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Introduction 
 
The fifth meeting of the International Civil Aviation Organization (ICAO) Aeronautical Mobile 
Communications Panel (AMCP) Working Group C (WG-C) was held 15-25 October 2002 – in 
Kobe, Japan. WG-C thanked the Japanese Civil Aviation Bureau (JCAB), Japan Radio Air 
Navigation System Association (JRANSA) and the Ship and Ocean foundation for it hospitality 
and in particular Mr.Takahashi for the preparation of the meeting. 
 
The Agenda for the meeting and an overview of the working papers were provided (see 
Attachment A and B respectively).  Attendees introduced themselves and the attendance list is 
contained in Attachment C. 
 
Agenda Item 1: Update ICAO and Industry Activities. 
 
1.1 The ICAO secretary introduced WP 8 containing the Memo from the AMCP secretary to 
the Panel Members.   He pointed out that the WG-C was expected to provide input material for 
Agenda Item 2 Future air/ground data link systems, 3 Comparative analysis of potential ADS-B 
data links and 4 Development of SARPs for the UAT. 
.   
1.2 It was agreed at WGC-4 to establish a subgroup, which would prepare the work on the 
the development of SARPs for the UAT to assist WG C in these tasks.  The ‘UAT Subgroup” 
held initially a telephone conference which was reported in WP 12 and held its first meeting in 
Langen (Report in WP 21), Germany.  At the Langen meeting a Terms of Reference (TORs)was 
drafted as contained in WP 13.  After some minor changes the TORs for the UAT subgroup were 
agreed and are contained in Attachment D.   It was noted that the subgroup expected to have the 
SARPs validation workplan ready for approval by the AMCP by June 2003. 
 
1.3 The secretary introduced WP 3 containing the relevant extract from the ICAO DOC 
9750, 2nd edition.  He explained that the AMPC/8 outputs would be used as a basis for input 
documents to the 11th Air Navigation Conference next year.  One of the input could consist of a 
proposal to update DOC 9750. Therefore he asked for WG C to consider this document to 
possibly advice the ICAO secretariat on desired changes to the document.  WG-C after assessing 
the document suggested changes as shown as Attachment E. 
 
1.3 The meeting received the following presentations on developments in Japan: 

a) Research activities into the Next-Generation Air Traffic Control Workstation for a 
Data Link Environment conducted by ENRI. 

b) The development of a extended graphics platform by ENRI and NEC 
c) The research on the detecting of human fatigue based on a chaotic data analysis 

system conducted by Mitsubishi. 



 

The working group expressed its appreciation for the material presented. 
  
1.4 The Kobe Aeronautical Satellite Center was visited.  An update on the MTSAT was 
given and an excellent simulation of a satellite launching and placing the satellite in orbit. After 
the presentation the facility was visited. 
 
Agenda Item 2: Report on fourth meeting and Inventory of action items. 
 
 
2.1  There were no comments on the report from WGC-4.   In reviewing the action item list 
from WGC-4 it was noted that WGC-5 was the last meeting before AMCP/8 and it was 
important minimise the action items as much as possible to be able to report completion of the 
specific task to AMCP/8.  
 
Agenda Item 3: Comparative Analysis 
 
3.1 WP 4, Guidelines for Preparatory Work for the Comparative Analysis of ADS-B Data 
Links was introduced by the Secretary.  The Secretary gave background information on the 
inclusion of a Comparative Analysis of ADS-B Data Links in the AMCP/8 agenda and outlined 
an approach to complete the analysis in time for that Panel meeting.  It was further indicated that 
the Comparative Analysis could be approached as an update to the analysis already performed at 
WGC-2 and WGC-3.  Inputs from bodies other than WG-C, while desirable and solicited, would 
need to be received in time for AMCP/8. 
 
3.2  WG-C discussed the value of this comparative analysis as previous efforts failed due to 
lack of consensus between the parties concerned. The amount of work required to complete such 
a task was highlighted. The WG-C members agreed that since the Working Group was tasked to 
urgently perform an analysis that all effort will be taken to complete the task to the maximum 
extent possible and provide the result to AMCP/8.  Various members stated that their 
administration or organisation would not be able to find the resources to support potential further 
work on such comparative analysis. It was stressed that the objective of the comparative analysis 
was not for WGC-5 to recommend one data link over another.  
 
3.3 The Secretary then reviewed recommended guidelines for the Comparative Analysis.  
Criteria recommended included those used at AMCP/5, those of the TLAT, the RTCA ADS-B 
MASPS (DO-242A), and Eurocontrol ADS-B performa nce criteria.  The ability of a combination 
of multiple ADS-B links to more fully meet the criteria was indicated to be desirable to be 
assessed, if time permitted.   

 
3.4 Considering the importance of the having WGC consensus  on the methodology of the 
comparative analysis the paper was discussed on a paragraph-by-paragraph basis.  
 

-Paragraph 2, Goal of the Comparative Analysis, elicited significant discussion.   A 
consensus was subsequently established on this Paragraph.   
 



 

-Paragraph 3 was then discussed.  The need for using RTCA DO-242A instead of RTCA 
DO-242 was discussed by the Secretary, based upon inputs from the OPLINK panel.   
 
-Paragraph 4 was then discussed.  It was agreed that evaluation of a ground scenario was 
important.  Several members of the meeting indicated that ground performance was 
indeed assessed through the Core Europe 2015 scenario.   
 
-Paragraph 5: High level summary of the Comparative Analysis—The Rapporteur 
indicated that he and the Secretary would endeavor to construct such a summary using 
the detailed matrices putting forth, for the three ADS-B data links, their compliance with 
the criteria of Paragraph 3.   
 
-Paragraph 6: The ability to assess multiple links in time for presentation of the 
Comparative Analysis of ADS-B Links to AMCP/8 was discussed.  It was agreed that 
completing independent analysis of the three links would be likely to be the most that 
could be achieved. 
 

At the end of the discussion it was agreed that the content of WP4 would be used as the guideline 
for the Comparative Analysis task. 
 
3.5 Paper 17 was then introduced reflecting some of the concerns on the guidelines per WP 4.  
This paper was also discussed on a Paragraph- by-Paragraph basis. 
 

-Paragraph 2—While the paper correctly indicated that ADS-B requirements in Europe 
are continuing to be developed, the meeting concluded that the requirements of WP4 
were the best available for the Comparative Analysis of ADS-B Links task. 
 
-Paragraph 3: The ground scenario included within the Core Europe 2015 scenario 
required in WP4 was discussed at length.  It was suggested that a more stringent (e.g., 
300 ground vehicle at a single airport) ground scenario might be employed.   
 
-Paragraph 4--It was agreed that a small subgroup would be set up to discuss static versus 
dynamic simulation of VDL Mode 4, as well as how “dynamic” scenario simulation of 
UAT and 1090 MHz Extended Squitter had been accomplished in recent RTCA MOPS.  
Furthermore it was questioned whether the “95-95 indicator” was the appropriate basis 
for the comparison.  
 

3.6 Considering the complexity of the issue raised in paragraph 4 of WP 17, it was agreed 
that the UAT subgroup would resolve this and report back to the working group. 

 
3.7 Working Paper 14, being a response to AMCP/8’s Comparative Analysis agenda item 
was discussed.   The UAT Subgroup was asked to add a summary of the UAT model and its 
validation into Appendix A as well as to discuss how meeting RTCA DO-242A ensures meeting 
of the Safe Flight 21 applications.  It was agreed that the ground scenario included in the Core 
Europe 2015 scenario would suffice for the input to AMCP/8 in terms of ground-ground scenario 
modelling.    



 

 
3.8 A number of comments were provided on WP14 by the meeting, and the UAT Subgroup 
was asked to make appropriate revisions to text generically applicable to all three data links as 
well as to text specifically concerning UAT.   
 
3.9 It was agreed that Section 3 of WP14 would be changed to subset the DO-242A 
requirements to those expressly considered by the TLAT.  The UAT Subgroup track was asked, 
with the assistance of TLAT members present at the meeting, to identify these requirements and 
simplify the matrix used in Section 3 of the paper. 
 
3.10 During the meeting the UAT subgroup worked separately with the objective to complete 
the work on the comparative analysis as far as possible. The report from this activity is in 
Attachment F. 
 
  
3.11 The UAT subgroup presented the output of its work on the comparative analysis.  WG-C 
concurred with the output as presented in Attachment G (Revised WP 14) and agreed that the 
following actions should be taken. 
 
ACTION WGC/5-1: All comments and activities agreed in the UAT subgroup in relation to 

Attachment G need to be send Larry Bachman with copies to Secretary and Rapporteurs 
before the 18th  of November. (See Attachment F). 

ACTION WGC/5-2: Final version of Comparative Analysis to be delivered to the ICAO 
secretary by December 20. 

 
 
 
Agenda Item 4: UAT SARPs 
 
 
4.1 WP 9 was introduced addressing the ITU allocation of the 960-1215 MHz band.  The 
objective of the paper was to clarify the present situation and to ensure that the ITU regulations 
would allow the global operation of UAT.  As the radio spectrum expertise lies within AMCP 
WG-F it was agreed to request them to study the matter and to take the necessary action.  
 
4.2 WP 19, E-mail comments on the UAT draft SARPs v.0.2, was discussed in conjunction 
with WP 11 containing the Draft RF SARPS for UAT.  WG-C discussed the SARPs in detail 
resulting in various changes to v.0.2.  The results from this discussion are reflected in Revision 
1.0 of the DRAFT RF SARPS for UAT as shown as Attachment H.  
 
4.3 WP 15 introduced the draft Requirements and desirable features for the UAT as 
developed in the Langen meeting. WG-C provided comments, which resulted in Revision 1.0 of 
the Requirements and desirable features as shown as Attachment I. 
 
4.4 For planning purpose and to ensure that the work of the UAT subgroup would be 
adequately supported it was agreed to draft a work programme and schedule of meetings for the 



 

UAT Subgroup. The next meeting of the Subgroup was scheduled for January 13-16, 2003 at 
ICAO Headquarters in Montreal.  Principal agenda items for this meeting would be further 
review of the draft UAT RF SARPs and initial review of a draft UAT Technical Manual.  Chris 
Moody agreed to prepare initial Technical Manual materials and distribute these materials two 
weeks prior to the meeting.   
 
4.4 Further meetings on March 31-April 4, 2003 at ICAO Headquarters in Montreal and June 
9-13 (noon adjournment on the 13th) at Eurocontrol Headquarters in Brussels were agreed to 
support the Subgroup’s objective, previously discussed during consideration of the Subgroup’s 
Terms of Reference, of having by the end of June 2003 a package of materials to support 
initiation of SARPs validation. 
 
4.5 This package of materials would include the UAT Requirements and Desirable Features 
document, draft UAT SARPs and Technical Manual, draft Validation Cross Reference Index, 
and Validation Plan.Finally, it was agreed that the Subgroup would hold a further meeting in 
October or November 2003, in conjunction with Working Group C, at Eurocontrol Headquarters 
in Brussels.  The tentative date for this meeting is 20-24 October 2003. 
 
4.6 The Working Group discussed plans for the AMCP/8 agenda item concerning Development 
of SARPs for the UAT.  The secretary informed the meeting that the development of UAT 
SARPs does not require a change to the existing AMCP work plan, and that the ANC was well-
aware of the "at-risk" SARPs development work currently in progress:  on the other hand, a 
formal request from the ANC to AMCP to develop UAT SARPs is required.  The meeting 
was further informed that the decision of the AMCP Working Group of the Whole in May 2002 
to move forward with UAT SARPs development on an "at-risk" basis would be brought into 
AMCP/8 and that in order to obtain formal ANC approval of UAT SARPs development, the 
Panel would need to make a formal recommendation of such approval in the AMCP/8 Report. 
 
 
 
Agenda Item 5: Report to AMCP/8 
 
5.1 Before addressing the working papers related to the report to AMCP/8, WG-C discussed 
the basic intention of the report.  It was agreed that: 
a) The report should take away the perception that there is an unnecessary proliferation of data 

links. 
b) There is a need to work urgently on a solution to prevent an anticipated shortage in some 

Regions of communication capacity in the 2010-2015 time frame due to the saturation of the 
present and planned VHF communication infrastructure. 

c) The expected relief from the introduction of data communication will only be minimal due to 
way the present VHF voice system is  operating, and; 

d) The only likely way to add required capacity is to introduce a new system in another band.  
This system would not only provide additional capacity but also relieve the VHF band 
saturation in order to introduce a new generation VHF communication system not 
constrained by the present utilisation of the VHF band. 

 



 

5.2 The secretary announced that ICAO would possibly contract a consultant, who would 
have the task to act as the final editor of the report hopefully before the report would be 
submitted to AMCP/8.  After completed this task, the consultant’s report would than be 
circulated to WG-C members for concurrence before submission to AMCP/8. 
 
5.3 WGC dealt with the working papers under Agenda item 5 in two parts.  First WP, 7,2, 5 
and 6 containing the various chapters were discussed, leading to the first complete draft of the 
document. 
 
5.4 In the second part of the discussion the meeting was informed on the various 
developments related to the communication systems.  IP 2 provided an update on the VDL Mode 
2 Subnetwork Layer Validation Test performed by ENRI.  It was agreed to update the report to 
reflect the results from this test. 
 
5.5 WP 18 compared the present performance of the contract ADS report using the existing T 
channel protocol in the satellite network with a new concept in which the AES would respond to 
an interrogation scheme from a ground system. As the performance of the latter concept is 
superior over the present situation the meeting agreed that this new concept should be given due 
consideration with the implementation of next generation AMSS systems. 
 
 
5.6 WP 10 informed the meeting of the activities being deployed by Eurocontrol in co-
operation with ESA for the definition of a next generation satellite system (NGSS) for safety and 
regularity of flight.  The paper requested WG-C to recommend AMCP/8 to reactivate the work 
(NGSS) per ANC Task No.  CNS-9902 and to assess the spectrum need for NGSS. 
 
5.7 Regarding the FAA NEXCOM programme the Director of the CNS office Mr. Salvano 
made an official statement related to the commitment of the FAA to the NEXCOM programme.  
The statement is included in the report under Attachment J. 
 
5.8  In discussing the present draft of the full report to AMCP/8, WG-C agreed on various 
changes.  The result of this work is in Attachment K, for which various actions are yet to be 
completed before submission to AMCP/8.  
 
5.9 IP 3 provided the WG with an update on the status of the work on the Airport Vehicle 
Positioning System (APVS)trials at the New Chitose airport conducted by ENRI and the JCAB.  
The APVS is a navigation/surveillance service to improve the situational awareness and traffic 
flow on the airport service.  The trial is conducted in the ISM band, however it is acknowledged 
that a safety allocation would be required for full operational usage.  The candidate band for this 
service is the 5090-5150 MHz band presently allocated to MLS. When implemented the APVS 
will have a communication capability, however since it is primarily a navigation/surveillance it 
was decided that the system at present wouldn’t be considered as an alternative to relieve the 
VHF communication band.  It was agreed to include the APVS trial programme in the  Appendix 
A to the report to AMCP/8. 
 
 



 

 
ACTION WGC/5-3: WGC members to provide comments and updates to Attachment K before 

15 November. 
 
 
Agenda Item 6: Preparation AMCP/8 
 
6.1 WGC discussed the material to be forwarded to AMCP/8 which a deadline of 20 

December 2002.  It agreed on the following on the following material: 
a) A general overview of the WG-C activities since AMCP/7. 
b) The results from the comparative analysis, including an executive summary, with the 

Recommend for the panel to note the material and to submit to the ANC. 
c) The WGC report to AMCP/8, including an executive summary with the 

recommendation to work on the conclusions and considerations from the report. 
d) The present status on the work on UAT SARPs and Requirements and Desirable 

feature and the Terms of Reference of the UAT Subgroup with the recommendation 
to continue the development of SARPs. 

e) The suggested changes to Chapter 5of ICAO DOC 9750 2nd edition. 
 
6.2 The secretary and the rapporteur will prepare the material under 6.1. 

 
 
ACTION WGC/5-4: ICAO secretary and rapporteur to prepare WG-C input material for 

AMCP/C and circulate the material for WG-C concurrence to submit the material to 
ICAO before 20 December 2002. 

 
 
 
Agenda Item 7: Any other business 
 
7.1 There was no other business. 
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Agenda fifth AMCP working group C 

 
 
 
 
 
 

Agenda Item 1:  Update ICAO and Industry Activities 
 
Agenda Item 2:  Report fourth WG C and Action Items 
    
Agenda Item 3  Comparative Analysis 
 
Agenda Item 4:  UAT SARPs 
 
Agenda Item 5:  Report to AMCP/8 
 
Agenda Item 6  Preparation of AMPC/8 
 
Agenda Item 7:  Any other business 
 



Attachment B 

List of working papers 

No.  Presented By Subject Agenda 
Item 

IP 1 Secretary Hotel information - 
IP 2 S.Kato VDL Mode 2 Physical Layer Validation Test 5 
IP 3 S. Takahashi Airport Vehicle Positioning System 5 
WP 1 Rapporteur Draft agenda and schedule of the meeting - 
WP 2 Alain Delrieu AMCP/8 Report, chapter 8 and 9 5 

WP 3 Secretary Global Air  Navigation Plan for CNS/ATM 
systems 1 

WP 4 Secretary Comparative Analysis of ADS-B Data link 3 

WP5 Philippe 
Renaud Proposed new Chapter 10 of report to AMCP/8 5 

WP6rev.1 Philippe 
Renaud Proposed new Chapter 11 of report to AMCP/8 5 

WP 7bis Secretary Proposed changes to draft report to AMCP/8 on 
communication scenarios 5 

WP 8 Secretary AMCP Memo/19 1 

WP 10 Philippe 
Renaud 

Next Generation Satellite Communication 
Systems 5 

WP 11 Chris Moody Draft RF SARPs for UAT 4 

WP 12 Rapporteur 
UAT subgroup 

Report of Initial Teleconference for UAT 
Subgroup 1 

WP 13 Rapporteur 
UAT subgroup Draft Terms of Reference UAT  Subgroup 1 

WP 14 Larry Bachman UAT Technical Assessment 3 

WP 15 Rapporteur 
UAT subgroup Requirements and Desirable Feature for the UAT  4 

WP 16 Kors van den 
Boogaard Non-ATS Communications 5 

WP 17 Larry Johnson Methods for Evaluation of ADS-B data links 3 
WP 18 A Ishide A new concept of satellite-base ADS  5 

WP 19 RapporteurUAT 
Subgroup Requirements and desirable features for the UAT 4 

WP 20 RapporteurUAT 
Subgroup 

Email comments Received on UAT Draft SARPS 
v.02 4 

WP 21 RapporteurUAT 
Subgroup Summary of UAT Langen Subgroup meeting 1 

WP 22    
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LIST OF PARTICIPANTS 
WGC-4 

27-30 May 2002 
 

Name Tel Fax e-mail 
Mr. Brent Phillips  (202) 358-5311 +1-202 358-4922 Brent.Phillips@faa.gov 

Mr. Philippe Renaud 32 2 729 3373 32 2 729 3511 philippe.renaud@eurocontrol.int 

Mr. Arnaud Dedryvere 33 1 58 09 47 35 33 1 58 09 36 09 arnaud.dedryvere@aviation-
civile.gouv.fr 

Nikolaos Fistas   nikolaos.fistas@eurocontrol.int 

George Ligler   gligler@pmei.com 

Lawrence Bachman   Larry.bachman@jhuapl.edu 

Alvin Burgemeister   al@b12assoc.com 

Michael Biggs   Michael.Biggs@faa.gov 

Chris. Moody   cmoody@mitre.org 

John Macbride   john.macbride@nats.co.uk 

Miguel Marin Stillman   mmarin@att.com.mx 

Mr. Shigeki Masuda  81 35 253 8755 81 35 253 1663 masuda-s2sa@mlit.go.jp 

Mr. Hideo Sakata 81 6 6496-9740 81 6 6496-9720 sakata@cew.melco.co.jp 

Larry Johnsson   larry.johnsson@lfv.se 

Mr. Satoshi Kato 81-422-41-3180 81-422-41-3182 kato@enri.go.jp 

Yukiko Oba   ooba-y25u@mlit.go.jp 

Iga Norihiko   r7591451@cew.melco.co.jp 

Akira Ishide   ishide@enri.go.jp 

Satosi Komine   s-komine@cq.jp.nec.com 

Fredrik Lindblom   fredrik.lindblom@lfv.se 

Mr. Claude Loisy 31-71-5653155 ;  
 

31-71-5654598; claude.loisy@esa.int 

Robert Hong    

Shuji Takahashi   takahashi-s28g@mlit.go.jp 

Fumihiro Utsunomiya    

Ashizawa Shin-ichi    

Saitou Yutaka    

Kanno Katsuo    
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TERMS OF REFERENCE 
 

AMCP/WG C 
Universal Access Transceiver (UAT) Subgroup 

 
 
 

1. Develop SARPs, technical details, and guidance material for UAT.   
 

a. Establish UAT requirements and desirable features. 
b. Further develop, to enable initiation of UAT SARPS validation, draft UAT RF 

SARPS, draft UAT Technical Manual, a UAT SARPS validation cross reference 
index and a UAT SARPS validation work plan for approval by AMCP. 

c. Validate draft UAT SARPS and the draft UAT Technical Manual consistent with 
the UAT SARPS validation cross reference index and validation work plan and 
present validation results to Working Group C for subsequent forwarding to the 
AMCP. 

d. Develop further guidance materials as appropriate for inclusion in ICAO 
documentation in a time frame consistent with b. and c. above. 

 
2. Coordinate with other panels as appropriate, in particular GNSSP (for DME), through the 

ICAO Secretariat. 
 
3. Develop and update as necessary UAT performance projections, initially to support 

AMCP Comparative Analysis of Candidate Surveillance Data Links at AMCP/8. 
 
4. Consider issues connected with spectrum availability for UAT, and develop UAT 

frequency planning criteria in conjunction with the validation of draft UAT SARPS and 
technical documentation. 

 



Attachment E 
 

 
 

Extract from Global Air Navigation Plan for CNS/ATM  Systems  
(ICAO Doc 9750, 2nd edition) 

 
 
 
 

 
Chapter 5 

COMMUNICATIONS SYSTEMS 
 
 
 
 

REFERENCES 
 

Annex 10  Aeronautical Telecommunications 
Manual on Mode S Specific Services (Doc 9688) 

Manual on HF Data Link (Doc 9741) 
Handbook on Radio Frequency Spectrum Requirements for 

Civil Aviation including Statement of Approved ICAO 
Policies (Doc9718) 

Manual of Technical Provisions for the Aeronautical 
Telecommunication Network (ATN) (Doc9705) 

Comprehensive Aeronautical Telecommunication Network 
(ATN) Manual (Doc9739) 

A Planning Guide for the Evolutionary Development of the 
Data Interchange Portion of the Aeronautical Fixed 

Service (Circular 261) 
Manual of the Secondary Surveillance Radar (SSR) 

Systems  (Doc 9284)  
 
 
 
 

FUNCTION 
 
 5.1    The communications element of CNS/ATM systems provides for the exchange of aeronautical data and 
messages between aeronautical users and/or automated systems. Communications systems are also used in support of 
specific navigation and surveillance functions. 
 
 
 

COMMUNICATIONS SERVICES 
ENVISAGED 

 
 5.2    There are basically two categories of aeronautical communications: 
 
 a) safety-related communications requiring high integrity and rapid response: 
 
  1) air traffic services communications (ATSC) carried out among ATS units or between an ATS unit and an 

aircraft for ATC, flight information, alerting, etc; 
 
  2) AOC communications carried out by aircraft operators on matters related to safety, regularity and efficiency of 

flights; and 
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 b) non-safety related communications: 
 
  1) aeronautical administrative communications (AAC) carried out by aeronautical personnel and/or organizations 

on administrative and private matters; and 
 
  2) aeronautical passenger communications (APC). 
 
 Additionally, broadcast and point-to-point communications are used to convey surveillance data and data which 
supports improved situational awareness. 
 
 5.3    In general, CNS/ATM communications systems are designed and implemented to support 
just one of these categories.  In some cases however, both are incorporated, with safety-related 
communications being given priority over non-safety communicationsIn general, communication 
systems used in CNS/ATM systems are capable of carrying both of the above-mentioned categories. However, 
safety-related communications shall always have priority over non-safety related ones. 
 
 

MAIN FEATURES OF NEW 
COMMUNICATIONS SYSTEMS 

 
 5.4    There are some fundamental differences between conventional aeronautical communications systems and those 
which form part of the new CNS/ATM systems. Some key features of the new systems, which significantly differ from 
conventional ones, are as follows: 
 
 a) most routine communications are done by data interchange; 
 
 b) voice communications are mainly used in non-routine and emergency situations; and 
 
 c) there is emphasis on global connectivity and operation. 
 
Such features allow for better use of communication channels and enable facilities to be shared among many users. 
 
 
 

AIR-GROUND COMMUNICATIONS 
 
 5.5    It is envisaged that most routine air-ground communications in the en-route phase of flight will be via digital data 
interchange. For this purpose, the user often selects a particular message from a pre-constructed set of messages using a 
screen menu, adds some specific parameters (or free text) and then sends it. Some data transfers take place between 
automated airborne and ground systems without the need for manual intervention. Such data exchanges will greatly reduce 
the volume of voice communications and therefore reduce the workload of pilots and controllers. In busy terminal areas, 
however, the use of voice communications will likely still be preferred. For emergency or non-routine communications, 
voice will remain as the primary means of air-ground communications. 
 
 5.6    Transmission of air-ground messages is carried out over one of the following radio links: 
 
 a) AMSS — Geostationary communications satellites, designed specifically for mobile communications, offer wide/ 

near global coverage and both voice and data communications channels. The initial use of AMSS has been for is 
particularly suited to aircraft flying in oceanic and/or remote continental airspace, but the next generation satellite 
system maybe used in the high density airspace; 

 
 b) VHF (Analog) — Existing VHF analog radios have excellent operational reliability and will continue to be used 

for voice communications in busy terminal areas as well as for general non-routine communications in their areas 
of coverage. Where the saturation of VHF frequency bands for aeronautical communications may occur, 
provisions have been made to reduce the channel spacing from 25 kHz to 8.33 kHz to increase the number of 
available channels in that area; 

 
 c) HF (Analog) — Radio communications using the HF band for long distance contacts have availability reliability 

limitations imposed mainly by the variability of propagation characteristics. It is envisaged that with increased use 
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of AMSS in oceanic/remote areas, congestion on HF channels will be relieved. Until a new satellite constellation 
suitable for aeronautical use, covering the entire globe, is put in place for flights over polar regions, HF will 
remain as the only available means of communications in these areas (e.g. polar areas); 

 
 d) VDL Mode 2 — This mode provides an air-ground, ATN-compatible, data link and uses digital radio techniques. 

The nominal data rate of 31.5 kbps is compatible with the 25 kHz channel spacing used in analog VHF radio and 
for VDL Mode 3 (integrated voice and data). The modulation scheme used in Mode 2 is capable of supporting 
ATN protocol suites for different operational applications, thereby greatly increasing the efficient use of the VHF 
channel; 

 
 e) VDL Mode 3 — This mode uses a time division multiple access (TDMA) technique and is capable of integrating 

both voice and data communications systems. The improved utilization of the VHF spectrum is achieved through 
the provision of four separate radio channels over one carrier (25 kHz channel spacing); 

 
 f) VDL Mode 4 — This mode uses a self-organizing time division multiple access (STDMA) technique and is 

intended to be used for surveillance applications (e.g. ADS and ADS-B). This mode is being considered for use in 
other air-ground data link applications; 

 
 g) SSR Mode S data link — The SSR Mode S data link provides surveillance capability and an air-ground data link, 

which is specifically suitable for limited data messaging in  high-density areas. It is capable of operating in an 
environment where different levels of Mode S data link capabilities exist; and 

 
 h) HF data link — The HF data link provides an air-ground data link which is ATN-compatible and is primarily 

considered to complement AMSS in oceanic/remote areas. 
 
