, frequency f1, net A
GS2 in 3T, frequency f2

Test Objective:  The following requirements and functions will be tested:

Transfer of communication:
• Next net message transmission and acknowledgement;
• Leave net/Link Release; and
• Net initialization/Net entry.

Procedures:
With AC1 configured for continuous periodic transfer of application data in both air to ground and
ground to air directions, perform the following:

1. Aircraft #1 will takeoff and climb to a cruising altitude within GS1 coverage, and continue to fly
toward the edge of coverage of GS1 and into the coverage of GS2.

2. Transfer of communication:  With AC1 in GS1 coverage near the GS2 coverage boundary,
initiate transfer of communication from GS1 to GS2.  This includes the transmission of a next net
message by GS1 using the proper specific Ground Station Code (GSC) and the code for “no GSC
information available”, a leave net message by AC1, and acceptance of new channel information
by the pilot.

3. Net initialization/Net entry:  After transfer of communication, monitor the net initialization and
net entry performance of AC1 by observing the time it takes for AC1 to acquire the GS2 beacon
and time to complete net entry.

4. AC1 continues its flight in the GS2 net, while testing the 3T configuration basic functionality,
then turn around and fly toward the GS1 net.
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5. Repeat steps 2 and 3 for AC1 to exit the GS2 net and enter the GS1 net.
6. Repeat steps 2 and 3 with an incorrect GSC in the Next Net message.  Verify that the airborne

radio will not be able to complete the net entry procedure.

Note:  This test could be performed with both ground stations collocated if needed.

3) Flight Test Scenario 3 (FT3):  one aircraft; and two ground stations attached to two different GNIs
(Figure 5-1c)

System Configurations:  GS1 in 3T, channel frequency f1
GS2 in 3T, channel frequency f2

Test Objective:  To test automated handoff in 3T configuration.

Procedures:

1. The aircraft will takeoff and climb to a cruising altitude, and maintain communications with
GS1.

2. The aircraft will overfly GS1 and enters the GS2 service volume.  As the received signal level
from GS2 is getting stronger than that from GS1 the site selection algorithm will eventually
change the ground station connection automatically from GS1 to GS2.  (Site selection algorithm
is TBD.)

3. The aircraft will turn around and re-enter the GS1 service volume until the ground station
connection changes automatically from GS2 back to GS1.  Record where and at what receive
levels the radio switches ground stations for each transition and how long it takes to establish
IDRP connection.

4. Repeat steps 2-3 [TBD] times.

Note:  GS1 and GS2 could be collocated and the uplink power adjusted to simulate aircraft movement
between separated ground stations.

4) Flight Test Scenario 4 (FT4):  two aircraft and one ground station attached to one GNI (Figure 5-1a)

System Configuration:  2V2D, channel frequency f1

Test Objective:  The main purpose of this test is to test air-to-air communications capability and to see
whether AC2 is able to get alternate timing from AC1, when AC2 is either out of line-
of-sight (LOS) from GS1 or no ground station is present.  The specific tests to be
performed include:

1. Air-air communications with and without a ground station (voice only).
2. Communications relay (voice only).
3. Free running voice mode.
4. GNI failure recovery.

Procedures:

1. AC1 will takeoff and climb to a cruising altitude and remain in the GS1 coverage area.  AC2 will
climb to a lower cruising altitude and also in the coverage area of GS1.
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2. With AC1 and AC2 in LOS of GS1, verify that air-to-air communications capability when both
aircraft are in TS1 timing state.

3. With AC1 in LOS of GS1, AC2 extends beyond LOS of GS1, and AC1 and AC2 in LOS and
within range of each other, observe loss of GS1 beacon at AC2 and verify that AC2 is able to
update its timing from the Poll Response of AC1 and has switched its timing states from TS1 to
TS2.  Verify that air-to-air communications capability in truncated voice mode while AC2 is in
TS2.  Monitor the RF waveform and record the burst timing of both AC1 and AC2 relative to
the ground station bursts.  If accessible, record coast time counters (CTC1, CTC2, and CTC3)
and AC2’s timing state transitions—TS1 to TS2.  (TS1 and TS2 indicate normal timing state and
truncate timing state, respectively.)

4. While in TS2, continue to monitor the coast time counters, perform air-to-air communications
between AC1 and AC2 and verify that AC2 is operating in truncated voice mode.  Monitor the
RF waveform and record the burst timing of both AC1 and AC2 relative to the ground station
bursts.  Make voice recording for evaluation of voice quality in truncated voice mode.

5. While maintaining the geometry of step 3, test voice communication between AC2 and GS1 via
relay by AC1.

6. With both aircraft in LOS of GS1 and with each other, terminate the GS1 transmission to
simulate loss of all timing sources. Verify that air-to-air communications capability in full voice
while in TS1,  truncated voice while both AC1 and AC2 are in TS2, and free-running voice mode
while both AC1 and AC2 are in TS3.  Monitor the RF waveform and record the burst timing of
both AC1 and AC2 relative to the ground station bursts while in TS1 and TS2.  Monitor all coast
time counters, if accessible, and the timing state changes.

7. Resume GS1 operation, observe that both airborne radio timing states have reverted back to
TS1.  Monitor the transmit time alignment of aircraft relative to uplink beacon.

8. Disable GNI and monitor how long it takes for the GNI to recover.

5) Flight Test Scenario 5 (FT5):  one aircraft and two ground stations (Figure 5-1c)

System Configuration:  GS1 in 2V2D, channel frequency f1, net A (desired station)
GS2 in 2V2D, channel frequency f1, net A, different GSC as GS1 
(undesired station)

Test Objective: The main purpose of this test is to simulate the ducting propagation anomaly from a
distant ground station with a different Ground Station Code (GSC) from that used for
the desired station and its effect on the airborne radio.

Procedures:
Configure GS2 to simulate large distance separation from GS1 through timing adjustment if
physical separation is impractical.  This test will be performed with both GS1 and GS2 operating,
with GS1 simulating the desired ground station and GS2 the undesired ground station.  The airborne
radio is assumed to have no information on GSC at initialization.
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1. AC1 will take off and fly at a cruising altitude within the GS1 service volume where
approximately 0 dB nominal D/U (desired signal to undesired signal power ratio) between GS1
and GS2 can be simulated.  Adjust the relative power output of the two ground stations such that
nominal D/U as perceived at AC1 can be varied over a range from -30 to +30 dB.  Ground station
relative timing should be adjusted to simulate significant ground station separation if such
separation cannot be physically achieved.

2. Set the nominal D/U to -30 dB and re-initialize the ground radio to observe that the airborne
radio will acquire the beacon signal from the undesired ground station GS2.  Verify that
subsequent Net Entry by the airborne radio will fail and any attempt to access the voice channel
will also fail.  (Aircraft outside of GS2 squelch window setting)

3. Reset the nominal D/U to 0 dB.  Incrementally increase the nominal D/U ratio and re-initialize
the airborne radio until the desired ground station beacon is acquired.  Record the nominal D/U
ratio where the airborne radio acquires and locks onto the beacon from the desired ground
station.

4. After acquisition, momentarily reduce the nominal D/U from the threshold required for
acquisition to simulate worst case fading events, verify that the airborne radio does not lock onto
the undesired ground station.

5. Incrementally decrease the nominal D/U ratio from threshold and record the nominal D/U ratio
where the airborne radio loses lock of the desired ground station.  Continue to decrease the
nominal D/U and record the ratio where the airborne radio locks onto the undesired ground
station.

6) Flight Test Scenario 6 (FT6):  two aircraft and two ground stations (Figure 5-1d)

System Configuration:  GS1 in 2V2D, channel frequency f1, time slot A
GS2 in 2V2D, channel frequency f1, time slot A

Test Objective:  The purpose of this test is to show that a signal transmission, which falls outside the
coded squelch window setting of an airborne radio will not be processed by the radio
and therefore, unable to “break the squelch” of an airborne radio in an opposing
cochannel service volume.

Procedures:
Configure the two ground stations to simulate significant separation of the cochannel service
volumes.  With both aircraft configured for continuous periodic transfer of application data in both
air to ground and ground to air directions in their respective nets, perform the following:

1. Adjust the network timing of GS1 and GS2 such that the transmission of AC2 will be outside the
extended squelch window setting of AC1.

2. AC1 will take off and fly at a cruising altitude within the service volume of GS1. AC2 will take
off and fly at a cruising altitude within the service volume of GS2.

3. AC2 will access the GS2 network voice channel and will actively talk, while GS1 voice channel is
inactive.  Observe that there is no squelch break at AC1.

7) Flight Test Scenario 7 (FT7):  two aircraft and two ground stations

System Configuration:  [TBD]

Test Objective:  The purpose of this test is to measure the operational performance of  the 3S
configuration and the site selection algorithms used by the airborne radios.
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1. Procedures:  [TBD]
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    Figure 5-1.  Flight Test Scenarios
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Section 6.  Schedule and Action Items6. Schedule and Action Items

ID Task Name

1 Inspection (all sections)

2 Baseline Validation Plan

3 Analysis (many sections)

4 Simulation

5 Unit Test

6 Flight Test (Protocols)

7 Vocoder Selection

8 Unit Test (Selected Vocoder Integration)

9 Flight Test (Selected Vocoder Integration)

10 Validation Deliverable

11

12

4/15/98 8:00 AM

12/15/98 8:00 AM

6/1/99 8:00 AM

Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug
1998 1999
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Section 7.  Records of Change Proposals 7. Record of Change Proposals

VDL Mode 3 Change Proposal (CP) Status Summary Table (August 1998)
CP
No.

VDL
MODE 3
SARPs
Section

Title Category Status Comments

1-30 IMPLEMENTED (D5)
31 3.5.2.5.2 Emergency Voice

Access
Necessary IMPLEMENTED (D6)

32 3.5.4.2 Conditions for Voice
Media Access

Necessary IMPLEMENTED (D6)

33 3.6.3 DLS System
Parameters

Necessary IMPLEMENTED (D6)

34 F.1.1.3 Voice Signal Useful IMPLEMENTED (D6)
35 F.1.2 Normal Message Useful IMPLEMENTED (D6)
36 F.1.2.1 Reservation Response Useful IMPLEMENTED (D6)
37 3.5 Replacing 2V2S System

Configuration with 3S
Configuration

Useful IMPLEMENTED (D7) Approved with
modification to move
changes in regard to Table
F-2 to a separate CP, i.e.
CP72

38 2.4.3.2 3T Configuration M
Uplink Message Format

Necessary IMPLEMENTED (D6)

39 2.4.3.1.2
2.4.4.1.2

Rearrangement of
Synchronization
Sequences

Useful WITHDRAWN (D7) Superseded by CP51

40 Appendi
x F

Rearrangement of M
channel messages

Useful WITHDRAWN (D7) Superseded by CP52

41 2.4.4.1.1 Transmitter Power
Stabilization

Editorial IMPLEMENTED (D6)

42 3.7.2.2.1 Receipt of Next Net
message

Useful IMPLEMENTED (D6)

43 F.1.6.1 Adjacent Frequency
<n>

Editorial IMPLEMENTED (D6)

44 3.6.3 T2 Timer increment in
Table 3-49

Useful IMPLEMENTED (D6)

45 3.7.3.3.5.
11

Algorithm Version
Number

Useful IMPLEMENTED (D6)

46 3.7.3.3.6 Ground-initiated
Information Private
Parameters

Useful IMPLEMENTED (D6)

47 ii Document History Editorial IMPLEMENTED (D6)
48 F.1.4.1 Next Net Command

Message
Useful IMPLEMENTED (D6)

49 2.4.3.1,
2.4.3.3,
2.4.4.1,
2.4.4.3,
2.4.5.1,
2.4.5.4

Transmitter Ramp-
Up/Ramp-Down and
Power Stabilization

Major IMPLEMENTED (D7) Accepted with modification
to Figure 3-2
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CP
No.

VDL
MODE 3
SARPs
Section

Title Category Status Comments

50 Section 3
Section 5

VDL TDMA Timing
Rules

Major IMPLEMENTED (D7) Accepted with added note to
recommend ground station
perform discrete addressing
and polling

51 2.4 Modification of
Synchronization
Sequences

Major IMPLEMENTED (D7) Accepted with modification
to Figure 3-2

52 Appendi
x F

M Channel Message
and V/D Burst Header
Formats

Major IMPLEMENTED (D7)

53 2.4.2 Modulation Rate Minor IMPLEMENTED (D7)
54 3.6.1.3.2 Broadcast Addressing Editorial IMPLEMENTED (D7)
55 3.6.1.4 Data Transfer Editorial IMPLEMENTED (D7)
56 3.6.2.2.3 Aircraft Station

Address
Editorial IMPLEMENTED (D7) Accepted with modification-

move reference to Aircraft
Specific Address to a note

57 3.6.4.2.1 Numbered Frames Editorial IMPLEMENTED (D7)
58 3.7.3.3.2 Private Parameters Editorial IMPLEMENTED (D7)
59 3.6.4.2.2 INFO Frames (REJ vs.

SREJ HDLC frames)
TBD PENDING (D7) Requires further review;

Reference Action Item
number 28

60 3.6.4.2.3 Unnumbered Frames
(Disconnect Mode
frames)

TBD PENDING (D7) Requires further review;
Reference Action Item
number 28

61 3.6.4.4.2 REJ DPDU (REJ vs.
SREJ HDLC frames)

TBD PENDING (D7) Requires further review;
Reference Action Item
number 28

62 3.6.4.4.3 Resetting Functionality TBD PENDING (D7) Requires further review;
Reference Action Item
number 28

63 3.7.3.3 Exchange Identity
Parameter Format

Minor REJECTED (D7) Exchange Identity
Parameter Formats for
Mode 3 are defined in the
same manner as Mode 2,
thus no change is required

64 3.7.3.3.1 Exchange Identity
Public Parameters

--- WITHDRAWN Addressed by CP 87
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CP
No.

VDL
MODE 3
SARPs
Section

Title Category Status Comments

65 3.7.3.3.3.2 Exchange Identity
Sequencing Parameter

--- WITHDRAWN Addressed by CP 87

66 2.4 Definition for Mode 3
(Physical Layer
Protocols and Services)

Editorial IMPLEMENTED (D7)

67 Section 5 Voice Unit Editorial IMPLEMENTED (D7)
68 Section 3

Tables
Link Layer Protocols
and Services

Editorial IMPLEMENTED (D7)

69 Section 4
Tables

Subnetwork Layer
Protocols and Services

Editorial IMPLEMENTED (D7)

70 3.6.2.4
Figure

VDL Mode 3
Commands and
Responses

Editorial IMPLEMENTED (D7)

71 Appendix
F

Appendix F  Format
and Usage of the
System Data and
Header Segments for
Mode 3 Operation

Editorial IMPLEMENTED (D7)

72 F.1.1.2 Table F-2 System
Configuration Codes

Editorial IMPLEMENTED (D7) Generated and accepted at
AMCP WG/D/7;  derived
from CP37

73 Multiple Miscellaneous Figure,
Terminology and
Editorial Changes

Editorial IMPLEMENTED (D8)

74 3.5.2.4 System Configuration
Changes

Major IMPLEMENTED (D8)

75 3.5.2.1.4 Epoch Minor IMPLEMENTED Accepted 1/8/98;  needs
final approval of WGD

76 3.5.2.1.5 External Timing
Reference

Major IMPLEMENTED Accepted 1/8/98;  needs
final approval of WGD

77 3.5.4.1.6 Dummy Poll Responses Minor IMPLEMENTED Accepted 1/8/98;  needs
final approval of WGD

78 3.5.4.4.3.3 Request a Reservation Major IMPLEMENTED Accepted 1/8/98;  needs
final approval of WGD

79 3.5.4.4.3.4 Reservation Request
Retransmission

Major IMPLEMENTED Accepted 1/8/98;  needs
final approval of WGD

80 3.5.4.4.2.2,
F.1.2.1

Reservation Request
Acknowledgement

Major IMPLEMENTED Accepted 1/8/98;  needs
final approval of WGD

81 3.6.4.4.1 Transmission Queue
Management

Major IMPLEMENTED Accepted 1/8/98;  needs
final approval of WGD
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CP
No.

VDL
MODE 3
SARPs
Section

Title Category Status Comments

82 3.5.4.3.2,
Table 3-58,
3.7.3.2.5,
3.7.3.2.6

Net Entry Request Major IMPLEMENTED Accepted 1/8/98;  needs
final approval of WGD

83 3.5.4.3.4 Leaving Net Major IMPLEMENTED Accepted 1/8/98;  needs
final approval of WGD

84 3.5.3 MAC service system
parameters

Major IMPLEMENTED Accepted 1/8/98;  needs
final approval of WGD

85 Appendix
G

Random Number
Generation Algorithm

Major IMPLEMENTED Accepted 1/8/98;  needs
final approval of WGD

86 Appendix
H

Random Access Slot
Selection Algorithms
for Airborne Radios

Major IMPLEMENTED Accepted 1/8/98;  needs
final approval of WGD

87 3.7.2.5,
Table 3-58,
3.7.3.2.6

Link Negotiation and
Modification

Major IMPLEMENTED Accepted 1/8/98;  needs
final approval of WGD

88 3.7.2.1.2,
3.7.2.2.1,
3.7.2.2.2,
3.7.2.4,
Section 4

Protocol Payload Field Minor IMPLEMENTED Accepted 1/8/98;  needs
final approval of WGD

89 3.7.3.3.4.2 Protocol Signaling Minor IMPLEMENTED Accepted 1/8/98;  needs
final approval of WGD

90 Multiple Varioius Editorial
Changes

Editorial IMPLEMENTED Accepted 7/1/98; needs
final approval of WGD

91 F.1.4.1 Next Net subfield
Definition—define next
net as either 25 kHz or
8.33 kHz channel when
next net is an AM
frequency

Minor IMPLEMENTED Accepted 7/1/98; needs
final approval of WGD

92 3.5.4.4.2.2,
3.5.4.4.3.5,
F.1.2.1

Updat reservation
Response protocol
(eliminat reserve Frame
field, expand Reserve
slot field)

Minor IMPLEMENTED Accepted 7/20/98; needs
final approval of WGD

93 3.5.1.2,
3.5.4.4.1,
3.6.3,
F.1.10,
F.2.2

Reservation Request
msg format change;
increase number of V/D
(data) bursts for access
from 7 to 15

Minor IMPLEMENTED Accepted 7/20/98; needs
final approval of WGD

94 3.5.4.3.3,
3.7.2.1.2,
3.7.3.1,
F.1.1.1

Delete Initial Poll
Response message and
replace with Poll
Response message

Minor IMPLEMENTED Accepted 7/20/98; needs
final approval of WGD

95 3.7.2.2.1,
F.1.1.1

Require
acknowledgement by

Minor IMPLEMENTED Accepted 7/20/98; needs
final approval of WGD
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aircraft to  receipt of
Next Net message

96 3.6.3.7.2.5,
3.7.3.3,
F.2.3

Replace HDLC variant
with simpler DLS
protocol,
Acknowledged-
Connectionless Data
Link protocol

Major IMPLEMENTED Accepted 7/20/98; needs
final approval of WGD

97 3.5.4.4.2.1 Replace RR frames
with ACK frames;
Delete reference to T2
timer

Minor IMPLEMENTED Accepted 7/20/98; needs
final approval of WGD

98 3.5.4.4.3.3 Require airborne to
receive an ack of
grouped frame
retransmissions before
submitting a
reservation request for
new additional data

Minor IMPLEMENTED Accepted 7/20/98; needs
final approval of WGD

99 3.5.4.4 Move retransmission
timer T1 and
retransmission
procedure to MAC
sublayer

Minor IMPLEMENTED Accepted 7/20/98; needs
final approval of WGD

100 F.1.1 Adds new uplink M
burst message
“Terminate Link”

Minor IMPLEMENTED Accepted 7/20/98; needs
final approval of WGD

101 3.7.2.5.1,
3.7.3.3.3.1,
3.7.3.3.4.1,
4.7.2

Inclusion of generic
XID parameter for
signaling network and
compression
capabilities & for
comrression
initialization

Minor IMPLEMENTED Accepted 7/20/98; needs
final approval of WGD

102 4.7 Adds CLNP protocol to
list of acceptable
Subnetwork interface
protocols

Minor IMPLEMENTED Accepted 7/20/98; needs
final approval of WGD
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APPENDIX A.  VDL Mode 3 Operating Concept Appendix A  VDL Mode 3 Operating
Concept

A.1 Overview

The very high frequency (VHF) Digital Link (VDL) Mode 3 system provides functionally simultaneous
voice and data communications between airborne and ground-based users.   VDL Mode 3 is based on the
Time Division Multiple Access (TDMA) technology and is primarily sector-based with a dedicated
circuit for each user group.  The network control concept is based on a centralized net system with the
ground station as the network controller.  The network controller controls the network configuration,
network timing, net entry and exit, and user access for data link.

A.2 System description

A.2.1 Physical layer

At the physical layer, the VDL Mode 3 system architecture is completely consistent with that of the
ICAO VHF digital Link (VDL) Mode 2.  This offers the dual benefit of:  a) simplifying the VDL Mode 3
system standardization process since part of an existing standard will apply; and b) providing a path by
which initial implementation of the VDL Mode 2 capability can be upgraded to the integrated voice and
data link standard of VDL Mode 3.

A.2.2 Timing structure

The VDL Mode 3 system operation is based on 120 millisecond (ms) frames.  Each VDL Mode 3 frame
contains either four 30 ms slots for normal range operations or three 40 ms slots  for long range
operations.  Each of these slots forms the basis for an independent two-way air ground simplex circuit
capable of supporting two way real-time voice or data link applications.  Each slot can be independently
accessed with two separate bursts.  The first of these is a management (M) burst that carries system data
for signalling and circuit initialization functions2..  The second is the voice or data (V/D) burst that
carries user information.

A.2.3 System configurations

The VDL Mode 3 system architecture offers a degree of flexibility to accommodate a wide range of
operational requirements through a set of predefined system configurations.

In the Air Traffic Control (ATC) environment, distinct user groups exist based on ATC positions or
sectors.  Each user group includes the ground user (usually an air traffic controller) and the “client”
aircraft of that ground user.  A fundamental objective of the VDL Mode 3  system is to provide voice
circuit resources to each user group on a dedicated basis while simultaneously providing access to data
link with a single airborne radio transceiver.  To accommodate this functional requirement, a pre-
defined set of system configurations is established.  Each system configuration corresponds to a specific
pre-configured static allocation of the resources of each 25 kHz channel (i.e., individual time slots) to the
user groups.

                                                  
2    Two types of (M) bursts are provided: the uplink M burst is used by the ground station for timing and
network management and the downlink M burst is used by the airborne users for downlink management
functions.
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To provide additional flexibility, a VDL Mode 3 system can be configured  where resource allocations for
both voice and data are made strictly on a demand basis within a 25 kHz channel.  This configuration
could also be used to support a high capacity data-only service if desired.

The system configuration established for a ground radio is communicated to the airborne radios through
an initialization message continually broadcast by the ground station.  Airborne radios, therefore,
“sense” and adapt to the system configuration of the ground radio with which communications will be
established.  This adaptation to the proper system configuration is completely transparent to the users.

A.2.4 Vocoder operations

Low bit rate digital voice coding (vocoding) is the key enabling technology that gives digital mobile
radios high spectrum efficiency for voice operation.  Digital voice operation in the VDL Mode 3 system is
based on a low bit rate voice coder (vocoder) operating at 4.8 kbps.

A.2.5 Discrete addressing

The VDL Mode 3 system supports voice and data functionality requiring discrete addressing.  Discrete
addressing in the VDL Mode 3 system is coupled to the user group.  A local user ID is established for
each new airborne user that enters the group (or net).  A process known as net entry serves to
automatically “log in” a new arrival to the group.  Basic voice operation involving only the “listen-
before-push-to-talk” protocol is available without discrete addressing or the net entry process.

A.2.6 Media access protocol

For voice operation, the media access protocol is based strictly on a “listen-before-push-to-talk” protocol
(competition limited only to users within the group) with the added ability for voice signalling as
described in section A.4.2.2.

For data operation, media access employs a centrally managed reservation protocol for all data traffic.
This approach gives the ground station maximum flexibility for making efficient use of channel capacity
and for implementing prioritization in the media access layer.  Access for downlink data traffic is
granted by the ground station based on reservation requests made by airborne radios.  Access for uplink
data traffic is managed directly by the ground station.  A complete media access protocol cycle requires
two TDMA frames or a media access control (MAC) cycle of 240 ms.

A.3 Operating Scenarios/Examples

A.3.1 Operating scenarios for voice operation

The voice communications system must provide all of the functional capabilities of the present voice
system if it is to meet its basic operational requirements.  In general, these requirements can be divided
into two discrete types:

a)  communications channel performance requirements; and
b)  coverage requirements.

The coverage requirements are related to the various operating scenarios postulated for the voice
communications system and can be further sub-divided into the following groups:
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a)  air-ground coverage provided by a single ground station;
b)  air-ground coverage provided by multiple ground stations;
c)  air-air coverage when both aircraft are within the coverage of the ground station;
d)  air-air coverage when only one aircraft is within the coverage of the ground station; and
e)  air-air coverage when neither aircraft is within the coverage of the ground station.

Note that, for the purpose of describing these scenarios, the airborne segment is taken to include aircraft
on the ground, vehicles and personnel on the ground carrying mobile equipment, and mobile equipment
used as a low cost ground stations by some users.

A.3.1.1 Air-ground voice coverage from a single ground station

Air-ground coverage from a single ground station will satisfy the operating requirements of the majority
of users.  These users will require the ability to maintain communication within a limited geographical
area covered from a single ground station.  Typical requirements will include:

a)  ground movement, tower, approach and ATIS services at aerodromes;
b)  en-route channels for use in busy airspace where coverage requirements can be met from a

single ground station;
c)  aeronautical operational control (AOC) operations; and
d)  other users.

The AOC and other users may be required to share a common channel in order to improve spectrum
utilization.  These users will place low traffic demands on the channel and may be geographically
distributed such that they each need their own ground station.

A.3.1.2 Air-ground voice coverage from multiple ground stations

This requirement fulfills the needs of single user groups requiring coverage beyond that achievable from
a single ground station.  In the present system, this facility is provided by operator selection of the
appropriate ground station or by use of the off-set carrier system.  The latter technique is often preferred
by ground users because it requires a simple human-machine interface.

The need for multiple ground station operation by a single user group will arise for two reasons:

a)  the required coverage area is large; and
b)  low level coverage of a single radio station is restricted by topographical features.

Large coverage areas will be required when an ATC sector controls lightly used airspace and the control
team can deal with a large area without experiencing an overload and for other specialized ATC
applications.  Typical applications will include upper air sectors away from main air routes, FIS, Volmet
and oceanic Clearance Delivery channels.  AOC communications will also employ wide area networks
along high traffic routes.

Where coverage is restricted because of hilly or mountainous terrain, and ATC sectors require good low
level coverage, multiple station operation will also be employed to provide fill-in cover in areas not
covered by the primary radio station.
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A.3.1.3 Air-air voice coverage when both aircraft are within range of a ground station

A party line capability, which permits all users of a voice circuit (both air and ground) to monitor the
voice traffic, is an essential requirement.  Its primary purpose is to facilitate channel management by
allowing all users in a user group to be aware when the voice circuit is occupied.  Only when the voice
circuit is perceived to be free, should users attempt to access it.  It will give a direct air-to-air
communication capability and allow air-crew operating within a sector to monitor the content of all
communications and build up a picture of the traffic situation in their vicinity.

A.3.1.4 Air-air voice coverage when only one aircraft is within range of a ground station

The ability to maintain air to air coverage when only one aircraft is within range of a ground station is
an essential safety feature which will allow an aircraft outside of coverage to maintain indirect contact
with ATC through an intermediary.  Although ATC communications systems are normally designed to
provide direct air-ground communications with a high availability, a number of technical and
operational situations can develop which cause cover to be reduced.  Examples of such situations include:

a)  a ground station failure in a multiple ground station system;
b)  failure of the primary ground station in a single ground station system and reduced cover

from the back-up ground station due to its non-optimum location;
c)  propagation path perturbations due to weather effects, particularly on channels providing

cover on over sea sectors, where land-based radio stations are operating close to their
maximum practical range; and

d)  aircraft faults and adverse weather conditions (e.g., icing) which require aircraft to descend
below the altitudes normally served.

A.3.1.5 Air-air voice coverage when out of range of a ground station

An air-to-air communication capability when both aircraft are out of range of a functional ground
station is required to support safety back-up procedures.  A typical application will be to provide a fall-
back mechanism in the event of a ground station failure by allowing the affected aircraft to be directed to
a standby channel by a communication relay via a co-operating aircraft flying in an adjacent sector.  It
will also be used to allow aircraft to maintain air to air contact in remote areas, including oceanic areas,
where no ground infrastructure exists.

The ability of mobile user systems to maintain communications links without recourse to fixed ground
station will be used to allow other ground users, for example, private flyers, flying clubs, gliding clubs
and balloonists to employ portable equipment as a flexible ground station.

A.3.2 Operating scenarios for data operations

The data communications subnetwork must provide all of the functional capabilities to meet the basic
operational requirements of air-to-ground and ground-to-air point-to-point data link and ground-to-air
data broadcast within the user group subnetwork.  In addition, the data subnetwork must also provide
connectivity through the ground station via a terrestrial communications network to aeronautical
telecommunication network (ATN) intermediate systems which will offer access to ground ATN end
systems.  In general, these requirements can be divided into two discrete types:

a)  communications channel performance requirements; and
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b)  coverage requirements.

The coverage requirements are related to the various operating scenarios postulated for the data
communications subnetwork.  Unlike the coverage requirement of section A.3.1.3, there is no air-air
coverage requirement for data link and there is no data operation involving multiple ground stations
serving a common user group.  The coverage requirements for data can thus be further sub-divided into
the following groups:

a)  air-ground coverage provided by a single ground station; and
b)  ground-air broadcast coverage.

Note that, for the purpose of describing these scenarios, the airborne segment is taken to include aircraft
on the ground, vehicles and personnel on the ground carrying mobile equipment, and mobile equipment
used as a low cost ground stations by some users.

A.4. Concept of Operations

A.4.1 Network operations

A.4.1.1 Airborne radio initialization

Upon entering a new sector, an airborne user needs to tune its transceiver to the designated channel and
acquire the appropriate uplink M sub-channel broadcast message to establish the proper timing
reference and to extract the network information to properly configure its radio.

A radio can begin operation immediately after initialization (except in 3T configuration).  However, it
will only be able to operate in the basic voice mode and will not be able to operate in data mode or any of
the optional enhanced voice modes, which require the airborne radio to register with the ground
controller to receive a discrete address.

A.4.1.2 Net entry

Upon completion of net initialization the airborne radio transmits a Net Entry Request message in an
appropriate downlink M sub-channel.  The ground station responds to a Net Entry Request message by
transmitting a Net Entry message containing a discrete address that the entrant will use while it is in the
net.  Upon receiving the discrete address, the airborne user can participate in both voice and two-way
data communications in the network.

