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Report of the fourth meeting of AMCP Working Group E
(HF data link)

Limerick, Ireland

7 - 17 July 1997

1. General.

1.1 The fourth meeting of AMCP Working Group E was held from 7 - 17 July 1997 in Limerick,
Ireland at the kind invitation from the Irish Aviation Authority. The rapporteur of the meeting was
Mr. L. Jónasson from Iceland.

1.2 The meeting was attended by 14 participants as listed in Appendix A.

1.3 The agenda was communicated by the rapporteur to the members of the working group on 19
March 1997.   The agenda was approved without modifications.  The agenda is contained in
Appendix B.

1.4 The list of working papers is in Appendix C.   With the exception of the report of the third
meeting of working Group E (February 1997, Colorado Springs, USA), the reports of the ad-hoc
meeting (Montreal, April 1997) and the first  Validation Sub-group Meeting (VSG), (Montreal,
Canada, April 1997) all working papers were submitted during the meeting.

1.5. The meeting was opened by Mr. T. O’Sullivan, Chief Engineer of the Irish Aviation Authority
who welcomed the meeting to Limerick.   In his opening remarks he stressed the need for completing
SARPS for HF Data Link for the benefit of aviation in general.

The meeting wished to put on record its deep appreciation to Mr. T. Burke and Mrs. D.
Fleming from the Irish Aviation Authority for the assistance and support to the work of the meeting.

2. Agenda item 1: Review of the results of WG-E/3.

2.1 The meeting reviewed the report of the third meeting of AMCP working group E, which was
held from 11 - 19 February 1997 in Colorado Springs, United States.

2.2 No comments were made with respect to the report.

3. Agenda item 2: Action items from WGE/3

3.1. The meeting reviewed the list of action items, contained in Appendix D to the report of the
third meeting of the working group.
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3.2 The updated list of action items and their status is contained in Appendix D.   This action item
list includes additional action items as agreed at WGE/4.

4. Agenda item 3: Review of the results of the ad-hoc WG Meeting  in April.

4.1 At the third meeting of WG-E, an ad-hoc group was formed which, prior to the fourth
meeting, would complete the review of the Part B SARPS, (the Appendix to the main SARPS,
containing detailed technical specifications).   The ad-hoc group would also review a revised version
of the implementation manual (Ref. Report AMCP E/3, Sections 7.8 and 8.1).

4.2 The meeting reviewed amendments proposed by the ad-hoc working group to the main
section of the SARPS.   The meeting noted that the review of the Appendix to the main SARPS
could not be completed by the ad-hoc group.   The meeting was further informed that no revision of
the implementation manual, as scheduled, was presented to the ad-hoc group.    No further work is
expected to be undertaken by this ad-hoc group.

4.2.1 The results of the review of the report of the ad-hoc group by the meeting is contained in
Appendix E, revised SARPS, main section, version 3.0.0, together with other changes as agreed
during the course of the meeting.  (See also Section 8 of this report).

5. Agenda item 4: Review of the results of the Validation Sub-Group meeting in
April.

5.1 At the third meeting, Working Group E agreed to the creation of the HF Data Link Validation
Sub-Group (VSG).   The first meeting of the VSG was held on 25 April 1997 in Montreal, Canada.
The VSG developed the Validation Cross Reference Index and a configuration control procedure for
the HFDL SARPS.   These were agreed by the meeting and are contained in Appendices H and I.
An outline of the HFDL SARPS validation report, also developed by the VSG, was agreed by the
meeting and is contained in Appendix J.

6. Agenda item 5: Results of tests and trials

6.1 Tests performed at Iceland Radio on adjacent channel interference from a ground-based
transmitter (data) into a ground-based (voice) receiver  at the same station indicated that no
interference was noted.   The meeting recognised that specific transmitter/receiver design as well as
site constraints could largely affect this situation.

6.2 Tests performed by Iceland Radio on the effect of HFDL co-channel interference into HF
voice channels indicated that the - current - 15dB D/U signal ratio adequately protects the reception
of HF voice signal.   A further reduction of the D/U signal ratio to 10dB, which could greatly reduce
the adjacent channel constraints (Air-Air mode), requires more work.   The initial results were
promising and further testing is expected to be presented to the working group in due course.
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6.3 ARINC indicated success with their testing of the transmission of actual HF data link
protocols using the HF medium, for initial testing and trials.  A test station in California is available
for the air testing.  In early 1998 initial operational capability will be demonstrated with station in
California and Hawaii.

7. Agenda Item 6: Frequency Management and ITU related activities

7.1 The meeting discussed the role of ICAO in the co-ordination of HF frequency assignments.  It
was pointed out that primarily the responsibility for the co-ordination of HF frequencies was through
the ITU and the relevant procedures contained in the ITU Radio Regulations and its Appendix 27 in
particular.  Only in the area of co-ordination of frequencies assignments for WW allotments (LDOC
frequencies, long distance operational control), ICAO is involved in an advisory capacity in
maintaining the ICAO/ITU co-ordinated list of WW frequency assignments.  However, the meeting
felt that ICAO should play a more participating role in the co-ordination for frequency assignments
for other frequency assignments.  The meeting also pointed out that individual States and the
International Aviation Community was to informally co-ordinate frequency plans with other States
and Regions.  This will greatly facilitate the ITU frequency co-ordination process.

7.1.1 The Secretary was requested to produce a paper describing the precise role and
responsibilities of ICAO, ITU and the Administrations in the co-ordination of frequency assignments
in the HF bands.  Using Appendix 27 as the tool to implement new HFDL assignments the Secretariat
will provide guidance on how the most efficient use of Appendix 27 can be made with the least
possible intervention from outside the Aviation Community.

7.2 The meeting further noted that further definition of the adjacent channel assignment
constraints need to be clearly documented.  In particular where adjacent channel constraints between
voice and data transmission are reduced or eliminated, the Secretary expressed the opinion that,
before such reduction could be applied in the ITU co-ordination procedure, further agreement needs
to be obtained in the ITU, most probably under the work of  ITU-R study group 8.  The Secretariat
will further investigate with ITU if such a procedure is required in order to make 1st adjacent channel
assignments to the same allotment area.

7.3 To date, ICAO’s involvement on the co-ordination of frequency assignments concentrates on
frequencies satisfying the requirements of the ICAO regional plans, although also other (national )
requirements for assignments for ATC purposes are co-ordinated by ICAO.  The meeting suggested
that ICAO should also get involved in a form of co-ordination of assignments for AOC applications.
The Secretary was requested to further check to what extent ICAO could assist in this co-ordination.
It is essential that ATC and AOC traffic in the AMS bands is protected in accordance with the
appropriate ITU regulations.  It was recognised that AOC messages are also related to the safety of
flight.

7.4 The meeting was further informed on ongoing simulation work on the selection of frequencies
for HF data link ensuring optional availability figures.  It was noted that  with an appropriate
geographical location of ground station and the availability of an appropriate spread over the
aeronautical band of frequency assignments to these stations, even with high sunspot conditions
(1999 - 2000) HF data link may reach availability figures of 99% at the higher frequencies of the
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available HF bands provided dynamic frequency management is involved.  During low sunspot
numbers typical propagation is on the somewhat lower frequency bands. It was noted that relevant
guidance of these (ideal) requirements need to be incorporated in the HFDL implementation manual.
the meeting was also informed that results of further work will be made available in due course.

7.5. The meeting was informed that the ICAO Frequency Management Study Group would also
look into this matter.

8. Agenda Item 7: Draft SARPS, Section A

8.1 The meeting reviewed in detail the amendments proposed by the ad-hoc working group
(April 1997) to this section of the SARPS.   Several modifications were made.   The complete set of
SARPS (main section) is contained in Appendix E.

8.2 A long discussion concentrated on the need to avoid pre-emption of high priority data by low
priority voice in relation to the general requirement to pre-empt data in favour of voice.  It was
agreed that operational measures could be taken to ensure that the appropriate priorities were
observed.
8.3. It was, in further discussion under agenda item 8, recognised that the receiver masks for  both
HF data link and HF voice need to be incorporated in Annex 10.   In particular, attention needs to be
paid to the protection of all HF SSB systems.

8.4. The meeting addressed the information provided on Quality of Service (QoS) requirements.
It was noted that this matter is also addressed in other ICAO bodies such as the ADSP and the
ATNP.   These activities include the QoS requirements for ATN subnetworks, such as HF data links.
Further developments on this subject need to be considered by the working group at its next meeting.

9. Agenda Item 8: Draft SARPs,  Section B

9.1. The meeting considered the result of the review of the detailed technical SARPs which are to
be appended to the main SARPs in Annex 10.  These draft SARPs are contained in appendix F to this
report. The meeting agreed that the material for Chapters 1 - 3 was for  85 - 95 per cent complete.
Chapter 4 still required the addition of a number of sections but it was expected that these could be
completed prior to the first meeting of the validation sub-group. This completion could result in
consequential additions to Chapters 3 and 5.  On the understanding that the missing elements could
be provided in a timely manner and be brought to the attention of the panel members, it was agreed
that the validation activities could be initiated. (See further the report on agenda item 10)

10. Agenda Item 9: Implementation Manual

10.1. The meeting reviewed and revised the draft implementation manual which is contained in
Appendix G to this report.  Completion of this manual is expected at the next meeting of the working
group or somewhat later.

11. Agenda Item 10: Validation of Draft SARPs
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11.1 The meeting, when considering the status of  the draft SARPs for HF data link concluded that
the material available to date was mature for submission to the formal validation process.  (See report
on Agenda Item 4 for the description of the validation progress).   It therefore requested the
Secretary to bring the relevant material to the attention of panel members with a view to inviting their
comments.  It was expected that, through a series of three meetings of the validation subgroup, draft
SARPs could be completed for presentation to the working group for final consideration. The
meeting noted with appreciation that ARINC will undertake the administrative work on the
configuration management
(See also the report on agenda item 4 and appendices H, I and J.)

11.2. The meeting was informed that ICAO will now start translating the SARPs in the various
languages of the Organisation.  The VSG needs therefore to submit agreed changes to the Secretariat
in order to keep the translation actual.

11.3. When considering the progress on the development of  SARPs the meeting was of the opinion
that the validation activities could be completed before the end of 1997.  The work of the VSG is
expected to involve significant effort by the participants and therefore three meetings of the VSG to
be scheduled as follows:

n 9 - 12   September
n 21 - 24 October
n 2 - 5 December.

On a preliminary basis, these meetings are scheduled to take place in Annapolis (US), Ottawa and
Washington DC.

12. Agenda Item 11: Future work

12.1 The next meeting of WG-E is scheduled from 19 - 30 January 1998.  It will take place in Rio
de Janeiro at the kind invitation from the panel member nominated by Brazil. At the request of one
participant the Secretary was invited to consider if the meeting could be delayed or advanced with
one week without adverse effects on the timely availability of the necessary material for a Working
Group of the Whole meeting which, in the absence of a full panel meeting, would finally study the
draft SARPs and decide on a recommendation for the adoption of the draft SARPs by ICAO.  The
next meeting is also scheduled to be the last meeting prior to the AMCP Working Group of the
Whole meeting.

12.2 Further work beyond the Working Group of the Whole meeting is expected in order to
complete the implementation manual and to review certain frequency management aspects.  For this
reason, on a preliminary basis, two further meetings of WG-E are expected necessary (probably both
in 1998) to complete the work on HF data link.  After  these meetings the WG is expected to be
dissolved.

12.3 The next meeting of working group E will address the following subjects:

Output of the Validation Sub Group
Frequency issues
Report to the panel
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Implementation manual
END

APPENDICES

APPENDIX A List of participants
APPENDIX B Agenda
APPENDIX C List of working papers
APPENDIX D List of action items
APPENDIX E Revised SARPs main section
APPENDIX F Revised SARPs appendix
APPENDIX G Revised implementation manuel
APPENDIX H Validation cross reference index
APPENDIX I Configuration control procedures
APPENDIX J HFDL SARPs validation report
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Appendix A

List of participants

Name Organization Phone Fax E-mail
Tom Burke Irish Aviation

Authority
+ 353 61 703701 353 61 472115 tos@iaa.ie

Angelo Canavitsas DEPV-Brazil + 5521 212 5583 + 5521 212 5692 canavitsas@openlink.com.br
Adrian Goodfellow Air Services

Australia
+ 616 2684713 + 6162685191 adrian.goodfellow@airservices.

gov.au
John Goodman TCI/BR +1-703-360-7127 jmgood@erols.com
Loftur E. Jónasson Post and

Telecom
Iceland

+ 354 550 6538 + 354 567 5230 loftur@simi.is

Rich Jones ARINC  US + 1 719 570 8665 + 1 719 571 2594 rjones@arinc.com
Richard L. Neat ARINC  US + 1 410 266 4143 + 1 410 266 2047 rln@arinc.com
Jerry Markey FAA + 1 202 267 9738
Gustavo Oliveira DEPV - Brazil + 5521 212 5263 + 5521 212 5267 gaolive@ibm.net
Rob Renoud ARINC  US + 1 410 266 2025 + 1 410 573 3026 rrenoud@arinc.com
Ricardo Senra DEPV - Brazil + 5521 212 5581 + 5521 212 5692
Dave Sim Transport

Canada
+ 1 613 998 9694 + 1 613 998 7416 simdave@tc.gc.ca

Terence B. Wendel FAA / US + 1 202 358 5318 + 1 202 358 5434 terence.wendel@faa.dot.gov
Robert Witzen ICAO + 1 514 954 6714 + 1 514 954 6759 rwitzen@icao.org
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Appendix B

Agenda

AMCP Working Group E
Fourth Meeting
7 - 17 July 1997
Limerick, Ireland

  1. Review of the results of WG-E/3

  2. Action items from WG-E/3

  3. Review of the results of the ad-hoc WG meeting in April

  4. Review of the results of the Validation Sub-Group meeting in April

  5. Results of tests and trials

  6. Frequency management and ITU related activities

  7. Draft SARPS Section A

  8. Draft SARPS Section B

  9. Implementation manual

10. Validation of draft SARPS

11. Future work
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Appendix C

List of working papers

Number Title Presented by
1 Adjacent Channel Interference at Iceland Radio Loftur E. Jonasson
2 ATN Requirements for HFDL Dave Sim
3 Proposed changes to HFDL SARPS David Miller
4 Proposed changes to the Appendix to the HFDL SARPS David Miller
5 Speculations on co-channel channel interference between HF

Voice and HF Data Link
Nielsen/Jonasson

6 Quality of Service (QOS) Tom Burke
7 HFDL RF Media Availability and Capacity Robert W. Renoud
8 HFDL Latency Robert W. Renoud
9 Transfer Delay Minimum Performance for the HFDL System Robert W. Renoud
10 Proposed changes to High Frequency Data Link Standards &

Recommended Practices (SARPS) Revision 1.92
ARINC

11 Proposed changes to the Appendix to the HFDL SARPS
Version 3.2

ARINC

12 HF Data Link SARPS - Attachment 1 to Appendix A - Signal
Unit Formats

Richard Jones

13 HF Data Link SARPS - Attachment 2 to Appendix A - Signal
Unit Field Coding and Designation

Richard Jones

14 Quality of Service (QOS) Dave Sim
15 Report WG-E/3 Rapporteur
16 Minutes of the AMCP WG-E  (HF Data Link) ad-hoc

Working Group meeting in Montreal Canada 22 - 24 April
1997

Rapporteur

17 Minutes of the AMCP WG-E (HF Data Link)Validation Sub-
group Meeting in Montreal Canada 25 April 1997

Raporteur

18 HFDL Radio Frequency Assignment Process Dick Neat
19 Solar Activity and the Performance of HD Data Link

Communications
John M. Goodman

20 Replacement of ARINC 741 with AMSS References Terence Wendel
21 Frequency Re-use Terence Wendel
22 CRC and Other Error Mechanisms Terence Wendel
23 AC120-COM Terence Wendel
24 Phased transition of HF SSB to HFDL Terence Wendel
25 Suppression of Automatic HFDL transmissions at Airports Terence Wendel
26 Needs for HFDL Networking Requirement Terence Wendel
27 A preliminary report of the HFDL Availability Calculations John Goodman

HF SARPS Version 2.00
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Appendix D

List of action items

Action item by completion date Status
1.   Develop adjacent channel protection
requirements for interference from HFDL
into HF voice and vice versa

A. Malaga; L. Jónasson;
R. Neat; L. James and
N. Earnhardt

O

2.   Frequency re-use at 8 hours time
difference and polar regions in
implementation manual

J. Goodman; T. Wendel Completed C

3.   Implementation manual and operating
concept.

R. Jones Further work was
presented in July
1997; final revision
expected by
January 1998

O

4.   Reference in ATN SARPs to HF data
link

D. Sim Completed C

5.   Review of ATN WG application
SARPs

D. Sim Completed C

6.   Change reference to ARINC 741 in
draft SARPs section B to AMSS

T. Wendel Completed C

7.   A paper on CRC and other error
mechanisms

P. Kellam and T. Wendel Completed C

8.   SARPs for QoS T. Burke January 1998 O
9. SARPs for HF data link management
sub-system

R. Jones Completed C

10.  SARPs for ground station physical
layer

R. Jones Completed C

11.  Draft SARPs section A L. Jónasson, ad-hoc group Secretary to
distribute material
to  AMCP
members by
August 1997

C

12.  Draft SARPs section B N. Earnhardt, ad-hoc group Secretary to submit
material to AMCP
members by
August 1997.

C

C = COMPLETE

O = ONGOING



ICAO AMCP WG-E/4 Report

xi

Action item by completion date Status
13.  Results from test and
trials

L. Jónasson; T. Wendel Completed C

14.  Coordination with ATN
panel on those elements of the
SARPs which are not ATN
compliant

ad-hoc group to identify these;
Secretary to effect co-
ordination with ATN panel

January O

15.  To develop a section for
SNDCF

January 1998 O

16.  Review definition for Link
Management Entity

All Completed C

17.  Terminology on the use of
“sub-system”

Secretary Completed C

18.  Definition for spurious
response

D. Neat Completed C

19.  Definition for specified
error rate in SARPs.

WG-E/3 Completed C

20.  CCIR Report 549-2 to be
made available to WG-
members

D. Neat, Secretary Completed C

21.  ad-hoc group to complete
first detailed review of part B
SARPs

ad-hoc group Completed C

22.  Develop material on the
control of airborne trans-
missions when aircraft are out-
side the coordinated coverage
area

D. Neat, N. Earnhardt,
R. Renoud and A. Malaga

O

23.  Present papers on the
possibilities of a phased
transition of HF SSB
frequencies to HF data link

All O

24. Investigate implications of
Appendix 27 Aer2 Nr. 27/12

D. Neat Completed C

25. States to submit proposals
to ITU WRC 97 on future
work on re-allocation of some
AM(OR)S spectrum in the HF
bands to AM(R)S.

All ITU WRC 99 O

26. Develop the validation plan Validation Sub-group C
27. Performance table for
Section A SARPs

R. Renoud      1997 C

28. Automatic transmission of
HF data link when aircraft is
on the ground

All      1997 O
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Appendix E

Limerick
July 7 - 17, 1997

High Frequency Data Link
 Standards and Recommended Practices (SARPs)

Prepared by the AMCP WG-E
Version 3.00
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1. Definitions

Note Secretary: G indicates that this definition should be inserted in the general section of definitions in Annex
10.

1.1. Aeronautical Mobile (R) Service:  An aeronautical mobile service reserved for communications
relating to safety and regularity of flight, primarily along national and international civil air routes.  [Ref. ITU
Radio Regulations, Appendix 27 Aer2.]

1.2. Appendix 27 Aer2  is an Appendix to the ITU Radio Regulations containing the frequency allotment
plan for the Aeronautical Mobile (R) Service and related information.

1.3 Assigned Frequency - The center frequency of the necessary bandwidth; i.e. channel carrier frequency
+ 1440 Hz for HFDL.

1.4 The High Frequency Data Link (HFDL)  is a constituent mobile sub-network of the ATN, operating in
the HF AM (R)S bands . HFDL allows aircraft to send and receive packet data via a network of HFDL ground
stations.

1.5 HFDL-Aircraft Station - A station on board an aircraft which provides HFDL transmitting and
receiving functions as specified in the Appendix to this document.

1.6 HFDL-Ground Station -  A facility which provides HFDL transmitting and receiving functions to
support the HF Data Link protocols as specified in the Appendix to this document.

1.7 MWARA ( Major World Air Route Area) - is an area embracing a certain number of Major World Air
Routes, which generally follow the same traffic pattern and are so related geographically that the same
frequency families may logically be applied.

1.8 G  Open systems interconnection model (OSI).  A model (developed by the International Organization
for Standardization) that provides a standard approach to data network design.  This approach introduces
modularity by dividing the complex set of functions that comprise networking into seven, more manageable,
self-containing functional layers.  By convention, these layers are depicted usually as a vertical stack.

1.9 PEP (Peak Envelope Power) - The peak power of the modulated signal, supplied by the transmitter to
the antenna transmission line.

1.10 G Quality Of Service (QOS) - Information relating to the data transfer characteristics used by various
communications protocols to achieve various levels of performance for network users.

1.11 RDARA (Regional and Domestic Air Route Area) - An area embracing a certain number of the air
routes using Aeronautical Mobile (R) Service in which the aircraft and the ground station are located in the
same allotment area.

1.12 Squitter Protocol Data Unit (SPDU) -  Data which is periodically broadcast by a HFDL-Ground
Station on each of its active frequencies, containing link management information.
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2. Introduction

2.1 The standards and recommendations which follow are specific to the HF Data Link and are in addition
to the requirements already specified in the ITU Radio Regulations.

2.2 HFDL System Elements

2.2.1 The HFDL system shall enable aircraft to exchange data with ground-based HFDL end users, using
the high frequency radio  frequency spectrum.  The HFDL system shall be comprised of four sub-systems,
namely:

a) The HFDL aircraft station sub-system;
b) the HFDL ground station sub-system;
c) the HFDL ground communications sub-system; and
d) the HFDL ground management sub-system.

2.2.2 The HFDL-Aircraft Station Sub-system

2.2.2.1 The HFDL-Aircraft station sub-system shall include:
a) HF transmission and reception;
b) data modulation and demodulation;
c) HFDL protocol, and frequency selection;

2.2.3 The HFDL-Ground Station Sub-system

2.2.3.1 The HFDL ground station subsystem shall include:
a) HF transmission and reception;
b) data modulation and demodulation;
c) HFDL protocol, and frequency selection;
d) interface to the ground communications sub-system.

2.2.4 The HFDL-Ground Communications Sub-system

2.2.4.1 The HFDL ground communications sub-system, which shall be transparent to the end users, shall
provide connection among the following:

a) The HFDL ground station sub-systems;
b) ground routers, including the ATN;
c) the HFDL management sub-system.

2.2.5 The HFDL  Ground Management Sub-system

2.2.5.1 The HFDL ground management sub-system shall provide the HFDL system functions necessary to
manage the HFDL system.  These functions shall include:

a)  Frequency management;
b)  System Table Management;
c)  Aircraft Log-On Status Management;
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d)  Performance Data Collection.

2.2.6 HF Data Link Protocol Description

NOTE:  The HF Data Link Protocol is a layered protocol and compatible with the OSI reference model. It
permits the HFDL to function as an ATN compatible subnetwork.

2.2.6.1 The HFDL protocol shall consist of a subnetwork access protocol, a subnetwork layer, a link layer and
a physical layer as specified in the Appendix.

3. General, system performance requirements, and RF characteristics

NOTE:  Detailed HFDL system specifications are contained in the Appendix.

NOTE:  Material on implementation and other aspects related to the operation of HFDL are published
separately by ICAO.

3.1 Requirements for mandatory carriage of HFDL, shall be made on the basis of regional air navigation
agreements which specify the airspace of operation and the implementation time scale.

3.1.1 The agreement in 3.1 above shall provide at least two year’s notice of mandatory carriage of airborne
systems.

3.2 RF Characteristics for the Aircraft and Ground Installations

3.2.1  Tuning

3.2.1.1 The aircraft HFDL transmitter/receiver shall be capable of tuning over the range of  2.8 MHz to 22
MHz in accordance with section 2.4.1.1 of part II.

Recommendation. - It is recommended that the aircraft HFDL transmitter/receiver should be capable of tuning
between 2.0 MHz and 30 MHz.

3.2.1.2 The aircraft HFDL transmitter/receiver shall be capable of being tuned in integral multiples of 1 kHz.

NOTE:  The frequency separation between carrier (reference) frequencies will normally be 3 kHz.

3.2.2 Frequency Stability

3.2.2.1 The frequency stability of the transmitting function shall be in accordance with the provisions set forth
in section 2.4.1.6.1 of part II.
3.2.2.2 The frequency stability of the receiving function shall be in accordance with the provisions set forth in
section 2.4.1.6.2 of part II.
3.2.2.3 The following desired to undesired (D/U) signal ratio shall apply for the protection of assignments
made for HFDL:

Data versus data Data versus voice Voice versus data
15dB D/U 15dB D/U 15dB D/U
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Class of  emission shall be 2K80J1DET/2K80J2DET.
3.2.2.5 The emissions mask for HFDL shall comply with part II figure 2-2, with the exception of the single
sideband (SSB) assigned frequency which shall be 1440 Hz above  the SSB  carrier (reference) frequency.

[NOTE: Both ITU Appendix 27 Aer2 and Annex 10 to the ICAO convention contain obsolete emission
designators.  Under ITU Rules and Regulations Article 4, the proper designator for the HFDL emission is
2K80J1DET/2K80J2DET.  Under Appendix 27, Provision 27/51, this HFDL emission would have been
classified as A9J, meaning “other transmissions such as automatic data transmissions, single sideband,
suppressed carrier”.  There is no designator under part II paragraphs XXX4.10.1.8.1 (aeronautical stations) or
XXX4.10.1.8.2 (aircraft stations) that would accommodate the HFDL emission.  However, by reference in
those paragraphs to Appendix 27, the data emissions type A9J is also specified.   Therefore, the requirements
found in part II paragraphs XXX4.10.1.8.1 (aeronautical stations) or XXX4.10.1.8.2 (aircraft stations) and
subsequent updates in the emission designators shall apply.]

3.2.2.6 The transmitter peak envelope power supplied to the antenna transmission  line shall not exceed 6
kilowatts for each transmitter at the ground station and 400 watts for aircraft stations.
3.2.2.7 The receiver passband is defined in figure 1 [insert figure from Attachment 8, ARINC Spec 753-1,
page 106].
3.2.2.8 The HFDL-Aircraft Station shall, for emergency and safety communications, enable voice
transmissions to suspend data transmissions.  The categories of messages handled by the Aeronautical Mobile
Service, and the order of priority, shall be in accordance with Volume II, Chapter 5.
3.2.2.9 The HFDL shall employ M-ary phase shift keying (M-PSK) to modulate the radio frequency carrier at
the assigned frequency.  The symbol rate shall be 1800 symbols per second plus or minus 1 x 10-5.  The value
of M and the information data rate shall be as specified in the following table:

M Data Rate
(bits per second)

2 300 or 600
4 1200
8 1800

NOTE:  When M equals the value 2, the data rate may be 300 or 600 bits per second as determined by the
channel coding rate.  This number may change from one data transmission to another depending on the data
rate selected.

3.2.2.9.1 The M-PSK carrier expressed mathematically is defined as:

s(t) = AΣ(p(t-kT) cos [2πft + φ(k) ]),    k = 0,1….,N-1

where:

N = number of PSK symbols in transmitted Physical Layer Protocol Data Unit (PPDU)

s(t) = analog waveform or signal at time t

A = peak amplitude

f = assigned frequency (SSB carrier (reference) + 1440 Hz)

T = PSK symbol period (1/1800 s)
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φ(k)= phase of kth PSK symbol

p(t-kT) = pulse shape of kth PSK symbol at time t

The phase of each PSK symbol contains the information to be sent.  The number of PSK symbols sent, N,
defines the length (duration = NT seconds) of the PPDU.  These are defined in Chapter 2 of the Appendix.

The pulse shape, p(t), determines the spectral confinement of the transmitted signal.  The Fourier transform of
the pulse shape, P(f),  is given by

P(f) = 1, if 0 < |f| < (1 - b)/2T

P(f) = cos {π(2fT - 1 + b)/4b}, if (1 - b)/2T < |f| <  (1 + b)/2T

P(f) = 0, if |f| > (1 + b)/2T

where the spectral roll-off parameter, b = 0.3 has been chosen so that the -20 dB points of the SSB carrier
(reference) signal are at SSB carrier (reference) + 300 Hz and SSB carrier (reference) + 2580 Hz and the peak-
to-average power ratio of the waveform is less than 5 dB.

3.3 The HFDL System

3.3.1 The HFDL designated operational coverage areas shall not be limited by FIR, state or regional
boundaries.

NOTE: This may result in designated operational coverage areas  which are different from current MWARA’s
or RDARA’s.

NOTE:  HFDL aircraft stations may be situated outside the designated operational coverage area of the
airspace in which the aircraft is operating.