 
 
 5.7    AMSS, VDL, SSR Mode S and HF data links use different data transmission techniques, but as individual 
networks, they all use the same network access protocol in accordance with the International Organization for 
Standardization (ISO) — Open Systems Interconnection (OSI) reference model.  They This provides for their 
interconnection to other ground-based networks so that the aircraft end of any of these data links can be connected to any 
ground-based system by adopting common interface services and protocols, also based on the ISO OSI reference model. 
The ATN communications service, which allows ground, air-ground and avionics data subnetworks to interoperate for the 
specified aeronautical applications, is the ATN. The above-mentioned air-ground data links, when used in point-to-point 
mode, are ATN-compatible and can therefore constitute ATN subnetworks. In an ATN environment, subnetworks are 
connected to other sub-networks through ATN routers, which select the “best” route for transmission of each data 
message. As such, the choice of the air-ground data link is often transparent to the end-user. 
 
 5.8    Radio links used for communications with aircraft in flight are of extreme importance to the safety, regularity 
and economy of flights. As such, the necessary technical and institutional arrangements must be in place to: 
 
 a) ensure the availability of a sufficient radio frequency (RF) spectrum for aeronautical services, noting present and 

foreseen levels of traffic; and 
 
 b) prevent harmful RF interference (RFI) into frequencies, bands, services and users of aeronautical radio systems; 

and 
 
 c) allow the provision of communications services by commercial service providers. 
 
 
 

GROUND-GROUND 
COMMUNICATIONS 

 
 5.9    It is envisaged that most routine communications between ground-based aeronautical users and systems will be 
by data interchange. Such interchanges between entities such as meteorology offices, NOTAM offices, aeronautical data 
banks, ATS units, etc., may be in any of the following forms: 
 
 a) free-text messages; 
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 b) pre-selected data messages (with some manually added parts); and 
 
 c) automated data interchange between computerized systems. 
 
 5.10    A variety of ground networks, implemented by States, a group of States or commercial service providers, will 
continue to provide data communications services to aeronautical users. However, only networks that use packet switching 
techniques and are compatible with the ISO OSI reference model will be able to use the internet working services of the 
ATN. With gradual implementation of the ATN, the use of the aeronautical fixed telecommunication network (AFTN) 
will diminish. During the transition period, however, interconnection of AFTN terminals to the ATN will be possible via 
special gateways. 
 
 5.11    Voice communications between ATS units will continue to be required for emergency or non-routine cases. 
Considering the relatively low usage of voice communications, dedicated direct-speech circuits will gradually be replaced 
with aeronautical switched networks capable of handling both voice and data. There is also a trend to use fully digital 
voice switching and signalling techniques as more flexible and less costly digital leased lines become widely available. 
 
 
 

AERONAUTICAL TELECOMMUNICATION NETWORK (ATN) 
 
 5.12    The ATN and its associated application processes have been specifically designed to provide, in a manner 
transparent to the end-user, a reliable end-to-end communications service over dissimilar networks in support of air traffic 
services. ATN can also carry other communications service types, such as AOC communications, AAC and APC. Some 
other features of the ATN: 
 
 a) enhanced data security; 
 
 b) are based on internationally recognized data communications Standards; 
 
 c) accommodateion of differing services (e.g. preferred air-ground subnetwork); 
 
 d) allow support for the integration of public/private networks; and 
 
 e) for point-to-point services, make efficient use of bandwidth, which is a limited resource in air-ground data links. 
 
A diagram of the ATN architecture is given in Figure I-5-1. 
 
 
 

FUTURE TRENDS 
 
 5.13    As a result of advancing technology, new communications systems offer more, better and cheaper services. The 
use of such new systems for international civil aviation applications is being investigated. Some future communications 
systems that have the potential of providing the necessary level of service to the aviation community are: 
 
 a) non-geostationary satellite systems (using lower orbits), which cover the entire globe and have less power 

requirements; and 
 
 b) new network technologies providing integrated voice and data service. 
 
 5.14    The most important question to be asked when considering a new system is whether it meets the RCP 
requirements.existing or emerging operational and user requirements.  RCP reflects the translation of all relevant 
operational requirements in a categorization of well quantified communication performance requirements such 
availability, integrity and transit delay. Other factors to be considered are standardization, certification, harmonious 
deployment by various users, and cost-benefit considerations. 
 
 
 

REQUIRED COMMUNICATION 
PERFORMANCE (RCP)* 
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 5.15    The emergence of several types of data links for the conduct of air-ground data interchange, as well as for the 
support of specific navigation, surveillance and other functions, has raised the concern that the air navigation system is 
becoming too complex. Obviously, it would have been ideal to have a single air-ground communications system capable 
of handling all communications, navigation and surveillance requirements in all types of airspace and for all phases of 
flight in a cost-effective manner. However, as no such technological solution has yet been found to meet all operational 
requirements, the aviation community has to consider all available as well as emerging communications systems, though 
some may only perform a single function or only serve a limited area. 
 
 5.16    The availability of several communications systems does provide a degree of flexibility to planning and 
implementation in different types of airspace; however, the proliferation of subnetworks will add to the complexity of the 
operation and administration of the global ATN. For example, if a large continental airspace is already covered by VHF 
for aeronautical communications, perhaps VDL would be the best choice for an air-ground data link since most of the 
necessary infrastructure (buildings, towers, power supplies, etc.) would already be in place. Similarly, if an extensive 
network of SSR Mode S has already been implemented in an area, data link capability could be added with relatively small 
additional investment. 
 
 5.17    Although having the choice between several types of communications systems has some  advantages from the 
implementation point of view, it does make the regional planning for air navigation systems more complex, especially 
when it comes to making contiguous FIRs harmonious and synchronous from the communications point of view. One 
solution to this problem is to do away with the specification of individual systems and instead, translate all relevant 
operational requirements in a certain airspace and scenario into a series of communications performance parameters. The 
term required communications performance (RCP)* therefore refers to a set of well-quantified communications 
performance requirements, such as capacity, availability, error rate, and transit delay. Once RCP* has been specified for an 
operational scenario in a given airspace, any single communications system, or combination of systems meeting the set 
parameters, can be considered as operationally acceptable. 
 
 
 

GENERAL TRANSITION ISSUES 
 
 5.18    Guidelines for transition to the future systems encourage equipage by users for the earliest possible accrual of 
systems benefits. Although a transition period of dual equipage, both airborne and ground, is often necessary to ensure the 
reliability and availability of a new system, the guidelines are aimed at minimizing this period to the extent practicable. 
Appendix A to this chapter lists the guidelines that States, regions, users, service providers and manufacturers should 
consider when developing CNS/ATM systems or planning for implementation of such systems. 
 
 
 

APPENDIX A TO CHAPTER 5 
 

GUIDELINES FOR TRANSITION TO COMMUNICATIONS SYSTEMS 
 
 
 
 • States should begin to use data link systems as soon as possible after they become available. 
 
 • Transition to AMSS should initially be in oceanic airspace and in continental en-route airspace with low-density 

traffic. 
 
 • States/regions should coordinate to ensure that where ATC applications supported by AMSS are to be introduced, 

they should be introduced simultaneously in adjacent FIRs through which there are major traffic flows. 
 
 • During the transition period after AMSS is introduced, the current levels of integrity, reliability, and availability of 

existing HF communications systems must be maintained. 
 
 • Communications networks between ATC facilities within a State and ATC facilities in adjacent States should be 

established if they do not already exist. 
 
 • The ATN should be implemented in phases. 
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 • If new application message processors and point-to-point data link systems are implemented, they should support 

code- and byte- independent data transmission protocols in order to facilitate transition to the ATN. 
 
 • States should establish procedures to ensure that both the security and interoperability aspects of the ATN are not 

compromised. 
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AMCP Working Group C 

Comparative Analysis Subgroup Meeting 
October 17 and 18, 2002 

Kobe, Japan 
 

Introduction 
 
At the request of Working Group C, as breakout subgroup met in Kobe, Japan on October 17 and 
the morning of October 18, 2002 to progress work on the Comparative Analysis of Potential 
ADS-B Links in preparation for Agenda Item 3 of AMCP/8, using WGC5/WP4 and 
WGC5/WP14 as a basis and taking into account paragraph 4 of WGC5/WP17.  Participants 
were: 
 
Akira Ishide 
Mike Biggs 
Alessandro Capretti 
Chris Moody 
Nikos Fistas 
Larry Bachman 
George Ligler, Rapporteur 
Larry Bachman 
Fredrik Lindblom 
 
2. Discussion of Paragraph 4 of WGC5/WP17 and Inputs to Comparative Analysis for VDL 

Mode 4 
 
The meeting initially discussed, at the request of Working Group C, Paragraph 4 of WP17 as it 
pertains to completion of the input for AMCP/8 on Comparative Analysis of ADS-B Links.   The 
meeting discussed potential approaches to evaluating “95-95” performance of VDL Mode 4 in 
Core Europe 2015 in a time frame supportive of AMCP/8. 
 
The meeting agreed with Larry Johnsson’s suggestion that the configuration of VDL Mode 4 for 
inputs to WP14 would be as in the TLAT analysis, e.g., 6 RF channels with transmission 
frequencies as specified in the TLAT analysis and Appendix E of the TLAT Report. 
 
As a result of extensive discussion, the meeting agreed that one potential approach to completing 
the VDL Mode 4 entries into an updated WGC5/WP14 would be as follows: 
 

1) A group consisting of Nikos Fistas (lead during the Kobe meeting), Armin Schlereth 
(if possible), Costas Tamvaclis (if possible), and Fredrik Lindblom would fill in 
Section 2 and non-update-rate entries in Section 3 of WP14, with initial progress 
made by members of the group at the Kobe meeting over the next few days. 

 
2) Further simulations supporting assessment of VDL Mode 4 performance against the 

criteria of WGC5/WP4 might be conducted as follows: 
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a. LFV and Johns Hopkins APL would use the SPS simulator, varying antenna gain 
as a function of time to approximate aircraft movement, to obtain data sets (with 
simulation of each of the 6 channels used within the Core Europe 2015 
configuration of VDL Mode 4) with which the 95-95 metric could be assessed 
with sufficient statistics for what is expected to be the large majority of aircraft 
pairs in the Core Europe 2015 scenario.  For those aircraft pairs with insufficient 
statistics to substantiate directly a 95-95 metric, engineering judgment would be 
employed. 

 
b. Eurocontrol’s new VDL Mode 4 simulator would be used to assess the difference 

between performance results derived from (1) “static” simulations using varying 
antenna gain as a function of time to approximate aircraft movement; and (2) 
“dynamic” simulations where the aircraft actually change position during the 
simulation runs.  This result could then be used to adjust the results from (a) 
above as appropriate for inclusion in WP14. 

 
c. Performance results would be developed and agreed by a team including Larry 

Bachman (lead), one or more Eurocontrol representatives, Jens Nilsson, and, if 
possible, Armin Schlereth based upon steps (a) and (b) above. 

 
After developing this potential approach, the meeting discussed the number of measurements 
that would be required for each aircraft pair in the SPS simulations that might be run by APL and 
LFV.  The subgroup was informed by Larry Bachman that 20 receptions per aircraft pair within a 
bin was the minimum number used in UAT MOPS analysis.  Larry Johnsson concurred that this 
would indeed be a minimum number.  More typically, Larry Bachman indicated that on the order 
of 100 receptions were in play per aircraft pair within a bin in the 300-second UAT Core Europe 
2015 simulations.  A rough calculation for a VDL Mode 4 nominal 5 second transmission rate 
hearable by both aircraft for a particular aircraft pair would be that 30 minutes of simulated time 
per channel would be enough (with the first 15 minutes used to stabilize the slot assignments 
within the scenario run).  For aircraft pairs in the Core Europe 2015 scenario where, because of 
the sets of channels listened to by the aircraft in the aircraft pair and/or the specified transmission 
rates on each channel, a nominal “hearable” transmission rate of 5 seconds is not achieved (this 
number might be as high as 10-20 seconds or more), the 30 minutes of simulation data for each 
channel would need to be analyzed to assess a reasonable 95-95 value, using engineering 
judgment.  The meeting agreed to take 30 minutes per channel as the nominal simulation time, 
subject to further discussion in the afternoon with Jens Nilsson of the SCAA and Mike Shorthose 
of the Helios Corporation, the developer of the new VDL Mode 4 simulator under contract for 
Eurocontrol. 
 
The probe techniques used in UAT performance analysis for the RTCA UAT MOPS, RTCA 
DO-282,were then discussed.   
 
The meeting agreed that the approach articulated in item 1) above to fill in Section 2 and non-
update-rate requirements in Section 3 would be adopted.  Alternatives  to 2) above for 
completing assessment of  update-rate requirements/criteria were then discussed, including using 
more general averages/distributions on a per-bin basis and/or having subject matter experts 
provide best engineering judgment.   
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“Intent” transmissions were then discussed—it was noted that the configuration of VDL Mode 4 
used by the TLAT involved transmission of a double slot message for TCP at TLAT at a rate of 
once per minute.  It was confirmed that this regime of broadcast would be used in the AMCP 
Comparative Analysis.   
 
During a teleconference held in the late afternoon on October 17 between the subgroup, Jens 
Nilsson, and Mike Shorthose, the following points were discussed: 
 

a. The simulation approach formulated by the subgroup prior to the teleconference 
was adopted, with the improvement that each VDL Mode 4 channel would be 
simulated for 35 minutes (using a 20 minute period to stabilize the slot 
assignments within the run).   

b. The new Eurocontrol simulator was confirmed to be capable of comparing the 
difference between “static” and “dynamic” simulations as discussed in item 2(b) 
above.   

c. The new Eurocontrol simulator would additionally need to be cross-validated with 
the SPS simulator. 

d. Metrics other than “95-95” should be recorded for comparative purposes.  The 
standard deviation around the “95-95” measurement point would be of great 
value. 

e. LFV and Johns Hopkins APL would need to coordinate their simulation efforts 
very closely to minimize simulation run time. 

 
 
 

3. Schedule for Completion of Comparative Analysis and Further Taskings 
 
Nikos Fistas and Fredrik Lindblom agreed to complete as much of item 1) in Section 2 above for 
VDL Mode 4 as possible by Tuesday, October 22.  Larry Bachman and George Ligler agreed to 
complete a similar task for 1090 MHz Extended Squitter by the same date.  An updated draft 
WPC5/WP14bis containing the results of these tasks as well as updates reflecting consideration 
of comments received on WP14 to date would be provided on Wednesday, October 23, for WG 
C comment.  The VDL Mode 4 and 1090 MHz performance results were to be included in an 
update to WGC5/WP14 to the degree possible and an updated paper delivered to the WG C 
Secretary by December 20.  At this point, it is intended that at most a few remaining 
performance entries would need to be filled in subsequent to December 20 and prior to AMCP/8.  
Larry Bachman agreed to coordinate preparation of updates to the Comparative Analysis. 
 
4. Detailed review of WGC5/WP14 
 
The meeting reviewed Paragraphs 1 and 2.1 of WP14 in detail, making many improvements and 
responding to comments received from members of WG C.  A number of the criteria in 
Paragraph 2.1 were combined or, in a few cases where appropriate, deleted.  It was agreed that if 
the standard deviation around the 95-95 metric, which the subgroup agreed was highly desirable 
to have documented, could not be provided, that its absence would be noted as a limitation of the 
analysis. 
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AMCP WGC5/WP14bis 
 

 
AERONAUTICAL MOBILE COMMUNICATIONS PANEL (AMCP) 

 
WORKING GROUP C 

 
 

MEETING 5 
Kobe, Japan 

October 15-25, 2002 
 
 

Comparative Analysis of Potential ADS-B Data Links 
 
 

(Presented by the ad hoc ComparativeAnalysis Subgroup) 
 
 

Prepared by Larry Bachman 
 

SUMMARY 
 

The attached paper is an initial draft Comparative analysis in a format 
consistent with WGC5/WP4 as an input to the AMCP/8 Comparative 
Analysis of ADS-B Data Links.  The attached reflects comments received 
on WGC5/WP14 at the WGC meeting in Kobe Japan. WGC is invited to 
offer further comments on the attached.  In parallel, appropriate work has 
been assigned to complete the comparative analysis for presentation at 
AMCP/8. 
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1 Introduction 
 
This document contains a draft comparative analysis of potential ADS-B data links as an 
input to AMCP/8 Agenda Item 3. [introduce the links using words from tlat report two 
sentences for each link:  introduce 1090 ES as abbreviation] 
 
There are three sets of criteria against which to measure the system design and 
performance: AMCP/5 ADS-B criteria, RTCA ADS-B MASPS (DO-242A) criteria, and 
additional Eurocontrol criteria supplied to the Technical Link Assessment Team (TLAT).  
Sections 2, 3, and 4 of this report deal with each of these sets of criteria, respectively.   
 
The criteria specified by the three sources may be divided into two categories: system 
design and system performance.  The system design criteria relate to how well the ADS-
B data links integrate into the current environment, e.g. the choice of frequency or 
compatibility with other avionics systems.  System performance criteria are designed to 
describe how well the system will achieve the ADS-B objectives, in terms of the 
applications it is expected to support. 
 
[Insert para on ongoing nature of ADS-B requirements development and that the criteria 
used in this paper reflect current snapshot of where this development is today] 
 
In order to evaluate system performance, two scenarios were chosen as representative of 
future environments, a Core Europe 2015 high-density environment and a low-density 
environment.  These two types of environment were chosen to permit comparison of the 
ADS-B data links in several different air traffic situations. 
 
The high air traffic density scenario is modeled after the Core Europe 2015 scenario, 
defined in the Eurocontrol document entitled “High-Density 2015 European Traffic 
Distributions for Simulation,” dated August 17, 1999.  The distributions and assumptions 
made were taken directly from this document.  The scenario includes a total of 2091 
aircraft (both airborne and ground) and 500 ground vehicles. 
 
The low density scenario was developed to include a total of 360 aircraft and is described 
in Appendix H of the TLAT report dated March 2001.  These aircraft are uniformly 
distributed in the horizontal plane within a circle of 400 nautical miles. 
 
For both scenarios, system performance is determined by evaluating reception of 
transmitters at ranges up to 150 nautical miles from a victim receiver located at the center 
of the scenario.  This receiver location is selected to provide the most challenging 
reception environment.  The metric to characterize system performance is the “95-95 
update time” for state vector and intent information, i.e. the update time selected as 
follows.  For each 10 NM range bin (0-10 NM, 10-20 NM, etc.) the 95th percentile update 
time is calculated for each sample aircraft in the bin.  Then the 95th percentile aircraft is 
chosen from among all those in the bin, and this value is plotted as a function of range.  
Therefore, the metric guarantees that 95% of the aircraft will have an update time at least 
as good as that shown 95% of the time. 
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[reflect the 99 percent factor for acquisition and discuss variances on 95/95 criterion or 
explain how it’s a limitation] 
 
In an effort to capture as many real-world effects important to the assessment of the 
system performance of the ADS-B data links as possible, the analysis includes, 
representations of such effects as follows: 
 

 
Simulation Effects UAT VDL Mode 4 1090 MHz 

Extended 
Squitter 

Propagation and other losses Y Y ? Y 

Antenna gains Y Y ? Y 

Propagation delays Y Y ? Y 

Adjacent channel interference (see discussion below)  Y N1 ? N2 

Co-site interference (in and out of band) Y In part (for VDL 
mode 4) 

? Y 

Multiple (self) interference sources Y Y ? Y 

Alternating transmissions between top and bottom 
antennas (where applicable) 

Y Y ? Y 

Performance as a function of receiver configuration 
(e.g., diversity, switched, bottom only) and 
sensitivity. 

Y Y [confirm] ? N [change to Y 
if data on A2 and 
A1 are provided] 

Transmit power variability and configuration Y Y ? Y 

Receiver retriggering Y Y ? Y 

Receiver performance based on bench testing of 
equipment 

Y Y ? Y 

Message transmission sequence and information 
content by aircraft equipage  

Y Y ? Y 

Ground receiver antenna assumptions to assess 
maximum range of single ground station 

Y N [check with 
MITLL] 

 
[TIS-B has not been evaluated and say why] 
 
The interference environment for theUAT assessment includes the simultaneous effects 
of multiple UAT transmissions, a challenging DME/TACAN environment, an ongoing 
JTIDS exercise, and the effects of co-site transmissions of 1090 and 1030 systems.  For 
1090 Extended Squitter, the high density scenario includes a demanding projected ground 
interrogator environment and TCAS traffic.  The VDL Mode 4 analysis includes 
cochannel and cosite VDL mode 4 interference and adjacent channel interference 
permitted by VDL mode 4 frequency planning criteria.   

                                                 
1 This is expected to be accounted for with the VDL mode 4 frequency planning criteria being developed.  The 
simulation therefore does not include adjacent channel interference. 
2 [get words from Ron Jones] 
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Each of the ADS-B data links has been evaluated for the two air traffic scenarios 
described above and compared against the system performance criteria for each of the 
sources in Sections 2-4.  It is important to note that using the template provided below, 
each data link will have been assessed using the identical assumptions and limitations 
described above. 
 
 

 
2 AMCP/5 ADS-B Criteria 
 

This section assesses the ADS-B data link performance against the criteria, which were 
enumerated in AMCP/5 WP/4, entitled “Evaluation of Data Links for Surveillance 
Applications.”  Section 2.1 lists these criteria. Section 2.2 presents the assessment of each 
of the three data links against the criteria.  

 
2.1 AMCP/5 WP4 ADS-B Criteria 
 

The following list is a summary of the various criteria from AMCP5/WP4. 
 

1. Interference Resistance 
2. System Availability 
3. System Integrity 
4. Acquisition Time  
5. Independent Validation of Position 
6. Functional Independence 
7. Autonomous Air-Air Operations 
8. Operational Aircraft Traffic Densities 
9. Operational Domain Radius 
10. Received Update Rates 
11. Barometric Altitude Resolution 
12. Geometric Altitude Resolution 
13. RF Frequency 
14. Antenna Requirements 
15. Spectrum Efficiency 
16. Support to All Classes of Users 
17. Support of Related Applications 
18. Minimal Complexity 
19. Non-Interference with Other Aeronautical Systems 
20. Transition Issues 
21. Fundamental Design: Frequency Band 
22. Fundamental Design: Modulation 
23. Fundamental Design: Multiple Access Technique 
24. Maturity of Technology 
25. ADS-B Related Activities and Time -Scales 
26. Interoperability 
27. Flexibility 
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28. Non-Proprietary 
29. Robustness/Fallback States 
30. Future Suitability 
31. Cost 

 
2.2 Systems Performance and Compliance 
 

This section provides discussion of the performance and design compliance with the 
AMCP/5 criteria specified in section 2.1 of the three links.  Each of the criteria and 
specific link performance are discussed in a separate sub-section. 

 
2.2.1 Interference Resistance 
 
2.2.1.1 UAT Interference Resistance 

 
In certain geographic areas, UAT may have to co-exist with transmissions from 
DME/TACAN and JTIDS/MIDS (Link 16) sources.  Link 16 scenarios have been 
provided in cooperation with the USDOD and have been applied to all of the 
performance analysis shown in this document.  Various DME/TACAN scenarios 
provided by Eurocontrol have been applied to Core Europe high-density analysis.  In all 
cases, every attempt was made to provide conservative estimates of the co-channel 
interference environment. 
 
Co-site transmissions of UAT messages, DME interrogations, Mode S interrogations and 
replies, whisper-shout interrogations, and ATCRBS replies are all treated as interference 
to UAT reception.  All of these are labeled as co-site interference, and it is assumed that 
no UAT reception may occur during any of these co-site transmissions (including a 
“ramp-up” and “ramp-down” period added to the beginning and end of each co-site 
transmission). 
 
Although the UAT transmission protocol specifies that a transmission begin on one of a 
fixed number of message start opportunities, propagation delays will cause the arrivals of 
messages at the victim receiver to be quasi-random.  There may be a number of messages 
overlapping one another, and these overlaps will be for variable amounts of time.  This 
interference is accounted for in the multi-aircraft simulation. Multiple UAT interferers 
are treated in the receiver performance model by combining their interference levels in a 
way consistent with bench test measurements.  The simultaneous presence of UAT 
interference, co-/adjacent channel interference, and co-site interference is treated in a 
detailed fashion by the receiver performance model.  This treatment of multiple sources 
of interference by the receiver performance model has been validated by extensive bench 
testing (see Sections K.3 and K.5 of Appendix K of RTCA DO-282). 

 
2.2.1.1.1  High-Density Scenario 
 

The high density Core Europe scenario used for the ADS-B link comparison is defined in 
section 1.  This section presents the results of simulation runs which correspond to the 
assumptions specified for the full complement of 2091 aircraft and 500 ground vehicles.  
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Results are shown for the victim receiver in two different locations.  One location of the 
victim receiver is at the center of the scenario, while the second is placed at the location 
estimated to be the worst case for DME/TACAN interference.  In addition to self-
interference and co-site interference, co- and adjacent channel interference is provided by 
DME/TACAN transmissions and JTIDS/MIDS (Link 16) transmissions.  All 
DME/TACANs on 978 MHz are assumed to have been moved to other frequencies, but 
all potential and planned DME/TACANs on 979 MHz are assumed to have been 
implemented and transmit at maximum allowed powers.  In addition, the Baseline B Link 
16 scenario (as defined by the USDOD) is also assumed to interfere with UAT receptions 
in this environment.  Results are presented in Appendix A as a series of plots of 95% 
update times as a function of range for state vector updates and intent updates, where 
applicable.  The 95% time means that at the range specified, 95% of aircraft will achieve 
a 95% update rate at least equal to that shown.  The RTCA ADS-B MASPS (DO-242A) 
requirements are also included on the plots for reference.  Since the transmit power and 
receiver configuration are defined for each aircraft equipage class, performance is shown 
separately for each combination of transmit-receive pair types.  In addition, performance 
of different transmit-receive pairs is shown at several different altitudes, where 
appropriate. 
 
Results of the Multi-Aircraft UAT Simulation (MAUS) runs for the high-density scenario 
are shown in Appendix A, Figure A-1 through Figure A-23, and conclusions are 
presented below. 
 
The results for the high-density scenario shown in Appendix A may be summarized as 
follows: 
• All RTCA ADS-B MASPS DO-242A air-air requirements and desired criteria (see 

Section 3) are met for all aircraft equipage transmit-receive pairs for both state vector 
and intent update rates at all ranges specified by the MASPS.  

• The Eurocontrol extension to 150 NM for high end air transport class (MASPS 
equipage class A3) equipage (see Section 4) is not met at the 95% level.  The 95% 
level is achieved for State Vector and one TCP to a range of around 125 NM.  The 
95% level for a second TCP is achieved to 70-75 NM.  The current configuration of 
UAT does not support more than two TCPs. 

• All known air-ground update rate criteria are met for all classes of aircraft out to at 
least 150 NM, in the absence of a co-located TACAN emitter, by using a three-sector 
antenna.  An excursion was run, which included a 10 kW co-located TACAN.  It was 
determined that the TACAN signal at the receiver had to be received at a level that 
did not exceed –50 dB, in order for all equipage classes to meet air-ground 
requirements.  This corresponds to an isolation of 40 dB from the receive antenna, in 
addition to that provided by a 50 foot separation distance and the receive antenna 
null. 

?  
2.2.1.1.2  Low-Density Scenario 

 
In addition to the high-density scenario described above, a scenario was also run to 
represent low-density traffic levels.  This scenario is described in section 1.  
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Results of the MAUS runs for the low-density scenario are shown in Figure A-24 and 
Figure A-25, and conclusions are presented below.   
The results for the low-density scenario may be summarized as follows: 

 
• Air-air requirements and desired criteria are met for all aircraft for both state vector 

and intent update rates at all ranges specified by the RTCA ADS-B MASPS DO-
242A (see Section 3). 