A.4.1.3 Connection management

Connection management can be automated and driven by an external ground-based application (e.g.,
ATC procedures or automation) to the degree desired by the Civil Aviation Authority (CAA) or service
provider.  A completely manual approach to connection management (as is required in the voice-only
system) is always available as an option.  Alternatively, a semi-automated approach could be used
whereby the new channel assignment is uplinked to the proper airborne radio under initiation by the
ground user which is then “activated” by the pilot to effect the actual channel change.  Finally, a fully
automated approach could be used whereby the new channel assignment is uplinked to the proper
airborne radio under direct control of an external ground-based application without ground user
intervention, which is then “activated” by the pilot to effect the change.
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A.4.1.4 Polling

To provide orderly channel access, the slotted ALOHA random access reservation protocol is
supplemented by a sequential polling of its registered users by the controlling ground station.  Every
uplink M channel can support a polling command from the ground station.  Polling is also used by the
air and ground radios to support link management.

A.4.2 System operations for voice service

A.4.2.1 Circuit initialization

Upon entry of the logical voice channel into the airborne radio, the airborne radio immediately begins
monitoring the M sub-channel uplink associated with the selected time slot and frequency.  The
initialization message is used to configure the airborne radio for operation on the circuit.  Initialization
takes less than 1 second.

A.4.2.2 Basic voice operation

The basic voice operation is based on the same “listen-before-push-to-talk” protocol used in the current
25 kHz double sideband (DSB)-amplitude modulation (AM) system.  Upon circuit initialization, the pilot
is able to monitor the transmissions of any user on the circuit.  In addition, the airborne radio will
receive the voice circuit status from the uplink M burst to indicate the voice circuit to be idle, occupied
by an airborne user, or occupied by the ground station. When the circuit is clear, the pilot asserts push-
to-talk (PTT) to seize the channel and begins transmission.  The basic voice operation provides direct air-
air “party line” connectivity within a user group.

For 3T configuration, the activation of the PTT will result in the transmission of a reservation request
(for voice transmission) in the downlink M channel.  Upon receiving the request the ground station will
make a time slot assignment if capacity is available.  A signal will accompany the assignment to cue the
airborne requester to speak.  The request and assignment are transparent to the user other than a short
delay.  The 3T configuration also provides “party line” connectivity within its user group.

A.4.2.3 Voice signalling

Since all airborne radios (even those in PTT transmit mode) continue to monitor the uplink M sub-
channel voice circuit status, voice signalling features can be supported.  The ground user can be given
special status on the voice circuit with the ability to assert PTT at any time and cause any airborne radio
in PTT mode to cease transmitting.  The airborne user could be informed of the preemption by the loss
of local side tone (and presence of ground user audio).  Lockout of this airborne user would be reset by
release of PTT by the ground user and release of PTT by the airborne user.

An additional similar capability supported is the ability to resolve contentions among airborne users
attempting to access the channel.  If one airborne user asserts PTT more than one TDMA frame (120
ms) after another competing airborne user, the logic, signalling, and voice channel monitoring would
support contention-free access on a “first come-first serve” basis. Voice channel contentions of
overlapping transmissions by multiple airborne users can be either resolved by uplink M channel
signalling or by the ground user activating the PTT, thus terminating the transmissions of the airborne
users.
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A.4.2.4 Enhanced voice operations

For airborne users that are participating in discrete addressing/data link, some enhancements to voice
operation can be supported as options if found operationally desirable from the ground user’s
perspective.  Essentially this would entail a “caller ID” feature that could reinforce/replace the verbal
identities used by the pilot on downlink and a “selective call” feature that enables the ground user to
selectively signal the airborne user that is the recipient of a voice call.  The local user ID in the header of
the V/D bursts used for voice traffic is used to implement these capabilities.

Additional optional voice features which may be implemented through the use of the downlink M burst
include “call waiting” and urgent message indication.  The call waiting feature comes into play if an
airborne user activates PTT while another user is already talking on the net.  When this occurs the
airborne radio can transmit a special signal in the voice request field of the downlink M burst.  This
signal can be used to notify the ground controller that an additional airborne user wishes to speak.  If an
airborne user is experiencing an emergency, he can activate a special urgent message switch which will
cause another special downlink M burst.  This will notify the ground controller of the urgent situation
and he can take the appropriate action.

A.4.3 Data operation

A.4.3.1 Point-to-point data link access

Data link operation is based on user making reservation request to the ground station for the exclusive
use of the V/D slots for the duration necessary to complete the data transfer.  Data link service requires
discrete addressing and is available for the registered users only.

On downlink, airborne radios with data to transmit make reservation requests via a slotted ALOHA
protocol with provision for retransmission, in the event of a collision in the request transmission.  In
addition to this random access reservation request the ground radio will also periodically poll the
registered users in sequence.  As each user is polled, it is given an opportunity to use the downlink M
sub-channel without contention.  This ensures that each airborne user will have a chance to have its
requests heard by the ground receiver.

The request includes the message length in terms of the number of V/D bursts required and the priority
of the downlink message.  Upon successful receipt of a reservation request, the ground station issues a
reservation response.  The scheduling of downlink message transmissions is controlled by the ground
station and is dependent upon the priorities of the messages.  On uplink, the ground station schedules its
traffic for the V/D uplink bursts also based on message priority.

All point-to-point data transmissions require acknowledgment.  Protocol is provided to initiate
retransmission automatically if acknowledgment is not received within allowable time.

A.4.3.2 Data broadcast

A broadcast capability is provided to the ground station to broadcast data messages to all users of the
user group.  This is accomplished by using a group ID that includes all airborne users in the user group.
Unlike discretely addressed data transmissions, no acknowledgment mechanism is provided for data
broadcast.  Data integrity in broadcast can be enhanced by broadcasting the same message a number of
times.
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ATTACHMENT N
Access to VDL Mode 3 Broadcast Services

Prepared by
AMCP WG-D VSG3

                                              SUMMARY

Broadcast services within the VDL Mode 3 system cannot be accessed via the presently
defined ATN mobile Subnetwork Dependent Convergence Facility (SNDCF).  An
additional SNDCF has been defined which allows access to Mode 3 broadcast services by
any user and meets all provisions of the ATN.  It is requested that the ATN Panel be
informed of this new SNDCF so that related work of the ATN Panel can be compatible
with this SNDCF.  This paper forms the basis for such a request.

References
1. ATN SARPs, Version 2.3
2. Appendix 1 - Draft SNDCF Technical Standards for VDL Mode 3
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The VDL Mode 3 system provides both voice and data link capability.  For data operation, a
centralized ground station provides reservation access to a channel on a priority basis.  Multiple
aircraft belong to a common group for the purposes of channel access.  A single data unit
transmitted on a channel is available to the entire group.  As such broadcast operations within the
VDL Mode 3 system are very efficient.  VDL Mode 3 is designed so that reception of broadcast
data does not require a transmitter, only a receiver is needed.  This configuration is attractive
because of its simplicity and low cost.

The VDL Mode 3 data link is intended for Air Traffic Control (ATC) use, in which the
prioritization of data for tactical use is essential and the transfer of common data to multiple aircraft
is prevalent.  Thus, it is critical that these two features prioritization and broadcasting be available to
users of VDL Mode 3 in a cost effective and efficient manner.

The use of ISO8208 as the basis for the ATN mobile SNDCF (Reference 1, Section 5.7.6), while
supported in its entirety within the VDL Mode 3 SARPs, is problematic with respect to the desired
support for priority and broadcast operations.  There are two areas of concern.  First, the ISO8208
SNDCF presently does not support any form of broadcast operation; and even if it did, could not
support the VDL Mode 3 receiver only configuration because of the duplex requirement of
ISO8208 operation.  Second, the need to reorganize queues at the link level, to support priority,
requires the VDL Mode 3 system to track the state of all ISO8208 connections generated by the
attached ATN routers.  This is because priority information is only available in an ISO8208 call
request and not on a per packet occurrence.

The added complexity of ISO8208 state information and the lack of broadcast support influence the
cost and efficiency of operation of VDL Mode 3.  This may detract from its acceptance, particularly
for low-end avionics users.  It is for this reason that a second mobile SNDCF was developed for the
VDL Mode 3 data link.  This SNDCF meets all ATN SARPs requirements.  For convenience it is
denoted the frame-based SNDCF and consists of a “raw” CLNP interface between ATN router and
VDL Mode 3 equipment with compression of CLNP headers transmitted between air and ground.
The compression supports broadcast operation (including the receiver only configuration) and
point-to-point operation.  The compression technique preserves the priority information for each
network data unit, making link level reorganization of queues possible.  Reference 2 documents the
frame-based SNDCF.

The frame-based SNDCF operation is very similar to that used today when attaching, via a modem,
a home PC to an Internet service provider.  The modem device receives IP packets for transmittal to
the remote end and performs compression of the data.  The modem can be viewed as the equivalent
of VDL Mode 3 equipment compressing CLNP packets.

Using the frame-based SNDCF, broadcast operations are supported in the same way as
broadcast/multicast operations are supported in the Internet.  There are three possibilities.  First, the
ATN router (and resident applications) can choose to send network data units as broadcast or point-
to-point.  An example of this operation is the ability to broadcast ISH packets to all aircraft, while
IDRP routing updates are sent as point-to-point data to particular aircraft.  Second, the VDL Mode 3
equipment can recognizes the NSAP address as a multicast address, representing a particular user
group.  In which case, aircraft registered for these user groups receive a broadcast packet.  This
assumes that the VDL Mode 3 system acts as a multicast server.  Finally, the ATN router can act as
the multicast server and direct multicast CLNP packets delivered to the VDL system, to be
broadcast.
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The AMCP requests that any future ATN provisions should be consistent with the operation of the
frame-based SNDCF (as the present ATN provisions have allowed).  In particular, insofar as the
ATNP is considering the expansion of ATN services to include broadcast and multicast capabilities,
it is requested that any future ATN broadcast/multicast provisions be compatible with the frame-
based SNDCF.
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Appendix 1 to Access to VDL Mode 3 Broadcast Services

Draft SNDCF Technical Standards for VDL Mode 3

6.7 THE VDL MOBILE
SUBNETWORK DEPENDENT

CONVERGENCE FUNCTION (SNDCF)

6.7.1 Introduction

The VDL Mode 3 mobile shall support one or more of the two defined SNDCFs. The first is an ISO
8208 based SNDCF and corresponds to that described in the ATN SARPs for mobile SNDCF.
Procedures for this SNDCF are defined in Section 6.7.2. The second type of SNDCF, denoted
frame-based SNDCF, shall use the procedures defined in Section 6.7.3.

    Note.— The SNDCF is termed frame-based because it uses the VDL Mode 3 frames without the
need for an additional protocol (viz. ISO 8208 SNDCF) to transfer network packets. The frame-
based SNDCF achieves independence from the network protocol by identifying the payload of each
frame. Upon receipt of a frame, the payload field is examined and control is passed to the protocol
identified.

6.7.2 The ISO 8208 SNDCF Interface

The VDL Mode 3 shall support the ISO 8208 SNDCF for mobile subnetworks as defined
in the ATN SARPs, Sub-Volume V, Section 5.7.6.

6.7.3 The Frame-Based SNDCF Interface

The interface used between the network layer and the VDL Mode 3 frame-based SNDCF shall be a
local issue. The interface shall be capable of indicating (1) the network protocol being used to
transfer data to the remote peer and (2) whether the network packet presented to the VDL system is
to be transferred as a broadcast frame or as a unicast (point-to-point) frame. In the case of a unicast
frame, the address of the destination shall be provided as part of the SNDCF interface procedures.
When the destination is an aircraft, the address provided must be specific enough to allow a one-to-
one conversion to the 24 bit ICAO aircraft station address used internally by VDL Mode 3.

6.7.3.1.  Frame-Based SNDCF Support for Broadcast and Unicast Network Packets

The frame-based SNDCF shall be capable of transferring to its remote peer both broadcast and
unicast network data. Network data identified as broadcast shall be sent using the frame broadcast
address. In the case of uplink traffic, network data identified as unicast shall be sent with the frame
destination address set to the aircraft identifier specified by the frame-based SNDCF interface
protocol. Downlink traffic will use the ground station identifier of record as the frame address for
unicast data.

6.7.3.2.  ATN Router Support

6.7.3.2.1 Join/Leave Events. An aircraft shall indicate that it requires ATN connectivity
during net entry using the DLS Control frame as defined in the VDL Technical Manual, Section
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3.7.3.3.4.1.3.  The GNI, upon notification from an aircraft that ATN router connectivity is required,
shall perform a join event for that aircraft with the local ATN router. When an aircraft leaves the
jurisdiction of a GNI, a leave event shall occur both in the avionics and ground VDL Mode 3
equipment.

6.7.3.2.2 Payload Identification. When ATN connectivity is in effect the VDL Mode 3
frame-based SNDCF shall be capable of transferring all types of CLNP packets. When transferring
CLNP packets the procedures of the VDL Technical Manual, Section 4.7.1 shall be used to identify
each frame payload as a CLNP packet.

6.7.3.2.3 Disposition of CLNP Packets. When ATN connectivity has been specified during
the net entry procedures, all CLNP network packets received by the SNDCF from its remote peer(s)
shall be transferred to the local ATN router.

6.7.3.2.4 ISH Packets.  ES-IS or IS-IS packets presented to the VDL Mode 3 system shall be
transferred as broadcast or unicast packets as signaled by the ATN router.

6.7.3.2.5 CLNP Compression. Compression of CLNP packets within the frame-based
SNDCF shall be supported. Compression of CLNP packets shall be performed whenever ATN
connectivity is specified and shall be performed according to the procedures defined in Appendix J
of the VDL Technical Manual. Compression shall be performed on both broadcast and unicast
packets. The use of compression shall be signaled during net entry, using the procedures described
in the VDL Technical Manual, Section 3.7.3.3.4.1.3. The compression status of each CLNP packet
shall be indicated according to the procedures defined in the VDL Technical Manual Section 4.7.1.
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ATTACHMENT O
NPDU size requirement for VDL Mode 3

The connectionless subnetwork point of attachment can only support the conveyance of subnetwork
service data units of up to 924 octets in length due to a limitation in the bit field size for the
reservation of data transmissions.  The method by which the VDL Mode 3 allows users to reserve
channel access provides the capability for the request of up to 15 62-octet data bursts.  The link layer
also has 6 octets of overhead.  The connectionless SNPA does not provide for additional
segmentation within the subnetwork.  As such while it performs CLNP header compression to reduce
the size of NPDUs, it is restricted in the SNSDU size.  The connection-oriented subnetwork service
of VDL Mode 3 supports segmentation.

This communication is intended to notify a change in our response from December 1997 in the
SNSDU size from at least 1100 octets to at most 924 octets.  It is believed that this change will only
have a minor impact to efficiency of the network.

Excerpt from VDL Design Guidelines:

4.7 Segmentation of data units

Requirement:

The VDL Mode 3 subnetwork shall provide a mechanism that allows the
conveyance of subnetwork service data units of at least 924 octets between subnetwork points of
attachment.

Note.-  It is the subnetwork's responsibility, if necessary, to efficiently segment and/or concatenate
and reassemble the data.

Rationale:

Given the existence of ISO 8208 in the VDL Mode 3, the use of M-bit sequencing
can be used to improve the utilization of the air/ground bandwidth by avoiding the need to carry the
ISO 8473 segmentation part (6 octets) within each oversized ATN data packet traversing the VDL
Mode 3 subnetwork.

For the connection-less subnetwork interface of VDL Mode 3, the subnetwork is
limited by the capabilities of the link layer to support 924 octets and does not support further
segmentation of NPDUs.

Requirement Reference: Draft ATN SARPs Sections 5.2.5.1.6 and
5.2.5.2.6.
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SECTION 1 - DEFINITIONS AND SYSTEM CAPABILITIES

1  DEFINITIONS AND SYSTEM CAPABILITIES 1.  DEFINITIONS AND SYSTEM CAPABILITIES1.  DEFINITIONS
AND SYSTEM CAPABILITIES1.  DEFINITIONS AND SYSTEM CAPABILITIES

1.1 Definitions 1.1 Definitions1.1 Definitions1.1 Definitions. The following
terms are used in this document as they are defined below:

Burst.  A continuous bitstream consisting of either an M burst or a V/D burst.

Coast timing.  A timing state where the airborne radio is not receiving timing synchronization pulses from
the ground station.  The airborne user will attempt to synchronize with any non-coasting airborne users
instead.  However, the airborne timing is not as accurate and additional guard time may be needed.

Code rate.  The ratio of information bits to overall transmitted bits for an error protection code.

Extended Golay code.  A 1/2 rate error correction code capable of correcting three bit errors and detecting
four bit error patterns within a 24 bit block size.

Ground network interface.  The ground equipment that interfaces the voice switch and ATN router with the
remote radio via the VDL protocols.

Local User ID.  The unique identification of a specific aircraft including its user group allocation and a six
bit aircraft identifier.

MAC cycle.  The standard timing cycle that consists of two consecutive (even and odd) TDMA frames.

M burst.  A management channel data block of bits.  This burst contains signaling information needed for
media access and link status monitoring.

Mode 3.  A VDL mode that uses D8PSK modulation and TDMA media access control scheme.

Polling.  A procedure by which the ground station interrogates aircraft stations, one at a time, to determine
status/control functions.

Private parameters.  The parameters that are contained in exchange identity (XID) frames and that are
unique to the VHF digital link environment.

Reed-Solomon code.  An error correction code capable of correcting symbol errors.  Since symbol errors are
collections of bits, these codes provide good burst error correction capabilities.

Slotted Aloha.  A media access control technique for multiple access transmission.  A station can only
transmit at the beginning of a time slot.

Squelch window.  The time period a radio searches for the beginning of a message.
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System configuration.  Defines the allocation of time slot resources to various user groups supported by a
given ground station.

TDMA frame.  The basic unit of time (120 ms) which consists of 3 or 4 time slots.  In any voice
communication, a radio will transmit digitized voice bits periodically once per frame.

Time slot.  A TDMA timing unit allocated for an M burst and V/D burst.

Truncation.  A timing state where the airborne timing uncertainty is such that the V/D (voice) burst duration
is reduced to increase the guard time.  The additional guard time provides more room for timing error
without interfering with adjacent time slots.

User group.  A collection of aircraft grouped for access purposes (e.g. ATC sectorization).

V/D burst.  The user information part of the TDMA frame time slot that contains either voice or data.

Vocoder.  A low bit rate voice encoder/decoder.

Vocoder frame.  A window of time in which the vocoder models the speech waveform.

Voice analysis.  The process where speech is modelled and converted into parameters.

Voice synthesis.  The process where voice analysis parameters are used to generate speech.

Voice unit.  A device that provides a transparent, half duplex audio, and signalling interface between the
user and VDL.

1.2 Acronyms and Abbreviations 1.2 Acronyms and Abbreviations1.2
Acronyms and Abbreviations1.2 Acronyms and Abbreviations.  The following

acronyms and abbreviations are used in this document as they are defined below:

Acronym Definition

A/C Aircraft

AGC Automatic Gain Control

AMCP Aeronautical Mobile Communications Panel

AMS(R)S Aeronautical Mobile Satellite (Route) Services

ATC Air Traffic Control

ATS Alternate Timing State

AWGN Additive White Gaussian Noise

BFR Block Failure Rate

CAA Civil Aviation Authority
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Acronym Definition
CDMA Code Division Multiple Access

CTC Coast Timing Counter

CTS Clear To Send

DLSAP Data Link Service Access Point

DOC Designated Operational Coverage

DSB AM Double Sideband Amplitude Modulation

DTR Data Transfer Ready

EOM End of Message

GNI Ground Network Interface

GSC Ground Station Code

H Handoff Check Message

IATA International Air Transport Association

IDRP Inter-Domain Routing Protocol

INIT Initialization

IW Interworking

LBAC Logical Burst Access Channel

LCN Logical Channel Number

LN Local Negotiation

LWS Local Wait State

M Management

MIB Management Information Base

NET Network Entity Title

NPDU Network Protocol Data Unit

NSAP Network Service Access Point

OCP Outgoing Connection Pending

PECT Peer Entity Contact Table

PH_SDU Physical  Service Data Unit-The unit of service data as defined in ISO 7498,
paragraph 5.6 for the Physical Layer.

PI Parameter Identifier

PLP Packet Layer Protocol

PPM Parts Per Million

PTT Push-To-Talk
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Acronym Definition

QOS Quality of Service

RA Random Access

REJ Reject

rms Root Mean Square

RTS Ready to Send

RWS Remote Wait State

SNS Subnetwork Service

SU Signal Unit

TDMA Time Division Multiple Access

TS Timing State

V/D Voice or Data

VC Virtual Circuit
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1.5.7 Automated Handoff 1.5.7 Automated Handoff1.5.7 Automated Handoff1.5.7 
Automated Handoff.   As an option, the VDL system shall support automatic handoff

between ground stations without pilot or controller intervention.

1.5.8 Voice 1.5.8 Voice1.5.8 Voice1.5.8 Voice.  The VDL system
shall support a real time, half duplex voice operation based on a “Listen-Before Push-to Talk” channel
access.

1.6 Modes of Operation 1.6 Modes of Operation1.6 Modes of Operation1.6
Modes of Operation.  The VDL system shall support three separate, mutually exclusive

digital modes of operation.

• Mode 1 shall be a Carrier Sense Multiple Access (CSMA) data only mode which utilizes the
low speed physical layer.

• Mode 2 shall be a CSMA data only mode utilizing the high speed physical layer.

• Mode 3 shall be a TDMA integrated voice and data mode utilizing the high speed physical
layer.

 

 

 - - - - - - - -
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 SECTION 2 - PHYSICAL LAYER PROTOCOLS AND SERVICES
 

 2  PHYSICAL LAYER PROTOCOLS AND SERVICES
 

 2.5 Definition for Mode 3 (TDMA)2.5 Definition for Mode 3 (TDMA)2.5
Definition for Mode 3 (TDMA)2.5 Definition for Mode 3 (TDMA).

 

 2.5.1 Modulation Scheme2.5.1 Modulation Scheme2.5.1 Modulation
Scheme2.5.1 Modulation Scheme.  The modulation scheme for Mode 3 shall be as defined in
Section 2.3.1.
 

 2.5.2 Modulation Rate 2.5.2 Modulation Rate2.5.2 Modulation Rate2.5.2
Modulation Rate.  The Mode 3 symbol rate shall be 10 500 symbols/s ± 5 PPM,

resulting in a nominal bit rate of 31 500 bits/s.
 

 Note. The accuracy of the ground system is assumed to be 2 PPM.
 

 2.5.3 Management (M) Burst and Handoff Check Message (H) Burst Uplink 2.5.3
Management (M) Burst and Handoff Check Message (H) Burst Uplink2.5.3
Management (M) Burst and Handoff Check Message (H) Burst Uplink2.5.3
Management (M) Burst and Handoff Check Message (H) Burst Uplink.  The M

uplink burst (Section 3.5.2.1.3) shall consist of three segments, the Training Sequence followed by the
System Data and the Transmitter Ramp Down.  The H uplink burst (Section 3.5.2.1.3) shall consist of three
segments, the Training Sequence followed by the Handoff Check Message and the Transmitter Ramp
Down.
 

 2.5.3.1 Training Sequence2.5.3.1 Training Sequence2.5.3.1 Training
Sequence2.5.3.1 Training Sequence.  Uplink M burst and H burst training sequences shall consist of two
components as follows:
 

• Transmitter ramp up and power stabilization

• Synchronization and Ambiguity resolution
 

 2.5.3.1.1 Transmitter Ramp-Up and Power Stabilization 2.5.3.1.1 Transmitter Ramp-Up
and Power Stabilization2.5.3.1.1 Transmitter Ramp-Up and Power Stabilization2.5.3.1.1

Transmitter Ramp-Up and Power Stabilization.  The first component of the training
sequence shall be the transmitter ramp up and power stabilization, which shall include a power stabilization
period of no more than  [five] symbols, each representing 000.  The transmitter shall reach at least [90%] of
nominal power no later than [3] symbol periods prior to the center of the first synchronization symbol.  The
power transmitted shall be no more than [-60 dB] with respect to the nominal output power prior to [5.5]
symbol periods before the center of the first symbol of the synchronization sequence.

 Note. The full five symbol periods must elapse prior to transmission of the synchronization and ambiguity
resolution sequence due to the slotted nature of Mode 3.

 2.5.3.1.2 Synchronization and Ambiguity Resolution 2.5.3.1.2 Synchronization and
Ambiguity Resolution2.5.3.1.2 Synchronization and Ambiguity Resolution2.5.3.1.2
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Synchronization and Ambiguity Resolution.  The second component of the training
sequence shall consist of the synchronization sequence-known as S2*-as follows:

 000  001  101 100  110  010  111  100  010  011  101  000  111  000  011  001

 and shall be transmitted from left to right.

 Note. The sequence S2*  is very closely related to the sequence S2 (Section 2.5.5.1.2).  The 15 phase
changes between the 16 symbols of S2* are each exactly 180o out of phase from the 15 phase changes
associated with S2 .  This relationship can be used to simplify the process of simultaneously searching for
both sequences.

 

 2.5.3.2 System Data and Handoff Check Message2.5.3.2 System Data and Handoff
Check Message 2.5.3.2 System Data and Handoff Check Message 2.5.3.2 System Data and
Handoff Check Message .  The non-3T configuration (Section 3.5.2.4) System Data shall consist of 32
transmitted symbols.  The 96 transmitted bits shall include 48 bits of information and 48 parity bits,
generated as 4 Golay (24, 12) codewords.  The 3T configuration (Section 3.5.2.4) System Data shall consist
of 128 transmitted symbols.  The 384 transmitted bits shall include 192 bits of information and 192 parity
bits, generated as 16 Golay (24,12) codewords.  The 3T configuration Handoff Check Message shall consist
of 40 transmitted symbols.  The 120 transmitted bits shall include 60 bits of information and 60 parity bits,
generated as 5 Golay (24,12) codewords.

 The specific definition of the Golay encoder shall be as follows:

 If the 12 bit input bit sequence is written as a row vector x, then the 24 bit output sequence can be written as
the row vector y, where y = x G, and the matrix G shall be given by
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 Note. The extended Golay code allows for the correction of any error pattern with 3 or less bit errors and
the detection of any 4-bit error pattern.

 

 2.5.3.3 Transmitter Ramp-Down 2.5.3.3 Transmitter Ramp-Down2.5.3.3
Transmitter Ramp-Down2.5.3.3 Transmitter Ramp-Down.  The transmitter
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power shall be [-60 dB] with respect to the nominal power output no later than 2.5 symbol periods after the
center of the last information symbol.

 2.5.4. Management (M) Burst Downlink2.5.4 Management (M) Burst Downlink2.5.4
Management (M) Burst Downlink2.5.4 Management (M) Burst Downlink.

The M downlink burst (Section 3.5.2.1.3) shall consist of three segments, the Training Sequence followed
by the System Data and the Transmitter Ramp Down.

 2.5.4.1 Training Sequence 2.5.4.1 Training Sequence2.5.4.1 Training
Sequence2.5.4.1 Training Sequence.  The M downlink burst training sequence shall consist of two
components as follows:

• Transmitter ramp up and power stabilization

• Synchronization and Ambiguity resolution
 

 2.5.4.1.1 Transmitter Ramp-Up and Power Stabilization 2.5.4.1.1 Transmitter Ramp-Up
and Power Stabilization2.5.4.1.1 Transmitter Ramp-Up and Power Stabilization2.5.4.1.1

Transmitter Ramp-Up and Power Stabilization.  This shall be as defined in Section
2.5.3.1.1.

 2.5.4.1.2 Synchronization and Ambiguity Resolution 2.5.4.1.2 Synchronization and
Ambiguity Resolution2.5.4.1.2 Synchronization and Ambiguity Resolution2.5.4.1.2

Synchronization and Ambiguity Resolution.  Three separate synchronization
sequences shall be used for this burst type.  The standard sequence - known as S1 - shall be as follows:

 000  111  001  001  010  110  000  011  100  110  011  111  010  101  100  101

 and shall be transmitted from left to right.

 The special sequence used to identify poll responses shall be as defined in Section 2.5.3.1.2.

  The special sequence used to identify Net Entry Requests (S1*) shall use the following sequence:

 000 001 111 111 100 000 110 101 010 000 101 001 100 011 010 011

 and shall be transmitted from left to right.

 Note. The sequence S1* is very closely related to the sequence S1.  The 15 phase changes between the
16 symbols of S1* are each exactly 180o out of phase from the 15 phase changes associated with S1 .  This
relationship can be used to simplify the process of simultaneously searching for both sequences.

 2.5.4.2 System Data 2.5.4.2 System Data2.5.4.2 System Data2.5.4.2 System Data.
The System Data segment shall consist of 16 transmitted symbols.  The 48 transmitted bits shall be encoded
as 24 bits of System Data with two consecutive (24, 12) Golay code words.

 The encoding of the (24, 12) Golay code words should be as defined in Section 2.5.3.2.

 2.5.4.3 Transmitter Ramp-Down2.5.4.3 Transmitter Ramp-Down 2.5.4.3
Transmitter Ramp-Down 2.5.4.3 Transmitter Ramp-Down .  This shall be as

defined in Section 2.5.3.3.
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 2.5.5 Voice or Data (V/D) Burst 2.5.5 Voice or Data (V/D) Burst2.5.5 Voice or Data
(V/D) Burst2.5.5 Voice or Data (V/D) Burst.  The V/D burst (Section 3.5.2.1.3) shall consist of four
segments:  the Training Sequence followed by the Header, the User Information segment and the
Transmitter Ramp Down.  The same V/D burst format shall be used for both uplink and downlink.

 2.5.5.1 Training Sequence 2.5.5.1 Training Sequence2.5.5.1 Training
Sequence2.5.5.1 Training Sequence.  V/D burst training sequence shall consist of two components as
follows:

• Transmitter ramp-up and power stabilization

• Synchronization and Ambiguity resolution
 

 2.5.5.1.1 Transmitter Ramp-Up and Power Stabilization 2.5.5.1.1 Transmitter Ramp-Up
and Power Stabilization2.5.5.1.1 Transmitter Ramp-Up and Power Stabilization2.5.5.1.1

Transmitter Ramp-Up and Power Stabilization.  This shall be as specified in Section
2.5.3.1.1.

 2.5.5.1.2 Synchronization and Ambiguity Resolution 2.5.5.1.2 Synchronization and
Ambiguity Resolution2.5.5.1.2 Synchronization and Ambiguity Resolution2.5.5.1.2

Synchronization and Ambiguity Resolution.  The second component of the training
sequence shall consist of the synchronization sequence-known as S2-as follows:

 000 111 011 010 000 100 001 010 100 101 011 110 001 110 101 111

 and shall be transmitted from left to right.

 2.5.5.2 Header2.5.5.2 Header2.5.5.2 Header2.5.5.2 Header.  The Header segment
shall consist of 8 transmitted symbols.  The 24 transmitted bits shall be encoded as 12 bits of Header using a
single (24, 12) Golay code word.

 The encoding of the (24, 12) Golay code word shall be as defined in Section 2.5.3.2.

 2.5.5.3 User Information 2.5.5.3 User Information2.5.5.3 User
Information2.5.5.3 User Information.  The User Information segment shall consist of 192 3-bit
symbols. When transmitting voice, FEC shall be applied to the analysis output of the vocoder as specified in
Section 6.2.2.
 