3.3.2 Transmission of Squitter Protocol Data Units

3.3.2.1 Each HFDL ground station shall broadcast Squitter Protocol Data Units (SPDUs) every 32 seconds on
each of its operating  frequencies as specified in the Appendix, attachments 1 and 2.
3.3.2.2 Each HFDL aircraft  station shall search the assigned frequencies until it finds an operating frequency.
3.3.2.3 Link shall then be established in accordance with the Appendix, section 3.

3.3.3 Data Link Communications

3.3.3.1 Uplink and downlink messages shall be exchanged between aircraft and ground stations in accordance
with the Appendix, section 3.

3.3.4 Networking Requirements

Recommendation:  HFDL ground stations should be functionally and operationally interconnected with each
other to constitute networks in order to improve system availability, and air/ground communications
performance.

3.3.4.1 Where HFDL ground stations are interconnected to a common router, the ground communication
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subsystem shall ensure that any virtual circuit connections between the aircraft router and the ground router
are maintained when the aircraft reestablishes communications on another assigned frequency on that ground
station or another ground station connected to the same router.
3.3.4.2 Recommendation:  It is recommended that ground communications subsystems interoperate on a multi-
regional to world-wide basis.

3.3.5 Quality Of Service Requirements for HF Data Link

3.3.5.1 Undetected Error Rate
3.3.5.1.1 The undetected error rate of a Basic Data Unit (BDU), representing 1 – 53 octets of user data,
shall not exceed 1 x 10-6.
3.3.5.1.2 The undetected message error rate, a message consisting of a maximum of 8 BDUs, shall not
exceed 8 x 10-6.
3.3.5.2 Transit Delay Requirements for the HF Data Link
3.3.5.2.1 Transit delays for BDUs of the Flight safety Message priority and higher (Q11-Q14 [insert a
table]) shall not exceed the values in the following table for a HFDL BDU traversing the circuit segment
between the HFDL aircraft station sub-system and the HFDL ground station sub-system.

Transit Delay Parameter Condition Transit Delay
Average Transit Delay
To-Aircraft Direction All Priorities 28 seconds
From-Aircraft Direction All Priorities 56 seconds
95 % Transit Delay
To-Aircraft Direction Q11 and higher 51 seconds

All Priorities 66 seconds
From-Aircraft Direction Q11 and higher 146 seconds

All Priorities 252 seconds
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1. Definitions and System Capabilities

1.1 Definitions

Definitions.  The following terms are used in this document as they are defined below:

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

G Data circuit-terminating equipment.  A peer entity of data terminating equipment controlled by a data
communications network.

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

G Data link sublayer.  A connection-oriented point-to-point link over the media access control sublayer.

G Data terminal equipment.  A digital data transmitter/receiver device.

G Direct link service.  A data communications service which does not automatically correct errors, detected or
undetected, at the link layer of the air-ground communications path.

G 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.

G Frame Add existing from Annex 10.

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

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

G Link management entity.  The specific entity that lies immediately above the link layer and controls the
operations of the data link service, the media access control sublayer, and the physical layer.  It acquires,
establishes, and maintains a connection with the peer entity.

G Media access control.  The sublayer that acquires the data path and controls the movement of bits over the
data path.

G 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.

G Physical layer.  The lowest level layer in the Open Systems Interconnection protocol model.  The physical
layer is concerned with only the transmission of binary information over the physical medium (e.g. HF radio).
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G Reliable link service.  A data communications service which automatically provides for error control over
its air-ground link through error detection and requested retransmission of signal units found to be in error, at
the link layer.

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.

G 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.

Spurious Response.   A response at the output of a receiver to an RF input signal at the antenna terminal at a
frequency other than the desired frequency to which the receiver is tuned.

[The following subnetwork definitions to be refined later]
Subnetwork connection maintenance..

Subnetwork connection management..

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

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

1.2 Scope of Document

The HF Data link (HFDL) Standards and Recommended Practices (SARPs) defined and referenced in
this document shall apply to aeronautical HF data communications systems operating within the
aeronautical telecommunications network (ATN).  This appendix contains detailed material for
design, implementation, and operation of HF Data Link..

2. Physical Layer

The requirements on the physical layer address the characteristics of the HF signals exchanged
between a ground station and an aircraft station.

2.1.1 Transmit to Receive Turnaround Time.

When a transmit slot is followed by a receive slot the receiver shall recover after transmission to
provide stable output, +/-1.0 dB, to the data modem within 200 ms of the start of the receive slot.

2.1.2 Receive to Transmit Turnaround Time

The Transmitter including power amplifier and coupler shall provide  stable  power, +/-1.0 dB, within
200 ms  after the start of the transmit slot.
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2.1.3 Receiver Spurious Response

All spurious responses, including images, shall be attenuated at least 60 dB.

2.1.4 Receiver Overload Recovery

The attack time for a 60 dB increase in RF signal (step function) shall be less than 10 ms.  The decay
time for a 60 dB decrease in RF signal (step function) shall be less than 25 ms, including a hold time.

2.1.5 Receiver Sensitivity

With a 1uV (hard) signal, the signal-plus-noise-to-noise ratio should be 10 dB.

2.2 Physical Layer Functions

The functions provided by the physical layer shall include the following:

a) Transmitter/receiver  control
 
b) Reception of data
 
c) Transmission of data

2.2.1 Transmitter/receiver  Control.

The HFDL physical layer shall control the transmit/receive switching and frequency tuning
as commanded by requests passed on from the Data Link Layer.  The physical layer shall perform
transmitter keying on demand from the Data Link Layer to transmit a packet.

2.2.2 Reception of Data.

2.2.2.1 Data Packet Detection.

The HF Data Link receiver shall provide the means to detect, synchronize, demodulate and decode
packets modulated according to the waveform defined in Section [3.2.8] subject to the following
distortion:

a) The  1440 Hz Audio carrier offset in the range of  ± 70 Hz.
 
b) Discrete and/or diffuse multipath distortion with up to 5 ms multipath spread.
 
c) Multipath amplitude fading with up to 2 Hz two-sided RMS Doppler spread and Rayleigh

statistics.
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d) Additive Gaussian and broadband impulsive noise with varying amplitude and random arrival
times.  Reference CCIR 549-2

2.2.2.2 Equalization

The HF Data Link receiver  shall provide the means to equalize the distortion introduced by HF
channel multipath spreads and Doppler spreads defined in A.2.2.2.1 such that the minimum packet
error rate performance  defined in A.2.2.2.4 are met.

2.2.2.3 Forward Error Correction

The HF D L receiver system shall implement an error correcting decoding algorithm capable of
decoding the rate 1/2 and 1/4 convolutional codes defined in A.2.2.3.1.4. such that the performance
requirements defined in A.2.2.2.4 are met.

2.2.2.4 Minimum Packet Error Rate Performance

The HFDL  packet error rate shall not exceed the values  specified  in Table A-X below.

User Mode
(bps)

Number of
Channel

Paths

Multipath
Spread
(ms)

Fading BW
(Hz)

(Note 1)

Frequency
Offset (Hz)

SNR (dB)
(Note 2)

MPDU
Packet Size

(octets)

Packet
Error Rate

(%)
(Note 3)

1200 1 Fixed - - 40 4 256 5
1800 2 Fading 2 1 40 16 400 5
1200 2 Fading 2 1 40 11.5 256 5
600 2 Fading 2 1 40 8 128 5
300 2 Fading 2 1 40 5 64 5

1200 2 Fading 4 1 40 13 256 5
1200 2 Fading 2 2 40 11.5 256 5

Table A.X   HF Signal-In-Space Minimum Packet Error Rate Performance
With 1.8 Second Interleaver

Notes:

1. Per CCIR Report 549-2.
2. Both signal and noise powers are measured in a 3-kHz bandwidth.
3. Ratio of packets received with one or more bit errors to total number of packets sent.
    Errored packets include both missed preamble detection and packets received with user
    data bit errors.

2.2.2.5. TDMA Slot Synchronization

The HF Data Link ground stations shall maintain slot synchronization for the HFDL system.  Each
aircraft station shall synchronize its slot timing to that of the ground station from an indication of the
reception time of each squitter packet  transmitted by the ground station.
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2.2.3 Transmission of Data.

2.2.3.1 Data Packet Encoding
The encoding of the data packet shall consist of the prekey, preamble and data

segments.
2.2.3.1.1 Prekey Segment

During the prekey segment the modulator shall output on the assigned frequency 448 2-PSK symbols
with a constant phase modulation of 180 degrees and  the duration of the prekey segment shall be 249
ms.

2.2.3.1.2 Preamble Segment

The prekey segment shall be immediately followed by a preamble segment consisting of 531 2-PSK
symbols.  The preamble sequence is defined in Figure 1 [ARINC 635-1 Attachment 2-2]. This  data
pattern is transmitted to allow the HFDL receiver to:

   i) detect the beginning of a burst of data;
ii)  measure and correct the frequency offset between the transmitter and receiver due to

 Doppler shift and transmitter/receiver frequency offset;
 iii) determine the data rate and interleaver settings to use during data demodulation;
 iv) achieve PSK symbol synchronization; and
   v) train the equalizer.

2.2.3.1.3 Data Segment

The data segment shall consist of 72 frames (1.8 s interleaver) or 168 frames (4.2 s interleaver) of 45
M-PSK symbols, 30 of which are information carrying (user data) symbols and 15 are known 2-PSK
probe symbols defined in Figure 1 [ARINC 635-1 Attachment 2-2] multiplexed with the data to assist
with the adaptive equalization processing at the receiving side.

The M-PSK modulation employed to encode the user data symbols shall be data rate dependent, as
defined in Table 2-1 below.

 [Need definitions of “chips” and  “symbols” in main body.]

[Chip: A group of bits that are represented by a symbol.  Symbol:  One of the possible M phase shifts
of the M-PSK modulation.]

Data Rate Data PSK Modulation # coded chips per
PSK symbol

PSK symbol Phase Mapping

1800 8-PSK 3 Gray code
1200 4-PSK 2 Gray code
600 2-PSK 1
300 2-PSK 1

Table A.2-1 - Modulation Employed to Encode User Data Symbols

The Gray coding for 4-PSK and 8-PSK is defined in Section [A.2.3.1.4.3.]
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2.2.3.1.4 Data Symbol Encoding

The steps involved in the encoding of the information carrying data symbols (as well as subsequent
multiplexing with the known training symbols and preamble) shall be as shown in Figure A.2 [ARINC
635-1 Attachment 2-3].  Prior to encoding, the data segment of the transmitted burst shall consist of
user data bits followed by trailer bits(encoder and interleaver flush), as shown in Table A.2-2 below.

The number of interleaver flush bits shall depend on the number of user data bits to be sent.  It is
chosen to make the actual number of user data plus flush bits equal to the product of the data rate
times 1.8 or 4.2 seconds, whichever is specified by the transmit interleaver setting request service
primitive.

The user data and flush bits shall  then be encoded, interleaved, mapped into PSK symbols, scrambled
and multiplexed with equalizer training symbols, in that order, as defined following paragraphs.

Data Rate (bps) User + Flush Bits
1.8 sec Interleaver 4.2 sec Interleaver

 1800 3240 bits 7560 bits
1200 2160 bits 5040 bits
  600 1080 bits 2520 bits
  300 540 bits 1260 bits

Table A.2-2 - Data Segment of Transmitted Burst Prior to Encoding

Note. - The physical layer user bits are the Media Access Control Protocol Data Unit
(MPDU) and Squitter Protocol Data Unit (SPDU) packets which include encoder flush bits as
defined in Sections [A.3.1.1.7 and A.3.1.2.]

Forward Error Correction Encoding.  The Forward Error Correction (FEC) encoding of user bits
for each data rate shall be as defined in Table A.2-3 and A.2-4.

Data Rate maximum #
user bits

maximum #
coded chips

code rate implementation of code rate

1800 3240 6480 1/2 1/2
1200 2160 4320 1/2 1/2
600 1080 2160 1/2 1/2
300 540 2160 1/4 1/2, 2 repeats

Table A.2-3 - FEC of User Bits For 1.8 Second Interleaver
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Data Rate maximum #
user bits

maximum #
coded chips

code rate implementation of code rate

1800 7560 15120 1/2 1/2
1200 5040 10080 1/2 1/2
600 2520 5040 1/2 1/2
300 1260 5040 1/4 1/2, 2 repeats

Table A.2-4 - FEC of User Bits For 4.2 Second Interleaver

The rate 1/2 encoder shall be a 64-state (constraint length 7) convolutional encoder with octal
generator coefficients G1 = 133 and G2 = 171.  The rate 1/2 encoder shall be as defined in Figure A.3
[ARINC 635-1 Attachment 2-4].

The rate 1/4 encoding shall be accomplished using the rate 1/2 encoder and repeating each output
chip 2 times so that for every input bit to the encoder, 4 output chips are transmitted.  The
implementation of the rate 1/4 encoder shall be as defined in Table A.2-5, where c(n) are the encoder
chip outputs per Figure A.3 [ARINC 635-1 Attachment 2-4].

Code
Rate

Chip Index

1 2 3 4 5 6 7 8 9 10 etc.
½ c(1) c(2) c(3) c(4) c(5) c(6) c(7) c(8) c(9) c(10) etc.
¼ c(1) c(1) c(2) c(2) c(3) c(3) c(4) c(4) c(5) c(5) etc.

Table A.2-5 - Rate 1/2 and 1/4 Encoder Chip Outputs

2.2.3.1.5 Interleaving

Data interleaving shall be accomplished by writing the coded chips into the columns of a 40 row x N
column block buffer one column at a time, starting at column zero as follows: the first chip is loaded
into row 0, the next chip is loaded into row 9, the third chip is loaded into row 18, etc.  Thus, the row
location for the chips increases by 9 modulo 40.  This process shall continue until all 40 rows are
loaded.  The loading process shall then advance to column 1 and the process repeated until the matrix
block is filled.  The number of columns in the block interleaver for each data rate and interleaver size
shall be as shown in Table A.2-6 below:

Data Rate # Interleaver Columns N
1.8 sec INTLV 4.2 sec INTLV

1800 162 378
1200 108 252
600 54 126
300 54 126

Table A.2-6 - Number of Interleaver Columns N
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Once the interleaver buffer is full, the chips shall be read out starting with the first chip being taken
from row 0, column 0.  The location of each successive fetched chip shall be determined by
incrementing the row by one and decrementing the column number by 17 modulo N (the number of
columns in the interleaver matrix), if the 1.8 second interleaver is being used, or decrementing the
column number by 23 modulo N if the 4.2 second interleaver is being used.  Thus, if the 1.8 second
interleaver with N = 108 is being used, the second chip comes from row 1, column 91, and the third
chip from row 2, column 74.  This process shall continue until the row number reaches 39.  At this
point the row number shall be reset to 0, the column number increased by 1 and then decreased by 17
modulo N or 23 modulo N.  The process shall be continued until the entire matrix data block is
unloaded.

2.2.3.1.6 Coded Chip to M-PSK Symbol Mapping

Each PSK symbol has a phase associated with it which varies depending on whether 2-PSK, or 4-
PSK, or 8-PSK modulation is used.  The phase shall be selected as shown in Table A.2-7 below.

2-PSK 4-PSK 8-PSK
phase coded chips phase coded chips phase coded chips

0° 0 0° 00 0° 000
180° 1 90° 01 45° 001

180° 11 90° 011
270° 10 135° 010

180° 110
225° 111
270° 101
315° 100

Note - The right-most chip is the first chip and the left-most chip is the last chip out of the interleaver.

Table A.2-7 - Coded Chip to M-PSK Symbol Mapping
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2.2.3.1.7M-PSK Symbol Scrambling

Only the information carrying symbols shall be scrambled.  The phase of each PSK symbol shall be
scrambled by adding 0 or 180 degrees to it depending on the state of a periodically repeating binary
scrambling pattern of 120 symbols. .  A binary "1" in the scrambling pattern shall cause a 180 degree
phase reversal of the PSK symbol.  The 120 bit scrambling pattern in hex notation shall be as follows:

131BC4250F8C15EFCD6AEC996E2368 hex

where the most significant bit of the left most hex number is the first digit of the scrambling pattern.

Note.- This binary scrambling pattern can be derived by taking the first 120 bits of a 15 stage shift
register with coefficient generator polynomial 1 + X + X15.  The initial state of the shift register
should be 6959 Hex where the least significant bit (LSB) is coincident with element X15.

2.2.3.2 TDMA Transmit Slot Time Synchronization

To ensure that slot synchronization is maintained, each HF Data Link modulator shall begin
outputting the prekey at the beginning of a time slot within an accuracy of ±10 milliseconds.
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3. LINK LAYER

3.1 ENCAPSULATION, PRIORITIZATION AND SERVICE PROTOCOLS

3.1.1 Data Encapsulation

The link layer shall perform three levels of encapsulation for Reliable Link Service (RLS).  User data
(HF Network Protocol Data Units (HFNPDUs)), shall be segmented into Basic Data Units (BDUs)
when the HFNPDU is to be delivered using the RLS.  Each segment of the HFNPDU shall be
encapsulated into a Link Protocol Data Unit (LPDU) and then one or more LPDUs shall be
encapsulated into a single Medium Access Control (MAC) Protocol Data Unit (MPDU).  For Direct
Link Service (DLS), the HFNPDU shall be directly encapsulated into an LPDU.  LPDU format and
types shall be as defined in Attachments 1 and 2.

Each MPDU shall consist of a variable length MPDU header, 0 to 15 LPDUs for downlinks and 0 to
64 LPDUs for uplinks, and a one octet trailer. The HFDL aircraft station sub-system and HFDL
ground station sub-system shall select the interleaver size based on the slot duration, and data rate
based on the MPDU size as shown in Table A.3-1.

The fields of each MPDU shall be transmitted within the bit stream as per the layouts specified in
Attachments 1 and 2.  All fields shall be transmitted contiguous in the bit stream.  For fields
containing numeric values, the least significant bit of the least significant octet shall be transmitted
first continuing to the most significant bit of the most significant octet.

Table A.3-1  Data Rate & Interleaver Size Selection

MPDU Size Data Rate Interleaver
Duration

Single/
Double Slot

  1-67 octets  300 bps 1.8 sec single
 68-135 octets  600 bps 1.8 sec single
136-270 octets 1200 bps 1.8 sec single
271-405 octets 1800 bps 1.8 sec single
  1-157 octets  300 bps 4.2 sec double
158-315 octets  600 bps 4.2 sec double
271-630 octets 1200 bps 4.2 sec double
631-945 octets 1800 bps 4.2 sec double
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3.1.2 LPDU Prioritization

HF Data Link shall support up to 16 levels of prioritization of user packets.  Each LPDU shall be
assigned a priority level between 15 and 0 with the highest priority level being 15 and the lowest 0.
The LPDU priority level assignment shall be based on the type of LPDU frame.  The priority level of
Numbered Data and Unnumbered Data LPDUs shall also depend on the type HFNPDUs
encapsulated within the LPDU.

The priority level of an LPDU encapsulating a whole or a segment of an HF Subnetwork layer
HFNPDU shall be determined from the priority level of the logical virtual circuit connection.

The priority of an LPDU encapsulating a whole or a segment of an DLS HFNPDU shall be priority 7.
The priority to be given to LPDUs shall be as described  in Table A.3-2 below.

Table A.3-2 - LPDU Priorities

* The priorities indicated in Table A.3-2 shall apply to HFNPDUs whether they are transmitted in
unnumbered or numbered LPDUs.

LPDU Type Payload Priority Q
Log-On Request Unsegmented HFNPDU 13
Log-Off Request Optional 13
Log-On Resume 13
Log-On Confirm none 13
Log-On Resume Confirm 13
Log-On Denied 13
Numbered DATA HF Subnetwork layer HFNPDU Priority of Virtual Circuit

EnvelopedEnveloped HFNPDU 7
Unnumbered DATA HFDL System Table uplink 6*

Performance Data downlink 6*
HFDL System Table Request
downlink

13

Performance Data Enable uplink 6*
Performance Data Disable uplink 6*
Frequency Data 6*
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3.1.3 Link Protocols

The Link layer shall support a Direct Link Service (DLS) mode, and a Reliable Link Service (RLS)
mode.

3.1.3.1 Direct Link Service Protocol.

The DLS protocol shall only be used to transfer certain types of  HFNPDUs (defined in Attachments
1 and 2) between the airborne HFDL subsystem and an HFDL ground station sub-system.  In the
DLS mode, uplink or downlink HFNPDUs shall  not be segmented by the Link layer.

The DLS protocol shall be primarily used to send the broadcast uplink HFNPDUs but can also be
used to send other HFNPDUs not requiring automatic retransmission by the Link layer.

When routing HFNPDUs received using the DLS mode, the first two octets in the HFNPDU shall be
examined.

If the first octet is set to FFh, and the second is set to D0h, then the HFNPDU shall be routed to the
function responsible for processing HFDL System Table uplinks (HFDL aircraft station sub-station
only).

If the first octet is set to FFh, and the second is set to D2h, then the HFNPDU shall be routed to the
function responsible for processing HFDL System Table Request downlinks (HFDL ground station
sub-system only).

If the first octet is set to FFh, and the second is set to D1h, then the HFNPDU shall be routed to the
function responsible for collecting and processing Performance Data (PD) downlinks (HFDL ground
station sub-system only).

If the first octet is set to FFh, and the second is set to D5h, then the HFNPDU shall be routed to the
function responsible for processing Frequency Data (FD) downlinks (HFDL ground station sub-
system only).

3.1.3.1.1 DLS Implementation

The RLS capability bit in the SPDU shall be set to a value of 0 if the HFDL ground station sub-
system is only DLS capable.

DLS only HFDL aircraft station subsystems shall generate a DLS Log-On Request using the LPDU
type 1111 1101.  A unique Log-On Request for DLS aircraft enables an RLS capable HFDL ground
station sub-system to be able to respond appropriately to a DLS capable HFDL aircraft station
subsystem.

3.1.3.1.1.1 SPDU Acknowledgments

The receipt of DLS mode LPDUs shall be acknowledged in the SPDU acknowledgment field.
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3.1.3.1.1.2 Data Rate and Slot Assignments

MPDUs larger than 157 octets shall be sent at 600 bps in a double slot.  If a downlink cannot be sent
in a single slot at the assigned data rate, the HFDL aircraft station sub-system shall send a downlink
MPDU at 300 bps to request a double slot.

3.1.3.2 Reliable Link Service Protocol.

The RLS protocol shall be used to exchange user data packets between airborne and ground peer link
layers (reference Table A.3-3).

Table A.3-3 - Information Held by the HFDL Aircraft Station Sub-system  and HFDL ground
station sub-system

3.1.3.2.1 Segmentation of HFNPDUs Into BDUs and Flow Control.

HFNPDUs of up to 424 octets shall be segmented into smaller Basic Data Units (BDUs).  Each BDU
shall be encapsulated into a Numbered Data LPDU as shown in Attachments 1 and 2.  An HFNPDU
may be broken up into no more than 8 BDUs.

An 8-bit BDU header, defined in Figure TBD (Attachment 1) and below, shall be added to each BDU
prior to encapsulation into a Numbered Data LPDU.

When building an MPDU for transmission, Numbered Data LPDUs shall be used.  BDUs having the
highest priority shall be chosen first for insertion into the Numbered Data LPDUs being sent.  The
relationship between a BDU and the Numbered LPDU that contains it shall only exist until the
Numbered LPDU is either ACKed or NACKed.  If the BDU is ACKed then it shall be reported as
successfully transmitted to the segmentation sublayer.  If the BDU is NACKed then it shall be placed
into a prioritized BDU queue for retransmission.  When a BDU is required to be retransmitted, it shall
be placed into a Numbered LPDU for transmission.  The BDU fields RN, Q, M-bit, and BSN shall
remain the same as the initial transmission.  Due to the possibility of introduction of BDUs at a higher

HFDL aircraft station sub-system HFDL ground station sub-system
D(A) - oldest sequence number not
acknowledged by the HFDL ground station
sub-system

U(A) - oldest sequence number not acknowledged
by the HFDL aircraft station sub-system

D(A)vect - flag indicating if
D(A)+1..D(A)+8 has been acknowledged

U(A)vect - flag indicating if U(A)+1..U(A)+8 has
been acknowledged

D(N)vect - flags indicating if the HFDL
ground station sub-system has negatively
acknowledged D(A)+1..D(A)+8

D(N)vect - flags indicating if the HFDL aircraft
station sub-system has negatively acknowledged
U(A)+1..U(A)+8

D(S) - next to send U(S) - next to send
U(R) - oldest not received D(R) - oldest not received
U(R)vect - flags indicating if
U(R)+1..U(R)+8 has been received

D(R)vect - flags indicating if D(R)+1..D(R)+8 has
been received
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priority, the U(S)/D(S) field of the Numbered LPDU may not have the same value as the Numbered
LPDU that contained the BDU in the initial transmission.

When choosing sequence numbers (U(S)/D(S)) in Numbered LPDUs the following shall be
considered:  A sequence number (U(S)/D(S)) is not eligible for use in a Numbered LPDU
transmission until the Numbered LPDU that last used the sequence number is either ACKed or
NACKed.  For a Numbered LPDU to be considered ACKed, a SPDU or a U(R)/U(R)Vect
(D(R)/D(R)Vect) must be received providing positive acknowledgment of the Numbered LPDU.  For
a Numbered LPDU to be considered NACKed, a SPDU or a U(R)/U(R)Vect (D(R)/D(R)Vect) must
be received at least two slots after the transmission of the Numbered LPDU providing a negative
acknowledgment.  If the Numbered LPDU is ACKed then the sequence number (U(S)/D(S)) used is
considered unavailable for use until the window rotation includes it again.  If the Numbered LPDU is
NACKed then the sequence number (U(S)/D(S)) used is made available for transmission in another
Numbered LPDU.

The segmentation sublayer shall send the BDUs associated with a maximum of 4 HFNPDUs of a
given priority to the Logical Link Control sublayer and queue any following HFNPDUs with the same
priority until confirmation that the first HFNPDU has been delivered to and acknowledged by the
peer Logical Link Control sublayer.

3.1.3.2.2. Reassembly of BDUs into HFNPDUs, Flow Control and Routing

Reassembly of BDUs into an HFNPDU shall be  initiated when a BDU with a new (RN,Q) and
Aircraft ID not previously active in the reassembly process is received.

The HFNPDU reassembly shall be completed when the BDU with the M bit set to 0 and all other
BDUs with the same  (RN,Q) and aircraft address are received.  If any BDUs are missing, a timer
shall be started.  If the outstanding BDUs do not arrive before the timer expires, the incomplete
HFNPDU shall be delivered to the higher layer with an error indication.

When receiving BDUs and reassembling them into HFNPDUs the RN, Q, M-bit, and BSN fields shall
be used to correlate the BDUs.  The U(S)/D(S) field of the Numbered LPDU containing the BDU
shall not be used as a reference to correlate BDUs.

For each priority level, the receiving reassembly sublayer shall deliver reassembled HFNPDUs which
have been received using the RLS mode to the higher layer in order.  HFNPDUs received and
reassembled out of order shall be queued until the missing HFNPDUs have been received or a timer
expires.

When routing a complete reassembled HFNPDU using the RLS mode, the first two octets in the
HFNPDU shall be examined.  If the first octet is not set to FFh, then the HFNPDU shall be routed to
the HF Subnetwork layer.

If the first octet is set to FFh and the second octet is also set to FFh, then the HFNPDU shall be
routed to the function that processes enveloped DLS blocks.

If the first octet is set to FFh, and the second is set to D0h, then the HFNPDU shall be routed to the
function responsible for processing HFDL System Table uplinks (HFDL aircraft station sub-system
side only).
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3.1.3.2.3. Uplink Transmission of LPDUs and Flow Control

All U(S) sequence number operations shall be done using modulo 32 arithmetic.  To describe the
RLS uplink transmission protocol, terms and parameters shall be defined as follows:

U(S) U(S) is the 5-bit uplink sequence number embedded in the LT field of the uplink Numbered
Data LPDUs.

U(A) U(A) is oldest uplink sequence number which has not yet been acknowledged by the HFDL
aircraft station sub-system.

U(A)vectU(A)vect is a field of 8 bits each of which represents whether or not each of the LPDUs
starting from the sequence number U(A)+1 to U(A)+k has been acknowledged by the
HFDL aircraft station sub-system, where k is the transmit window size.

U(N)vect U(N)vect is a field of bits each of which represents whether or not each of the LPDUs
starting from the sequence number U(A) + 1 to U(A) + k has been negatively acknowledged by the
HFDL aircraft station sub-system, where k is the transmit window size.  For an LPDU to be
considered negatively acknowledged, a U(R)/U(R)vect must be received at least three slots after the
transmission of the LPDU.

Note.- The window size k can be larger than the eight bits of the U(R)vect.  Those LPDUs
transmitted in the window, but not included in the U(R)vect cannot be considered as either ACKed
or NACKed.

U(R) U(R) is the 5-bit uplink sequence number of the oldest uplink LPDU not yet received by the
HFDL aircraft station sub-system.  This is the uplink sequence number embedded in the
Uplink Acknowledgment Field of downlink MPDUs.

