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Agenda Item 8: Develop material on very high frequency (VHF) data link (VDL)

8.1 INTRODUCTION

8.1.1 During 1992, WG-C of the Aeronautical Mobile Communications Panel (AMCP) worked
along the lines of the work programme approved by AMCP/1, mainly focusing on the following tasks:

a) format and compilation of the International Organization for Standardization (ISO) layer
table;

b) discussion and documentation of the technical issues, decisions about possible
alternatives, identification of the technical issues still outstanding and subsequent
assignment of tasks;

c) compilation and revision of the draft VHF digital link (VDL) Standards and
Recommended Practices (SARPs), including outline and assignment of further tasks for
compilation:

d) system implementation issues;

e) consideration of system capabilities and their potential to meet operational requirements;

f) development of a validation programme including:

1) theoretical verification of compliance with operational requirements,
interoperability, over-all system control, compatibility with other data links and
ATN architecture;

2) simulation activities;

3) development and pre-operational trials; and

4) monitoring the validation activity to ensure the absence of gaps and avoid
unnecessary duplication;

g) identification of the questions to be submitted to AMCP/2; and

h) preliminary outline of guidance material, priorities for compilation and assignment of
tasks.

8.2 TECHNICAL ISSUES

8.2.1 A number of most relevant technical issues had been identified by AMCP/1.  The result of one
year of activity by WG-C is summarized in the following subparagraphs.
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8.2.2 Access technique

8.2.2.1 Carrier sense multiple access (CSMA) technique was selected by WG-C for the draft VDL SARPs.
A P-persistent CSMA approach was chosen to minimize the risk of message collision in a random accessed
transmission channel.  Other alternatives (e.g. time division multiple access (TDMA)) had been considered by
the working group, but it was stressed that, among the possible technical evolutionary paths, WG-C, in
choosing the CSMA technique, had opted for the solution allowing an operational system in the shortest
possible time, with the minimum effort (financial and technical) required, taking advantage of the work already
being carried out in the industry.  While this was in line with AMCP/1 decisions, taking the so-called aviation
VHF packet communications (AVPAC) system as a basic reference, it was stated by the rapporteur of WG-C
that any different alternative approach would have an impact on the time schedule, as well as development and
equipment costs.

8.2.2.2 A slightly different approach had been taken by the RTCA SC-172 (ref. AMCP/2-WP/43), whose
WG-1 is presently considering, among the longer term potential improvements for the VHF aeronautical mobile
system, digital voice-only, CSMA, or mixed TDMA/CSMA alternatives.  A highly desirable feature identified
by RTCA SC-172 WG-1 is the capability to provide functionally simultaneous access to both voice and data
link on the same radio frequency (RF) channel.  This could allow one avionics unit to provide real-time access
to both air traffic services (ATS) voice and data link.  A final report from SC-172 WG-1 is expected in late
1993.

8.2.2.3 The RTCA SC-172 WG-2 is developing a data link/digital communications system MASPS for a
system termed Digital VHF System (DVS), which is expected to have several modes of operation, including
a 10.5 kbaud (21 kbits/s) CSMA mode and possibly a 16 kbaud (32 kbits/s) TDMA mode.  The Airlines
Electronic Engineering Committee (AEEC) AVPAC is being used as the basis for the aeronautical
telecommunication network (ATN) compatible packet mode data link protocols, and the AEEC VHF data radio
(VDR) is being used as the basis for the design of the lower layers of the open systems interconnection (OSI)
model (for the CSMA mode).  The work of WG-2 is reaching a level of maturity, and will be provided as an
input to the AMCP WG-C activity during 1993.

8.2.2.4 The meeting reviewed a paper proposing a future VHF airborne multi-mode radio which would
provide:

a) both digital and analogue functions within the same radio;

b) a capability of operating with 12.5 and 25 kHz channel spacing in order to implement
a reduced channel spacing, with minimum impact on the ICAO regions outside Europe;
and

c) the possibility of modular expansion, by addition of printed circuit cards within the
radio, towards future digital techniques.