 When transmitting user data, the 576 bits shall be encoded as a single Reed-Solomon (72, 62) 28-ary code
word.  The field defining the primitive polynomial of the code shall be as described in Section 2.3.4.  The
generator polynomial shall be as follows:

 

 

 Note 1. The Reed-Solomon (72, 62) code is capable of correcting up to five 28-ary (code word) symbol
errors in the received word.
 

 
i=120

129
i(x - )∏ α
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 Note 2. The Reed-Solomon (72, 62) code word is a shortened version of the systematic (255, 245) code.
To shorten the code, only use the code words that contain all zeros in the last 183 code word symbol
positions.  The encoder circuit is identical to the full rate code except that the data block is padded with
zeros and only 72 symbols are to be transmitted.  For the decoder circuit, methods to shorten the code
include modifying the error detection logic and pre-multiplying the received code word by x183.   
 

 

 2.5.5.4 Transmitter Ramp-Down2.5.5.4 Transmitter Ramp-Down 2.5.5.4
Transmitter Ramp-Down 2.5.5.4 Transmitter Ramp-Down .  This shall be as

defined in Section 2.5.3.3.
 

 2.5.6 Interleaving 2.5.6 Interleaving2.5.6 Interleaving2.5.6 Interleaving.
There shall be no interleaving in Mode 3 operation.
 

 2.5.7 Bit Scrambling 2.5.7Bit Scrambling2.5.7 Bit Scrambling2.5.7 Bit
Scrambling.  Bit scrambling shall be performed on each burst under Mode 3 operation as specified in
Section 2.3.6.  The scrambling sequence shall be reinitialized on each burst effectively providing a constant
overlay for each of the Mode 3 fixed length bursts.
 

 

 - - - - - - - -
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 SECTION 3 - LINK LAYER PROTOCOLS AND SERVICES
 

 3.  LINK LAYER PROTOCOLS AND SERVICES3.  LINK LAYER PROTOCOLS AND SERVICES3.  LINK LAYER
PROTOCOLS AND SERVICES3.  LINK LAYER PROTOCOLS AND SERVICES

 

 3.5 MAC Sublayer (Mode 3)3.5 MAC Sublayer (Mode 3)3.5 MAC
Sublayer (Mode 3)3.5 MAC Sublayer (Mode 3).  The MAC sublayer shall support both voice and
data operation.
 

 For data operation, the MAC sublayer shall provide for the transparent acquisition of the shared
communication path.
 

 For voice operation, the MAC sublayer shall support simplex voice communications with pre-emptive
access for authorized ground users.
 

 3.5.1 MAC Services 3.5.1 MAC Services3.5.1 MAC Services3.5.1 MAC
Services.
 

 3.5.1.1 Multiple Access 3.5.1.1 Multiple Access3.5.1.1 Multiple Access3.5.1.1
Multiple Access.  For data operation, the MAC sublayer shall implement a ground

station centralized, reservation-based access to the channel which permits priority-based access.  The
sublayer shall implement both a polling based access and a random access method for reservation requests.
 

 Note. �These methods provide a fair access (i.e., non-bias) for all aircraft.
 

 For voice operation, access shall be primarily supported by the user based on a “listen before talk”
discipline.  Additionally, authorized ground users shall have the capability to pre-empt airborne users
occupying the voice channel.
 

 Note.  This pre-emptive access provides a limited capability to cope with "stuck" microphone situation by
allowing authorized users to deactivate the transmitter of the offending user.
 

 3.5.1.2 Channel Occupancy 3.5.1.2 Channel Occupancy3.5.1.2 Channel Occupancy3.5.1.2
Channel Occupancy.  Channel occupancy shall be considered as the amount of time

spent on the channel per access event.
 

 For data operation, an access event shall consist of no more than 15 consecutive V/D (data) burst
opportunities.  For downlink data transmission, an access event shall be the result of a single Reservation
Request.
 

 For voice operation, an access event shall not be limited to a fixed number of V/D (voice) burst
opportunities.  However voice operation shall honor the voice signalling information issued in the M uplink
burst.  An access event shall correspond with each push-to-talk (PTT) assertion.
 

 3.5.2 MAC Protocol Framework 3.5.2 MAC Protocol Framework3.5.2 MAC
Protocol Framework3.5.2 MAC Protocol Framework.
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 3.5.2.1 Timing Structure 3.5.2.1 Timing Structure3.5.2.1 Timing Structure3.5.2.1
Timing Structure.  Media access for Mode 3 shall observe the system timing structure

described in this section.  Observing this timing structure shall be a necessary but not a sufficient condition
for media access, as the procedures of Section 3.5.4 shall also be observed.
 
 3.5.2.1.1 TDMA Frame 3.5.2.1.1 TDMA Frame3.5.2.1.1 TDMA Frame3.5.2.1.1

TDMA Frame.  The TDMA frame shall be of 120 ms duration and shall contain either 3
or 4 TDMA time slots as determined by the System Configuration (Section 3.5.2.4) in effect for the ground
station.
 
 3.5.2.1.2 Time Slot 3.5.2.1.2Time Slot3.5.2.1.2 Time Slot3.5.2.1.2 Time Slot.  A TDMA time
slot shall be of 30 or 40 ms duration depending on the System Configuration in effect for the ground station.
A time slot shall be the basic channel resource allocated to a user group for either voice or data transmission.
 

 Note. Multiple time slots can be assigned to a single user group (e.g., voice and data).
 
 3.5.2.1.3 Bursts 3.5.2.1.3 Bursts3.5.2.1.3 Bursts3.5.2.1.3 Bursts. A TDMA time slot
shall consist of either a) one Management (M) burst and one Voice or Data (V/D) burst, b) four M bursts, or
c) one M burst and one handoff check message (H) burst. The format of the bursts shall be as specified in
Figures 3-2a, 3-2b, and 3-2c.
 

 Note. An M burst is used for signalling and link management.  A V/D burst is used for user information.
An H burst is used for automated handoff of ground stations.
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RU:  Ramp-up and power stabilization
RD:  Ramp-down
HD:  Header

a) Management (M) and V/D Bursts

5 16 N 5 16 8

User Information

Guard
M Burst V/D Burst

Guard

192
=

30 or 40 ms

2 2

Synchronization Sequence
(section 2.5)

Symbol Periods

S
Syst
Data

S2 HD
RU RURD RD

S  =  S2*  for uplink (Section 2.5.3.1.2);
        S1, S2*, or S1* for downlink (Section 2.5.4.1.2)
N  =  32 for uplink; 16 for downlink

 

RU:  Ramp-up and power stabilization
RD:  Ramp-down

Symbol Periods5 16 16 2

S
Syst
Data

RU RD

5 2

S
Syst
Data

RU RD

GuardGuard

5 16 16 2

S
Syst
Data

RU RD

5 16 16 2

S
Syst
Data

RU RD

GuardGuard

78 78 78 81 Symbol Periods

[Also for M(2) and M(3)]
Periods

30 ms

M Burst
(1)

M Burst
(2)

M Burst
(3)

M Burst
(4)

b) Four Management (M) Bursts (Downlink of 3T)

S  =  S1 or S1*  for M(1) (Section 2.5.4.1.2);
        S1, S2*, or S1* for M(2), M(3), and M(4)
                                       (Section 2.5.4.1.2)
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RU:  Ramp-up and power stabilization
RD:  Ramp-down

c)  Management (M) and Handoff Check Message (H) Bursts (Uplink of 3T)

M Burst H Burst
GuardGuard

5 16 128 2

Synchronization Sequence

(section 2.5.3.1.2)

S2* System Data
RU RD

5 16

Handoff Check
     Message

40

30 ms

2 Symbol Periods

S2*

RU RD

 Figure 3-2.  TDMA Bursts and Slot Components
 

 The time scale hierarchy for TDMA frames, time slots and bursts shall be as shown in Figures 3-3a, 3-3b,
and 3-3c.
 

 Note.  The only difference in the timing structure between the Normal Range 30 ms slots and the Long
Range 40 ms slots is an increased propagation guard time allowance.  The exact allocation of propagation
guard time is reflected in Tables 3-49, 3-50, and 3-51.
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c) Long Range Configurations (Section 3.5.2.4)

b) Normal Range 3T Configuration (Section 3.5.2.4)

Even frame (120 ms)
ms)

slot A slot B slot C slot D slot A slot B slot C slot D

Odd frame (120 ms)
ms)

   M
Burst

  V/D
Burst

   M
Burst

   M
Burst

   M
Burst

   M
Burst

   M
Burst

   H
Burst

   M
Burst

  V/D
Burst

Slots B and D are the same as Slot C

a) Normal Range Non-3T Configurations (Section 3.5.2.4)

Even frame (120 ms)
ms)

Odd frame (120 ms)
ms)

Slot
30 ms

V/D
Burst

M
Burst

slot A slot B slot C slot D slot A slot B slot C slot D

Slot
40 ms

V/D
Burst

M
Burst

slot A slot B slot C slot A slot B slot C

Even frame (120 ms)
ms)

Odd frame (120 ms)
ms)

Even frame (120 ms)
ms)

Odd frame (120 ms)
ms)

slot A slot B slot C slot D slot A slot B slot C slot D

   M
Burst

  V/D
Burst

   M
Burst

   M
Burst

   M
Burst

   M
Burst

   M
Burst

   H
Burst

   M
Burst

  V/D
Burst

Slots B and D are the same as Slot C

MAC cycle (240 ms)
ms)

Slots B, C, and D are the same as Slot A

Slots B and C are the same as Slot A

 Figure 3-3.  TDMA System Time Scale Hierarchy
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 3.5.2.1.4 Epoch3.5.2.1.4 Epoch 3.5.2.1.4 Epoch 3.5.2.1.4 Epoch .  An Epoch shall
consist of 25 MAC cycles (6 seconds).  Epochs shall begin at the following number of seconds after the
minute: 0, 6, 12, 18, 24, 30, 36, 42, 48, 54.

 3.5.2.1.5 External Time Reference Interface3.5.2.1.5 External Time Reference Interface
3.5.2.1.5 External Time Reference Interface 3.5.2.1.5 External Time Reference Interface .
The VDL Mode 3 ground stations shall have the option to synchronize their station TDMA system timing
clocks to a common absolute time standard.  This external time source shall provide a timing strobe once per
second on the second and a separate strobe on epoch boundaries.  For purposes of providing epoch strobes,
the external time source shall be aligned to UTC on 6 January 1980.

 Note 1.  UTC is not easily usable as a time source for VDL Mode 3 because UTC requires leap second
adjustments at irregular intervals.

 Note 2.  GPS system time was aligned to UTC time on 6 January 1980, but now differs by an integral
number of seconds.  (A GPS receiver calculates GPS system time and provides conversion to UTC time by
adding the appropriate number of leap seconds.  This number is available as part of the GPS navigation
message.)  Any other absolute time source which is traceable to UTC without leap second adjustments is
also suitable as an external time source for VDL Mode 3.

 Note 3.   Synchronization of airborne radios to a common external time source is not required for Mode 3
operation.

 3.5.2.2 System Data and Header Field Formats 3.5.2.2 System Data and Header
Field Formats3.5.2.2 System Data and Header Field Formats3.5.2.2System Data and Header
Field Formats.  Fields contained in the System Data segment of the M uplink bursts and the Header
segment of the V/D bursts shall be used for controlling access to the channel and for link management
functions (Section 3.7).  The definition of the fields of these burst segments shall be as given in Appendix F.

 

 3.5.2.3 User Groups3.5.2.3 User Groups3.5.2.3 User Groups3.5.2.3 User
Groups.  An airborne radio shall be associated with a user group for purposes of channel access for voice
and data transmissions and for aircraft addressing functions used by the ground station.  A single VDL
frequency assignment (i.e., ground station radio) for Mode 3 shall support from 1 to 4 user groups
depending on the System Configuration in effect for that ground station.

 3.5.2.4 System Configurations 3.5.2.4 System Configurations3.5.2.4 System
Configurations3.5.2.4 System Configurations.  The VDL shall recognize and support the set of
system configurations identified in Table 3-47.
 

 Note 1. All the configurations except 3T are called non-3T configurations.
 

 Note 2.�See the Guidance Material for the applications and descriptions of each System Configuration.
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 Table 3-47.  System Configuration

 
 

 
 

 System
Config.

 
 User Groups Supported/
 Identifying Time Slots

 
 Services to
 Each Group

 
 Slots Assigned
to Each Group

 
 Normal Range

 
 4V

 
 4/(A, B, C, D)

 
 Dedicated voice ckt

 
 1

 
 

 
 3V1D

 
 3/(A, B, C)

 
 Dedicated voice ckt
w/shared data ckt

 
 2

 
 

 
 2V2D

 
 2/(A, B)

 
 Dedicated voice ckt
w/dedicated data ckt

 
 2

 
 

 
 3T

 
 1/(B, C, D)

 
 Demand assigned voice
and data

 
 1

 
 Long Range

 
 3V

 
 3/(A, B, C)

 
 Dedicated voice ckt

 
 1

 
 

 
 3S

 
 1/(A)

 
 Dedicated voice circuit
with 3 station diversity

 
 3

 
 

 
 2V1D

 
 2/(A, B)

 
 Dedicated voice ckt
w/shared data ckt

 
 2

 

 

 3.5.2.5 Media Access Control Cycle 3.5.2.5 Media Access Control Cycle3.5.2.5 Media
Access Control Cycle3.5.2.5Media Access Control Cycle. Media access shall be based on a MAC cycle of
240 ms (two consecutive TDMA frames, denoted even and odd frames, Figure 3-3).

 Note.  MAC cycles for each System Configuration are shown in the Guidance Material.

 3.5.2.5.1 Logical Burst Access Channels 3.5.2.5.1 Logical Burst Access
Channels3.5.2.5.1 Logical Burst Access Channels3.5.2.5.1 Logical Burst Access Channels.   For
the 3T configuration, VDL shall grant media access individually for each of up to 18 separate Logical Burst
Access Channels (LBACs) numbered 1-18.  For each MAC cycle (3T), the timing for each LBAC shall be
as given by Table 3-50.  For the 3S configuration, VDL shall grant media access individually for each of up
to 12 separate LBACs numbered 1-12. For each MAC cycle (3S), the timing for each LBAC shall be as
given by Table 3-51.  For all other configurations (except 3T and 3S), VDL shall grant media access
individually for each of up to 8 separate LBACs numbered 1-8.  A description of each LBAC for these cases
(other than 3T and 3S) shall be as given by Table 3-48.
 

 Note. MAC cycles for each System Configuration are shown labelled with each LBAC in the Guidance
Material.
 

 Table 3-48. Logical Burst Access Channel (LBAC) Descriptions for Configurations other than 3T and 3S

 
 LBAC#*

 
 Applicability

 
 Description

 
 1

 
 air only

 
 M downlink burst used for polling response or Random Access (RA)

 
 2

 
 air, ground

 
 V/D (voice) burst even frame

 
 3

 
 air only

 
 M downlink burst used for ACK or RA
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 4

 
 air, ground

 
 V/D (data) burst even frame

 
 5

 
 ground only

 
 M uplink burst and timing reference point

 
 6

 
 air, ground

 
 V/D (voice) burst odd frame

 
 7

 
 air only

 
 M downlink burst used for ACK or RA

 
 8

 
 air, ground

 
 V/D (data) burst odd frame

 *  Used to identify burst opportunities in Table 3-49.

 

 

 3.5.2.5.2 Burst Access Timing 3.5.2.5.2 Burst Access Timing3.5.2.5.2 Burst
Access Timing3.5.2.5.2 Burst Access Timing.  The System Configuration code provided in the M
uplink burst (Appendix F, Section 2.1) shall be used by the aircraft VDL in conjunction with the timing
reference point  to establish proper burst timing.  For the 3T configuration, LBACs shall be established
according to Table 3-50;  for 3S configuration, LBACs shall be established according to Table 3-51; and for
other configurations (except 3T and 3S), LBACs shall be established according to Table 3-49.  The timing
reference point shall be established as per Section 3.5.4.1.
 

 

 

 

 Table 3-49. LBAC Timing Offset Values for Configurations other than 3T and 3S
 

 

 

 
 
 System
Config.

 
 User

Group
Slot ID

 
 Media Access Timing for Each LBAC (See Section 3.5.2.5.1) Relative to

 Timing Reference Point (Symbol Periods)

 
 

 
 

 
 Even Frame

 
 Odd Frame

 
 

 
 

 
 1

 
 2

 
 3

 
 4

 
 5

 
 6

 
 7

 
 8

 
 4 Slots Per Frame (Normal Range)

 
 4V

 
 A-D

 
 -1260

 
 -1195

 
 N/A

 
 N/A

 
 0

 
 65

 
 N/A

 
 N/A

 
 3V1D

 
 A

 
 -1260

 
 -1195

 
 -315

 
 -250

 
 0

 
 65

 
 945

 
 1010

 
 

 
 B

 
 -1260

 
 -1195

 
 -630

 
 -565

 
 0

 
 65

 
 630

 
 695

 
 

 
 C

 
 -1260

 
 -1195

 
 -945

 
 -880

 
 0

 
 65

 
 315

 
 380

 
 2V2D

 
 A-B

 
 -1260

 
 -1195

 
 -630

 
 -565

 
 0

 
 65

 
 630

 
 695

 
 3 Slots Per Frame (Long Range)

 
 3V

 
 A-C

 
 -1260

 
 -1142

 
 N/A

 
 N/A

 
 0

 
 118

 
 N/A

 
 N/A

 
 2V1D

 
 A

 
 -1260

 
 -1142

 
 -420

 
 -302

 
 0

 
 118

 
 840

 
 958

 
 

 
 B

 
 -1260

 
 -1142

 
 -840

 
 -722

 
 0

 
 118

 
 420

 
 538
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 Table 3-50.  LBAC Description and Timing for 3T Configuration

 
 

 LBAC#
 
 Access by User Group*

 

 
 Applicability

 
 Description

 
 Media Access Timing for
Each LBAC Relative to
Timing Reference Point

(Symbol Periods)
 
 1

 
 (B,C,D)

 
 air only

 
 M downlink RA

 
 -1260

 
 2

 
 (B,C,D)

 
 air only

 
 M downlink polling
response or RA

 
 -1182

 
 3

 
 (B,C,D)

 
 air only

 
 M downlink polling
response or RA

 
 -1104

 
 4

 
 (B,C,D)

 
 air only

 
 M downlink polling
response or RA

 
 -1026

 
 5

 
 (B,C,D)

 
 air only

 
 M downlink ACK or RA

 
 -945

 
 6

 
 (B,C,D)

 
 air/ground

 
 V/D even frame

 
 -880

 
 7

 
 (B,C,D)

 
 air only

 
 M downlink ACK or RA

 
 -630

 
 8

 
 (B,C,D)

 
 air/ground

 
 V/D even frame

 
 -565

 
 9

 
 (B,C,D)

 
 air only

 
 M downlink ACK or RA

 
 -315

 
 10

 
 (B,C,D)

 
 air/ground

 
 V/D even frame

 
 -250

 
 11

 
 (B,C,D)

 
 ground only

 
 M uplink, Timing
Reference Point

 
 0

 
 12

 
 (B,C,D)

 
 ground only

 
 M uplink handoff check

 
 201

 
 13

 
 (B,C,D)

 
 air only

 
 M downlink ACK or RA

 
 315

 
 14

 
 (B,C,D)

 
 air/ground

 
 V/D odd frame

 
 380

 
 15

 
 (B,C,D)

 
 air only

 
 M downlink ACK or RA

 
 630

 
 16

 
 (B,C,D)

 
 air/ground

 
 V/D odd frame

 
 695

 
 17

 
 (B,C,D)

 
 air only

 
 M downlink ACK or RA

 
 945

 
 18

 
 (B,C,D)

 
 air/ground

 
 V/D odd frame

 
 1010

 *For 3T configuration, Group IDs B, C, and D are treated as one user group.

 Note.�See the Guidance Material for further description of 3T timing.
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 Table 3-51.  LBAC Description and Timing for 3S Configuration

 LBAC #  Applicability  Description  Media Access Timing for Each LBAC
Relative to Timing Reference Point
(Symbol Periods)

 1  air only  M downlink polling response or RA  -1260

 2  air, ground  V/D (voice) even frame  -1142

 3  air only  M downlink polling response or RA  -840

 4  air, ground  V/D (voice) even frame  -722

 5  air only  M downlink polling response or RA  -420

 6  air, ground  V/D (voice) even frame  -302

 7  ground only  M uplink and timing reference point  0

 8  air, ground  V/D (voice) odd frame  118

 9  ground only  M uplink and timing reference point  420

 10  air, ground  V/D (voice) odd frame  538

 11  ground only  M uplink and timing reference point  840

 12  air, ground  V/D (voice) odd frame  958

 

 

 3.5.3 Airborne MAC Service System Parameters3.5.3 Airborne MAC Service
System Parameters3.5.3 Airborne MAC Service System Parameters3.5.3 Airborne MAC
Service System Parameters.  Airborne MAC service system parameters shall be as defined in Table 3-52a
and Table 3-52b.  Descriptions of the parameters are provided in Sections 3.5.3.1 through 3.5.3.8.
 

 Table 3-52a.  Airborne MAC Service System Parameters

 
 
 Symbol

 
 Parameter Name

 
 Min.

 
 Max.

 
 Mode 3 Default

 
 Increment

 
 t

 
 Truncation

 (MAC cycles)

 
 1

 
 256

 
 [50*]

 
 1

 
 f   Free Running

 
 1

 
 256

 
 [250*]

 
 1

 
 NM1

 
 Maximum

Reservation
Request Retry

 
 1

 
 10

 
 [4]

 
 1

 

 *  Based on the specified clock accuracy of 5 PPM for airborne radios and 2 PPM for ground radios, plus 1
PPM timing shift due to a 1 Mach aircraft.
 

 Table 3-52b.  Airborne MAC Service System Parameters
 

   System Configuration

 Symbol  Parameter Name  4V  3V1D  2V2D  3T  3V  2V1D  3S

 RE  Net Entry
Randomizer

 [1]  [1]  [3]  [10]  [1]  [1]  [1]

 
 RR

 Reservation Request
Randomizer

 
 [1]

 
 [3]
 

 
 [3]
 

 
 [10]

 

 
 [1]

 
 [3]
 

 
 [1]
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 RL  Leaving Net
Randomizer

 [1]  [3]  [3]  [10]  [1]  [3]  [1]

 W1R  Reservation Request
Delay Min

 (MAC cycle)

 [3]  [3]  [3]  [3]  [3]  [3]  [3]

 W2R  Reservation Request
Delay Max

 (MAC cycle)

 [3]  [3]  [3]  [3]  [3]  [3]  [3]

 

 Note.— RE, RR, RL, W1R and W2R are system configuration dependent.
 

 3.5.3.1 Parameter t (Truncation)3.5.3.1 Parameter t (Truncation)3.5.3.1
Parameter t (Truncation)3.5.3.1 Parameter t (Truncation).  This parameter

shall be the number of MAC cycles which can elapse in normal timing state 1 (TS1) while not receiving a
primary time reference without requiring transmitted V/D (voice) bursts to be truncated.  This parameter
shall be determined by the symbol clock stability of the aircraft VDL and represents the number of MAC
cycles prior to accumulating a timing drift of ±1 symbol periods.  The aircraft VDL shall enter truncate
timing state 2 (TS2) from TS1, except in 3T configuration, when the number of MAC cycles which has
elapsed without receiving a primary timing reference exceeds this parameter.
 

 

 3.5.3.2 Parameter f (Free Running)3.5.3.2 Parameter f (Free Running) 3.5.3.2
Parameter f (Free Running) 3.5.3.2 Parameter f (Free Running) . This parameter

shall represent the maximum Coast Timing Counter 3 (CTC3) (Section 3.5.4.1.3) value beyond which the
free running timing state 3 (TS3) is entered.  This parameter shall be determined by the symbol clock
stability and represents the number of MAC cycles of “coasting” which must elapse without receipt of a
primary timing or Alternate Timing Signal (ATS) before transitioning to TS3.

 Note. This parameter represents at least two whole polling cycles.

 3.5.3.3 Counter NM1 (Maximum Retry)3.5.3.3 Counter NM1 (Maximum
Retry)3.5.3.3 Counter NM1 (Maximum Retry)3.5.3.3 Counter NM1 (Maximum Retry).
The NM1 counter shall be the maximum number of retransmissions of a random access Reservation
Request message.  Upon exceeding the NM1 counter, the LME (Section 3.7) shall be notified.

 

 3.5.3.4 Parameter RR (Reservation Request Randomizer)3.5.3.4 Parameter RR
(Reservation Request Randomizer) 3.5.3.4 Parameter RR (Reservation Request Randomizer)
3.5.3.4 Parameter RR (Reservation Request Randomizer) .  The parameter RR shall specify
the number of available time slots over which to select a time slot at random to transmit the Reservation
Request message.
 

 3.5.3.5 Parameter RE (Net Entry Request Randomizer)3.5.3.5 Parameter RE (Net Entry
Request Randomizer) 3.5.3.5 Parameter RE (Net Entry Request Randomizer) 3.5.3.5

Parameter RE (Net Entry Request Randomizer) . The parameter RE shall specify the
number of available time slots over which to select a time slot at random to transmit the Net Entry Request
message.
 

 3.5.3.6 Parameter RL (Leaving Net Randomizer)3.5.3.6 Parameter RL (Leaving
Net Randomizer) 3.5.3.6 Parameter RL (Leaving Net Randomizer) 3.5.3.6 Parameter RL
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(Leaving Net Randomizer) . The parameter RL shall specify the number of available time slots over which
to select a time slot at random to transmit the Leaving Net message.
 

 3.5.3.7 Parameter W1R (Reservation Request Retransmission Delay Min)3.5.3.7
Parameter W1R (Reservation Request Retransmission Delay Min) 3.5.3.7
Parameter W1R (Reservation Request Retransmission Delay Min) 3.5.3.7
Parameter W1R (Reservation Request Retransmission Delay Min) . The parameter

W1R specifies the minimum number of MAC cycles that an airborne radio shall wait before attempting a
Reservation Request message retransmission.
 

 3.5.3.8 Parameter W2R (Reservation Request Retransmission Delay Max)3.5.3.8
Parameter W2R (Reservation Request Retransmission Delay Max) 3.5.3.8
Parameter W2R (Reservation Request Retransmission Delay Max) 3.5.3.8
Parameter W2R (Reservation Request Retransmission Delay Max) .  The parameter

W2R specifies the maximum number of MAC cycles that an airborne radio shall wait before attempting a
Reservation Request message retransmission.

 

 3.5.4 Description of Procedures 3.5.4 Description of Procedures3.5.4
Description of Procedures3.5.4 Description of Procedures.  Media access shall

observe the procedures described in this section in addition to observing the timing structure limitations of
Section 3.5.2.1.
 

 3.5.4.1 Timing Acquisition and Maintenance3.5.4.1 Timing Acquisition and
Maintenance3.5.4.1 Timing Acquisition and Maintenance3.5.4.1 Timing Acquisition and
Maintenance.
 

 3.5.4.1.1 Primary Timing Reference 3.5.4.1.1 Primary Timing Reference3.5.4.1.1 Primary
Timing Reference3.5.4.1.1 Primary Timing Reference.  The aircraft VDL shall derive its primary timing
from the received M uplink burst (LBAC 11 for 3T configuration, either LBAC 7, 9, or 11 for 3S
configuration, and LBAC 5 for other configurations) associated with its assigned user group and Ground
Station Code (GSC).  The timing reference point shall be established based on the first received symbol of
the synchronization sequence of the M uplink burst associated with the user group assigned.  VDL media
access opportunities for transmitted bursts shall be set relative to this reference in terms of transmitted
symbol periods as shown in Table 3-49 and Table 3-50.
 

 3.5.4.1.2 Alternate Timing Reference 3.5.4.1.2Alternate Timing Reference3.5.4.1.2
Alternate Timing Reference3.5.4.1.2 Alternate Timing Reference.  When required

by the procedures of Section 3.5.4.1.3 through Section 3.5.4.1.5, the aircraft VDL shall derive Alternate
timing in TS2 from ATSs.  ATSs shall be derived from poll responses (except in the 3T configuration)
associated with the user group or another user group (if available) and M uplink burst in slots other than the
one controlling the airborne radio’s user group received during that MAC cycle.  This alternate timing shall
be based on the first received symbol of the synchronization sequence of the received V/D (voice) burst.
The aircraft VDL shall accept timing from ATSs if they obey the following rule:
 

 Tr < Ta + 0.04  • CTC2  • Ts

 

 where Ta shall be the expected time of an ATS as determined by the airborne radio’s clock, Tr shall be the
actual time of arrival of the ATS with respect to the airborne radio’s clock, and Ts shall be the symbol
period.
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 3.5.4.1.3 Coast Timing Counters 3.5.4.1.3 Coast Timing Counters3.5.4.1.3 Coast
Timing Counters3.5.4.1.3 Coast Timing Counters.  The aircraft VDL shall maintain  Coast Timing
Counter 1 (CTC1), Coast Timing Counter 2 (CTC2), and Coast Timing Counter 3 (CTC3) in order to
determine the timing state for each MAC cycle. CTC1, CTC2, and CTC3 shall be maintained as per Table
3-53.

 

 Table 3-53.  Rules for CTCs Maintenance

 
 Timing Received in
MAC cycle n-1

 
 Action to update CTC1 in
MAC cycle n

 
 Action to update CTC2 in
MAC cycle n

 
 Action to update CTC3 in
MAC cycle n

 
 Primary

 
 Reset to 0

 Reset to 0  
 Reset to 0

 
 Alternate

 
 Increment

 
 Reset to 0 if time is
accepted else increment

 
 Reset to 0

 
 None

 
 Increment

 
 Increment

 
 Increment

 
 

   
 

 

 

 3.5.4.1.4 Timing States 3.5.4.1.4 Timing States3.5.4.1.4 Timing States3.5.4.1.4
Timing States.  The aircraft VDL shall take on one of four  possible timing states

(except 3T configuration)  as determined by the CTCs as shown in Table 3-54.

 

 

 Table 3-54.  Timing States
 

 
 
 Timing state

 
 CTC1 value

 
 CTC3 value

 
 Initial TS0***

 
 t*

 
 0

 
 Normal TS1

 
 0 < CTC1< t*

 
 0 < CTC3 < t*

 
 Truncate TS2 (except 3T
configuration)

 
 CTC1  ≥ t*

 
 CTC3 < f**

 
 Free Running TS3

 
 CTC1  ≥ t*

 
 CTC3  ≥ f**

 
 *  Defined in Section 3.5.3.1

 ** Defined in Section 3.5.3.2

 *** Net Initialization state, special rules apply (see Section 3.7.2.1.1)
 
 

 

 Note  The timing state controls operation of the Voice Unit (Section 6).
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 3.5.4.1.5 Timing State Transitions3.5.4.1.5 Timing State Transitions 3.5.4.1.5 Timing
State Transitions 3.5.4.1.5 Timing State Transitions .  When in TS1, an aircraft VDL in 3T
configuration shall skip TS2 and transition through a non-transmit period before entering TS3.  When in
TS3, the aircraft VDL shall accept time from any ATS and enter TS2.  Any aircraft VDL shall immediately
revert to TS1 upon reception of a valid primary timing signal.
 