U(R)vectU(R)vect is a field of 8 bits embedded in the Uplink Acknowledgment Field of downlink
MPDUs.  Each bit indicates whether or not each of the LPDUs starting from the sequence
number U(R)+1 to U(R)+8 has been received by the HFDL aircraft station sub-system.

U(R)vect is an 8-bit Boolean array.  Bit one shall be set to zero if the numbered LPDU having
sequence number U(R)+1 has not been received, otherwise it is set to one.  Bit eight shall be set to
zero if the numbered LPDU having sequence number U(R)+8 has not been received, otherwise it
shall be set to one.

Whenever an HFDL aircraft station sub-system receives a Numbered Data LPDU from the ground,
the sequence number of the received LPDU shall be compared to U(R).  If the sequence number is
equal to U(R) the HFDL aircraft station sub-system shall:

1-Increment U(R)

2- If U(R)vect modulo 2 is = 1, then: Divide U(R)vect by 2 discarding the remainder and repeat steps
1 and 2.

3- If U(R)vect modulo 2 is = 0, then Divide U(R)vect by 2.



ICAO AMCP WG-E/4 Report

xxxvii

If the sequence number is greater than U(R), and less than U(R)+k, where k is the transmit window
size specified by the HFDL ground station sub-system in the Log-On Confirm, the HFDL aircraft
station sub-system shall set the appropriate bit in U(R)vect.  If the bit in U(R)vect was 0, then the
LPDU shall be passed to the reassembly sublayer.

If the sequence number is less than U(R), but greater than or equal to U(R)-k, the HFDL aircraft
station sub-system shall consider the received Numbered Data LPDU as a repeat and discard it.  If
there are no outstanding LPDU downlinks waiting to be sent, then the HFDL aircraft station sub-
system shall send an empty downlink with the appropriate Uplink Acknowledgment Field indicating
the next expected uplink sequence number U(R).  Otherwise, the U(R) value shall be sent in the next
downlink LPDU.

If the sequence number is less than U(R)-k or greater than or equal to U(R)+k, the HFDL aircraft
station sub-system shall consider itself logged off and initiate a frequency search and log on.
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3.1.3.2.3.1 Uplink Acknowledgment Field

Each downlink MPDU header shall contain an Aircraft Address Field (see Attachments 1 and 2).  The
Aircraft Address Field shall contain an Uplink Acknowledgment.  The Uplink Acknowledgment shall
contain the three bit UDR, a five bit U(R), and an eight bit U(R)vect.  When the HFDL ground
station sub-system receives a downlink transmission it shall update the U(A)vect with the
acknowledgment bits in U(R)vect and update the U(N)vect with the negative acknowledgment bits in
U(R)vect.  Those BDUs in the Numbered LPDUs which are not acknowledged in U(A)vect and are
negatively acknowledged in U(N)vect shall be scheduled for retransmission.

3.1.3.2.3.2 Uplink LPDU Sequence Number Assignment

A sequence number shall be assigned to each Numbered LPDU queued for transmission by the HFDL
ground station sub-system.  The assigned sequence number shall be either a previously used sequence
number or a new sequence number equal to U(S) (the next available unused sequence number).  A
previously used sequence number shall be used when there is a bit in a U(A)vect which is zero and a
bit in U(N)vect which is one (indicating a sequence number has been sent but the HFDL aircraft
station sub-system has indicated it was not received).  If a reused number is chosen then the
aforementioned bit in U(N)vect shall be set to zero.  A new number can be used when U(S) < U(A) +
k, where k is the transmit window size specified in the Log-On Confirm uplink LPDU.  If a new
sequence number is used then U(S) shall be incremented.  If U(S) = U(A) + k, then a new sequence
number shall not be assigned until U(A) is increased (note that U(S) > U(A) + k is not allowed).

Note.- In order to speed up delivery of uplink LPDUs the HFDL ground station sub-system may
assign a slot to an HFDL aircraft station sub-system to allow acknowledgement of the uplink
Numbered Data LPDUs. If the HFDL ground station sub-system does not hear a reply from the
HFDL aircraft station sub-system, it may further elicit an acknowledgment by assigning another slot
in the following SPDU.

3.1.3.2.4 Downlink Transmission of LPDUs and Flow Control

All D(S) sequence number operations shall use modulo 32 arithmetic.  To describe the RLS downlink
transmission protocol, terms and parameters shall be defined as follows:

D(S) D(S) is the 5-bit downlink sequence number embedded in the LT field of the downlink
Numbered Data LPDUs.

D(A) D(A) is oldest downlink sequence number which has not yet been acknowledged by the
HFDL ground station sub-system.

D(A)vectD(A)vect is a field of 8  bits each of which represents whether or not each of the LPDUs
starting from the sequence number D(A)+1 to D(A)+k has been acknowledged by the
HFDL ground station sub-system, where k is the transmit window size.

D(N)vect D(N)vect is a field of bits each of which represents whether or not each of the LPDUs
starting from the sequence number D(A) + 1 to D(A) + k has been negatively acknowledged by the
HFDL aircraft station sub-system, where k is the transmit window size.  For an LPDU to be
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considered negatively acknowledged, a D(R)/D(R)vect must be received at least three slots after the
transmission of the LPDU.

D(R) D(R) is the 5-bit downlink sequence number of the oldest downlink LPDU not yet received
by the HFDL ground station sub-station.

D(R)vectD(R)vect is a field of 8 bits used by the HFDL ground station sub-system to determine
which LPDUs have been received and which have been lost in transit.  Each bit indicates
whether or not each of the LPDUs starting from the sequence number D(R)+1 to D(R)+8
has been received by the HFDL ground station sub-system.

D(R)vect shall be an 8-bit Boolean array.  Bit one shall be set to zero if the numbered LPDU having
sequence number U(R)+1 has not been received, otherwise it shall be set to one.  Bit eight shall be set
to zero if the numbered LPDU having sequence number U(R)+8 has not been received, otherwise it
shall be set to one.

Whenever a HFDL ground station sub-system receives a Numbered Data LPDU, the sequence
number of the received LPDU shall be compared to D(R).  If the sequence number is equal to D(R)
the HFDL ground station sub-system shall:

1- Increment D(R).

2- If D(R)vect modulo 2 is = 1, then Divide D(R)vect by 2 discarding the remainder and repeat steps
1 and 2.

3- If D(R)vect modulo 2 is = 0, then Divide D(R)vect by 2.

If the sequence number is greater than D(R), and less than D(R)+k, where k is the transmit window
size used by the HFDL ground station sub-system, the HFDL ground station sub-system shall set the
appropriate bit in D(R)vect.  If the bit in D(R)vect was 0, then the LPDU shall be passed to the
reassembly area.

If the sequence number is less than D(R), but greater than or equal to D(R)-k, the HFDL ground
station sub-system shall consider the received Numbered Data LPDU as a repeat and discard it.

If the sequence number is less than D(R)-k or greater than or equal to D(R)+k, the HFDL ground
station sub-system shall send a Log-Off Request LPDU with the reason code set to 'RLS Protocol
Error'.

3.1.3.2.4.1 Downlink Acknowledgment Field

The slot acknowledgment definition is shown in Attachment 1 and 2.

Any Numbered Data LPDU which is not acknowledged in a correctly received SPDU shall be
retransmitted.  If the first SPDU following a downlink is not received correctly, the HFDL aircraft
station subsystem shall wait for the second SPDU.

Whenever a downlink Numbered Data LPDU is acknowledged by the SPDU, the HFDL aircraft
station subsystem compares the sequence number of the acknowledged LPDU to D(A).  If the
sequence number is equal to D(A), the HFDL aircraft station subsystem  shall:
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1- Increment D(A), and delete the LPDU from its queue.

2- If D(A)vect modulo 2 is = 1, then Divide D(A)vect by 2 discarding the remainder and repeat steps
1 and 2.

3- If D(A)vect modulo 2 is = 0, then Divide D(A)vect by 2.

If the sequence number is greater than D(A), and less than D(A)+k, where k is the transmit window
size specified by the ground station in the Log-On Confirm, the HFDL aircraft station subsystem shall
set the appropriate bit in D(A)vect.

If the sequence number is less than D(A) or greater than or equal to D(A)+k, the HFDL aircraft
station subsystem shall send a Log-Off Request LPDU with the reason code set to 'Protocol Error'.

3.1.3.2.4.2 Downlink MPDU Sequence Number Assignment

A sequence number shall be assigned to each Numbered LPDU queued for transmission by the HFDL
aircraft station sub-system.  The assigned sequence number shall be either a previously used sequence
number or a new sequence number equal to D(S) (the next available unused sequence number). A
previously used sequence number shall be used when there is a bit in a D(A)vect which is zero and a
bit in D(N)vect which is one (indicating a sequence number has been sent but the HFDL ground
station sub-system has indicated it was not received). If a reused number is chosen then the bit in
D(N)vect shall be set to zero.  A new number can be used when D(S) < D(A) + k, where k is the
transmit window size specified in the Log-On Confirm uplink LPDU.  If a new sequence number is
used then D(S) shall be incremented.  If D(S) = D(A) + k, then a new sequence number cannot be
assigned until D(A) is increased (note that D(S) > D(A) + k is not allowed).
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3.2 LINK MANAGEMENT

3.2.1 Channel Access Protocol.

The channel access protocol to be used in the HF Data Link system shall be a combination of
Frequency Division Multiple Access (FDMA) and Time Division Multiple Access (TDMA).  The
TDMA slots shall be assigned on a dynamic basis using a combination of reservation, polling and
random access assignments.

Each TDMA frame shall be 32 seconds.  Each frame shall be divided into 13 equal duration slots.

a.  The first slot of each frame shall be reserved for use by the ground station to broadcast link
management data in SPDU packets (Figure A-4).

b.  The remaining slots shall be designated either as uplink slots, downlink slots reserved for specific
HFDL aircraft station subsystem, or as downlink random access slots for use by all HFDL aircraft
station subsystem on a contention basis.

3.2.1.1 Assignment of Slots by the HFDL Ground Station Sub-system.

HFDL ground station sub-systems shall assign uplink slots reserved downlink slots, and random
access downlink slots taking into account message priority and maintenance of communications. Slots
are first assigned to HFDL aircraft station sub-systems that have requested reservations for high
priority traffic, then to queued high priority uplink LPDUs. Slots are next assigned to HFDL aircraft
station sub-systems that have requested reservations for medium priority traffic, then to queued
medium priority uplink LPDUs. Slots are next assigned to HFDL aircraft station sub-systems that
have requested reservations for low priority traffic, then to queued low priority uplink LPDUs.

3.2.1.2 Selection of Downlink Slot by HFDL aircraft station subsystem.

If an HFDL aircraft station subsystem has one or more downlink LPDUs queued for transmission and
the HFDL ground station sub-system has assigned one or more slots to the HFDL aircraft station
subsystem, the HFDL aircraft station subsystem shall send as many of the downlink LPDUs in the
assigned slot or slots as possible.  If a slot is assigned to an HFDL aircraft station sub-system and the
HFDL aircraft station sub-system has nothing in its queue to send, the HFDL aircraft station sub-
system shall send an MPDU containing Null or Performance Data HFNPDU as in Attachments 1 and
2.

If the HFDL ground station sub-system has not assigned the HFDL aircraft station sub-system a slot,
the HFDL aircraft station sub-system shall select and use a random access slot to send as many
LPDUs as possible.  The random access slot to be used shall be selected at random from all available
random access slots identified in the SPDU, whether traffic is queued for transmission at that time or
not.  If traffic arrives after the selected contention slot, then the HFDL aircraft station sub-system
shall wait until the next frame when a new contention slot is randomly selected again.  If no
contention slots are available, the HFDL aircraft station sub-system shall wait for a frame in which
there are slot(s) available.
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If an HFDL aircraft station sub-system transmits one or more LPDUs in a contention slot and none of
the LPDUs are acknowledged in the appropriate SPDU, the HFDL aircraft station sub-system shall
perform the following Exponential Backoff Mode algorithm.

0- Set n = 0.

1- Increment n.

2- Select a random integer, m, between 0 and 3n - 1.

3- If m > 0, then Wait until next SPDU, Decrement m, then repeat 3.

4- If m = 0 Select a new transmission slot according to rule b.

5- If the transmission is not acknowledged and n is less than 2 repeat steps 1-5.

6- If n = 2 initiate a search for a new frequency.

When assigning multiple slots to an HFDL aircraft station sub-system, if possible, the HFDL ground
station sub-system shall assign adjacent slots.  If two consecutive slots are reserved for an HFDL
aircraft station sub-system, the HFDL aircraft station sub-system shall transmit one MPDU in the
assigned double slot using the 4.2 second interleaver block.

3.2.1.3 Downlink Slot Reservation Requests.

With each downlink transmission, the HFDL aircraft station sub-system shall request slot
assignments, if necessary, for future transmissions.

3.2.2 HFDL Ground Station Sub-system Management

3.2.2.1 Ground Station Log-On Procedure

When the HFDL ground station sub-system receives a Log-On Request, it shall check for the
availability of unassigned Aircraft IDs (i.e., channel loading) and respond with a Log-On Confirm
uplink addressed to the HFDL aircraft station sub-system with the assigned Aircraft ID and maximum
downlink data rate measured.  If there are no Aircraft IDs available, the HFDL ground station sub-
system shall respond with an uplink addressed to the HFDL aircraft station sub-system with the Log-
Off Request/Log-On Denied Aircraft ID.

3.2.2.2 Ground Station Log-On Resume Procedure

Upon receipt of a Log-On Resume from the HFDL aircraft station sub-system, the HFDL ground
station sub-system shall respond with one of the following uplink LPDUs.  If the HFDL aircraft
station sub-system was still logged on and the HFDL ground station sub-system accepts the Log-On
Resume request, the HFDL ground station sub-system shall respond with a Log-On Resume-Confirm
LPDU.  The Log-On Resume-Confirm LPDU may contain a new Aircraft ID assignment or the same
previous assignment.  The AID shall be the same if the Log-On Resume is being done on the
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frequency the HFDL aircraft station sub-system is currently logged on to.  If, however, the HFDL
aircraft station sub-system is sending a Log-On Resume to the HFDL ground station sub-system it is
currently logged on to using a different frequency, then the AID allocated has no relationship to the
AID allocated for the other frequency.  When a HFDL ground station sub-system confirms a Log-On
Resume request to an HFDL aircraft station sub-system on a frequency different than the current
frequency in use, both the HFDL aircraft station sub-system and the HFDL ground station sub-system
shall mark the AID for the previous frequency as unused.

If the HFDL aircraft station sub-system was no longer logged on the HFDL ground station sub-
system table, the HFDL ground station sub-system shall not accept the Log-On Resume request.  In
this case the HFDL ground station sub-system shall respond with a Log-On Confirm LPDU to
indicate to the HFDL aircraft station sub-system that the HFDL ground station sub-system cannot
resume where the HFDL aircraft station sub-system left off and that the link connection is to be re-
initialized and treated as a new connection.  The Log-On Confirm LPDU shall contain a new Aircraft
ID assignment.  The HFDL aircraft station sub-system shall discard any partially delivered HFNPDUs
when it receives the Log-On Confirm LPDU.  All sequence numbers shall be reset to 0.

3.2.2.3 Table of Logged Aircraft

Each HFDL ground station sub-system shall maintain a table of aircraft logged on each of its active
frequencies.  Each entry in the table includes the aircraft address, assigned Aircraft ID, and the last
frame when the HFDL aircraft station sub-system was heard from and slot reservation request
information.

When the HFDL ground station sub-system receives a downlink with a slot reservation request, the
HFDL ground station sub-system shall update the index of the last frame the HFDL aircraft station
sub-system was last heard from and the downlink slot assignments requested.

3.2.2.4 Data Rate Reporting

The HFDL ground station sub-system shall report the maximum usable downlink data rate in the
header of each uplink transmission addressed to the HFDL aircraft station sub-system based on the
quality of the last downlink received from the HFDL aircraft station sub-system.

3.2.2.5 Ground Station Synchronization.

HFDL ground station sub-systems shall start their Master Frame at 00:00:00.0 UTC each day.  The
HFDL ground station sub-systems shall synchronize to UTC with a synchronization error of less than
25 ms.  Adjustments of greater than 25 ms shall only be made during a scheduled frequency change or
if no HFDL aircraft station sub-system are logged on to the HFDL ground station sub-system. The A
“1” in the high order bit of the HFDL Ground Station Address of the SPDU shall indicate if the
broadcasting station is synchronized to UTC.  The synchronization status of two adjacent HFDL
ground station sub-systems shall be indicated.  The HFDL aircraft station sub-system function shall
not use a non-UTC synchronized SPDU to establish a Master Frame reference for monitoring of
other frequencies.
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3.2.2.6 Intra-Ground Station Synchronization.

Each HFDL ground station sub-system shall transmit SPDUs on an assigned frequency, when that
frequency is being actively used, in a synchronized manner by defining a Master Frame with 13 slots
starting at TRef and repeating at 32 second intervals.  Each of the frequencies assigned to the HFDL
ground station sub-system shall also be assigned a slot transmission time in the Master Frame as
illustrated in Table A.3-4 below, where the HFDL ground station sub-system had been assigned 20
frequencies, grouped into 5 families.  The frequency ID associated with each assigned frequency,
shown in parenthesis, shall be derived by listing the frequencies from highest to lowest.  As an HFDL
aircraft station sub-system is initializing, it shall listen to each frequency that the selected HFDL
ground station sub-system should be transmitting on before initiating a Log-On Request.

Table A.3-4 - SPDU Slot Assignments Vs Frequency Assignments

The SPDU slot shall be specified in the Broadcast HFDL System Table.  There shall be a single
HFDL System Table supporting the operation of the HFDL subnetwork.  The SPDU slot offset shall
not change for a frequency in use.

Figure A-6 shows a depiction of the SPDU timing within a station.  The Master Frame started at TRef

shall be used to synchronize all station SPDUs.  SPDUs on frequencies designated for transmission in
slot 1 of the Master Frame shall be transmitted starting at Tref (either 21.9xx or 15.5xx MHz in Table
A.3-4).  These shall be followed two slots later by transmission of SPDUs on frequencies timed to fall
in slot 3 of the Master Frame.  Transmission of SPDUs on frequencies timed to fall in slot 5 of the
Master Frame shall follow two slots later.  This sequence shall be followed until all SPDUs have been
transmitted in the 32 second frame period.  The SPDUs shall be transmitted according to the
sequence shown relative to the Master Frame.  If an assigned frequency is not currently operational,
no SPDU shall be expected by the airborne receiver.  All SPDU slot transmit times shall be assigned
relative to the Master Frame reference time Tref.  However, SPDU slots shall always designated as the
first slot in the Local Frame defined for each frequency and all other slots shall be numbered relative
to the SPDU slot for the purpose of assigning slots and acknowledging downlink LPDUs.

Master Frame
Slot

Freq.
Group 1

Freq.
Group 2

Freq.
Group 3

Freq.
 Group 4

1 21.9xx(1) 15.5xx(3)
3 13.3xx(4) 10.0xx(6) 8.9xx(8) 17.9xx(2)
5 10.0yy(7) 8.9yy(9) 5.5xx(13) 13.3xx(5)
7 6.6xx(11) 5.5yy(14) 4.5xx(16) 8.9xx(10)
9 5.5zz(15) 4.5yy(17) 3.9xx(19) 6.6yy(12)
11 3.9yy(20) 4.5zz(18)
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Note. - The use of staggered SPDUs allows the HFDL System to rapidly determine which
frequencies from the selected HFDL ground station sub-system are propagating.  If the HFDL
aircraft station sub-system has no knowledge of which frequencies are propagating from a
selected HFDL ground station sub-system, it may begin the search starting at the highest
frequency.

3.2.2.7 HFDL System Table.

The HFDL System Table HFNPDUs are uplinks that shall be sent in response to reception of HFDL
System Table Request downlink HFNPDU (Attachments 1 and 2).  Although uplinked in response to
a request from an HFDL aircraft station sub-system, HFDL System Table uplink HFNPDUs shall be
addressed to all HFDL aircraft station sub-system (broadcast) and delivered using the Unnumbered
Data LPDU Type designator.  The Aircraft ID set to 00h shall be used to differentiate between a
broadcast uplink addressed to all HFDL aircraft station sub-system listening on the frequency and any
other uplink addressed to a specific HFDL aircraft station sub-system shall be sent using the
Unnumbered Data LPDU Type.

The HFDL ground station sub-system function responsible for delivery of the HFDL System Table
shall determine the number of HFDL System Table HFNPDUs to be used based on the size of the
table.  The HFDL System Table shall always be broadcast at 300 bps and the HFDL System Table
HFNPDUs shall be sized to fit within a double slot operated at 300 bps

A service provider may choose to implement the delivery of the HFDL System Table using the RLS
mode.  However, in that case the HFDL System Table HFNPDU and the Numbered Data LPDUs
encapsulating each segment of the HFNPDU shall be addressed to the HFDL aircraft station sub-
system that requested the HFNPDU System Table.  The maximum size of each HFNPDU shall be
424 octets in this case.

The format of the HFDL System Table HFNPDU transmitted by the HFDL ground station sub-
system using the DLS mode and the all-aircraft broadcast address shall be as defined in Figure A-
TBD.  The HFDL System Table shall be segmented to fit the available number of user octets in each
HFNPDU and minimize the number of HFNPDUs required for the broadcast.  The HFDL System
Table shall be segmented along both field and octet boundaries.

3.2.2.8 Ground Station Link Monitoring

3.2.2.8.1 Performance Data.

Recommendation.- The Performance Data HFNPDU is an optional HFNPDU that should be used
to downlink system performance data collected by the HFDL aircraft station sub-system. If
implemented, this function shall be as follows:  The aircraft HF Data Link function shall send
Performance Data HFNPDUs as space permits in downlink MPDUs with the exception of the Log-
On Request message.  The aircraft HF Data Link function shall not generate a separate downlink
message to send performance data unless the downlink is in response to an HF Data Link ground
station poll.  The aircraft HF Data Link function shall generate a new Performance Data HFNPDU
every time a successful frequency change is made (Log-On Confirm message received).  The
Performance Data HFNPDU shall be stored and then transmitted in the first MPDU downlink with
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available space.  The aircraft HF Data Link function shall be able to store at least five Performance
Data HFNPDUs.

At the end of each log on session, the HFDL aircraft station sub-system shall store a Performance
Data packet which reflects the statistics gathered from the previous log on session.  The packet shall
hold data collected from the previous log on session.  The packet shall be held in a FIFO queue.
During a log on session the HFDL aircraft station sub-system shall send Performance Data as
transmit space permits.  The HFDL aircraft station sub-system shall first choose the Performance
Data packet at the front of the Performance Data queue, otherwise a Performance Data Packet
reflecting the current log on session accumulate data shall be sent.  Once a Performance Data
packet from a previous session has been sent, it shall be removed from the queue.  When an
insertion is made to the queue while the queue is full, the oldest packet shall be removed and the
current packet inserted.

 The format of the Performance Data HFNPDU transmitted by the HFDL aircraft station sub-
system in the Log-On Request or Log-On Resume LPDU shall be as defined in Figure A-TBD.
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3.2.2.8.2 Frequency Data.

Recommendation.- The Frequency Data HFNPDU should be used to downlink system propagating
frequency data collected by the HFDL aircraft station sub-system during the most recent frequency
search.  When implemented Frequency Data shall be implemented as follows:  The Frequency Data
HFNPDU shall be delivered with every Log-On Request or Log-On Resume LPDU.  The format of
the Frequency Data HFNPDU transmitted by the HFDL aircraft station sub-system in the Log-On
Request or Log-On Resume LPDU shall be as defined in Figure A-TBD.

3.2.3 HFDL Aircraft Station Sub-system Management

3.2.3.1 Aircraft Log-On Procedure

The airborne HFDL function shall use the actual aircraft position, if known, to determine the distance
to each HFDL ground station sub-system in the HFDL System Table.  The distance shall be used to
identify all HFDL ground station sub-systems within 3000 kilometers (km).  The initial HFDL ground
station sub-system shall be selected at random from all of the HFDL ground station sub-systems
within this 3000 km range.

Each HFDL aircraft station sub-system shall maintain an HFDL System Table which contains a list of
HFDL ground station sub-systems and their frequency assignments in non-volatile memory, as
described in Figure A-TBD.

The HFDL aircraft station sub-system shall tune to the first frequency in the list of frequencies and
listen for the reception of a SPDU for at least 35 seconds.  If a SPDU is received without CRC error,
the SPDU format version matches that expected by the HFDL aircraft station sub-system, the Signal
Quality Measured (SQM) is acceptable, and one or more random access slots are available for Log-
On, a Log-On Request LPDU shall be sent.  The slot used to send the Log-On LPDU shall be
selected at random from all the random access slots available.  If no SPDU meets the above criteria,
or if no slots are available, the HFDL aircraft station sub-system will tune to the next frequency in the
list, and repeat the procedure.

Recommendation.- Once the frequency search algorithm is complete and the LME has received
what is considered to be a good frequency, the hardware is tuned for transmit.  During this initial
tuning cycle there may be a small amount of radiated energy that may be receivable by the HFDL
ground station sub-system or other aircraft.  Therefore, this initial tune should take place at a time
other than when the SPDU is being broadcast by the HFDL ground station sub-system.

A confirmation that the HFDL ground station sub-system has received the Log-On Request shall be
provided by a positive acknowledgment using FFh as the aircraft ID in the appropriate slot
acknowledgment field contained in the next one or two SPDUs.  A 'NAK' in this field shall indicate
that the downlink was not received.  The HFDL aircraft station sub-system shall then send a new
Log-On Request downlink.  If two consecutive Log-On Requests fail to be acknowledged, the HFDL
aircraft station sub-system shall then try a different frequency.  If a usable frequency cannot be found
from among all frequencies in the list, a Data Link Unavailable discrete.
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If the HFDL aircraft station sub-system receives a Log-On Confirm uplink, the HFDL aircraft station
sub-system shall then begin delivery of downlink data and continue using the same frequency and the
assigned Aircraft ID as long as the SPDUs continue to be received without CRC error and slots are
available.

If the HFDL aircraft station sub-system receives a Log-On Denied uplink, the HFDL aircraft station
sub-system shall search for a different frequency.

3.2.3.2 Aircraft Log-On Resume Procedure

The link layer shall initiate a search for a new frequency when:

a.) the last SPDU announced a HFDL ground station sub-system frequency change, shut down or
loss of ground network connection, or;

b.) the HFDL aircraft station sub-system fails to detect 2 consecutive SPDUs, or;

c.) when 3 consecutive downlinks are not positively acknowledged, or;

d.) 5 or fewer out of 10 SPDUs are received without CRC error (SPDU error rate),or;

e.) the maximum uplink data rate computed by the HFDL aircraft station sub-system degrades below
300 bps.

Note.- SPDU data information may be used to delete inactive frequencies from the active frequency
search list.

When changing frequencies the HFDL aircraft station sub-system shall issue a Log-On Resume to
connect to a different frequency on the same HFDL ground station sub-system.  Otherwise, the
HFDL aircraft station sub-system shall issue a Log-On Request to Log-On to a different HFDL
ground station sub-system.

Note.- The HFDL aircraft station sub-system HFDL should save all segments of partially
reassembled uplink HFNPDUs (Basic Data Units) while a Log-On Resume procedure is pending,
and discard the partially reassembled uplink HFNPDU only if the HFDL ground station sub-system
does not respond with a Log-On Resume-Confirm LPDU. It should also be noted that when multiple
HFDL ground stations operated by the same service provider provide coverage in a given area, the
HFDL system is expected to be more efficient if all these HFDL ground station sub-systems are
networked together so that virtual circuit connections are maintained when switching link
connections between these HFDL ground station sub-systems.

3.2.3.3 Aircraft Log-Off Procedure

The HFDL aircraft station sub-system is not required to Log-Off of the HF Data Link HFDL ground
station sub-system.  Instead the HFDL ground station sub-system shall use polling and other
techniques to identify HFDL aircraft station sub-system which are no longer logged on to the HFDL
ground station sub-system.

3.2.3.4 Data Rate Reporting.
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The HFDL aircraft station sub-system shall report the maximum usable uplink data rate in the header
of each downlink transmission based on the quality of the last uplink received from the HFDL ground
station sub-system.

3.2.3.5 HF Voice/Data Switching

The link layer shall monitor a discrete from the cockpit to detect when the HF radio is being used for
voice communications rather than data communications.  When the discrete indicates a change from
data to voice mode operation the link layer shall inhibit HF Data Link downlink transmissions until
the discrete returns to the data state.  When the discrete returns to data mode, the link layer shall
initiate a frequency search starting with the last frequency it was logged on.

If the HFDL ground station sub-system address associated with the frequency found is the same as
that of HFDL ground station sub-system the HFDL aircraft station sub-system was logged on before
going into the voice mode, then the link layer may re-establish a connection by issuing a Log-On
Resume.  Otherwise it shall issue a Log-On Request.

When the aircraft HFDL system is in voice mode, the Link layer shall not accept any HFNPDUs for
delivery to the ground.  HFNPDUs already accepted, but partially delivered shall be held by the link
layer until a Log-On Resume. is issued by  the link layer.  If a Log-On Request is issued then the link
layer shall discard partially delivered HFNPDUs and reset.