• The Eurocontrol extension to 150 NM for A3 equipage (see Section 4) is met at the 
95% level for State Vector and two TCPs. The current configuration of UAT does not 
support more than two TCPs. 

• All known air-ground update rate criteria are met out to at least 150 NM, in the 
absence of the co-located TACAN emitter, with the use of a single antenna.  An 
excursion was run, which included a 10 kW co-located 979 MHz TACAN.  It was 
determined that the TACAN signal at the receiver had to be received at a level that 
did not exceed –30 dBm, in order to meet air-ground requirements.  This corresponds 
to an isolation of 20 dB from the receive antenna, in addition to that provided by a 
1000 foot separation distance.  A three-sector antenna would also provide the 
possibility of successfully achieving the air-ground requirements to 150 NM. 

 
From these results, it is evident that UAT exhibits excellent interference resistance, even 
under the most demanding circumstances, including full equipage at the highest traffic 
densities, in challenging DME/TACAN environments, and during full-scale nearby 
military exercises utilizing JTIDS/MIDS links. 

 
2.2.1.2 VDL Mode 4 Interference Resistance  
 

The VDL Mode 4 system is designed to operate in the very high frequency (VHF) 
aeronautical band. One VDL mode 4 Global Signaling Channel (GSC) is expected to be 
assigned in the upper part of the VHF AM(R)S band. A second GSC is expected to be 
assigned either in upper part of the AM(R)S band or in the NAV band if the latter would 
become possible taking into account the ITU considerations and the capacity of the NAV 
band. Other channels will also be identified in a regional or local basis. The use of 
multiple channels is to provide additional capacity, but it also provides resistance to 
intermittent interference and fading. 
 
VDL Mode 4 operations may be subject to harmful radio frequency interference 
stemming from the keying of nearby transmitters used for air-ground communications 
functions on a different channel but within the same band; however, this potential 
interference mode is mitigated by the use of appropriate frequency planning criteria and 
the co-channel interference performance (CCI) characteristics of VDL Mode 4, as well as 
the short duration of these events (i.e. the wideband noise burst due to power ramp-up, 
for a typical ARINC 716 radio, is on the order of microseconds).  Is this co-site?  The 
VDL-4 simulations don’t take into account other VHF transmissions.  Frequency 
planning criteria won’t protect against interference from on-board transmissions if the 
antennas are close together. 
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Unintentional interference is also unlikely to occur due to human factors considerations 
(i.e. a pilot unintentionally tuning to a VDL Mode 4 channel will hear digital 
transmissions, which will indicate that the channel is not useable for voice).  
Unintentional interference from (and to) correctly-tuned VHF voice and data radios, 
including but not limited to other VDL Mode 4 radios, can be avoided with suitable 
receiver filter characteristics and suitable spectrum planning. 
 
VDL Mode 4 is specially designed to accommodate and manage self-interference from 
multiple VDL Mode 4 stations on a heavily-loaded channel.  This is achieved primarily 
with the autonomous self-organizing TDMA (STDMA) protocols, which control 
reservations and transmissions. In addition a combination of good CCI performance and 
an option for channel resource assignments from a ground station in the most dense 
airspace environments can be used to manage self-interference. 
 
<VDL Mode 4 simulation results in relation to interference resistance to be completed 
after the APL/LFV simulations> 

 
 
 
2.2.1.3 1090 ES Interference Resistance 
 

The 1090 MHz spectrum allocation provides dedication of the center frequency to the 
SSR, TCAS, and Extended Squitter ADS-B systems, and provides notches around 1090 
MHz for JTIDS/MIDS and DME/TACAN operations.  Therefore, the RF interference of 
interest to ADS-B results from SSR replies, TCAS replies, and ADS-B itself.   
 
Co-site transmissions of 1090 ES messages, DME interrogations, Mode S interrogations 
and replies, whisper-shout interrogations, and ATCRBS replies are all treated as 
interference to 1090 ES reception.  All of these are labeled as co-site interference, and it 
is assumed that no 1090ES reception may occur during any of these co-site transmissions 
(including a “ramp-down” period added to the end of each co-site transmission). 
 
Owing to the random nature of the 1090 ES transmission protocol, there may be a 
number of messages overlapping one another from the perspective of the 1090 ES 
receiver, and these overlaps will be for variable amounts of time.  This interference is 
accounted for in the multi-aircraft 1090 ES simulation. Multiple 1090 ES interferers are 
treated in the receiver performance model by combining their interference levels in a way 
consistent with bench test measurements.  The simultaneous presence of 1090 ES 
interference, other cochannel interference, and co-site interference is treated in a detailed 
fashion by the receiver performance model.  This treatment of multiple sources of 
interference by the receiver performance model has been derived from the results of 
bench testing (see Appendix P of  RTCA DO-260A). 
 

2.2.1.3.1 High Density Scenario 
 

The high density Core Europe scenario used for the ADS-B link comparison is defined in 
section 1.  This section presents the results of simulation runs which correspond to the 
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assumptions specified for the full complement of 2091 aircraft and 500 ground vehicles.  
Results are shown for the victim receiver located at the center of the scenario.  In addition 
to self-interference and co-site interference, cochannel interference is provided by SSR 
and TCAS interrogation replies.  Results are presented in Appendix C as a series of plots 
of 95% update times as a function of range for state vector updates and intent updates, 
where applicable.  The 95% time means that at the range specified, 95% of aircraft will 
achieve a 95% update rate at least equal to that shown.  The RTCA ADS-B MASPS (DO-
242A) requirements are also included on the plots for reference.  Since the transmit 
power and receiver configuration are defined for each aircraft equipage class, 
performance is shown separately for each combination of transmit-receive pair types.  In 
addition, performance of different transmit-receive pairs is shown at several different 
altitudes, where appropriate. 
 
These results may be summarized as follows: 

 
• RTCA ADS-B MASPS DO-242A air-air requirements (see Section 3) are met for 

high-end air transport class (MASPS equipage class A3) aircraft equipage transmit-
receive pairs for both state vector and intent update rates at ranges up to 40  (JHUAPL 
to confirm) NM. Sentences about MASPS equipage classes A2 and A1 should be 
added if possible. 

• The Eurocontrol extension to 150 NM for A3 equipage (see Section 4) is not met at 
the 95% level.  The 95% level is achieved for State Vector and one TCP to a range of 
around 40 (JHUAPL to confirm) NM.  

• While air-ground performance was not simulated, 1090 ES experts are of the view 
that all known air-ground update rate criteria can be met for all classes of aircraft out 
to at least 150 NM, by using a six-sector antenna.  

 

2.2.1.3.2 Low Density Scenario 

 

In addition to the high-density scenario described above, a scenario was also run to 
represent low-density traffic levels.  This scenario is described in section 1.  
Results of simulation runs for the low-density scenario are shown in Appendix C. 
 
   
The results for the low-density scenario may be summarized as follows: 

 
• Air-air requirements are met for all aircraft for both state vector and intent update 

rates at all ranges specified by the RTCA ADS-B MASPS DO-242A (see Section 3). 

• The Eurocontrol extension to 150 NM for A3 equipage (see Section 4) is not met at 
the 95% level for State Vector and TCPs. The current configuration of 1090 ES 
support State Vector update rates to approximately 100 NM. 
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• While air-ground performance was not simulated, 1090 ES experts are of the view 
that all known air-ground update rate criteria can be met for all classes of aircraft out 
to at least 150 NM, by using a six-sector antenna.  

 
2.2.2  System Availability 
 
2.2.2.1 UAT System Availability  
 

Presuming no loss of function of transmitting and receiving ADS-B equipment, system 
performance in the high-density scenario taking into account factors such as interference 
is as discussed in Appendix A.  The requirement for availability of UAT equipment 
within a given aircraft installation will be decided by appropriate certification authorities.  
For example, requirements for redundancy of equipment, independent power supplies, 
and the like will be developed through a suitable failure mode and effects analysis 
(FMEA). 

 
2.2.2.2 VDL Mode 4 System Availability 
 

The system availability is an issue that has to be analysed in a specific implementation 
context. In general, the VDL Mode 4 architectural design, which foresees a number of 
operating modes, achieves optimum performance when all stations are synchronized to 
UTC (primary timing). The system performance in the two fallback modes (secondary 
and tertiary timing modes) was analysed in the ECTL VM4 timing study and was shown 
that operation in the fallback modes would not have a significant impact on the 
performance. 
 
In low density airspace, achieving optimum system capacity is not critical (i.e. the system 
will continue to operate, and be available, in the absence of accurate time information).  
In high density airspace, optimum performance can be guaranteed with suitable ground 
infrastructure which will be the source of accurate timing.  There is no inherent impact to 
VDL Mode 4 system availability due to its architecture.  In addition, because of the low 
power requirement of VDL Mode 4 avionics, these radios can be placed on the 
emergency power bus without significantly affecting battery requirements and are, 
therefore, immune to onboard power failures. 
 

2.2.2.3 1090 ES System Availability 
 

The underlying technology of the 1090 ES, the Mode S system, currently meets 
performance requirements for surveillance system availability.  See also Section 2.2.2.1 
as applied to the 1090 ES system. 

 
2.2.3  System Integrity 
 
2.2.3.1 UAT System Integrity 
 

UAT message integrity is based on the performance of the Reed Solomon (RS) codes 
used by the various message types of UAT.  The Basic ADS-B Message is a RS (30, 18) 
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code word; the Long ADS-B Message is a RS (48,34) code word; and the Ground Up 
link message is six RS (92, 72) code words.  These codes provide very strong error 
correction.  Also, the error detection provided by these codes is sufficient to guarantee a 
maximum undetected error rate that is less than 10-8 for each of the message types.   
 
The table below gives the maximum undetected message error rates (achieved when the 
channel bit error rate is 0.5) for each UAT message type: 

 

Table 2.2.3-1: UAT Maximum Undetected RS Message Error Rates 

Message Type Maximum Undetected Message Error 
Rate 

Basic ADS-B 2.06e-9 
Long ADS-B 9.95e-10 

Ground Uplink 5.74e-12 
 

 
2.2.3.2 VDL Mode 4 System Integrity 
 

The VDL Mode 4 system uses the 16bit CRC code and independent cross-checks on 
transmitter ID and reported state vector changes relative to previous messages to meet 
integrity requirement for probability of receiving a message with an undetected error = 
10 -̂7. More information on this analysis is provided in AMCP/5WP4/Appendix B.  
Could we provide a reference to the requirements in the VDL-4 MOPS that substantiate 
the 10 -̂7? 

 
 
2.2.3.3 1090 ES System Integrity 
 

The 1090 ES system provides a 24-bit Cyclic Redundancy Code (CRC) which provides a 
level of protection against undetected errors in an extended squitter message.  Additional 
protection is provided in receiving ADS-B avionics to ensure that system integrity is at 
required levels.  Reference DO-260A? 

 
 
2.2.4  Acquisition Time  
 

Acquisition time is defined as the time required, from initial power ON or initial access to 
a channel (if relevant), until the first full ADS-B report is delivered to a receiving end 
system.  This parameter may depend on the transmit and receive avionics, the assumed 
channel loading and ground infrastructure.  

 
2.2.4.1 UAT Acquisition Time  
 

In an interference-free or low-density environment, the UAT system would be expected 
to acquire another UAT transmitter within a few transmission epochs.  Since UAT 
transmits a complete set of information in one four-second epoch, this translates to a 
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maximum of around ten seconds.  For acquisition in the high-density air traffic scenario, 
see Section 3 and Appendix A. 

 
2.2.4.2 VDL Mode 4 Acquisition Time  
 

For VDL Mode 4, a mobile user normally collects data on the GSCs for 60 seconds prior 
to transmitting. This is normally done following power ON, before the aircraft has moved 
or entered the movement area of an aerodrome.  Operations on the GSCs involve a 10 
second update rate and a synch burst once per minute (a ratio of 6:1).  Since the one-shot 
delivery probability is typically 98 per cent (We should provide a reference here from a 
supporting study for this figure), the acquisition time would be less than 1 minute (this 
would typically occur while the aircraft is still at the gate). In an high traffic density 
operational environment, a user entering controlled airspace, or initiating operations on 
the airport surface, would typically be autotuned to a local channel by the ground 
automation.  This does not require any additional network entry time, as the auto tuning 
can force the mobile user to transmit in specifically designated slots. 
 
When a quicker entry is required, the Rapid Network Entry (RNE) procedures may be 
used to provide an entry time of 3.5 secs. <need to confirm this number  What is the 
relationship between RNE and acquisition time? .  Also, what about hidden terminals?> 

 
2.2.4.3 1090 ES Acquisition Time  
 

The 1090 ES system transmits a complete set of information in around five seconds.  In 
an interference-free or low-density environment, a 1090 ES ADS-B receiver might expect 
to acquire another 1090 ES participant within a few of these transmission cycles.  Receipt 
of both an odd an even position message is required, along with the other information, so 
this would lead to an estimate for acquisition time in a low interference environment of 
around 15 seconds.  For acquisition in the high-density air traffic scenario, see Section 3 
and Appendix A. 

   
2.2.5. Independent Validation of Position 
 
2.2.5.1 UAT System Independent Validation of Position 
 

The UAT MOPS (RTCA-DO-282) contains timing requirements related to both the 
transmission of ADS-B Messages and reception of ADS-B and Ground Uplink messages.  
The primary objective of these requirements is to support a range measurement between 
ADS-B transmitting and receiving subsystems that is independent of the ADS-B reported 
position data.  Time of Message Transmission is explicitly encoded in every fourth 
transmitted ADS-B message.  Due to the pseudo-random nature of ADS-B transmissions 
that always occur on a limited number of message start times, the time of message 
transmission can be inferred for every UAT ADS-B message.  Flight tests with UAT 
equipment purchased for the FAA Capstone program has demonstrated that this 
equipment can support a time-based range measurement that is within 0.2 NM of that as 
determined from ADS-B. 
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2.2.5.2 VDL Mode 4 System Independent Validation of Position 
 

The timing accuracy requirements (400 nanosecs to 20 microsecs) of the VDL mode 4 
transmissions support the verification of the range information reported in a transmission 
(passive range measurement).  Do we have an assessment that might be referenced of the 
granularity of this independent range assessment? 

 
2.2.5.3 1090 ES System Independent Validation of Position 
 

1090 ES ADS-B reported positions may be independently validated by TCAS-equipped 
aircraft within the TCAS operational range.  An independent validation mechanism for 
non-TCAS equipped aircraft outside of SSR coverage has not yet been developed. 

 
2.2.6. Functional Independence 
 

Aviation systems are typically developed to support one or another of the three functional 
areas of communications, navigation and surveillance. From a safety standpoint, it is 
important that aviation systems avoid a failure mode whereby loss of one of these three 
elements (i.e. communications, navigation or surveillance) leads directly to the loss of 
another.  

 
2.2.6.1 UAT Functional Independence 
 

The ADS-B concept (and hence all ADS-B data links) relies on a navigation input to an 
ADS-B transmitter.  Additionally, UAT transmitters do rely on timing information to 
support precise control of ADS-B message transmission time to support independent 
range validation (see above).  Timing with the precision to support independent range 
validation will require delivery of timing via GNSS.  However timing information 
sufficient to support basic UAT media access is readily available without GNSS so that 
no degradation in channel throughput performance would occur.   
 
Moreover, UAT is not proposed as a replacement for any communication or navigation 
element on board the aircraft.  And although UAT does support uplink broadcast of FIS, 
it does this by preserving a permanently dedicated channel resource for ADS-B. 
Furthermore, UAT ADS-B installations would likely have no hardware elements in 
common with the ACAS system, minimizing any common-point failure scenarios 
between ACAS and ADS-B. 
 

2.2.6.2 VDL Mode 4 Functional Independence 
 

VDL Mode 4 like the other ADS-B links requires position as well as timing information. 
VDL mode 4 does not have common components with surveillance systems (SSR 
transponder, ACAS). 
 
When a VDL Mode 4 airborne station is operating in high density airspace (qualitatively 
similar to airspaces with radar coverage today), the service provider can ensure an 
independent ability to navigate and derive system time to the accuracy needed to 
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maintain near optimal data link system performance (as well as continued navigation on 
the part of the aircraft, and ADS-B with degraded accuracy).  This also ensures continued 
surveillance without reliance on radar.  One way ranging and 2D multilateration are also 
possible, but with multiple ground stations, secondary navigation and normal ADS-B 
reporting is expected to be operationally superior to multilateration. 
 
The VDL Mode 4 system typically relies on GNSS to optimize the use of the channel, but 
can operate in the complete absence of positioning and time information with a loss of 
efficiency.  This degradation is not significant in remote airspace.  In domestic airspace, 
sync bursts from ground based VDL Mode 4 stations (e.g. intra-system signalling) can be 
used to derive position and time such that no loss of efficiency is incurred and air-to-air 
surveillance can be maintained.  

 
 
 
2.2.6.3 1090 ES Functional Independence 
 

The ADS-B concept (and hence all ADS-B data links) relies on a navigation input to an 
ADS-B transmitter.  The 1090 ES does not rely upon precise timing that can only be 
provided by GNSS.   While 1090 ES implementation can take advantage of legacy Mode 
S avionics, this ADS-B alternative can be implemented in a manner independent of the 
SSR system. 

 
2.2.7. Autonomous Air-Air Operations 
 
2.2.7.1 UAT Autonomous Air-Air Operations 
 

Due to its resistance to interference, its pseudo-random transmission protocols, and the 
robust error detection and correction encoding, UAT fully supports autonomous air-air 
operations to the ranges shown in Section 3 in all scenarios examined (see also Appendix 
A). 

 
2.2.7.2 VDL Mode 4 Autonomous Air-Air Operations 
 

VDL Mode 4 supports both autonomous and directed operations. Autonomous operations 
for VDL Mode 4 are typically confined to the global signalling channels, and 
autonomous reporting rates remain at nominal/default values (nominally once per 10 
seconds).  See Section 3 and Appendix B for ranges of application. 

 
2.2.7.3 1090 ES Autonomous Air-Air Operations 
 

1090 ES supports autonomous air-air operations to the limits imposed by its effective 
range in the air traffic scenarios considered, due to the random nature of its transmission 
protocols and the ADS-B system integrity supported.  See Section 3 and Appendix C for 
ranges of application. 

 
2.2.8. Operational Air Traffic Densities 
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2.2.8.1 UAT Operational Air Traffic Densities 
 

In Section 2.2.1.1, UAT was shown to meet all air-air update requirements for all but 
high-end class aircraft in the most demanding high-density operational aircraft traffic 
density environment expected by 2015 (2091 total aircraft within 300 NM).  For the high-
end aircraft, UAT was within the required update rates to a range of 120-125 NM.  It also 
met all expected air-ground update requirements for ground surveillance of all aircraft 
classes to past 150 NM.  In high-density air traffic areas as ADS-B equipage with UAT 
becomes widespread, it will be necessary to tune on-channel DME/TACAN transmitters 
to other frequencies, in order to achieve optimum UAT system performance.  However, 
adjacent channel DME/TACAN transmitters will not cause system performance to fall 
below requirements 

 
2.2.8.2 VDL Mode 4 Operational Air Traffic Densities 
 

VDL Mode 4 is a multiple channel system. Therefore, the performance of the VDL Mode 
4 system in the considered scenarios is dependent on the number of operational channels. 
 
The performance of VDL Mode 4 using the 2+2+2 channel scheme suggested for this 
study (2 global channel, 2 regional channels and 2 local channels is provided in <the 
simulation result section>. 

 
 
2.2.8.3 1090 ES Operational Air Traffic Densities 
 

In Section 2.2.1.3, results for 1090 ES in the most demanding high-density operational 
aircraft traffic density environment expected by 2015 are presented.  For the high-end air 
transport class aircraft, the required state vector update rates were achieved to a range of 
?? NM, while for low-end transport and upper-end GA aircraft, the ranges achieved were 
?? NM and ?? NM, respectively.  Discuss intent and low density results here. 

 
2.2.9. Operational Domain Radius 
 
2.2.9.1 UAT Operational Domain Radius 
 

In the absence of interference, the UAT link budget calculation indicates that an A0/A1L 
category aircraft can be received at a range of about 50 NM, an A2 at about 74 NM, and 
an A3 at about 186 NM (Reference DO-282, Appendix F).  In Section 2.2.1, it was 
shown that, even under the severe interference high-density air traffic scenario, A0 
aircraft were received at greater than 10 NM, A1 at greater than 20 NM, A2 at greater 
than 40 NM, and A3 at around 125 NM.  Even under difficult conditions such as these, 
the ranges achieved are sufficient for these categories of aircraft to perform all 
applications currently envisioned for them. 

 
2.2.9.2 VDL Mode 4 Operational Domain Radius 
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<Answer to be provided with simulation results> 
 
2.2.9.3 1090 ES Operational Domain Radius 
 

Parallel paragraph to UAT using simulation results 
 

2.2.10 Received Update Rate (air-ground and air-air) 
 

For a discussion of this criterion, see Section 3. 
 
2.2.11 Barometric Altitude Resolution 
 
2.2.11.1 UAT Barometric Altitude Resolution 
 

The UAT ADS-B message structure supports reporting barometric altitude over the 
required range to a resolution of 25’ 

 
2.2.11.2 VDL Mode 4 Barometric Altitude Resolution 
 

The VDL mode 4 message structure supports reporting barometric altitude with the 
following resolution: 

 
Altitude in feet Resolution in feet 

-1300<altitude<8000 10 
8000<altitude<72000 25 

72000<altitude<130000 100 
 

The VDL mode 4 supports reporting of one primary altitude (either barometric or 
geometric) and the reporting of the offset of the other altitude to the primary altitude. The 
resolution of the reported offset is 50 ft when the primary altitude is bellow 24000 ft and 
100 ft when it is above. 

 
2.2.11.3 1090 ES Barometric Altitude Resolution 
 

The 1090 ES system supports delivery of ADS-B messages containing barometric 
altitude at a resolution that is altitude dependent, as follows: 
 
Insert appropriate table from DO-260A 

 
2.2.12. Geometric Altitude Resolution 
 
2.2.12.1 UAT Geometric Altitude Resolution 
 

The UAT ADS-B message structure supports reporting geometric altitude over the 
required range to a resolution of 25’.  Additionally UAT supports reporting of geometric 
altitude as a “Secondary” altitude simultaneously (at a lower update rate) with barometric 
altitude. 
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2.2.12.2 VDL Mode 4 Geometric Altitude Resolution 
 

The VDL Mode 4 message structure supports reporting of geome tric altitude resolution 
with the same resolution as defined for the barometric altitude (see previous section). 

 
2.2.12.3 1090 ES Geometric Altitude Resolution 
 

When barometric altitude is the primary altitude being reported, geometric altitude is 
reported as a difference from barometric altitude, with a resolution dependent upon 
altitude, as follows: 
 
Insert appropriate table from DO-260A 

 
2.2.13 RF Frequency 

 
2.2.13.1 UAT RF Frequency 
 

Because of the safety aspects of surveillance operations, some National policies require 
that surveillance operations occur in frequency bands that are protected for aeronautical 
radionavigation service (ARNS).  The UAT is being approved for operation in the United 
States at 978 MHz, part of the 960-1215 MHz ARNS band.  Since the UAT is proposed 
for international operation at 978 MHz, the UAT operating frequency is suitably 
protected to support critical surveillance applications.  Suitability for UAT to operate in 
the 960-1215 MHz band under existing allocations is being reviewed in certain States.  

 
2.2.13.2 VDL Mode 4 RF Frequency 
 

VDL Mode 4 SARPs specify operation in the AM(R)S VHF band. In addition the 
operation in the VHF NAV band is recommended. In order for the latter to be enabled the 
relevant discussions in ITU should conclude favorably. 
<Section for Larry Johnsson (LFV) to add information if needed> 

 
2.2.13.3 1090 ES RF Frequency 
 

Because of the safety aspects of surveillance operations, some National policies require 
that surveillance operations occur in frequency bands that are protected for aeronautical 
radionavigation service (ARNS).  The 1090 MHz frequency has been approved for 1090 
ES operation on a global basis.  Some National authorities have limited the transmission 
of 1090 ES when the aircraft is outside of the airport surface movement area. 

 
2.2.14 Antenna Requirements 
 
2.2.14.1 UAT Antenna Requirements 

 
Depending on the UAT equipment class of the installation, UAT will require either one 
or two antennas.  The type of antennas currently in use on civil aircraft for either DME or 
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transponder operation will perform well for UAT.  Furthermore, testing of two separate 
commercially available diplexer devices is underway at FAATC. It is expected that these 
diplexer devices will allow sharing of the existing transponder antenna(s) with UAT.  
This could be especially applicable for air-carrier installations where the transponder 
antenna network includes top and bottom antennas and manages access to redundant 
transponders (ADS-B systems). 
 
Additionally, one major equipment manufacturer has investigated an antenna sharing 
implementation for a new transponder/UAT integrated implementation and has indicated 
that such an implementation is feasible. 

 
2.2.14.2 VDL Mode 4 Antenna Requirements 
 

The VDL Mode 4 system is expected to be implemented using two antennas. A two 
antenna configuration would typically involve one receiving antenna and one transmitting 
antenna.  (Is this correct?  Doesn’t the configuration require transmit and receive on both 
top and bottom?  Either two two-way antennas are required or four single-mode antennas 
are needed for diversity.)  It may be possible to share antennas with other VHF systems, 
but this needs to be analysed in specifying an overall airborne architecture.  <Section for 
Christian Axelsson (LFV) to add information if needed> 

 
 
2.2.14.3 1090 ES Antenna Requirements 
 

Antenna requirements for 1090 ES on air transport class aircraft will generally be met by 
existing transponder/TCAS antennas.  Antenna guidance for general aviation aircraft is 
provided in RTCA MOPS.  Both single and dual antenna configurations of 1090 ES 
avionics have been specified in Section 2.2.X of RTCA DO-260A. 

 
2.2.15  Spectrum Efficiency 
 
2.2.15.1 UAT Spectrum Efficiency 
 

The ICAO 960-1215 MHz channel plan divides the band into distinct 1 MHz paired 
channels (i.e., 1 MHz for the uplink signal and 1 MHz for the downlink signal).  Due to 
its use of spectrally efficient frequency shift keying (FSK) modulation, the UAT requires 
a single 1 MHz channel to meet combined uplink/downlink ADS-B and TIS-B 
requirements even in the most stringent and challenging ATC environments.  In addition, 
that single channel will also provide 32 assignable “sub-channels” for uplink of broadcast 
messages such as FIS-B.  Because of the format of the ICAO channel plan, utilization of 
the 978 MHz frequency (uplink for channel 17X) for UAT does not preclude the use of 
the paired 1041 MHz (downlink for channel 17X) frequency, as that frequency is also 
used as part of the 17Y (1041/1104 MHz) pair. 

 
2.2.15.2 VDL Mode 4 Spectrum Efficiency 
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The VDL Mode 4 system spectrum efficiency in terms of bits per second per Hz of 
channel bandwidth will depend on the number of guard bands that may need to be used. 
The nominal efficiency assuming one guard channel will asymptotically reach 19.2/50 for 
multiple VDL mode 4 assignments. 
 

 
2.2.15.3 1090 ES Spectrum Efficiency 
 

The 1090 ES system shares already allocated aeronautical spectrum and in fact improves 
the utilization of that spectrum by providing additional services therein.  The additional 
interference caused by ADS-B transmissions on 1090 MHz is not projected to produce a 
material impact on the operation of the SSR or TCAS systems. 

 
2.2.16 Support to All Classes of Users 
 
2.2.16.1 UAT Support to All Classes of Users 
 

UAT is expected to support the full range of users with no special installation constraints 
that would limit its adoption.  RTCA DO-282 addresses a range of equipment classes to 
tailor UAT equipment to the appropriate cost/performance combination for each class of 
potential user.  In addition, as described in Sections 1 and 15, UAT has been shown to be 
resistant to the numerous co-site transmissions on 1030 and 1090, and tests are ongoing 
into the possibility of shared L-band antennas. 