 3.5.4.1.6 Dummy Poll Responses3.5.4.1.6 Dummy Poll Responses 3.5.4.1.6 Dummy
Poll Responses 3.5.4.1.6 Dummy Poll Responses .  When an airborne radio receives an uplink M
channel message with value 61 in the Aircraft ID (Poll) field, indicating that the ground station does not
support discrete addressing, an airborne radio shall transmit dummy Poll Responses in downlink M slots
reserved for Poll Response.  The format of a dummy Poll Response shall be identical to a regular Poll
Response.  Dummy Poll Responses shall not be processed by the controlling ground station.  The MAC
cycle in which to transmit the dummy Poll Responses shall be chosen by the following algorithm:
 

 Immediately after net initialization, after determining that the uplink Beacon contains Aircraft ID = 61,
divide all further MAC cycles into groups of [25].  Within each group, choose one MAC cycle at random
from 1 to [25] in which to transmit a dummy Poll Response.  Continue to transmit dummy Poll Responses
for as long as the airborne radio remains in timing state TS1.
 

 Note 1.  For the voice-only configurations: 4V, 3V, and 3S, polling may not be implemented and a ground
radio in one of these configurations may not support polling.  In order to support the transmission of an
Alternate Timing Reference in these configurations (see 3.5.4.1.2), airborne radios must transmit “Dummy
Poll Response” messages since they are never actually polled.
 

 Note 2.  Analysis and simulation have shown that, unless the number of airborne radios is extremely
large, the probability that at least one MAC cycle out of 25 contains one and only one dummy Poll Response
is very close to 1.
 

 Note 3.  The LBACs available for dummy Poll Responses include LBAC 1 for configurations 4V and 3V,
and LBAC 1, 3 or 5 for configuration 3S, depending upon whichever LBAC is associated with the time slot
the airborne radio is currently connected to.
 

 3.5.4.2 Voice Operation Support 3.5.4.2 Voice Operation Support3.5.4.2 Voice
Operation Support3.5.4.2 Voice Operation Support.  The aircraft VDL shall grant media access on a
MAC cycle-by-MAC cycle basis based on the timing state and the voice signalling information received in
the M uplink burst of the previous MAC cycle.  The rules for media access shall be as described in Table 3-
55.  The conditions of both the timing state and the signalling shall be met in order to be granted access in a
given MAC cycle.
 

 The Voice Unit (Section 6) shall be notified of the timing state during each MAC cycle.
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 Table 3-55.  Conditions for Voice Media Access (Aircraft VDL)
 

 
  Voice Signal Field* Encoding
 

 Timing State
 

 Ground Access
 

 Occupied by
Airborne User

 
 Voice Channel Idle

 
 Initial TS0

 
 No Access

 
 No Access

 
 No Access

 
 Normal TS1

 
 No Access

 
 Access permitted if
access granted in

previous MAC cycle

 
 Access

 
 Truncate TS2

 
 Access

 
 Access

 
 Access

 
 Free Running TS3

 
 Access

 
 Access

 
 Access

 *  Defined in Appendix F, Section 2.1.3.

 

 Note. Currently, only 3T system configuration supports voice reservation signalling.
 

 

 3.5.4.3 Link Management Support. 3.5.4.3 Link Management Support3.5.4.3 Link
Management Support3.5.4.3 Link Management Support
 

 3.5.4.3.1 Polling 3.5.4.3.1 Polling3.5.4.3.1 Polling3.5.4.3.1 Polling.  The aircraft station
shall respond to a poll by the ground station by transmitting a Reservation Request message in LBAC 2, 3,
or 4 for 3T configuration, LBAC 1, 3, or 5 for 3S configuration, and LBAC 1 for other configurations in the
MAC cycle immediately following the poll.  This opportunity to request a reservation shall be used
consistent with the procedures of Section 3.5.4.4.3.  If no reservation is needed by the aircraft VDL, the
Number of Slots Requested field and the Voice Request field shall be set to zero.

 

 3.5.4.3.2 Net Entry Request Message 3.5.4.3.2 Net Entry Request Message3.5.4.3.2 Net
Entry Request Message3.5.4.3.2 Net Entry Request Message.  When directed by the LME (Section
3.7), the airborne MAC sublayer shall transmit a Net Entry Request message.  The MAC sublayer shall
attempt transmission in LBAC 1, 2, 3, 4, 5, 7, 9, 13, 15, or 17 for 3T configuration, LBAC 1, 3, or 7 for 3S
configuration, and LBAC 1, 3 or 5 opportunities for other configurations, when these LBAC channels are
available for random access (RA) on a slotted aloha basis.  The rules for determining whether these LBAC
channels are available for RA or acknowledgement of uplink data segments shall be as shown in Table 3-
56a.
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  Table 3-56a.  Access Rules for M Downlink
 

 Configu-
 
 LBAC

 
 Utilization of LBAC

    ration      #
 

 
 RA

 
 ACK

 
 Other than

 3T and 3S

 

 
 1

 
 LBAC 5 in previous MAC cycle did not request
a poll response

 
 No acknowledgement allowed

 
 

 
 3

 
 LBAC 4 in previous MAC cycle did not have
an uplink V/D (data) burst Header segment
with EOM* = 1

 
 LBAC 4 in previous MAC cycle had an uplink V/D
(data) burst Header segment with EOM = 1

 
 

 
 7

 
 LBAC 8 in previous MAC cycle did not have
an uplink V/D (data) burst Header segment
with EOM = 1

 
 LBAC 8 in previous MAC cycle had an uplink V/D
(data) burst Header segment with EOM = 1

 
 3T

 
 1

 
 Unconditional RA

 
 No acknowledgement allowed

 
 

 
 2

 
 LBAC 11 in previous MAC cycle did not
request a poll response

 
 No acknowledgement allowed

 
 

 
 3

 
 LBAC 11 in previous MAC cycle did not
request a poll response

 
 No acknowledgement allowed

 
 

 
 4

 
 LBAC 11 in previous MAC cycle did not
request a poll response

 
 No acknowledgement allowed

 
 

 
 5

 
 LBAC 6 in previous MAC cycle did not have
an uplink V/D (data) burst Header segment
with EOM = 1

 
 LBAC 6 in previous MAC cycle had an uplink V/D
(data) burst Header segment with EOM = 1

 
 

 
 7

 
 LBAC 8 in previous MAC cycle did not have
an uplink V/D (data) burst Header segment
with EOM = 1

 
 LBAC 8 in previous MAC cycle had an uplink V/D
(data) burst Header segment with EOM = 1

 
 

 
 9

 
 LBAC 10 in previous MAC cycle did not have
an uplink V/D (data) burst Header segment
with EOM = 1

 
 LBAC 10 in previous MAC cycle had an uplink
V/D (data) burst Header segment with EOM = 1

 
 

 
 13

 
 LBAC 14 in previous MAC cycle did not have
an uplink V/D (data) burst Header segment
with EOM = 1

 
 LBAC 14 in previous MAC cycle had an uplink
V/D (data) burst Header segment with EOM = 1

 
 

 
 15

 
 LBAC 16 in previous MAC cycle did not have
an uplink V/D (data) burst Header segment
with EOM = 1

 
 LBAC 16 in previous MAC cycle had an uplink
V/D (data) burst Header segment with EOM = 1

 
 

 
 17

 
 LBAC 18 in previous MAC cycle did not have
an uplink V/D (data) burst Header segment
with EOM = 1

 
 LBAC 18 in previous MAC cycle had an uplink
V/D (data) burst Header segment with EOM = 1

 
 3S

 
 1

 
 LBAC 7 in previous MAC cycle did not request
a poll response

 
 No acknowledgement allowed

 
 

 
 3

 
 LBAC 9 in previous MAC cycle did not request
a poll response

 
 No acknowledgement allowed

 
 

 
 5

 
 LBAC 11 in previous MAC cycle did not
request a poll response

 
 No acknowledgement allowed

 
 *  Defined in Section 3.1.2 of Appendix F.

 
 

 

 Transmission attempts for the Net Entry Request message shall be based on the algorithm of Appendix H
for selecting an appropriate downlink M-burst LBAC to transmit the Net Entry Request message.  The
parameter RE (defined in Section 3.5.3.5) is a MAC Service System Parameter.  The value of RE is given in
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Table 3-52b.  This procedure shall be terminated when a valid Net Entry Response message is received or
the number of retransmissions exceeds NL1 (see Table 3-59).
 

 3.5.4.3.3 Leaving Net Message 3.5.4.3.3 Leaving Net Message3.5.4.3.3 Leaving
Net Message3.5.4.3.3 Leaving Net Message.  When directed by the LME (Section 3.7), the airborne
MAC sublayer shall select an appropriate downlink M-burst LBAC to transmit a Leaving Net message
based on the algorithm of Appendix H.  There shall be no retransmission of a Leaving Net message.
 

 3.5.4.4 Data Operation Support 3.5.4.4 Data Operation Support3.5.4.4 Data
Operation Support3.5.4.4 Data Operation Support.
 

 3.5.4.4.1 Segmentation Function 3.5.4.4.1 Segmentation Function3.5.4.4.1
Segmentation Function3.5.4.4.1 Segmentation Function.  The MAC sublayer

shall perform segmentation of the user message longer than one data burst received from the upper layer to
support data burst transmission.  The segmentation function shall observe the following procedures:
 

• Each segment, except the last, shall occupy an entire data burst and shall set the EOM field of
the Header segment to 0.  Each segment of the user message shall include the Segment Number
in the Segment Number field of the Header segment of each V/D (data) burst.  The Segment
Number shall begin with 1 for the first segment and shall be incremented by 1 for subsequent
segments.  The final segment of the user message shall set the EOM field to 1 to indicate to the
peer MAC entity that the user message is completed.  A Segment Number of 0 is reserved.

 

• All downlink segments of the user message shall occupy only the time slots indicated in the
Reservation Response field of the M uplink (Normal Message) burst (Section 2.2.1 of
Appendix F) user group and shall be transmitted in consecutive burst opportunities.

 

• Any missing or corrupted segments shall result in discarding of the entire user message.
 

 Note.  The Maximum user message size is established by the maximum DLS frame size assuring
containment within a maximum of 15 V/D (data) bursts (Section 3.6.3.2).
 

 3.5.4.4.2 Uplink Data Transfer 3.5.4.4.2 Uplink Data Transfer3.5.4.4.2 Uplink
Data Transfer3.5.4.4.2 Uplink Data Transfer.  The VDL ground station shall determine burst
scheduling for uplink user message transmission.  Methods used for priority scheduling of messages by the
ground station shall be a local matter not subject to standardization in the SARPs.
 

 

 Note.  The ground station is limited to transmission of DLS I frames to a single aircraft in any given V/D
(data) burst in order for the acknowledgement process to work properly.
 

 3.5.4.4.2.1 Acknowledgement Protocol.  Upon receipt of an ACK frame from the local DLS
sublayer, an Acknowledgement message shall be transmitted in the M burst downlink associated with the
same slot on the following MAC cycle. The downlink ACK frame shall not be transmitted in a V/D (data)
burst.  The peer MAC sublayer shall restore the ACK frame and forward to the local DLS sublayer.
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 Note.The protocol used by the DLS must ensure an explicit ACK frame is issued in time to be transmitted
in the proper M burst in the following MAC cycle.  Transmitting an explicit acknowledgement in the
designated M downlink burst improves channel efficiency and response time relative to transmission of the
ACK frame via a V/D (data) burst and requiring the reservation request procedure.
 

 3.5.4.4.2.2 Reservation Request Acknowledgement.  Upon receipt of a valid Reservation Request
in the contention M subchannels, if the ground station is unable to honor the request due to unavailability of
the time slots, a Reservation Request Acknowledgement (RACK) message shall be generated and sent to the
requester.  The Reservation Request Acknowledgement message is a special Reservation Response message
(described in Section F.2.2.1) with value 0001 in the Reserved Slot.  The RACK message shall not be sent
in response to a Poll Response that cannot be immediately granted.
 

 Upon receiving a RACK message, the airborne radio shall stop retransmitting the pending request.
The airborne radio shall not attempt to send any Reservation Request messages unless polled by the
ground station or until after receiving an acknowledgement of correct reception of this requested V/D
(data) transmission, if it is an acknowledged Data Link Protocol Data Unit (DLPDU), or until after
transmission of an unacknowledged DLPDU.
 

 3.5.4.4.3 Downlink Data Transfer 3.5.4.4.3 Downlink Data Transfer3.5.4.4.3
Downlink Data Transfer3.5.4.4.3 Downlink Data Transfer.

 

 3.5.4.4.3.1 Data Transfer.  The MAC sublayer shall transmit downlink data in Normal timing state
only.
 

 Note. The airborne MAC can not transmit downlink M bursts when it is not in Normal timing state.
 

 3.5.4.4.3.2 Assemble Message for MAC Data Transfer.  Every MAC cycle, the MAC sublayer
shall determine if transmit queue manager has traffic to be transmitted.  The existence of traffic in the
transmit queue manager shall cause the MAC sublayer to initiate the data transfer procedure described in
Sections 3.5.4.4.3.3 through 3.5.4.4.3.5 below.
 

 3.5.4.4.3.3 Request a Reservation.  When downlink data traffic is offered by the transmit queue
manager, or an access signal is received from the Voice Unit, the MAC sublayer shall select a downlink M-
burst LBAC from the available RA LBACs to transmit the Reservation Request message based on the
process of Appendix H and the random number generation algorithm of Appendix G.  The parameters RR,
W1R and W2R (defined in Sections 3.5.3.4, 3.5.3.7, and 3.5.3.8) are MAC Service System Parameters.  The
values for these parameters are given in Table 3-52b.  A subsequent Reservation Request for transmission of
a new data message shall not be issued until an ACK frame associated with the current message
transmission is received.
 

 Note 1.  3T system configuration is currently the only configuration where an access signal is issued by
the Voice Unit.
 

 Note 2.  The available random access LBACs depend on process type and configuration.  LBACs
scheduled for Poll Responses and downlink ACKs are removed from the lists.
 3.5.4.4.3.4 Reservation Request Retransmission.  The airborne radio shall select a downlink M-
burst LBAC for random access Reservation Request Retransmission based on the process of Appendix H
and the random number generator algorithm of Appendix G.  The Reservation Request Retransmission shall
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be repeated until one of the following occurs:  (1) a valid response is received, (2) a poll is received, or (3)
the number of retransmissions exceeds NM1.
 

 3.5.4.4.3.5 Reservation Confirmation Indication.  Upon receipt of a Reservation Response
(Appendix F, Section 2.2) signalling an “access scheduled,” the MAC sublayer shall authorize transmission
of all segments of the user message starting in the slot indicated.
 

 3.5.4.4.3.6 Acknowledgement Protocol.  Acknowledgements to downlink transmissions shall be
supported directly by the DLS with no special support from the MAC sublayer.
 

 3.5.4.5  MAC Data Frame Retransmission3.5.4.5 MAC Data Frame
Retransmission3.5.4.5 MAC Data Frame Retransmission3.5.4.5 MAC Data Frame
Retransmission.     The VDL Mode 3 MAC sublayer shall maintain a retransmission timer T1 for each
media access reservation transmitted.  The timer T1 is the time that the MAC sublayer shall wait for an
acknowledgement prior to retransmission.  Timeout of the T1 timer shall result in retransmission only of
those DLS frames within the reservation requiring acknowledgement.  Frames not requiring
acknowledgement are not subject to, and shall be omitted from any retransmission.  The DLS shall
determine which frames are included.  The MAC shall send a primitive to the DLS indicating the need to
retransmit the appropriate frames from the last reservation.  The number of retransmission of any DLS
frame shall not exceed N2 times.  The LME shall be informed when the retransmission exceeds N2 times.
 The MAC data frame retransmission system parameters T1 and N2 shall be defined in Table 3-56b.
 

                   Table 3-56b   MAC Data Frame Retransmission System Parameters
 

 Symbol  Parameter Name  Minimum  Maximum  Mode 3 Default  Increment

 T1  Delay before
retransmission
(ground)

 1  40  2  1

  Delay before
retransmission
(aircraft)

 2  40  6  1

 N2  Maximum number
of retransmissions

 1  20  3  1

 Note.  Units for T1 is MAC Cycles (240ms)
 

 

 3.5.4.6 Automated Handoff for 3T Configuration3.5.4.6 Automated Handoff for 3T
Configuration3.5.4.6 Automated Handoff for 3T Configuration3.5.4.6 Automated
Handoff for 3T Configuration.  System configuration 3T shall support automated handoff of ground
stations for aircraft which are capable of retuning frequencies within [2] ms.  LBAC 11 shall be broadcast
by all ground stations permitting an aircraft station to listen to all nearby ground stations (one per MAC
cycle) and determine which ground station provides the strongest signal.  In the LBAC 12 burst, the ground
station shall broadcast its Ground Station Code and the frequencies of four proximate nets to be monitored.
The aircraft station shall then scan through these frequencies on the next four MAC cycles and compare
signal quality.  While listening to other stations, the aircraft shall accumulate a database of all nearby nets to
be scanned and their latest signal quality measurement.  For every MAC cycle, the airborne radio shall
update one measurement.  If another ground station presents a stronger signal for [3] measurements, then the
aircraft station shall determine that the new net provides a better link and shall transfer the aircraft to the
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new net.  Furthermore, if a 3T configured aircraft station becomes "lost" and can not make contact with its
assigned net, it shall attempt to contact the next strongest ground station signal.  If the aircraft station cannot
locate a new ground station, the LME shall be notified.  If at any time no LBAC 11 signals are received, the
LME shall be notified.
 

 

 3.6 Data Link Services (DLS) (Mode 3)3.6 Data Link Services (DLS) (Mode
3)3.6 Data Link Services (DLS) (Mode 3)3.6 Data Link Services (DLS) (Mode 3).
 

 3.6.1 Services3.6.1 Services3.6.1 Services3.6.1 Services.  The DLS sublayer
services shall be carried over the TDMA V/D slot.  These services shall include error detection and
recovery, and address identification.
 

 Note. Frame sequencing is assumed to be provided by the Media Access Control protocol.
 

 3.6.1.1 Error Detection 3.6.1.1 Error Detection3.6.1.1 Error Detection3.6.1.1
Error Detection.  Error detection shall be provided by a 24-bit Frame Check Sequence

(FCS) generated by the 24-bit CRC-24Q polynomial.  This FCS shall be overlaid on the 24-bit aircraft
station address with an exclusive-OR operation.  The polynomial used for this FCS shall be as follows:
 

 x24+ x23+ x18+ x17+ x14+ x11+ x10+ x7+ x6+ x5+ x4+ x3+ x+ 1
 

 3.6.1.2 Address Identification 3.6.1.2 Address Identification3.6.1.2 Address
Identification3.6.1.2 Address Identification.  The link layer header shall contain the aircraft station
address.

 Note. The ground station address is implied by the frequency and slot assignment.
 

 3.6.1.2.1 Address Uniqueness 3.6.1.2.1 Address Uniqueness3.6.1.2.1 Address
Uniqueness3.6.1.2.1 Address Uniqueness.  All aircraft stations shall be uniquely addressed by the
24-bit ICAO address.
 

 3.6.1.2.2 Broadcast Addressing 3.6.1.2.2............................. Broadcast Addressing3.6.1.2.2 Broadcast Addressing3.6.1.2.2
 

 3.6.1.3 Data Transfer 3.6.1.3 ............................................................Data Transfer3.6.1.3 Data Transfer3.6.1.3
an INFO frame.
 

 3.6.2 Mode 3 Data Link Service Protocol Specification.
 

 3.6.2.1 Frame Format 3.6.2.1 ..........................................................Frame Format3.6.2.1 Frame Format3.6.2.1
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   First bit

trans-
mitted

 ↓

 
 Bit Number

 Description  Octet  1  2  3  4  5  6  7  8
 FCS/Aircraft  1  Aircraft Station Address

 Address  2  XOR

 Field  3  24-bit FCS

 Link Control  4  Address Type  Priority  Frame Type

 Data Control 1  5  Ground Subnetwork Address  DL [MSB]

 Data Control 2  6  Data Length (DL) [LSB], N

 Information  7..N+6  User Data

 

 Figure 3-4.  DLS Sublayer Frame Format
 

 Note.  A transmitter may include more than one frame in a single MAC sublayer access event so long as
only one destination is required to acknowledge.

 

 3.6.2.2 FCS/Aircraft Address Field 3.6.2.2 FCS/Aircraft Address Field3.6.2.2
FCS/Aircraft Address Field3.6.2.2FCS/Aircraft Address Field.  The FCS/aircraft

address field shall consist of three octets for the FCS/aircraft station address subfield and 3 bits for the
address type subfield.
 

 3.6.2.2.1 FCS/Aircraft Station Address 3.6.2.2.1 FCS/Aircraft Station
Address3.6.2.2.1 FCS/Aircraft Station Address3.6.2.2.1 FCS/Aircraft Station Address.  The
FCS/aircraft station address subfield shall be the 24-bit ICAO aircraft address combined with the 24-bit FCS
described in Section 3.6.1.1 via an exclusive-OR operation.  The most significant byte shall be encoded in
Octet 1 of the frame and the least significant byte shall be encoded in Octet 3.
 

 Note. In Sections referring to Modes 1 and 2, this 24-bit ICAO aircraft address is referred to as the
Aircraft Specific Address.
 

 3.6.2.2.2 Address Type 3.6.2.2.2 Address Type3.6.2.2.2 Address Type3.6.2.2.2
Address Type.  The address type subfield shall consist of three bits which indicate the

usage of the remaining 24 bits aircraft address.  The most significant bit is bit 3 in Figure 3-4.  The
following table lists the address type options.
 

 Code Description
 000 Frame transmitted by the ground station to the specified aircraft
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 001 Frame transmitted by the specified aircraft to the ground station
 011-110 Spare
 111 Frame transmitted by the ground station to all aircraft, the 24-bit

 aircraft station address shall be set to binary 1.
 

 Note 1. This field will indicate to the receiver whether the aircraft station address or broadcast address
should be used to decode the FCS.
 

 Note 2.  For the ground station, the MAC sublayer can provide the 6-bit Aircraft Identifier via primitives
to the DLS to determine which aircraft station address to use to extract the FCS.
 

 3.6.2.3 Link Control Field 3.6.2.3............................................. Link Control Field3.6.2.3 Link Control Field3.6.2.3
 
     
            
       
         
          
          
           
            
            
            
            
            

 

   Link Control Field Bit Encoding

  Frame Type  4  5  6  7  8

 Data Frame  INFO (Information)  Priority  0  0

 Management  CTRL_CMD (Control
Command)

 1  1  1  0  1

   Frames  CTRL_RSP (Control Response)  1  1  1  1  1

  ACK (Acknowledge)  1  1  1  1  0

 

 

 Figure 3-5.  VDL Mode 3 Link Control Field

 3.6.2.3.1 Frame Type 3.6.2.3.1 Frame Type3.6.2.3.1 ............................Frame Type3.6.2.3.1 Frame Type
communicate link control information.

 3.6.2.3.2 Priority 3.6.2.3.2 Priority3.6.2.3.2 ..........................................Priority3.6.2.3.2 Priority.  The priority subfield supplies the priority of the frame for processing.  The 16 levels of priority supported by the ATN shall be encoded in the 3-bit field as in Table 3-57.  CTRL_CMD, CTRL_RSP, and ACK frames are always management priority
and shall always contain binary 111 in the priority subfield.  The priority field shall be encoded such that bit
6 of Figure 3-5 is the most significant bit.

 Table 3-57.  VDL3/ATN Priority Mapping

 Bit Field  ATN Priority  VDL3 Priority
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 111  14. Network/Systems Management  Management

 110-000  <State Defined>  <State Defined>

 

 Note.  It is a local State issue for the priority mapping of the ATN priority levels to priority levels within
the VDL Mode 3 subnetwork.

 3.6.2.4 Data Control Field 3.6.2.4 ................................................ Data Control Field3.6.2.4 Data Control Field3.6.2.4

 3.6.2.4.1 Ground Subnetwork Address Subfield3.6.2.4.1Ground Subnetwork Address
Subfield3.6.2.4.1 Ground Subnetwork Address Subfield3.6.2.4.1Ground Subnetwork
Address Subfield.  The ground subnetwork address subfield shall contain a unique 6-bit number used to
identify the ground subnetwork entity used to communicate with the airborne user.  The binary value of
000000 shall be reserved to indicate ‘Unknown Subnetwork Address’.  This is used during the connection
establishment phase when an airborne DLS may not yet know the appropriate subnetwork address to use.

 Note.  The Ground Subnetwork Address must be unique with respect to the adjacent facilities, so that
during handoffs between routing domains, the link layer can uniquely identify the subnetwork entity to
process the packet with respect to current or next facility.

 3.6.2.4.2 Data Length Subfield 3.6.2.4.2 .................................. Data Length Subfield3.6.2.4.2 Data Length Subfield3.6.2.4.2

 3.6.2.5 Information Field 3.6.2.5 ................................................ Information Field3.6.2.5 Information Field3.6.2.5
 

 3.6.3 Data Link Service System Parameters3.6.3Data Link Service System
Parameters3.6.3 Data Link Service System Parameters3.6.3Data Link Service System Parameters.
The parameters needed by the DLS sublayer shall be as listed in Table 3-58 and detailed in Section 3.6.3.1
through 3.6.3.3.  DLS parameters shall be determined by the exchange of CTRL frames, if the default values
are not to be used.
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 Table 3-58.  DLS System Parameters
 

 
 

 Symbol

 
 

 Parameter Name

 
 

 Minimum

 
 

 Maximum

 
 Mode 3
Default

 
 

 Increment

       
 

 
 

    
       
       
 
 T3

 
 Link initialization time
 (MAC cycle)

 
 20

 
 30

 
 [25]

 
 1

 
 N1

 
 Maximum from-aircraft and
to-aircraft frame size

 
 16 bytes

 
 924 bytes

 
 [924] bytes

 
 1 byte

      
 
 MG

 
 Maximum number of bursts
for grouped frames (bursts)

 
 1

 
 15

 
 [7]

 
 1

      

 

 

 

 3.6.3.1 Timer T3 (Link Initialization Time)3.6.3.1Timer T3 (Link Initialization
Time)3.6.3.1 Timer T3 (Link Initialization Time)3.6.3.1Timer T3 (Link Initialization Time).
Timer T3 shall be the time that a data link entity waits for a CTRL_RSP frame before retransmitting a
CTRL_CMD frame.
 

 Note. This timer is only effectual if the CTRL frame is unacknowledged.  Otherwise, the MAC sublayer
will handle retransmission in a more timely manner.
 

 3.6.3.2 Parameter N1 (Maximum I Frame Size)3.6.3.2Parameter N1 (Maximum I Frame
Size)3.6.3.2 Parameter N1 (Maximum I Frame Size)3.6.3.2Parameter N1 (Maximum I Frame
Size).  The N1 parameter indicates the maximum frame size in bits that a station shall accept.
 3.6.3.3 Parameter MG (Maximum Number of Bursts for Grouped Frames)3.6.3.2

Parameter MG (Maximum Number of Bursts for Grouped Frames)3.6.3.2
Parameter MG (Maximum Number of Bursts for Grouped Frames)3.6.3.2
Parameter MG (Maximum Number of Bursts for Grouped Frames).  The MG

parameter shall indicate the maximum number of bursts that the grouped frames can occupy in a single
reservation for media access.
 

 Note.  This number of bursts does not necessarily need to be equal to the maximum frame size.
 

 3.6.4 Description of Procedures 3.6.4 ............................Description of Procedures3.6.4 Description of Procedures3.6.4
 

 3.6.4.1 Modes of Operation 3.6.4.1......................................... Modes of Operation3.6.4.1 Modes of Operation3.6.4.1
 

 Note. Either station may send messages at any time and are considered peers with respect to management
of the data link.
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 3.6.4.2 Broadcast 3.6.4.2 Broadcast3.6.4.2......................................... Broadcast3.6.4.2 Broadcast.  Only INFO and CTRL_CMD frames shall be broadcast.  For broadcast frames, the address and address type field shall be set to all binary 1's.
 

 3.6.4.3 Information Transfer 3.6.4.3 ....................................Information Transfer3.6.4.3 Information Transfer3.6.4.3
 

 3.6.4.3.1 Transmission Queue Management 3.6.4.3.1Transmission Queue
Management3.6.4.3.1 Transmission Queue Management3.6.4.3.1Transmission Queue
Management. The management frames (ACK, CTRL_CMD, CTRL_RSP) shall be classified as network
management messages and prioritized accordingly.
 

 3.6.4.3.1.1 Priority Processing. Each information frame shall be assigned a priority number by the
link layer according to the priority parameter received from the subnetwork.  The number of information
frame priorities shall be as defined in Appendix F, Section 2.11.2.  Frames shall be forwarded to the MAC
sublayer on a first-in/first-out manner within each priority level, with the exception that link layer
management frames shall have precedence over other network management traffic.
 

 

 3.6.4.3.1.2 Recommendation.  To reduce the number of media accesses, new information frames,
as they arrive at the transmission queue, should be checked for priorities and grouped in their order of
arrival with existing frames of the same priorities into a single MAC sublayer access event.  If supported,
frame grouping shall be limited to messages whose combined length satisfies the maximum data size
constraint of a single MAC access event.
 

 Note. Grouping is the inclusion of more than one frame within a single media access event.
 

 3.6.4.3.1.3 Frame Grouping.  Grouped frames shall be treated as a single entity with respect to
acknowledgement and retransmission, with the restrictions indicated in the following subsections.
 

 3.6.4.3.1.3.1 Grouping INFO Frames.  If grouping is supported, the DLS shall only present INFO
frames of a single priority to the MAC for inclusion in a single reservation for media access, unless the
addition of lower priority frames can be accommodated without requiring additional bursts to be
transmitted.
 

 Note. The intention of allowing lower priority messages to be grouped is to allow otherwise wasted
bandwidth to be used.  This filling of excess space in a burst is not mandatory.
 

 3.6.4.3.1.3.2 Grouping Acknowledged Frames.  With respect to frames requiring
acknowledgement, only those for the same destination shall be grouped.
 

 3.6.4.3.1.3.3 Grouping Unacknowledged Frames.  Management frames not requiring
acknowledgement should be added to the next group regardless of priority, so long as the length indicated
by parameter MG is not exceeded, to maximize system efficiency.
 

 3.6.4.3.2 Reception Acknowledgement3.6.4.3.2 ........... Receipt Acknowledgement3.6.4.3.2 Receipt Acknowledgement3.6.4.3.2
 

 3.6.4.3.2.1 Acknowledged Frames.  Discretely-addressed INFO, CTRL_CMD and CTRL_RSP
frames shall require acknowledgement of correct reception via the ACK frame.  Upon correctly passing the
FCS test of all frames requiring acknowledgement in a media access event (e.g., single frame or group), the
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DLS shall send a single ACK frame to the originator of the frame or group.  If the FCS for any frame
requiring acknowledgement in a media access event fails, all frames requiring acknowledgement
(discretely-addressed INFO and CTRL frames) in the group shall be discarded.
 

 Note. The airborne MAC sublayer will remove ACK frames from the queue and send the M downlink
(Acknowledge) burst instead.
 