3.2.3.6 HFDL System Table Management

The HFDL aircraft station sub-system link layer shall manage the uploading of the HFDL System
Tables. When the HFDL System Table does not match the HFDL System Table version broadcast in
a SPDU, the link layer shall update of the HFDL System Table from broadcast uplinks broadcast. The
HFDL System Table Request shall be sent in the Log-On Request.

Note.- The HFDL System Table may be initially uploaded from the aircraft router or from a
portable/airborne data loader and stored in non-volatile memory.

HFDL aircraft station sub-system shall only log-on to HFDL ground station sub-systems broadcasting
a SPDU with a compatible SPDU version to that implemented in the HFDL aircraft station sub-
system.  The link layer shall continue the search for a frequency with matching SPDU version in the
event the SPDU on the current frequency does not match.

3.2.3.7 HFDL Fault Monitoring and Fault Indication

The HFDL aircraft station sub-system link layer shall collect, record and report built-in-test data and
provide a fault indication discrete.
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4. SUBNETWORK LAYER PROTOCOLS AND SERVICES

4.1 Architecture

The subnetwork layer protocol used across the HF A/G subnetwork is referred to as a subnetwork
access protocol (SNAcP) and shall conform to ISO 8208 (E) 1990-03-15, unless otherwise stated.
ISO 8208 DCE shall be employed in the aircraft station and ground station.

4.1.1 Services

This section specifies the services offered by the subnetwork layer of the HFDL subnetwork. The
HFDL subnetwork layer (HFSNL) shall employ HF network protocol data units (HFNPDUs) which
are mapped into ISO primitive parameters as defined in Table 4-1.  All packet types used in HFDL
shall be as specified in ISO 8208, with the exception of HFNPDU type FFFFh, representing enveloped
data.

4.1.2 Protocol description

A HFNPDU shall employ an overhead of 2 octets, specifying HFNPDU type, and comprises user data
of up to 422 octets.  The HFNPDUs supported shall be:

Table 4-1. HF network protocol data units
HFNPDU type (2 octets) Data

First Octet Second
Octet

Block Name Size (Octets)

FFh 0Bh system table
data

16 - 251

FFh 4Bh request data 2
FFh 8Bh performance

data
45

FFh ABh frequency data 6-36
FFh FFh enveloped data 17 - 238
00- FEh TBD 8208 data 422

4.2 Mapping process description

4.2.1 HFNPDUs to ISO Packets

The HFNPDUs that are mapped into an ISO 8208 packet for transmission to the DCE are:

CONNECTION REQUEST HFNPDU
CONNECTION CONFIRM HFNPDU
CONNECTION RELEASED HFNPDU
RESET HFNPDU
RESTART HFNPDU
DATA HFNPDU
DATA INTERRUPT HFNPDU
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INTERRUPT CONFIRM HFNPDU

All other HFNPDUs do not result in a packet being forwarded to the DCE.

4.2.2 ISO Packets to HFNPDUs

The packets that are transmitted to the HFSNL from the DCE are:

CALL REQUEST packet
RESTART REQUEST packet
CALL ACCEPTED packet
CLEAR REQUEST packet
RESET REQUEST packet
DATA INTERRUPT packet
INTERRUPT CONFIRM packet

All other packets are not forwarded from the DCE.

4.2.3 Call/called and clear user data

User data is transparently transferred from the parameter of the SN-CONNECT indication primitive
to the Call User Field of the ISO 8208 INCOMING CALL packet.

4.2.4 Priority

The priority facility of the ISO 8208 INCOMING CALL/CALL CONNECTED packet is mapped
from the priority parameter of the corresponding SN-CONNECT parameter.

4.2.5 Packet fragment and reassembly

The HFDL subnetwork shall allow the fragmentation of large data packets for transmission across the
A/G portion of the subnetwork.  Reassembly shall be performed at the receiving end of the
subnetwork.

4.2.6 Subnetwork layer system parameters

The parameters listed in Table 4-2 shall be used in the subnetwork protocol.  These values apply to
the aircraft DTE and ground DCE.

Table 4-2. HF Subnetwork layer service system parameters
Symbol Name Minimum Maximum HFDL

Standard

T20 RESTART REQUEST
timer

64 sec 360 sec 240 sec

T21 CALL REQUEST timer 64 sec 360 sec 240 sec
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T22 RESET REQUEST
timer

64 sec 360 sec 240 sec

T23 CLEAR REQUEST
timer

64 sec 360 sec 240 sec

R20 RESTART REQUEST
count

64 sec 360 sec 240 sec

R22 RESET REQUEST
count

64 sec 360 sec 240 sec

R23 CLEAR REQUEST
count

64 sec 360 sec 240 sec

P Packet size 3 octets 424 octets
W Transmit window size 1 packet 1 packet 1 packet
A Acknowledge window

size
1 packet 1 packet 1 packet

4.2.7 Logical channels

To enable simultaneous virtual call, logical channels are used.  Each virtual call is assigned a logical
channel identifier between an ISO 8208 DTE entity and its peer ISO 8208 DCE entity.  The
calling/called DTE address for encoding in the CALL CONNECTED packet is determined from the
CALL REQUEST packet.

4.2.8 Buffer sizes

The HFDL subnetwork shall have enough buffer space available to operate a minimum of 32 logical
channels each supporting 1272 octets in downlink or uplink direction.  The data buffer shall be as a
minimum as defined in Table 4-3.

Table 4-3. Minimum HFDL subnetwork buffer sizes
Transmit Channel

Rate (bps)
HFDL subnetwork buffer size (octets)

logical circuit size
300 2k 20k
600 3k 25k
1200 4k 25k
1800 4k 25k

4.2.9 HFNPDU to Link layer mapping

The following HFNPDUs are mapped to and from the HFDL Link layer:

LOGON HFNPDU
LOGOFF HFNPDU
PERFORMANCE HFNPDU
FREQUENCY HFNPDU
DATA HFNPDU
others…
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Attachment 1 indicates the signal unit formats for these HFPDUs.

Note: For HFNPDU type FFFFh the HFSNL is not envoked as this is a HF link layer specific
service.

4.2.10 HF specific service management

The HF ground station shall be capable of providing subnetwork functions for operation of link layer
specific services.  This requires ground station HFSNL flow control and SNAcP management. [TBD]

The aircraft station implementation may allow dedicated ISO 8208 DCE SNAcP specific service
operation with discrete addressing on the aircraft 429 interface. [TBD]

4.2.11 Management Interface

[TBD]

4.2.11.1 Aircraft station management interface

[TBD]

4.2.11.2 Connectivity notification event

[TBD]

4.2.11.3 Log on to a ground station

[TBD]

4.2.11.4 Log off from a ground station

[TBD]

4.2.12 Ground station management interface

[TBD]

4.2.13 Flow control

[TBD]
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5.  HFDL Ground Management Subsystem

5.1 Interfaces

The HFDL management subsystem shall interface with the HFDL Ground station subsystem  in order
to exchange control information required for frequency management,  system table management, log
status management, and quality of service (QoS) data collection.

5.1.1 The following information shall be exchanged between the HFDL management subsystem and
the HFDL ground station subsystem:

a)  to HFDL ground station
1)  frequency tuning
2)  system table
3)  aircraft log-on status
4)  minimum priority accepted

b)  from HFDL ground station
1)  aircraft log-on status
1)  QoS performance data
2)  QoS frequency data

5.2 Functions

The HFDL ground management subsystem shall carry out the following functions:

a)  aircraft log-on status table management
b)  system table management
c)  frequency management

5.2.1. The HFDL management subsystem shall include in its aircraft log-on status table, for every
aircraft logged-on to each ground station which it serves, the following information:

a)  HFDL ground station identification
b)  aircraft ICAO address

5.2.1.1. The HFDL management subsystem shall update the aircraft log-on status table when
an aircraft logs-on, resumes a log-on, or is logged-off an HFDL ground station which it serves.

5.2.2 The HFDL management subsystem shall include in the system table the following information
for each HFDL ground station:

a)  HFDL ground station identification
b) assigned frequencies
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c)  HFDL ground station latitude and longitude
d)  squitter synchronization indication
e)  squitter version number
f)  database version number
g)  master frame slot by assigned frequency

5.2.3 The HFDL management subsystem shall include in the Active Frequency table the following
information for each HFDL ground station which it serves:

a)  HFDL ground station identification
b)  active frequencies
c)  start and stop time by active frequency
d)  minimum priority accepted by active frequency

5.3   Quality of Service

Recommendation.  The HFDL management subsystem should provide a quality of service indication
of an end-to-end communications service failure, or of a failure to meet the quality of service
requirements on a per-message basis.
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INTRODUCTION AND EXECUTIVE SUMMARY

Purpose Of This Document
The purpose of this document is to provide the reader with material to enhance the understanding of High
Frequency Data Link.  This document provides the reader with guidance material to be considered in several areas
within the HF Data Link system including the airborne avionics, the propagation media, and the terrestrial
components.  A Summary of the contents is as follows:

Section Title

1.0 Introduction and Executive Summary
2.0 HF Data Link System Description
3.0 Operational Concept (Scenarios)
4.0 Ground Station Networking/Interoperation
5.0 System Implementation and Growth

The Attachments include an Airborne Subsystem block diagram, a Ground Communications Subsystem
Architecture, an End-to-End System Model, HF Data Radio (HFDR) and HF Data Unit (HFDU) block diagrams,
and possible Aantenna configurations with radiation patterns.

This HF Data Link design finds its beginning in MIL-STD-188-110A.  HF Data Link had not, until recently, been
considered as suitable for the future Aeronautical Telecommunications Network (ATN) utilization.  Over the last
few years, trials of a prototype system along with recently collected propagation data indicates that HF Data Link is
capable of providing a level of performance suitable for the ATN environment.

The HF Data Link Service allows aircraft that are equipped with an HF Data Link Control Function (HCF) and
HFDRs, or equipped with HCFs, an intermediate HFDU, and compatibleconventional HF Voice Radios, to send
and receive packet data via a network of HF Data Link Ground Stations.  The ability to exchange packet data via
the VHF Data Link and SATCOM networks will, of course, continue to exist.

This document shows that a subnetwork of 15 or 16 HF Data Link ground stations can extend air-ground
communications coverage beyond the coverage of VHF Data Link subnetworks on a world-wide basis and provide
an alternate or /backup to SATCOM on routes over the Atlantic, North and South Poles, South America, Africa,
the Pacific, and Asia.  The actual number of ground stations needed is dependent upon several factors including
system availability and capacity desired by the users and ground station operators.

This document also indicates that HF Data Link can provide very significant improvements over current HF Voice
Communications in terms of system availability, system capacity, ease of use, and informationdata integrity.

Role of HF Data Link in CNS/ATM
As the aeronautical industry progresses with the implementation of data links both on the ground and airborne
sides, a need emerges for HF Data Link.  A networked-based HF Data Link system satisfies future Air Traffic
Service (ATS) and AeronauticalAirline Operational Control (AOC) communication requirements in oceanic areas
in a cost efficient and reliable manner.  Furthermore, HF Data Link, while not authorized for use over continental
United States (CONUS), can provide data link service over other land areas where no current data link service (i.e.,
VHF) is currently available.  In this case, HF Data Link provides a data link service wherewithout the cost of
numerous VHF Data Link stationsmay be impractical due to cost or other factors.  Additionally, HF Data Link
maywill result in a reduction in the growth of requirements for HF voice services, as many current voice service
requirements are accommodated via HF Data Link.
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HF Data Link fulfills several key roles:  (1) provides aircraft that are not SATCOM- equipped with a long-range,
cost-effective data link; (2) serves as a data link for polar regions where SATCOM performance degrades and (3)
acts in combination with SATCOM as very high performance system capable of meeting future ATN availability
requirements.  HF Data Link is seen as a tool enabling Communications, Navigation, and Surveillance (CNS)/Air
Traffic Management (ATM) to be extended to new regions and to aircraft previously not able to afford a long-
range data link.

HF as a Long Range Communication Medium

HF propagation [John to provide strawman text to replace following]

1.3.1      HF Propagation

              Many radio frequency bands are influenced by media such as the neutral atmosphere or the ionosphere,
and the HF band is no exception.  For Aeronautical purposes the important bands are HF, VHF, and UHF
(SATCOM).  While VHF signalling is generally unaffected by ionospheric effects, it is restricted to Line-of-Sight
(LOS) ranges.  In contrast, the HF band depends upon the ionosphere for its skywave coverage pattern which
enables Beyond-Line-Of-Sight (BLOS) communication ranges to 4000 - 5000 km and beyond (on multi-hop paths)
to be achieved.  SATCOM circuits are influenced by the requisite ionospheric penetration, a region 60 - 2000 km
above the Earth’s surface, but the impacts are deleterious efforts, some of which may be significant under
prescribed conditions (viz., scintillation during high sunspot conditions and within specified geographic regions).
SATCOM coverage is determined by Line-Of-Sight conditions which may limit polar coverage for some
configurations (i.e. geosynchronous platforms).  HF coverage over the poles is provided by appropriate ground
station positioning.

              The HF and VHF bands are not influenced by the wide range of atmospheric phenomena but SATCOM
can be impacted under severe weather conditions.

              The HF band of principal interest (2.850 to 22.000 MHz), is subject to a number of ionospheric influences
which lead to signal distortion and these are dependent upon factors such as ionospheric layer shape and densities
which are functions of geographical and time-vary conditions.  The temporal effects include long-term solar
epochal changes related to the 11-year sunspot cycle, seasonal variations, day-to-day changes, and diverse
variations.  There are also signal-level fluctuations which arise over a continuum of time scales (i.e. seconds to
hours).

              The time scale and character of HF signal distortion will define the most appropriate countermeasure or
mitigation scheme.  Many approaches are now available for mitigation of deleterious HF effects and these include
advanced signal processing, dynamic frequency management, and a variety of diversity measures to exploit the
wide variety of ionospheric effects.

Although many radio frequency bands, from ELF to VHF, can be reflected from the atmosphere, HF is the primary
sky wave band providing advantages both over lower frequencies through decreased atmospheric noise and over
higher frequencies through increased antenna efficiency and reduced screening from obstacles as well as less
attenuation from the effects of snow, rain, or fog.  The HF Data Link will use the radio communications spectrum
between 2.850 and 22.000 MHz as the data transmission media.  Propagation within this band, except at short
ranges (typically less than 150 km), depends upon the reflection of radio waves from ionized layers in the Earth's
atmosphere.  HF communication performance is a function of path geometry, ionospheric properties, noise and
interference, and finally, the radio system itself.  These aspects of HF communications cause performance variance
with respect to time and geographic location. The nature of HF propagation allows HF radio signals to propagate
over very long distances (under the right conditions around the world), however, successful HF communications is
dependent on propagation efficiency sufficient to overcome noise and interference.
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The HF transmitting antenna produces a short-range ground wave signal and a relatively long-range sky wave
signal.  The HF sky wave leaves the HF transmitting antenna at an  inclined angle, travels upwards and is reflected
off the ionosphere.  HF signals remaining near the Earth's surface form the ground wave which, depending on the
surface conditions and transmit power, can be used over distances of up to 100 km.

Using sky waves for long-distance communications has disadvantages including variability of HF propagation
conditions, ionospheric storms interrupting communications, and phase fluctuations.
However, the HF Data Link system will be able to achieve a high-level of performance because: (1) Multiple
stations which are networked together to provide multiple communications paths to the aircraft; (2) HF frequency
selection is automatically managed; (3) Use of modern digital signal processing techniques; and (4) Data rates are
automatically selected based on channel quality.

Networked sites
Due to the vagaries of propagation phenomena current manually tuned HF voice communications is difficult at best
and very often unreliable.  A great deal of the unreliability is due to the restrictions imposed on voice
communications.  For example, the HF stations that handle Air Traffic Control (ATC) communications over the
North Atlantic are set up so that a single HF station handles mostall voice communications in each Flight
Information Region (FIR), and each FIR's coverage region is limited to a radius of roughly 1000-1200 km.  When
a severe ionospheric disturbance affects HF communications within a FIR, a large part of the coverage area may
experience degraded communications.  Aircraft in the affected area may have no alternate communications path
because they are restricted to making their waypoint position reports to the HF station covering that FIR.
Furthermore, by designing the  HF-voice based ATC system so that the FIR's coverage area is generally limited to
1200 km or less, the window of frequencies that support HF communications with the FIR's HF station is smaller
(often only one frequency or none out of all the station's frequency assignments) than it could be if the aircraft were
allowed to report to a station farther away.  It should be noted that an HF station with sufficient power can provide
consistent coverage at ranges as far as 4000-5000 km.

With HF Data Link, aircraft may communicate with any of a number of internetworked HF ground stations
providing coverage in the same area (e.g. North Atlantic).  Messages are routed to/from the ground end user via
dedicated, leased communication circuits or packet switched data public or private networks.  The HF Data Link
system is expected to be inherently more reliable (higher availability), because ionospheric disturbances are much
less likely to affect the communications from a point in the coverage area to all ground stations at the same time.

Automatic frequency management
Current HF voice based ATC communications procedures require that aircraft monitor a primary pre-assigned
frequency to communicate with the responsible ATC center at a given time of the day.  A secondary frequency is
also pre-assigned for use in the event of heavy traffic or poor propagation conditions on the primary frequency.
When HF radio conditions degrade, the task of maintaining the voice traffic flow in order to comply with the flight
safety regulations becomes increasingly difficult both for the pilot/radio operator in the aircraft and for the radio
operators in the ATC communication stations, as message waiting times increase, and the manual frequency
selection task grows more difficult.

With HF Data Link the crew does not have to assume responsibility for finding and tuning to a good frequency and
an HF radio operator trying to reach a specific aircraft does not have to hope that the aircraft is monitoring the
appropriate frequencies.  The HF Data Link system on the aircraft automatically searches for a suitable (or even the
best available) frequency from all HF Data Link operationalactive ground station frequencies.  To assist with the
search, each HF Data Link ground station broadcasts system management uplink packets (called ‘squitters’) every
32 seconds on itsthree or more operationalactive (monitored) frequencies.  The squitters on each of the frequencies
are staggered and synchronized to Universal Time Coordinated (UTC, viz. GPS) to allow a quick search through
the frequencies.  In order to speed up the search process, an aircraft may limit the search to all operationalactive
frequencies assigned to all ground stations within 4000 to 5000 km of the current aircraft position.
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Once a suitable frequency is found, the aircraft establishes a connection by sending a log-on message to the ground
station and waiting for a log-on confirmation uplink before continuing.  Having established a connection, the
aircraft may proceed to send data on time slots assigned for random access, to downlinks or downlink slots
specifically assigned to the particular aircraft, and to receive data on slots reserved for uplinks by the ground
station.  To facilitate the frequency and slot management process, 13 slots are grouped into frames having a length
of 32 seconds frames of 13 slots.  The slot assignments for each of the 13 slots in a 32 second frame are broadcast
by the ground station in the squitters usingwhich use the first slot in the frame.  The acknowledgments to all
downlinks sent in the previous frame interval are also broadcast in the squitters.

An aircraft logged-on a particular frequency continues to use that frequency until it does not detect a useablethe
squitters, which is broadcast every 32 seconds, or when the ground station does not acknowledge three consecutive
downlinks sent by the aircraft.  At that point the aircraft initiates a search for a new frequency and logs-on the new
frequency.  The hand-off of the connection from one frequency to another and from one ground station to another
is totally transparent to the aircraft user.

Digital signal processing
IrregularChaotic behavior in the HF channel has left the perception that long-haul HF communications is
intrinsically unreliable.  This perception has been based upon years of experience prior to the advent of modern
digital signal processing techniques.  Early efforts in the use of HF as a transmission path for data links failed for
reasons including problems with the signal-in-space waveform.  The most recent HF Data Link trials began in
1990 and highlighted progress made in HF Data Link modems employing new digital signal processing
technologies.  The modems employed phase shift keying (PSK) modulation, forward error correction, interleaving
of coded data and adaptive channel equalization of received data.  These techniques enabled the modems to
compensate for the distortion of the HF channel.

Automatic selection of data rates
HF Data Link allows for the transmission of data at rates of 300, 600, 1200, and 1800 bps.  The HF Data Link
function uses the slowest possible data rate available to support the message size of the downlink transmission.  At
any time, each link between the aircraft and ground station will have a maximum downlink and uplink data rate.
The maximum uplink rate is determined by the aircraft and provided to the ground station where the maximum
downlink rate is determined by the ground station and provided to the aircraft.  These data rates are determined by
evaluating the received signal-to-noise ratio on each reception.  Insufficient or marginal signal-to-noise ratio will
lead the aircraft to search for a new frequency from the same or different ground station which provides sufficient
signal-to-noise ratio for establishment and use of the data link.

Performance

Availability
A recent six month HF propagation measurement experiment was conducted by TCI/BR Communications to
validate availability assumptions.  Sites located in Hawaii, continental US, and Puerto Rico were used to simulate
up to four ground stations.  A site in Sunnyvale, California was used to simulate an aircraft attempting to
communicate with any of the other sites, some as far away as 3000 km.  Availability as high as 99.9% was shown
to be achievable over the period of the experiment.

In addition, HF Data Link trials being conducted over the North Atlantic for the 30 months prior to December
1995 have shown availability better than 95% with three ground stations and two operationalactive (monitored)
frequencies per ground station with no attempt made to optimize the selection of operationalactive frequencies to
counteract the effects of propagation disturbances.  The availability should improve by adding more active
frequencies per ground station (as shown by the TCI/BR Communications experiment), adapting the selection of
operationalactive frequencies to changing propagation, and adding more optimally located HF Data Link sites
within regions.
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Data Integrity Comparable to Other Data Link Systems
When HF voice is used to send waypoint position reports, there is a potential for human operator error when the
operator transcribes the report.  With HF Data Link such data errors are virtuallyvirtually eliminated through the
use of Cyclic Redundancy Code (CRC) checksums appended to every packet.  The CRC checksum allows the
system to automatically detect all combinations of bit errors in the packet less than 17 bits wide, with the
probability of not detecting bursts of errors wider than 17 bits being less than 1 in 10 million.  Packets received
with errors are discarded and not acknowledged.  Unacknowledged or negatively acknowledged packets are
automatically retransmitted by the transmitting side.

HF Data Link uses the same 16-bit CRC checksums as those employed by other aeronautical data systems such as
SATCOM and VHF Data Link.  Hence, the achievable level of data integrity is the same.

Benefits

Efficient Spectrum Usage and Greater System CapacityHF Data Link System
Relationship to HF Voice
One of the driving forces for the development of data link systems in general is the difficulty of finding sufficient
spectrum to allocate enough voice channels in the aeronautical service bands.  As an example, the North Atlantic
HF-voice based ATC system has a frequency complement of about forty 3 kHz SSB channels, which are kept
reasonably quiet and interference-free.

HF Data Link makes more efficient use of the available HF spectrum than HF voice for a number of reasons.  First,
HF Data Link employs short burst transmissions of less than 2.2 seconds duration in time slots of 2.47 seconds
duration to send data packets with up to 2132 bytes of user data.  A waypoint position report can be sent in a single
2.47 second slot.  A Time Division Multiple Access (TDMA) and a slot reservation protocol described in the
Annex to the HFDL SARPSSection B, provides for the assignment of slots for uplink and downlink transmission to
and /from individual aircraft in order to avoid mutual interference between transmissions from ground stations and
from multiple aircraft on the same time slot.  A single voice contact to report a waypoint position report typically
uses about 1-2 minutes of channel time.

Secondly, by using digital signal processing techniques such as adaptive equalization and forward error correction
coding to combat effects such as multipath, impulseive noise from lightning and fading, more useable spectrum is
available with HF Data Link than with HF voice.  ThusThat is, frequencies which are unsuitableusable for voice
communications have the potential tocan be used reliably for HF Data Link and often with equal or better quality
than frequencies free of multipath.  Moreover, HFDL signal processing techniques may enable multipath channels
to perform with good reliability.

The more efficient spectrum usage with HF Data Link translates into greater system capacity per operationalactive
frequency.  The number of aircraft that can be provided service in a given geographical area during a given hour
depends on the number of data packets sent to and /from each aircraft during that hour and the number of
frequencies propagating to any and all of the ground stations providing coverage in that area.  Simulations of the
HF Data Link protocols indicated that 26 aircraft, sending 11 downlinks and receiving 6 uplink packets with 2132
bytes of user data or less per hour, can be provided service per propagating frequency with a mean 314 second
transfer delay through the network and a 95% transfer delay of less than 36120 seconds  Table 1-1 provides a
comparison of capability of HF Data Link with HF voice.

HF Data Link System Relationship to SATCOM and HF Voice
Perhaps the single most important contribution that HF Data Link can offer to the aeronautical community is that
when combined with SATCOM can provide, a higher level of system availability is achievable than with a dual
redundant SATCOM installation whose availability is limited by SATCOM propagation anomalies such as
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ionospheric scintillation rather than equipment malfunctions.  This is because HF Data Link and SATCOM are
deemed to possess quite independent failure mechanisms, whereas dual SATCOM does not provide the same
degree of diversity advantage.  The rest of this section presents more detail which illustrates the clear advantage
achieved through a diversity combination of HFDL and SATCOM.

There are two Two factors that have to be considered are considered when computing the availability of radio
communications systems such as SATCOM and HF Data Link.  One is the availability of the equipment, which is a
function of the Mean Time Between Failures (MTBF) and Mean Time To Repair (MTTR), and the other is the
availability of the ‘propagation path,’, which in the case of SATCOM may include the availability of the satellite.
The overall system availability is equal to the product of the two.

For simplicity, the ground station equipment availability is assumed to be 100% or is included in the propagation
path availability.  The propagation path availability, as well as MTBF and MTTR values used should not be
construed as actual demonstrated values, but are used for illustration purposes only.   

Table 1-2 below compares the total system availability of a single SATCOM installation with that of a dual
SATCOM installation.  For simplicity, the ground station equipment availability is assumed to be 100% or it may
be included in the propagation path availability.  The propagation path availability, as well as MTBF and MTTR
values used, should not be construed as actual demonstrated values, but are used for illustration purposes only.  The
table shows thatIn the example. adding a second identical SATCOM installation on an aircraft merely increases
the average reliability, or MTBF, of the airborne equipment by a factor of 1.5.  The higher overall reliability shown
improves the airborne equipment availability from 99.81% to only 99.87% which hardly has an effect on the
overall system availability andwhich improves system availability from 98.8 % to only 98.9%.  This is always the
case as long as the SATCOM system availability is limited by propagation anomalies which have an equal effect on
both airborne installations.

In order to achieve an improvement on the overall system availability, dissimilar propagation paths are necessary.
This may be accomplished by using HF Data Link as an alternate communication link to SATCOM.  To illustrate
this concept, Table 1-3  below gives the availability of a single HF Data Link installation as well as that of a
SATCOM and HF Data Link installation.  Note that when two dissimilar propagation paths (SATCOM and HF
Data Link) whose outages (1 - availability) due to propagation effects are uncorrelated, the overall system
availability is equal to 1 minus the probability that a SATCOM and an HF Data Link outage occur simultaneously
(product of SATCOM and HF Data Link outage probabilities); hence the availability formula given in Table 1-3.