The expected cost of such a radio was stated by the expert from France to be comparable with the VDR
currently under development.  This proposal had also been submitted to RTCA SC-172 for consideration.
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8.2.2.5 During the following discussion a number of points were raised, for instance:

a) the absence of clearly stated VDL operational requirements (the operational
requirements developed so far by the Automatic Dependent Surveillance Panel (ADSP)
did not assume a particular subnetwork technology);

b) it is considered unlikely however, that the CSMA technique could satisfy the entire range
of possible ATS operational requirements (certainly it does not permit transmission of
voice in real time), while in addition it was not yet clear if alternative techniques (e.g.
TDMA) could do so; and

c) in any case, the present VHF radio-telephony system does not provide immediate access
to pilots and air traffic controllers, while instead it is a sort of "manual" CSMA, because
the humans start to speak only when they listen and note the channel to be silent (except
for emergency and distress situations, in a way similar to the invocation of priorities
within the ATN).

8.2.2.6 The panel therefore encouraged RTCA, States and any other organization in a position to do so, to
continue their work and make the results available to WG-C during 1993.  On the other hand the panel, for the
time being, encouraged WG-C to continue the standardization effort based on the CSMA technique, since this
was felt to be in line with the Recommendations of the Tenth Air Navigation Conference, calling for an early
use of mobile data links, as well as for an orderly and phased evolutionary implementation of any future
system.

8.2.3 Operational requirements

8.2.3.1 With respect to operational requirements, the following main considerations were submitted by WG-C:

a) a comprehensive set of operational requirements for VDL was not made available to
AMCP WG-C;

b) the WG drafted a set of "design guidelines" to be used as an interface control document,
in the absence of the above mentioned operational requirements; and

c) the data transmission supported by the VDL, as described in the draft SARPs, is
consistent with the ICAO communications, navigation, and surveillance/air traffic
management (CNS/ATM) systems concept endorsed by the Tenth Air Navigation
Conference, since VDL is one of the three interoperable mobile subnetworks of the
ATN, while the necessary direct voice communications between the pilot and the
controller will be supported by satellites or VHF voice.

8.2.3.2 The meeting discussed the VDL design guidelines, as presented in the following paragraph 8.4, and
observed that, while the draft design guidelines were to be considered a living document and not a standard,
the VDL system envisaged, although unable to support in isolation the entire range of ATS mobile
communications requirements, may satisfy, in a timely fashion, such applications as aeronautical en-route
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information service (AEIS), automatic terminal information service (ATIS), pre-departure clearance (PDC),
weather information dissemination and other operational applications not time critical.

8.2.4 Voice communications

8.2.4.1 Voice communications were not supported by the VDL draft SARPs being developed by WG-C.  Some
provisions for inclusion of TDMA at a later date, which could allow real-time transmission of digitized voice
were, however, included.

8.2.4.2 While it was considered necessary to carefully assess whether the said provisions were sufficient for
the aim, the panel concluded that this was in line with the evolutionary approach discussed in the previous
paragraph 8.2.2.  Several members noted that it may be a better approach to present the specifications as a
manual until detailed ATS requirements are developed, which would then be documented in SARPs.

8.2.5 Channel spacing

8.2.5.1 The VDL draft SARPs submitted by WG-C assumed the use of the presently allocated VHF
aeronautical band, with 25 kHz channel spacing, mainly for two reasons:

a) this will allow an early introduction of the VDL, without requiring either a change of the
present regulations or a retrofit of the existing airborne radios; and

b) in the data link environment, a relationship exists between the channel band width and
the channel data rate; therefore, the benefit of a reduced channel spacing on the volume
of information transmitted per unit of time, was not evident at the present time.

8.2.5.2 A reduction in channel spacing would, however, have little impact on the text of the VDL draft SARPs,
and therefore the meeting concluded that this could be considered at a later date, depending on the progress of
WG-B activity.