 3.6.4.3.2.2 Unacknowledged Frames.  Broadcast INFO and CTRL_CMD, and all ACK frames
shall be unacknowledged.  If any frame not requiring acknowledgement passes its FCS, then that frame
should be processed.
 

 3.6.4.3.3 Transmission Acknowledgement/Retransmission3.6.4.3.3Transmission
Acknowledgement/Retransmission3.6.4.3.3Transmission Acknowledgement/Retransmission3.6.4.3.3 Transmission Acknowledgem
shall provide the MAC with the frames for retransmission.  This shall consist of only the frames requiring
acknowledgement in the previously sent media access event.
 

 Note. The Media Access Control sublayer is responsible for the determination of when to retransmit the
message.  The DLS must remain involved in the retransmission procedure as the MAC sublayer cannot
acknowledge correct receipt of a message until the DLS declares the message to have passed the FCS test.
 

 3.6.4.4 Control Frame 3.6.4.4......................................................... Control Frame3.6.4.4 Control Frame3.6.4.4
 

 3.6.4.4.1 Control Command Frame 3.6.4.4.1 ................Control Command Frame3.6.4.4.1 Control Command Frame3.6.4.4.1
 

 3.6.4.4.2 Control Response Frame 3.6.4.4.2 ....................Control Response Frame3.6.4.4.2 Control Response Frame3.6.4.4.2
 

 3.7 Link Management Entity (LME) Sublayer (Mode 3)3.7 LINK MANAGEMENT
ENTITY (LME) SUBLAYER (MODE 3) 3.7 LINK MANAGEMENT ENTITY (LME) SUBLAYER
(MODE 3) 3.7 LINK MANAGEMENT ENTITY (LME) SUBLAYER (MODE 3) .
 

 3.7.1 Services 3.7.1 Services3.7.1 Services3.7.1 Services.  The LME sublayer
shall provide link establishment and release services between local DLS and remote DLS.  It shall deliver
link status information to the subnetwork dependent convergent facility (SNDCF), DLS, and voice unit.
 

 3.7.2 Operation Procedures 3.7.2 Operation Procedures3.7.2 Operation
Procedures3.7.2 Operation Procedures.  The LME shall support:
 

• Link establishment
 

• Link release
 

• Handoff
 

• Recovery
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 3.7.2.1 Link Establishment 3.7.2.1 Link Establishment3.7.2.1Link
Establishment3.7.2.1 Link Establishment.  The Mode 3 link establishment procedure shall consist
of two phases.
 

• Net Initialization
 

• Net Entry

The following section describes the operation of these phases.  The link establishment procedure for handoff
shall be as defined in Section 3.7.2.3.

3.7.2.1.1 Net Initialization 3.7.2.1.1 Net Initialization3.7.2.1.1Net
Initialization3.7.2.1.1 Net Initialization.  Before the link establishment procedure, the aircraft VDL
shall initialize to initial timing state 0 (TS0) and set CTC1 to parameter t, CTC2 to 0, and CTC3 to 0.  The
first part of the link establishment procedure shall be the acquisition of the M uplink burst (LBAC 11 for 3T
configuration, LBAC 7, 9, or 11 for 3S configuration, and LBAC 5 for other configurations) associated with
the specified user group identifier.  Upon receipt of [2] consecutive M uplink bursts containing the same
information in octets 1-3 (i.e., System Configuration, Squelch Window, Slot ID, and Ground Station Code)
of the uplink burst, the LME shall declare the net initialized and shall establish the net operating parameters
based on the static information contained in octets 1-3.  Upon net initialization, the aircraft VDL shall
transition from TS0 to TS1.

Note.  Net Initialization is a prerequisite for the next step of Net Entry, however with Net Initialization
only, dedicated voice circuits and unprotected voice circuits (Section 6) can be supported.

3.7.2.1.2 Net Entry 3.7.2.1.2 Net Entry3.7.2.1.2...........................................
Net Entry3.7.2.1.2 Net Entry.  The net entry procedure shall begin with the

aircraft station transmitting a Net Entry Request message following a successful net initialization.  After the
message is transmitted, the aircraft shall wait for the ground response.  If no reply is received in TL1 MAC
cycles (Table 3-60), the aircraft shall retransmit the Net Entry Request message.  After NL1 retries (Table 3-
60), the SN-SME shall be notified.  If a Net Entry Response message is received before the TL1 timer
expires, the aircraft station shall transmit a Poll Response message in the next MAC cycle.  If the Net Entry
Response message is of type "previous link preserved," the aircraft TL3 timer (Table 3-60) shall be stopped.

Note. All configurations that offer one or more data circuit(s) must support net entry (3V1D, 2V2D,
2V1D, 3T).  The voice only configurations (3V, 4V, and 3S) may support net entry if discreet
addressing is required by the ground user.

Upon receiving a Net Entry Request message, the ground shall check the aircraft ICAO number.  If this
number has been assigned a Local ID and the TL3 timer has not been started, the ground shall transmit the
Net Entry Response message of type “previous link preserved.”  When the Poll Response message is
received by the ground station, the ground station shall respond by sending a Reservation message to the
entering aircraft during the next MAC cycle.  This message shall be either a reservation or a RACK if data
slots were requested or a “no reservation” message if no data slots were requested.

If the aircraft ICAO number has not been assigned a Local ID, the ground shall assign the next available
Local User ID to the requesting aircraft and the pending disconnect link table shall be examined.  If the
aircraft ICAO number is found in the table, the link status shall be reinstated, the TL3 timer shall be stopped,
and the link port address shall be changed to the new radio station port address.  The ground shall transmit
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the Net Entry Response message of type "previous link preserved."  When the Poll Response message is
received by the ground station, the ground station shall respond by sending a Reservation message to the
entering aircraft during the next MAC cycle.  This message shall be either a reservation or a RACK if data
slots were requested or a “no reservation” message if no data slots were requested.

If the aircraft ICAO number is not found in the table, the ground shall transmit the Net Entry Response
message of type "no previous link."  When the Poll Response message is received by the ground station, the
ground station shall respond by sending a Reservation message to the entering aircraft during the next MAC
cycle.  This message shall be either a reservation or a RACK if data slots were requested or a “no
reservation” message if no data slots were requested.  It shall also form a join event message and deliver it to
all ground routers which are directly connected to the local ground network interface (GNI).

If the requesting aircraft does not receive a Reservation message from the ground in the next MAC cycle
after transmitting the Poll Response message, it shall restart the net entry procedure.

Note.  The GNI provides a connection management function across multiple ground stations such that the
same subnetwork connections are maintained with aircraft served by those ground stations.  A description of
the GNI function is provided in the Guidance Material.

3.7.2.2 Link Release 3.7.2.2 Link Release3.7.2.2............................... Link Release3.7.2.2
Link Release.

3.7.2.2.1 Explicit Link Release 3.7.2.2.1 Explicit Link Release3.7.2.2.1 Explicit Link
Release3.7.2.2.1 Explicit Link Release.  The airborne LME shall acknowledge and execute a net
handoff only after receiving the same Next Net message in two consecutive cycles.  Acknowledgement shall
consist of transmitting the Next Net ACK message in response to the next poll.

When the airborne LME determines that a net handoff is required, a Leaving Net message shall be sent to the
ground station and TL3 timer shall be started.  When TL3 expires, the link shall be changed to disconnect
status, and a leave event message shall be formed and delivered to the aircraft router.

Note.  The airborne LME could take action to execute a net handoff as a result of three possible prior
activities: 1) pilot manually selects new channel and takes actions to execute transfer; 2) a Next Net
Command message is uplinked and the pilot takes action to execute the transfer; and 3) the airborne LME
autonomously executes a net handoff (system configuration 3T only).

After the Leaving Net message is received, the ground shall start TL3 timer, change link status to pending
and stop polling the aircraft.  When the TL3 expires, the link shall be changed to disconnect status, and the
Local User ID assigned to the aircraft shall be made available for reassignment.  And, a leave event message
shall be formed and delivered to the ground router(s).

3.7.2.2.2 Implicit Link Release 3.7.2.2.2 Implicit Link Release3.7.2.2.2 Implicit Link
Release3.7.2.2.2 Implicit Link Release.  When the aircraft LME determines that the poll request is not
received from the ground over TL4 MAC cycles (Table 3-60), the aircraft LME shall start the TL3 timer and
execute the net entry procedure described in Section 3.7.2.1.2.
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When the ground LME determines that an aircraft does not respond to the poll requests exceeding the NL2
times (Table 3-60), the ground LME shall change the link status to idle state, and inform the SN-SME and
the DLS.  A leave event message shall be formed and delivered to the associated ground router(s).

3.7.2.3 Handoff 3.7.2.3 Handoff3.7.2.3 Handoff3.7.2.3 Handoff.

3.7.2.3.1 Same GNI 3.7.2.3.1 Same GNI3.7.2.3.1 Same GNI3.7.2.3.1 Same GNI.
When an aircraft transfers to a new net which is served by the same GNI, the data link between the GNI and
the aircraft shall be redirected from the old ground station to the new ground station.  To accomplish this,
first, the aircraft shall execute the procedure described in Section 3.7.2.2.1 while in the old net.  Then, the
link establishment procedure described in Section 3.7.2.1 shall be used to reinstate the link status when the
aircraft enters into the new net.  The subnetwork virtual connection shall remain undisturbed, while the link
layer switches nets.

3.7.2.3.2 Different GNI 3.7.2.3.2 Different GNI3.7.2.3.2 .Different GNI3.7.2.3.2
Different GNI.  When an aircraft transfers to a new net which is served by a different

GNI, the data link between the old GNI and the aircraft shall be disconnected as described in
Section 3.7.2.2.1 or Section 3.7.2.2.2, depending on the prior activities.  A new data link shall be established
following the link establishment procedure described in Section 3.7.2.1.

3.7.2.4 Recovery 3.7.2.4 Recovery3.7.2.4 ..........................................Recovery3.7.2.4
Recovery.  The recovery procedure shall be initiated when the GNI has lost state

information.  Both the ground and aircraft VDL shall operate in the recovery mode until connections are re-
established with all responding aircraft.

After the ground enters into recovery state, it shall broadcast a Recovery message to instruct all aircraft to
enter into the same state.  While in the recovery state, the aircraft shall be polled sequentially one-by-one by
the ground station.  For system configurations without data service and 3V1D, all aircraft shall be polled and
respond with a Net Entry Request message as per Section F.2.10 to reconstruct associations between ICAO
address and local ID.  If the radio is operating in a system configuration supporting data service, upon
receiving the uplink Reservation Response field of the Recovery message, the aircraft shall downlink a
CTRL_RESP frame containing an Expedited Recovery XID, as per Section 3.7.3.3.4.2.1, and a Network
Initialization XID, as per Section 3.7.3.3.4.1.3.  The Expedited Recovery XID indicates the aircraft
addressing information as well as information needed to recover the data scheduler.  The Network
Initialization XID indicates the desired subnetwork connection.  The aircraft shall only transmit those
network information and network subparameters needed to initialize the network.  Additional parameters and
network connections can be negotiated after the recovery process is complete.  The intent is to keep the
CTRL_RESP frame to a single burst transmission.

Note 1.  The recovery procedure allows the normal net entry process to be bypassed to re-establish
contact with aircraft that are still in the ground station coverage area when the recovery procedure is
invoked.

Note 2.  For system configuration 3V1D, all local IDs can be polled faster than all aircraft can access the
data subchannel.  As such, it may be desired to allow the ground station to skip sending an uplink Recovery
message to a local ID that is known to not be assigned due to lack of response to the poll.

Note 3.  Only system configurations (i.e., 2V2D and 3T) that do not use the poll response M burst (LBAC
1 for 2V2D configuration and LBAC 2, 3, and 4 for 3T configuration) for recovery can allow aircraft to
downlink, via random access, Net Entry Request and Reservation Request M bursts during the recovery
process.  These requests will be processed after the recovery state is complete.  System configurations that
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utilize LBAC 1 (e.g., 4V, 3V1D, 3V, and 3U) during recovery must wait until the recovery state is completed
before allowing new aircraft to establish links.

3.7.2.5 Link Negotiation and Modification 3.7.2.5 Link Negotiation and
Modification3.7.2.5  Link Negotiation and Modification3.7.2.5 Link Negotiation and
Modification.

3.7.2.5.1  Description of LME Procedures3.7.2.5.1 Description of LME Procedures
3.7.2.5.1 Description of LME Procedures 3.7.2.5.1 Description of LME Procedures .  The
aircraft and ground LMEs shall use the CTRL_CMD and CTRL_RSP frame types listed in Table 3-59 and
the procedures described in the text below to provide a reliable connection between the aircraft and ground
system.  CTRL_CMD frames shall be used for XID_CMD parameters and CTRL_RSP frames shall be used
for XID_RSP parameters.  Frame collision processing (see Section 3.3.7) shall be applied before
determining if a frame is illegal or unexpected (see Section 3.4.2.4.7).  If an LME receives any valid CTRL
frame from a system with which it does not have a link, it shall respond with an XID_LCR with the ‘d’ bit
set to 1 in the Protocol Violation Cause Code.

Note.  Mode 3 uses the CTRL_CMD frame in a similar manner as Modes 1 and 2 use an XID frame
with the C/R bit set to Command.  Likewise, the CTRL_RSP frame is used similar to the Modes 1 and 2
XID frame with the C/R bit set to Response.
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Table 3-59a.  XID Parameters

Air initiated
link establishment/handoff

Ground initiated
link establishment/handoff

Source Aircraft New ground
station

Proposed ground
station

Aircraft

Destination Proposed ground
station

Aircraft Aircraft New ground
station

XID parameters GI PI XID_CMD_LE XID_RSP_LE XID_CMD_LE XID_RSP_LE

Public parameters
(8885:1993)

Parameter set ID 80h 01h M M M M

N1-downlink 80h 05h N/A O O N/A
N1-uplink 80h 06h N/A O O N/A

Counter N2 80h 0Ah N/A O O N/A

Public parameters
(8885:1993:Mode3)

Parameter set ID 80h 01h O O O O
Timer T1 80h 09h N/A O O N/A

Private parameters (V)

Parameter set ID F0h 00h M M M M
Connection management F0h 01h M M M M
SQP F0h 02h O O O O
XID sequencing F0h 03h M M M M

LCR cause F0h 06h N/A N/A N/A N/A

Timer TG5 F0h 46h N/A O O N/A

Modulation support F0h 81h O N/A N/A O

Private parameters (W)

Parameter set ID F0h 00h M M M M
Algorithm Version Number F0h 01h O O O O
Network Initialization F0h 02h O O O O

t F0h 40h N/A O O N/A
f F0h 41h N/A O O N/A
Counter NM1 F0h 42h N/A O O N/A
RR F0h 43h N/A O O N/A
W1R F0h 44h N/A O O N/A
W2R F0h 45h N/A O O N/A
RE F0h 46h N/A O O N/A
RL F0h 47h N/A O O N/A
Timer T3 F0h 48h N/A O O N/A
Counter NL1 F0h 49h N/A O O N/A
Timer TL3 F0h 4Ah N/A O O N/A
Timer TL4 F0h 4Bh N/A O O N/A
W1E F0h 4Ch N/A O O N/A
W2E F0h 4Dh N/A O O N/A
MG F0h 4Eh O N/A O N/A

Expedited Recovery F0h 82h N/A N/A N/A O

Counter NL2 F0h C1h N/A O O N/A

Table 3-59b. XID Parameters

Addressed link parameter modification Broadcast link
parameter

modification

Link connection
rejection

Source Current ground
station

Aircraft Current ground
station

Any station
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Destination Aircraft Current ground
station

Aircraft Any station

XID parameters GI PI XID_CMD_LPM XID_RSP_LPM XID_CMD_LPM
(GSIF)

XID_RSP_LCR
XID_CMD_LCR

Public parameters
(8885:1993)

Parameter set ID 80h 01h O N/A O N/A

N1-downlink 80h 05h O N/A O N/A
N1-uplink 80h 06h O N/A O N/A

Counter N2 80h 0Ah O N/A O N/A

Public parameters
(8885:1993:Mode3)

Parameter set ID 80h 01h O N/A O N/A
Timer T1 80h 09h O N/A O N/A

Private parameters (V)

Parameter set ID F0h 00h M M M M
Connection management F0h 01h N/A N/A N/A M
SQP F0h 02h O O O N/A
XID sequencing F0h 03h M M M M

LCR cause F0h 06h N/A N/A N/A M

Timer TG5 F0h 4Ch O N/A O N/A

Modulation support F0h 81h N/A N/A N/A N/A

Private parameters (W)

Parameter set ID F0h 00h M M M M
Algorithm Version Number F0h 01h O N/A O O
Network Initialization F0h 02h O O O N/A

t F0h 40h O N/A O N/A
f F0h 41h O N/A O N/A
Counter NM1 F0h 42h O N/A O N/A
RR F0h 43h O N/A O N/A
W1R F0h 44h O N/A O N/A
W2R F0h 45h O N/A O N/A
RE F0h 46h O N/A O N/A
RL F0h 47h O N/A O N/A
Timer T3 F0h 48h O N/A O N/A
Counter NL1 F0h 49h O N/A O N/A
Timer TL3 F0h 4Ah O N/A O N/A
Timer TL4 F0h 4Bh O N/A O N/A
W1E F0h 4Ch O N/A O N/A
W2E F0h 4Dh O N/A O N/A
MG F0h 4Eh O N/A O N/A

Expedited Recovery F0h 82h N/A N/A N/A N/A

Counter NL2 F0h C1h O N/A O N/A

key for Tables 3-59a and b above:

Abbreviations used:

GI = ISO 8885 Group Identifier

PI = ISO 8885 Parameter Identifier

M = Mandatory

O = Optional
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N/A = Not applicable

h = hexadecimal

3.7.2.5.2  Link Connectivity Procedures3.7.2.5.2 Link Connectivity Procedures
3.7.2.5.2 Link Connectivity Procedures 3.7.2.5.2 Link Connectivity Procedures .  The
aircraft and ground LME shall be capable of using the following procedures to establish
and maintain connectivity across the VHF link.

a)  air-initiated link establishment;

b)  ground-initiated link establishment;

c)  air-initiated link handoff;

d)  ground-initiated link handoff;

e)  addressed link parameter modification; and

f)  broadcast link parameter modification

3.7.2.5.3 Air-initiated Link Establishment3.7.2.5.3 Air-initiated Link Establishment
3.7.2.5.3 Air-initiated Link Establishment 3.7.2.5.3 Air-initiated Link Establishment .

3.7.2.5.3.1  Air Initiation.  When commanded, the aircraft LME shall attempt to establish a link with
a ground station by sending an XID_CMD_LE frame with parameters as per Table 3-59a.

3.7.2.5.3.2  General Ground Response.  If the ground LME receives the XID_CMD_LE, it
shall confirm link establishment by sending an XID_RSP_LE frame containing the
parameters as per Table 3-59a.

3.7.2.5.3.3  Exceptional Cases.  If the ground LME receiving the XID_CMD_LE cannot
establish the link with the aircraft LME, then it shall transmit an XID_RSP_LCR instead of
an XID_RSP_LE, as per Table 3-59b.

If the parameters in the XID_RSP_LE from the ground LME are not acceptable to the aircraft LME, then
the aircraft LME shall notify the MAC to send a Leave_Net M burst to terminate the link.

While waiting for a response to an XID_CMD_LE, an aircraft LME receiving any unicast frame other
than a CTRL_RSP shall retransmit the XID_CMD_LE.

3.7.2.5.4  Ground-initiated Link Establishment3.7.2.5.4 Ground-initiated Link Establishment
3.7.2.5.4 Ground-initiated Link Establishment 3.7.2.5.4 Ground-initiated Link
Establishment .

3.7.2.5.4.1  Ground Initiation.  When commanded, the ground LME shall attempt to establish a link
with the aircraft station by sending an XID_CMD_LE frame with parameters as per Table 3-59a.

3.7.2.5.4.2  General Aircraft Response.  If the aircraft LME receives the XID_CMD_LE, it shall
confirm link establishment by sending an XID_RSP_LE frame containing the parameters as per Table 3-
59a.

3.7.2.5.4.3  Exceptional Cases.  If the aircraft LME receiving the XID_CMD_LE cannot establish
the link with the ground LME, then it shall transmit an XID_RSP_LCR instead of an XID_RSP_LE, as
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per Table 3-59b.

If the parameters in the XID_RSP_LE from the aircraft LME are not acceptable to the ground LME, then
the ground LME shall notify the MAC to send a Terminate_Net M burst to sever the link.

While waiting for a response to an XID_CMD_LE, a ground LME receiving any unicasted frame other
than a CTRL_RSP shall retransmit the XID_CMD_LE.

3.7.2.5.5  Air-initiated Link Handoff3.7.2.5.5 Air-initiated Link Handoff 3.7.2.5.5 Air-
initiated Link Handoff 3.7.2.5.5 Air-initiated Link Handoff .

3.7.2.5.5.1  Air Initiation.  When commanded, the aircraft LME shall attempt to establish
a new link with the ground station by sending an XID_CMD_LE frame with parameters as
per Table 3-59a.

3.7.2.5.5.2  General Ground Response.  If the ground LME receives the XID_CMD_LE, it
shall confirm link handoff by sending an XID_RSP_LE frame containing the parameters
as per Table 3-59a.

3.7.2.5.5.3  Disconnecting the Old Link.  The aircraft LME shall set Timer TG5 when it
receives the XID_RSP_LE.  The ground LME shall set Timer TG5 after it transmits the
XID_RSP_LE.  Both the aircraft station and old ground station shall continue to receive
on the old link until their respective Timer TG5 expires, after which each shall consider
the link disconnected without sending or receiving a DISC.

Note.— This procedure allows the aircraft and ground station to process DLS frames that have been
received in the old DLEs but not forwarded to the higher layer entities.

3.7.2.5.5.4  Exceptional Cases.  If the ground LME cannot satisfy the XID_CMD_LE, then
it shall transmit a XID_RSP_LCR instead of an XID_RSP_LE, as per Table 3-59b.

While waiting for a response to an XID_CMD_LE, an aircraft LME receiving any unicast frame other
than a CTRL_RSP from the current station shall retransmit the XID_CMD_LE.

If the parameters in the XID_RSP_LE are not acceptable to the aircraft LME, then the aircraft LME shall
notify the MAC to send a Terminate_Net M burst to sever the link.

3.7.2.5.6  Ground-initiated Link Handoff3.7.2.5.6 Ground-initiated Link Handoff
3.7.2.5.6 Ground-initiated Link Handoff 3.7.2.5.6 Ground-initiated Link Handoff .

3.7.2.5.6.1 Ground Initiation.  When commanded, the ground LME shall attempt to establish a new
link with the aircraft station by sending an XID_CMD_LE frame with parameters as per Table 3-59a.

3.7.2.5.6.2  General Aircraft Response.  The aircraft LME shall respond by sending an
XID_RSP_LE frame with parameters as per Table 3-59a.

3.7.2.5.6.3  Disconnecting the Old Link.  The aircraft LME shall set Timer TG5 after it transmits
the XID_RSP_LE.  The ground LME shall set Timer TG5 when it receives the XID_RSP_LE.  Although
new traffic will be sent over the new link, the old link shall not be disconnected immediately to allow any
old traffic to be delivered.

3.7.2.5.6.4  Exceptional Cases.  If the aircraft LME cannot accept the handoff request, it shall
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respond with a XID_RSP_LCR.

While waiting for a response to an XID_CMD_LE, a ground LME receiving any unicast frame other than
a CTRL from the aircraft shall retransmit the XID_CMD_LE.

If the parameters in the XID_RSP_LE are not acceptable to the ground LME, then the ground LME shall
notify the MAC to send a Terminate_Net M burst to terminate the link.

3.7.2.5.7  Addressed Link Parameter Modification3.7.2.5.7 Addressed Link Parameter
Modification 3.7.2.5.7 Addressed Link Parameter Modification 3.7.2.5.7 Addressed Link
Parameter Modification .

3.7.2.5.7.1  Ground Initiation.  The ground LME shall request a modification of parameters of a
link by sending an XID_CMD_LPM to the aircraft LME containing the parameters as per Table 3-59b.

3.7.2.5.7.2  General Aircraft Response. The aircraft LME shall acknowledge with an
XID_RSP_LPM containing the parameters as per Table 3-59b.

3.7.2.5.8  Broadcast Link Parameter Modification3.7.2.5.8 Broadcast Link Parameter
Modification 3.7.2.5.8 Broadcast Link Parameter Modification 3.7.2.5.8 Broadcast Link
Parameter Modification .

3.7.2.5.8.1  Ground Initiation.  The ground LME shall request a modification of
parameters of all links by sending an XID_CMD_LPM to the aircraft LMEs containing the
parameters as per Table 3-59b.  The XID_CMD_LPM frame shall use the same format as
the GSIF frame (see Section 3.4.2.4.2).

3.7.3 Link Management Frames 3.7.3 Link Management Frames3.7.3 Link
Management Frames3.7.3 Link Management Frames.  The LME shall process two frame types: M
burst frame, and XID frame.  The M burst frame shall provide link establishment, link release, and link
monitoring functions.  The XID frame shall be used to negotiate the link characteristics when default
parameters are not used.

3.7.3.1 M Burst Message Format 3.7.3.1 M Burst Message Format3.7.3.1 M Burst
Message Format3.7.3.1 M Burst Message Format.  Net Entry Request, Net Entry Response, Next Net
Command, Leaving Net, and Recovery shall be the M burst messages which shall be used to establish and
release the air/ground link.  These message formats are defined in Appendix F.

Note. As the M burst message is treated as a separate logical channel from that employed for user data,
the DLS sublayer is bypassed for these messages.

3.7.3.2 LME Service System Parameters 3.7.3.2 LME Service System Parameters3.7.3.2
LME Service System Parameters3.7.3.2 LME Service System Parameters.  The system

parameters used in the LME sublayer shall be as specified in Table 3-60.
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Table 3-60a.  LME System Parameters

Symbol Parameter Name Minimum Maximum Mode 3
Default

Increment

NL1

(air)

Maximum net entry request retry 1 15 [3] 1

NL2

(gnd)

Polling reply counter 1 255 [3] 1

TL3 Disconnect delay timer 5 s 30 s [10] s 1 s

TL4

(air)

Polling interval

(MAC cycles)

1 300 [120] 1

TG5 Maximum link initiating 0 s 255 s 20 s 1 s

overlap time responding
0s 255 s 60 s 1 s

Table 3-60b.  Airborne LME Service System Parameters

System Configuration

Symbol Parameter Name 4V 3V1D 2V2D 3T 3V 2V1D 3S

W1E Net Entry Request
Delay Min

(MAC cycle)

[5] [5] [5] [5] [5] [5] [5]

W2E Net Entry Request
Delay Max

(MAC cycle)

[5] [5] [5] [5] [5] [5] [5]

3.7.3.2.1 Counter NL1 (Maximum Net Entry Request Retry)3.7.3.2.1Counter NL1
(Maximum Net Entry Request Retry)3.7.3.2.1 Counter NL1 (Maximum Net Entry Request
Retry)3.7.3.2.1 Counter NL1 (Maximum Net Entry Request Retry).  The Net Entry Request message
shall be retransmitted no more than NL1 times.  When the NL1 count is exceeded before a Net Entry
Response message is received, subnetwork layer system management entity (i.e., SN-SME) shall be
informed.

3.7.3.2.2 Counter NL2 (Polling Reply Counter)3.7.3.2.2Counter NL2 (Polling Reply
Counter)3.7.3.2.2 Counter NL2 (Polling Reply Counter)3.7.3.2.2Counter NL2 (Polling Reply
Counter).  The counter NL2 shall represent the maximum number of polls issued by the ground station to a
single aircraft station without receiving a response.  When the number of polls exceeds NL2, the upper layers
shall be notified.
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3.7.3.2.3 Timer TL3 (Disconnect Delay Timer)3.7.3.2.3Timer TL3 (Disconnect Delay
Timer)3.7.3.2.3 Timer TL3 (Disconnect Delay Timer)3.7.3.2.3Timer TL3 (Disconnect Delay Timer).
The TL3 defines the time interval that the LME shall wait before the link is changed to idle state.

Note. Used by the ground LME to support link redirection across multiple ground stations.

3.7.3.2.4 Timer TL4 (Polling Interval)3.7.3.2.4 ........Timer TL4 (Polling Interval)3.7.3.2.4
Timer TL4 (Polling Interval)3.7.3.2.4Timer TL4 (Polling Interval).  The TL4 shall

represent the maximum number of elapsed MAC cycles between receipt of two consecutive polls.  Upon
expiration of this timer the upper layers shall be notified.

3.7.3.2.5 Timer TG5 (Maximum Link Overlap Time)3.7.3.2.5Timer TG5 (Maximum Link
Overlap Time) 3.7.3.2.5 Timer TG5 (Maximum Link Overlap Time) 3.7.3.2.5Timer TG5
(Maximum Link Overlap Time) .  Timer TG5 shall represent the maximum time interval that initiating and
responding LMEs shall maintain the old link during handoffs.  The LME initiating the handoff shall start its
Timer TG5 when it receives an XID_RSP_LE.  The LME responding to the handoff shall start its Timer TG5
when it transmits its XID_RSP_LE.  The initiating LME shall never restart its Timer TG5;  the responding
LME shall restart its Timer TG5 if it retransmits an XID_RSP_LE.  Timer TG5 shall be cancelled if either
the old or new link is prematurely disconnected.  After TG5 expires, each LME shall silently disconnect its
half of the old link.

Note.  There is one Timer TG5 per LME.

3.7.3.2.6 Parameter W1E (Net Entry Retransmission Delay Min)3.7.3.2.6Parameter W1E
(Net Entry Retransmission Delay Min) 3.7.3.2.6 Parameter W1E (Net Entry Retransmission
Delay Min) 3.7.3.2.6 Parameter W1E (Net Entry Retransmission Delay Min) .  The parameter
W1E specifies the minimum number of MAC cycles that an airborne radio shall wait before attempting a Net
Entry Request message retransmission.

3.7.3.2.7 Parameter W2E (Net Entry Retransmission Delay Max)3.7.3.2.7Parameter W2E
(Net Entry Retransmission Delay Max) 3.7.3.2.7 Parameter W2E (Net Entry Retransmission
Delay Max) 3.7.3.2.7 Parameter W2E (Net Entry Retransmission Delay Max) .  The parameter
W2E specifies the maximum number of MAC cycles that an airborne radio shall wait before attempting a
Net Entry Request message retransmission.

3.7.3.3 Exchange Identity (XID) Parameter Format3.7.3.3Exchange Identity (XID)
Parameter Format3.7.3.3 Exchange Identity (XID) Parameter Format3.7.3.3Exchange Identity (XID)
Parameter Format.  The XID parameter of CTRL_CMD and CTRL_RSP frames shall be formatted as
defined in Section 3.4.2.  The CTRL frame containing the XID parameters shall be delivered using the V/D
burst.

Note.  XID parameters are extracted from the DLS sublayer CTRL frames and sent to the LME.
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3.7.3.3.1 Public Parameters3.7.3.3.1 Public Parameters 3.7.3.3.1 Public Parameters
3.7.3.3.1 Public Parameters .
3.7.3.3.1.1  General Public Parameters.  The general public parameter format shall be as defined in
Section 3.4.2.2 except for acknowledgment timer (Timer T1) and reply delay timer (Timer T2).