 
2.2.16.2 VDL Mode 4 Support to All Classes of Users 
 

VDL Mode 4 is expected to be available to all classes of users. The low power 
requirements may make it particularly appealing to the low end category of users (gliders 
etc.) 

 
2.2.16.3 1090 ES Support to All Classes of Users 
 

The 1090 ES system has been designed to support the full spectrum of aviation users 
(see, for example, Section ??? and Appendix ??? of RTCA DO-260A).  Cost implications 
of the system for general aviation were a factor in the July, 2002 FAA ADS-B link 
decision, which discusses the choice of UAT as the general aviation ADS-B link within 
the U.S. National Airspace System. 

 
2.2.17 Support of Related Applications 
 
2.2.17.1 UAT Support of Related Applications 
 

UAT has specifically been designed to attempt to support, in both today’s and future high 
density airspaces, the air-to-air and air-ground ADS-B applications in industry ADS-B 
system-level documents including the Minimum Aviation System Performance Standards 
for ADS-B developed by RTCA Special Committee 186, the Free Flight Operational 
Enhancements proposed by the RTCA Free Flight Select Committee, and air-ground 
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applications articulated by Eurocontrol during the Technical Link Assessment Team 
effort.  UAT complies with 225 of 228 DO-242A requirements and offers near-
compliance with the remaining three.  UAT further fully meets one of three Eurocontrol 
additional criteria and partially meets another. Assessment of the UAT against the 
technical requirements mentioned above is provided in Sections 3 and 4 of this paper as 
well as in Appendix A. 
 
Additionally, the Ground Uplink Segment of UAT was designed expressly to support 
surveillance- and situational awareness-related broadcast services such as Traffic 
Information Service-Broadcast (TIS-B) and Flight Information Service-Broadcast (FIS-
B).  UAT has been assessed as supporting all mandatory requirements of the Minimum 
Aviation System Performance Standards for FIS-B published by RTCA in 2001. 
 

2.2.17.2 VDL Mode 4 Support of Related Applications 
 

VDL Mode 4 offers the potential and flexibility to support multiple applications since it 
is a channelized system (different applications can be separated onto different channels, 
and is designed to support communications, navigation and surveillance applications. 
 
Even though VDL Mode 4 supports reception/transmission on different channels for 
different services this is absolutely not a necessity. In both high- and low-density airspace 
a well-planned ground infrastructure can optimise the channel usage.   
 
Editor’s Note: Material supplied here that was not specific to VDL Mode 4 was deleted. 

 
 
2.2.17.3 1090 ES Support of Related Applications 
 

The 1090 ES system can directly support hybrid surveillance, a technique which uses the 
receipt of ADS-B information to improve the spectrum efficiency of ACAS.  
Furthermore, 1090 ES uses the Comm C/D format of the Mode S Two-Way Data Link; 
therefore, there is a synergy between Extended Squitter and Mode S Data Link equipage. 

 
2.2.18 Minimal Complexity 
 
2.2.18.1 UAT Minimal Complexity 
 

The TLAT agreed that the UAT has the simplest technical concept of the candidates 
(TLAT report Section 5.1.2).  The following attributes of UAT allow it to be 
implemented with a minimal amount of complexity: 
 
• No tracking or message assembly required to generate ADS-B reports 

• No latitude/longitude decompression or ambiguity resolution is required 

• No channel sensing required for performing media access. 

• No channel management or tuning required. 
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2.2.18.2 VDL Mode 4 Minimal Complexity 
 

The VDL Mode 4 system has a relatively complex control architecture and frequency 
plan, but simplifies the ground station design and eases antenna siting and coverage 
considerations on the ground.  An important issue is the channel management scheme to 
control the multiple frequencies in the highest density airspace. This is handled 
automatically by broadcasting Directory of Service messages in the Global Signaling 
Channels (GSCs)      

 
2.2.18.3 1090 ES Minimal Complexity 
 

The 1090 ES system has moderate to high complexity, because of properties of the 
legacy systems with which it must interoperate.  On the other hand, this complexity is in 
most cases well understood, because of extensive operational experience with these 
legacy systems. 

 
2.2.19 Non-Interference with other Aeronautical Systems 
 
2.2.19.1 UAT Non-Interference with other Aeronautical Systems 

 
The UAT has been designed to operate at 978 MHz, in the lower portion of the 960-1215 
MHz ARNS band.  This band is extensively used throughout the world for distance 
measuring equipment (DME) and Tactical Air Navigation (TACAN).  The band is also 
utilized in some States on a non-interference basis by the military Joint Tactical 
Information Distribution System/Multifunctional Information Distribution System 
(JTIDS/MIDS).  Recognizing this heavy use, UAT has been specifically tailored – 
through matched hardware filters, and extensive digital error-correction coding – to be 
compatible with high-density pulsed environments.  Coupled with the selection of a UAT 
center frequency (978 MHz) that is unused for DME/TACAN in much of the world due 
to difficulties protecting its paired VHF omni-directional range (VOR) frequency from 
FM broadcast stations3, testing/analysis has confirmed that the UAT can be introduced to 
the band with no change required to either DME/TACAN “ramp tester” utilization or 
JTIDS/MIDS operations.  Furthermore, DME/TACAN testing has shown that acceptable 
operational DME/TACAN performance will be maintained for co-channel (978 MHz) 
DME/TACAN assignments even in the presence of high-density UAT environments, and 
that UAT performance is achieved in the presence of high-density co-channel 
DME/TACAN in low-density UAT self-interference environments.  Note that while 
future UAT performance will ultimately require vacating some number of the 7 European 
978 MHz operational DME/TACAN assignments, the robust nature of the UAT signal, 
together with its non-interference to DME/TACAN applications, will greatly ease system 
transition in those limited geographic areas where 978 MHz is used for DME/TACAN. 
 

                                                 
3 In particular ICAO Annex 10 notes, “108.0 MHz is not scheduled for assignment to ILS service.  The associated 
DME operating channel No. 17X may be assigned for emergency use.” 
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Additionally, the single-aircraft UAT duty cycle is .0004, which provides a low level of 
co-site interference to other systems. 
 

2.2.19.2 VDL Mode 4 Non-Interference with other Aeronautical Systems 
 

VDL mode 4 will operate in the VHF aeronautical band on dedicated channels. The 
frequency planning criteria should address the interference issue to systems (VM4 and 
others) operating in adjacent channels.  Should co-site interference with other VHF 
services be discussed? 

 
2.2.19.3 1090 ES Non-Interference with other Aeronautical Systems 
 

The “notching” of the 1090 MHz frequency with regard to frequency allocation of 
services other than SSR and ACAS substantially mitigates any interference by 1090 ES 
with the operation of such other systems.  The operation of 1090 ES is not projected to 
materially affect the performance of the SSR and ACAS systems. 
 
With regard to co-site interference by 1090 ES on other L-band aircraft systems, 
responses to interrogations by SSR and TCAS take precedence over the transmission of 
1090 ES.  The duty cycle of 1090 ES is at worst on the order of .001.  This low duty 
cycle, in conjunction with standard mutual suppression techniques, implies that co-site 
interference of 1090 ES should have no material operational impact. 

 
2.2.20 Transition Issues 
 
2.2.20.1 UAT Transition Issues 
 

The design of the UAT Ground Uplink Segment furnishes an alternative implementation 
of transition services such as TIS-B that provides no interference to UAT transmissions 
from equipped aircraft, should such an alternative implementation become necessary in 
high density airspace.  The proposed UAT frequency of 978 MHz is, on a worldwide 
basis, populated by only 7 DME/TACAN assignments.  Investigation of the use of a 
diplexer to permit the sharing of existing transponder antennas by UAT avionics is being 
aggressively undertaken. 
 

2.2.20.2 VDL Mode 4 Transition Issues 
 

The protocol stack of VDL Mode 4 enables Ground-to-Air services (e.g. TIS-B) to be 
transmitted in either the pre-protected slots of the VDL Mode 4 timeframe or in protected 
slots assigned dynamically. It is also possible to transmit on dedicated channels.    
 

2.2.20.3 1090 Transition Issues 
 

The 1090 ES system has specific attributes that support transition to ADS-B in several 
important ways.  First, early operational implementation of ADS-B on a worldwide basis 
can be supported at present, because of the worldwide frequency allocation and SARPS 
for the 1090 ES system.  In large part because of this attribute, as well as the synergy 
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between 1090 ES and existing SSR/TCAS avionics, the 1090 ES system has been 
selected by the FAA and is under consideration by Eurocontrol as the near-term ADS-B 
link for ADS-B implementation that is interoperable between the United States and 
Europe. 

 
2.2.21 Impact of Fundamental Design:  Frequency Band 
 
2.2.21.1 UAT Impact of Fundamental Design: Frequency Band 
 

The ICAO 960-1215 MHz channel plan divides the band into distinct 1 MHz paired 
channels (i.e., 1 MHz for the uplink signal and 1 MHz for the downlink signal).  This 
supports designs like the UAT that utilize high burst rate, unscheduled transmissions on a 
single channel.  Furthermore, the simplicity of the UAT design, together with readily 
available hardware designed for that frequency range, makes UAT transmitter and 
receiver equipment cost effective.  The UAT has been designed to operate compatibly 
with existing users of the band, and from a regulatory standpoint, at least one 
Administration’s responsible agency has made a preliminary ruling that UAT is an 
acceptable use of the band under the existing provisions for “electronic aids to airborne 
navigation” as contained in S5.328 of the International Telecommunications Union (ITU) 
Radio Regulations.  

 
2.2.21.2 VDL Mode 4 Impact of Fundamental Design: Frequency Band 
 

VDL Mode 4 operates in the VHF aeronautical band. As a result, it is a 25 KHz system 
and the choice of this band provides long-range performance using low power 
transmissions, while necessitating multi-channel operation in high-density airspace. 

 
2.2.21.3 1090 ES Impact of Fundamental Design: Frequency Band 
 

The frequency band in which 1090 ES system operates provides wide channelization (3 
MHz bandwidth), which is well-suited to broadcast services. 

 
2.2.22 Impact of Fundamental Design:  Modulation 
 
2.2.22.1 UAT Impact of Fundamental Design: Modulation 
 

The UAT uses continuous phase frequency shift keying modulation.  The continuous 
phase aspect limits the bandwidth of the transmitted signal, while frequency shift keying 
supports simple, cost-effective receiver and transmitter equipment, as no knowledge of 
the phase of the carrier (i.e., carrier coherence) is needed.   This waveform is technically 
very close to the VDL Mode 4 GFSK waveform which has been validated by ICAO. 

 
2.2.22.2 VDL Mode 4 Impact of Fundamental Design: Modulation 
 

VDL Mode 4 uses a GFSK modulation scheme, which provides a 19.2 kbps data rate 
while providing a relatively low XX dB d/u ratio for a system involving airborne 
transmitters (Reference VDL4 SARPS section). 
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2.2.22.3 1090 ES Impact of Fundamental Design: Modulation 
 

The 1090 ES system uses the well-understood and validated modulation scheme of  the 
Mode S data link (see ICAO document 9688, paragraph ??). 

 
2.2.23 Impact of Fundamental Design: Multiple Access Technique 
 
2.2.23.1 UAT Impact of Fundamental Design: Multiple Access Technique 
 

UAT’s use of random access on a single global channel results in a simple and robust 
system for ensuring seamless air-air connectivity worldwide.  Segregating a separate time 
interval for ground station transmission allows access to a full set of uplink broadcast 
services also on the same common channel in a spectrum efficient way. 

 
2.2.23.2 VDL Mode 4 Impact of Fundamental Design: Multiple Access Technique 
 

VDL Mode 4 system utilises a self organising TDMA access scheme, which provides for 
autonomous and ground controlled modes. 

 
2.2.23.3 1090 ES Impact of Fundamental Design: Multiple Access Technique 

 
1090 ES uses a randomized media access protocol, with dithering of successive 
transmissions from a single ADS-B system participant. 

 
2.2.24 Maturity of Technology 
 
2.2.24.1 UAT Maturity of Technology 
 

UAT technology has been used operationally for 150 aircraft to supply radar-like services 
and improved situational awareness in the FAA Alaska region.  This operational 
experience has served as the basis for the recent completion of Minimum Operational 
Performance Standards (MOPS), U.S. spectrum approval for use of the  system at 978 
MHz, and development of a Technical Standard Order (TSO), which should be the first 
certification order for operational ADS-B equipment.  Two hundred additional aircraft 
will be equipped with MOPS-compliant, certified UAT equipment by 2004, and existing 
operational UAT equipment will be upgraded to the certification baseline provided by the 
MOPS and TSO.  UAT is sufficiently mature that SARPS development has been begun 
on an at-risk basis. 
 

2.2.24.2 VDL Mode 4 Maturity of Technology 
 

VDL Mode 4 has ICAO documents approved. In addition interim MOPS (ED-108) and 
ground equipment specifications have been developed and are being updated. 
 
In addition trials and flights have taken place in various projects in Europe. 
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2.2.24.3 1090 ES Maturity of Technology 
 

The 1090 ES system builds upon mature SSR technology.  Joint RTCA-EUROCAE 
MOPS and ICAO SARPS and guidance material are available and are being updated to 
reflect the improved 1090 ES design under assessment in this document. 

 
2.2.25 ADS-B Related Activities and Time -Scales 
 
2.2.25.1 UAT ADS-B Related Activities and Time-Scales 
 

UAT (in a pre MOPS form) has been used in the FAA’s Alaska Capstone program 
beginning in February 2000.  UAT is currently installed on over 170 air taxi aircraft in 
Western Alaska.  Beginning in January 2001, the UAT/ADS-B has been supporting the 
first operational use of ADS-B for aircraft in flight, providing ATC radar-like services in 
the Bethel Alaska area.  The Capstone program plans to replace the pre-MOPS UATs 
with MOPS compliant equipment and add approximately 200 aircraft in Southeast Alaska 
beginning in 2003.   

 
2.2.25.2 VDL Mode 4 Related Activities and Time -Scales 
 

<provide info about NUP, MEDUP, MFF etc> 
<Section for Fredrik Lindblom (LFV) to add information> 
 

 
2.2.25.3 1090 ES Related Activities and Time -Scales 
 

Provide information here from FAA/Eurocontrol about implementation schedule for 1090 
ES for near-term  operational ADS-B 

 
2.2.26 Interoperability 
 
2.2.26.1 UAT Interoperability 
 

The UAT MOPS, updated as needed to ensure conformance with anticipated UAT 
SARPs, will continue to ensure interoperability across different vendor implementations 
of UAT.   
 
As articulated in the 2002 FAA ADS-B Link Decision Document, interoperability 
between UAT and the 1090 MHz Extended Squitter in the United States will be supplied 
through ADS-B gateways.  Moreover, multi-link implementations within a single aircraft 
are being explored (e.g., see the discussion in Paragraph 2.2.14.1 above).   

 
2.2.26.2 VDL Mode 4 Interoperability 
 

The VDL Mode 4 SARPs will ensure interoperability between systems developed by 
different manufacturers.  
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2.2.26.3 1090 ES Interoperability 
 

The 1090 ES SARPS and MOPS will ensure interoperability across different vendor 
implementations of 1090 ES. 
 
As articulated in the 2002 FAA ADS-B Link Decision Document, interoperability 
between UAT and 1090 ES in the United States will be supplied through ADS-B 
gateways.  Moreover, multi-link implementations within a single aircraft are being 
explored.   

 
2.2.27 Flexibility 
 
2.2.27.1 UAT Flexibility 
 

UAT offers flexibility in the following areas: 
 

• Future changes to the ADS-B message structure could be accommodated through 
over 20 spare payload type codes that are unused in the current MOPS definition of 
the system 

• The 5 UAT equipment classes defined in RTCA DO-282 allow users the flexibility to 
install a system with only the cost and performance that meets their needs 

• Due to the frequency relationship between UAT and the 1030/1090 SSR system, use 
of a diplexer device to share antennas with the transponder will offer some flexibility 
for installation on aircraft  

 
2.2.27.2 VDL Mode 4 Flexibility 
 

The VDL Mode 4 provides the flexibility to define new messages following the evolution 
of the application requirements.  The high degree of configurability of VDL Mode 4 
permits it to be highly adaptable to changes in airspace needs and composition. 
 
Others….. 
<Section to add information if needed when co-ordinated with LFV> 

 
2.2.27.3 1090 ES Flexibility 
 

1090 ES has necessarily been designed with a number of constraints owing to its 
relationship with SSR/ACAS.  These same relationships support cost-effective flexibility 
in partitioning surveillance implementation between SSR, ACAS, and ADS-B as a 
function of time.  Multiple equipage classes of 1090 ES avionics have been defined to 
provide users with a choice of functionality and cost. 

 
2.2.28 Non-Proprietary 
 

ICAO policy is that if there is any need to use a patent then the patent must be offered for 
license to aviation in a fair, reasonable a non-discriminatory way. 
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2.2.28.1 UAT Non-Proprietary 
 

The UAT system does not have any known proprietary aspects. 
 

2.2.28.2 VDL Mode 4 Non-Proprietary 
 
It is understood that the VDL Mode 4 SARPS does not call upon a specific patent. The 
inventor of a key patent in the VDL Mode 4 has informed ICAO that his patent, if 
needed, would be available by licence to aviation on a fair, reasonable, and non-
discriminatory basis. 

 
2.2.28.3 1090 ES Non-Proprietary 
 

The 1090 ES system does not have any known proprietary aspects. 
 
2.2.29 Robustness/Fallback States 
 
2.2.29.1 UAT Robustness/Fallback States 
 

Under normal conditions UAT relies on timing information derived from GNSS.  Timing 
information from GNSS is needed primarily to support a range to target measurement 
independent of ADS-B.  Upon a failure of GNSS, the navigation input to UAT could 
come from any appropriate navigation source (e.g., inertial, FMS).  For timing the UAT 
can fall back to timing derived from receipt of uplink messages from ground stations in 
order to prevent ADS-B transmissions from conflicting with ground uplink transmissions.  
In this fallback condition, the independent range measurement would not be available, 
but basic UAT ADS-B transmission performance should not be affected. 

 
2.2.29.2 VDL Mode 4 Robustness/Fallback States 
 

VDL mode 4 provides 3 timing modes. The primary timing mode relies on GNSS to 
provide the required accuracy. The two fallback modes support continuing operations. 
 

2.2.29.3 1090 ES Robustness/Fallback States 
 

The randomized nature of 1090 ES media access mitigates the impact of avionics failure 
of any given ADS-B system participant.  Additionally, operation of the 1090 ES system 
does not substantively degrade when precise timing (e.g., from GNSS) is lost.  The 
enhanced Extended Squitter decoder provides for successful receipt of an ADS-B 
Extended Squitter in the presence of ??? ATCRBS overlaps. (Reference DO-260A 
section) 

 
2.2.30 Future Suitability 
 
2.2.30.1 UAT Future Suitability 
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UAT has been demonstrated, through simulation and analysis, to be suitable to support 
most air-to-air ranges and ADS-B Report update requirements, required and desired, of 
the RTCA ADS-B Minimum Aviation System Performance Standards in “worst-case” 
future (2015) high density airspaces.   No other ADS-B link candidate can perform at this 
level for these applications.  Line-of-sight reception for air-ground applications has been 
ensured as well, using a single ground station (although multiple sector ground antennas 
may be required in areas of significant off-channel DME activity). 

 
2.2.30.2 VDL Mode 4 Future Suitability 
 

The potential need of addressed air/air applications is discussed. VDL Mode 4 can 
support such applications. 
 
Other …..? 
<Section to add information if needed when co-ordinated with LFV> 
 

2.2.30.3 1090 ES Future Suitability 
 

The 1090 ES system is projected to be suitable for high update rate, short range air-air 
and air-ground ADS-B applications (e.g., hybrid surveillance, support of parallel runway 
approaches, enhanced see-and-avoid, conflict detection, air-ground applications within a 
TMA) for the foreseeable future. 

 
2.2.31 Cost 

 
2.2.31.1 UAT Cost 
 

The following factors of the UAT design serve to minimize its installed system cost: 
 

• The frequency of UAT operation and its very low duty cycle, may make it practical to 
share antenna with transponder systems.  This could be an important consideration on 
air transport category aircraft where the transponder antenna network supports both 
diversity and access from redundant transponder units.   

• The single channel operation of UAT eliminates the need for multiple channels or 
logic to support channel tuning. 

• A random-based media access allows for minimal transmit-only installations and 
requires only simple logic 

 
A comprehensive cost analysis performed by FAA of ADS-B link candidates showed 
UAT to have the lowest overall installed cost of the candidates across all classes of 
installations.   
 
Additionally, the FAA’s Alaska Capstone program has purchased approximately 180 
shipsets of avionics equipment at a cost of around $20,000 per shipset installed.  This 
cost includes UAT avionics, a GPS navigator, a multifunction cockpit display, and 
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installation (average of $5,000).  The breakdown of cost between UAT avionics, GPS 
navigator, and the multifunction cockpit display is not publicly available.  

 
2.2.31.2 VDL Mode 4 Cost 
 

<Section to add information if needed when co-ordinated with LFV> 
 
2.2.31.3 1090 ES Cost 
 

Input will be provided from the FAA CBA that supported ADS-B link decision 
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3 RTCA ADS-B MASPS (DO-242A) Compliance 
 

This section discusses ADS-B data link system performance as compared to the subset of 
requirements of DO-242A analogous to the DO-242 requirements expressly considered 
by the TLAT  (the matrix in  Section 3.1 below will be reduced in size to reflect this 
subsetting).  Section 3.1 is a summary of the requirements and references to the sections 
of the RTCA UAT MOPS (DO-282), and appropriate reference VDL mode 4 and ES 
documents which discuss the results of analysis of the system performance and 
compliance with the criteria set forth in the MASPS document.  Section 3.2-3.4 present 
summary discussions of compliance of the UAT, VDL Mode 4, and 1090 ES systems 
with the requirements of DO-242A selected for assessment. 
 
When assessing the needs of Free Flight Operational Enhancements as articulated by the 
RTCA Free Flight Select Committee and developed by the Safe Flight 21 Program in the 
United States, the TLAT concluded that a DO-242 compliant ADS-B System would 
support those Operational Enhancements. 
 
The VDL Mode 4 system configuration used in making this assessment is that used by 
the TLAT for the Core Europe 2015 scenario.  The UAT and 1090 MHz Extended 
Squitter configurations have been updated to be specifically aligned to the requirements 
of DO-242A (i.e., in terms of ADS-B information fields broadcast), and therefore are 
including the broadcast of a small number of data fields not broadcast in the VDL Mode 
4 configuration. The total payload impact on UAT, for example, of these additional fields 
is the addition of 6 percent to the payload used in the TLAT analysis.    
 

3.1 DO-242A ADS-B Requirements and References 
 

Table B-1: ADS-B MASPS Compliance Matrix 

DO-242A ADS-B MASPS Requirements  Compliance  
DO-242A 

Ref. # 
(Section #) 

Requirement Text 
UAT MOPS 

(DO-282) 
Section # 

VDL Mode 4 1090 Extended 
Squitter 

R2.1 
(§2.1.1.1) 

When the full resolution of available aircraft 
data cannot be accommodated within an 
ADS-B message, a common quantization 
algorithm shall be used to ensure consistent 
performance across different 
implementations. 

Complies 
§2.2.1.3 

 
  

R.2.2 
(§2.1.1.2) 

The output of ADS-B shall be standardized 
so that it can be translated without 
compromising accuracy. 

Complies 
§2.2.4.1   

R2.3 
(§2.1.2) 

The ADS-B system shall be capable of 
transmitting messages containing the 
information specified in the following 
subsections [of §2.1.2]. 

N/A (see 
following)   

R2.4 
(§2.1.2.1) 

Time of applicability [TOA] shall be 
provided in all ADS-B reports. 

Complies 
§2.2.5 

 
§2.2.7.2 

 
2.2.8.3.5 
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DO-242A ADS-B MASPS Requirements  Compliance  
DO-242A 

Ref. # 
(Section #) 

Requirement Text 
UAT MOPS 

(DO-282) 
Section # 

VDL Mode 4 1090 Extended 
Squitter 

Complies 
§2.2.7.2.1   

Complies 
§2.2.7.2.2   

  

Complies 
§2.2.7.2.3   

R2.5 
(§2.1.2.2) 

The basic identification information to be 
conveyed by ADS-B shall include the 
following elements: 
1. Call Sign (§2.1.2.2.1) 
2. Participant Address (§2.1.2.2.2.1) and 
Address Qualifier (§2.1.2.2.2.2) 
3. ADS-B Emitter Category (§2.1.2.2.3) 

Complies 
Table 2-39 
§2.2.4.5.4.2 
§2.2.4.5.1 

§2.2.4.5.1.3.1 
§2.2.4.5.1.2 

§2.2.4.5.4.1 

  

R2.6 
(§2.1.2.2.1) 

ADS-B shall convey an aircraft call sign of 
up to 8 alphanumeric characters in length. 
[A change from DO-242, which required 
only 7 characters.] 

Complies 
§2.2.4.5.4.2 

 
Table 2-41 

  

R2.7 
(§2.1.2.2.2) 

The ADS-B system design shall include a 
means (e.g., an address) to:  
(a) correlate all ADS-B messages 
transmitted from the A/V, and  
(b) differentiate it from other A/Vs in the 
operational domain. 

Complies 
§2.2.4.5.1.2 
§2.2.4.5.1.3 

  

R2.8 
(§2.1.2.2.2) 

Aircraft with Mode-S transponders using an 
ICAO 24 bit address shall use the same 24-
bit address for ADS-B. 

N/A 
 

Complies 
§2.2.4.5.1.3 

  

R2.9 
(§2.1.2.2.2) 

All aircraft/vehicle addresses shall be 
unique within the operational domain(s) 
applicable. 

Complies 
§2.2.4.5.1.3.2   

R2.10 
(§2.1.2.2.2) 

The ADS-B system design shall 
accommodate a means to ensure anonymity 
whenever pilots elect to operate under flight 
rules permitting an anonymous mode. 

Complies 
§2.2.4.5.1.2 

 
§2.2.4.5.1.3.2 

 
Table 2-10 

  

R2.11 
(§2.1.2.2.2.1) 

The Participant Address field shall be 
included in all ADS-B reports.  This 24-bit 
field contains either the ICAO 24-bit 
address assigned to the particular aircraft 
about which the report is concerned, or 
another kind of address that is unique within 
the operational domain, as determined by 
the Address Qualifier field. 

Complies 
§2.2.4.5.1.2 

 
Table 2-10 

 
§2.2.4.5.1.3 

  

R2.12 
(§2.1.2.2.2.2) 

The Address Qualifier Field shall be 
included in all ADS-B reports.  This field 
consists of one or more bits and describes 
whether the Address field contains the 24-
bit ICAO address of a particular aircraft or 
another kind of address that is unique within 
the operational domain. 

Complies 
§2.2.4.5.1.2   
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DO-242A ADS-B MASPS Requirements  Compliance  
DO-242A 

Ref. # 
(Section #) 

Requirement Text 
UAT MOPS 

(DO-282) 
Section # 

VDL Mode 4 1090 Extended 
Squitter 

R2.13 
(§2.1.2.2.3) 

Aircraft/vehicle category, as defined by 
ICAO, shall be one of the following: 
- Light aircraft - 7,000 kg (15,500 lbs) or 
less 
- Small aircraft 7,000 kg-34,000 kg 
- 34,000 kgs 136,000 kg (75,000 lbs to 
300,000 lbs) 
- High vortex large (aircraft such as B-757) 
- Heavy aircraft 136,000 kg (300,000 lbs) or 
more 
- Highly maneuverable (> 5g acceleration 
capability) and high speed (> 400 knots 
cruise) 
- Rotorcraft 
- Glider/sailplane 
- Lighter than air 
- Unmanned aerial vehicle  
- Space/Trans-atmospheric vehicle  
- Ultralight/ Hang glider/ Paraglider 
- Parachutist/ Skydiver 
- Surface vehicle – emergency vehicle  
- Surface Vehicle – service vehicle  
- Point obstacle (includes tethered balloons) 
- Cluster obstacle  
- Line Obstacle  

Complies 
§2.2.4.5.4.1 

 
Table 2-40 

  

R2.14 
(§2.1.2.4) 

Position Information shall be transmitted in 
a form that can be translated, without loss of 
accuracy and integrity, to latitude, 
longitude, geometric height and barometric 
pressure altitude. 