In the examples in Tables 1-2 and 1-3, the MTTR values for the HF Data Link airborne equipment are assumed to
be the same as for the SATCOM equipment for the purpose of illustration only, and so as not to bias the results.  A
Even using  a conservative value for the HF propagation availability, it is assumed to shown that, even in that case,
a SATCOM and HF Data Link installation can achieve an order of magnitude higher availability (99.94%) than a
dual SATCOM installation (98.9%).
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Table 1-1 - HF VOICE COMMUNICATIONS

HF VOICE COMMUNICATIONS HF Data Link

Availability of
Communications

$  <80% Availability $  >95% Availability with coverage
    from 2 HF stations
$  >99% Availability with coverage
    from 3 or 4 HF stations

Spectrum Usage $  1-2 minutes per position report
$  Large fraction of available (propagating)
    frequencies unusable due to multipath
    and fading

$  2.5 sec per position report
$  Adaptive equalization and forward
    error correction coding allow use of
    all available frequencies

Frequency Management $  Operator required to select/find good
    frequency
$  Ground can only contact aircraft if
    aircraft HF radio tuned to good
    frequency

$  Automatic search and selection of
    good frequency based on channel
    quality measurement
$  Automatic hand-off of connection
    between ground stations

Data/message Integrity $  Prone to error when operator transcribes
    voice contact into a data message

$  CRC checksums detect errors
$  Messages received with errors
    automatically retransmitted

Table 1-2 - AVAILABILITY OF DUAL SATCOM INSTALLATIONS

AVAILABILITY OF DUAL SATCOM INSTALLATIONS

Availability Formula Example

Single
SATCOM
Installation

A1 = availability of single SATCOM installation
As = availability of SATCOM propagation & Ground Station

                  MTBFs

A1 = ------------------------- x As

           MTBFs + MTTR

Single SATCOM MTBFs = 2575 hrs
MTTR = 5 hrs

As = 0.990

A1 = (0.998) x (0.990) = 0.988

Dual
SATCOM
Installations

A2 = availability of dual SATCOM installation
As = availability of SATCOM propagation & Ground Station

                    1.5 x MTBFs

A2 =  -------------------------------- x As

            1.5 x MTBFs + MTTR

Single SATCOM MTBFs = 2575 hrs
MTTR = 5 hrs

As = 0.990

A2 = (0.9987) x (0.990) = 0.989
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Table 1-3 - AVAILABILITY OF SATCOM AND HF Data Link INSTALLATIONS

AVAILABILITY OF SATCOM WITH HF Data Link BACK UP INSTALLATIONS

Availability Formula Example

Single HF Data
Link Installation

A1 = availability of single HF Data Link installation
Ahf = availability of HF propagation & Ground Station

                  MTBFhf

A1 = ------------------------- x Ahf

           MTBFhf + MTTR

HF Data Link MTBFhf = 4760 hrs
MTTR = 5 hrs

Ahf = 0.95

A1 = (0.9986) x (0.95) = 0.949

SATCOM with
HF Data Link
Installations

A2 = availability of SATCOM plus HF Data Link installation
As = availability of SATCOM propagation & Ground Station
Ahf = availability of HF propagation & HF Ground Station

                        MTBFs                   MTBFhf

A2 = 1-(1- ------------------- x As)x(1- ------------------- x Ahf)
                 MTBFs+ MTTR        MTBFhf+ MTTR

SATCOM MTBFs = 2575 hrs
MTTR = 5 hrs;  As = 0.990

HF Data Link MTBFhf = 4760 hrs
MTTR = 5 hrs;  Ahf = 0.95

A2 = 1 - [1 - (0.9981)x (0.990)] x
            [1 - (0.9990)x(0.95)]
    = 1 - 0.012 x 0.051 =  0.9994
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HF DATA LINK SYSTEM DESCRIPTION

The HF system is described below in general terms.  Due to the complex interdependencies of the various
subsystems comprising HF Data Link, far more detailed information is required for actual system implementation.
While there are many ways to implement the functions required, the reader is advised to consult ARINC
Specifications 634, 635, and 753 for details of one possible implementation, and ARINC Specifications 559A and
719 for compatible HF SSB voice aircraft radios.

Introduction
The HF Data Link System enables aircraft based computers to exchange data with ground based computers via the
high frequency radio frequency spectrum.  Four separate subsystems comprise the HF Data Link System:

a) HFDL Aircraft station subsystemsubsystem

b) HFDL Ground station subsystem

c) HFDL Ground communications subsystem

d) HFDL  Ground Management subsystem

HF Data Link Aircraft Subsystem

2.1.1.1  HFDL Aircraft Subsystem Components

The aircraft station sub-system includes the aircraft HF Data Link equipment and the airborne elements of the HF
Data Link protocol.  It provides the interface to the aircraft data link avionics.  The following major components
are part of the aircraft station subsystem:

a)  a)  HFDL Transmission and HF Data Radio (HFDR or HF Radio and a HF Data Unit (HFDU))

b)  Data Modulation and Demodulation HF Data Link Control Function (HCF)

c)  HFDL Protocol and Frequency Selection HF Antenna Coupler

d)  Interface to the [Airborne Data Link Processor] HF Antenna

HF Data Link capability on the aircraft is provided by one of several methods, depending upon the equipment
currently installed in the aircraft:

2.1.1.2  HFDL Capability

a) Installing an HF Data Unit (HFDU) (reference Attachment 2-1 of this document) which provides an interface
between the management unit (MU) or HCF and a conventional ARINC 719 HF/SSB voice radio, or

b) Installing a service bulletin upgrade into an existing ARINC 719 HF/SSB voice radio which adds HF Data
Radio (HFDR) (reference Attachment 2-2 of this document) functionality into a single Line Replaceable Unit
(LRU) and provides interfaces to the MU/HCF, or

c) Installing an HFDR as defined by ARINC Characteristic 753 and HF Data Link SARP Section B.s.
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Interfaces between the aircraft HF antenna couplers and HFDU, HFDR, or HF SSB transmitters and receivers
ARINC 719 transceivers are as specified in ARINC Characteristic 753.  The HFDR also interfaces to the HF Data
Link control function which is implemented either by modifyinging existing Rradio Management/Ccontrol panels,
or by additional supplemental HF Data Link control panels.  The HFDU and the data modules in the HFDR
implement the HF modem, Data Link layer, and HF Subnetwork Access.  The MU/HCF is a router/end system
which, in addition to interfacing to the HF Data Link equipment, also interfaces to other Data Link subnetwork
Data Communications Equipment (DCE) on board the aircraft as well as end systems such as a Flight
Management Computer [FMC], Aircraft Condition Monitoring System, or Cockpit Display Terminal.

HF Data Link Ground Station Subsystem [The acronym “GS” should be included in the
definitions]
The HF Data Link ground station subsystem includes the ground HF Data Link equipment and the ground
elements of the HF Data Link protocol.  It also provides for the interface to the ground-based HF Data Link end
users.  The following major components are part of the HF Data Link ground station subsystem:

a)  HF transmissiont and reception; ters, receivers, and antennas to provide access to the HF media;

2 to 6 HF/SSB transmitters with 1 kW power or greater, with one antenna per transmitter;

2 to 6 HF/SSB receivers with a single antenna shared by all receivers;

b)  Data modulation and demodulation; HF Data Link data modems to modulate the HF carrier signal;

2 to 6 HF modems (one for each transmitter/receiver pair) which implement the HF Data Link signal-in-space;

c)  HF Protocol and Frequency Selection; Data Link ground station controller to implement the HF Data Link
protocol, and control the HF frequency selection; and

Remote control and supervision equipment to tune and monitor the HF transmitters and receivers; and

An HF Ground Station Controller which implements:

        1)   the ground side of the HF Data Link protocol including the management of the log-on procedures and
frequency scheduling; and

        2)  all the Inter-ground and Intra-ground Station Synchronization and generation of squitters.

d)  Interface to the ground communications subsystem. Network interface device to connect the HF Data Link
ground station controller to the ground communication infrastructure.

Each Ground Station implements the ground side of the HF Data Link signal-in-space, the HF Data Link protocol,
and the means to interface to the HF Data Link ground communications subsystem.  A typical HF Data Link
ground station consists of:

a)     2 to 6 HF/SSB transmitters with 1 kW power or greater, with one antenna per transmitter;

b)     2 to 6 HF/SSB receivers with a single antenna shared by all receivers;

c)     2 to 6 HF modems (one for each transmitter/receiver pair) which implement the HF Data Link signal-in-
space;

d)     remote control and supervision equipment to tune and monitor the HF transmitters and receivers; and



ICAO AMCP WG-E/4 Report

13

e)     an HF Ground Station Controller which implements:

        1)   the ground side of the HF Data Link protocol including the management of the log-on procedures and
frequency scheduling; and

        2)  all the Inter-ground and Intra-ground Station Synchronization and generation of squitters.

Initially, a ground station may be equipped only with 2 or 3 transmitters, receivers, antennas and HF modems.
Equipment can be incrementally added as more capacity is required.

HF Data Link Ground Communications Subsystem
A ground communications infrastructure is required to interconnect HF Data Link ground stations, end users, and
the HF Data Link system management subsystem.  Regional communication  hubs will be used to internetwork
regional HF Data Link ground stations and provide points of access to the HF Data Link system.  Appropriate
circuits using Dedicated or leased circuits or public or private X.25 packet switched data networks will provide the
connection between ground stations and hubs.  The decision will based upon cost factors.  The communications
hubs would operate ATN Routers to route messages between HF Data Link users and the HF Data Link ground
stations which then relay the messages to the aircraft logged-on the ground station.  In the interim and during the
transition to ATN,, one or more hubs would  operate Aircraft Communications Addressing and Reporting System
(ACARS) Routers wouldto perform the message routing functions.

HF Data Link Ground Management Subsystemt Subsystem
The HF Data Link Ground Management subsystem provides the means to operate, manage, and maintain the HF
Data Link System.  The HF Data Link management subsystem provides the following functionality:

a) Frequency Management

b) Alarm Processing

c) Configuration Management

d) Command and Control

e)   Remote Diagnostics

f)     Billing

Alarm processing, configuration management, and command and  control, remote diagnostics and billing are
functions required to support any network operation.  The  frequency management function is unique to the HF
Data Link System.  In order to make efficient use of the limited spectrum available for HF Data Link and to
maximize system availability, the 15 or 16 HF Data Link ground stations should share frequency assignments and
coordinate their use in real time based on actual propagation data.  Initially, when there are very few users of the
system, frequency management may be based on predictions of frequency propagation.  Available HF Data Link
frequencies may be assigned on a per geographic region basis.  Each HF Data Link Ground Station would have a
table of frequencies and associated operationalusage times.  As HF Data Link System usage grows and capacity and
availability become more of an issue, dynamic frequency management capabilities should be added to the system.
Moreover, dynamic frequency management will be critical during disturbed propagation which arises as a result of
increased solar and geomagnetic activity.  For example, actual propagation measurements couldmay be used to
evaluate HF propagation patterns in real-time and provide input to a frequency management algorithm. used to
assign frequencies to HF Data Link ground stations.

The HF Data Link System should be managed by a single entity responsible for putting together the consortium of
HF Data Link ground station operators, developing and fielding the HF Data Link Ground Stations, developing
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and fielding the HF Data Link management subsystem, and managing the day-to-day operations of the HF Data
Link System.  The HF Data Link System operator should share and distribute the HF Data Link generated revenue
among the consortium of HF Data Link Ground Station facility providers.

Ground Station Synchronization
The HF Data Link System is designed to take advantage of time synchronization in the broadcast of squitters.
These squitters are used to mark the beginning of the 32 second frames, allow the airborne receiving system to
determine availability of a communications channel, and to transmit system management information.  The ground
stations are expected to transmit the squitters in an organized time staggered manner.  This assures that within a
station, there is a known pattern of transmissions.  Additionally, the ground stations are expected to synchronize
their squitter transmissions to Universal Time Coordinated (UTC).  The total synchronization allows the airborne
receiving systems to know when to expect a squitter on each frequency, thus allowing improved acquisition times.

Antennas for HF Data Link Ground Stations

General
The Ground station operatorService Providers (ground station operatorSPs) for the HF Data Link provide
communications to and from aircraft, which are located at various distances from the ground station operatorSPs.
These distances vary from very short to longer distances perhaps as far away as 4,000 to 5,000 km, but are
normally in the 2500 km range.  VHF frequencies generally cover communications out to about 400 km; however,
there may be instances when HF might be used as an alternate communication medium within this range.  Thus
the ground station operatorSP ground station antennas should provide communications coverage for distances
between less than 400 km to over 4000 km.  For purposes here a short range antenna covers out to about 1000 km,
a moderate range antenna covers about 800 to 3000 km, and a long range antenna covers 3000 km and beyond.

At HF the radio waves refractreflect off the ionospheric layers that exist between 100 to 300 km above the earth.
The antenna must direct maximum radiation at the ionospheric refractreflecting layers at desired elevation and
azimuth angles that will result in refractreflected radiation coverage to desired locations.  For instance if an aircraft
is 350 km from a ground station operatorSP, maximum radiation from the antenna should occur at an elevation
angle near 60 degrees for refractreflection off the 300 km high ionospheric layer.  In this case the ray path from the
ground station operatorSP to the ionosphere and then to the aircraft forms an approximate equilateral triangle
including a direct line between the ground station operatorSP and the aircraft; this simple one-refractreflection
path is called a one-hop path.  As the distance increases, the elevation angle or take-off-angle for the one-hop path
decreases; the take-off-angle of the one-hop ray can get as low as about three degrees for the longest paths.  Three
degrees is typically a minimum take-off-angle being limited by nearby hills, other obstructions and antenna
radiation pattern under cutting at the very low elevation angles.  In general the path to the receiver may consist of
several hops; for instance a two-hop path occurs where there is a ground refractreflection midway between the
ground station operatorSP and the aircraft and there are two refractreflections from the ionospheric layer.  The one
and two hops may exist singly or simultaneously.  When two or more paths occur at the same time, this is known
as multipath propagation.

A given ground station operatorSP may be able to use several antennas to provide required short to long range
communications.  Antenna selections may include a short range omnidirectional high take off angle antenna
combined with several moderate to long range directive antennas.  Also, a ground station operatorSP may have
limited land area available and may need to use a small number of antennas of a single type that provide
satisfactorythe best service to all ranges.  At HF the transmitting and receiving sites for a single ground station
operatorSP are usually spaced at least 5 to 10 km in order to provide high isolation between the HF transmitters
and HF receivers and to allow a lower radio noise environment at the receive site.

Antennas for HF Data Link should cover the aeronautical bands  that exist between 2 to 30 MHz.  The highest
aeronautical mobile frequency band is less than 22 30 MHz; however almost all HF communications antennas are
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rated to 30 MHz.  All antennas described here may be used for receive or transmit unless a specific limitation is
given.

Antennas for Transmitting Sites
For transmission of HF radio waves a horizontally polarized (HP) antenna is generally the better choice over a
vertically polarized (VP) antenna because the ground refractreflection loss for HP waves is small and the ground
refractreflection loss for VP waves is relatively large.  The HP antennas typically have at least a 6 dB advantage
over the VP antennas in terms of power gain unless extensive ground screens are used under the VP antennas.  A
VP monopole antenna with a good ground screen can provide satisfactory low angle coverage; however this
antenna has a null overhead and is not satisfactory at ranges shorter than about 800 km, where typically high angle
coverage is needed.  A VP monopole antenna may be an adequate choice if the ground station operatorSP does not
have any short path communications requirements paths assigned.

Antennas for Receiving Sites
A highly efficient receive antenna is generally not needed because of the relativelymoderately high levels of man
made and atmospheric radio noise at HF.  For instance one might wish to use a VP antenna for reasons of radiation
pattern coverage and accept a few dB of antenna loss because this antenna loss usually will not have a significant
effect on the receive system sensitivity.  For receiving it is much more important to use antennas with a high
directive gain so that the signal level picked by the antenna is enhanced relative to the noise.  Under the
assumption that equal noise power density is being received from all directions, which is usually the case, the total
noise power received by the antenna is independent of the antenna directivity.  Thus the received signal to noise is
increased by increasing receive antenna directivity.
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OPERATIONAL CONCEPT (SCENARIOS)

HF Data Link Operational Concepts
This section provides a description of a future HF Data Link equipped flight as a means of introducing HF Data
Link operational concepts.  It should be emphasized that there are a number of different methods for implementing
some of the technical aspects of the HF Data Link System and this description is provided only as a means to
explain some of the more important features of the HF Data Link System.

AOC Operational Concept
HF Data Link provides the medium for low cost, efficient, long range exchange of safety information for AOC
reasons.  Routine long range AOC communication usually involves the challenging elements of international travel
and, more frequently than ever,  increasing use of twin engine aircraft in an Extended Twin Engine Operations
(ETOPS) environment.  HF Data Link provides the AOC data exchange that the operator needs to permit, not only
r routine, but and  abnormal and emergency situations efficiently.  HF Data Link provides relief from expensive
and relatively slow voice contact and telephone patches.

Flight Crew Need for AOC HF Data Link
Airlines' need for long range data exchange varies widely by airline.  However, as a minimum, HF Data Link
permits the flight crew the timely access to the operator’s flight following personnel for flight position, schedule
tracking and fuel burn projections.  In addition, HF Data Link provides the flight crew the means to request
Automatic Terminal Information Service (ATIS) and weather information for alternate and destination airports
from the airline host computer and an increasing number of airports while in areas where line of sight data is not
available.  HF Data Link allows the exchange of fixed format messages such as hijack or free text messages
between the flight crew, dispatchers, and maintenance personnel.  Keystroke errors can be minimized by an airline
transmitting route changes to compatible Flight Management Systems (FMSs).  These type messages are typically
not long (less than 100 characters), but are routinely sent throughout the course of a flight.

  The flight crew reaction repeatedly is strongly favorable for HF Data Link because they have confidence that their
dispatch operation is not far away.  The system design provides a transparent selection of air/ground medium.  HF
Data Link, so integrated, becomes invisible to the flight crew as media transitions are automatically performed by
the avionics system.

Other Operator Need for AOC HF Data Link
The HF Data Link medium is useful for many purposes other than flight crew use.  Some airlines send automatic
AOC position and weather reports, and real time, automatic engine performance monitoring.  These messages are
rather long (over 100 characters) and are sent frequently during the enroute phase of the flight.  Infrequent, but
very important reports are needed during enroute flight phases, such as  when an engine or APU exceeds a normal
operation or is shutdown.  Ground maintenance personnel may use HF Data Link to poll certain engine functions
on demand.

Synergy and Comparison with SATCOM
HF Data Link provides full compatibility with SATCOM as a complementary air/ground medium.  Studies
demonstrate the increased availability that HF Data Link and SATCOM provide simultaneously.  HF Data Link
combined with SATCOM provides a lower acquisition cost alternative to a dual SATCOM system.  HF Data Link
provides lower recurring cost of operation than SATCOM and in some cases, VHF Data Link.  HF Data Link
provides a technical advantage over SATCOM by eliminating single points of failure which are inherent in
SATCOM (the satellite link itself) by providing potential communications with multiple ground stations.
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Typical HF Data Link Flight Scenario
The HF Data Link operational concepts are presented in terms of a possible Delta Air Lines flight at some point in
the future.  HF Data Link operational concepts associated with the Delta Air Lines flight are presented from the
perspective of the airline using HF Data Link to support Airline Operational Control (AOC) and from the HF Data
Link service provider.  These concepts are presented given the following scenario:  Delta Air Lines Flight Flight
14 (DLFL14) is an Atlanta to Frankfurt flight departing Atlanta at 7:35 PM.  Delta Air Lines uses a Boeing 767-
300ER for this flight.    This aircraft is equipped with VHF Data Link (ACARS), two HF Data Radios and an HF
Data Link capability.

Initial Log-On
DFL14 uses an "out" event (all passenger doors closed and the anti-collision strobe lights on) to trigger the initial
log-on to the HF Data Link System.  This log-on is transparent to the flight crew.  There are a variety of other
possibilities for automatically triggering the log-on process to include loss or failure of the VHF Data Link or use
of geographic filters.

NOTE - The HF Data Link function is disabled when the aircraft is at the gate as a safety feature.  When an HF
Transmitter is keyed a high voltage differential could be generated between the aircraft and the ground.  This
voltage differential could produce a spark during refueling operations if the aircraft is not properly grounded.

The HF Data Link function in the HF Data Radio initiates the log-on process by scanning for HF Data Link
squitters.  Every HF Data Link Ground Station (GS) broadcasts uplink squitters on each active frequency.  The
squitters are broadcast every 32 seconds and provide a means for aircraft to determine which frequencies are
usable.  The squitter indicates the start of a 32 second HF Data Link frame consisting of 13 slots.  The squitters
also serve several other functions including HF Data Link System timing, distribution and synchronization, and
broadcasting time slot assignments for uplink and downlink transmission.  The downlink slots may be assigned to
individual aircraft in response to reservation requests or may be designated for use by all aircraft in a random
access fashion.  Some HF Data Link avionics implementations may continuously scan for squitters even when the
HF Data Link function has been disabled while the aircraft is at the gate.  This permits a much faster log-on
sequence once the HF Data Link function is enabled.

The aircraft HF Data Link function maintains a list of HF frequencies in use by the HF Data Link System.  The
aircraft HF Data Link function scans this list from the highest to the lowest frequency and listens for a squitter on
each frequency for at least 35 seconds.  This particular implementation of the HF Data Link function selects the
first acceptable frequency as opposed to searching the entire frequency list and choosing the best available
frequency.  A 12 MHz frequency squitter from the Long Island GS is received without error, with available
downlink slots, and the signal quality is acceptable.  The squitter includes the identification of the transmitting GS.
An HF Data Link frame has 13 slots and could consist of a squitter, two uplink slots, three assigned downlink slots
and seven random access downlink slots.  The GS configures each frame to support the expected uplink and
downlink traffic.  The HF Data Link function generates a Log-On Request message and randomly selects one of the
available random access downlink slots for the downlink transmission.

The HF Data Link function uses the slowest possible data rate that can support the message size of the downlink
transmission.  The four data rates available are 300, 600, 1200, and 1800 bps.  At any given time, each link
between an aircraft and a GS will have maximum downlink and uplink data speeds which can be supported.  The
maximum uplink rate is determined by the aircraft and provided to the GS in the downlink Protocol Data Unit
(PDU).  The maximum downlink rate is determined by the GS and provided to the aircraft in the uplink PDU.
These data rates are determined by evaluating the received signal-to-noise ratio on each reception of a PDU.

The GS responds with a log-on confirm PDU which includes the aircraft identification (AID) number and
maximum downlink transmission rate.  Receipt of the log-on confirm results in an HF DATA icon being displayed
on the Engine Identification Crew Alerting System (EICAS) to let the flight crew know they have an HF Data Link
connection established.
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Downlink Message Processing
Once the aircraft HF Data Link function has completed the log-on process, the aircraft can send and receive
messages via HF Data Link.  The first downlink sent by the aircraft is an ACARS media advisory message.  This
message is sent to the service provider and the airline to provide information needed to maintain data link
addressing and routing tables.  The HF Data Link function encapsulates the ACARS media advisory message in
the HF Data Link protocol and randomly selects one of the available random access downlink slots identified in the
squitter and transmits the PDU.  The GS acknowledges receipt of the downlink PDU by sending the AID in one of
the next two squitters in the slot acknowledgment field.

If the GS does not acknowledge the PDU, the aircraft HF Data Link function assumes that another HF Data Link
equipped aircraft competing for the same downlink slot interfered with the GS reception of the message.  The
aircraft HF Data Link function then invokes an exponential back-off algorithm to identify a new HF Data Link
frame for the next downlink attempt.  The aircraft HF Data Link function once again randomly selects one of the
available random access downlink slots identified in the squitter and transmit the PDU.  In the event that another
PDU is unacknowledged, the HF Data Link function repeats the process one more time.  If this third attempt is
unacknowledged, the HF Data Link function reinitiates the log-on process and look for a new HF channel.

Even though FDL14 has now successfully logged into the 12 MHz HF Channel at the Long Island GS, the aircraft
is only sending and receiving ACARS messages over the VHF Data Link.  The MU/HCF is configured to use HF
Data Link only if VHF Data Link is not available (and routine communications is not permitted over the
continental United States).  The media advisory message is an exception to this rule.  The ACARS media advisory
message is sent over the most recently acquired data link.

Uplink Message Processing
The aircraft HF Data Link function receives an uplink PDU from the Long Island GS.  The uplink PDU is received
without error and in accordance with HF Data Link protocol.  The resulting ACARS Acknowledgment message is
forwarded to the communications management unit/HCF.  The uplink PDU contained a downlink slot assignment.
The aircraft HF Data Link function acknowledges receipt of the uplink PDU in the downlink PDU generated for
the downlink slot assignment.  The aircraft HF Data Link function generates a downlink PDU even if there are no
downlink messages ready, by providing HF Data Link performance data.

Frequency Change
The frequency used by the aircraft HF Data Link function will probably change during the course of the flight.
These changes can be initiated either by the GS or by the aircraft HF Data Link function.

GS Initiated Frequency Change
As FDL 14 crosses into North Carolina, the aircraft HF Data Link function receives a squitter with the change
notice flag set.  This flag triggers the aircraft HF Data Link function into reinitiating the log-on process.  At the
same time the change notice code bits are set, the GS updates the active frequency data within the squitter.  In this
case, the aircraft HF Data Link function frequency search algorithm first tries the active frequencies of the current
GS.  The active frequencies of the current GS, as well as active frequencies from two adjacent GSs, are broadcast
within each squitter.  If the active frequencies of the current GS can not be heard, then the aircraft HF Data Link
function tries the active frequencies of the two adjacent GSs.

The FDL14 aircraft HF Data Link function first listens on the other active frequencies transmitting from the Long
Island GS.  In this case, the aircraft hears the new squitter on the 6 MHz frequency and initiates a Log-On-Resume
process.

Aircraft Initiated Frequency Change
As FDL14 heads north into Canada, the signal strength of the squitters heard on the 6 MHz frequency degrades
below the acceptable threshold.  The aircraft HF Data Link function then initiates a search for another frequency.
The aircraft HF Data Link function first listens on the other active frequencies transmitting from the Long Island
GS.  In this case, the aircraft does not hear any of the other transmitting frequencies from the Long Island GS.
The aircraft HF Data Link function then listens on the frequencies for the adjacent GSs.  The FDL14 HF Data Link
function is able to receive the squitter on the 3 MHz frequency transmitting from the Newfoundland GS and
FDL14 initiates the log-on process.
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Flight Crew Use of HF Voice
Prior to departing radar controlled airspace, the Gander Air Traffic Control (ATC) authorities provide FDL14 with
an HF Selective Calling (SELCAL) code via VHF voice radio and verify the SELCAL is functional.  Once out of
VHF range, the flight crew of FDL14 may use HF Voice for ATC or AOC voice communications.  In the event that
HF Voice is used, the aircraft HF Data Link function disables downlink HF Data Link transmissions.  Downlink
HF Data Link transmissions remain disabled for the duration of the HF Voice use and for a specified period of time
after the last use of the HF Voice.

Once downlink HF Data Link transmissions are no longer disabled, the aircraft HF Data Link function initiates a
log-on process starting with the last frequency it was logged on.  If the squitter is acceptable and the ground station
address is the same, the aircraft HF Data Link function sends a Log-On-Resume message.  If the squitter is for a
new ground station, the aircraft HF Data Link function sends a Log-On-Request message to the GS.

Transition to VHF Data Link
Once FDL14 nears the coast of the United Kingdom, it enters VHF Data Link coverage.  At this point the MU no
longer uses the HF Data Link for downlink message traffic.  The AOCDelta Air Lines will have received a media
advisory message and will no longer use HF Data Link for uplink message traffic.  The aircraft HF Data Link
function continues to maintain the HF Data Link.

Flight Arrival
The "in" event (first passenger door open or anti-collision strobe lights off) of FDL14 arriving at the gate is used to
disable the aircraft HF Data Link function.

HF Data Link Service Provider Operational Concept
HF Data Link service for the Delta Air Lines flight scenario over the North Atlantic is provided by four networked
HF Data Link Ground Stations (GSs) (located in Sweden, Iceland, Newfoundland, and Long Island.  Each GS has
three HF transmitter/receiver pairs dedicated for HF Data Link.  These three HF channels are active at all times at
each site.  Each GS has a Global Positioning System (GPS) based time source.  This common time source is used to
synchronize the transmission times of all of the GSs.  If practical, each GS is connected to two intermediate routers
to provide diverse communication paths.  The intermediate routers are connected to the ground station operatorSP
network interface router.  The Iceland and Sweden HF Data Link ground stations are connected to a intermediate
router in London and the Newfoundland and Long Island HF Data Link ground stations are connected to an
intermediate router in Chicago.  The HF Data Link ground network infrastructure interconnects the GSs with the
ground station operatorSP Back-End Processor (BEP) and the HF Data Link Management Function.  The HF Data
Link Management Function manages the GSs and the frequency assignments for each of the four GSs.

Initial Log-On
Each GS broadcasts an uplink squitter on each active (transmitting) frequency.  The squitters are broadcast every
32 seconds and provide a means for aircraft to determine which frequencies are usable.  The squitter indicates the
start of an HF Data Link frame.  The squitters also serve several other functions including HF Data Link System
timing, distribution and synchronization, and broadcasting time slot assignments for uplink and downlink
transmission.  The downlink slots may be assigned to individual aircraft in response to reservation requests or may
be designated for use by all aircraft in a random access fashion.  The squitter includes the identification of the
transmitting GS.  An HF Data Link frame comprises 13 slots and could consist of a squitter, two uplink slots, three
assigned downlink slots, and seven random access downlink slots.  The GS configures each frame to support the
expected uplink and downlink traffic.

The GS receives a log-on request from FDL14 (the aircraft is actually identified by the 24-bit ICAO identifier as
opposed to the flight ID) and checks for the availability of an aircraft identification (AID) number.  The ground
station assigns each aircraft on a particular HF frequency with a unique 8-bit identification number.  This aircraft
ID is used in all subsequent message exchanges.  If there are no aircraft IDs available, the GS responds with a log-
on denied message.  System design, aircraft flight patterns, and HF propagation characteristics reduce the
possibility a ground station will ever exhaust all of a channels aircraft ID numbers.
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In this case, there are aircraft IDs available and the GS responds with a log-on confirm uplink.  The GS adds the
aircraft to the software table containing the list of active aircraft and sends an Q0 label message to the BEP.  The
BEP uses the Q0 message to update its aircraft routing table.  The GS also sends an aircraft log-on notification
message to each of the other GSs.  This message contains the aircraft ICAO 24-bit identification number (provided
in the log-on PDU header) and is used to remove outdated records from the active aircraft table of other GSs.

The GS also stores the maximum uplink transmission rate for the aircraft in the active aircraft table.  This rate is
determined from the received signal-to-noise ratio (SNR) on each reception of a downlink.  The maximum uplink
transmission rate is used by the GS to determine the maximum size of an uplink message and is used by the HF
Data Modem to set data and interleaver rates for the uplink transmission.