3.7.3.3.1.2  Mode 3 Public Parameters.

3.7.3.3.1.2.1  Mode 3 Public Parameter Set Identifier.  The Mode 3 parameter set shall be identified
by the ISO IA5 character string “8885:1993:Mode3” encoded as per Table 3-61.  This parameter shall be
included whenever any of the Mode 3 public parameters are sent.  It shall be the first Mode 3 public
parameter sent as per ISO 8885.

Table 3-61.  Mode 3 Public Parameter Set Identifier

Parameter ID 0 0 0 0 0 0 0 1 Mode 3 public parameter
set

Parameter length 0 0 0 0 1 1 1 1

Parameter value 0 0 1 1 1 0 0 0 character ‘8’

0 0 1 1 1 0 0 0 character ‘8’

0 0 1 1 1 0 0 0 character ‘8’

0 0 1 1 0 1 0 1 character ‘5’

0 0 1 1 1 0 1 0 character ‘:’

0 0 1 1 0 0 0 1 character ‘1’

0 0 1 1 1 0 0 1 character ‘9’

0 0 1 1 1 0 0 1 character ‘9’

0 0 1 1 0 0 1 1 character ‘3’

0 0 1 1 1 0 1 0 character ‘:’

0 1 0 0 1 1 0 1 character ‘M’

0 1 1 0 1 1 1 1 character ‘o’

0 1 1 0 0 1 0 0 character ‘d’

0 1 1 0 0 1 0 1 character ‘e’

0 0 1 1 0 0 1 1 character ‘3’

3.7.3.3.1.2.2  Timer T1 (Delay Before Retransmission) Parameter.  The value of Timer T1 (counted
in MAC cycles and used by aircraft) shall be encoded as an unsigned 8-bit integer as per Table 3-62:
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Table 3-62. Timer T1 Parameter

Parameter ID 0   0   0   0      1   0   0   1 Timer T1

Parameter length 0   0   0   0      0   0   0   1

Parameter value v8  v7  v6  v5     v4  v3  v2  v1

3.7.3.3.1.2.3  Timer T2 (Delay Before Acknowledgement) Parameter.  The value of Timer T2
(counted in 1/2 MAC cycles and used by aircraft) shall be encoded as an unsigned 8-bit integer as per Table
3-63.

Table 3-63. Timer T2 Parameter

Parameter ID 0   0   0   0      1   0   1   1 Timer T2

Parameter length 0   0   0   0      0   0   0   1

Parameter value v8  v7  v6  v5     v4  v3  v2  v1

3.7.3.3.2  Private Parameters3.7.3.3.2 Private Parameters 3.7.3.3.2 Private Parameters
3.7.3.3.2 Private Parameters .  The VDL private parameter identifier shall allow simple
identification of the purpose of the parameters defined in Table 3-8.

3.7.3.3.3  General Private Parameters3.7.3.3.3General Private Parameters 3.7.3.3.3
General Private Parameters 3.7.3.3.3 General Private Parameters .

3.7.3.3.3.1  General Purpose Information Private Parameters.  Mode 3 shall use a subset
of the general purpose information private parameters defined in Section 3.4.2.4, which
includes the parameter set identification parameter, connection management parameter,
signal quality parameter, XID sequencing parameter, and LCR cause parameter.

3.7.3.3.3.2  Aircraft-initiated Information Private Parameters.  Mode 3 shall use the
modulation support parameter defined in Section 3.4.2.5.1.

3.7.3.3.3.3  Ground-initiated Modification Private Parameters.  Mode 3 shall use the timer TG5
parameter defined in Section 3.4.2.6.7.

3.7.3.3.4 Mode 3 Private Parameters3.7.3.3.4 Mode 3 Private Parameters 3.7.3.3.4 Mode 3
Private Parameters 3.7.3.3.4 Mode 3 Private Parameters .

3.7.3.3.4.1  General Purpose Information Private Parameters.  Both aircraft and ground LMEs
shall use general purpose information private parameters to transfer Mode 3 basic information to each
other.
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3.7.3.3.4.1.1  Private Parameter Set Identifier.  This parameter shall be required whenever
any of the Mode 3 private parameters are to be sent.  It shall be the first parameter sent
as per Table 3-64:

Table 3-64. Parameter Set Identification

Parameter ID 0 0 0 0 0 0 0 0 Parameter set identification

Parameter length 0 0 0 0 0 0 0 1

Parameter value 0 1 0 1 0 1 1 1 Character W

3.7.3.3.4.1.2  Algorithm Version Number Parameter.  This parameter shall indicate vocoder
algorithm versions supported by the aircraft or to be used from the ground encoded as a
variable length bit-field with each bit being set corresponding to the algorithm version in
question as per Table 3-65:

Table 3-65.  Algorithm Version Number Parameter

Parameter ID 0 0 0 0 0 0 0 1 Algorithm Ver. No.

Parameter length n8 n7 n6 n5 n4 n3 n2 n1

Parameter value b8 b7 b6 b5 b4 b3 b2 b1 value

3.7.3.3.4.1.3 Network Initialization Parameter.   The network initialization parameter shall define
the network support which the avionics VDL Mode 3 installation can perform as well as pass any
necessary information to initialize the subnetwork protocol or any compression.  Table 3-66a defines the
format of this parameter set. The length field shall contain the number of networks present.  For each
network, a length field shall indicate the number of subparameters.  If no subparameters are needed for a
network, then that network’s length field shall indicate zero.

Note 1. As many networks as applicable can appear, as defined in Table 3-66b.

Note 2. It is assumed that the ground system will support all options and the airborne system will
support at least one.
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Table 3-66a.  Network Initialization

Parameter ID 0   1  0  0      0  0   0   1 Network Initialization

Parameter Length n8 n7 n6 n5     n4 n3 n2 n1 Number of networks

Network Type T8 T7 T6 T5   T4 T3 T2 T1 May contain multiple networks

Network Length S8 S7 S6 S5   S4 S3 S2 S1 Number of subparameters

Subparameter ID I8  I7  I6  I5     I4  I3  I2  I1 May contain multiple
      subparameters for each network

Subparameter Length L8 L7 L6 L5   L4 L3 L2 L1 Length of Value in octets

Subparameter Value v8 v7 v6 v5     v4 v3 v2 v1

Table 3-66b.  Network Type Values

Network Type Protocol
0000 0000 ATN/ISO8208/VDL3 PLP Compression
0000 0001 ATN/ISO8473/VDL3 CLNP Compression
0000 0010 ATN/ISO8208 (No Subnetwork Compression)
0000 0011 ATN/ISO8473 (No Subnetwork Compression)
0000 0100 to  1111 1111 Reserved

A Network Type value of zero shall indicate that the VDL Mode 3 (VDL3) system is carrying ISO8208
packets which shall be transferred to an ATN ISO8208 data communication equipment (DCE) at the
remote end.  The ISO8208 packets will be compressed using the VDL3 PLP Compression as defined in
Section 4.7.2.1.  A Network Type value of one shall indicate that the VDL3 system is carrying ATN
CLNP packets which shall be transferred to an ATN-conformant CLNP service at the remote end.  The
CLNP packets shall be compressed using the VDL3 compression as defined in 4.7.2.2.  A Network Type
value of two indicates that: (1) The VDL3 system is carrying ISO8208 packets which shall be transferred
to an ATN ISO8208 DCE at the remote end;  and (2) No compression is performed.  Similarly, a Network
Type value of three shall indicate that the VDL3 system is carrying ATN CLNP packets which shall be
transferred to an ATN-conformant CLNP service at the remote end with no compression.

Note 1. The ATN designation tells the VDL3 system to support any ATN-specific requirements.  For
example, ATN join and leave events will be generated when network types of 0, 1, 2, or 3 are sent from
the aircraft to the ground.

Note 2.  An indication of ‘No Compression’ in this parameter only indicates that the VDL subnetwork
performs no compression.  This does not indicate or prohibit any compression by the network or higher
layers.
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3.7.3.3.4.2 Air-initiated Information Private Parameters.  An aircraft LME shall use aircraft-
initiated information private parameters to inform the ground about the aircraft's Mode 3 capabilities or
desires.  Ground LMEs shall not send these parameters.

3.7.3.3.4.2.1 Expedited Recovery Parameter.  The Expedited Recovery parameter shall be used by
the aircraft to communicate its MAC sublayer state to allow the ground MAC sublayer to reload its state
information.  Table 3-67 defines the format of this parameter.  The aircraft address shall be the 24-bit ICAO
aircraft station address.  The Reservation Status field shall include a 3-bit priority field and a 4-bit Number
of Slots field indicating at what priority and how many slots are needed for any outstanding data requests for
the aircraft.  Upon reception by the ground station, this information shall be forwarded to the MAC
sublayer.

Table 3-67. Expedited Recovery Parameter

Parameter ID 0 0 0 0 0 0 1 0 Expedited Recovery

Parameter length 0 0 0 0 0 1 0 1

Parameter Value v8 v7 v6 v5 v4 v3 v2 v1 Local Identifier

a24 a23 a22 a21 a20 a19 a18 a17 Aircraft Address

a16 a15 a14 a13 a12 a11 a10 a9

a8 a7 a6 a5 a4 a3 a2 a1

0 p3 p2 p1 s4 s3 s2 s1 Reservation Status

3.7.3.3.4.3 Ground-initiated Modification Private Parameters.  A ground LME shall use the
ground-initiated modification parameters to change the value of various Mode 3 parameters in one or
more aircraft.  Aircraft LMEs shall not send an XID with these parameters.

3.7.3.3.4.3.1 t (Truncation) Parameter.  The value of t (counted in MAC cycles and used by
aircraft) shall be encoded as an unsigned 8-bit integer as per Table 3-68:

Table 3-68. t Parameter
Parameter ID 0 1 0 0 0 0 0 0 t

Parameter length 0 0 0 0 0 0 0 1

Parameter value v8 v7 v6 v5 v4 v3 v2 v1 value
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3.7.3.3.4.3.2 f (Free Running) Parameter.  The value of f (counted in MAC cycles and used by
aircraft) shall be encoded as an unsigned 8-bit integer as per Table 3-69:

Table 3-69. f Parameter

Parameter ID 0 1 0 0 0 0 0 1 f

Parameter length 0 0 0 0 0 0 0 1

Parameter value v8 v7 v6 v5 v4 v3 v2 v1 value

3.7.3.3.4.3.3 Counter NM1 (Maximum Retry) Parameter.  The value of counter NM1 (used
by aircraft) shall be encoded as an unassigned 8-bit integer as per Table 3-70:

Table 3-70.  Counter NM1 Parameter

Parameter ID 0 1 0 0 0 0 1 0 Counter NM1

Parameter length 0 0 0 0 0 0 0 1

Parameter value v8 v7 v6 v5 v4 v3 v2 v1 value

3.7.3.3.4.3.4 RR (Reservation Request Randomizer) Parameter.  The value of RR (used by
aircraft) shall be encoded as an unsigned 8-bit integer as per Table 3-71:

Table 3-71. RR Parameter

Parameter ID 0 1 0 0 0 0 1 1 RR

Parameter length 0 0 0 0 0 0 0 1

Parameter value v8 v7 v6 v5 v4 v3 v2 v1 value

3.7.3.3.4.3.5  W1R (Reservation Request Delay Min) Parameter.  The value of W1R (counted
in MAC cycles and used by aircraft) shall be encoded as an unsigned 8-bit integer as per
Table 3-72:

Table 3-72. W1R Parameter

Parameter ID 0 1 0 0 0 1 0 0 W1R

Parameter length 0 0 0 0 0 0 0 1

Parameter value v8 v7 v6 v5 v4 v3 v2 v1 value
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3.7.3.3.4.3.6  W2R (Reservation Request Delay Max) Parameter.  The value of W2R
(counted in MAC cycles and used by aircraft) shall be encoded as an unsigned 8-bit
integer as per Table 3-73:

Table 3-73. W2R Parameter

Parameter ID 0 1 0 0 0 1 0 1 W2R

Parameter length 0 0 0 0 0 0 0 1

Parameter value v8 v7 v6 v5 v4 v3 v2 v1 value

3.7.3.3.4.3.7  RE (Net Entry Randomizer) Parameter.  The value of RE (used by aircraft)
shall be encoded as an unsigned 8-bit integer as per Table 3-74:

Table 3-74. RE Parameter

Parameter ID 0 1 0 0 0 1 1 0 RE

Parameter length 0 0 0 0 0 0 0 1

Parameter value v8 v7 v6 v5 v4 v3 v2 v1 value

3.7.3.3.4.3.8  RL (Leaving Net Randomizer) Parameter.  The value of RL (used by aircraft)
shall be encoded as an unsigned 8-bit integer as per Table 3-75:

Table 3-75. RL Parameter

Parameter ID 0 1 0 0 0 1 1 1 RL

Parameter length 0 0 0 0 0 0 0 1

Parameter value v8 v7 v6 v5 v4 v3 v2 v1 value

3.7.3.3.4.3.9  Timer T3 (Link Initialization Time) Parameter.  The value of timer T3 (counted
in MAC cycles and used by aircraft) shall be encoded as an unsigned 8-bit integer as per
Table 3-76:

Table 3-76.  Timer T3 Parameter

Parameter ID 0 1 0 0 1 0 0 0 Timer T3
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Parameter length 0 0 0 0 0 0 0 1

Parameter value v8 v7 v6 v5 v4 v3 v2 v1 value

3.7.3.3.4.3.10  Counter NL1 (Maximum Net Entry Request Retry) Parameter.  The value
of counter NL1 (used by aircraft) shall be encoded as an unsigned 8-bit integer as per
Table 3-77:

Table 3-77.  Counter NL1 Parameter

Parameter ID 0 1 0 0 1 0 0 1 Counter NL1

Parameter length 0 0 0 0 0 0 0 1

Parameter value v8 v7 v6 v5 v4 v3 v2 v1 value

3.7.3.3.4.3.11  Timer TL3 (Disconnect Delay Timer) Parameter.  The value of timer TL3
(measured in seconds and used by aircraft) shall be encoded as an unsigned 8-bit
integer as per Table 3-78:

Table 3-78.  Timer TL3 Parameter

Parameter ID 0 1 0 0 1 0 1 0 Timer TL3

Parameter length 0 0 0 0 0 0 0 1

Parameter value v8 v7 v6 v5 v4 v3 v2 v1 value

3.7.3.3.4.3.12  Timer TL4 (Polling Interval) Parameter.  The value of timer TL4
(measured in seconds and used by aircraft) shall be encoded as an unsigned 16-bit
integer as per Table 3-79:

Table 3-79.  Timer TL4 Parameter

Parameter ID 0 1 0 0 1 0 1 1 Timer TL4

Parameter length 0 0 0 0 0 0 1 0

Parameter value v16 v15 v14 v13 v12 v11 v10 v9 value

v8 v7 v6 v5 v4 v3 v2 v1

3.7.3.3.4.3.13  W1E (Net Entry Request Delay Min) Parameter.  The value of W1E
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(counted in MAC cycles and used by aircraft) shall be encoded as an unsigned 8-bit
integer as per Table 3-80:

Table 3-80. W1E Parameter

Parameter ID 0 1 0 0 1 1 0 0 W1E

Parameter length 0 0 0 0 0 0 0 1

Parameter value v8 v7 v6 v5 v4 v3 v2 v1 value

3.7.3.3.4.3.14  W2E (Net Entry Request Delay Max) Parameter.  The value of W2E
(counted in MAC cycles and used by aircraft) shall be encoded as an unsigned 8-bit
integer as per Table 3-81:

Table 3-81. W2E Parameter

Parameter ID 0 1 0 0 1 1 0 1 W2E

Parameter length 0 0 0 0 0 0 0 1

Parameter value v8 v7 v6 v5 v4 v3 v2 v1 value

3.7.3.3.4.3.15  MG (Maximum Number of Grouped Bursts) Parameter.  The value of MG
(counted in bursts and used by aircraft) shall be encoded as an unsigned 8-bit integer as
per Table 3-82:

Table 3-82. MG Parameter

Parameter ID 0 1 0 0 1 1 1 0 MG

Parameter length 0 0 0 0 0 0 0 1

Parameter value v8 v7 v6 v5 v4 v3 v2 v1 value

3.7.3.3.5  Ground-initiated Information Private Parameters3.7.3.3.5Ground-initiated
Information Private Parameters 3.7.3.3.5 Ground-initiated Information Private Parameters
3.7.3.3.5 Ground-initiated Information Private Parameters .  A Mode 3 ground LME shall
use ground-initiated information private parameters to inform one or more aircraft LMEs about that ground
system’s capabilities.  Aircraft LMEs shall not send these parameters.

3.7.3.3.5.1  Counter NL2 (Polling Reply) Parameter.  The NL2 counter, as used by the ground
station, shall be encoded as an unsigned 8-bit integer as per Table 3-83.
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Table 3-83  Counter NL2 Parameter

Parameter ID   1     1     0      0         0      0      0     1 Counter NL2

Parameter length   0     0     0      0         0      0      0     1

Parameter value   v8    v7    v6     v5        v4     v3     v2    v1

- - - - - - - -
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SECTION 4 - SUBNETWORK LAYER PROTOCOLS AND SERVICES

4. SUBNETWORK LAYER PROTOCOLS AND SERVICES

4.7 Subnetwork Layer (Mode 3)4.7 Subnetwork Layer (Mode
3)4.7 Subnetwork Layer (Mode 3)4.7 Subnetwork Layer (Mode 3).

4.7.1 Payload Identification4.7.1 Payload Identification 4.7.1 Payload Identification 4.7.1
Payload Identification .  For each Information frame sent by the VDL Mode 3 system, a payload

identification octet shall be defined as in Figure 4-1. This octet shall be the first octet appearing in the user
data field of the Information frame. The user data as described by the payload octet shall immediately
follow.  The Type field shall identify the network protocol of the user data.

1 2 3 4 5 6 7 8
Type-specific Info Type

BIT PROTOCOL
0000 ISO8208
0001 ISO8473
0010 - 1111 Reserved

Figure 4-1.    Payload Octet

4.7.2 Compression Signaling4.7.2 Compression Signaling 4.7.2 Compression Signaling 4.7.2
Compression Signaling . For each network packet transferred, an indication that the packet is

compressed or not compressed shall exist. The Type Specific Information Field located in the Payload octet
shall be reserved for this purpose. A value of all zeros (0000 binary) shall be reserved to indicate that no
compression information is present, i.e. the data is not compressed. A value of zero shall be used when
transferring ATN data in ISO8208 packets. Additional values for the Type Specific Information Field are
possible and are dependent on the compression scheme employed. These values shall be defined with the
compression documentation, as necessary.

Note. The compression scheme employed for a particular network type is signaled in a DLS Control
frame during net entry.  The non-zero values of the Type-Specific Information Field of Figure 4-1 have
meaning only with respect to the specific compression defined for a network protocol.

4.7.2.1 CLNP Compression4.7.2.1 CLNP Compression 4.7.2.1 CLNP Compression 4.7.2.1
CLNP Compression .  The compression technique to be used for CLNP packets shall be defined in

Appendix J.  The Type-Specific Information subfield of the Payload octet shall be encoded as per Figure J-
3.  For non-compressed CLNP, the Type-Specific Information subfield shall be binary 0000.

- - - - - - - -
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6. VOICE UNIT 6. VOICE UNIT6. VOICE UNIT6. VOICE UNIT

6.1 Services 6.1 Services6.1 .......................................................... Services6.1
Services.  The Voice Unit shall provide for a transparent, half duplex, "push-to-talk"

audio and signalling interface between the user and the VDL.  Three separate mutually exclusive voice
circuit types shall be supported.

• Dedicated circuits: This shall provide service to a specific user group on an exclusive basis with
no sharing of the circuit with other users outside the group.  Access shall be based on a "listen-
before-push-to-talk" discipline.

• Demand assigned circuits: This shall provide voice circuit access which is arbitrated by the
ground station in response to an access request received from the aircraft station.  This type of
operation shall allow dynamic sharing of the channel resource increasing trunking efficiency.

• Unprotected circuits: This shall support operation of many cochannel ground stations in
proximity.  Access shall be based on a "listen-before-push-to-talk" user discipline.

 6.1.1 Priority Access 6.1.1.............................................................. Priority Access6.1.1
Priority Access6.1.1 Priority Access.  The Voice Unit operation shall support a priority

override access via pre-emption for authorized ground users.

 6.1.2 Message Source Identification 6.1.2...............Message Source Identification6.1.2
Message Source Identification6.1.2Message Source Identification.  The Voice Unit

operation shall support notification to the user of the source of a received message (i.e., whether the message
originated from an air or ground station).

 6.1.3 Coded Squelch 6.1.3Coded Squelch6.1.3 Coded Squelch6.1.3 Coded Squelch.
The Voice Unit shall support a coded squelch operation that offers some degree of rejection of undesired
cochannel voice messages based on the burst time of arrival.

 6.2 Speech Encoding 6.2 Speech Encoding6.2 Speech Encoding6.2 Speech
Encoding.  The Voice Unit shall analyze, encode and forward error correct the user’s speech at a total bit rate
of 4800 bps.

 6.2.1 Speech Encoding Algorithm 6.2.1 Speech Encoding Algorithm6.2.1 Speech
Encoding Algorithm6.2.1 Speech Encoding Algorithm.  [TBD] Comment - The algorithm must use
a voice frame size compatible with the TDMA frame of 120 ms.

 6.2.2 FEC Protection for Encoded Speech6.2.2 FEC Protection for Encoded
Speech6.2.2 FEC Protection for Encoded Speech6.2.2 FEC Protection for Encoded Speech.
[Algorithm dependent, TBD] Note.�The FEC parity bits are included in the 4800 bps transmission rate.

 6.2.3 Voice Burst Framing 6.2.3 Voice Burst Framing6.2.3 Voice Burst
Framing6.2.3 Voice Burst Framing.  Exactly [TBD] voice frames shall be transmitted in a single V/D
(voice) burst.

 6.3 Parameters 6.3 Parameters6.3 Parameters6.3 Parameters.  The net parameters
listed in this section shall be used to control the operation of the Voice Unit.

 6.3.1 Group ID 6.3.1 Group ID6.3.1 Group ID6.3.1 Group ID.  For receive, the
Group ID shall be used to control squelch operation in order to filter out any received V/D (voice) bursts
which do not match the Group ID provided by the LME upon net entry.
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 For transmit, the Header segment of the V/D (voice) burst shall be encoded with the Group ID provided by
the LME upon net entry.

 If the net entry procedure has not been executed, the value of Group ID shall be the same as the value of Slot
ID upon net initialization.

 6.3.2 Squelch Window 6.3.2 Squelch Window6.3.2 Squelch Window6.3.2
Squelch Window.  The squelch window shall be used to control squelch operation in

order to allow the Voice Unit to reject undesired V/D (voice) bursts based on their timing.

 The coding and use of the Squelch Window field shall be as provided in Section F.2.1.7 .

 6.3.3 Algorithm Version Number 6.3.3 Algorithm Version Number6.3.3
Algorithm Version Number6.3.3 Algorithm Version Number.  The XID

parameter as per Table 3-65 shall be used if the default is not used.

 6.4 Description of Procedures 6.4 Description of Procedures6.4 Description of
Procedures6.4 Description of Procedures.

 6.4.1 Link Establishment 6.4.1 Link Establishment6.4.1 Link
Establishment6.4.1 Link Establishment.   

 6.4.1.1 Link Initialization 6.4.1.1 Link Initialization6.4.1.1 Link
Initialization6.4.1.1 Link Initialization.  Upon arrival on a new net, the airborne LME shall provide
the Voice Unit with the net parameters as part of the LME’s net initialization procedure.  These parameters
shall be the Slot ID and Squelch window.

 If the aircraft VDL did not enter TS1, it shall search for ATSs to determine the number of slots in its net and
enter TS2.  If CTC3 equals parameter f before the aircraft VDL enters TS2, it shall enter TS3.

 6.4.1.2 Net Entry 6.4.1.2 Net Entry6.4.1.2 Net Entry6.4.1.2 Net Entry.
Upon net entry , the airborne LME shall provide the Voice Unit the Local User ID parameter.

 6.4.2 Timing 6.4.2Timing6.4.2 Timing6.4.2 Timing.  Voice frames, on which the
analysis and synthesis functions are based, shall be synchronized to the timing of V/D (voice) burst
transmission.  When receiving a speech transmission, the Voice Unit shall derive voice frame timing from the
received V/D (voice) bursts.

 6.4.2.1 Transmit Delay 6.4.2.1 Transmit Delay6.4.2.1 Transmit Delay6.4.2.1
Transmit Delay.  At the time of transmission of the V/D (voice) burst, that burst shall

contain the analysis representation of speech input to the radio no earlier than 150 ms from the time of
transmission.

 Note. This delay budget includes up to 45 ms additional delay for ground network functions.

 6.4.2.2 Receive Delay 6.4.2.2 Receive Delay6.4.2.2 Receive Delay6.4.2.2 Receive
Delay.

 Speech output as a result of the synthesis function shall be available no later than 55 ms after receiving the
V/D (voice) burst.  The speech shall be delayed sufficiently to handle the maximum variation in propagation
delays in combination with maximum clock timing drift to ensure that the vocoder synthesis clock will
remain a constant period throughout the PTT cycle.
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 Note. The delay budget includes up to 45 ms additional delay for ground network functions.

 6.4.3 Voice Transmit Function 6.4.3 Voice Transmit Function6.4.3 Voice Transmit
Function6.4.3 Voice Transmit Function.  Upon PTT activation, the voice unit shall set the Ready-to-
Send (RTS) flag to notify the MAC layer that the voice unit would like to transmit.  The voice unit shall also
check the Clear-to-Send (CTS) flag to determine if the channel is available.   If the channel is available
(i.e., CTS indication), the voice unit shall transmit the V/D (voice) burst.  If, upon PTT, the channel is
occupied, the user shall be notified.  The final V/D (voice) burst transmitted as a result of release of PTT shall
be indicated by setting the EOM flag in the Header Segment of the burst.

 6.4.3.1 Demand-Assigned Circuits 6.4.3.1 Demand-Assigned Circuits6.4.3.1
Demand-Assigned Circuits6.4.3.1 Demand-Assigned Circuits.  For the 3T

configuration, enabling the RTS flag shall cause the MAC layer to generate a voice Reservation Request
message.  When the corresponding response is received, the CTS flag shall be enabled, signalling when the
speech should be transmitted.  The CTS flag shall signal during every TDMA frame to provide timing
synchronization with the assigned user group.

 6.4.3.2 Vocoder Processing 6.4.3.2 Vocoder Processing6.4.3.2 Vocoder
Processing6.4.3.2 Vocoder Processing.  If the Voice Unit is notified that it is to operate in the truncated
burst mode, the voice unit shall truncate the data normally contained in the V/D (voice) burst as follows:

 [TBD algorithm dependent]

 The Voice Unit shall delay transmission of truncated bursts by 16 symbol periods relative to the nominal
CTS signal.

 Note. This allows for 16 symbol periods of positive or negative timing drift.

 The MID field  of the V/D (voice) burst header shall be set to Downlink voice: TS2 to indicate to the receiver
that the burst is truncated.

 If the Voice Unit is notified that it is to operate in normal or free running mode, the voice unit shall transmit
full length V/D (voice) burst.  In normal mode, the MID field of the V/D (voice) burst header shall be set to
Uplink voice for ground VDL and Downlink voice: TS1 for aircraft VDL.  In free running mode, the MID
field of the V/D (voice) burst header shall be set to Downlink voice: TS3.  The Voice Unit shall transmit the
bursts at the nominal CTS signal.

 6.4.3.3 Access Pre-emption 6.4.3.3 Access Pre-emption6.4.3.3 Access Pre-
emption6.4.3.3 Access Pre-emption.  If the CTS indication is lost during transmission (signalling a
ground pre-emption), the voice unit shall cease transmitting and shall process any received V/D (voice)
bursts.  The ability to transmit voice shall be inhibited until PTT is reset by the user.

 6.4.4 Voice Receive Function 6.4.4 Voice Receive Function6.4.4 Voice Receive
Function6.4.4 Voice Receive Function.

 6.4.4.1 Pre-processing 6.4.4.1 Pre-processing6.4.4.1 Pre-processing6.4.4.1 Pre-
processing.

 6.4.4.1.1 Source Filtering 6.4.4.1.1 Source Filtering6.4.4.1.1 Source
Filtering6.4.4.1.1 Source Filtering.  The Squelch Window parameter shall be applied as specified by the
LME.  If the voice burst is outside the squelch window defined in Table 6-1 for 4-slot configurations and
Table 6-2 for 3-slot configurations, the burst shall be assumed to be co-channel interference and shall be
suppressed.
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 Table 6-1. Source Filtering Squelch Window Matrix for 4-Slot Configurations

 
 

 
 

 Airborne Receiver State Squelch Window (Note 1)
 
 Ground Receiver

State Squelch
Window (Note 1)

 
 State

 Message Type

 
 TS1

 (Note 2)

 
 TS2

 (Note 2, Note 3)

 
 TS3

 
 TS1

 (Note 2)
 

 Uplink voice
 

 -1 to +1
 

 -33 to +1
 

 Wide Open
 

 NA
 
 Downlink voice: TS1

 
 -2 to +4(n+1)

 
 -34 to +4(n+1)

 
 Wide Open

 
 -1 to +(4n+3)

 
 Downlink voice: TS2

 
 -2 to +4(n+9)

 
 -34 to +4(n+9)

 
 Wide Open

 
 -1 to +(4n+35)

 
 Downlink voice: TS3

 
 Wide Open

 (Note 4)

 
 Wide Open

 (Note 4)

 
 Wide Open

 
 Wide Open

 (Note 4)
 
 Note 1. Each squelch window is defined relative to the nominal burst time in symbols
 Note 2. n = squelch window parameter
 Note 3. If n  is unknown, then the default value is 6
 Note 4. Receive any such message with “correct” group ID if not already receiving a voice message

 
 Table 6-2. Source Filtering Squelch Window Matrix for 3-Slot Configurations

 
 

 
 

 Airborne Receiver State Squelch Window (Note 1)
 
 Ground Receiver

State Squelch
Window (Note 1)

 
 State

 Message Type

 
 TS1

 (Note 2)

 
 TS2

 (Note 2, Note 3)

 
 TS3

 
 TS1

 (Note 2)
 

 Uplink voice
 

 -1 to +1
 

 -33 to +1
 

 Wide Open
 

 NA
 
 Downlink voice: TS1

 
 -2 to +8(n+1)

 
 -34 to +8(n+1)

 
 Wide Open

 
 -1 to +(8n+7)

 
 Downlink voice: TS2

 
 -2 to +8(n+5)

 
 -34 to +8(n+5)

 
 Wide Open

 
 -1 to +(8n+39)

 
 Downlink voice: TS3

 
 Wide Open

 (Note 4)

 
 Wide Open

 (Note 4)

 
 Wide Open

 
 Wide Open

 (Note 4)
 
 Note 1. Each squelch window is defined relative to the nominal burst time in symbols
 Note 2. n = squelch window parameter
 Note 3. If n is unknown, then the default value is 7
 Note 4. Receive any such message with “correct” group ID if not already receiving a voice message

 
 

 6.4.4.1.2 Vocoder Processing 6.4.4.1.2 Vocoder Processing6.4.4.1.2 Vocoder
Processing6.4.4.1.2 Vocoder Processing.  A received V/D (voice) burst with MID field of Uplink voice,
Downlink voice: TS1, or Downlink voice: TS3 shall be processed at the normal vocoder rate of 4800 bps.  A
received V/D (voice) burst with MID field of Downlink voice: TS2 shall be processed at the truncated rate of
4000 bps.