8.2.6 Message priority

8.2.6.1 The panel was informed that the VDL subnetwork is not being designed to manage message priority
at the VDL subnetwork level.  Priorities could therefore be managed at the internetwork and transport layers
of the ATN.  However, additional study on this item may be needed.

8.2.7 Modulation schemes

8.2.7.1 Two modulation schemes had been selected by WG-C, as discussed in the subsequent paragraph 8.3.9.
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8.3 QUESTIONS SUBMITTED BY WG-C TO AMCP/2

8.3.1 General

8.3.1.1 During discussion of the draft VDL SARPs, a number of questions requiring guidance from AMCP/2
had been identified by WG-C.  In particular, eight issues were listed in paragraph 4.2.2 of AMCP/2-WP/8.
The meeting discussed these issues, as well as the DTE-DCE interface, as presented in the following
subparagraphs.

8.3.2 Communication channel loading

8.3.2.1 WG-C had observed that all the presently envisaged mobile data links are limited in capacity, in
comparison with ground digital networks capable of transmitting at the speed of several Mbit/s, mainly because
of the limited availability of electromagnetic spectrum.  Therefore WG-C had considered it very important that
efforts be made, not only to adopt efficient modulation techniques, but also to minimize the amount of
transmitted bits to convey information.

8.3.2.2 The latter can, for instance, be pursued at least by adopting one or more of the following measures:

a) reduction of the protocol "overhead", e.g. for periodic reporting;

b) translation of the standard air traffic control (ATC) (and ADS) messages, from
"character" oriented format, to "bit" oriented data link application coding (DLAC) for
compress coding;

c) reduction of the probability of collision/retransmission of messages, adopting suitable
access techniques to the physical medium;

d) streamlining of the dialogues/transactions between end users; and

e) whenever possible using ground-ground links instead of mobile links.

8.3.2.3 It was understood by WG-C that items a) and b) are the subject of work within the Secondary
Surveillance Radar Improvements and Collision Avoidance Systems Panel (SICASP).

8.3.2.4 In order to cope with c) above, the working group had therefore chosen a P-persistent CSMA
technique.

8.3.2.5 It was understood by the working group that, with respect to items d) and e) above, beyond the work
currently in progress within the SICASP, the said items should be addressed in the ATM context.

8.3.2.6 The panel confirmed that work is in progress in the SICAS Panel (e.g. DLAC compressed coding),
while other panels could deal with such questions (e.g. Aeronautical Fixed Service (AFS) Systems Planning
for Data Interchange Panel (ASPP), ADSP), within their respective work programmes.  The panel, therefore,
shared the opinion of WG-C, and encouraged any effort to further analyze such a question, including the
quantization of the data throughput expected to be offered by any mobile or fixed subnetwork of the ATN.
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8.3.3 Operational requirements and system performance

8.3.3.1 WG-C had noted that in some cases the consideration of operational requirements in isolation might
be misleading, because it might well be that a requirement, stated to be an ultimate goal, could not be met by
any available technical means at a given time.  The panel shared this opinion, stressing that to improve
harmonization of the operational requirements and the technical specifications, work had already been carried
out by the SICASP, in the data link application requirements (DLAR) context.  No further work was therefore
required by WG-C, except to develop a clear statement of what could be achieved by the VDL, to be included
in the appropriate design guidelines.

8.3.4 Common signal channel

8.3.4.1 The need to designate a common world-wide signalling channel to allow the establishment of the data
link service anywhere in the world, without imposing the need to have long and complex frequency tables (to
be updated) on board the aircraft, was put forward by WG-C.  After discussion on the topic, the panel
concluded that further work on the subject is required within WG-C before any decision can be made by the
panel.

8.3.5 Reservation of channels for Mode 2

8.3.5.1 A portion of Amendment 69 to Annex 10, recently approved by the ANC, reserves the upper four
channels of the VHF aeronautical band (i.e. 136.900 MHz, .925, .950 and .975) for data link.  It was
considered inappropriate, at this point in time, to require reservation of those channels for any specific
modulation scheme, as for instance Mode 2 in the draft VDL SARPs.