Complies 
§2.2.4.5.2 
Table 2-11 
§2.2.4.5.2.1 
§2.2.4.5.2.2 

§2.2.4.5.2.3 

  

R2.15 
(§2.1.2.4) 

All geometric position elements shall be 
referenced to WGS-84 ellipsoid.  

Complies 
§2.2.4.5.2.1    

R2.16 
(§2.1.2.4) 

Barometric pressure altitude shall be 
referenced to standard temperature and 
pressure. 
[Note: “Pressure Altitude” refers to 
barometric pressure altitude relative to a 
standard pressure of 1013.2 hectopascals 
(29.92 in Hg)]. 

Complies 
Table 2-13   

R2.17 
(§2.1.2.4) 

For any ADS-B participant that sets the 
“reporting reference point position” CC 
code (in MS report element #7g, §3.4.4.9.7) 
to ONE, the position that is broadcast in 
ADS-B messages as that participant’s 
nominal position shall be the position of 
that participant’s ADS-B position reference 
point (§2.1.2.5) 

Complies 
§2.2.4.5.2.7.2 

 
Table 2-34 

 
Table 2-35 
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DO-242A ADS-B MASPS Requirements  Compliance  
DO-242A 

Ref. # 
(Section #) 

Requirement Text 
UAT MOPS 

(DO-282) 
Section # 

VDL Mode 4 1090 Extended 
Squitter 

R2.18 
(§2.1.2.5) 

The ADS-B position reference point of an 
A/V shall be defined as the center of a 
rectangle (the “defining rectangle for 
position reference point”) that has the 
following properties: 

a. The defining 
rectangle for 
posit ion 
reference 
point shall 
have length 
and width as 
defined in 
Table 2-1 for 
the length and 
width codes 
that the 
participant is 
transmitting in 
messages to 
support the 
MS report. 

b. The defining 
rectangle for 
position 
reference 
point shall be 
aligned 
parallel to the 
A/V’s 
heading. 

c. The ADS-B 
position 
reference 
point (the 
center of the 
defining 
rectangle for 
position 
reference 
point) shall 
lie along the 
axis of 
symmetry of 
the A/V.  (For 
an 
asymmetrical 
A/V, the 
center of the 
rectangle 
should lie 
midway 
between the 
maximum 
port and 
starboard 
extremities of 
the A/V.) 

d. The forward 
extremity of 
the A/V shall 
just touch the 

Complies 
§2.2.4.5.2.7.2 

 
Table 2-34 

 
Table 2-35 
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R2.19 
(§2.1.2.6) 

Both barometric pressure altitude and 
geometric height shall be reported, if 
available to the transmitting ADS-B 
subsystem. 

Complies  
§2.2.4.5.2.2 

 
Table 2-13 

  

R2.20 
(§2.1.2.6) 

Altitude [barometric pressure altitude and 
geometric altitude] shall be provided with a 
range from -1,000 ft up to 100,000 ft. 

Complies 
§2.2.4.5.2.3 
Table 2-14 
§2.2.4.5.5.1 

  

R.2.21 
(§2.1.2.6) 

ADS-B link equipment shall support a 
means for the pilot to indicate that the 
broadcast of altitude information from 
pressure altitude sources is inva lid.  This 
capability can be used at the request of ATC 
or when altitude is determined to be invalid 
by the pilot.  This capability is in addition to 
the setting of the "Pressure Altitude Valid" 
bit in the State Vector report when altitude 
source equipment indicates the data is 
invalid. 

Complies 
§2.2.4.5.2.2 

  

R2.22 
(§2.1.2.6.1) 

The pressure altitude reported shall be 
derived from the same source as the 
pressure altitude reported in Mode C and 
Mode S for aircraft with both transponder 
and ADS-B.  

Complies 
§3.5.3   

R2.23 
(§2.1.2.7) 

ADS-B geometric velocity information 
shall be referenced to WGS-84. 

Complies 
§2.2.4.5.2.6 

 
§2.2.4.5.2.7.1.1 

 
§2.2.4.5.2.7.1.2 

§2.2.4.5.2.7.1.3 

  

R2.24 
(§2.1.2.7) 

Transmitting A/Vs that are not fixed or 
movable obstacles and that are not known to 
be on the airport surface shall provide 
ground referenced geometric horizontal 
velocity.  

Complies 
§2.2.4.5.2.5 

 
§2.2.4.5.2.6 

  

R2.25 
(§2.1.2.8) 

Transmitting A/Vs that are not fixed or 
movable obstacles and that are not known to 
be on the airport surface shall provide 
vertical rate.  

Complies 
§2.2.4.5.2.7.1   

R2.26 
(§2.1.2.8) 

Vertical Rate shall be designated as 
climbing or descending. 

Complies 
§2.2.4.5.2.7.1.2   

R2.27 
(§2.1.2.8) 

Vertical Rate shall be reported up to 32,000 
feet per minute (fpm). 

Complies 
§2.2.4.5.2.7.1.3   

R2.28 
(§2.1.2.8) 

At least one of the two types of vertical rate 
(barometric and geometric) shall be 
reported. 

Complies 
§2.2.4.5.2.7.1.1   

R2.29 
(§2.1.2.8) 

If only one of these two types of vertical 
rate is reported, it shall be obtained from the 
best available source of vertical rate 
information. 

Complies 
§2.2.4.5.2.7.1.1    

R2.30 
(§2.1.2.12) 

Table 2-2 defines the navigation integrity 
categories [NIC] that transmitting ADS-B 
participants shall use to describe the 
integrity containment radius. 

Complies 
Table 2-15   
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R2.31 
(§2.1.2.13) 

Table 2-3 defines the navigation accuracy 
categories that shall be used to describe the 
accuracy of positional information in ADS-
B messages from transmitting ADS-B 
participants. 

Complies 
§2.2.4.5.4.9 

 
Table 2-45  

  

R2.32 
(§2.1.2.13) 

The NACP value broadcast from an ADS-B 
participant shall include any inaccuracies in 
the reported position due to the transmitting 
participant’s not correcting the position 
from the navigation sensor to that of the 
ADS-B position reference point (see 
§2.1.2.5). 

Complies 
§2.2.4.5.4.9 

 
Table 2-45  

  

R2.33 
(§2.1.2.14) 

[In determining NACV, the] velocity 
accuracy category of the least accurate 
velocity component being supplied by the 
reporting A/V’s source of velocity data 
shall be as indicated in Table 2-4. 

Complies 
§2.2.4.5.4.10 

  

R2.34 
(§2.1.2.15) 

The Surveillance Integrity Limit encoding 
shall be as indicated in Table 2-5 

Complies 
§2.2.4.5.4.6 
Table 2-44 

  

R2.35 
(§2.1.2.16) 

The Barometric Altitude Quality Code 
(BAQ), is a 2-bit field which shall be zero 
for equipment that conforms to version DO-
242A of the ADS-B MASPS 

Complies 
§2.2.4.5.4.8   

R2.36 
(§2.1.2.8) 

The ADS-B system shall be capable of 
supporting broadcast of emergency and 
priority status. 

Complies 
§2.2.4.5.4.4 

 
Table 2-42 

  

R2.37 
(§2.1.2.19.1) 

For equipage classes A2 and A3, the ADS-B 
system shall provide the capability to 
transmit and receive messages in support of 
the TS report.  [TS report capability is 
optional for equipage class A1.] 

Complies 
§2.2.4.5.6 

 
§2.2.4.5.7 

  

R2.38 
(§2.1.2.19.2) 

For equipage class A2, the ADS-B system 
shall provide the capability to transmit and 
receive messages in support of one TC 
(TC+0) report. 

Complies 
§2.2.4.5.8 

 
Appendix L 

  

R2.39 
(§2.1.2.19.2) 

For equipage class A3, the ADS-B system 
shall provide the capability to transmit and 
receive messages in support of multiple TC 
reports. 

Complies 
§2.2.4.5.8 
Appendix L 
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Complies 
§2.1.11 

Appendix F 

Complies 
§2.1.12 

Appendix F 

Complies 
§2.1.13 

Appendix F 

R3.1 
(§3.3.1) 

ADS-B equipage classes summarized in 
Table 3-1 shall provide air-to-air coverage 
specified in Table 3-2(a).  The stated ranges 
are the basis for the indicated relative 
effective radiated power (ERP) and the 
receiver sensitivity requirement for each 
transmit unit. 
 

Table 3-2(a) 
 
 Class Range TX ERP RX sensitivity
 A0 10 NM ≥-2.5 dB +3.5 dB 
 A1 20 NM 0 dB 0 dB 
 A2 40 NM +3 dB -3 dB 
 A3 90 NM ≤ +6 dB -7 dB 
 A3+ 120 NM ≤+6 dB -9.5 dB 
 
Note: Required range requirements for A3 
and A3+ are forward direction coverage.  
Port and starboard coverage may be one 
half of this value; aft coverage may be one 
third of this value. 

Complies 
§3.1.1.2 

Appendix F 

  

R3.2 
(§3.3.1) 

The effective radiated power (ERP) and 
minimum signal detection capabilities shall 
support the associated pair-wise minimum 
operational ranges listed in Table 3-2(b). 
 

Table 3-2(b), Interoperability Ranges 
 
               RX A0 RX A1 RX A2 RX A3 RX A3+
 

TX A0: 10 NM  15 NM  21 NM  34 NM  45 NM
TX A1: 13 NM  20 NM  28 NM  45 NM  60 NM
TX A2: 18 NM  28 NM  40 NM  64 NM  85 NM
TX A3: 26 NM  40 NM  56 NM  90 NM  120 NM
TX A3: 26 NM  40 NM  56 NM  90 NM  120 NM
 

Complies 
§2.1.12 

 
Table 2-2 

 
§2.1.13 

 
Appendix F 

  

R3.3 
(§3.3.1) 

Broadcast only aircraft (class B1) shall have 
ERP values equivalent to those of class A0 
and A1 as determined by own aircraft 
maximum speed, operating altitude, and 
corresponding coverage requirements 

Complies 
§2.1.11 

 
Table 2-1 

  

R3.4 
(§3.3.1) 

Ground vehicles operating on the airport 
surface (class B2) shall provide a 5 NM 
coverage range for Class A receivers. 

In a surface-to-
surface multi-

path 
environment, 

coverage range 
for ground 

vehicle 
transmissions is 
approximately 3 

miles. 
§2.1.11 

 
Table 2-1 
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R3.5 
(§3.3.1) 

If required due to spectrum considerations, 
ADS-B transmissions from ground vehicle s 
(Class B2) shall be automatically prohibited 
when those vehicles are outside the surface 
movement area (i.e., runways and taxiways) 

It is outside the 
scope of any 
ADS-B link 

MOPS to ensure 
compliance with 
the “automatic” 
feature of this 
requirement. 

  

R3.6 
(§3.3.1) 

Fixed obstruction (class B3) broadcast 
coverage shall be sufficient to provide a 10 
NM coverage range from the location of the 
obstruction. 

Complies 
§2.1.11 

 
Table 2-1 

  

R3.7 
(§3.3.2) 

Each equipage class shall meet the required 
information broadcast and receiving 
capability at the indicated range to support 
the applications indicated in Table 3-3(a) 
and Table 3-3(b). 

Complies 
§2.1.11 

 
Table 2-1 

  

R3.8 
(§3.3.3.1) 

… report acquisition shall be considered 
accomplished when all report elements 
required for an operational scenario have 
been received by an ADS-B participant. 

Complies 
§2.2.9 

 
§2.2.9.1 

  

R3.9 
(§3.3.1.1) 

Report accuracy, update period and 
acquisition range requirements are derived 
from the sample scenarios of Chapter 2, and 
are specified in Table 3-3(a).  The state 
vector report shall meet the update period 
and 99 percentile update period 
requirements for each application listed. 

Compliant for all 
SV update 

applications at 
required and 

desired ranges 
with one 

exception:  the 
surface-to-
surface 1.5 

second (95%) 
update 

requirement. 
§2.2.8.2.2 

 
§2.2.8.2.4(a) 

  

R3.10 
(§3.3.1.1) 

For each of the scenarios included in Table 
3-4(a), the state vector from at least 95% of 
the observable user population (radio line-
of-sight) supporting that application shall be 
acquired and achieve the time and 
probability requirements specified for the 
operational ranges. 

Complies 
§2.2.10.3 

 
Table 2-67 

  

R3.11 
(§3.3.3.1.1) 

Required ranges for acquisition shall be as 
specified in Table 3-4(a): (10 NM for A0, 
20 NM for A1, 40 NM for A2, and 90 NM 
for A3). 

Complies 
§2.2.10.3 

 
Table 2-67 

  

R3.12 
(§3.3.3.1.1) 

The ADS-B system shall satisfy the error 
budget requirements specified in the table in 
order to assure satisfaction of ADS-B report 
accuracies. 

Complies 
§2.2.4.5.2   
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R3.13 
(§3.3.3.1.1) 

If a smoothing filter or tracker is used in the 
ADS-B design, the quality of the reports 
shall be sufficient to provide equivalent 
track accuracy implied in Table 3-4(a) over 
the period between the reports, under target 
centripetal accelerations of up to 0.5g with 
aircraft velocities of up to 600 knots. 

N/A    

R3.14A 
R3.14B 

(§3.3.3.1.2) 

For each of the equipage classes included in 
Table 3-4(a), the mode status reports from 
at least 95% of the observable (radio line-
of-sight) population shall be acquired at the 
range specified in the “Required 95th 
Percentile Acquisition Range” row of Table 
3-4(b).  (10 NM for A0, 20 NM for A1, 40 
NM for A2, and 90 NM for A3).  Likewise, 
for each of the equipage classes included in 
Table 3-4(b), the mode status reports from 
at least 99% of the observable (radio line of 
sight) population shall be acquired at the 
reduced range specified in the “Required 
99th Percentile Acquisition Range” row of 
Table 3-4(b) 

Complies 
§2.2.10.3 

 
Table 2-67 

  

R3.15 
(§3.3.3.1.3) 

When the ARV report is required as defined 
in §3.4.6.1, [its] nominal update interval 
shall be 5 seconds for A1, A2, and A3 
equipment at ranges of 10 NM and closer. 

N/A   

R3.16 
(§3.3.3.1.3) 

When the ARV report is required as defined 
in §3.4.6.1, [its] nominal update interval 
shall be 7 seconds for A1, A2, and A3 
equipment at ranges greater than 10 NM and 
less than or equal to 20 NM. 

N/A    

R3.17 
(§3.3.3.1.3) 

When the ARV report is required as defined 
in §3.4.6.1, [its] nominal update interval 
shall be 12 seconds for A2 equipment at 
ranges greater than 20 NM and less than or 
equal to 40 NM. 

N/A 
 

  

R3.18 
(§3.3.3.1.3) 

When the ARV report is required as defined 
in §3.4.6.1, [its] nominal update interval 
shall be 12 seconds for A3 equipment at 
ranges greater than 40 NM and less than or 
equal to 90 NM. 

N/A   

R3.19 
(§3.3.3.1.3) 

When the ARV report is required as defined 
in section 3.4.6.1, its acquisition range in 
the forward direction shall be: 
a. 20 NM for equipage class A1, 
b. 40 NM for equipage class A2, 
c. 90 NM for equipage class A3.   

N/A   

R3.20 
(§3.3.3.1.3) 

The acquisition range requirements in 
directions other than forward shall be 
consistent with those stated in Note3 of 
Table 3-4(a).   

Complies 
§3.2.1.6 

 
Appendix K 
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R3.21 
(§3.3.3.1.4) 

When there has been no change in intent 
information, the nominal update period for 
A2 equipage at ranges within 40 NM and 
for A3 equipage at ranges in the forward 
direction within 90 NM shall be TU such 
that TU =max[12s, 0.45 s/NM * R]  where R 
is the range to the broadcasting aircraft and 
TU is rounded to the nearest whole number 
of seconds.  If implemented, these 
requirements are applicable to TS Report 
update rates for A1 equipment for ranges of 
20 NM or less. 

Complies 
§3.2.1.6 

 
Appendix K 

  

R3.22 
(§3.3.3.1.4) 

If the TS report is implemented in ADS-B 
systems of equipage class A1, such systems 
shall have a 20NM acquisition range for TS 
Report.   

Complies 
§3.2.1.6 

 
Appendix K 

  

R3.23 
(§3.3.3.1.4) 

For equipage class A2, the acquisition range 
for TS reports and TC reports shall be 40 
NM, with 50 NM desired.   

Complies 
§3.2.1.6 

 
Appendix K 

  

R3.24 
(§3.3.3.1.4) 

For equipage class A3, the acquisition range 
for TC reports in the forward direction shall 
be 90 NM, with 120 NM desired.  

Complies 
§3.2.1.6 

 
Appendix K 

  

R3.25 
(§3.3.3.1.4) 

The range requirements in all other 
directions for A3 equipment shall be 
consistent with those stated in Note 3 of 
Table 3-4(a).  

Complies 
§3.2.1.6 

 
Appendix K 

  

R3.26 
(§3.3.3.2.2) 

If NACP is less than 10 and NIC is less than 
9, then ADS-B latency of the reported 
information shall be less than 1.2 seconds 
with 95 percent confidence.   

Complies 
§2.2.7.2   

R3.27 
(§3.3.3.2.2) 

If either NACP ≥ 10 or NIC ≥ 9, then ADS-
B latency shall be less than 0.4 seconds 
with 95% confidence. 

Complies 
§2.2.7.2   

R3.28 
(§3.3.3.2.2) 

The standard deviation of the report time 
error shall be less than 0.5 s (1 sigma). 

Complies 
§2.2.10.4   

R3.29 
(§3.3.3.2.2) 

The mean report time error for position 
shall not exceed 0.5 s.   

Complies 
§2.2.10.4   

R3.30 
(§3.3.3.2.2) 

The mean report time error for velocity 
shall not exceed 1.5 s.   

Complies 
§2.2.10.4   

R3.31 
(§3.3.4) 

The ADS-B system shall be capable of 
meeting the requirements of this document, 
unless otherwise explicitly noted for a given 
requirement, in the traffic density shown by 
the LA 2020 curves in Figure 3-8, and as 
further detailed in Table 3-5.   

Complies 
Appendix K   

R3.32 
(§3.3.4) 

Requirements specified for en route, Low 
Density air space shall be met in the traffic 
density shown by the Low Density curve in 
Figure 3-8.   

Complies 
Appendix K   

R3.33 
(§3.3.5) 

The ADS-B medium shall be suitable for 
all-weather operation, and ADS-B system 
performance will be specified relative to a 
defined interference environment for the 
medium.   

Complies 
§2.2.2.1 

 
Appendix G 
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R3.34 
(§3.3.5) 

Radio frequencies used for ADS-B Message 
transmission shall operate in an 
internationally allocated aeronautical radio 
navigation band(s). 

Complies 
§2.2.2.1   

R3.35 
(§3.3.6.3) 

ADS-B availability shall be 0.9995 for class 
A0 through class A3 and class B0 through 
class B3 transmission subsystems.   

N/A   

R3.36 
(§3.3.6.3) 

ADS-B availability shall be 0.95 for class 
A0 receiver subsystems.   N/A   

R3.37 
(§3.3.6.3) 

Class A1, A2, and A3 receiver subsystems 
shall have an availability of 0.9995.   N/A   

R3.38 
(§3.3.6.4) 

The probability that the ADS-B System, for 
a given ADS-B Message Generation 
Function and in-range ADS-B Report 
Generation Processing Function, is 
unavailable during an operation, presuming 
that the System was available at the start of 
the operation, shall be no more than 
 2 x 10-4 per hour of flight.   

N/A   

R3.39 
(§3.3.6.5) 

The integrity of the ADS-B system shall be 
10-6 or better on a per report basis. 

Complies 
§2.2.3.1.3.1 

 
Appendix C 

 
Appendix M 

  

R3.40 
(§3.4.2) 

The messages shall be correlated, collated, 
uncompressed, re-partitioned, or otherwise 
manipulated as necessary to form the output 
reports specifically defined in 3.4.3 to 3.4.8 
below. 

Complies 
§2.2.9 

  

R3.41 
(§3.4.2) 

The message and report assembly 
processing capability of the receiving 
subsystem shall support the total population 
of the participants within detection range 
provided by the specific data link 
technology. 

Complies 
§2.2.10.2   

R3.42 
(§3.4.2) 

Receiving subsystem designs must provide 
reports based on all decodable messages 
received, i.e., for each participant the report 
shall be updated and made available to 
ADS-B applications any time a new 
message containing all, or a portion of, its 
component information is received from 
that participant with the exception that no 
type of report is required to be issued at a 
rate of greater than once per second. 

Complies 
§2.2.9   

R3.43 
(§3.4.2) 

The applicable report shall be made 
available to the applications on a continual 
basis in accordance with the local system 
interface requirements.   

Complies 
§2.2.10   

R3.44 
(§3.4.2) 

If the ADS-B uses the ICAO 24-bit address 
then there shall be agreement between the 
address currently being used by the Mode-S 
transponder and the reported ADS-B 
address, for aircraft with both transponder 
and ADS-B.   

Complies 
§3.6.1   
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R3.45 
(§3.4.3.1.1) 

If a transmitting ADS-B participant is not 
equipped with a means, such as a weight on 
wheels switch, to determine whether it is 
airborne or on the surface, and that 
participant’s emitter category is one of the 
following, then it shall set its air/ground 
state to “known to be airborne”: 
a. Light Aircraft 
b. Glider or Sailplane 
c. Lighter than Air 
d. Unmanned aerial vehicle  
e. Ultralight, Hang Glider, or Paraglider 
f. Parachutist 
g. Point Obstacle  
h. Cluster obstacle  
i. Line Obstacle  

Complies 
§2.2.4.5.2.5.1(b) 

 
Table 2-17 

  

R3.46 
(§3.4.3.1.1) 

If a transmitting ADS-B participant is not 
equipped with a means, such as a weight on 
wheels switch, to determine whether it is 
airborne or on the surface, and that 
participant’s emit ter category is one of the 
following, then it shall set its air/ground 
state to “known to be on the surface”: 
a. Surface Vehicle – Emergency 
b. Surface Vehicle - Service 

Complies 
§2.2.4.5.2.5.1(b) 

 
Table 2-17 

  

R3.47 
(§3.4.3.1.1) 

If a transmitting ADS-B participant is not 
equipped with a means, such as a weight on 
wheels switch, to determine whether it is 
airborne or on the surface, and that 
participant’s emitter category is “rotorcraft,” 
then that participant shall set its air/ground 
state to “uncertain whether airborne or on 
the surface.” 

UAT equipment 
on rotorcraft 
will, in the 

absence of an 
automated means 

to determine 
Airborne/On-

Ground 
condition, report 
the AIRBORNE 

Condition. 
§2.2.4.5.2.5.1(b) 

 
Table 2-17 

  

R3.48A 
(§3.4.3.1.1) 

If a transmitting ADS-B participant is not 
equipped with a means, such as a weight on 
wheels switch, to determine whether it is 
airborne or on the surface, and that 
participant’s emitter category is not one of 
those listed above, then that participant’s 
ground speed (GS), airspeed (AS) and radio 
height (RH) shall be examined, provided 
that some or all of those parameters are 
available to the transmitting ADS-B 
subsystem.  

Complies 
§2.2.4.5.2.5.1(b) 

 
Table 2-17 

  

R3.48B 
(§3.4.3.1.1) 

If GS< 100 knots, or AS < 100 knots, or RH 
<100 feet, then the transmitting ADS-B 
participant shall set its Air/Ground state to 
“known to be on the surface”: 

Complies 
§2.2.4.5.2.5.1(b) 

 
Table 2-17 
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R3.49 
(§3.4.3.1.1) 

If a transmitting ADS-B participant is 
equipped with a means, such as a weight on 
wheels switch, to determine automatically 
whether it is airborne or on the surface, and 
that automatic means indicates that the 
participant is airborne, then that participant 
shall set its air/ground state to “known to be 
airborne”: 

Complies 
§2.2.4.5.2.5.1(b) 

 
Table 2-17 

  

R3.50 
R3.51-A 
R3.51-B 

(§3.4.3.1.1) 

If a transmitting ADS-B participant is 
equipped with a means, such as a weight on 
wheels switch, to determine automatically 
whether it is airborne or on the surface, and 
that automatic means indicates that the 
participant is on the surface, then the 
following additional tests shall be 
performed to validate the “ on the surface” 
condition:… 
a.…then the participant shall set the its 
Air/Ground state to “known to be airborne” 
b Otherwise  the participant shall set the its 
Air/Ground state to “known to be on the 
surface” 
 

Complies 
§2.2.4.5.2.5.2 

 
Table 2-18 

  

R3.52 
(§3.4.3.1.2) 

ADS-B participants that are known to be on 
the surface shall transmit those State Vector 
report elements that are indicated with 
bullets (“•”) in the “required from surface 
participants” column of Table 3-6. 

Complies 
Table 2-16 

 
§2.2.4.5.2.7.2 

 

  

R3.53 
(§3.4.3.1.2) 

ADS-B participants that are known to be 
airborne shall transmit those State Vector 
report elements that are indicated with 
bullets (“•”) in the “required from airborne 
participants” column of Table 3-6. 

Complies 
Table 2-16 

 
§2.2.4.5.2.7.2 

 

  

R3.54 
(§3.4.3.1.2) 

ADS-B participants for which the 
air/ground state is uncertain shall transmit 
those State Vector report elements that are 
indicated with bullets (“•”) in the “required 
from airborne participants” column [of 
Table 3-6]. 

Complies 
§2.2.4.5.2.5.1 (b)   

R3.55 
(§3.4.3.2) 

A receiving ADS-B subsystem shall update 
the SV report that it provides to user 
applications about a transmitting ADS-B 
participant whenever it receives messages 
from that participant providing updated 
information about any of the SV report 
elements with the exception that SV reports 
are not required to be issued at a rate of 
greater than once per second.  

Complies 
§2.2.9   

R3.56 
(§3.4.3.2) 

For ADS-B systems that use segmented 
messages for SV data, time-critical SV 
report elements that are not updated in the 
current received message shall be estimated 
whenever the SV report is updated. 

N/A except for 
Geometric 

Altitude which is 
broadcast at ¼ 
the SV rate and 
not estimated 

when not 
received. 
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R3.57 
(§3.4.3.2) 

For time-critical elements of the SV report, 
a receiving ADS-B subsystem’s report 
assembly function shall indicate “no data 
available” if no data are received in the 
preceding coast interval specified in Table 
3-4(a) (§3.3.3.1.1). 

Complies 
§2.2.7.2.4 

 
Table 2-64 

  

R3.58 
(§3.4.3.3) 

The Time of Applicability (TOA) relative to 
local system time shall be updated with 
each State Vector report update. 

Complies 
§2.2.8.3.5   

R3.59 
(§3.4.3.4) 

Horizontal position (§2.1.2.4) shall be 
reported as WGS-84 latitude and longitude. 

Complies 
Table 2-11 

 
§2.2.4.5.2.1 

  

R3.60 
(§3.4.3.4) 

Horizontal position (§2.1.2.4) shall be 
reported with the full range of possible 
latitudes (-90to +90) and longitudes (-180 to 
+180). 