 6.4.4.1.3 Source Identification 6.4.4.1.3 Source Identification6.4.4.1.3 Source
Identification6.4.4.1.3 Source Identification.  The user shall be notified of the source of the received
voice message (ground or air) based on the entire Message ID field.
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 6.4.4.2 Voice Synthesis 6.4.4.2 Voice Synthesis6.4.4.2 Voice Synthesis6.4.4.2 Voice
Synthesis.  The voice unit shall buffer and delay the speech sufficiently to maintain a constant period for the
analysis and synthesis clocks of the vocoder regardless of the varying propagation delay, and relative clock
timing drifts between transmitter and receiver.

 If bursts are missing, the voice unit shall slowly attenuate the speech to silence (or pseudo-noise).  The voice
unit shall resume normal operation when receipt of the V/D (voice) bursts continues.

 

 - - - - - - - -
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 Appendix A - ReferencesAppendix A - ReferencesAppendix A - ReferencesAppendix A - References

 

  .1 ReferencesA.1 ReferencesA.1 ReferencesA.1 References.  Unless otherwise
specified, the following documents form part of these SARPs to the extent specified herein.  In the event of
conflict between the documents referenced herein and the contents of these SARPs, the contents of these
SARPs shall be considered a superseding requirement.

 

  .2 Normative ReferencesA.2 Normative ReferencesA.2 Normative
ReferencesA.2 Normative References.  These SARPs reference the following ISO documents:

 
 

 
 ISO

 
 Title

 
 Date Published

 
 

 
 3309

 
 HDLC Procedures - Frame Structure, Version 3

 
 10/84

 
 

 
 4335

 
 HDLC Elements of Procedures, Version 3

 
 8/87

 
 

 
 7498

 
 OSI Basic Reference Model, Version 1

 
 10/84

 
 

 
 7809

 
 HDLC Procedures - Consolidation of Classes of
Procedures, Version 1

 
 2/84

 
 

 
 8208

 
 Information Processing Systems - Data
Communications - X.25 Packet Level Protocol for
Data Terminal Equipment

 
 12/88

 
 

 
 8348

 
 Information Processing Systems - Data
Communications - Network Service Definition

 
 4/87

 
 

 
 TR 8509

 
 OSI Service Conventions, Version 1

 
 9/86

 
 

 
 8885

 
 HDLC Procedures - General Purpose XID Frame
Information Field Content and Format, Version [1]

 
 8/93

 
 

 
 8886.3

 
 OSI Data Link Service Definition, Version 3

 
 6/88

 
 

 
 10022

 
 OSI Physical Service Definition, Version 1

 
 9/88

 
 

 
 10039

 
 Local Area Networks - MAC Service Definition,
Version 1

 
 11/88

 
 

 
 

  .3 Background ReferencesA.3 Background ReferencesA.3 Background
ReferencesA.3 Background References.  The following documents are listed as reference material.

 
 

 
 Originator

 
 Title

 
 Date Published

 
 

 
 CCIR

 
 Report 384-3, Annex III

 
 TBD

 
 

 
 CCSDS

 
 Telemetry Channel Coding, Recommendation for
Space Data System Standards, Consultative
Committee for Space Date Systems, CCSDS
101.0-B-3, Blue Book

 
 5/92
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  CCITT  Recommendation Z.100: Specification and
Description Language SDL (Blue Book,
Volume X.1 - X.5), International
Telecommunication Union

 1988

 

 - - - - - - - -



68

 Appendix F - Format and Usage of the System Data and Header Segments for Mode 3
OperationAppendix F - Format and Usage of the System Data and Header Segments for Mode 3
OperationAppendix F - Format and Usage of the System Data and Header Segments for Mode 3
OperationAppendix F - Format and Usage of the System Data and Header Segments for Mode 3

Operation

 

 The System Data segment of the M bursts and the Header segment of the V/D bursts is used for controlling
access to the channel (SARPs Section 3.5), for link management functions (SARPs, Section 3.7), for
controlling voice operation (SARPs Section 6) and for acknowledging uplink data transfer.  The formats for
and usage of these burst segments is given in this Appendix.

 F.1 Unused Reserved (Spare) BitsF.1 Unused Reserved (Spare) BitsF.1Unused
Reserved (Spare) BitsF.1 Unused Reserved (Spare) Bits.  Any unused reserved (spare) bit fields which are
not defined to a specific value shall be defaulted to value zero.

 F.2 M Burst F.2 M BurstF.2 M BurstF.2 M Burst.

 F.2.1 Non-3T Configuration M Uplink System Data Segment (Generic Elements)F.2.1Non-3T
Configuration M Uplink System Data Segment (Generic Elements)F.2.1 Non-3T Configuration M Uplink
System Data Segment (Generic Elements)F.2.1 Non-3T Configuration M Uplink System Data Segment
(Generic Elements).  The non-3T configuration uplink System Data segment consists of 48 bits or 6 octets.
The first three octets, including Message ID, System Configuration, Voice Signal, Aircraft ID (poll), Slot ID,
Ground Station Code, and Squelch Window, are common for all uplink messages.  The remaining 3 octets
are assigned depending on the message type of the M uplink burst.  Figure F-1 displays the non-3T
configuration generic uplink System Data segment format.

 

 
 

 
 first bit

transmitted

 
 Bit Number

 
 Octet No.

 
 1

 
 2

 
 3

 
 4

 
 5

 
 6

 
 7

 
 8

 
 1

 
 Message ID

 
 Voice Signal

 
 Aircraft ID (Poll)

 
 2

 
 Aircraft ID (Poll) (cont.)

 
 System Configuration

 
 3

 
 Slot ID

 
 Ground Station Code

 
 Squelch Window

 
 4

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 5

 
 

 
 (Message Dependent)

 
 

 
 6

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 

 Figure F-1.  Non-3T Configuration Generic M Uplink System Data Segment

 

 F.2.1.1 Message ID F.2.1.1 Message ID F.2.1.1 Message ID F.2.1.1 Message ID .
The coding of the Message ID field is given in Table F-1.  This field is used to aid the receiver in identifying
the burst type.
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 Table F-1.  M Burst Messages

 
 

 
 Message ID

 
 M Bursts

 
 Section # of

this Appendix
 

 
 

 0000
 
 Normal Message

 
 2.2

 
 

 
 0001

 
 Net Entry Response Message

 (no previous link)

 
 2.3

 
 Uplink

 
 0010

 
 Net Entry Response Message

 (previous link preserved)

 
 2.3

 
 

 
 0011

 
 Next Net Command Message

 
 2.4

 
 

 
 0100

 
 Recovery Message

 
 2.5

 
 

 
 0101

 
 Handoff Check Message

 
 2.6

 
 

 
 0110

 
 Terminate Net Message

 
 2.8

 
 

 
 0111-0111

 
 Spare

 
 

 
 

 
 Identified by

separate sync
sequence

 
 Net Entry Request Message

 
 2.10

 
 

 
 1000*

 
 Reservation Request Message

 
 2.11

 
 Downlink

 
 1001*

 
 Acknowledgement Message

 
 2.12

 
 

 
 1010*

 
 Leaving Net Message

 
 2.13

 
 

 
 1011-1110*

 
 Spare

 
 

 
 

 
 1111*

 
 Next Net ACK

 

 
 

 
 1000**

 
 4-slot configuration Poll Response

 
 2.11

 
 

 
 1001**

 
 Spare

 

 
 

 
 1010**

 
 3-slot configuration Poll Response

 
 2.11

 
 

 
 1011**

 Spare  

 
 

 
 1100**

 
 3T configuration Poll Response

 
 2.11

 
 

 
 1101**

 Spare  

 
 

 
 1110**

 
 Spare

 
 

 
 

 
 1111**

 
 Next Net ACK

 
 

 *  Identified by standard synchronization sequence defined in Section 2.5.4.1.2.

 ** Identified by special synchronization sequence for poll responses defined in Section 2.5.4.1.2.

 F.2.1.2 System Configuration F.2.1.2 System ConfigurationF.2.1.2 System
ConfigurationF.2.1.2 System Configuration.  The system configuration is a 4 bit data field.  The list of
defined System Configurations is given in Table F-2 below.
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 Table F-2.  System Configuration Codes

 
 Code

 
 System Configuration 

 0000
 
 4V 

 0001
 
 3S 

 0010
 
 3V1D 

 0011
 
 2V2D 

 0100
 
 3T 

 0101
 
 3V 

 0110
 
 2V1D 

 0111-1111
 
 Spare

 

 F.2.1.3 Voice Signal F.2.1.3 Voice SignalF.2.1.3 Voice SignalF.2.1.3 Voice Signal.
The Voice Signal field is used by the ground station to maintain a degree of control over the voice channel.
The valid codes are listed in Table F-3 below.

 

 Table F-3.  Voice Signal Codes

 
 Code

 
 Description 

 00
 
 Ground access (clears mobiles off) 

 01
 
 Occupied by airborne user 

 10
 
 Voice channel idle 

 11
 
  Spare

 

 F.2.1.4 Aircraft ID (Poll)F.2.1.4 Aircraft ID (Poll)F.2.1.4Aircraft ID (Poll)F.2.1.4Aircraft
ID (Poll).  The Aircraft ID is a 6 bit field used to uniquely identify aircraft of a given user group.  It is
assigned by the ground station as part of the net entry process.  The valid Aircraft IDs are listed in Table F-4
below:

 Table F-4.  Aircraft ID Codes

 
 Code

 
 Description 

 0
 
 Ground 

 1-60
 
 Airborne user 

 61
 
 Discrete addressing not supported 

 62
 
 Spare 

 63
 
 Broadcast

 

 As part of the generic portion of the M uplink System Data segment, this field is used to poll a selected
aircraft.  When polled, an aircraft transmits a M downlink message in the next MAC cycle without
contention.

 

 F.2.1.5 Slot ID F.2.1.5 Slot IDF.2.1.5 Slot IDF.2.1.5 Slot ID.  The Slot ID indicates the
slot the message is associated with in order to provide the VDL receiver with proper TDMA frame
alignment. The valid codes are described in Table F-5 below.
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 Table F-5.  Slot ID Codes

 
 Code

 
 Description 

 00
 
 Slot A 

 01
 
 Slot B 

 10
 
 Slot C 

 11
 
 Slot D

 

 F.2.1.6 Ground Station Code F.2.1.6........................................ Ground Station CodeF.2.1.6
Ground Station CodeF.2.1.6Ground Station Code.  The Ground Station Code is a 3 bit

field used to identify the ground station transmitting the burst.  A check of this code by the receiver against
the code obtained during Net Entry allows discrimination against transmissions from cochannel stations in
other service volumes that could possibly be received due to anomalous propagation.  Assignment of these
codes to ground stations is a spectrum engineering matter.

 Comment — If this cochannel protection is found to be unnecessary during validation, then this field will be
dropped.

 F.2.1.7 Squelch Window F.2.1.7...................................................... Squelch WindowF.2.1.7
Squelch WindowF.2.1.7Squelch Window.  The Squelch Window specifies the range,

expressed in symbol periods over which the Voice Unit should search for received V/D (voice) bursts to
process.  The coding of the Squelch Window field is given in Table F-6.

 

 Table F-6.  Squelch Window Encoding

 
 Squelch

Window Code

 
 Window Boundaries

 (symbol periods relative to
nominal burst time)

 
 

 
 Early

 
 Late

 
 000

 
 -2

 
 4

 
 001

 
 -2

 
 8

 
 010

 
 -2

 
 12

 
 011

 
 -2

 
 16

 
 100

 
 -2

 
 20

 
 101

 
 -2

 
 24

 
 110

 
 -2

 
 28

 
 111

 
 -2

 
 �

 

 F.2.2 Normal Message F.2.2 ...........................................................Normal MessageF.2.2
Normal MessageF.2.2Normal Message.  The normal message shown in Figure F-2, is
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used to poll an aircraft and signal reservations.  Two reservation response opportunities are included in a
normal message.  Each Reservation Response field consists of 12 bits.

 Each Reservation Response field can signal the actual allocation of channel resources to a requesting aircraft.

 

 

 

 
 

 
 first bit

transmitted

 
 Bit Number

 
 Octet No.

 
 1

 
 2

 
 3

 
 4

 
 5

 
 6

 
 7

 
 8

 
 1

 
 Message ID

 
 Voice Signal

 
 Aircraft ID (Poll)

 
 2

 
 Aircraft ID (Poll) (cont.)

 
 System Configuration

 
 3

 
 Slot ID

 
 Ground Station Code

 
 Squelch Window

 
 4

 
 Reservation Response #1

 
 5

 
 Reservation Response #1 (cont.)

 
 Reservation Response #2

 
 6

 
 Reservation Response #2 (cont.)

 

 Figure F-2.  M Uplink (Normal Message)

 

 F.2.2.1 Reservation ResponseF.2.2.1 Reservation ResponseF.2.2.1 Reservation
ResponseF.2.2.1 Reservation Response.  The Reservation Response field contains four subfields as
follows:

• Group ID (2 bits):  The Group ID is coded identically as the Slot ID (Section 2.1.5 of this
Appendix).  In this case it is used in conjunction with the Aircraft ID (listed below) to uniquely
identify the aircraft across all user groups supported on the frequency by the ground station.

 Note. The Group ID and the Aircraft ID fields are collectively referred to as the Local User ID.

• Aircraft ID (6 bits):  Section 2.1.4 of this Appendix defines the valid codes.  When the
Reservation Response field is not used, the value of 0 shall be used in the Aircraft ID field.

 

 

• Reserved Slot (4 bits):  This subfield indicates the slot for which V/D (data) burst access has
been scheduled to begin.  This subfield is coded as indicated below:

 Table F-7  Reserved Slot Subfield Encoding
 

 
 Code  Description
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 0000  No Reservation Information

 0001  RACK

 0010  Spare

 0011  Spare

 0100  Data Reservation (start in even B-slot)

 0101  Data Reservation (start in odd B-slot)

 0110  Data Reservation (start in even B-slot, skip D)

 0111  Data Reservation (start in odd B-slot, skip D)

 1000  Data Reservation (start in even C-slot)

 1001  Data Reservation (start in odd C-slot)

 1010  Data Reservation (start in even C-slot, skip D)

 1011  Data Reservation (start in odd C-slot, skip D)

 1100  Data Reservation (start in even D-slot)

 1101  Data Reservation (start in odd D-slot)

 1110  Voice Reservation (start in even D-slot)

 1111  Voice Reservation (start in odd D-slot)

 

 Note:  For non-3T configurations, use only the codes with the third bit set to 0.  For system configuration
2V2D, allowable values are 0000, 0001, 1000, 1001, 1100, and 1101.  For system configuration 3V1D,
allowable values are 0000, 0001, 1100, and 1101.  For system configuration 2V1D, allowable values are
0000, 0001, 1000, and 1001.

 

 F.2.3 Net Entry Response MessageF.2.3 Net Entry Response MessageF.2.3 Net
Entry Response MessageF.2.3 Net Entry Response Message.  This message type is used to acknowledge
the Net Entry Request message and to assign the Local User ID to the requesting aircraft.  This Local User
ID is the combination of the Slot ID field and the Aircraft ID field. The aircraft ICAO address is attached to
allow the receiver to validate the message.  This message is shown in Figure F-3.

 

 
 

 
 first bit

transmitted

 
 Bit Number

 
 Octet No.

 
 1

 
 2

 
 3

 
 4

 
 5

 
 6

 
 7

 
 8

 
 1

 
 Message ID

 
 Voice Signal
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 Figure F-3.  M Uplink (Net Entry Response Message)

 

 Note. Two separate Message IDs are used for this message.  If the new ground station is unable to redirect
the link from the previous ground station Message ID = 0001, “no previous link,” is used.  If the new ground
station can support redirection of the link from the previous ground station Message ID = 0010, “previous
link preserved” is used.

 F.2.4 Next Net Command Message F.2.4 Next Net Command MessageF.2.4 Next
Net Command MessageF.2.4 Next Net Command Message.  The Next Net Command message shown in
Figure F-4, is delivered by the ground station to a particular aircraft user to identify the slot and frequency of
the next net connection.

 F.2.4.1 Next NetF.2.4.1 Next NetF.2.4.1 Next NetF.2.4.1 Next Net.  The Next Net field is 12 bits.
It contains two subfields:  Next Group ID (2 bits) and Frequency (10 bits).  The Next Group ID field is the same as
defined in Section 2.2.1 of this Appendix when the Net Type field is set to 1 (TDMA).  However, when the Net Type
field is set to 0 (AM), the field shall be set as defined in Table F-8 below.  For a frequency X in megahertz, the
Frequency field is encoded as 40(X-112).

 Note.  For 8.33 kHz channels that are not a multiple of a 25 kHz channel, the value of X used for
encoding shall be that of the next lowest 25 kHz channel. The frequencies of these 8.33 kHz channels are
uniquely identified by use of the Next Group ID field.
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 Table F-8.  Next Net Subfield Encoding when Net Type field set to 0 (AM)

 
 Next Group ID Field  Description  Frequency 

 00  25 kHz  X 
 01  8.33 kHz  X 
 10  8.33 kHz  X+0.00833 
 11  8.33 kHz  X+0.01666

 

 F.2.4.2 Local User IDF.2.4.2 Local User IDF.2.4.2 Local User IDF.2.4.2 Local User
ID.  The Local User ID field consists of the Group ID and the Aircraft ID fields (see Section 2.2.1 of this Appendix).

 F.2.4.3 Net Type F.2.4.3 Net Type F.2.4.3 Net Type F.2.4.3 Net Type .  This field indicates whether
the next net is a TDMA net or simply an AM frequency.  A 0 indicates AM and a 1 indicates TDMA.
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 Figure F-4.  M Uplink (Next Net Command Message)

 

 F.2.5 Recovery Message F.2.5 Recovery MessageF.2.5 Recovery MessageF.2.5
Recovery Message.  This message is used to inform aircraft that the ground station is in the

link recovery state.  This message invokes recovery procedures in the aircraft LME as described in Section
3.7 of the SARPs.  This message is shown in Figure F-5.
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 Figure F-5.  M Uplink (Recovery Message)

 

 F.2.6 Handoff Check MessageF.2.6 Handoff Check MessageF.2.6 Handoff Check
MessageF.2.6 Handoff Check Message.  The Handoff Check message, Figure F-6, is used only in System
Configuration 3T in order to facilitate link management when the ground station is not supporting specific air
traffic control sectors or user groups.  The Handoff Check message contains information on proximate VDL
ground stations to be scanned.  If more than four  stations are adjacent to the station in question, the
frequencies can be rotated every fifth MAC cycle (1.2 sec).
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 Figure F-6.  M Uplink (Handoff Check Message)

 

 F.2.6.1 Adjacent Frequency <n>F.2.6.1 Adjacent Frequency <n>F.2.6.1 Adjacent
Frequency <n>F.2.6.1 Adjacent Frequency <n>.  This field consist of 10 bit frequency for the adjacent
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nets.  The frequencies are numbered 1-4 to alert aircraft to the frequencies of four adjacent nets to the current
radio.

 Note.�In order to support link management, all stations must be time synced in order that the Handoff
Check message can be heard by all aircraft at the same point in the MAC cycle.  This is accomplished by
scanning to frequencies of adjacent ground stations during the established time (LBAC #12) of each MAC
cycle.

 F.2.7 3T Configuration M Uplink System Data Segment (Generic Elements)F.2.7 3T Configuration
M Uplink System Data Segment (Generic Elements) F.2.7 3T Configuration M Uplink System Data Segment
(Generic Elements) F.2.7 3T Configuration M Uplink System Data Segment (Generic Elements) .  The 3T
configuration uplink System Data segment consists of 192 bits or 24 octets.  The fourth through the sixth semi-octets,
including the System Configuration, Slot ID, Ground Station Code, and Squelch Window, are common to all uplink
messages.  Semi-octets 1 through 3 and 7 through 12 are used to control activities in User Group B.  Semi-octets 1
through 3 controls polling access for users in User Group B.  Semi-octets 7 through 12 can be Net Entry Response
messages, Next Net Command message, or Recovery message.  Similarly, semi-octets 13 through 21 are devoted to
User Group C;  semi-octets 22 through 30 are devoted to User Group D.  Figure F-7 displays the 3T configuration
generic uplink System Data segment format.
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 Figure F-7. 3T Configuration Generic M Uplink System Data Segment

 

 F.2.8 Terminate Net MessageF.2.8 Terminate Net Message F.2.8Terminate Net Message
F.2.8 Terminate Net Message .  The Terminate Net message is shown in Figure F-8.  It is used
by the ground, during aircraft-initiated handoff, to notify the aircraft that the net is being terminated.  The
Local User ID field shall be the aircraft being terminated.  The Reservation Response field is provided to
allow the ground station to continue allocating data resources.
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 Figure F-8.  M Uplink (Terminate Net Message)

 

 F.2.9 M Downlink System Data Segment (Generic Elements)F.2.9 M Downlink System Data Segment
(Generic Elements)F.2.9 M Downlink System Data Segment (Generic Elements)F.2.9 M Downlink System Data
Segment (Generic Elements).  The downlink System Data Segment consists of 24 bits or 3 octets.  The Message ID,
Ground Station Code, and Local User ID fields are common to all downlink messages except the Net Entry Request
message.  These fields are defined in Sections 2.1.1, 2.1.6 and 2.2.1, respectively, of this Appendix.

 F.2.10 Net Entry Request Message F.2.10 Net Entry Request MessageF.2.10 Net
Entry Request MessageF.2.10 Net Entry Request Message.  The Net Entry Request message consists of
24 bits containing only the ICAO address of the transmitting aircraft.  To eliminate the need for a Message
ID field and still allow the receiver to ascertain the message type, a separate synchronization sequence is used
(See Section 2.5.4.1.2).  This message is shown in Figure F-9.
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 Figure F-9.  M Downlink (Net Entry Request Message)

 

 F.2.11 Poll Response and Reservation Request MessagesF.2.11Poll Response and Reservation
Request MessageF.2.11 Poll Response and Reservation Request MessageF.2.11Poll Response and
Reservation Request Message. The Poll Response is used by the aircraft to respond to a poll contained in a M
Uplink (Normal Message).  The slot Reservation Request is used by the aircraft to request authorization to
transmit data.  The Poll Response and Reservation Request messages use the same message format as shown
in Figure F-10.
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 Figure F-10.  Poll Response and M Downlink (Reservation Request Message)

 

 F.2.11.1 Number of Slots Requested F.2.11.1 Number of Slots RequestedF.2.11.1Number of Slots
RequestedF.2.11.1 Number of Slots Requested.  The Number of Slots Requested field is used to
allow the station requesting the reservation to indicate the number of V/D (data) bursts required to complete
the pending downlink data transmission.  Up to 15 V/D (data) bursts can be requested.

 F.2.11.2 Data Message Priority F.2.11.2 Data Message PriorityF.2.11.2Data Message
PriorityF.2.11.2 Data Message Priority.  This field consists of 3 bits.  It defines the message priority level.
Up to 8 different priorities can be specified.  (See AMSS reference.)

 F.2.11.3 Voice Request F.2.11.3 Voice RequestF.2.11.3.......................... Voice RequestF.2.11.3
Voice Request.  The Voice Request field is a 2 bit field.  The valid codes are listed as

follow:

 
 Code

 
 Description 

 00
 
 No request 

 01
 
 Request routine access 

 10
 
 Request priority access 

 11
 
 Spare

 

 F.2.12 Acknowledgement Message F.2.12 Acknowledgment MessageF.2.12Acknowledgment
MessageF.2.12 Acknowledgment Message.  The Acknowledgement message shown in Figure F-11, is used by
the aircraft to acknowledge a V/D (data) burst sequence.
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 Figure F-11.  M Downlink (Acknowledgement Message)

 

 F.2.13 Leaving Net Message F.2.13 Leaving Net MessageF.2.13Leaving Net
MessageF.2.13 Leaving Net Message.  The Leaving Net message is shown in Figure F-12.  It is used by
the aircraft to notify the ground station that the aircraft is leaving the net.
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 Figure F-12.  M Downlink (Leaving Net Message)

 

 

 

 F.3 V/D BurstF.3 V/D BurstF.3 V/D BurstF.3 ............................................ V/D Burst

 F.3.1 V/D (Voice) Burst Header SegmentF.3.1... V/D (Voice) Burst Header SegmentF.3.1
V/D (Voice) Burst Header SegmentF.3.1V/D (Voice) Burst Header Segment.  The Header

segment of the V/D (voice) burst is shown in Figure F-13.
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 Figure F-13.  V/D (Voice) Burst Header Segment

 

 F.3.1.3 Message IDF.3.1.1 Message IDF.3.1.1.....................................Message IDF.3.1.1
Message ID.  This field is used to identify V/D bursts. The coding of this field is shown

below.

 
 Message ID

 
 V/D Burst Type

 
 000

 
 Uplink voice

 
 001

 
 Downlink voice: TS1

 
 010

 
 Downlink voice: TS2

 
 011

 
 Downlink voice: TS3

 
 100

 
 Uplink data

 
 101

 
 Downlink data

 
 110

 
 Spare

 
 111

 
 Spare

 

 F.3.1.2 EOM  F.3.1.2 EOMF.3.1.2 EOMF.3.1.2EOM.  This field is used to signal the last
burst in a voice or data message.  Binary 1 shall indicate the last burst.

 F.3.2 V/D (Data) Burst Header Segment F.3.2.....V/D (Data) Burst Header SegmentF.3.2
V/D (Data) Burst Header SegmentF.3.2V/D (Data) Burst Header Segment.  The Header

segment of the V/D (data) burst is shown in Figure F-14.

 



83

   

         
    
       

 
 
 

 
 first bit

transmitted

 
 Bit Number

 
 Octet No.

 
 1

 
 2

 
 3

 
 4

 
 5

 
 6

 
 7

 
 8

 
 1

 
 Message ID = 10X

 
 Ground Station Code

 
 Segment Number

 
 2

 
 Segment Number

 
 Spare

 
 EOM

 
 

 
 

 
 

 
 

 

 Figure F-14.  V/D (Data) Burst Header Segment

 

 F.3.2.1 Segment Number F.3.2.1 Segment NumberF.3.2.1Segment NumberF.3.2.1
Segment Number.  This field is used to allow the receiver to reassemble the segments of

the V/D (data) burst sequence into a DPDU for transfer to the DLS sublayer.
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 Appendix G - Random Number Generation Algorithm

 

 
 Note.   Certain functions of the radio system related to RA require the generation of a “random” integer.
For instance, in all configurations, the radio normally must choose which downlink M burst to use for a
reservation request.
 
 To ensure that different radios generate different integer numbers, the algorithm for generating random
numbers shall be based on the unique 24 bit ICAO address.
 
 The algorithm shall generate a new 12-bit number at each access as follows.  First, the 24 bit address shall
be broken into 2 12-bit pieces, A(0) and A(1), where A(0) and A(1) represent the least and most significant
pieces, respectively, i.e., ICAO address = 4096*A(1) + A(0).
 
 The Nth pseudorandom number shall be based on the (N-1)th pseudorandom number and one of the two
pieces of the ICAO address (A(0) or A(1)) according to the equation
 

 NRND(N) = (4001 * NRND (N-1) + A(N mod 2)) mod 4096.
 
 Note 1.— This ensures that two radios will never choose the same pseudorandom number repeatedly.  In
this equation, 4001 is a prime number less than 4096.
 
 Note 2.— This pseudorandom number can be used to generate any other pseudorandom number with fewer
than 12 bits.  For instance, to generate an integer between 0 and 6 (which might be needed for a 3T
reservation request), choose
 

 m = INT ((7 * NRND (N))/4096).
 
 Note 3.— This process yields an integer that is more or less evenly distributed.
 

 - - - - - - - -
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 Appendix H - Random Access Downlink M Burst Selection Algorithms for Airborne Radio

 The generic process for selecting an appropriate random access downlink M burst to transmit a Net Entry
Request (E), a Reservation Request (R), and a Leaving Net (L) type messages shall be as described below.
The process for selecting an appropriate downlink M burst for subsequent retransmission of a Net Entry
message and a Reservation Request message shall also be as described below.
 
 
 Step 1.  Request for a RA downlink M burst arrives at MAC layer prior to LBACx in MAC cycle N.
 
 Initial Transmission and Retransmission
 
 Step 2.  Airborne radio shall choose a random integer, r, which obeys 0=r=Rn, using algorithm of Appendix
G.  Rn shall be a MAC Service System Parameter dependent on configuration and process type (n = E, R, or
L), i.e., RE for Net Entry, RR for Reservation Request, and RL for Leaving Net.
 
 Step 3. Airborne radio shall skip r available RA opportunities and transmit in the next available RA
downlink M burst, e.g., in LBACy in MAC cycle M.
 
 Step 4.  For Net Entry and Reservation Request, the airborne radio shall wait for up to w MAC cycles for
appropriate reply from the ground station until LBACy in MAC cycle M+w.  The parameter w shall be a
random integer evenly distributed between integers W1n and W2n, i.e., W1n=w=W2n.  W1n and W2n shall
be MAC Service System Parameters dependent on configuration and process type (n = E or R), i.e., W1E
and W2E for Net Entry and W1R and W2R for Reservation Request.  If a valid response is received on or
before LBACy in MAC cycle M+w the process shall be terminated.
 
 Retransmission
 
 Step 5.  If a valid response is not received by LBACy in MAC cycle M+w, where LBACy, M, and w are
defined in Step 4, the Net Entry or Reservation Request message shall be retransmitted by repeating the
above procedures beginning in Step 2.
 
 Note 1.— The available LBACs depend on process type (Net Entry, Reservation Request, or Leave Net) and
configuration.  LBACs scheduled for Poll Responses and downlink ACKs are removed from the lists.  For R
and L types the initial list includes all downlink M burst LBACs available to the relevant net.  For Net Entry
the initial list includes only those LBACs uniquely associated with the net to be entered.
 
 Note 2— Steps 4 and 5 are not applicable to Leaving Net since a Leaving Net message requires no reply.

 - - - - - - - -
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 Appendix J - CLNP Compression Definition Appendix J - CLNP Compression Definition Appendix J -
CLNP Compression Definition Appendix J - CLNP Compression Definition

 
 
 J.1 Compression Formatting J.1 Compression FormattingJ.1 Compression FormattingJ.1

Compression Formatting.  CLNP compression shall be performed for all ATN ISO8473 CLNP
packets received for transfer over the VDL Mode 3 system, unless the Network Support Capability
parameter indicates no compression for CLNP packets, in which case, this appendix does not apply.
 
 Note.  Figure J-1 illustrates an uncompressed ATN CLNP packet.
 