Channel Capacity
The only limit placed on channel capacity by the GS is the restriction of 256 active aircraft per channel imposed by
the 8-bit aircraft identification field within the squitter.  The GS sets the frequency utilization bit in the squitter
after 25 aircraft have logged into the channel.  The aircraft HF Data Link function will not log into a HF channel
with this bit set unless it is the only HF channel the HF Data Link function can use.

It is possible to have situations which produce excessive loading on a single channel.  Aircraft may have to log-on
to an already loaded channel because it is the only channel the aircraft can hear.  In this case there may be aircraft
on the loaded channel that may very well be able to hear other squitters, but remain on the loaded channel because
the signal strength is still acceptable.

The GS does not directly manage load sharing between transmitting HF frequencies.  The GS also does not have
the capability to change aircraft to a new frequency to balance the load on the GS.  However, the GS can set the
frequency utilization bit in the squitter once an HF channel has 25 aircraft logged-on.  The ground stations
broadcast the squitters, but have no knowledge of what frequencies the aircraft can receive.  The aircraft listens to
the squitters and selects the optimum frequency for a given situation.

The HF Data Link channel access protocol provides a limited load balancing capability.  The excess channel
loading results in increased competition for the random access slots.  If an airborne HF Data Link transceiver
cannot access a channel after three attempts, the channel access protocol searches for another channel.  This
process should result in off-loading of some of the aircraft from the overloaded HF channel over time.

Downlink Message Processing
The GS receives a downlink PDU from FDL14.  The message is received without error and in accordance with the
HF Data Link protocol.  The resulting message is forwarded to the SP BEP.  The GS acknowledges receipt of the
downlink PDU by sending the aircraft ID in one of the next two squitters in the slot acknowledgment field.

Uplink Message Processing
The BEP receives the ACARS media advisory message from FDL14, reformats the message for the ground
network, sends the message to the AOCDelta Air Lines, and generates an ACARS acknowledgment message.  The
BEP knows which channel and ground station it received the DFL14 ACARS media advisory message from and
sends the acknowledgment message back to the Long Island GS.

The GS encapsulates the ACARS acknowledgment message in the HF Data Link protocol and assigns a slot for the
uplink message.  The GS also assigns a downlink slot for the aircraft in the next available frame.  The downlink
slot assignment is communicated to the aircraft in the appropriate squitter by placing the aircraft ID for FDL14
into the appropriate slot assignment field.  The aircraft HF Data Link function acknowledges receipt of the
message in the next downlink message sent in response to the downlink slot assignment by the GS.  By assigning a
downlink slot, the GS increases the speed uplink messages can be processed.
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If the aircraft HF Data Link function responds to the downlink slot assignment request, yet does not acknowledge
receipt of the message in the assigned downlink slot, the GS assigns a second downlink slot to the aircraft in the
next squitter.  If the aircraft still responds with a downlink message in the assigned downlink slot, yet does not
acknowledge the message, the GS retransmits the message and repeats the above process.

If the aircraft HF Data Link function does not respond with any message in the assigned downlink slot, the GS
assigns another downlink slot.  If the aircraft still does not respond, the GS repeats the slot assignment one more
time.  In the event of a third non-response, the GS assumes the aircraft HF Data Link function is no longer active
for this HF channel and removes the aircraft from the active aircraft table.

GS Initiated Frequency Change
As FDL 14 crosses into North Carolina, the GS begins the process of changing to a better frequency.  The
propagation models and HF sounders used to develop the HF Data Link frequency management plan have
determined that the 12 MHz HF channel will go off the air at 8:00 PM local time and the HF transmitters and
receivers will switch to a 6 MHz frequency.  The GS reads a frequency selection table, which is the physical
representation of the HF Data Link frequency management plan, to determine when to switch HF frequencies.
This table is periodically updated by the HF Data Link System Management Function.

At 8:00 PM the GS sets the change notice code in the squitter to indicate the GS is changing the HF frequency
within four frames.  At the same time the change notice code bits are set, the GS updates the active frequency data
within the squitter.  This continues for another three frames with the squitters indicating a change notice.  At the
completion of the fourth frame, the GS changes the HF transmitter frequency and starts transmitting squitters on
the new HF frequency.

Aircraft Polling
The GS keeps the active aircraft table updated to ensure enough aircraft IDs are available to support new aircraft
logging on to the system.  In addition to using the aircraft log-on event to update the tables, the GS periodically
polls aircraft to determine if they are still active.  Polling is used if an aircraft has not sent a downlink within the
last 30 minutes.  The GS assigns the aircraft a downlink slot using the next available squitter.  The aircraft
responds with a downlink message in the assigned slot, even if a message is not in the queue.  If the aircraft HF
Data Link function responds with a downlink, the time field is updated in the active aircraft table.  If the aircraft
does not respond, the GS repeats this polling process two more times.  If the aircraft HF Data Link function does
not respond to three polling requests, the GS removes the aircraft from the active aircraft table.

Once FDL14 arrives in Frankfurt, the aircraft HF Data Link function is disabled.  The GS polling process
determines that FDL14 is no longer listening to the channel, removes the aircraft from the active aircraft table, and
releases the aircraft ID number for reassignment to another aircraft.

Air Traffic Services (ATS) Operational Concept
The use of HF Data Link for Air Traffic Services (ATS) is foreseen as growing incrementally with time, as the
current (early 1996) North Atlantic HF Data Link system evolves from its current status as a system supporting
data link trials.  In order to be considered a fully operational data link medium for support of a particular ATS
service, the system will have to meet certain qualification criteria, which are:

1.    the demonstration of the ability of HF Data Link to meet Required Communications Performance criteria;
namely, the Performance, Availability and Integrity parameters required for each particular ATS service to be
supported;

2.    the utilization of appropriately designated spectrum for ATS service, namely the AM(R)S (Reference Article
50 of the ITU radio regulations and Appendix 27 AER2, thereto);
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3.    design approval of airborne equipment and its installations to include safety assessment considerations
evaluated from an end-through-end perspective; and

4.    operational authorization based on the verification and validation of derived safety and interoperability
requirements/procedures which apply to the aircraft, space, and ground domains.

As HF Data Link is a new technology and certain aspects of the above criteria will require some time for their
qualification, an incremental approach to the utilization of HF Data Link for ATS is considered to be the most
effective.  It is foreseen that trials of several ATS applications will be conducted, using ATS applications with
corresponding incremental progression of benefits to the users.  Eventually, the Performance, Availability and
Integrity parameters of which HF Data Link is capable will be determined by analysis, simulation and test; and HF
Data Link will be deemed an acceptable means, either solely or in conjunction with other communications media,
of ATS data link communications operation.

Typical ATS Scenarios
It is assumed that the HF Data Link system used for ATS during the trials periods is essentially the same as that
described in Section 3.2, AOC Operational Concept.  Within the HF Data Link air/ground subnetwork, the aircraft
log-on and log-off processes are similar, as are also the several link management exchanges described therein.  It is
assumed that the initial utilization of HF Data Link will be as an alternative RF medium for ACARS operations as
described in that section.  Benefits linked to ATS will be constrained by the evolution of the data link (e.g., a
FANS-1 like ACARS/ARINC 622 followed by a "Data-3"/ATN implementation) as well as the proof of HF Data
Link per se through trials and demonstration periods.  However, it can be assumed that rapid progress will be
made in the implementation of the Aeronautical Telecommunications Network (ATN) during the trials period,
resulting in an evolution of supporting subnetworks and end systems for ATS corresponding to the evolution of HF
Data Link applications.

Initial North Atlantic Trials
Potential users of HF Data Link need to anticipate benefits accruing from ATS applications as well as AOC
applications.  In the context of an incremental timeline of benefits as outlined above, the first ATS benefit has been
identified as the substitution of Waypoint Position Reports (WPR) via HF Data Link for the current practice of
making WPRs via HF radio voice.

A trial of HF Data Link in an ATS environment began in December 1995 in North Atlantic airspace and continued
into 1996.  During the trial United Airlines and Continental Airlines aircraft sent WPRs over HF Data Link (and
SATCOM and VHF ACARS) to the Canadian and Iceland Civil Aviation Authorities (CAAs).  These WPRs were
automatically generated by the aircraft’s flight management computer and took place without pilot intervention.
One key aspect of the trial was the CAA did not have to change or upgrade any of its controller end systems to
receive data link WPRs.

A WPR is required when the aircraft is over, or as soon as possible after passing, compulsory reporting points if the
approved flight plan contains such designated points.  Reporting points in oceanic airspace frequently are
associated with every ten degrees of longitude (for routes having a major East-West component), which generally
corresponds with a report every 45-60 minutes.  Currently, a WPR is delivered by HF radio voice from the cockpit
via HF ground station to a ground radio operator who transcribes the report in message form.  The message format
is the standard WPR as prescribed by the ICAO PANS/RAC (Document 4444).  The radio operator acknowledges
receipt of the WPR via HF voice response, then transmits the message via a network (or dedicated line) to the
controlling center where it may be printed and/or displayed on a monitor.  A copy of the message is normally also
routed to the aircraft operator’s dispatch center.

In the HF Data Link WPR trial, the message is automatically generated on the aircraft, in a flight management
computer (FMC).  Actual position, altitude, time and other data as necessary will be automatically generated in an
ACARS-compatible format using data available from the onboard flight management and navigation systems.  The
message generation and transmission will be triggered automatically when the waypoint is reached.  There is also a
capability for generating a report message on command from the crew or on request from the ground.  When
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received at a ground station, the message is forwarded to the service provider who reformats the message and then
routes the message to the appropriate center.  A message copy is also delivered to the aircraft operator.

The goal of the trial was, once operational, to replace HF voice WPRs with data link WPRs.  Data was collected
comparing HF Data Link and SATCOM performance to that of HF voice.  Most of the WPRs generated in the
trials were SATCOM and VHF ACARS due to the medium selection schemes employed the ACARS MU.
Although HF Data Link performance met its goals, not enough data was collected by 3Q96 to make HF Data Link
operational.
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GROUND STATION NETWORKING/INTEROPERATION

Overall System Concept
The goal of the ICAO CNS/ATM concept is to implement a global system which offers an improvement over
current with more cost-effective communications, navigation, surveillance and air traffic management solutions.
The current concept for the communications solution relies on satellite communications (SATCOM) for global
coverage and line-of-sight systems for high-traffic volume communications in the terminal area.  Furthermore, the
cost-effective communications solutions to satisfy the CNS/ATM concept are expected to have a high degree of
availability (communications availability's are expected to be 99.4% or greater).  To achieve these levels of
communications availability in the oceanic regions, aircraft are being equipped with dual SATCOM installations.
However, if the actual availability does not meet the expected system availability, a second data link system capable
of reliable communications in the oceanic region would be required.

HF Data Link is capable of providing communications in oceanic and polar regions.  The cost of the HF Data Link
avionics installations should be lower than those of SATCOM avionics.  A combination of SATCOM with HF Data
Link should provide higher availability of communications than a dual SATCOM installation.  In order to fulfill
these expectations, the HF Data Link system should be capable of achieving a significantly higher degree of
availability over the current HF voice system, and the recurring per message unit charges should be competitive
with those of SATCOM.  Otherwise, there is little chance of getting system approval by the regulatory agencies or
acceptance in the market place.  The HF Data Link system should also make effective use of the spectrum and
utilize a sufficiently low number of frequencies to allow for a smooth transition from a voice based HF
communications system to a primarily data link based system with reduced HF voice communications traffic.

An  low-cost HF Data Link system with recurring per message unit costs that are competitive with those for
SATCOM requires that the number of HF Data Link ground stations be kept to the minimum number required to
achieve the expected coverage, system availability, and capacity.  Too many HF Data Link ground stations result in
excessover capacity, high recurring per message unit costs and inefficient use of the spectrum.  The location of the
HF Data Link ground stations is also important because of their impact on the overall system coverage and
availability.  Thus, the current practice of individual each states owning/operating an HF ground station to provide
full area radio coverage for Air Traffic Services (ATS) in aits Flight Information Region (FIR) iswould likely an
efficient not be a low cost solution.  An HF voice ground station for each per FIR shwould be replaced with one in
which states responsible for ATS share the communications services provided by fewer optimally strategically
located HF Data Link ground stations much in the same way they may share the communications services provided
by SATCOM Ground Earth Station (GES) facilities.  As with SATCOM, the control of ATS will remain with the
state responsible for the FIR.  A Rreduced number of HF ground stations will result in a more efficient and more
cost-effective HF Data Link communications system.

To achieve a significantly higher system availability over the current HF voice system, the practice of each aircraft
communicating with the HF ground station facility covering the FIR should be replaced with a more effective
global solution.  Each aircraft should communicate with the ATS and AOC controllers responsible for an FIR via a
link to any whichever HF Data Link ground station utilizingthey are able to establish a link with using whichever
any  assigned frequency which is propagating at that time.  This method of operation allows the system to take
advantage of propagating frequencies that would not be available to the current voice system. be much less
susceptible to the anomalous HF propagation disturbances which affect the current HF voice system.  The
unavailability of the proposed HF Data Link system should be improved considerably reduced by 1 or 2 orders of
magnitude when the aircraft is within 4000 to 5000 km of three or more HF Data Link ground stations.  This is
because the anomalous HF propagation rarely affects HF radio communications to three or more HF Data Link
ground stations simultaneously at all frequencies.  This concept of multiple HF Data Link ground station coverage
with multiple frequencies is often referred to as space and frequency diversity and is used effectively in a number of
different communications systems.
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The HF Data Link system should employ frequency reuse as much as possible without compromising the integrity
and performance of the system to achieve efficient use of the spectrum and allowance for the coexistence of HF
voice and data link systems.  The nature of HF propagation allows HF radio signals propagate over very long
distances. (under the right conditions sometimes around the world).  Fortunately, frequencies above 8 MHz
generally propagate in the day  sector while frequencies below 8 MHz generally propagate in the night sector.
Hence,  in the future, the same HF Data Link frequencies may be assigned, as a minimum, to more than one
ground stations in opposite sides of the world to achieve frequency reuse.a reuse factor of two.  However, this factor
is not sufficient to satisfy the expected capacity.  A higher reuse factor of three or four requires close coordination
between the stations.  Since data link systems are controlled automaticallyby computers, not human operators, the
coordination logic needs to be programmed into the computers and information needs to be exchanged between the
computers in real time.  Furthermore, in order to be able to maintain peak system capacity during a variety of times
when the HF propagation conditions is disturbed,, assigned multiple frequencies in the same band may need to be
monitored at allthe HF Data Link ground stations. experiencing degraded propagation conditions.  This can best be
accomplished if all HF Data Link ground stations are able to share and coordinate an available pool of HF Data
Link assigned frequencies.

Ground Station Networking and HF Propagationg and HF Propagation
Experience with the HF Data Link trials and research has shown that the optimum design for the worldwide HF
Data Link System requires that HF Data Link ground stations be located to take advantage of the nature of the HF
medium itself, rather than rigid structures based on geopolitical boundaries such as used in traditional FIRs.  This
methodology depends on a departure from the traditional approach to providing HF based ATS services.

HF coverage varies dramatically for any given ground station.  At any propagating frequency, it is possible to
develop contours of  signal strength as a function of distance from a specified transmitter.  When the signal
strength is sufficient to provide a reliable HF Data Link communication capability, it  may be said that one has HF
coverage for HF Data Link service.  The median  range of coverage varies with time of day, day of year, and
average sunspot number.  The actual coverage varies because of short term ionospheric effects which are not
predictable.  The median contours may be deduced with computer prediction program such as Voice of America
Communications Analysis and Prediction Program (VOACAP).  Coverage at a fixed frequency is distended in a
direction opposing electron density gradients, so this means that equatorward coverage is generally smaller than
poleward coverage, and nocturnal coverage is greater than midday coverage.  Coverage is dependent upon the
height of the ionospheric layer which controls the refraction process, and for many practical situations this is the
F2 layer.  It is important to recognize that while layer height controls the maximum coverage for HF Data Link,
the electron density (and the corresponding critical frequency) at the "reflection point" within the layer controls the
largest frequency (or coverage MUF) for which that coverage may be achieved.  Daytime electron densities are
higher than nighttime values, and this means that the daytime critical frequencies (foF2) are also higher along with
the corresponding MUFs.  Since layer height and critical frequency variations are evidenced in actual operations,
and are not fully accounted for in median models, it is seen that coverage at a specified set of aeronautical-mobile
frequencies change in manner which is not subject to accurate prediction.

The maximum single hop coverage may vary from 3500 to 4200 km for layer heights between 250 and 350 km
respectively, with the greater ranges corresponding to nighttime conditions.  Under a 4/3 earth radius
approximation, which nominally accounts for the influence of tropospheric refraction, the coverage ranges may
increase by approximately 600 km.  Since the communication path is generally above a few degrees of elevation
and involves high altitude aircraft at one end of the link, a more conservative enhancement in coverage due to
tropospheric refraction is generally assumed.  For our purposes we may use 300 km.  This implies diurnal coverage
variation between 3800 and 4500 km.

It is important to recognize that a single frequency is not sufficient for a communication link for a long period of
time.  There are two components of variability: ionospheric variability associated with changes in the local time at
the ionospheric reflection point, and variability associated with changes in path geometry.  Both factors are in
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operation for HF Data Link service.  For fixed links, we need only be concerned with diurnal variations which are
rather slow for motionless platforms, except during sunrise and sunset periods.

For HF frequencies which are well below the maximum coverage MUF, a reduction in the coverage range occurs.
This is because the ionosphere interacts more strongly with the lower frequencies, and the apogee of the ray
trajectory is well below  the peak height of the layer.  A provision for continuous single-frequency coverage is
possible by using a frequency sufficiently below the MUF during the day so that it might have a chance to provide
HF Data Link service during the nocturnal period as well.  This could enable a single frequency to be utilized over
a 24 hour period provided the aircraft is contained within the coverage envelope.  There may be problems of high
multipath and enhanced absorption during the day, and MUF exceedance during the night.  The range of coverage
at below-the-MUF frequencies may be quite dramatic.  Factors of 3:1 are often observed over a diurnal cycle.

So far we have been discussing single hop coverage variability.  However, HF also admits to multiple hops, and
these modes of propagation may be operationally effective if terrestrial reflection points are oceanic, and especially
during the nighttime when ionospheric absorption is minimized.  There are also ducted and chordal modes of
propagation which may be excited by natural ionospheric gradients such as the day-night terminator, certain
auroral features, and the equatorial anomaly.  Long distance propagation by unconventional modes has been well
established.  Predictability is at the core of any practical application for HF Data Link service, and long distance
propagation generally requires special circumstances which limits its utility if long-term planning is required.
Nevertheless the effects are observed quite frequently, and the impact of propagation beyond the one-hop relates
specifically to frequency reuse.

The location of ground stations may be determined by factors which have been identified in this section,
recognizing that optimum coverage patterns are defined by ionospheric heights and electron densities which are
highly variable.  Optimum performance would be achieved if aircraft could be within the single-hop coverage of all
transmitters for all allocated frequencies.  This would enable diversity in frequency and station selection to be
complete, allowing optimal availability's to be achieved.  In view of ionospheric fluctuations and the temporal and
spatial variations in the aircraft position, it is not generally possible to achieve an optimal design.  But, this does
not mean that high availability's have to be sacrificed.  Access to the global network, and utilization of low-loss
multi-hop and unconventional modes of propagation can augment the diversity gain.  The network architecture
should take this into account.

Practical considerations for  HF Data Link Ground Stations locations may be determined by a number of factors,
including:

a)   communications coverage of aeronautical routes requiring HF Data Link support,

b)   ability of a site to provide aeronautical frequencies,

c)   availability of acceptable HF transmission and reception facilities,

d)   availability and cost of telecommunications connections, and

e)   interest and cooperation among ground station operatorssupport provided by the state.

In order to identify the number of HF Data Link ground stations to support worldwide coverage and to enable
effective reuse of HF Data Link frequencies, it is convenient to partition the world into the three geographic
regions, where natural propagation effects allow for frequency reuse.  The reuse of frequencies at a fixed time of
day depends upon a number of factors including sunspot epoch, magnetic activity, season, and the particular
frequency utilized.  If the geophysical conditions and path geometry are fixed, then an algorithm may be developed
for frequency reuse for any of the specified frequencies in the Aeronautical Mobile bands.  Frequency reuse, to first
order, depends upon the propagation environment governed by the diurnal cycle.  Based upon experimental
investigations during solar minimum, but for a range of magnetic activity conditions, frequency reuse is possible
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when ground stations are separated by at least eight time zones.  Hence, it is convenient to divide the world into
three geographic regions:

a)   Atlantic (including Caribbean and South America),
b)   Pacific (including Australia and Micronesia), and
c)   Indian Ocean (including Asia and parts of Africa).

These three regions provide for the largest HF coverage areas that can support frequency reuse, given the stringent
availability of ATS communications while providing continuity of service on a routine basis.  
 With the application of frequency reuse concepts to  a Using this partitioning, a full-up network, approximately  of
16 HF Data Link ground stations should be able to provide coverage on a world-wide basis with better than 99.4%
system availability and the capacity for over 2,000 aircraft.

Ground Station Interoperation
To handle the transition to ATN, at least one of the communications regional hubs [ Need definition for “hubs”]
would operate an ACARS Service Processor to provide HF Data Link network service access points to ACARS
users.  At least one of the hubs would also operate as an HF Network Manager, responsible for real-time
management of the frequencies shared by the HF Data Link ground stations and network performance health
monitoring.  The protocol between the HF Data Link ground stations and the communication hubs may be
connection-oriented (e.g. X..75) or connectionless (e.g.[ ISO 8473]).  Data Terminal Equipment (DTE) addresses,
which are exchanged during call set-up, are used to route packets between HF Data Link ground stations and the
appropriate communication hub.

For example, assume the regional communication hubs are located in North America, Europe and the Pacific Rim.
States responsible for ATS would access the HF Data Link network via the nearest communication hub using
dedicated leased circuits or suitable packet data networks which form part of the ATN.  Similarly, aircraft
operators whose aircraft are equipped with HF Data Link would also access the network via the nearest
communication hub in similar fashion.

The hubs would be operated by the HF Data Link Service Provider(s).  The Service Provider(s) would be
responsible for the following:

a)     putting together the consortium of HF Data Link ground station facility providers,

b)     investing in the development of the HF management function,

c)     investing in the development of HF Data Link ground station internetworking components, and

d)     network usage record keeping and billing.

States wishing to provide ATS via HF Data Link and aircraft operators whose aircraft are equipped with HF Data
Link would contract with the HF Data Link Service Provider(s) for the services.

To ensure full system interoperability, each HF Data Link ground station would implement the ground side of the
HF Data Link protocols.

HF Operational Changes
Two critical changes must be made to existing HF operations to ensure the success of the HF Data Link system.
First, aircraft operating in an HF Data Link environment will no longer be handed off at HF Ground Station
Operator boundaries.  Instead, aircraft will  log-on to new HF Data Link Ground Stations as signal strength on the
existing HF Data Link ground station channel fades.  Second, HF ground station operators should provide their
frequencies to a regional  pool of frequencies managed from a central HF Data Link system management entity.
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The success of the HF Data Link System is dependent on successfully adoption of these concepts by the
international community.

Number of HF Ground Stations Per Geographic Region
Propagation investigations show that typical communication availability's of 80% or better may be achieved for a
single ground station over a region with a 5000 km radius under prescribed conditions.  The propagation studies
show that at the higher latitudes (viz., geomagnetic latitudes > 60 degrees), the availability of coverage with one
ground station decreases significantly during periods of geomagnetic activity.  These regions of the ionosphere
expand and contract with changing levels of magnetic activity.  Hence, a precise determination of which paths may
suffer from poor availability cannot be predicted.  At midlatitudes, large ionospheric storms may occasionally limit
the number of propagating bands, and this may present some difficulty for individual links over which no path
diversity measures can be exercised.

The number of HF ground stations needed per geographic region depends on the desired system availability
(fraction of the time that coverage is available at a given point within the geographic region).  For two or more
ground stations, one may achieve 92-95% communication availability under benign conditions excluding the
regions influenced by auroral phenomena.  Availability's of 99% or higher can be achieved with three ground
stations, and even higher with four ground stations.  Propagation measurements made at midlatitudes during a
large magnetic storm have shown that station diversity and the occurrence of sporadic E propagation modes are
two factors which may limit or even eliminate outages during ionospheric storm conditions at midlatitudes.

For example, the propagation studies suggest that frequency assignments in 6 to 8 different bands between 4 MHz
and 22 MHz are necessary to provide an availability of 99.4% or better with 3 or more ground stations.  Sufficiency
is regulated by other factors including magnetic activity, the geomagnetic latitude of the aircraft track, and the
aircraft local time.  In general, if frequencies in each of the Aeronautical Mobile bands are available in concert
with four ground stations, then the following service availability's are achievable in designated geophysical
regions:

a) polar (99.2%),
b) auroral (99.5%),
c) trough (99.92%), and
d) midlatitude (99.94%).

The incremental improvement in service availability is finite, but clearly exhibits a diminishing return beyond
three to four stations when long-term average availability's are examined.  The lower availability's normally
experienced at high latitude paths and occasionally at midlatitude paths can be mitigated by employing station
selection flexibility and dynamic frequency management.

Minimum Number of OperationalActive Frequencies To Serve the Peak Load
Per Region

Propagation studies show that 11 frequencies and four ground stations may provide optimum service availability's
for an HF Data Link system.  However, it is possible to achieve acceptable service with fewer stations and a
reduced set of assigned operationalactive frequencies.  Under some conditions, the system may deliver availability's
approaching 99.4% with 6 to 8 frequency bands using three ground stations.  The actual number of frequencies
needed in each band depends on the number of aircraft that are to be provided service at the peak hour and the
number of messages sent per aircraft per hour.

The HF Data Link simulation studies indicate that a single HF propagating frequency can provide simultaneous
service to at least 26 aircraft sending an average of 11 downlinks per hour and receiving an average of 6 uplinks
per hour, with a mean 34 second transfer delay through the network and a 95 percentile transfer delay of less than
120 seconds.  The actual Required Communication Performance (CRCP) standards for HF Data Link are not fully
developed and should impact the actual number of aircraft supported on each frequency.  Simulations show that by
managing the number of slots used for random access and by using the polling method, up to 40 aircraft may be
supported.  Thus, one frequency between 4-8 MHz propagating to/from any of the HF ground stations in the
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geographic area can typically provide service to 26 to 40 aircraft at night, one propagating frequency between 8-10
MHz can typically provide the same service in the early evening/early morning hours, and one propagating
frequency between 12-18 MHz can typically provide the same service during the late morning and afternoon hours.

To provide service to 130 aircraft, five frequencies propagating to/from any of the HF ground stations in the
geographic area are needed.  Twice as many propagating frequencies are needed to service 260 aircraft.

Number of OperationalActive Frequencies Per Station and Geographic region
To provide service to 130 or more aircraft during the busiest hour with 99.4% availability, three ground stations
with three transmitters/receivers each are needed.  Thus, at any one time there would be nine operationalactive
frequencies providing coverage over the geographic region.  Only five of the nine operationalactive frequencies are
needed to propagate to the actual locations of the aircraft within the geographic region to guarantee service to the
aircraft.  Higher availability of 99.9% or more can be achieved and service to more than 130 aircraft can be
provided with four ground stations each operating on three or more frequencies.

Because each ground station operates on at least three frequencies simultaneously, and assuming there are three
ground stations per geographic region, there are at least nine operationalactive frequencies “on-the-air” that each
aircraft can use.  To facilitate an aircraft's choosing a frequency that is propagating well at a given time of day for
its particular location, all ground stations broadcast messages, called squitters, on each of their operationalactive
frequencies every 32 seconds.  Each aircraft periodically and momentarily monitors each of these frequencies
during system squitter time, and selects one that is appropriate to the selection criteria.  Aircraft dispersed
throughout a geographic region would most likely select different frequencies because it is highly unlikely that the
same frequency can be received everywhere within a large geographic region such as the Atlantic or Pacific.  The
traffic from all aircraft would, thus be distributed among the various frequencies, thus enhancing the efficiency of
frequency utilization.  Aircraft should have the freedom to communicate with any of the ground stations on any of
its available frequencies regardless of its location within the geographic region in order for the system to be
efficient and reliable.

Since not all operationalactive frequencies are guaranteed to be propagating to 26 aircraft in the coverage region,
the number of operationalactive frequencies in a geographic region should exceed the minimum number of
propagating frequencies needed to serve the peak load in the region by 20-50%.  The closer the number of
operationalactive frequencies is to the minimum number of propagating frequencies needed to serve the peak load,
the more important is the use of dynamic frequency management.  On the other hand, when the number of actively
monitored frequencies exceeds the minimum number of propagating frequencies needed by 100% or more,
dynamic frequency management should not be needed.

Number of OperationalActive Frequencies Needed on a Global Basis
The total number of frequencies needed on a global basis depends on whether or not frequencies are reused in
different geographic regions.  Note that in this context, "frequency reuse" means that two transmitters operating in
two different regions of the world operate at the same time on the same frequency; while "frequency sharing"
means that two transmitters in different regions or in the same region may use the same frequency, but not at the
same time.  Both frequency reuse and frequency sharing depend on coordinated dynamic frequency management.