Complies 
Table 2-12   

R3.61 
(§3.4.3.4) 

Horizontal position shall be communicated 
and reported with a resolution sufficiently 
fine that it does not compromise the 
accuracy reported in the NACP field of the 
Mode-Status report (§2.1.2.13 and §3.4.4).  

Complies 
Table 2-12 

 
Table 2-45 

 

  

R3.62 
(§3.4.3.4) 

Moreover, horizontal position shall be 
communicated and reported with a 
resolution sufficiently fine that it does not 
compromise the one-sigma maximum ADS-
B contribution to horizontal position error, 
listed in Table 3-4(a): 20 meters for airborne 
participants or 2.5 meters for surface 
participants. 

Complies 
Table 2-45 

  

R3.63A 
R3.63B 

(§3.4.3.5) 

The Horizontal Position Valid field in the 
SV report shall be set to ONE if a valid 
horizontal position is being provided in 
geometric position (latitude and longitude) 
fields of that report; otherwise, the 
Horizontal Position Valid field shall be 
ZERO. 

Complies 
§2.2.3.2.2.1.3   

R3.64 
(§3.4.3.6) 

Geometric altitude shall be reported with a 
range from –1000 feet up to +100,000 feet. 

Complies 
Table 2-14   
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R3.65 
(§3.4.3.6) 

If the NACP code reported in the MS report 
is 9 or greater, geometric altitude shall be 
communicated and reported with a 
resolution sufficiently fine that it does not 
compromise the vertical accuracy reported 
in the NACP field. 

If Pressure 
Altitude is 
selected as the 
primary altitude 
type, Geometric 
Altitude is 
transmitted at ¼ 
the rate of 
transmission of 
barometric 
altitude. 
 
25 foot altitude 

resolution yields 
a 2-sigma value 
of 4.4 meters.  

This exceeds the 
VEPU 

requirement of < 
4 meters for 

NACp = 
11.§2.2.4.5.2.3 

  

R3.66 
(§3.4.3.6) 

Geometric Altitude shall be communicated 
and reported with a resolution sufficiently 
fine that it does not compromise the one-
sigma maximum ADS-B contribution to 
vertical position error, listed in Table 3-4(a): 
=30 feet for airborne participants. 

Complies 
Table 2-14 

  

R3.67 
(§3.4.3.7) 

The Geometric Altitude Valid field in the 
SV report is a one-bit field that shall be 
ONE if valid data is being provided in the 
Geometric Altitude field (§3.4.3.6), or 
ZERO otherwise.  

Complies 
Table 2-13   

R3.68 
(§3.4.3.8) 

The range of reported velocity shall 
accommodate speeds up to 250 knots for 
surface participants and up to 4000 knots for 
airborne participants. 

Complies 
Table 2-21 

 
Table 2-26 

  

R3.69 
(§3.4.3.8) 

Horizontal velocity shall be communicated 
and reported with a resolution sufficiently 
fine that it does not compromise the 
accuracy reported in the NACV field of the 
Mode-Status report. 

Complies 
Table 2-21 

 
Table 2-26 

  

R3.70 
(§3.4.3.8) 

Horizontal velocity shall be communicated 
and reported with a resolution sufficiently 
fine that it does not compromise the one-
sigma maximum ADS-B contribution to the 
horizontal velocity error, listed in Table 3-
4(a): that is, 0.5 m/s (about 1 knot) for 
airborne participants with speeds of 600 
knots or less, or 0.25 m/s (about 0.5 knot) 
for surface participants. 

Complies 
Table 2-21 

 
Table 2-26 
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R3.71A 
R3.71B 

(§3.4.3.9) 

The Airborne Horizontal Velocity Valid 
field in the SV report shall be set to ONE if 
a valid horizontal velocity is being provided 
in the “North Velocity while airborne” and 
“East velocity while airborne” fields of the 
SV report; otherwise, the Horizontal 
Velocity Valid field shall be ZERO. 

Complies 
§2.2.4.5.2.6   

R3.72 
(§3.4.3.10) 

The ground speed (the magnitude of the 
geometric horizontal velocity) of an A/V 
that is known to be on the surface shall be 
reported in the “ground speed while on the 
surface” field of the SV report. 

Complies 
§2.2.4.5.2.6.2   

R3.73 
(§3.4.3.10) 

For A/Vs moving at ground speeds less than 
70 knots, the ground speed shall be 
communicated and reported with a 
resolution of 1 knot or finer. 

Complies 
Table 2-56.b   

R3.74 
(§3.4.3.10) 

The resolution with which the “ground 
speed while on the surface” field is 
communicated and reported shall be 
sufficiently fine so as not to compromise the 
accuracy of that speed as communicated in 
the NACV field of the MS report 
(§2.1.2.14). 

Complies 
Table 2-56.b   

R3.75 
(§3.4.3.11) 

The Surface Ground Speed Valid field in 
the SV report is a one-bit field which shall 
be ONE if valid data is available in the 
“Ground Speed While on the Surface” field 
(§3.4.3.10) or ZERO otherwise. 

Complies 
§2.2.4.5.2.6 

  

R3.76 
(§3.4.3.12) 

Each ADS-B participant that reports a 
length code of 1 or greater shall transmit 
messages to support the heading element of 
the SV report when that participant is on the 
surface and has a source of heading 
available to its ADS-B transmitting 
subsystem. 

Complies 
§2.2.4.5.2.6.4   

R3.77A 
R3.77B 

(§3.4.3.12) 

Heading shall be reported for the full range 
of possible headings (the full circle from 0 
to nearly 360°).  The heading of surface 
participants shall be communicated and 
reported with a resolution of 6 degrees of 
arc or finer.  

Complies 
Table 2-29   

R3.78A 
R3.78B 

(§3.4.3.13) 

The heading valid field in the SV report 
shall be a ONE if valid heading is provided 
in the “ heading while on the surface” field 
of the SV report; otherwise it shall be 
ZERO. 

Complies 
Table 2-28   

R3.79 
(§3.4.3.14) 

Barometric pressure altitude shall be 
reported referenced to standard temperature 
and pressure (1013.25 hPa or mB, or 29.92 
In Hg).   

Complies 
Table 2-13    

R3.80 
(§3.4.3.14) 

Barometric pressure altitude shall be 
reported over the range of –1000 feet to + 
100,000 feet. 

Complies 
Table 2-14   
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R3.81A 
R3.81B 

(§3.4.3.14) 

If a pressure altitude source with 26-foot or 
better resolution is available to the ADS-B 
transmitting subsystem, then pressure 
altitude from that source shall be 
communicated and reported with 25-foot or 
finer resolution.  Otherwise, if a pressure 
altitude source with 100 foot or better 
resolution is available, pressure altitude 
from that source shall be communicated an 
reported with 100-foot or finer resolution.  

Complies 
§3.1.1.1.1   

R3.82A 
R3.82B 

(§3.4.3.15) 

The pressure altitude valid field in the SV 
report is a one-bit field that shall be ONE if 
valid information is provided in the pressure 
altitude field otherwise the pressure altitude 
valid field shall be ZERO. 

Complies 
§2.2.4.5.2.3   

R3.83 
(§3.4.3.16) 

This (vertical rate field) shall be either the 
rate of change of pressure altitude or of 
geometric altitude, as specified by the 
“vertical rate type” element in the MS 
report. 

Complies 
Table 2-31   

R3.84 
(§3.4.3.16) 

The range of reported vertical rate shall 
accommodate up to +/- 32,000 ft/min for 
airborne participants.   

Complies 
Table 2-33 

  

R3.85 
(§3.4.3.16) 

Geometric vertical rate shall be 
communicated and reported with a 
resolution sufficiently fine that it does not 
compromise the accuracy reported in the 
NACV field of the Mode-Status report. 

Complies 
§2.2.4.5.2.7.1.1 

  

R3.86 
(§3.4.3.16) 

Vertical Rate shall be communicated and 
reported with a resolution sufficiently fine 
that it does not compromise the one-sigma 
maximum ADS-B contribution to vertical 
rate error, listed in Table 3-4(a): that is 1.0 
ft/s for airborne participants. 

Complies 
Table 2-33   

R3.87A 
R3.87B 

(§3.4.3.17) 

The “vertical rate valid” field in the SV 
report is a one-bit field that shall be ONE if 
valid information is provided in the vertical 
rate field; otherwise the “vertical rate valid” 
field shall be ZERO. 

Complies 
Table 2-33 

  

R3.88 
(§3.4.3.18) 

The NIC field in the SV report is a 4-bit 
field that shall report the Navigation 
Integrity Category described in Table 2-2 in 
§2.1.2.12. 

Complies 
§2.2.4.5.2.4 

 
Table 2-15 

  

R3.89 
(§3.4.4) 

For each participant the Mode-status report 
shall be updated and made available to 
ADS-B applications any time a new 
message containing all, or a portion of its 
component information is accepted from a 
participant. 

Complies 
§2.2.9.1   

R3.90A 
R3.90B 

(§3.4.4.1) 

The report assembly function shall provide 
update when received.  For those elements 
indicated in Table 3-8 as “elements that 
require rapid update”, the report assembly 
function shall indicate the data has not been 
refreshed with the Mode Status Data 
Available bit (§3.4.4.7) if no update is 
received in the preceding 24 second period. 

Complies 
§2.2.9.1   
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R3.91 
(§3.4.4.2) 

The time of applicability relative to local 
system time shall be updated with every 
Mode-Status report update. 

Complies 
§2.2.9.1   

R3.92 
(§3.4.4.3) 

The ADS-B Version Number shall be 
defined as specified in Table 3-9. 

Complies 
Table 2-43   

R3.93 
(§3.4.4.4) 

The Call Sign shall consist of up to 8 
alphanumeric characters. 

Complies 
§2.2.4.5.4.2   

R3.94 
(§3.4.4.4) 

The characters of the Call Sign shall consist 
of the capital letters A-Z, the decimal digits 
0-9, and, as trailing pad characters only, the 
“space” character. 

Complies 
Table 2-41   

R3.95 
(§3.4.4.5) 

Provision in the encoding shall be made for 
at least 24 distinct emitter categories, 
including the particular categories listed in 
§2.1.2.2.3. 

Complies 
Table 2-40   

R3.96 
(§3.4.4.6) 

The aircraft length and width codes shall be 
as described in Table 3-10. 

Complies 
Table 2-11.7.2.B   

R3.97 
(§3.4.4.6) 

Each aircraft shall be assigned the smallest 
length and width codes for which its overall 
length and wingspan qualify it. 

N/A   

R3.98 
(§3.4.4.6) 

Each aircraft ADS-B participant for which 
the length code is 1 or more (length greater 
than 25 meters or wingspan greater than 34 
m) shall transmit its aircraft size code while 
it is known to be on the surface. 

Complies 
§2.2.4.5.2.7.2 

  

R3.99 
(§3.4.4.6) 

For this purpose, the determination of when 
an aircraft is on the surface shall be as 
described in §3.4.3.1.1 above. 

Complies 
§2.2.4.5.2.5.1 

 
Table 2-17 

 
§2.2.4.5.2.5.2 

  

R100A 
R100B 

(§3.4.4.7) 

The report assembly function shall set this 
(Mode-Status Available) field to ZERO if 
no data has been received within 24 seconds 
under the conditions specified in 3.4.4.1; 
otherwise, the report assembly function 
shall set this bit to ONE. 

Complies 
§2.2.9.1   

R3.101 
(§3.4.4.8) 

The emergency/priority status field in the 
MS report is a 3-bit field, which shall be 
encoded as indicated in Table 3-11.  Status 
shall include the following: 
1. No emergency / Not reported 
2. General emergency 
3. Lifeguard/medical 
4. Minimum fuel 
5. No communications 
6. Unlawful interference 
7. Downed Aircraft  
8. Spare 

Complies 
§2.2.4.5.4.4 

 
Table 2-42 
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R3.102A 
R3.102B 
R3.102C 

(§3.4.4.9.1) 

The CC code for “TCAS/ACAS installed 
and operational” shall be set to ONE if the 
transmitting aircraft is fitted with a TCAS II 
or ACAS computer and that computer is 
turned on and operating in a mode that can 
generate Resolution Advisory (RA) alerts.  
Likewise, this CC code shall  be set to one 
if the transmitting ADS-B equipment cannot 
ascertain whether or not a TCAS II or 
ACAS computer is installed, or cannot 
ascertain whether that computer, if installed, 
is operating in a mode that can generate RA 
alerts.  Otherwise, this CC code shall be 
ZERO. 

Complies 
§2.2.4.5.4.12   

R3.103A 
R3.103B 

(§3.4.4.9.2) 

The CC code for “CDTI based traffic 
display capability” shall be set to ONE if 
the transmitting aircraft has the capability of 
displaying nearby traffic on a Cockpit 
Display of Traffic Information (CDTI).  
Otherwise, this CC code shall be ZERO. 

Complies 
§2.2.4.5.4.12   

R3.104 
(§3.4.4.9.3) 

At least four bits (sixteen possible 
encodings) shall be reserved in the 
capability class codes for the “Service 
Level” of the transmitting ADS-B 
participant. 

Complies 
Table 2-39   

R3.105 
(§3.4.4.9.3) 

ADS-B equipment conforming to this 
MASPS (DO-242A) shall set the Service 
Level code to ZERO. 

Complies 
§2.2.4.5.4.5   

R3.106 
(§3.4.4.9.4) 

The ARV Capability Flag is a one-bit field 
that shall be encoded as in Table 3-12. 

Can be derived 
by the ADS-B 
application by 
examination of 

mandatory report 
payloads. 

  

R3.107 
(§3.4.4.9.5) 

The TS Report Capability Flag is a one-bit 
field that shall be encoded as in Table 3-13. 

Can be derived 
by the ADS-B 
application by 
examination of 

mandatory report 
payloads. 

  

R3.108 
(§3.4.4.9.6) 

The TC Report Capability Level is a two-bit 
field that shall be encoded as in Table 3-14. 

Can be derived 
by the ADS-B 
application by 
examination of 

mandatory report 
payloads. 
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R3.109A 
R3.109B 

(§3.4.4.9.7) 

The Reporting ADS-B Position Reference 
Point Flag is a one-bit subfield within the 
CC subfield that a transmitting ADS-B 
participant shall set to ONE if the A/V 
position that it transmits (in messages to 
support the SV report) is the center of the 
largest rectangle that (a) contains the entire 
horizontal extent of the A/V, (b) has length 
and width equal to largest possible length 
and width for an aircraft with the same 
length and width codes as are being reported 
in MS reports for that A/V, (c) is oriented 
parallel to the current heading of the A/V.  
Otherwise, the transmitting ADS-B 
participant shall set this flag to ZERO. 

Complies 
§2.2.4.5.2.7.2   

R3.110A 
R3.110B 
R3.110C 

(§3.4.4.10.1) 

The CC code for “TCAS/ACAS Resolution 
Advisory Active” shall be set to ONE if the 
transmitting aircraft has a TCAS II or 
ACAS computer that is currently issuing a 
Resolution Advisory (RA).  Likewise, this 
CC code shall be set to ONE if the 
transmitting ADS-B equipment cannot 
ascertain whether the TCAS II or ACAS 
computer is currently issuing an RA.  This 
CC code shall be ZERO only if it is 
explicitly known that a TCAS II or ACAS 
computer is not currently issuing a 
Resolution Advisory (RA). 

Complies 
Table 2-49   

R3.111A 
R3.111B 
R3.111C 

(§3.4.4.10.2) 

Initially, the IDENT Switch Active” OM 
code shall be ZERO.  Upon activation of 
the IDENT switch, this flag shall be set to 
ONE for a period of 20 +/-3 seconds: 
thereafter, it shall be set to ZERO.  

Complies 
§2.2.4.5.4.13.2   

R3.112 
(§3.4.4.10.3) 

The “Receiving ATC Services” flag is a 
one-bit OM code.  When set to ONE, this 
code shall indicate that the transmitting 
ADS-B participant is receiving ATC 
services; otherwise this flag should be set to 
ZERO. 

Complies 
§2.2.4.5.4.13.3 

  

R3.113 
(§3.4.4.11) 

The NACP field in the MS report is a 4-bit 
field that shall be encoded as described in 
Table 2-3 in §2.1.2.13. 

Complies 
§2.2.4.5.4.9 

 
Table 2-45 

  

R3.114 
(§3.4.4.12) 

The NACV field in the MS report is a 3-bit 
field that shall be encoded as described in 
Table 2-4 in §2.1.2.14. 

Complies 
§2.2.4.5.4.10 
Table 2-46 

  

R3.115 
(§3.4.4.13) 

The SIL field in the MS report is a 2-bit 
field that shall be encoded as described in 
Table 2-5 in §2.1.2.15. 

Complies 
§2.2.4.5.4.6 
Table 2-44 

  

R3.116 
(§3.4.4.14) 

In this MASPS (DO-242A), the “Reserved 
for Barometric Altitude Quality” field shall 
be set to ZERO. 

Complies 
§2.2.4.5.4.8   
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R3.117A 
R3.117B 

(§3.4.4.15) 

A transmitting ADS-B participant shall set 
NICBARO to ONE in the message that it 
sends to support the MS report only if there 
is more than one source of barometric 
pressure altitude data and cross-checking of 
one altitude source against the other is 
performed so as to clear the “barometric 
altitude valid” flag in the SV report if the 
two altitude sources do not agree.  
Otherwise, it shall set this flag to ZERO.  

Complies 
§2.2.4.5.4 

 
Table 2-39 

 
§2.2.4.5.4.11 

  

R3.118 
(§3.4.4.16) 

The True/Magnetic Heading Flag in the 
Mode-Status report is a one-bit field that 
shall be ZERO to indicate that heading is 
reported referenced to true north, or ONE to 
indicate that heading is reported referenced 
to magnetic north. 

Complies 
§2.2.4.5.4.14   

R3.119 
(§3.4.4.17) 

The Primary Vertical Rate Type field in the 
MS report is a one-bit flag that shall be 
ZERO to indicate that the vertical rate in the 
SV report §3.4.3.16 holds the rate of change 
of barometric pressure altitude, or ONE to 
indicate that the vertical rate field holds the 
rate of change of the geometric altitude. 

Complies 
§2.2.4.5.2.7.1.1 

 
Table 2-31 

  

R3.120 
(§3.4.4.18) 

In the current version of this MASPS (DO-
242A), the “Reserved for Flight Mode 
Specific Data” field shall be ZERO. 

No current 
MASPS 

requirement 
  

R3.121 
(§3.4.6.3) 

The time of applicability relative to local 
system time shall be updated with every 
Air-Referenced Velocity report update. 

No current 
MASPS 

requirement 
  

R3.122 
(§3.4.6.4) 

Reported airspeed ranges shall be 0-4000 
knots airborne. 

No current 
MASPS 

requirement 
  

R3.123 
(§3.4.6.4) 

Airspeeds of 600 knots or less shall be 
reported with a resolution of 1 knot or finer. 

No current 
MASPS 

requirement 
  

R3.124 
(§3.4.6.4) 

Airspeeds between 600 and 4,000 knots 
shall be reported with a resolution of 4 
knots or finer. 

No current 
MASPS 

requirement 
  

R3.125 
(§3.4.6.5) 

The Airspeed Type and Validity field in the 
ARV report is a 2-bit field that shall be 
encoded as described in Table 3.4.7.5. 

No current 
MASPS 

requirement 
  

R3.126 
(§3.4.6.6) 

If an ADS-B participant broadcasts 
messages to support ARV reports, and 
heading is available to the transmitting 
ADS-B subsystem, then it shall provide 
heading in those messages. 

No current 
MASPS 

requirement 
  

R3.127 
(§3.4.6.6) 

Reported heading range shall cover a full 
circle from 0-(almost) 360 degrees. 

No current 
MASPS 

requirement 
  

R3.128 
(§3.4.6.6) 

The heading field in ARV reports shall be 
communicated and reported with a 
resolution at least as fine as 1 degree of arc. 

No current 
MASPS 

requirement 
  

R3.129 
(§3.4.6.7) 

The Heading Valid field in the ARV report 
shall be ONE if the “Heading While  
Airborne” field contains valid heading 
information or ZERO if that field does not 
contain valid heading information. 

No current 
MASPS 

requirement 
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R3.130 
(§3.4.7.1) 

An airborne ADS-B participant of equipage 
class A2 or A3 shall transmit messages to 
support the TS report when either of the 
following conditions are met. 
a. The flight director or autopilot is 
engaged in a vertical mode and a target 
altitude or an acceptable substitute for target 
altitude (§3.4.7.11) is available from the 
automation system; or 
b. The flight director or autopilot is 
engaged in a horizontal mode and a target 
heading or target track (§3.4.7.6) is 
available from the automation system. 

Complies 
§2.2.4.5.6   

R3.131 
(§3.4.7.2) 

The higher “state change” update interval 
requirements specif ied for TS Report 
information in §3.3.3.1.4 and Table 3-4 (d) 
shall be met whenever there is a change in 
the value of any of the following TS report 
fields: 
Horizontal Data Available and Horizontal 
Source Ind. §3.4.7.4 
Target Heading or Track Angle §3.4.7. 5 
Target Heading /Track Indicator §3.4.7.6 
Vertical Data available (§3.4.7.10) 
Target Altitude (§3.4.7.11). 

Complies 
Appendix K   

R3.132 
(§3.4.7.3) 

The time of applicability relative to local 
system time shall be updated with every 
Target State report update. 

Complies 
§2.2.5 

  

R3.133 
(§3.4.7.4) 

The Horizontal Data Available and 
Horizontal Target Source Indicator field 
shall be encoded as specified in Table 3-18. 

Complies 
Table 2-53 

  

R3.134 
(§3.4.7.4) 

In cases where the aircraft is operated in a 
horizontal FMS/RNAV mode and the 
FMS/RNAV target track angle is the same 
as the autopilot control panel selected track 
angle, the Horizontal Data Available and 
Horizontal Target Source Indicator shall be 
set to “FMS/RNAV system”. 

Complies 
Table 2-53   

R3.135 
(§3.4.7.5) 

Target heading or track angle shall be 
reported over the full range of all possible 
directions, 0 to almost 360, expressed as an 
angle measured clockwise from a reference 
direction. 

Complies 
§2.2.4.5.6.1.5 

 
Table 2-55 

  

R3.136 
(§3.4.7.5) 

Target heading or track angle shall be 
communicated and reported with a 
resolution at least as fine as one degree of 
arc. 

Complies 
§2.2.4.5.6.1.5 

 
Table 2-55 

  

R3.137 
(§3.4.7.6) 

This field shall be ZERO to indicate that it 
conveys target heading, or ONE to indicate 
that it conveys target track angle.  

Complies 
§2.2.4.5.6.1.1   

R3.138 
(§3.4.7.7) 

In the current version (DO242A) of this 
MASPS, the “Reserved for Heading /Track 
Capability” field shall be ZERO. 

Complies 
§2.2.4.5.6.1.4 

 
§2.2.4.5.4.5 

  

R3.139 
(§3.4.7.8) 

The Horizontal Mode Indicator shall be 
encoded as specified in Table 3-19. 

Complies 
§2.2.4.5.6.1.3 

Table 2-54 
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R3.140 
(§3.4.7.9) 

In the current version (DO-242A) of this 
MASPS, the “Reserved for Horizontal 
Conformance” field shall be ZERO. 

Complies 
§2.2.4.5.6.1.4 

 
2.2.4.5.4.5 

  

R3.141 
(§3.4.7.10) 

The Vertical Data Available and Vertical 
Target Source Indicator field shall be 
encoded as specified in Table 3-20. 

Complies 
§2.2.4.5.6.2.2 

 
Table 2-58 

  

R3.142 
(§3.4.7.10) 

In cases where the aircraft is operated in a 
vertical FMS/RNAV mode and the 
FMS/RNAV target altitude is the same as 
the autopilot control panel selected altitude, 
the Vertical Data Available and Vertical 
Target Source Indicator shall be set to 
“FMS/RNAV system”. 

Complies 
§2.2.4.5.6.2.2 

 
Table 2-58 

  

R3.143 
(§3.4.7.11) 

Target altitude shall be represented as the 
operational altitude recognized by the 
transmitting aircraft’s guidance system. 

Complies 
§2.2.4.5.6.2.5   

R3.144 
(§3.4.7.11) 

If a substitute value is provided, that value 
shall be consistent with the aircraft’s target 
altitude capability as listed in Table 3-22. 

Complies 
Table 2-60   

R3.145 
(§3.4.7.11) 

Target Altitude field shall be provided with 
a range from –1000 ft to +100,000 feet  

Complies 
Table 2-61   

R3.146 
(§3.4.7.11) 

Target Altitude field shall be communicated 
and reported with a resolution of 100 feet or 
finer. 

Complies 
Table 2-61   

R3.147 
(§3.4.7.12) 

The Target Altitude Type shall be encoded 
as specified in Table 3-21. 

Complies 
Table 2-57   

R3.148 
(§3.4.7.13) 

The Target Altitude capability field shall be 
encoded as specified in Table 3-22. 

Complies 
Table 2-60   

R3.149 
(§3.4.7.14) 

The Vertical Mode Indicator shall be 
encoded as specified in Table 3-23. 

Complies 
Table 2-59   

R3.150 
(§3.4.7.15) 

In ADS-B systems that conform to this 
MASPS (DO-242A), the “Reserved for 
Vertical Conformance” field shall be 
ZERO.  

Complies 
§2.2.4.5.6.1.4 

 
2.2.4.5.4.5 

  

R3.151 
(§3.4.8.1) 

Given that the above conditions are 
satisfied, and any TC+0 report previously 
generated is not currently valid, an A2 level 
system shall initiate broadcast of a TC+0 
report when the aircraft is within 4 minutes 
TTG to the trajectory change described in 
that TC+0 report, or as otherwise needed to 
meet the acquisition range requirements for 
A2 equipage as specified in Table 3-4(e).  

Complies 
Appendix K   
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R3.152 
(§3.4.8.1) 

Similarly, [i.e., given that the prerequisite 
conditions listed in R3.151 are met] an A3 
level system shall initiate broadcast of a 
TC+0 report when the aircraft is within 8 
minutes TTG to the trajectory change 
described in that report, or as otherwise 
needed to meet the acquisition range 
requirements for A3 equipage as specified 
in Table 3-4(e). 

The UAT System 
has been 

designed to 
support all 
preliminary 

requirements of 
DO-242A 

concerning the 
TC+0 Report, 

including 
meeting all 

report update rate 
requirements at 

all ranges 
specified as 

“desired. 

  

R3.153 
(§3.4.8.1) 

[F]or Fly-By turns, the TC latitude and 
longitude are for a point in the middle of the 
turn segment, and the active flight segment 
(turn maneuver) is not completed until the 
target track in the TC report, i.e. track-from 
value has been captured.  Normally, this 
condition is signaled by the Horizontal 
Mode Indicator.  If the TS report target 
track is not available, then a test should be 
performed on current state vector 
components to verify capture of the track-
from value as a condition for sequencing the 
turn maneuver.  In either event, the Fly-by 
turn shall be sequenced if more than 2 
minutes has elapsed since the time of Fly-by 
transition sequencing. 

See comment in 
R3.152.   

R3.154 
(§3.4.8.1) 

In the event that the active flight segment is 
sequenced, or a major change in intent is 
detected such that TC+0 report data is no 
longer valid, the aircraft broadcasting TC+0 
reports shall increment the TC report cycle 
number (modulo 4) for subsequent TC 
report broadcasts. 

See comment in 
R3.152.   

R3.155 
(§3.4.8.3) 

The time of applicability relative to local 
system time shall be updated with every TC 
report update. 

See comment in 
R3.152.   

R3.156 
(§3.4.8.4) 

The “TC Report Sequence Number” field in 
the TC report shall contain a value of 
ZERO for this version (DO-242A) of the 
MASPS. 