 Octet  Field
 1  Network Layer Protocol Identifier
 2  Header Length Indicator = 82
 3  Version
 4  Lifetime
 5  SP  MS  ER  Type
 6  Segment Length
 7  
 8  Header Checksum
 9  
 10  Destination Address Length = 20
 11  
 ...  Destination Address
 30  
 31  Source Address Length = 20
 32  
 ...  Source Address
 51  
 52  Data Unit Identifier
 53  
 54  Segment Offset
 55  (All Unix OS contain this field, even when zero)
 56  Total Length
 57  
 58  Priority Type
 59  Priority Length = 1
 60  Priority Value
 61  Security Type
 62  Security Length = 17
 ...  Security Values
 79  Security Values
 80  QOS Type
 81  QOS Length = 1
 82  QOS Value

 Figure  J-1.  ATN CLNP Packet
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 J.1.1 Compression Header DefinitionJ.1.1 Compression Header DefinitionJ.1.1Compression Header
DefinitionJ.1.1 Compression Header Definition.  Figure J-2 illustrates the CLNP header compression format
which shall be used.
 

 Bit  8  7  6  5  4  3  2  
 Octet 0  Payload  Compression

Type
 

  

 Octet 1  Q  Index Number   
  QOS  Priority   
  Security   
  S  E  M C  H  I  L  
  Lifetime (H)   
  Data Unit Identifier (I)   
    
  Segment Offset   
  (Present whenever I set)   
  Total Length (L)   
    
  Discard Reason (D - ER)   

 Octet n  (Error PDU only)   
 Octet

n+1
   

 ...  Options   
 Octet p    

 Figure  J-2.  Compressed CLNP Header Format
 
 Note.  The first byte, containing the payload and compression type, is sent for all network packet types
and strictly speaking is not part of the CLNP compressed header.  (Figure J-2 shows this byte as octet 0). As
this byte contains fields which depend on the compression state, it is convenient to represent them in Figure
J-2 and to define its meaning at the same time.
 
 There are 2 types of compressed packets.  A short packet header shall end with the Security field.  A short
packet shall contain the Payload, Compression Type, Q field, Index Number, QOS, Priority and Security
fields. A long packet header shall begin with the same information as the short packet, followed by a Bit
Field.  Settings in this Bit Field shall determine the presence of the remaining field types.  (For example,
when the I field is true (I = 1), the Data Unit Identifier is present.)  The remaining fields shall appear in the
order shown in Figure J-2.
 
 The compressed CLNP packet header fields shall be as defined in the following sections.
 
 J.1.1.1 Payload 4J.1.1.1 Payload4J.1.1.1 Payload4J.1.1.1 Payload.  Shall be as defined in Section 4.7.1,
Figure 4-1.
 
 J.1.1.2 Compression Type 4J.1.1.2 Compression Type4J.1.1.2 Compression Type4J.1.1.2 Compression
Type.  Shall be as defined in Figure J-3.
 

 S
 h
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 Lo
 ng
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 Bit  Meaning
 0000  TYPE_CLNP
 0001  TYPE_RESTART
 0010  TYPE_UNCOMPRESSED_CLNP
 0011  TYPE_COMPRESSED_CLNP_LONG_WITH_OPTIONS
 0100  TYPE_COMPRESSED_CLNP_LONG_NO_OPTIONS
 0101  TYPE_COMPRESSED_CLNP_SHORT
 0110  TYPE_MULTICAST
 0111  Reserved

 1000-1111  Reserved

 Figure  J-3.  Compression Field (Type-Specific Information Field) Definition
 for ISO8473 (Payload Field Value of 00012)
 
 
 J.1.1.3 Q4J.1.1.3 Q4J.1.1.3 Q4J.1.1.3 Q.  Shall indicate the presence of QOS
information.  If not set (Q=0), no QOS option shall be contained in the original packet.
 
 J.1.1.4 Index Number J.1.1.4 Index NumberJ.1.1.4 Index NumberJ.1.1.4 Index Number.  The Index
Number shall be changed for each NSAP pair.  The Index Number shall have a range of 0 to 127.  If there
are no index numbers left, an Index Number which has not been used for CT3 minutes (System Parameter)
shall be used (i.e., reassigned). If no reassignable indexes are available, the packet shall be sent as
uncompressed.
 
 J.1.1.5 QOS J.1.1.5 QOSJ.1.1.5 QOSJ.1.1.5 QOS.  The QOS field shall consist of the S/T, T/C,
E/T, E/C bits in the order listed.  The congestion experienced (CE) bit shall be sent in the C field (see Figure
J-4). Whenever the CE bit is set, only a long compression format shall be used.
 
 J.1.1.6 Priority J.1.1.6 PriorityJ.1.1.6 PriorityJ.1.1.6 Priority.  The Priority field shall be set to the low
order 4 bits of the priority option value of the ATN CLNP packet.  When the priority option is not present,
the Priority field shall be set to all 1s (Hex F).
 
 J.1.1.7 Security J.1.1.7 SecurityJ.1.1.7 SecurityJ.1.1.7 Security.  The Security field shall be subdivided
into two fields and shall indicate the security parameter of an ATN CLNP packet: the traffic type security
tag, consisting of the 5 high order bits and the security classification tag, consisting of the low order 3 bits.
If no security option is present (or only one security value is present), the missing field(s) shall be coded as
zero.
 
 J.1.1.8 Bit Field J.1.1.8 Bit FieldJ.1.1.8 Bit FieldJ.1.1.8 Bit Field.  The Bit Field, as well as the Q bit of
Section 1.1.3 of this Appendix, shall be as defined in Figure J-4.
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 Bit  Meaning (Present == 1)
 Q  QOS Options Present
 S  Copy of SP flag
 E  Compliment of CLNP ER flag
 M  MS bit of CLNP Header
 C   Congestion Bit (from QOS Option)
 H  Lifetime Field present (Hop Count)
 I  Data Unit Identifier Present
 L  Total Length field present
 D  Type of PDU (Error  = 1, Data  = 0)

 Figure  J-4.  Bit Field Definitions
 
 
 J.1.1.9 Lifetime J.1.1.9 LifetimeJ.1.1.9 LifetimeJ.1.1.9 Lifetime.  The Lifetime field shall not be sent if its
value for downlinks is greater than hexadecimal 1c; or for uplinks its value is greater than 5.
 
 J.1.1.10 Data Unit Identifier(DUI) 4J.1.1.10 Data Unit Identifier4J.1.1.10 Data Unit
Identifier4J.1.1.10Data Unit Identifier.  The Data Unit Identifier shall always be sent for segmented packets.  Its
presence shall indicate that the compressed packet represents a segmented packet.  The presence of DUI
field is indicated by the I bit.
 
 J.1.1.11 Segment Offset 4J.1.1.11 Segment Offset4J.1.1.11 Segment Offset4J.1.1.11 Segment Offset.  The
Segment Offset shall be sent whenever the DUI field is present.
 
 J.1.1.12 Total Length 4J.1.1.12 Total Length4J.1.1.12 Total Length4J.1.1.12 Total Length.  The Total
Length field shall be sent whenever a new DUI is set, i.e., for each new fragment.  On subsequent fragments
for the same DUI the field need not be sent.
 
 J.1.1.13 Discard ReasonJ.1.1.13 Discard ReasonJ.1.1.13 Discard ReasonJ.1.1.13 Discard Reason.  If the
packet is an error PDU (D = 1), the Discard Reason in the error PDU shall be copied into this location.
 
 J.1.1.14 Options J.1.1.14 OptionsJ.1.1.14 OptionsJ.1.1.14 Options.  Any remaining options after the QOS,
Priority, and Security options have been removed shall be appended in this location.
 
 Note.  Two types of long packets are used to signal the decompressor to process the options fields.
Otherwise, the options would be interpreted as user data.
 
 
 J.1.2 Compression Field Values J.1.2 Compression Field ValueJ.1.2 Compression Field ValueJ.1.2

Compression Field Value.  Figure J-3 defines the compression field values of the Type-Specific
Information subfield of Figure 4-1 when the payload is an ISO8473 CLNP packet.  The use of this field
shall be as defined in the sections on compression and decompression rules.
 
 
 J.1.2.1 Multicast Packets J.1.2.1 Multicast PacketsJ.1.2.1 Multicast PacketsJ.1.2.1 Multicast Packets.  The
TYPE_MULTICAST shall be a short compressed packet.  NSAPs may be predefined or dynamically
defined when using multicast packets. Predefined NSAPs shall be determined using the index number of the
compressed short packet.  When operating in multicast mode using predefined packet types, the
TYPE_UNCOMPRESSED_CLNP packet shall never be used, as the index to NSAP cross-reference is
already known.  When using dynamically defined NSAPs for multicast packets a
TYPE_UNCOMPRESSED_CLNP initialization packet with the multicast NSAPs shall be sent.
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 Note.  An example of the use of TYPE_MULTICAST is a weather broadcast having a destination NSAP
which indicates all hosts who want weather information, and a source NSAP indicating that the data
originates from a CAA weather processor.
 
 J.1.2.2 Uncompressed CLNP Packets J.1.2.2 Uncompressed CLNP PacketsJ.1.2.2Uncompressed CLNP
PacketsJ.1.2.2 Uncompressed CLNP Packets.  A type TYPE_UNCOMPRESSED_CLNP packet shall be the
original CLNP packet sent with the first byte replaced by the index number assigned to this CLNP packet.
 
 
 J.2 Compression Rules J.2 Compression RulesJ.2 Compression RulesJ.2 Compression Rules
 
 Note.  The following compression and decompression rules are for both the air and ground VDL Mode 3
equipment.  It is assumed that both require broadcast compression (although the usefulness of aircraft VDL
Mode 3 broadcasting has yet to be determined).
 

• If the CLNP version field is not 1, the packet shall be sent as TYPE_CLNP.
• If the CLNP packet is of any type other than Data or Error, the packet shall be sent as

TYPE_CLNP.
• If the security option is not coded as specified for ATN traffic, the CLNP packet shall be sent as

TYPE_CLNP.
• If the priority option is present with a value greater than 14, the CLNP packet shall be sent as

TYPE_CLNP.

 Note.  It has now been determined that this packet is suitable for compression.
• If the NSAP pair has not been associated with an index number, the CLNP packet shall be sent as

TYPE_UNCOMPRESSED_CLNP.

• If the link is simplex, the packet is not TYPE_MULTICAST, and the last CT1 (System
Parameter) packets for this index/pair association have been sent as compressed type, or CT2
(system parameter) seconds have passed since the last packet with this index number has been
sent, the packet shall be sent as TYPE_UNCOMPRESSED_CLNP.

• If the CLNP packet SP bit is zero, or the Segment Offset value is zero and the Total Length
equals to the Segment length, the lifetime field has a value of greater than hexadecimal 1c on
downlinks or is less than 5 on uplinks, the CE bit is not set, the packet type is DT, the ER bit is
non-zero, and no options are present other than security, QOS, Security, or Priority, the packet
shall be sent as TYPE_COMPRESSED_SHORT.

 Note.  Many CLNP installations include the segment information fields even when the packet is
unsegmented. It is thus necessary to check for this condition. The reconstructed packet will not
include these fields

 Note.  At this point, the packet compression type must be long.

• If a CLNP option is present which is not QOS, security, priority, or padding, the packet shall be
sent as TYPE_COMPRESSED_CLNP_LONG_WITH_OPTIONS.

• Otherwise the packet shall be sent as TYPE_COMPRESSED_CLNP_LONG_NO_OPTIONS

• For the compressed long packets, the Lifetime field shall be included when its value is greater
than 5, or less than hexadecimal 1d.  The DUI and Segment Offset fields shall be included when
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the packet is segmented.  The Total Length field shall be included if this is the first time this DUI
is being compressed.  The Options fields that are not QOS, priority, security, or padding shall be
included unmodified.  The C, M, and S fields shall be set to the corresponding values of the CE,
MS and SP values in the original packet. The E fields shall be set to the reverse (compliment) of
the ER value. The Discard Reason field shall be set if the packet is an Error PDU.

 J.3 Decompression RulesJ.3Decompression RulesJ.3 Decompression RulesJ.3 Decompression Rules

• Upon receipt of a TYPE_UNCOMPRESSED_CLNP packet, the index number and NSAP
information shall be recorded. The Network Layer Protocol ID shall be restored.

• Upon receipt of a TYPE_COMPRESSED_CLNP packet (long or short), if the index number is
not associated with an NSAP pair and the link is duplex, a restart of the remote compressor shall
be signaled by setting the payload field to TYPE_RESTART.  When this occurs, subsequent
fields need not be sent if no data is available for transfer,  The lack of subsequent fields shall be
determined by the link layer length of 1 byte.  If the link is simplex, then all packets with the
undefined index shall be discarded, until a packet refresh is sent.  Optionally, the packets can be
held until the refresh and then decompressed.

• Upon receipt of a TYPE_COMPRESSED packet (Long or Short), the Protocol Field shall be set
to 81.

• If the packet is of TYPE_COMPRESSED_SHORT or TYPE_MULTICAST, or the H bit is not
true, the Lifetime field shall be set to hexadecimal 1d on the ground, 5 in the air; Otherwise, the
Lifetime field shall be set to that contained in the compressed header.

• The ER bit shall be set to non-zero and the MS and SP bits to zero for the
TYPE_COMPRESSED_SHORT packet.  Otherwise, the MS and SP flags shall be set as
indicated in the M and S bits, and the ER bit shall be set to the compliment of the E bit value.

• The Type field shall be set to DT for packets of TYPE_COMPRESSED_SHORT or
TYPE_MULTICAST.  Otherwise, the D field shall be checked to determine the Type field value.

• The Segment Length shall be set to that determined by the link layer.

• The checksum shall be recalculated once the header has been reconstructed.

• The NSAP fields shall be set to those as previously recorded for the index value.

• If the packet is of TYPE_COMPRESSED_SHORT or TYPE_MULTICAST, or the I field is not
true, then the DUI, Segment Offset and Total Length fields shall not be present.  Otherwise, the
DUI and Segment Offset field shall be set to that sent and if the Total Length field is present, its
value shall be recorded for use in future packets having the same Index/DUI pair.

• If the Total Length field is not sent, it shall be set to that recorded for this Index/DUI pair.  If
there is no stored value then all segments with this DUI shall be discarded.  Optionally a refresh
packet may be requested.

• If the Q bit is set, the QOS options field shall be reconstructed using the information in the QOS
field and the CE bit.
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• If the security byte is non-zero the security options field shall be reconstructed based on the
information provided.

• If the priority nibble is not equal to Hex F,  the priority option shall be reconstructed based on the
information provided.

• It is permissible to add padding fields within the options section for byte alignment purposes
when reconstructing the packet.

J.4 Compression System ParametersJ.4 Compression System ParametersJ.4 Compression System
ParametersJ.4 Compression System Parameters.  The parameters used by the CLNP compression shall be as
listed in Figure J-5.  The CLNP compression parameters shall be determined by GNI transfer to the aircraft
VDL Mode 3 system using the Network Initialization XID parameter in a CTRL frame, if the default values
are not to be used.  These parameters shall be transferred using the Network Initialization parameter of
Section 3.7.3.3.4.1.3.  These parameters shall take the place of the subparameter ID, length, and value fields
defined in Table 3-66a, with the Network Type field indicating hexadecimal 01.

Symbol Parameter Name Minimum Maximum Mode 3
Default

Increment

CT1 Multicast Packet Period 1 255 5 1 packet

CT2 Multicast Refresh Timer 1 32000 180 1 second

CT3 Index Idle Timer 1 32000 20 1 minute

Figure  J-5.  CLNP Compression System Parameters

J.4.1 CT1 (Multicast Packet Period) ParameterJ.4.1 CT1 (Multicast Packet Period) ParameterJ.4.1
CT1 (Multicast Packet Period) ParameterJ.4.1 CT1 (Multicast Packet Period) Parameter.  The

Multicast Packet Period defines the period whereby an uncompressed packet is sent to refresh the
compressor state for the receiving unit.  The XID format for CT1 shall be defined in Table J-1.

Table J-1 CT1 Parameter

Parameter ID 0  1  0  0       0  0  0  1 Multicast Packet Period

Parameter Length 0  0  0  0       0  0  0  1

Parameter Value v8 v7 v6 v5     v4 v3 v2 v1

J.4.2 CT2 (Multicast Refresh) TimerJ.4.2 CT2 (Multicast Refresh) TimerJ.4.2 CT2 (Multicast Refresh)
TimerJ.4.2 CT2 (Multicast Refresh) Timer.  The Multicast Refresh Timer sets an upper bound to the time
between transmission of uncompressed headers in case message traffic is light.  This ensures the receiver
can correlate the header with the compression index in a timely fashion.  The XID format for CT2 shall be
defined in Table J-2.

Table J-2 CT2 Timer
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Parameter ID 0    1   0    0       0   0   0   1 Multicast Refresh Timer

Parameter Length 0    0   0    0       0   0   1   0

Parameter Value v16 v15 v14 v13     v12 v11 v10 v9

v8  v7  v6   v5      v4  v3  v2  v1

J.4.3 CT3 (Index Idle) TimerJ.4.3 CT3 (Index Idle) TimerJ.4.3 CT3 (Index Idle) TimerJ.4.3
CT3 (Index Idle) Timer.  The Index Idle Timer places an upper bound on how long the compressor

should wait before recovering an idle index.  An index is assumed idle if no message traffic has passed
using it before the CT3 timer expires.  The XID format for CT3 shall be defined in Table J-3.

Table J-3 CT3 Timer

Parameter ID 0    1   0    0       0   0    1   0 Index Idle Timer

Parameter Length 0    0   0    0       0   0    0   1

Parameter Value v16 v15 v14 v13     v12 v11 v10 v9

v8  v7  v6   v5      v4  v3  v2  v1
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ATTACHMENT Q

Vocoder Selection Criteria

Summary

This paper provides a proposal for selection criteria to determine a ranking order of the qualified vocoders to
determine which vocoder is considered to provide the best value for the aeronautical mobile
communications channel.
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Introduction:

Per ANC Paper 7352, the Aeronautical Mobile Communications Panel Working Group D has been directed
to forward all relevant data for all qualified vocoder submissions.  This paper develops criteria by which to
evaluate the vocoder test scores before the test data is ever examined. This paper provides the method by
which to select a single candidate.

Vocoder Evaluation:

The following guidance is provided for selection of the vocoder.  The selection of the vocoder must consider
performance, licensing and disclosure.  There are a number of steps proposed for the evaluation of the
candidate vocoders.

Step 1: Verify Minimum Requirements

All submitted vocoders are compared against an established set of minimum requirements, such as
compatible framing and end-end delay.  Only those vocoders that meet ALL minimum requirements are
considered further for evaluation.

The candidates will be evaluated against the objective requirements and AMCP will determine whether the
requirements are met.

Step 2: Evaluate Acceptability of Licensing and Disclosure

The ICAO legal bureau will evaluate disclosure statements and licensing proposals for their acceptability.
Those that are eventually considered unacceptable by ICAO will be rejected.

Step 3: Verify Acceptable Performance

In earlier vocoder testing, one vocoder underwent extensive testing via Diagnostic Rhyme Test
(DRT)/Diagnostic Acceptability Measure (DAM) testing as well as with controller and pilot listening
panels.  There were also flight tests conducted to evaluate the acceptability of low rate vocoders for use in
air traffic service (ATS) communications.  The controllers determined that the vocoder was minimally
acceptable for use in ATS communications.  This vocoder is being used as a baseline vocoder in this round
of testing.

To verify acceptable performance, all candidates must meet or exceed the score values of the baseline
vocoder less its standard error.

Step 4: Compare Voice Quality Performance

At this point, all remaining vocoders are considered acceptable for use in Aeronautical Mobile (Route)
Service.  The following is provided to allow down-selection of any surviving candidates to a single
preferred candidate.  If only one candidate is remaining, it should be the selected choice.

Test Cases:

According to the vocoder test plans, the following test environments are to be evaluated using DAM, DRT
and/or Mean Opinion Score testing:

Noise Type Level (dB/A) BER Data Rate (bps) Language
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1 Turbo Prop 89 10-3 4800 English
2 Jet 79 10-3 4800 English
3 Helo 93 10-3 4800 English
4 C-130 97 10-3 4800 English
5 Turbo Prop 89 2x10-2 4800 English
6 Jet 79 2x10-2 4800 English
7 Helo 93 2x10-2 4800 English
8 C-130 97 2x10-2 4800 English
9 Turbo Prop 89 10-3 4800 Japanese Accented English

10 Turbo Prop 89 10-3 4800 Spanish Accented English
11
12
13 Turbo Prop 89 10-3 4000 English
14 Turbo Prop 89 10-3 4800 Japanese
15 Jet 83* 10-3 4800 French
16 Jet 83* 10-3 4800 Finnish
17 Jet 83* 10-3 4800 Lithuanian
18 Jet 83* 10-3 4800 Danish
19 Jet 83* 10-3 4800 Czech
20 Jet 83* 10-3 4800 German
21 Jet 83* 10-3 4800 Italian
22 Jet 83* 10-3 4800 Spanish
23 Jet 83* 10-3 4800 Swedish
24 Jet 83* 10-3 4800 Greek

Table 1. Noise Conditions for voice quality testing

*The European Jet noise is 83 dB C.  The C weighting is not the appropriate filtering for voice
bandwidth testing, but was used since the C weighting would provide a worse case than the
appropriate A weighting, and insufficient time is available to regenerate the source tapes.

It is currently not planned to utilize the DRT in scoring accented English speech samples, test cases #9
and #10.  The DRT consists of rhyming words that differ only in their initial consonant with no
surrounding contextual information.  It has been observed in listening to the accented tapes provided
to date, that this test is difficult to perform on such samples, even prior to the speech sample has being
processed through a vocoder.  For this reason, only a DAM scoring of the accented English tapes is
planned.

In test case #13, the effective rate of the system will be 4000 bps. This will be accomplished utilizing
one of the following 2 methods: 1) by repeating one frame out of every six (this will reduce the bit rate
from 4800 to 4000); or 2) by slowing down the test fixture clock to which the candidate vocoder syncs.

Also, test case  #14, Japanese language, is to be evaluated by using tapes submitted from JCAB
(Japan Civil Aviation Bureau).   The WJHTC will process these tapes in the vocoder test bed and
return processed material to JCAB for evaluation.  The JCAB plans to develop Mean Opinion Scores
(MOS) for the vocoders.

For test cases #15-#24, EUROCONTROL is conducting MOS testing for 11 European native
languages.  The English language test case is considered redundant with test case #2 and will only be
used for reference and comparability between the FAA testing and EUROCONTROL testing.  The
WJHTC will process the source tapes through the candidate vocoders and return the tapes to
EUROCONTROL for evaluation.
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Translation of Scores to a Common Scale

For test cases #1-8 and #13, there will be generated both a DRT and DAM score.  There is an established
equation for combining these scores which has been used in numerous vocoder selections in the past (e.g.,
US Department of Defense selection of the CELP Federal Standard).  The U. S. Department of Defense
Voice Processor Consortium has conducted numerous vocoder selections for various low rate vocoder
algorithms for military standards.  Working with Dynastat, Inc., the developer of the DRT and DAM testing
methods, they have derived the following equation for computing a combined DRT/DAM score for
evaluation:

Combined = (DRT + .751 (DAM + 63.2)) / 2

It is recommended that ICAO use this equation to merge the DRT and DAM scores into a combined score
for each applicable test case.

The accented English tests will only generate a DAM score, which shall be used below.

The foreign language testing will generate Mean Opinion Scores.  These values range from 1 to 5 in judging
the acceptability of the voice quality.  The following equation is proposed to translate the MOS score into an
appropriate range for comparison with the other scores:

Score = x (MOS) + y (equation TBD)

It is recommended that ICAO use the above equation to translate the MOS scores for comparison with the
other DAM and Combined scores.

Selection Criteria

Based on the above table, there will be 22 total test cases.  Since two different methods are being tested for
the truncated 4000 bps mode, it is recommended that the higher combined score is used.  Since the desire is
for the best performing vocoder be included in the VDL standard, ICAO should be free to require the
specified method to be used.  Therefore, there is no reason to punish an algorithm for not working for one
method, but working quite well with another, and the highest scoring method should be used.

The composite score is generated by summing the weighted, translated scores of the various test cases for
each vocoder.

Composite = ΣSiNiLiRiEi ,

where Si - Score for test case i, i=1 to 24
Ni - Noise weighting
Li - Language weighting
Ri - Bit Rate weighting
Ei - Bit Error weighting

This will generate a composite score for each vocoder, which can be used to rank their voice quality
performance.  In general, there is a desire to place special emphasis on the worst-case conditions to ensure
that the vocoder provides the best available performance in the harshest environments of the ATC system.
In some cases, the weighting is placed more heavily upon these worst-case conditions.  This is viewed to be
beneficial, as all remaining candidates are assumed to be acceptable since they passed the previous step of
the process.  The following input is suggested for generating the weighting values:
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Background Noise

Turbo Prop Aircraft: 30%

Jet Aircraft: 30%

Helicopter: 20%

C-130 Prop Aircraft: 20%

Since most aircraft flying that use communications services are jet or turboprop, they are weighted more
than the less common Helicopter and Military propeller aircraft.  However, since the Helicopter and C-130
represent worst-case conditions, they are not reduced in weighting in direct relation to the number of aircraft
of these type flying each day, so that they may have impact on the composite scoring.

Language

English 25%

Spanish-accented English 25%

Japanese-accented English 25%

Worst Average Non-English 12.50%

2nd Worst Average Non-
English

  6.25%

Remaining Non-English   0.69% each*

*derived by dividing 6.25% by remaining 9 languages.  If test cases are added or removed,
this should be adjusted accordingly.

Since English is the language of international air traffic control, its scores account for 75% of the language
weighting.  Due to the safety implications of non-native-English speakers using English to communicate,
they receive equal weighting to the native speakers.  If additional English language scores are submitted, it
is recommended that the 75% allocated for English be evenly split among all submissions.

25% of the language weighting is allocated to the foreign language testing.  Of this, half of it is allocated to
the language, which yields the lowest scores from the remaining candidates.  This is determined by
averaging the scores of the vocoders for each language and ranking from worst to best.  The second worst
receives a quarter of the foreign language allotment (1/16) and the remaining languages evenly split the
remaining (1/16 divided by number of remaining languages).  There are currently 9 languages to split the
remaining 6.25% to 0.6944% each.  If additional language testing is submitted, this percentage should be
adjusted accordingly. If only two non-English language tests are available, the weighting will be equal at
12.5% for each. If only one non-English language test is available, the weighting will be equal to 25%.

Bit Rate Bit Errors

4800 bps: 50% 10-3 Random BER: 70%

4000 bps: 50% 2x10-2 Random BER: 30%
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Due to the cases where air-air relay occurs, such as Africa and South America and in mountainous regions,
the 4000bps mode should receive equal weighting to the 4800 bps mode.

Since the system is designed for 10-3 BER operation, it is more heavily weighted than the 2% BER case.
Flight tests have demonstrated that the system nominally operates in the 10-5 BER regime.  During
operations at the edge of coverage, when maneuvering, it is possible for the BER to dip into the 10-2 range.

It should be noted that the weighting of male versus female speaker is considered to be evenly weighted and
already averaged into the various DRT, DAM and MOS scores before weighting to determine the composite
score.

Composite Scoring

By multiplying together the various weightings for each test case, a weight can be generated.  Since not all
combinations of the test cases are being evaluated, the scores are normalized to provide that the sum of
weightings to generate the composite still sum to 100%.  By taking into account the categories of
background noise, language, bit rate and bit errors, proposed normalized weighting is as follows for the
translated and combined test scores:

Noise Type BER Data Rate (bps) Language Weighting*
1 Turbo Prop 10-3 4800 English 11.41%
2 Jet 10-3 4800 English 11.41%
3 Helo 10-3 4800 English 7.61%
4 C-130 10-3 4800 English 7.61%
5 Turbo Prop 2x10-2 4800 English 4.89%
6 Jet 2x10-2 4800 English 4.89%
7 Helo 2x10-2 4800 English 3.26%
8 C-130 2x10-2 4800 English 3.26%
9 Turbo Prop 10-3 4800 Japanese Accented English 11.41%

10 Turbo Prop 10-3 4800 Spanish Accented English 11.41%
13 Turbo Prop 10-3 4000 English 11.41%
14 Jet or T Prop 10-3 4800 Worst Average Non-English 5.71%
15 Jet or T Prop 10-3 4800 2nd Worst Average Non-

English
2.85%

16 Jet or T Prop 10-3 4800 Remaining Non-English 0.317%
17 Jet or T Prop 10-3 4800 Remaining Non-English 0.317%
18 Jet or T Prop 10-3 4800 Remaining Non-English 0.317%
19 Jet or T Prop 10-3 4800 Remaining Non-English 0.317%
20 Jet or T Prop 10-3 4800 Remaining Non-English 0.317%
21 Jet or T Prop 10-3 4800 Remaining Non-English 0.317%
22 Jet or T Prop 10-3 4800 Remaining Non-English 0.317%
23 Jet or T Prop 10-3 4800 Remaining Non-English 0.317%
24 Jet or T Prop 10-3 4800 Remaining Non-English 0.317%

*These weightings are computed by equation and rounded off for presentation.  The final
calculations will use the equations, which will add to 100%.

These percentages allow the combined scores to be averaged over the various test conditions to determine a
final ranking score for comparison.  Taking the combined scores, and multiplying by the percentages and
adding the result will generate a composite score for each vocoder.  These composite scores can then be
ranked to provide relative performance scores.

Step 5: Validate via Flight Testing
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All vocoders that qualify in Step 3 will be flown in test aircraft to verify there are no special conditions that
have not been previously tested that cause unacceptable performance for the candidate.  If any such
conditions are found, the candidate is unacceptable for use in air traffic control and will be eliminated from
the selection process.

Step 6: Final Selection Process

If multiple candidates are acceptable, the higher ranked vocoder on the performance scale should be selected
unless the composite scores vary by only a small amount.  A 5% score variation in the top scoring
candidates could be considered small considering the standard deviations associated with the scoring
methods.  At this point, the costing of the licensing proposals could be considered.  In case economic
aspects are to be considered as a part of the selection process, the following material is offered as providing
guidelines along which such selection could take place:

If the higher-ranking candidate offers a cheaper solution, it should be selected.  If the second place solution
is significantly cheaper, it should be selected.  The following paragraph provides a proposed method to
combine the scores.  If there is greater than a 20% difference in costing, then the second place score could
be considered the better value for selection.

The licensing proposals can be ranked based on cost for a set combination of manufacturers and licenses.
Due to the difficulty in determining how many manufacturers and licenses will be required, an
approximation is made for evaluation purposes.  The following is one such approximation:

Manufacturer
s

Licenses

1 100,000
1 60,000
2 40,000
4 20,000

10 10,000

This suggested combination provides for a total of 420,000 licenses with a variety of licensees using a
differing quantities of the vocoder.  Ground system manufacturers will likely utilize significant quantities of
vocoder licenses, hence the few large values.  The total number of manufacturers that are likely to be
interested in providing air/ground radio communication equipment is estimated to be in the range proposed.
This combination provides for the combination of large manufacturers and a significant quantity of smaller
manufacturers.



1

THE END
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