8.3.6 Inclusion of primitives in the draft VDL SARPs

8.3.6.1 The panel encouraged WG-C to keep the VDL draft SARPs as short as possible, quoting only
deviations from ISO-approved standards, as well as detailing any necessary topic not sufficiently covered by
other international standards.  It was therefore accepted, in principle, that the draft VDL SARPs would not be
a "stand-alone" document, and for a complete understanding it will be necessary to refer to ISO standards,
clearly listed, including the version or publication date, in an Appendix to the SARPs.

8.3.7 Delegation of ground addresses

8.3.7.1 After having discussed the subject, which was raised by WG-C because of the request to have the
International Air Transport Association (IATA) administer a block of addresses reserved for ground stations,
the panel observed that:

a) administration of addresses rests within ICAO, which, however, could, in future,
delegate the administration of some blocks; and

b) in any case ground stations need to be licensed by the State in whose territory they are
located, and the license should include the unique station identification.

Further study of the subject was deemed necessary within WG-C.
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8.3.8 Reservation of message control codes for TDMA

8.3.8.1 Some possible access technique alternatives had already been discussed under Agenda Item 7, as well
as under the present agenda item (reference paragraph 8.2.2 above).  The panel therefore accepted that, for the
time being, provision for possible future inclusion of TDMA in the VDL system was sufficient in the draft
VDL SARPs.  The panel therefore agreed that message control codes be reserved for TDMA, and invited
WG-C to pay due attention to the question, in order to include in the said draft VDL SARPs any other
provision which might be necessary in order to allow inclusion of TDMA at a later stage.

8.3.9 Modulation schemes

8.3.9.1 Two modulation schemes were included into the draft VDL SARPs, i.e.:

a) Mode 1 (MSK) allowing a channel rate of 2,400 bits/s; and

b) Mode 2 (OQAM) allowing a channel rate of 21,000 bits/s (4-OQAM) or 42,000 bits/s
(16-OQAM).

8.3.9.2 The reason for this was that Mode 1 is downward compatible with existing airborne VHF radio, and
will not exclude the aircraft so equipped from the VDL service, provided that they meet the provisions in
Section 2 of the SARPs. The Mode 2 modulation scheme is much more spectrum efficient, in fact allowing a
much higher data rate in the same channel bandwidth, but requires a different airborne VHF radio.  Mode 2
should therefore be adopted for the future airborne VDL equipment.  

8.3.9.3 Some experts thought that Mode 1 could be deleted from the draft VDL SARPs, in order to encourage
the evolution towards a better system in terms of spectrum efficiency (i.e. Mode 2), and because the low data
rate of MODE 1 would support few ATS applications.  The panel, however, considered that, at least for the
time being, both modulation schemes should be included in the draft VDL SARPs, as proposed by WG-C,
mainly because:

a) this is in line with the recommendations of the Tenth Air Navigation Conference, which
propose "early" introduction of the data links;

b) Mode 1 is compatible with existing airborne radios;

c) Mode 1 could be seen as a building block for VDL, allowing some non-time critical
applications (e.g ATIS, PDC, meteorological information for aircraft in flight
(VOLMET), etc.)

d) Mode 1, although using existing radios, will be a bit-oriented system, different from
aircraft communications addressing and reporting system (ACARS), and is able to be
a subnetwork of the ATN.
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8.3.10 DTE-DCE interface

8.3.10.1 The relationship between the DTE (data terminal equipment in the OSI terminology) and the
DCE (data circuit-terminating equipment) based on the ISO 8208 protocol, had been discussed at length by
WG-C.  The issue was the optimal location of the DCE interfacing with the avionics:  i.e. either on the ground
or airborne.  In the opinion of some, this was a design issue, not a standardization issue.  After lengthy
discussion, the panel could not reach a common conclusion, but agreed that any responsibility for the over-all
ATN architecture rests presently within the SICAS Panel.  While some guidance was expected by SICASP/5,
the panel invited WG-C to further analyze the subject and, where appropriate, submit a comprehensive report
to AMCP/3.  The observer from ARINC stated a willingness to contribute to the said report by providing data
obtained from computer simulations, in order to compare alternative architectures.