HF Data Link needs to utilize full frequency sharing and frequency reuse to provide a world wide service to more
than 1000 aircraft.  The total number of frequencies needed on a global basis with full frequency sharing, but no
frequency reuse should be equal to the total number of operationalactive frequencies needed to service the peak
load for all regions, plus 30-40%.  This is to account for the fact that frequencies above 17 MHz do not propagate
during certain portions of the solar cycle.  In addition, when these higher frequencies do propagate, they propagate
over very long distances.  Therefore, they either cannot be used at all or can only be used by one ground station.

The following example illustrates the concept for frequency sharing and reuse.  Assume that there are 15 ground
stations in the network, with five stations in each of three regions.  Each region is assumed to be eight time zones
wide.  Frequencies can be used simultaneously by one ground station in each region provided the stations are eight
time zones apart.  To help identify the frequency assignments, each station has a unique group of frequencies
assigned to it.  These groups are labeled A, B, C, D, and E.  Also, assume that there is a pool of 60 frequencies
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available that are divided into 12 families of five frequencies.  The frequencies within a family are typically
selected from different aeronautical bands with a common geographical area assignment.  The families are labeled
a, b, c, d, e, f, g, h, i, j, k, and l.  If each station is pre-assigned 20 frequencies, then each station is assigned four of
the 12 families.  For example, assume the following assignments are made:

A = {a, f, k, d},

B = {b, g, l, e},

C = {c, h, a, f},

D = {d, i, b, g},

E = {e, j, c, h}

Within each region, two stations may share frequency assignments, e.g. the two stations assigned groups A and C
share families a and f.  However, only two out of the four families are primarily used at each station, and the other
two are to be used only when necessary on a non-interfering basis with the other station sharing the assignments.
For example, the first two families in each group may be defined as the primary families in region 1, the second
and third families as primary in region 2, and the third and fourth families as primary in region 3.  Stations
sharing group assignments in different regions do not need to coordinate use of their frequencies, but it would help
if they did.  And, by assigning different primary frequencies within each region, at most only two stations may be
on the air on the same frequency at the same time as long as they are using their primary frequencies.  In order to
limit potential interference on uplinks to transmissions from ground stations, the squitters should be synchronized.

Dynamic Frequency Management
In order for the system to work efficiently and be free of mutual interference between HF Data Link ground
stations, each transmitter/receiver at each ground station within overlapping coverage areas should operate at a
different frequency at a given instant in time.  The operating frequency of each transmitter/receiver may need to be
changed periodically to maximize the system availability.  In practice, the HF Data Link trials have shown that
maximum availability depends on the capability to change frequencies on an hourly basis.  In any 24-hour period
the same frequency may be used at the 2, 3 or 4 ground stations covering the same geographic region, but never at
the same time.  Therefore, frequency assignments for all the HF Data Link ground stations should be coordinated
from a single HF Data Link System Management function.  Initially, when the system is providing service to only a
few aircraft, the frequency scheduling at each ground station can be fixed from day to day.  As the system
utilization grows, a more sophisticated approach using real-time HF propagation data and frequency utilization
techniques is needed to maximize the capacity, efficiency and availability of the system.

HF Data Link  Geographic Regions Ground Stations
One possible way to estimate number of ground stations in the geographic regions is too define them to fit the
predominant use of HF Data Link in oceanic and remote areas.  Using this approach the estimated number of
ground stations per each of the three regions are identified as follows:

REGION AREA No OF HFGS FOR
REGION

AIRCRAFT FLYING IN
REGION

Atlantic Atlantic, Caribbean and
South America

5 700

Pacific Pacific, Australia and
Micronesia

6 800

Asia Indian Ocean, Russia, and
Africa

5 500

TOTAL 16 2,000
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Each of these regions is 8 time zones wide.   These three regions provide for the smallest HF coverage areas that
can support frequency reuse, given the stringent availability requirements of ATS communications, and the largest
areas within which continuity of service can be expected on a routine basis.

The 16 ground stations should share a pool of about 48-60 frequencies with real-time coordination between them in
order to make efficient use of the frequencies.  Otherwise a larger pool of frequencies would be needed.  The
ground stations should operate simultaneously on 3 to 6 frequencies depending on the capacity required.  Thus
some frequencies in the HF Data Link pool would be used simultaneously at two or three HF ground stations.  The
HF Data Link ground stations should be internetworked to one or more hubs as described in Section 3.

HF Data Link Coverage and Flight Information Region Considerations
Within aviation, the airspace is defined with reference to the WGS-84 and is divided into Flight Information
Regions (FIRs). The FIRs have been traditionally divided on the basis of sovereign airspace and/or operational
technical size limitations.  ATS service provided within the FIRs usually involves the use of HF Voice and typically
has been the responsibility of the State operating the FIR.

Experience with the HF Data Link trials and research to date has shown that the optimum design for the world-
wide HF Data Link System will require that HF Data Link Ground Stations be located to take advantage of the
nature of the HF medium itself, rather than rigid structures based upon geographical boundaries such as a FIR.
This methodology requires a departure from the traditional approach to providing HF voice based ATS services.

From the end-users perspective, e.g. the oceanic ATC controller, the location of the HF Data Link Ground Station
will not be an issue.  In an HF Data Link environment, the source and destination of the air/ground data packets
will both reside within the responsible States operational boundary, regardless of the location of the HF Data Link
Ground Station.  In order to combat HF propagation anomalies effectively by means of HF ground station diversity
and make efficient use of the HF spectrum, each FIR need not operate its own HF Data Link ground station and
aircraft should no longer be required to communicate with the ATC authority responsible for the FIR via the FIRs
HF ground station.  In fact, if aircraft were to be required to communicate via a specific HF Data Link ground
station within each FIR, the availability of the HF Data Link System would be seriously degraded, perhaps to the
point where HF Data Link would not be viable as an oceanic data link, and the amount of HF spectrum needed for
HF Data Link would be greater than it need be.

HF Data Link Operational Issues
There are a number of operational issues  which may impact the operation of the HF Data Link System.

Sharing HF propagation knowledge between the voice and data systems.
Aircraft crews currently  maintain contact with HF Voice operators when in oceanic airspace.  Over time as the
equippage with HF Data Link and SATCOM increase, the operational requirement to use HF Voice may be
relaxed.  However, HF voice will probably still be used as a backup media.  The challenge will be to maintain
situational awareness of what HF frequencies are propagating to the aircraft at any given point of time.  The HF
Data Link System maintains this knowledge and at some point in time it may be appropriate to provide this
information to the HF voice radio operators.

HF Data Link Use Over Continental U.S. (CONUS)
There are a number of practical and political issues involved in using HF Data Link over CONUS.   The first is
that the rules say tThere is no need to use HF voice over CONUS domestically since there is we have sufficient
VHF voice coverage.   Second there are barely enough Finding frequencies to support our international
requirements will remain a challenge without  let alone opening up high density domestic U.S. airspace.  The rules
regarding the use of HF voice over CONUS are contained in both the FCC and NTIA policy manuals and read as
follows:
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• FCC Subpart I, 87.263, (d) Domestic HF Service. (1) Regular use of high frequencies for aeronautical
enroute or any aeronautical mobile (R) communications in the domestic service within the continental
United States (excluding Alaska) will not be authorized.

 
• NTIA: Section 8.2.24, Aeronautical Mobile (R) bands (5) As a matter of general policy, high frequencies

are not used for aeronautical mobile (R) communications in the domestic services within the conterminous
United States, the need for such frequencies having been generally eliminated through successful use of
VHF communications.

The reality of this issue is that HF Data Link may be used over CONUS, at least at the protocol level.  The best
data link availability is provided when an aircraft has simultaneous access to all available data links.  If the
preferred data links are inoperational (e.g. VHF ACARS), then the aircraft sends the message via one of the other
data link media available, regardless of the location of the aircraft.  The only way to prevent this from happening is
to use a geographic filter to disable the HF Data Link over CONUS.

HF Data Link Use on the Ground
A number of airlines have expressed interest in using HF Data Link as their only data link media.  In order to
move in this direction, some of these airlines require HF Data Link to be used while on the ground.  This is
primarily a safety issue that each airline will have to address on a case-by-case basis.  If the ground crew grounds
the airplane in accordance with standard operating procedures, there is no problem.  If the ground crew does n'ot,
and the aircraft is being fueled, and the aircraft transmits over HF, there is a potential for problems.  Even with its
ownif the HF Radio is disabled, an adjacent aircraft could transmit over HF and create problems for an adjacent,
improperly grounded aircraft being fueled.
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SYSTEM IMPLEMENTATION AND GROWTH

Transition/Capacity Growth
The transition from voice based ATC/AOC services to packet data services has been documented as showing an
exceptional increase in channel utilization efficiency.  In the case of operational VHF AOC communications VHF
ACARS data link service was introduced in 1978.  At that time, ARINC VHF voice network contacts numbered
some 400,000 per month.  Ten years later, that quantity was about 25,000, over an order of magnitude lower, while
the number of data messages was about 5,000,000 per month.  Conservatively assuming that one "voice contact" is
equivalent to two ACARS messages (i.e., a query-response pair), then the number of voice contacts would be
2,500,000.  Further, the data link messages were handled on a single nation-wide frequency, as contrasted with a
large number of frequencies that would have been required to accommodate the equivalent voice messages.

In the case of HF Data Link, the achievement of operational ATS related benefits tied to CNS and ATS
implementation of Future Air Navigation System capability is expected to facilitate and promote a more rapid
transition.  HF Data Link is designed to become a fully compatible element of Future Air Navigation System
(FANS) ATN communications capabilities, in association with SATCOM, for those aircraft where SATCOM is
implemented, and as a cost effective alternative to SATCOM for aircraft where SATCOM installation might be
economically difficult.  An understanding of the transitions and capacity growth for HF Data Link should begin
with a review of the existing HF voice system, the major differences of the HF Data Link system, the early
implementation spectrum issues, the projected freeing up of HF voice spectrum for use in the full implementation
of HF Data Link, and the fact that there are many viable paths to full implementation.

The existing HF services available are voice based and are designed to be delivered with a ground station within a
State’s FIR (Flight Information Region).  Experience with frequent outages and channel interference are common
knowledge to the users.  The long range goals of the HF Data Link service is to increase useful capacity through
digital communications techniques and increase the availability through multiple propagation paths.  The use of
multiple ground stations will bring with it a need for a change of how ATC messages are processed.

Aviation industry efforts over the early 1990s have resulted in a digital HF communications system that supports
the implementation of ATN when that occurs.  Before that time, ACARS in its various forms will be supported.
The transition is expected to be straight forward and in step with the growth of ATN using the companion
communications services.  The experiences of SATCOM will provide not only a firm foundation for the
introduction of ACARS based services, but shortcuts to the deployment of ATN services via HF Data Link.

Coverage Transition
Initially the coverage will be along high density routes and on a regional basis.  The transition from the initial
regional coverage towards a global HF Data Link coverage could happen in a number of ways.  One service
coverage area may grow towards a global service or various service coverage islands may merge into a global
network.  No single path to global service coverage is assured, but there may be a combination of methods
employed.

Implementation Scenario
HF Data Link has been used for aeronautical operational communications (AOC) since the inception of an early
North Atlantic service in 1994, and the benefits for such "company communications" was immediately recognized.
However, the viability of carriage and use of such a specialized safety communications service requires that benefits
also be realized from the domain of air traffic services (ATS).  This is foreseen as occurring in an incremental
fashion over the course of ATS trials during the next several years.  (See Section C-3.4 for the concept and
scenarios of ATS applications.)
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The number of aircraft equipped with HF Data Link capability is expected to grow to more than 2000, over a
period of 15 years.  Hence, a planned implementation of the HF Data Link ground stations is envisioned.  One of
many possible implementation scenarios would be to start with three HF Data Link ground stations to provide
coverage over the North Atlantic, Caribbean, and northern part of South America.  An additional four ground
stations would be added to the network to provide coverage over the Pacific.  These HF Data Link ground stations
would have more than sufficient capacity to handle the projected traffic load in these regions beyond the end of this
decade using four families of 6 frequencies provided the same four families can be used in both regions.

World wide coverage including the Indian Ocean/Asia/Africa region is expected to be needed after 2002.  The
network of HF Data Link ground stations would be expanded to 12 by adding three in the Asia region.  That would
establish coverage to all major air routes with the five stations in the Pacific, four in the Atlantic and three in the
Indian Ocean/Asia/Africa regions.  Expansion to a full network of 16 HF Data Link ground stations would occur
because of capacity needs and improved coverage demands.

Increment -- Information Services & Simple Clearance Deliveries
Following successful trials and experience in operation with waypoint reporting, a next step might be flight
information services and weather such as may be available via an ACARS service.  Further, simple clearance
deliveries (e.g., oceanic clearance delivery) as is currently supported by Transport Canada over VHF ACARS may
be supported.  Of course, such use of HF Data Link would be viewed as a backup to VHF ACARS, as the aircraft
would be expected to be in line-of-site range under normal circumstances.

Increment -- ACARS/ARINC 622 Environment/FANS-1 Routing
Significant further incremental benefits would be dependent on upgrading the HF Data Link capabilities to
compliance with the ACARS/ARINC 622 environment.  HF Data Link may be deemed satisfactory for
communication requirements associated with Reduced Vertical Separation Minimums (RVSM).  An ACARS/622
capability, if combined with other upgrades in navigation, flight management system and message-handling
capabilities in accordance with FANS-1 standards, could lead to ATS scenarios utilizing direct controller-pilot data
link communications (CPDLC; DO-219) communications and possibly Automatic Dependent Surveillance (ADS).
Significant benefits accrue to aircraft so equipped and using SATCOM in the South Pacific, Southeastern Asia,
and potentially elsewhere, resulting in limited longitudinal separation reductions and more nearly optimized
routing.  Such operations would also depend on the demonstration that HF Data Link can meet the operational
requirements (e.g., C/SOIT Package B and Boeing SR&O) which are based on the expectations of SATCOM
performance; and perhaps on the full utilization of AM(R)S frequencies.  The timing of this increment with respect
to the development of the HF Data Link system could be such that additional benefits may be accorded to FANS-1
equipped aircraft, such as limited lateral separation reductions.

Increment -- ATN Scenarios
With further positive experience with HF Data Link and implementation of ATN with corresponding equipage of
aircraft and ground facilities, increasingly optimized flight profiles will be possible.  Aircraft equipage would
include a TSO C129 GPS navigation, flight management system (FMS) with autoload, full CPDLC data
communications per RTCA DO-219, an ATN router, and optionally ADS per DO-212.  Ground equipment would
include ATN-compliant networking, ODAPS with conflict probe and ADS, CPDLC  and an On-Line Data
Interchange (OLDI) workstation.  Initially, CNS/ATM-1 would be used which may provide a reduction to ±1000
foot vertical separation.  Experience and enhanced ATN implementations are expected to provide longitudinal and
latitudinal separation reductions to 50% of today’s standards, increased use of cruise climbs and a 25% reduction
in mandatory fuel reserve.  In this realm, the data link traffic for a typical oceanic flight is projected as follows:

1. 1 altitude assignment per flight, with following WILCO
2. 1 DARPS route message per oceanic flight (containing 15 way-points), with following WILCO
3. 1 extended ADS report per 15 min
4. 2 AOC messages per hour
5.
5.5.   20% additional traffic for miscellaneous ATS, WX, AOC and system management messages.
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ATTACHMENT 1

OPERATIONAL CONCEPT (SCENARIOS)

HF Data Link Operational Concepts
This section provides a description of a future HF Data Link equipped flight as a means of introducing HF Data
Link operational concepts.  It should be emphasized that there are a number of different methods for implementing
some of the technical aspects of the HF Data Link System and this description is provided only as a means to
explain some of the more important features of the HF Data Link System.

AOC Operational Concept
HF Data Link provides the medium for efficient, long range exchange of safety information for AOC reasons.
Routine long range AOC communication involves elements of international travel and increasing use of twin
engine aircraft in an Extended Twin Engine Operations (ETOPS) environment.  HF Data Link provides the AOC
data exchange that the operator needs to permit routine and  urgent and emergency situations efficiently.  HF Data
Link provides relief from cumbersome voice contact and telephone patches.

Flight Crew Need for AOC HF Data Link
The  need for long range data exchange varies widely by airline.  However, as a minimum, HF Data Link permits
the flight crew the timely access to the operator’s flight-following personnel for flight position, schedule tracking
and fuel burn projections.  In addition, HF Data Link provides the flight crew the means to request Automatic
Terminal Information Service (ATIS) and weather information and NOTAMS for alternate and destination
airports from the airline host computer and an increasing number of airports while in areas where line of sight data
is not available.  HF Data Link allows the exchange of fixed format messages such as [hijack] or free text messages
between the flight crew, dispatchers, and maintenance personnel.  Keystroke errors can be minimized by an airline
transmitting route changes to compatible Flight Management Systems (FMSs).  These types of  messages are
typically short (less than 100 characters), and are routinely sent throughout the course of a flight.  The system
design provides a transparent selection of air/ground medium.  HF Data Link, so integrated, becomes invisible to
the flight crew as media transitions are automatically performed by the avionics system.

Other Operator Need for AOC HF Data Link
The HF Data Link medium is useful for many purposes other than flight crew use.  Some airlines send automatic
position reports, weather reports, and real time, automatic engine performance monitoring.  These messages are
rather long (over 100 characters) and are sent frequently during the enroute phase of the flight.  Infrequent, but
important reports are needed during enroute flight phases, such as when an engine or APU exceeds a normal
operation or is shut down.  Ground maintenance personnel may use HF Data Link to poll certain engine functions
on demand.

Synergy and Comparison with SATCOM
HF Data Link provides full compatibility with SATCOM as a complementary air-ground medium.  Section 1.5
indicates the increased availability that HF Data Link and SATCOM provide simultaneously.  HF Data Link
combined with SATCOM provides a lower acquisition cost alternative to a dual SATCOM system.  HF Data Link
may provide lower recurring cost of operation than SATCOM and in some cases, VHF Data Link.  HF Data Link
provides a technical advantage over SATCOM by eliminating single points of failure which are inherent in
SATCOM (the satellite link itself) by providing potential communications with multiple ground stations.
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Typical HF Data Link Flight Scenario
The HF Data Link operational concepts are presented in terms of a possible flight at some point in the future.  HF
Data Link operational concepts associated with the flight are presented from the perspective of the airline using HF
Data Link to support Airline Operational Control (AOC) and from the HF Data Link ground station operator.
These concepts are presented given the following scenario: Flight 14 (FL14) is an Atlanta to Frankfurt flight
departing Atlanta at 7:35 PM.   This aircraft is equipped with VHF and HF Data Link (ACARS), two HF Data
Radios and an HF Data Link capability.

Initial Log-On
FL14 uses an "out" event (all passenger doors closed and the anti-collision strobe lights on) to trigger the initial
log-on to the HF Data Link System.  This log-on is transparent to the flight crew.  There are a variety of other
possibilities for automatically triggering the log-on process to include loss or failure of the VHF Data Link or use
of geographic filters.

NOTE - The HF Data Link function is disabled when the aircraft is at the gate as a safety feature.  When an HF
Transmitter is keyed a high voltage differential could be generated between the aircraft and the ground.  This
voltage differential could produce a spark during refueling operations if the aircraft is not properly grounded.

The HF Data Link function in the HF Data Radio initiates the log-on process by scanning for HF Data Link
squitters.  Every HF Data Link Ground Station (GS) broadcasts uplink squitters on each operational frequency.
The squitters are broadcast every 32 seconds and provide a means for aircraft to determine which frequencies are
usable.  The squitter indicates the start of a 32 second HF Data Link frame consisting of 13 slots.  The squitters
also serve several other functions including HF Data Link System timing, distribution and synchronization, and
broadcasting time slot assignments for uplink and downlink transmission.  The downlink slots may be assigned to
individual aircraft in response to reservation requests or may be designated for use by all aircraft in a random
access fashion.  Some HF Data Link avionics implementations may continuously scan for squitters even when the
HF Data Link function has been disabled while the aircraft is at the gate.  This permits a much faster log-on
sequence once the HF Data Link function is enabled.

The aircraft HF Data Link function maintains a list of HF frequencies in use by the HF Data Link System.  The
aircraft HF Data Link function scans this list from the highest to the lowest frequency and listens for a squitter on
each frequency for at least 35 seconds.  This particular implementation of the HF Data Link function selects the
first acceptable frequency as opposed to searching the entire frequency list and choosing the best available
frequency.  A 12 MHz frequency squitter from the Long Island GS is received without error, with available
downlink slots, and the signal quality is acceptable.  The squitter includes the identification of the transmitting GS.
An HF Data Link frame has 13 slots and could consist of a squitter, two uplink slots, three assigned downlink slots
and seven random access downlink slots.  The GS configures each frame to support the expected uplink and
downlink traffic.  The HF Data Link function generates a Log-On Request message and randomly selects one of the
available random access downlink slots for the downlink transmission.

The HF Data Link function uses the slowest possible data rate that can support the message size of the downlink
transmission.  The four data rates available are 300, 600, 1200, and 1800 bps.  At any given time, each link
between an aircraft and a GS will have maximum downlink and uplink data speeds which can be supported.  The
maximum uplink rate is determined by the aircraft and provided to the GS in the downlink Protocol Data Unit
(PDU).  The maximum downlink rate is determined by the GS and provided to the aircraft in the uplink PDU.
These data rates are determined by evaluating the received signal-to-noise ratio on each reception of a PDU.

The GS responds with a log-on confirm PDU which includes the aircraft identification (AID) number and
maximum downlink transmission rate.  Receipt of the log-on confirm results in an HF DATA icon being displayed
on the Engine Identification Crew Alerting System (EICAS) to let the flight crew know they have an HF Data Link
connection established.
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Downlink Message Processing
Once the aircraft HF Data Link function has completed the log-on process, the aircraft can send and receive
messages via HF Data Link.  The first downlink sent by the aircraft is an ACARS media advisory message.  This
message is sent to the ground station operator and the airline to provide information needed to maintain data link
addressing and routing tables.  The HF Data Link function encapsulates the ACARS media advisory message in
the HF Data Link protocol and randomly selects one of the available random access downlink slots identified in the
squitter and transmits the PDU.  The GS acknowledges receipt of the downlink PDU by sending the AID in one of
the next two squitters in the slot acknowledgment field.

If the GS does not acknowledge the PDU, the aircraft HF Data Link function assumes that another HF Data Link
equipped aircraft competing for the same downlink slot interfered with the GS reception of the message.  The
aircraft HF Data Link function then invokes an exponential back-off algorithm to identify a new HF Data Link
frame for the next downlink attempt.  The aircraft HF Data Link function once again randomly selects one of the
available random access downlink slots identified in the squitter and transmit the PDU.  In the event that another
PDU is unacknowledged, the HF Data Link function repeats the process one more time.  If this third attempt is
unacknowledged, the HF Data Link function reinitiates the log-on process and look for a new HF channel.

Even though FL14 has now successfully logged into the 12 MHz HF Channel at the Long Island GS, the aircraft is
only sending and receiving ACARS messages over the VHF Data Link.  The MU/HCF is configured to use HF
Data Link only if VHF Data Link is not available (and routine communications is not permitted over the
continental United States).  The media advisory message is an exception to this rule.  The ACARS media advisory
message is sent over the most recently acquired data link.

Uplink Message Processing
The aircraft HF Data Link function receives an uplink PDU from the Long Island GS.  The uplink PDU is received
without error and in accordance with HF Data Link protocol.  The resulting ACARS Acknowledgment message is
forwarded to the communications management unit/HCF.  The uplink PDU contained a downlink slot assignment.
The aircraft HF Data Link function acknowledges receipt of the uplink PDU in the downlink PDU generated for
the downlink slot assignment.  The aircraft HF Data Link function generates a downlink PDU even if there are no
downlink messages ready, by providing HF Data Link performance data.

Frequency Change
The frequency used by the aircraft HF Data Link function will probably change during the course of the flight.
These changes can be initiated either by the GS or by the aircraft HF Data Link function.

GS Initiated Frequency Change
As FL 14 crosses into North Carolina, the aircraft HF Data Link function receives a squitter with the change notice
flag set.  This flag triggers the aircraft HF Data Link function into reinitiating the log-on process.  At the same
time the change notice code bits are set, the GS updates the operational frequency data within the squitter.  In this
case, the aircraft HF Data Link function frequency search algorithm first tries the operational frequencies of the
current GS.  The operational frequencies of the current GS, as well as operational frequencies from two adjacent
GSs, are broadcast within each squitter.  If the operational frequencies of the current GS can not be heard, then the
aircraft HF Data Link function tries the operational frequencies of the two adjacent GSs.

The FL14 aircraft HF Data Link function first listens on the other operational frequencies transmitting from the
Long Island GS.  In this case, the aircraft hears the new squitter on the 6 MHz frequency and initiates a Log-On-
Resume process.

Aircraft Initiated Frequency Change
As FL14 heads north into Canada, the signal strength of the squitters heard on the 6 MHz frequency degrades
below the acceptable threshold.  The aircraft HF Data Link function then initiates a search for another frequency.
The aircraft HF Data Link function first listens on the other operational frequencies transmitting from the Long
Island GS.  In this case, the aircraft does not hear any of the other transmitting frequencies from the Long Island
GS.  The aircraft HF Data Link function then listens on the frequencies for the adjacent GSs.  The FL14 HF Data
Link function is able to receive the squitter on the 3 MHz frequency transmitting from the Newfoundland GS and
FL14 initiates the log-on process.
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Flight Crew Use of HF Voice
Prior to departing radar controlled airspace, the Gander Air Traffic Control (ATC) authorities provide FL14 with
an HF Selective Calling (SELCAL) code via VHF voice radio and verify the SELCAL is functional.  Once out of
VHF range, the flight crew of FL14 may use HF Voice for ATC or AOC voice communications.  In the event that
HF Voice is used, the aircraft HF Data Link function disables downlink HF Data Link transmissions.  Downlink
HF Data Link transmissions remain disabled for the duration of the HF Voice use and for a specified period of time
after the last use of the HF Voice.

Once downlink HF Data Link transmissions are no longer disabled, the aircraft HF Data Link function initiates a
log-on process starting with the last frequency it was logged on.  If the squitter is acceptable and the ground station
address is the same, the aircraft HF Data Link function sends a Log-On-Resume message.  If the squitter is for a
new ground station, the aircraft HF Data Link function sends a Log-On-Request message to the GS.

Transition to VHF Data Link
Once FL14 nears the coast of the United Kingdom, it enters VHF Data Link coverage.  At this point the MU no
longer uses the HF Data Link for downlink message traffic.  The AOC will have received a media advisory
message and will no longer use HF Data Link for uplink message traffic.  The aircraft HF Data Link function
continues to maintain the HF Data Link.

Flight Arrival
The "in" event (first passenger door open or anti-collision strobe lights off) of FL14 arriving at the gate is used to
disable the aircraft HF Data Link function.

HF Data Link Ground station operator Operational Concept
HF Data Link service for the flight scenario over the North Atlantic is provided by four networked HF Data Link
Ground Stations (GSs) (located in Sweden, Iceland, Newfoundland, and Long Island.  Each GS has three HF
transmitter/receiver pairs dedicated for HF Data Link.  These three HF channels are operational at all times at each
site.  Each GS has a Global Positioning System (GPS) based time source.  This common time source is used to
synchronize the transmission times of all of the GSs.  If practical, each GS is connected to two intermediate routers
to provide diverse communication paths.  The intermediate routers are connected to the ground station operator
network interface router.  The Iceland and Sweden HF Data Link ground stations are connected to a intermediate
router in London and the Newfoundland and Long Island HF Data Link ground stations are connected to an
intermediate router in Chicago.  The HF Data Link ground network infrastructure interconnects the GSs with the
ground station operator Back-End Processor (BEP) and the HF Data Link Management Function.  The HF Data
Link Management Function manages the GSs and the frequency assignments for each of the four GSs.

Initial Log-On
Each GS broadcasts an uplink squitter on each operational (transmitting) frequency.  The squitters are broadcast
every 32 seconds and provide a means for aircraft to determine which frequencies are usable.  The squitter
indicates the start of an HF Data Link frame.  The squitters also serve several other functions including HF Data
Link System timing, distribution and synchronization, and broadcasting time slot assignments for uplink and
downlink transmission.  The downlink slots may be assigned to individual aircraft in response to reservation
requests or may be designated for use by all aircraft in a random access fashion.  The squitter includes the
identification of the transmitting GS.  An HF Data Link frame comprises 13 slots and could consist of a squitter,
two uplink slots, three assigned downlink slots, and seven random access downlink slots.  The GS configures each
frame to support the expected uplink and downlink traffic.