See comment in 
R3.152.   
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R3.157 
(§3.4.8.5) 

The TC Report Cycle Number shall 
increment when any of the following 
conditions are met: 
a. A change in TC estimated time of 

arrival (i.e. TOA + TTG) greater than 
30 seconds. 

b. A change in the horizontal Data 
Available and Horizontal TC type 
(§3.4.8.8) field 

c. A change in horizontal position greater 
than 2 NM from the position defined 
by TC Latitude and TC Longitude 
(§3.4.8.9) and (§3.4.8.10, 
respectively). 

d. A change in the Horizontal 
Command/Planned flag (§3.4.8.15) 
field 

e. A change in the Vertical Data 
Available and Vertical TC Type 
(§3.4.8.16) field. 

f. A change in TC Altitude (§3.4.8.17) –
if the Vertical TC Type (§3.4.8.16) is 
not Estimated Altitude-of more than 
100 feet; 

g. A change in the Vertical 
Command/Planned flag (§3.4.8.22) 

See comment in 
R3.152.   

R3.158 
(§3.4.8.5) 

The TC Report Cycle Number shall be a 
number in the range from 0 to 3 that is 
incremented (modulo 4) each time the 
numbering of TC reports changes. 

See comment in 
R3.152.   

R3.159 
(§3.4.8.6) 

For this version of the MASPS (DO-242A) 
the “Reserved for TC Report Management 
Indicator” field shall be given a value of 
ZERO. 

See comment in 
R3.152.   

R3.160  
(§3.4.8.7) 

The TTG field shall have a resolution of 4 
seconds or better. 

See comment in 
R3.152.   

R3.161A 
R3.161B 
(§3.4.8.7) 

The TTG field shall have a range from  
–120 seconds to +1200 seconds (20 
minutes) and shall have a means to indicate 
a TTG value of greater than 20 minutes 

See comment in 
R3.152.   

R3.162 
(§3.4.8.8) 

The Horizontal TC Type shall be encoded 
as specified in the first column of Table 3-
25. 

See comment in 
R3.152.   

R3.163 
(§3.4.8.8) 

For each Horizontal TC Type listed, the 
resolution of the TC report elements listed 
in the following columns shall be at least as 
fine as indicated in the table except that 
elements marked as “n/r” are not required to 
be reported in TC reports for that horizontal 
TC type 

See comment in 
R3.152.   

R3.164 
(§3.4.8.9) 

TC Latitude shall be reported as WGS-84 
latitude. 

See comment in 
R3.152.   

R3.165 
(§3.4.8.9) 

TC horizontal resolution shall be reported 
with the full range of possible latitudes (-90 
to +90). 

See comment in 
R3.152.   
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R3.166 
(§3.4.8.9) 

Resolution of TC latitude shall be 700 
meters or finer for the horizontal TC types 
shown in Table 3-25. 

See comment in 
R3.152.   

R3.167 
(§3.4.8.10) 

TC Longitude shall be reported as WGS-84 
longitude. 

See comment in 
R3.152.   

R3.168 
(§3.4.8.10) 

TC horizontal position shall be reported 
with the full range of possible longitudes 
(-180 to + 180). 

See comment in 
R3.152.   

R3.169 
(§3.4.8.10) 

Resolution of the TC longitude shall be 700 
meters or finer for the horizontal TC types 
shown in Table 3-25 

See comment in 
R3.152.   

R3.170A 
(§3.4.8.11) 

Turn radius in NM shall be reported if 
available as an input to the ADS-B transmit 
system for horizontal TC type 3 and 4 i.e. 
when the TC rep[ort describes a Fly-by turn. 

See comment in 
R3.152.   

R3.170B 
(§3.4.8.11) 

For horizontal TC type 5 (radius to a fix 
turns), turn radius in nautical miles shall be 
reported as a mandatory TC report element, 
i.e. if turn radius is unavailable, then the 
horizontal TC report data fields should be 
marked not valid.   

See comment in 
R3.152.   

R3.170C 
(§3.4.8.11) 

Resolution of turn radius shall be 700 
meters or finer when reported. 

See comment in 
R3.152.   

R3.171 
(§3.4.8.12) 

If the leg type is a Direct to Fix (DF) type 
then the bearing from the current position to 
the endpoin t TCP shall be used to represent 
track-to for the active flight segment, e.g. 
TC+0. 

See comment in 
R3.152.   

R3.172 
(§3.4.8.14) 

In ADS-B systems that conform to this 
MASPS (DO-242A), the “Reserved for 
Horizontal Conformance” field shall be 
ZERO. 

See comment in 
R3.152.   

R3.173 
(§3.4.8.15) 

The horizontal command/planned flag shall 
be set to “Planned” unless both of the 
following conditions are met: 
•It has been determined on the transmitting 
aircraft that the horizontal trajectory change 
is part of the command trajectory, as 
defined above. 
•It has been determined on the transmitting 
aircraft that it is broadcasting trajectory 
change information for each intended 
horizontal trajectory change between the 
current aircraft position and the 
corresponding TCP. 

Complies 
Table 2-53   

R3.174 
(§3.4.8.16) 

The Vertical TC Type shall be encoded as 
specified in the first column of Table 3-26. 

See comment in 
R3.152.   

R3.175 
(§3.4.8.17) 

The ADS-B system shall support TC 
altitudes in the range from -1,000 feet to 
+100,000 feet.  

See comment in 
R3.152.   

R3.176 
(§3.4.8.17) 

The resolution with which TC altitude is 
reported shall be 100 feet. 

See comment in 
R3.152.   

R3.177 
(§3.4.8.18) 

The TC Altitude Type shall be encoded as 
specified in Table 3-27. 

See comment in 
R3.152.   
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R3.178 
(§3.4.8.19) 

In ADS-B systems that conform to this 
MASPS (DO-242A), the “Reserved for 
Altitude Constraint Type” field shall be 
ZERO. 

See comment in 
R3.152.   

R3.179 
(§3.4.8.20) 

In ADS-B systems that conform to this 
MASPS (DO-242A), the “Reserved for 
Able/Unable Altitude Constraint” field shall 
be ZERO. 

See comment in 
R3.152.   

R3.180 
(§3.4.8.21) 

In ADS-B systems that conform to this 
MASPS (DO-242A), the “Reserved for 
Vertical Conformance” field shall be 
ZERO. 

See comment in 
R3.152.   

R3.181 
(§3.4.8.22) 

The vertical command/planned flag shall be 
set to “Planned” unless both of the 
following conditions are met:  
•It has been determined on the transmitting 
aircraft that the vertical trajectory change is 
part of the command trajectory, as defined 
above. 
•It has been determined on the transmitting 
aircraft that it is broadcasting trajectory 
change information for each intended 
vertical trajectory change between the 
current aircraft position and the 
corresponding TCP. 

Complies 
Table 2-58   

R3.182 
(§3.4.8.23.1) 

If the current TC+0 report is being updated 
or refreshed, the message generation 
function in the ADS-B transmitting 
subsystem shall do the following: 
(a). keep the value of the TC Report Cycle 
Number the same as in the messages 
previously sent to support TC+0 reports; 
(b). refresh the TOA and TTG fields in the 
messages being generated to support the 
TC+0 report; and 
(c). update all pertinent TC+0 report 
elements in those messages. 

See comment in 
R3.152.   

R3.183 
(§3.4.8.23.1) 

If a new TC+0 report is to be generated, 
then the message generation function in the 
ADS-B transmitting subsystem shall do the 
following:  
a. increment (modulo 4) the TC Report 
Cycle Number from the messages 
previously generated to support the previous 
TC+0 report; 
b. reinitia lize all TC+0 report elements; and 
c. generate messages to support the new 
TC+0 report. 

See comment in 
R3.152.   
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R3.184 
(§3.4.8.23.1) 

If the current TC+0 report is no longer valid 
and no subsequent TC+0 reports are to be 
generated, the message generation function 
in the ADS-B transmitting subsystem shall 
do the following: 
(a). increment (modulo 4) the TC Report 
Cycle Number from the messages 
previously generated to support the previous 
TC+0 report;  
(b). set the “Horizontal Data Available and 
Horizontal TC Type” and “Vertical Data 
Available and Vertical TC Type” fields in 
the newly generated messages to 0. 

See comment in 
R3.152.   

R3.185 
(§3.4.8.23.1) 

If the previous TC+0 report is considered 
invalid and no subsequent TC+0 reports are 
to be immediately issued, the message 
generation function in the ADS-B 
transmitting subsystem shall transmit 
messages supporting the current TC+0 
report for a time period of at least twice the 
required update interval for TC reports as 
specified in §3.3.3.1.4 that has the 
incremented TC Cycle Number and 
indicates “no horizontal or vertical data 
available”. 

See comment in 
R3.152.   

R3.186 
(§3.4.8.23.2) 

In this case the report assembly function in 
the ADS-B receiving subsystem shall 
refresh the TOA and TTG fields and update 
the report fields with the received data. 

See comment in 
R3.152.   

R3.187 
(§3.4.8.23.2) 

In this case the report assembly function in 
the ADS-B receiving subsystem shall clear 
the current TC+0 report by setting the 
“Horizontal Data Available and Horizontal 
TC Type” and “Vertical Data Available and 
Vertical TC Type” fields to 0. 

See comment in 
R3.152.   

R3.188 
(§3.5.1.1.3) 

The transmit subsystem shall interface with the 
onboard data entry mechanisms 
such as flight deck 
keyboards/selectors, encoded 
data sources, and logical 
discrete inputs to provide the 
subsystem with the following 
data: 

•participant address 
•emitter category 
•call sign 
•emergency/priority status 
•capability class codes 

Complies 
§3.6 

 
§3.6.1 

 
§3.6.2 

 
§3.6.3 

  



Attachment G  
 

DO-242A ADS-B MASPS Requirements  Compliance  
DO-242A 

Ref. # 
(Section #) 

Requirement Text 
UAT MOPS 

(DO-282) 
Section # 

VDL Mode 4 1090 Extended 
Squitter 

R3.189 
(§3.5.2.1.3) 

The transmit subsystem shall 
interface 
with the 
onboard 
data base 
or 
approved 
data entry 
mechanis
ms such as 
flight deck 
keyboards/
selectors, 
encoded 
data 
sources, 
and logical 
discrete 
inputs to 
provide 
the 
subsystem 
with the 
following 
data: 

• participant address 
• emitter category 
• emergency/priority status 
• capability class codes 

Complies 
§3.6 

 
§3.6.1 

 
§3.6.2 

 
§3.6.3 

  

    

 

Note: MG = Message Generation; ME = Message Exchange; ME(T) = Message 
Exchange (transmit); ME(R) = Message Exchange (receive); RG = Report 
Generation 

 

 
 

3.2 UAT System Performance and Compliance 
 
This section provides discussion of some of the aspects of the UAT system performance 
and design compliance with the corresponding ADS-B MASPS criteria specified in 
Section 3.1.  The table in Section 3.1 contains references to sections of the RTCA UAT 
MOPS (DO-282), where discussions and analysis of compliance with the MASPS 
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requirements appear.  However, Appendix A of this report contains much of the relevant 
system performance analysis which appears in much more detail in Appendix K of DO-
282. 
 
In brief, UAT system performance may be summarized as follows: 
 
• All RTCA ADS-B MASPS air-air update rate requirements and desired criteria are 

met for all aircraft equipage transmit-receive pairs for both state vector and intent 
update rates for all aircraft equipage types and at all ranges specified by the MASPS.  
(The graphs in Appendix A show that TCR+1, which is not required to be broadcast 
in DO-242A, can be supported at around one-half the received update rate of 
TCR+0.) 

• All known air-ground update rate requirements are met out to at least 150 NM, in the 
absence of a co-located TACAN emitter.  Under some circumstances, a sectorized 
antenna may be required.  In the presence of a co-located TACAN emitter, additional 
antenna isolation may be required. 

• UAT is compliant for all SV update applications at required and desired ranges with 
one exception:  the surface-to-surface 1.5 second (95%) update requirement is met for 
A3 transmitters for 2 to 3 NM (not 5 NM) in a multi-path environment, and A0, A1 
and A2 transmissions are received at 2 to 3 NM at 2 to 3 seconds (95%) in the same 
environment.  Additionally, the UAT System has been designed to support line-of-
sight air-ground performance in future high-density terminal air spaces at update rates 
specified by ATC authorities. 

• In the high-density scenario, track acquisition (defined as receipt of all state vector, 
intent, and mode status information broadcast by an ADS-B participant) is achieved 
for each class of aircraft equipage at ranges beyond what is necessary to perform 
flight applications currently envisioned for them. 

For additional information about the entries in the table in Section 3.1, please see the 
sections of DO-282 cited in the table. 
 

3.3 VDL Mode 4 System Performance and Compliance 
 

3.4 1090 ES System Performance and Compliance 
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4  Eurocontrol TLAT Criteria Additional to Those in DO-242A 
 

The additional criteria from Eurocontrol stem from European ADS requirements 
development that occurred subsequent to the adoption of the original ADS-B MASPS by 
RTCA (DO-242).  DO-242 could not be endorsed by EUROCAE because European ADS 
requirements were not sufficiently mature.  
 
Since the European ADS-B requirements are not yet finalised, the Eurocontrol criteria 
represent a snapshot of the ongoing discussions in Europe in relation to ADS-B 
requirements.  These criteria aim to assess the margin that the data links are able to 
provide to allow for the fulfilment of potential additional or differing ADS-B 
requirements, since the ADS-B system as currently envisaged may differ from the 
implemented system.  
 
The Eurocontrol criteria cover two air/ground surveillance scenarios expected to be 
implemented in Europe. The first scenario is the overlay of monopulse Secondary 
Surveillance Radar with ADS-B, where the latter serves as gap filler and also supplies 
trajectory intent information.  This first scenario is applicable to airspace of medium and 
low-density traffic.  The second scenario is the overlay of Mode S Enhanced Surveillance 
services with ADS-B, where ADS-B provides state vector and trajectory intent 
information as well as serves as a gap filler for enhanced surveillance.  This second 
scenario is applicable to airspace of high-density traffic (e.g., Core Europe).  
 
In addition, the Eurocontrol criteria extend the requirements for long-range deconfliction 
applications. These extended requirements are applicable to all European free flight 
airspaces (including Core Europe). 
 
These additional Eurocontrol criteria provide air/ground scenarios (not in the ADS-B 
MASPS) for consideration. In addition, these criteria dictate an extended range 
requirement for the air/air case and the provision of two additional (four in total) 
Trajectory Change Points (TCP) for both the air/ground case and the air/air case.  
Detailed information on the criteria is provided in Appendix G of the TLAT report. 
 
Section 4.1 contains a summary of the requirements and references to the sections of this 
report which discuss the results of analysis of the system performance and compliance 
with the criteria set forth by Eurocontrol.  Section 4.2-4.4 present summary discussions of 
compliance of the UAT, VDL Mode 4, and 1090 ES systems with the additional 
Eurocontrol requirements. 
 

4.1 Additional Eurocontrol ADS-B Requirements and References 
 

 UAT VDL Mode 4 1090 Extended 
Squitter 

Air-Air Extension to 
150 NM 

Meets 120-125 NM 
See Section 4.2.1 

  

Air-Ground to 150 
NM 

Complies 
See Section 4.2.2 
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Transmission of 
Four TCPs 

Supports 2 TCPs 
See Section 4.2.3 

  

 
 

4.2 UAT System Performance and Compliance 
 

This section provides discussion of the UAT system performance and design compliance with 
the additional Eurocontrol criteria specified in section 2.1.  Each of the criteria and UAT 
performance are discussed in a separate sub-section. 

 
 
4.2.1 Air-Air Extension to 150 NM 
 

As previously discussed in Section 2.2.1, based on the analysis of the performance of 
UAT in the high-density scenario, and as shown in Appendix A, the air-air extension to 
150 NM is not achieved.  In the worst-case interference environment analyzed, maximum 
air-air range for high-altitude aircraft is around 125 NM.  Ranges beyond 120 NM in 
high-density airspace might best be in the province of an addressed two-way data link, as 
opposed to a broadcast system.   

 
4.2.2 Air-Ground to 150 NM 

 
As previously discussed in Section 2.2.1, based on the analysis of the performance of 
UAT in the high-density scenario, and as shown in Appendix A, the air-ground update 
rate requirement to 150 NM is achieved.  In the worst-case interference environment 
analyzed, air-ground ranges for all aircraft categories are beyond 150 NM. 

 
4.2.3 Transmission of Four TCPs 
 

The RTCA UAT MOPS (DO-282) do not provide for the transmission of more than two 
TCPs.  However, there are more than 20 spare payload type codes that are unused in the 
current MOPS definition of the system.  These message types could be defined to provide 
increased intent information; however, the UAT epoch, as defined in DO-282, would 
need to be revised to accommodate transmission of these message types. 
 

4.3 VDL Mode 4 System Performance and Compliance 
 

4.4 1090 ES System Performance and Compliance 
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Appendix A: UAT System Performance Results 
 

The figures in this appendix illustrate the system performance of the UAT in both the 
high-density and low-density scenarios.  Figures A-1 through A-33 show performance in 
the heavy interference high-density scenario.  The ADS-B MASPS specify the maximum 
ranges for air-air update rates required for A0 to 10 NM, A1 to 20 NM, A2 to 40 NM, 
and A3 to 90 NM (120 NM desired), while the Eurocontrol criteria continue to 150 NM 
for A3.  The RTCA ADS-B MASPS requirements for state vector, TSR, and TCR+0 
updates are shown as black dotted lines on the plots.  The Eurocontrol extension to 150 
NM is applied to the state vector, and Eurocontrol TCR requirements are shown as black 
dashed lines.  Although results for TCR+1 transmissions are shown, there are currently 
no ADS-B MASPS requirements that have been set for TCR+1 reception.  Performance 
in compliance with requirements is indicated by results that are below the dotted and 
dashed lines.  
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Figure A-1: A3 Receiver in High-Density at High Altitude Receiving A3 Transmitters 
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Figure A-2: A3 Receiver in High-Density at High Altitude Receiving A2 Transmitters 
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Figure A-3: A3 Receiver in High-Density at High Altitude Receiving A1H Transmitters 
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Figure A-4: A3 Receiver in High-Density at FL 150 Receiving A3 Transmitters 
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Figure A-5: A3 Receiver in High-Density at FL 150 Receiving A2 Transmitters 
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Figure A-6: A3 Receiver in High-Density at FL 150 Receiving A1H Transmitters 
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Figure A-7: A3 Receiver in High-Density at FL 150 Receiving A1Land A0 Transmitters 
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Figure A-8: A2 Receiver in High-Density at High Altitude Receiving A3 Transmitters 
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Figure A-9: A2 Receiver in High-Density at High Altitude Receiving A2 Transmitters 

 



Attachment G  
 

0 5 10 15 20
0

5

10

15

20

25

30

U
pd

at
e 

Ti
m

e 
(s

ec
)

Range (NM)

State Vector

A1H

A1H tx
MASPS Requirement

0 5 10 15 20
0

10

20

30

U
pd

at
e 

Ti
m

e 
(s

ec
)

Range (NM)

TSR

A1H

A1H tx
Eurocontrol Requirements
MASPS Required

 
Figure A-10: A2 Receiver in High-Density at High Altitude Receiving A1H Transmitters 
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Figure A-11 : A2 Receiver in High-Density at FL 150 Receiving A3 Transmissions 

 



Attachment G  
 

0 5 10 15 20 25 30 35 40
0

5

10

15

20

25

30

U
pd

at
e 

Ti
m

e 
(s

ec
)

Range (NM)

State Vector

A2

A2 tx
MASPS Requirement

0 5 10 15 20 25 30 35 40
0

10

20

30

U
pd

at
e 

Ti
m

e 
(s

ec
)

Range (NM)

TCR+0/TSR

A2

A2 tx
Eurocontrol Requirement
MASPS Required

 
Figure A-12: A2 Receiver in High-Density at FL 150 Receiving A2 Transmissions 
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Figure A-13: A2 Receiver in High-Density at FL 150 Receiving A1H Transmissions 
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Figure A-14: A2 Receiver in High-Density at FL 150 Receiving A1L and A0 Transmissions 
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Figure A-15: A1H Receiver in High-Density at High Altitude Receiving A3 Transmissions 
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Figure A-16: A1H Receiver in High-Density at High Altitude Receiving A2 Transmissions 
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Figure A-17: A1H Receiver in High-Density at High Altitude Receiving A1H Transmissions 
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Figure A-18: A1 Receiver in High-Density at FL 150 Receiving A3 Transmissions 
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Figure A-19: A1 Receiver in High-Density at FL 150 Receiving A2 Transmissions 
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Figure A-20: A1 Receiver in High-Density at FL 150 Receiving A1H Transmissions 
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Figure A-21: A1 Receiver in High-Density at FL 150 Receiving A1L and A0 Transmissions 
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Figure A-22: A0 Receiver in High-Density at FL 150 Receiving A3 Transmissions 
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Figure A-23: A0 Receiver in High-Density at FL 150 Receiving A2 Transmissions 
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Figure A-24: A0 Receiver in High-Density at FL 150 Receiving A1H Transmissions 
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Figure 
A-25: A0 Receiver in High-Density at FL 150 Receiving A1L and A0 Transmissions 
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Figure A-26: Ground Receiver in High-Density with 3-Sector Antenna in Brussels Receiving A3 

Transmissions 
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Figure A-27: Ground Receiver in High-Density with 3-Sector Antenna in Brussels Receiving A2 

Transmissions 
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Figure A-28: Ground Receiver in High-Density with 3-Sector Antenna in Brussels Receiving A1H 

Transmissions 
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Figure A-29: Ground Receiver in High-Density with 3-Sector Antenna in Brussels Receiving A1L 

and A0 Transmissions 
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Figure A-30: Ground Receiver in CE2015 with 3-Sector Antenna at Center of Scenario, co-located 

with a 979 MHz TACAN delivering –50 dBm power to antenna, Receiving A3 
Transmissions
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Figure 
A-31: Ground Receiver in CE2015 with 3-Sector Antenna at Center of Scenario, co-located with a 

979 MHz TACAN delivering –50 dBm power to antenna, Receiving A2 Transmissions 
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Figure A-32: Ground Receiver in CE2015 with 3-Sector Antenna at Center of Scenario, co-located 
with a 979 MHz TACAN delivering –50 dBm power to antenna, Receiving A1H Transmissions 
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Figure A-33: Ground Receiver in CE2015 with 3-Sector Antenna at Center of Scenario, co-located 

with a 979 MHz TACAN delivering –50 dBm power to antenna, Receiving A1L and A0 
Transmissions 
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Aircraft track acquisition was examined in terms of the distance at which aircraft were 
acquired in a head-on high-speed scenario.  For this analysis, many instances of two 
approaching aircraft were placed in the midst of the high-density air traffic scenario, and 
the acquisition range was calculated for each encounter.  The 99th percentiles are 
presented below for transmit-receive pairs.  This represents the range where 99% of the 
aircraft are expected to perform at least as well 99% of the time. 

 

Table A-1: 99th Percentile Acquisition Ranges (in NM) for UAT Transmit/Receive Pairs 

 
Aircraft acquisition was defined differently for each equipage class.  For A0/A1L 
transmitters, acquisition was defined to be simply the reception of a state vector update.  
For A1H category aircraft, it was defined to require the reception of not only a state 
vector (SV), but also a Target Status Report (TSR) and a Mode Status (MS) message as 
well.  A2 acquisition required a SV, TSR, MS, and a Trajectory Change Report (TCR0).  
Finally, acquiring an A3 meant getting SV, TSR, MS, TCR0, and TCR1.  The MAUS 
was used with probe aircraft in order to get a large enough statistical sample to determine 
the 99th percentile.  The results in Table A-1 show that acquisition is achieved for each 
class of aircraft equipage at ranges beyond what is necessary to perform flight 
applications currently envisioned for them. 

 
Figures A-34 and A-35 show UAT system performance in the low-density scenario. The 
ADS-B MASPS specify the maximum ranges for air-air update rates required for A3 to 
90 NM (120 NM desired), while the Eurocontrol criteria continue to 150 NM.  The 
RTCA ADS-B MASPS requirements for state vector, TSR, and TCR+0 updates are 
shown as black dotted lines on the plots.  The Eurocontrol extension to 150 NM is 
applied to the state vector, and Eurocontrol TCR requirements are shown as black dashed 
lines.  Although results for TCR+1 transmissions are shown, there are currently no ADS-
B MASPS requirements that have been set for TCR+1 reception.  Performance in 
compliance with requirements is indicated by results that are below the dotted and dashed 
lines.  
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Figure A-34: A3 Receiver at High Altitude in Center of Low Density Scenario Receiving A3 
Transmissions 
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Figure A-35: Receptions of A3 Transmissions by a Standard Ground Receiver at the Center of Low 
Density Scenario co-located with a TACAN at 979 MHz with –30 dBm Power at the UAT Antenna 
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Appendix B: VDL Mode 4 System Performance Results 
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Appendix C: 1090 Extended Squitter System Performance Results 
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 CHAPTER 12. UNIVERSAL ACCESS TRANSCEIVER (UAT) 
DEFINITIONS AND SYSTEM CAPABILITIES 

Definitions 

UAT: UAT is a multi-purpose datalink intended to operate globally on a single 
channel, with a channel signaling rate of  1.041667 Mbps.   
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UAT ADS-B Message: ADS-B messages are broadcast by each aircraft once per 
second to convey state vector and other information.  ADS-B messages can be in one 
of two forms depending on the amount of information to be transmitted in a given 
second: the Basic ADS-B message or the Long ADS-B message (see Section 12.4.4.1 
for definition of each).   

Note: The format of ADS-B messages are specific to each individual ADS-B data 
link system 

UAT Ground Uplink Message: The Ground Uplink message is used by ground 
stations to uplink flight information such as text and graphical weather data, 
advisories, and other aeronautical information, to any aircraft that may be in the 
service volume of the ground uplink station message (see Section 12.4.4.2 for further 
details).   

Standard Receiver: This receiver is applicable to equipment intended to support all 
applications except long range air-air ADS-B applications in future high density 
environments with DMEs on [979] MHz. 

High Performance Receiver:  A UAT receiver with additional filter selectivity to 
aid in the rejection of adjacent channel DME interference.  This is applicable only to 
equipment intended to support long range air-air ADS-B applications in future high 
density environments with DMEs on [979] MHz. 

Optimum Sampling Point: The optimum sampling point of a received UAT bit 
stream is at the nominal center of each bit period, when the frequency offset is either 
plus or minus 312.5 kHz. 

UAT system characteristics 

1 Transmission frequency 
The transmission frequency shall be [978] MHz 

2  Frequency stability 
The radio frequency of the UAT equipment shall not vary more than +/- 0.002% (20 
ppm) from the assigned frequency. 

3 Transmit mask 
The spectrum of a UAT message transmission modulated with pseudo-random payload 
data shall fall within the limits specified in Table 1 when measured in a 100 kHz 
bandwidth. 

Note: Figure 1 is a graphical representation of Table 1 

Table 1: UAT Transmit Spectrum 



Attachment H  
 

Frequency Offset From Center Required Attenuation from Maximum (dB) 
All frequencies in the range 0 – 0.5 MHz 0 
All frequencies in the range 0.5 – 1.0 MHz Based on linear* interpolation between these points 
1.0 MHz 18 
All frequencies in the range 1.0 – 2.25 MHz Based on linear* interpolation between these points 
2.25 MHz  50 
All frequencies in the range 2.25 – 3.25 MHz Based on linear* interpolation between these points 
3.25 60 
 * based on amplitude in dB and a linear frequency scale 

UAT Spectral Mask
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Figure 1: UAT Transmit Spectrum 

Note:  This requirement extends to 250% of the “necessary bandwidth,” where 
the necessary bandwidth has been determined to be 1.3 MHz. 