8.4 VDL DESIGN GUIDELINES

8.4.1 The VDL system would be used for both aeronautical operational control (AOC) and ATS
functions, although specific operational requirements had not been developed.  In the absence of operational
requirements, WG-C had drafted a set of VDL design guidelines to be used as:

a) a baseline document for the VDL system design; and

b) an interface control document to other working groups and panels.

The guidelines contain definitions as far as necessary, requirements and recommendations, together with their
rationale, as well as notes or remarks where appropriate.  WG-C stressed that the document was to be
considered a living document, intended to assist other working groups and panels to assess the suitability of
the draft VDL SARPs, without the need to initially study the draft SARPs themselves.

8.4.2 In defining the design guidelines and the subsequent VDL draft SARPs, WG-C had chosen
the minimum time and effort evolutionary path, in order to allow early implementation of the VDL.  This
approach was, however, in line with items n) and q) of the work programme approved for the AMCP by the
ANC, since in the absence of stated requirements a set of guidelines had been defined and since the envisaged
VDL system was considered one of the constituent subnetworks of the ATN.

8.4.3 The draft design guidelines provided at Appendix A, were, however, for internal use by the
AMCP and other panels, and are not intended, for the time being, to be submitted for ICAO approval or
publication.

8.4.4 In addition, the panel encouraged WG-C to add a definition of the VDL operational concept
to the VDL design guidelines.
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8.5 DRAFT VDL SARPS

8.5.1 Version 4.0 of the draft VDL SARPs was submitted for information to the AMCP/2
(AMCP/2-WP/10), with the understanding that the document was still under active consideration by WG-C.
A number of proposals for change were presented to the panel, namely by AMCP/2-WPs/17, 18 and 19.

8.5.2 Several members suggested that the VDL specifications be published as an ICAO manual until
detailed ATS requirements are developed.  The panel agreed that a decision on this matter should be deferred
to the next panel meeting.

8.5.3 The panel, however, deemed that any detailed discussion should take place within WG-C,
looking forward to discussing a more consolidated version of the draft VDL SARPs during AMCP/3.

8.6 GUIDANCE MATERIAL

8.6.1 A very preliminary version of the guidance material for VDL was circulated to members of
WG-C.  The text was, however, considered not mature enough for submission to the panel.  The panel invited
WG-C to submit more mature guidance material to AMCP/3.

8.7 VALIDATION PROGRAMME

8.7.1 The validation programme for the draft VDL SARPs had been preliminarily discussed within
WG-C, on the basis of the document presented in Appendix B to the report on this agenda item.

8.7.2 In general the programme for validation included the following objectives:

a) user requirements;

b) feasibility;

c) self-consistency;

d) completeness;

e) unambiguity; and

f) consistency with related documents.

The main proposed activities were:

a) formal verification;

b) performance simulations; and
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c) practical tests.

8.7.3 The panel expressed the view that:

a) draft VDL SARPs should make reference to ISO Standards;

b) interoperability testing of various subnetworks should be part of the validation effort;

c) Appendix B to the present report is an excellent basis to start the work for the
preparation of a validation programme, which eventually will be used to monitor the
progress around the world, and highlight possible gaps or duplication of effort; and

d) since the ATN internetwork SARPs are not yet finalized, some difficulties may arise in
validating the interface with other subnetworks.

8.7.4 The panel therefore encouraged WG-C to progress the definition of the validation programme
and the monitoring of its progress, in order to report to AMCP/3 on this topic.

! ! ! ! ! ! ! !