The GS receives a log-on request from FL14 (the aircraft is actually identified by the 24-bit ICAO identifier as
opposed to the flight ID) and checks for the availability of an aircraft identification (AID) number.  The ground
station assigns each aircraft on a particular HF frequency with a unique 8-bit identification number.  This aircraft
ID is used in all subsequent message exchanges.  If there are no aircraft IDs available, the GS responds with a log-
on denied message.  System design, aircraft flight patterns, and HF propagation characteristics reduce the
possibility a ground station will ever exhaust all of a channels aircraft ID numbers.
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In this case, there are aircraft IDs available and the GS responds with a log-on confirm uplink.  The GS adds the
aircraft to the software table containing the list of operational aircraft and sends an Q0 label message to the BEP.
The BEP uses the Q0 message to update its aircraft routing table.  The GS also sends an aircraft log-on notification
message to each of the other GSs.  This message contains the aircraft ICAO 24-bit identification number (provided
in the log-on PDU header) and is used to remove outdated records from the operational aircraft table of other GSs.

The GS also stores the maximum uplink transmission rate for the aircraft in the operational aircraft table.  This
rate is determined from the received signal-to-noise ratio (SNR) on each reception of a downlink.  The maximum
uplink transmission rate is used by the GS to determine the maximum size of an uplink message and is used by the
HF Data Modem to set data and interleaver rates for the uplink transmission.

Channel Capacity
The only limit placed on channel capacity by the GS is the restriction of 256 operational aircraft per channel
imposed by the 8-bit aircraft identification field within the squitter.  The GS sets the frequency utilization bit in the
squitter after 25 aircraft have logged into the channel.  The aircraft HF Data Link function will not log into a HF
channel with this bit set unless it is the only HF channel the HF Data Link function can use.

It is possible to have situations which produce excessive loading on a single channel.  Aircraft may have to log-on
to an already loaded channel because it is the only channel the aircraft can hear.  In this case there may be aircraft
on the loaded channel that may very well be able to hear other squitters, but remain on the loaded channel because
the signal strength is still acceptable.

The GS does not directly manage load sharing between transmitting HF frequencies.  The GS also does not have
the capability to change aircraft to a new frequency to balance the load on the GS.  However, the GS can set the
frequency utilization bit in the squitter once an HF channel has 25 aircraft logged-on.  The ground stations
broadcast the squitters, but have no knowledge of what frequencies the aircraft can receive.  The aircraft listens to
the squitters and selects the optimum frequency for a given situation.

The HF Data Link channel access protocol provides a limited load balancing capability.  The excess channel
loading results in increased competition for the random access slots.  If an airborne HF Data Link transceiver
cannot access a channel after three attempts, the channel access protocol searches for another channel.  This
process should result in off-loading of some of the aircraft from the overloaded HF channel over time.

Downlink Message Processing
The GS receives a downlink PDU from FL14.  The message is received without error and in accordance with the
HF Data Link protocol.  The resulting message is forwarded to the ground station operator BEP.  The GS
acknowledges receipt of the downlink PDU by sending the aircraft ID in one of the next two squitters in the slot
acknowledgment field.

Uplink Message Processing
The BEP receives the ACARS media advisory message from FL14, reformats the message for the ground network,
sends the message to the AOC, and generates an ACARS acknowledgment message.  The BEP knows which
channel and ground station it received the FL14 ACARS media advisory message from and sends the
acknowledgment message back to the Long Island GS.

The GS encapsulates the ACARS acknowledgment message in the HF Data Link protocol and assigns a slot for the
uplink message.  The GS also assigns a downlink slot for the aircraft in the next available frame.  The downlink
slot assignment is communicated to the aircraft in the appropriate squitter by placing the aircraft ID for FL14 into
the appropriate slot assignment field.  The aircraft HF Data Link function acknowledges receipt of the message in
the next downlink message sent in response to the downlink slot assignment by the GS.  By assigning a downlink
slot, the GS increases the speed uplink messages can be processed.
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If the aircraft HF Data Link function responds to the downlink slot assignment request, yet does not acknowledge
receipt of the message in the assigned downlink slot, the GS assigns a second downlink slot to the aircraft in the
next squitter.  If the aircraft still responds with a downlink message in the assigned downlink slot, yet does not
acknowledge the message, the GS retransmits the message and repeats the above process.

If the aircraft HF Data Link function does not respond with any message in the assigned downlink slot, the GS
assigns another downlink slot.  If the aircraft still does not respond, the GS repeats the slot assignment one more
time.  In the event of a third non-response, the GS assumes the aircraft HF Data Link function is no longer
operational for this HF channel and removes the aircraft from the operational aircraft table.

GS Initiated Frequency Change
As FL 14 crosses into North Carolina, the GS begins the process of changing to a better frequency.  The
propagation models and HF sounders used to develop the HF Data Link frequency management plan have
determined that the 12 MHz HF channel will go off the air at 8:00 PM local time and the HF transmitters and
receivers will switch to a 6 MHz frequency.  The GS reads a frequency selection table, which is the physical
representation of the HF Data Link frequency management plan, to determine when to switch HF frequencies.
This table is periodically updated by the HF Data Link System Management Function.

At 8:00 PM the GS sets the change notice code in the squitter to indicate the GS is changing the HF frequency
within four frames.  At the same time the change notice code bits are set, the GS updates the operational frequency
data within the squitter.  This continues for another three frames with the squitters indicating a change notice.  At
the completion of the fourth frame, the GS changes the HF transmitter frequency and starts transmitting squitters
on the new HF frequency.

Aircraft Polling
The GS keeps the operational aircraft table updated to ensure enough aircraft IDs are available to support new
aircraft logging on to the system.  In addition to using the aircraft log-on event to update the tables, the GS
periodically polls aircraft to determine if they are still operational.  Polling is used if an aircraft has not sent a
downlink within the last 30 minutes.  The GS assigns the aircraft a downlink slot using the next available squitter.
The aircraft responds with a downlink message in the assigned slot, even if a message is not in the queue.  If the
aircraft HF Data Link function responds with a downlink, the time field is updated in the operational aircraft table.
If the aircraft does not respond, the GS repeats this polling process two more times.  If the aircraft HF Data Link
function does not respond to three polling requests, the GS removes the aircraft from the operational aircraft table.

Once FL14 arrives in Frankfurt, the aircraft HF Data Link function is disabled.  The GS polling process determines
that FL14 is no longer listening to the channel, removes the aircraft from the operational aircraft table, and
releases the aircraft ID number for reassignment to another aircraft.

Air Traffic Services (ATS) Operational Concept
The use of HF Data Link for Air Traffic Services (ATS) is foreseen as growing incrementally with time, as the
current (early 1996) North Atlantic HF Data Link system evolves from its current status as a system supporting
data link trials.  In order to be considered a fully operational data link medium for support of a particular ATS
service, the system will have to meet certain qualification criteria, which are:

1.    the demonstration of the ability of HF Data Link to meet Required Communications Performance criteria;
namely, the Performance, Availability and Integrity parameters required for each particular ATS service to be
supported;

2.    the utilization of appropriately designated spectrum for ATS service, namely the AM(R)S (Reference Article
50 of the ITU radio regulations and Appendix 27 AER2, thereto);
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3.    design approval of airborne equipment and its installations to include safety assessment considerations
evaluated from an end-through-end perspective; and

4.    operational authorization based on the verification and validation of derived safety and interoperability
requirements/procedures which apply to the aircraft, space, and ground domains.

As HF Data Link is a new technology and certain aspects of the above criteria will require some time for their
qualification, an incremental approach to the utilization of HF Data Link for ATS is considered to be the most
effective.  It is foreseen that trials of several ATS applications will be conducted, using ATS applications with
corresponding incremental progression of benefits to the users.  Eventually, the Performance, Availability and
Integrity parameters of which HF Data Link is capable will be determined by analysis, simulation and test; and HF
Data Link will be deemed an acceptable means, either solely or in conjunction with other communications media,
of ATS data link communications operation.

Typical ATS Scenarios
It is assumed that the HF Data Link system used for ATS during the trials periods is essentially the same as that
described in Section 3.2, AOC Operational Concept.  Within the HF Data Link air/ground subnetwork, the aircraft
log-on and log-off processes are similar, as are also the several link management exchanges described therein.  It is
assumed that the initial utilization of HF Data Link will be as an alternative RF medium for ACARS operations as
described in that section.  Benefits linked to ATS will be constrained by the evolution of the data link (e.g., a
FANS-1 like ACARS/ARINC 622 followed by a "Data-3"/ATN implementation) as well as the proof of HF Data
Link per se through trials and demonstration periods.  However, it can be assumed that rapid progress will be
made in the implementation of the Aeronautical Telecommunications Network (ATN) during the trials period,
resulting in an evolution of supporting subnetworks and end systems for ATS corresponding to the evolution of HF
Data Link applications.

Initial North Atlantic Trials
Potential users of HF Data Link need to anticipate benefits accruing from ATS applications as well as AOC
applications.  In the context of an incremental timeline of benefits as outlined above, the first ATS benefit has been
identified as the substitution of Waypoint Position Reports (WPR) via HF Data Link for the current practice of
making WPRs via HF radio voice.

A trial of HF Data Link in an ATS environment began in December 1995 in North Atlantic airspace and continued
into 1996.  During the trial United Airlines and Continental Airlines aircraft sent WPRs over HF Data Link (and
SATCOM and VHF ACARS) to the Canadian and Iceland Civil Aviation Authorities (CAAs).  These WPRs were
automatically generated by the aircraft’s flight management computer and took place without pilot intervention.
One key aspect of the trial was the CAA did not have to change or upgrade any of its controller end systems to
receive data link WPRs.

A WPR is required when the aircraft is over, or as soon as possible after passing, compulsory reporting points if the
approved flight plan contains such designated points.  Reporting points in oceanic airspace frequently are
associated with every ten degrees of longitude (for routes having a major East-West component), which generally
corresponds with a report every 45-60 minutes.  Currently, a WPR is delivered by HF radio voice from the cockpit
via HF ground station to a ground radio operator who transcribes the report in message form.  The message format
is the standard WPR as prescribed by the ICAO PANS/RAC (Document 4444).  The radio operator acknowledges
receipt of the WPR via HF voice response, then transmits the message via a network (or dedicated line) to the
controlling center where it may be printed and/or displayed on a monitor.  A copy of the message is normally also
routed to the aircraft operator’s dispatch center.

In the HF Data Link WPR trial, the message is automatically generated on the aircraft, in a flight management
computer (FMC).  Actual position, altitude, time and other data as necessary will be automatically generated in an
ACARS-compatible format using data available from the onboard flight management and navigation systems.  The
message generation and transmission will be triggered automatically when the waypoint is reached.  There is also a
capability for generating a report message on command from the crew or on request from the ground.  When
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received at a ground station, the message is forwarded to the ground station operator who reformats the message
and then routes the message to the appropriate center.  A message copy is also delivered to the aircraft operator.

I. The goal of the trial was, once operational, to replace HF voice WPRs with data link WPRs.  Data was
collected comparing HF Data Link and SATCOM performance to that of HF voice.  Most of the WPRs generated
in the trials were SATCOM and VHF ACARS due to the medium selection schemes employed the ACARS MU.

Although HF Data Link performance met its goals, not enough data was collected by 3Q96 to make HF Data Link
operational.
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ATTACHMENT 2

HF coverage varies dramatically for any given ground station.  At any propagating frequency, it is possible to
develop contours of  signal strength as a function of distance from a specified transmitter.   The aggregate coverage
of multiple frequencies must be used to obtain adequate radio coverage.  When the signal strength is sufficient to
provide a reliable HF Data Link communication capability, it  may be said that one has HF coverage for HF Data
Link service.  The median  range of coverage varies with time of day, day of year, and average sunspot number.
The actual coverage varies because of short term ionospheric effects which are not predictable.  The median
contours may be deduced with computer prediction program such as Voice of America Communications Analysis
and Prediction Program (VOACAP).  Coverage at a fixed frequency is distended in a direction opposing electron
density gradients, so this means that equatorward coverage is generally smaller than poleward coverage, and
nocturnal coverage is greater than midday coverage.  Coverage is dependent upon the height of the ionospheric
layer which controls the refraction process, and for many practical situations this is the F2 layer.  It is important to
recognize that while layer height controls the maximum coverage for HF Data Link, the electron density (and the
corresponding critical frequency) at the "refraction point" within the layer controls the largest frequency (or
coverage MUF) for which that coverage may be achieved.  Daytime electron densities are higher than nighttime
values, and this means that the daytime critical frequencies (foF2) are also higher along with the corresponding
MUFs.  Since layer height and critical frequency variations are evidenced in actual operations, and are not fully
accounted for in median models, it is seen that coverage at a specified set of aeronautical-mobile frequencies
change in manner which is not subject to accurate prediction.

The maximum single hop coverage may vary from 3500 to 4200 km for layer heights between 250 and 350 km
respectively, with the greater ranges corresponding to nighttime conditions.  Under a 4/3 earth radius
approximation, which nominally accounts for the influence of tropospheric refraction, the coverage ranges may
increase by approximately 600 km.  Since the communication path is generally above a few degrees of elevation
and involves high altitude aircraft at one end of the link, a more conservative enhancement in coverage due to
tropospheric refraction is generally assumed.  For our purposes we may use 300 km.  This implies diurnal coverage
variation between 3800 and 4500 km.

It is important to recognize that a single frequency is not sufficient for a communication link for a long period of
time.  There are two components of variability: ionospheric variability associated with changes in the local time at
the ionospheric refraction point, and variability associated with changes in path geometry.  Both factors are in
operation for HF Data Link service.  For fixed links, we need only be concerned with diurnal variations which are
rather slow for motionless platforms, except during sunrise and sunset periods.

For HF frequencies which are well below the maximum coverage MUF, a reduction in the coverage range occurs.
This is because the ionosphere interacts more strongly with the lower frequencies, and the apogee of the ray
trajectory is well below  the peak height of the layer.  A provision for continuous single-frequency coverage is
possible by using a frequency sufficiently below the MUF during the day so that it might have a chance to provide
HF Data Link service during the nocturnal period as well.  This could enable a single frequency to be utilized over
a 24 hour period provided the aircraft is contained within the coverage envelope.  There may be problems of high
multipath and enhanced absorption during the day, and MUF exceedance during the night.  The range of coverage
at below-the-MUF frequencies may be quite dramatic.  Factors of 3:1 are often observed over a diurnal cycle.

So far we have been discussing single hop coverage variability.  However, HF also admits to multiple hops, and
these modes of propagation may be operationally effective if terrestrial refraction points are oceanic, and especially
during the nighttime when ionospheric absorption is minimized.  There are also ducted and chordal modes of
propagation which may be excited by natural ionospheric gradients such as the day-night terminator, certain
auroral features, and the equatorial anomaly.  Long distance propagation by unconventional modes has been well
established.  Predictability is at the core of any practical application for HF Data Link service, and long distance
propagation generally requires special circumstances which limits its utility if long-term planning is required.
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Nevertheless the effects are observed quite frequently, and the impact of propagation beyond the one-hop relates
specifically to frequency reuse.

The location of ground stations may be determined by factors which have been identified in this section,
recognizing that optimum coverage patterns are defined by ionospheric heights and electron densities which are
highly variable.  Optimum performance would be achieved if aircraft could be within the single-hop coverage of all
transmitters for all allocated frequencies.  This would enable diversity in frequency and station selection to be
complete, allowing optimal availability's to be achieved.  In view of ionospheric fluctuations and the temporal and
spatial variations in the aircraft position, it is not generally possible to achieve an optimal design.  But, this does
not mean that high availability's have to be sacrificed.  Access to the global network, and utilization of low-loss
multi-hop and unconventional modes of propagation can augment the diversity gain.  The network architecture
should take this into account.

In order to identify the number of HF Data Link ground stations to support worldwide coverage and to enable
effective reuse of HF Data Link frequencies, it is convenient to partition the world into the three geographic
regions, where natural propagation effects allow for frequency reuse.  The reuse of frequencies at a fixed time of
day depends upon a number of factors including sunspot epoch, magnetic activity, season, and the particular
frequency utilized.  If the geophysical conditions and path geometry are fixed, then an algorithm may be developed
for frequency reuse for any of the specified frequencies in the Aeronautical Mobile bands.  Frequency reuse, to first
order, depends upon the propagation environment governed by the diurnal cycle.  Based upon experimental
investigations during solar minimum, but for a range of magnetic activity conditions, frequency reuse is possible
when ground stations are separated by at least eight time zones.  Hence, it is convenient to divide the world into
three geographic regions:

a)   Atlantic (including Caribbean and South America),
b)   Pacific (including Australia and Micronesia), and
c)   Indian Ocean (including Asia and parts of Africa).

These three regions provide for the largest HF coverage areas that can support frequency reuse, given the stringent
availability of ATS communications while providing continuity of service on a routine basis.
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Appendix H

Validation Cross Reference Index
for

HFDL SARPs

1. General

1.1 The validation of the High Frequency Data Link (HFDL) Standards and Recommended Practices
(SARPs) is being carried out similarly to the VHF Data Link (VDL) SARPs validation.  VDL SARPs
validation was carried out along the lines agreed to by AMCP/3 (reference Appendix A to the Report on
Agenda Item 7 from that meeting), and followed the same methodology used by AMCP to validate the
aeronautical mobile-satellite (route) service (AMS®S) draft SARPs.

1.2 HFDL Validation activities will be managed by the Validation Sub-Group (VSG).  Details on the
validation activities are presented below.

1.3 Functions of the VSG include:

a)  to keep the draft SARPs under configuration control;
b)  to establish a mechanism of “change reports” to identify problems, and to propose and justify

changes to the draft SARPs;
c)  to make the latest version of the draft SARPs available, on a regular basis, for review by all

interested parties and for interim and final assessment by WG-E; and
d)  to maintain a database recording methods used to validate each requirement within the draft

SARPs - the validation cross reference index (VCRI).

2. Validation Cross Reference Index (VCRI)

2.1 The VCRI contains the information on specific validation of every requirement in the SARPs.  It
consists of a sequential list, by paragraph number of SARPs, against which the techniques used for
complete validation are shown.  The VCRI is attached to this document.

2.2 The following validation techniques apply:

a)  Inspection.  Judgment based on reading the SARPs.
b)  Analysis.  Validation on the basis of analytic examination including detailed calculation.
c)  Simulation.  Validation on the basis of a software model of all or part of the HFDL that has

been built and run on a computer.
d)  Unit test.  Validation on the basis of prototype and/or pre-production equipment that is

designed to test a section of the HFDL SARPs, e.g. by inducing very unusual failure conditions.
e)  Integration test.  Validation on the basis of an integrated system.  An integration test could be

the same as a flight test, but without being airborne.
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f)   Flight test.  Validation on the basis of testing equipment in a (close to) operational
environment.  This technique will test the system as a whole, but may not necessarily test all
states that the system can reach.

g)  Manufacturer’s data.  This category is reserved for a statement by a manufacturer that his
equipment has satisfied a particular SARP, in the case where the manufacturer may wish to
retain confidentiality of the details of the validation that has been done.

2.3 The VCRI follows.  An initial set of proposed validation methods has been included in the VCRI.
The VCRI includes applicable paragraphs from the main body of the SARPs as well as the detailed
appendix.
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HFDL VALIDATION CROSS REFERENCE INDEX
Validation Methods are indicated as follows:

I Inspection
A Analysis
S Simulation
UT Unit Test
IT Integration Test
FT Flight Test
MD Manufacturer’s Data
NVR No Validation Required

The organizations included in the “Validating Organization(s)” column are suggested references.
HFDL SARPs MAIN SECTION

PROPOSED VALIDATION METHODS

Paragraph Title Validation
Method(s)

Validating
Organization(s)

1. Definitions I All involved in
validation review of

Section 1
1.1 Aeronautical Mobile (R) Service I
1.2 Appendix 27 Aer2 I
1.3 Assigned Frequency I
1.4 The High Frequency Data Link (HFDL) I
1.5 HFDL-Aircraft Station I
1.6 HFDL-Ground Station I
1.7 MWARA (Major World Air Route Area) I
1.8 Open system interconnection model (OSI) I
1.9 PEP (Peak Envelope Power) I
1.10 Quality of Service (QOS) I
1.11 RDARA (Regional and Domestic Air Route Area) I
1.12 Squitter Protocol Data Unit I

2. Introduction I
2.1 I WG-E
2.2 HFDL System Elements I
2.2.1 I WG-E
2.2.2 The HFDL-Aircraft Station Sub-system I WG-E
2.2.2.1 I Collins/Allied
2.2.3 The HFDL-Ground Station Sub-system I
2.2.3.1 I ARINC

Paragraph Title Validation
Method(s)

Validating
Organization(s)

2.2.4 The HFDL-Ground Communications Sub-system I
2.2.4.1 I ARINC
2.2.5 The HFDL-Ground Management  Sub-system I
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Paragraph Title Validation
Method(s)

Validating
Organization(s)

2.2.5.1 I ARINC
2.2.6 HF Data Link protocol Description I WG-E
2.2.6.1 I WG-E

3. General, system performance requirements, and
RF characteristics

I WG-E

3.1 I WG-E
3.1.1 I WG-E
3.2 RF characteristics for the Aircraft and Ground

Installations
I

3.2.1 I PTT
3.2.1.1 I PTT, TC
3.2.1.2 A,S,UT,FT PTT, Collins
3.2.2 Frequency Stability A PTT,IAA
3.2.2.1 I,A,UT PTT, ARINC
3.2.2.2 I,A PTT, IAA
3.2.2.3 UT PTT, ARINC
3.2.2.4 I, A,UT ARINC, Collins,

Allied
3.2.2.5 I,A,UT Allied
3.2.2.6 I,UT ARINC, Collins,

Allied
3.2.2.7 I Collins, Allied
3.2.2.8 I,A,UT Collins, Allied
3.2.2.9 I,A ARINC, Collins,

Allied
3.2.2.9.1 I,A Allied
3.3 The HFDL System I
3.3.1 I,A WG-E, PTT, IAA,

FAA
3.3.2 The Transmission of Squitter protocols I ARINC
3.3.2.1 I,A ARINC
3.3.2.2 I,A Collins, Allied
3.3.2.3 I,A Collins, Allied,

ARINC
3.3.3 Data Link Communications I
3.3.3.1 I,A ARINC,. Collins,

Allied
3.3.4 Networking Requirements I,A ARINC
3.3.4.1 I,A,IT,FT ARINC
3.3.4.2 I,A,IT,FT ARINC, IAA, FAA,

PTT
3.3.5 Integrity Requirements for the HF Data Link I,A,S,IT, ARINC, Collins,

Allied
3.3.5.1 Undetected Error Rate I,A,S,IT ARINC, Collins,

Allied
3.3.5.1.1 I,A,S,IT ARINC, Collins,

Allied
3.3.5.1.2 I,A,S,IT ARINC, Collins,
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Paragraph Title Validation
Method(s)

Validating
Organization(s)

Allied
3.3.5.2 Transit delay Requirements for the HF Data Link I,A,S,IT ARINC
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Appendix I

Configuration Control Procedures
for HFDL SARPs

Background
ARINC has an in-place configuration management (CM) methodology based on the application of the four
basic elements that constitute CM - identification, control, status accounting, and configuration audits.
Figure 1  provides an overview of the control process.   ARINC created the HFDL SARPs Change Request
form for the changes based on information needed in the current system.  ARINC provides the change
request number and maintains configuration control of the Draft HFDL SARPs during development and
validation..

The suggested procedures and responsibilities are summarized in the following paragraph.

Procedures
1. Draft SARPs (main body, appendix, and implementation manual) is generated and ready for change

control.  Establish a central point for modifying the document file, recommend ARINC be central point.

2. Electronic copy of document, in word format, is provided to ARINC CM by Validation Sub-Group
(VSG) Rapporteur.

3. ARINC assigns a document number and enters the document into the Harvest CM tool, using document
number and date for tracking. ARINC sends  electronic copy to group members via e-mail.  VSG
provides list of names and e-mail addresses.

4. Once put under change control, the document follows the process outlined in Figure 1.

5. When a change to the document is necessary, the requester completes the Change Request form and
forwards it to ARINC CM.    This should be sent via Email to Ms. Tammy Steele (Email:
tls@arinc.com) with a copy to Ms. Lori Mitchell (Email:  lgm@arinc.com).

6. ARINC assigns a change request number and enters the request into the Harvest CM tool.

7. Based on meeting schedule and urgency of change, ARINC can
a)  Distribute CRs to VSG members for review via e-mail.     or

b)  Collect CRs until meeting is held and provide summary of outstanding CRs at meeting.

8.  CR disposition is provided by VSG Rapportuer to ARINC CM via e-mail, this e-mail will serve as
approval for CRs to be incorporated.

9.  ARINC, or central point, implements changes into current document and sends updated document to
VSG members via e-mail.

10. Steps 5-9 repeated  for each document revision.
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Initiate Change
Request (CR)

Assign CR
Number

Review New
CRs

Stop

Pending/
Rework/

Review Old
CRs

Stop

Implement CR in
HFDL SARPs

Review SARPs StopA/A I/A C/A

A/H

A/A
A/H

C/R

A/H

C/R

O/ -

Figure 1 - HF Data Link Configuration Control Process
Explanation of the Configuration Control Process

The configuration control process is based on the processing of change requests (CRs) that identify a
problem and eventually a corresponding solution.  The diagram above shows the major stages in processing
the CRs.

Each CR has a status and a review result.  Only certain combinations of these classifications are
meaningful:

Status Review Result Abbreviation Meaning
Open None O/- The CR has just been raised, but has not been

considered by the VSG.  It is a new CR.

Active Accept A/A
The CR has been reviewed by the VSG.  The problem
has been accepted as real and the proposed solution has
been accepted for incorporation in the SARPs.

Implement Accept I/A The solution proposed has been implemented into a
specific issue of the SARPs.

Close Accept C/A
The implementation of the solution to the C/R has been
correctly incorporated in the SARPs, reviewed by the
VSG and endorsed by WG-E.

Active Hold A/H
The CR is awaiting some action: e.g. a proposed
solution or some further investigation of the exact
nature of the problem so that a solution may be
proposed.

Close Reject C/R
The CR has been rejected for one of several reasons:
e.g. it is a duplicate of another CR; it is an incorrect
statement of a problem.
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Appendix J
HFDL SARPs Validation Report

The following table shows the proposed validation report contents.  The report is intended to convey a
summary of an individual organization’s findings to the review meeting for comparison with other work,
and evaluation of the sufficiency of the current HFDL SARPs definition.  It should allow the meeting to
understand which parts have been validated satisfactorily and which have been found to be deficient.

It also serves to give confidence in the results obtained by:

showing how the validation work was undertaken;
showing where further details can be obtained; and
showing that the results are repeatable.

A validation report should be submitted to ARINC (for configuration control and management in the same
manner as Change Requests) for each paragraph or section that was validated.

SECTION TITLE CONTENTS
i References At least reference HFDL SARPs specific issue, and to detailed

validation report.
ii Abbreviations As used in report
iii Glossary For terms used in report
1 Introduction This section briefly defines; who performed the validation,

which category of validation1, which method was used, and the
objectives2.

2 Test Equipment A brief summary of hardware and software used, e.g. reference
to proprietary analysis tool, or description of special-to-purpose
test facilities.  A reference can be given to detailed descriptions
documented elsewhere.

3 Validation
Methods

A brief summary of  the validation method(s) used to test those
aspects defined in section 1.  Particular configurations of
equipment that are significant to the results should be
mentioned.3

4 Test Stimulation A brief summary of how the tests were driven, e.g. input for
analysis directly from HFDL SARPs documents, software test
files, simulation token definitions, etc.  The description should
allow the reader to understand any limitations, e.g. which
combinations of events have not been explicitly validated.

5 Results Summary An overview of the results achieved with reference to detailed
documentation of results.  This should not swamp the reader
with figures but summarize without interpretation4.

6 Interpretation and
Justification

This paragraph should show how the results are interpreted and
justify the conclusion(s) reached.  Any changes proposed to the
SARPs should be referenced here (quote Change Request
reference, and title).

Annex A VCRI HFDL SARPs paragraph numbers cross-referenced to
individual “test” identify, e.g. test run number, test case,
showing how each individual test covers specific parts of the
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SARPs5.
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Notes for the Table

1. By category is meant the various broad validation categories shown in the VCRI table i.e. analysis,
simulation, prototyping, flight trials, etc.

2. The objectives should be defined in terms of what the particular validation methods used is trying to
demonstrate e.g. maximum capacity per channel, failure mode effectiveness, etc.

3. It may be that certain deficiencies or performance aspects were only achieved under special
circumstances  These may be significant to the overall effectiveness of the HFDL SARPs.

4. Evidence for the repeatability of results obtained is an important part of this paragraph, giving
confidence in any numerical results obtained.

5. This information will be added to the co-ordination data base.



This table is an example of a possible summary to the VCRI Report and would provide either a summary or
organizational validation results and progress.

Draft HFDL SARPs, Revision X.YZ, VCRI Report Dated dd-mm-yy

INSPECTION ANALYSIS SIMULATION
TEST

(Unit, Integration, Flight) MANUFACTURERS
DATA

NO
VALIDATION

REQUIRED
How

Tested
Pass/
Fail CR

How
Tested

Pass/
Fail CR

How
Tested

Pass/
Fail CR

How
Tested

Pass/
Fail CR
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