4 Unwanted emissions  
[consider deleting this para] 

 

5 Polarization 
The design polarization of emissions shall be vertical. 

SYSTEM CHARACTERISTICS OF THE GROUND INSTALLATION 

Ground station transmitting function 

6 Power 

Recommendation:—The effective radiated power should be such as to provide a 
field strength of at least 280 microvolts per metre (minus 97 dBW/m2) within the 
defined operational coverage of the facility on the basis of free-space 
propagation.   
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Note: This is determined on the basis of delivering a  -91 dBm (corresponds to 
200 microvolts per metre) signal level at the antenna end of the cable connecting 
the antenna to the equipment (assuming an omnidirectional antenna) The 3 dB 
difference between 280 uV/m and 200 uV/m provides margin for excess path 
loss over free space propagation. 

SYSTEM CHARACTERISTICS OF THE AIRCRAFT INSTALLATION 

Transmitting function 

7 Power 
The effective radiated power shall be such as to provide a field strength of at least 225 
microvolts per metre (minus 99 dBW/m2) on the basis of free-space propagation, at 
ranges and altitudes appropriate to the operational conditions pertaining to the areas 
over which the aircraft is operated. 

Note: This is determined on the basis of delivering a  -93 dBm (corresponds to 
160 microvolts per metre) signal level at the antenna end of the cable connecting 
the antenna to the equipment(assuming an omnidirectional antenna ).  The 3 dB 
difference between 225 uV/m and 160 uV/m provides margin for excess path 
loss over free-space propagation. 

Note: Various aircraft installations may have different air-air range requirements 
depending on the intended ADS-B function of the UAT equipment.  Therefore 
different installations will operate at different power levels. 

Receiving function 

8 Receiver sensitivity 

8.1 Long ADS-B message as desired signal 
A desired signal level of –93 dBm applied at the antenna end of the cable connecting 
the antenna to the equipment (after antenna gain and before cable loss) shall produce a 
rate of Successful Message Reception of 90% or better under the following 
simultaneous conditions: 

a. The desired signal is subject to the maximum permitted signal frequency offset plus 
air-to-air Doppler at +/- 1200 knots. 

b. The desired signal is subject to the maximum modulation distortion allowed in 
Section 12.4.2  

Note:  

1. The receiver criteria for Successful Message Reception of ADS-B messages is 
provided in the [UAT Manual Section XXX] 

2. This also ensures that the Basic ADS-B Message will be received at the same desired 
signal level. 
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8.2 Ground Uplink message as desired signal 
A desired signal level of –91 dBm applied at the antenna end of the cable connecting 
the antenna to the equipment(after antenna gain and before cable loss) shall produce a 
rate of Successful Message Reception of 90% or better under the following 
simultaneous conditions: 

a. The desired signal is subject to the maximum permitted signal frequency offset plus 
ground-to-air Doppler at +/- 850 knots. 

b. The desired signal is subject to the maximum modulation distortion allowed in 
Section 12.4.3. 

Notes:   

1. The receiver criteria for Successful Message Reception of Ground Uplink messages 
is provided in the [UAT Manual Section XXX] 

2. This requirement ensures the bit rate accuracy supporting demodulation in the UAT 
equipment is adequate to properly receive the longer Ground Uplink Message 
(assuming that the bit rate accuracy of the ground transmitter is approximately 2 
PPM). 

9 Receiver selectivity 

a. Standard receivers shall meet the selectivity characteristics given in Table 2 below: 

Table 2: Selectivity Rejection Ratios (Standard Receiver) 

Frequency Offset 
from Center 

Minimum Rejection Ratio 
(Undesired/Desired level in dB) 

-1.0 MHz 10 

+1.0 MHz 18 

(+/-) 2.0 MHz 50 

(+/-) 10.0 MHz 60 

[potential note here on reason for the asymmetry at +/- 1 MHz] 

b. High performance receivers shall meet the more stringent selectivity characteristics 
given in Table 3 below: 

Table 3: Selectivity Rejection Ratios (High Performance Receiver) 
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Frequency Offset 
from Center 

Minimum Rejection Ratio 
(Undesired/Desired level in dB) 

-1.0 MHz 30 

+1.0 MHz 40 

(+/-) 2.0 MHz 50 

(+/-) 10.0 MHz 60 

[potential note here on reason for the asymmetry at +/- 1 MHz] 

Notes:  

1. The undesired signal used is an unmodulated carrier applied at the frequency offset. 

2. This requirement establishes the receiver’s rejection of off channel energy. 

3. There are no defined DME channels below 17X (978 MHz) in ICAO Annex 10 

10 Receiver tolerance to pulsed interference 
a. For standard and high performance receivers the following requirements shall 

apply: 

1. The receiver shall be capable of achieving 99% reception probability of Long ADS-B 
Messages when the desired signal level is between –90 dBm and –10 dBm when 
subjected to DME interference under the following conditions:  DME pulse pairs at a 
nominal rate of 3,600 pulse pairs per second at either 12 or 30 microseconds pulse 
spacing at a level of –30 dBm for any 1 MHz channel frequency between 980 MHz 
and 1215 MHz inclusive. 

2. Following a 21 microsecond pulse at a level of 0 dBm and at a frequency of 1090 
MHz, the receiver shall return to within 3 dB of normal sensitivity level within 12 
microseconds. 

b. For the standard receiver the following requirements shall apply: 

1. The receiver shall be capable of achieving 90% reception probability of Long 
ADS-B Messages when the desired signal level is between –87 dBm and –10 
dBm when subjected to DME interference under the following conditions:  DME 
pulse pairs at a nominal rate of 3,600 pulse pairs per second at a 12 microseconds 
pulse spacing at a level of –56 dBm and a frequency of 979 MHz. 

 
2. The receiver shall be capable of achieving 90% reception probability of Long 

ADS-B Messages when the desired signal level is between –87 dBm and –10 
dBm when subjected to DME interference under the following conditions:  DME 
pulse pairs at a nominal rate of 3,600 pulse pairs per second at a 12 microseconds 
pulse spacing at a level of –70 dBm and a frequency of 978 MHz. 
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c. For the high performance receiver the following requirements shall apply: 

1. The receiver shall be capable of achieving 90% reception probability of Long 
ADS-B Messages when the desired signal level is between –87 dBm and –10 
dBm when subjected to DME interference under the following conditions:  DME 
pulse pairs at a nominal rate of 3,600 pulse pairs per second at a 12 microseconds 
pulse spacing at a level of –43 dBm and a frequency of 979 MHz. 

 
2. The receiver shall be capable of achieving 90% reception probability of Long 

ADS-B Messages when the desired signal level is between –87 dBm and –10 
dBm when subjected to DME interference under the following conditions:  DME 
pulse pairs at a nominal rate of 3,600 pulse pairs per second at a 12 microseconds 
pulse spacing at a level of –79 dBm and a frequency of 978 MHz. 

 
PHYSICAL LAYER CHARACTERISTICS 

Modulation Rate 
The modulation rate shall be 1.041667 Mbps. 

Note: The tolerance on the modulation rate is included in the requirement on 
modulation distortion (Section 12.4.2) 

Modulation type 
a. Data shall be modulated onto the carrier using binary Continuous Phase 

Frequency Shift Keying.  The modulation index, h, shall be 0.6;  

Note: This requirement implies that if the data rate is Rb, then the nominal 
frequency separation between “mark” (binary 1) and “space” (binary 0) is ∆f = h • 
Rb.   

b. A binary 1 shall be indicated by a shift up in frequency from the nominal 
carrier frequency of ∆f/2 (+312.5 kHz) and a binary 0 by a shift of -∆f/2 (-
312.5 kHz).   

Notes:   

1. The frequency deviations in b) above apply at the optimum sampling points for the bit 
interval. 

2. Filtration of the transmitted signal (at base band and/or after frequency modulation), 
will be required to meet the spectral containment requirement of Section 12.1.2.3.  
This filtration may cause the deviation to exceed these values at points other than the 
optimum sampling points. 

3. Due to filtering of the transmitted signal, the received frequency offset varies 
continuously between the nominal values of ±312.5 kHz (and beyond), and the 
optimal sampling point may not be easily identified.  This point can be defined in 
terms of the so-called “eye diagram” of the received signal.  The eye diagram is a 
superposition of samples of the post-detection waveform shifted by multiples of the 
bit period (0.96 microseconds).  The optimum sampling point is the point during the 
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bit period at which the opening of the eye diagram (i.e., the minimum separation 
between positive and negative frequency offsets at very high signal-to-noise ratios) is 
maximized. 

Modulation distortion 

a. For airborne transmitters, the minimum opening of the eye diagram of the transmitted 
signal (measured at the optimum sampling points) shall be no less than 560 kHz 
when measured over an entire Long ADS-B message containing pseudorandom 
payload data. 

b. For ground transmitters, the minimum opening of the eye diagram of the transmitted 
signal (measured at the optimum sampling points) shall be no less than 560 kHz 
when measured over an entire Ground Uplink message containing pseudorandom 
payload data. 

Notes:  

1. Section 12.4.4 defines the UAT message types. 

2. The eye diagram is a superposition of samples of the post-detection waveform shifted 
by multiples of the bit period (0.96 microseconds). 

Broadcast message characteristics 
The UAT system shall support two different message types: the ADS-B message and 
the Ground Uplink message 

11 ADS-B message 
The ADS-B message shall contain the following elements: 

• transmitter stabilization,  

• bit synchronization,  

• payload,  

• FEC parity, and  

• transmitter decay  

11.1 Transmitter stabilization 
The first element of the ADS-B message is the transmitter power stabilization, which 
shall have a duration of 8 symbol periods.  The transmitter power level shall be not 
greater than 20 dB below the steady state power level at the end of the fourth symbol 
period and shall be within 2 dB of the steady state power level at the end of the 
transmitter power stabilization period. 

11.2 Bit Synchronization 
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The second element of the ADS-B message shall be a 36-bit synchronization sequence.  
For the ADS-B Messages the sequence shall be: 

111010101100110111011010010011100010 
with the left-most bit transmitted first. 

11.3 Payload 
The third element of the ADS-B message shall be the payload.  There shall be two 
lengths of ADS-B payload supported.  The Basic ADS-B message shall have a 144 bit 
payload and the Long ADS-B message shall have a 272 bit payload.   

Note: The format, encoding and transmission order of the payload message 
element is providedd in [UAT Manual Section XXX]  

11.4 FEC parity 
The fourth element of the ADS-B message shall be the FEC parity. 

11.4.1 Code type 
The FEC Parity generation shall be based on a systematic Reed-Solomon (RS) 256-ary 
code with 8-bit code word symbols.  FEC Parity generation shall be per the following 
code: 

a. Basic ADS-B Message :  Parity shall be a RS (30, 18) code. 

Note:  This results in 12 bytes (code symbols) of parity capable of correcting up 
to 6 symbol errors per block. 

b. Long ADS-B Message : Parity shall be a RS (48, 34) code. 

Note:  This results in 14 bytes (code symbols) of parity capable of correcting up 
to 7 symbol errors per block. 

For either message length the primitive polynomial of the code shall be as follows: 

 
1)( 278 ++++= xxxxxp . 

 
The generator polynomial shall be as follows: 

 

)(
120

∏
=

−
P

i

ix α  

 
where  

P = 131 for RS (30,18) code, 
P = 133 for RS(48,34) code, and 
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α  is a primitive element of a Galois field of size 256 (i.e., GF(256)). 

11.4.2 Transmission order of FEC parity 
FEC Parity bytes shall be ordered most significant to least significant in terms of the 
polynomial coefficients they represent.  The ordering of bits within each byte shall be 
most significant to least significant.  FEC Parity bytes shall follow the message 
payload. 

11.5 Transmitter decay 
The last element of the ADS-B message is the transmitter power decay, which shall 
have a duration of 8 symbol periods.  The transmitter power level shall be down at least 
20 dB within 4 symbol periods and no greater than –80 dBm at the end of the 
transmitter decay period. 

Note: See UAT Manual Section XXX for details. 

12 Ground Uplink message  
The Ground Uplink message shall contain the following elements: 

• transmitter stabilization,  

• bit synchronization,  

• interleaved payload and FEC parity, and  

• transmitter decay 

12.1 Transmitter stabilization 
The first element of the Ground Uplink message is the transmitter power stabilization, 
which shall have a duration of 8 symbol periods.  The transmitter power level shall not 
be greater than 20 dB below the steady state power level at the end of the fourth symbol 
period and shall be within 2 dB of the steady state power level at the end of the 
transmitter power stabilization period. 

12.2 Bit synchronization 
The second element of the Ground Uplink message shall be a 36-bit synchronization 
sequence.  For the Ground Uplink message the sequence shall be: 

000101010011001000100101101100011101 
with the left-most bit transmitted first. 

12.3 Interleaved payload and FEC parity 

12.3.1 Payload (before interleaving and after de-interleaving) 
The Ground Uplink message shall have a 3456 bit payload.  These bits are divided into 
6 groups of 576 bits.  FEC is applied to each group as described in Section 12.4.4.2.3.2.  
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Further details on the format, encoding and transmission order of the Ground Uplink 
message payload is provided in [UAT Manual Section XXX] 

12.3.2 FEC Parity (before interleaving and after de-interleaving) 

12.3.2.1 Code type  

 

The FEC Parity generation shall bebased on a systematic RS 256-ary code with 8 bit 
code word symbols.  FEC Parity generation for each of the six blocks shall be a RS 
(92,72) code. 

Notes:  

1. Section 12.4.4.2.3.3 provides details on the interleaving procedure 

2. This results in 20 bytes (symbols) of parity capable of correcting up to 10 symbol 
errors per block.  The additional use of interleaving for the Ground Uplink Message 
allows additional robustness against  burst errors. 

The primitive polynomial of the code is as follows: 

 
1)( 278 ++++= xxxxxp . 

 
The generator polynomial is as follows: 
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where  

P = 139, and 
α  is a primit ive element of a Galois field of size 256 (i.e., GF(256)). 

12.3.2.2 Transmission order of FEC parity 

FEC Parity bytes are ordered most significant to least significant in terms of the 
polynomial coefficients they represent.  The ordering of bits within each byte will be 
most significant to least significant.  FEC Parity bytes will follow the message payload. 

12.3.3 Interleaving procedure 
Ground Uplink Messages shall be interleaved and transmitted by the Ground Station, as 
listed below: 

a. Interleaving Procedure: The interleavedPayload and FEC Parity” consists of 6 
interleaved Reed-Solomon blocks.  The interleaver is represented by a 6 by 92 
matrix, where each entry is a RS 8-bit symbol.  Each row comprises a single RS 
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(92,72) block as shown in Table 3.  In Table 3, Block numbers prior to interleaving 
are represented as “A” through “F.”  The information is ordered for transmission 
column by column, starting at the upper left corner of the matrix. 

Table 3: Ground Uplink Interleaver Matrix 

RS 
Block 

Payload Byte # 
 

FEC Parity  
(Block /Byte #) 

A 1 2 3 … 71 72 A/1 … A/19 A/20 
B 73 74 75 … 143 144 B/1 … B/19 B/20 
C 145 146 147 … 215 216 C/1 … C/19 C/20 
D 217 218 219 … 287 288 D/1 … D/19 D/20 
E 289 290 291 … 359 360 E/1 … E/19 E/20 
F 361 362 363 … 431 432 F/1 … F/19 F/20 

 
 

Note:  In Table 3, Payload Byte #1 through #72 are the 72 bytes (8 bits each) of 
payload information carried in the first RS (92,72) block.  FEC Parity A/1 through 
A/20 are the 20 bytes of FEC parity associated with that block (A).   

b. Transmission Order:  The bytes are then transmitted in the following order: 

 1,73,145,217,289,361,2,74,146,218,290,362,3,. . .,C/20,D/20,E/20,F/20. 

Note:  On reception these bytes must be de-interleaved so that the RS blocks 
can be reassembled prior to error correction decoding. 

12.4 Transmitter decay 
The last segment of the Ground Uplink message is the transmitter power decay, which 
shall have a duration of 8 symbol periods.  The transmitter power level shall be down at 
least 20 dB within 4 symbol periods and no greater than –80 dBm at the end of the 
transmitter decay period. 

Note: See UAT Manual Section XXX for details. 

Version 1.0 of the Draft RF SARPs
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DRAFT Version 1.0 
October 21, 2002 

 
REQUIREMENTS AND DESIRABLE FEATURES FOR THE 

UNIVERSAL ACCESS TRANSCEIVER (UAT) SYSTEM 
 
 

1. Introduction 
 
This document is divided into the following subsections: 
 
1. General characteristics and functional capabilities of the UAT that are considered essential.  
2. UAT support of the ADS-B function for both air-to-air and air-to-ground applications. 
3. UAT support of Ground Uplink Services related to Surveillance and Situational Awareness. 
 
 
2. General UAT Characteristics and Functional Capabilities 
 
2.1 No degradation of safety 
 
A fundamental requirement is that any new system shall not cause a degradation in safety when 
introduced; however, there is an overall objective to improve safety. 
 
2.2 System Capacity 
 
UAT capacity must be sufficient to support its intended functions in future high density air traffic 
environments with realistic self-interference/interference environments.  UAT should support a capability 
with sufficient growth potential to support new ADS-B and situational awareness applications as they are 
understood. 
 
2.3 Low Cost of Airborne Equipment  
 
The system design shall seek to minimize complexity and costs for the installed airborne system to the 
minimum level practical compared to present/alternative avionics costs.  It is desirable that sharing of 
existing aircraft transponder antennas be facilitated whenever possible. 
 
2.4 Ground Infrastructure 
 
The ground infrastructure required for UAT shall be implementable on an incremental capacity/capability 
basis, with an acceptable cost and complexity. 
 
2.5 Human/machine interface 
 
The UAT system design shall exhibit a simple human/machine interface for, e.g.,  aircrew inputs and for 
ensuring that error inducing mechanisms are not introduced. 
 
2.6 Minimization of Workload 
 
Where possible, UAT functions shall be automated to reduce pilot workload. 
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2.7 Aircraft Speed 
 
2.7.1 Air-Ground Operation 
 
The UAT shall support air -ground communication for aircraft with any speed of up to 850 knots.  
 
2.7.2 Air-to-Air Operation 
 
The UAT shall serve air-to-air communication for aircraft with any relative air-to-air speed of up to 1200 
knots. 
 
2.8 UAT Range/Coverage 
 
UAT air-to-ground communication for ADS-B shall be supported up to line of sight limitations (or at 
least 150 nm) from a single ground station in future high density environments (e.g., at least Core Europe 
2015 and Los Angeles 2020).  UAT air-to-air range shall be sufficient to support intended ADS-B and 
situational awareness applications, including future high density environments. 
 
2.9 Radio Frequency Compatibility with Existing Systems 
 
UAT shall not create interference with existing in-band  (960-1215 MHz) systems (e.g., DME on adjacent 
channels, JTIDS/MIDS) that degrades the performance of those systems in an operationally significant 
manner.  It is assumed in the end-state that the UAT channel itself will not be used by DME/TACAN in 
high-density continental airspace.  UAT shall be capable of operating to its intended level of performance 
in the presence of anticipated levels of interference from existing systems. 
 
2.10 Transition 
 
The UAT system design shall provide for an orderly transition to an ADS-B end-state in which the large 
majority of aircraft are ADS-B equipped, including future high density aircraft environments.  The UAT 
system design shall support TIS-B to accommodate ADS-B environments in which multiple ADS-B links 
are employed. 

 
2.11 Validation of Received ADS-B Positions 
 
The UAT system shall support a means, without reliance on ground stations, for validating received ADS-
B positions, using own-ship position in combination with a time-based ranging capability.  
 
2.12 Service Availability 
 
The UAT system design shall support a surveillance service availability of 99.999 percent. 
 
2.13 UAT System Integrity 
 
The probability of an undetected error in a UAT transmission shall be no greater than 10-8 per ADS-B or 
Ground Uplink message. 
 
2.14 Support of all Classes of Users 
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The UAT system design shall support multiple configurations (e.g., power, antenna installation) to 
facilitate ADS-B participation by all classes of airspace users. 
 
3. UAT Support of the ADS-B Function 
 
 
3.1 ADS-B Requirements 
 
 
3.1.1 ADS-B Information Exchange 
 
The UAT system shall support the transmission and reception of state vector (to include position, 
velocity, and identifying information), mode status, and intent information from appropriately equipped 
ADS-B system participants.   
 
 
3.1.2 State Vector (SV)  
 
State vector information shall include at least the following: three-dimensional position, horizontal and 
vertical velocity, ADS-B participant address, air/ground state, and state vector integrity information.  
 
An entire state vector should be included in each UAT transmission.  Table 3.1.2 provides desired 
performance for receipt of state vector transmissions for air-to-air ADS-B applications.  UAT shall 
support, including in future high density airspace, receipt by a single ground station of ADS-B airborne 
state vector transmissions at a 95% update interval of 5 seconds for aircraft within 60 NM and 12 seconds 
for aircraft within 150 NM. 
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Table 3.1.2:  State Vector Accuracy, Update Interval, and Acquisition Range Requirements 

Operational Domain 
→  Terminal, En Route, and Oceanic / Remote Non-Radar ↓ Approach ↓ 

Airport 
Surface ↓  
(Note 4) 

Applicable Range →  R ≤ 10 NM 10 NM < R ≤ 20 NM 20 NM < R ≤ 40 NM 40 NM < R ≤ 90 NM R ≤ 10 NM (R ≤ 5 NM)  

Equipage Class →  Appropriate Appropriate Appropriate Appropriate As Appro-
priate Appropriate 

Airborne Conflict Management (ACM) 
Example 

Applications →  
Enhanced 

Visual 
Acquisition 

Station Keeping 

Merging, Conflict 
Management, In-

Trail Climb 

Long Range 
Conflict 

Management 

AILS, 
Paired 

Approach 

Surface 
Situational 
Awareness 

Required 95th 
percentile SV 

Acquisition Range  
10 NM 20 NM 

40 NM 
(Note 12) 

(50 NM desired) 

90 NM  
(Notes 3, 10) 

(120 NM to 150 
NM desired) 

10 NM 5 NM 

Required SV 
Nominal Update 

Interval 
(95th percentile) 

(Note 5) 

≤ 3 s  (3 NM) 
 

≤ 5 s  (10 NM) 
 (Note 11) 

≤ 5 s  (10 NM) 
(1 s desired,  

Note 2) 
 

≤ 7 s 
(20 NM) 

≤ 7 s (20 NM) 
 

≤ 12 s (40 NM) 
≤ 12 s 

≤ 1.5 s 
(1000 ft 
runway 

separation) 
 

≤ 3 s 
(1s desired) 

(2500 ft 
runway 

separation) 

≤ 1.5 s 

Required 99th 
Percentile SV 

Received Update 
Period  

 (Coast Interval) 
 

≤ 6s (3 NM) 
 

≤ 10 s  
(10 NM) 

 (Note 11) 

≤ 10 s (10 NM) 
 

≤ 14 s (20 NM) 

≤ 14 s (20 NM) 
 

≤ 24 s (40 NM) 
≤ 24 s 

≤ 3s 
 (1000 ft 
runway 

separation) 
(1s desired, 

Note 2) 
 

≤ 7s 
(2500 ft 
runway 

separation) 

≤ 3 s 

Example Permitted 
Total SV Errors 

Required To 
Support Application 

(1 sigma, 1D)  

σhp = 200 m 
σhv = n/a 

σvp = 32 ft 
σvv = 1 fps 

σhp = 20 m / 50 m 
(Note 1) 

σhv = 0.6/ 0.75 m/s 

(Note 1) 
σvp = 32 ft 
σvv = 1 fps 

σhp =  20 / 50 m 
(Note 1) 

σhv = 0.3/ 0.75 m/s 
(Note 1) 

σvp = 32 ft 
σvv = 1 fps 

σhp = 200 m 
σhv = 5 m/s 
σvp = 32 ft 
σvv = 1 fps 

σhp = 20 m 
σhv = 0.3 

m/s 
σvp = 32 ft 
σvv = 1 fps 

σhp = 2.5 m 
(Note 6) 
σhv = 0.3 

m/sσ 
σvp = n/a 
σvv = n/a 

Max. error due to 
ADS-B 

(1 sigma, 1D) 
(Note 7) 

σhp = 20 m 
σhv = 0.25 m/s  (Note 8) 

σvp = 30 ft 
σvv = 1 fps 

σhp = 2.5 m 
(Note 6) 

σhv = 0.25 m/s 
σvp = n/a 
σvv = n/a 
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Definitions for Table 3.1.2: 

σhp:  standard deviation of horizontal position error. 

σhv:  standard deviation  of horizontal velocity error. 

σvp:  standard deviation of vertical position error. 

σvv:  standard deviation of vertical velocity error. 

n/a:  not applicable. 

Notes for Table 3.1.2: 

1. The lower number represents the desired accuracy for best operational performance 
and maximum advantage of ADS-B.  The higher number, representative of GPS 
standard positioning service, represents an acceptable level of ADS-B performance, 
when combined with barometric altimeter. 

2. A 3-second report received update period for the full state vector should yield 
improvements in both safety and alert rate relative to TCAS II, which does not 
measure velocity. Further improvement in these measures can be achieved by 
providing a one-second report received update rate  Further definition of ADS-B 
based separation and conflict avoidance system(s) may result in refinements to the 
values in the Table. 

3. The 90 NM range requirement applies in the forward direction (that is, the direction 
of the own aircraft’s heading).  The required range aft is 40 NM.  The required 
range 45 degrees to port and starboard of the own aircraft's heading is 64 NM (see 
Appendix H).  The required range 90 degrees to port and starboard of the own 
aircraft’s heading is 45 NM.  [The 120 NM desired range applies in the forward 
direction.  The desired range aft is 42 NM. The desired range 45 degrees to port and 
starboard of the own-aircraft’s heading is 85 NM.] 

4. Requirements apply to both aircraft and vehicles. 

5. Reserved 

6. The position error requirement for aircraft on the airport surface is stated with 
respect to the aircraft’s ADS-B position reference point  

7. This row represents the allowable contribution to total state vector error from 
ADS-B.   

8. The requirements on horizontal velocity error (σhv,) apply to aircraft speeds of up to 
600 knots.  Accuracies required for velocities above 600 knots are to be determined. 

9. Specific system parameter requirements in Table 3.1.2 can be waived provided that 
the system designer shows that the application design goals or equivalent system 
level performance can be achieved. 

10. Air-to-air ranges extending to 90 NM are intended to support the application of 
Flight Path Deconfliction Planning, Cooperative Separation in Oceanic/Low 
Density En Route Airspace.  The operational concept and constraints associated 
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with using ADS-B for separation assurance and sequencing have not been fully 
validated.  It is possible that longer ranges may be necessary.  Also, the minimum 
range required may apply even in high interference environments, such as over-
flight of high traffic density terminal areas. 

11. Requirements for applications at ranges less than 10 NM are under development.   
The 3-second update period is required for aircraft pairs with horizontal separation 
less than [1.1 NM] and vertical separation less than [1000 feet].  The 3 second 
update period is also required to support ACM for aircraft pairs within 3 NM 
lateral separation and 6000 feet vertical separation that are converging at a rate of 
greater than 500 feet per minute vertically or greater than 6000 feet per minute 
horizontally.  The update rate can be reduced to once per 5 seconds (95%) for 
aircraft pairs that are not within these geometrical constraints and for applications 
other than ACM.  Requirements for ACM are under development.  Requirements for 
future applications may differ from those stated here. 

12. Separation standards of more than 2 NM may require longer acquisition ranges to 
provide adequate alerting times.   

 

3.1.3 Mode Status Information Exchange 

Mode Status information includes ADS-B emitter category information, call sign, state vector accuracy 
information, UAT equipment capability codes, operational mode information, and an integrity indication 
for barometric information.  

Table 3.1.3 provides desired performance for the acquisition of mode status information transmissions to 
support air-to-air ADS-B applications.  Acquisition of mode status information by UAT ground stations 
should be achieved, at the 95th percentile, within 20 seconds for aircraft within 60 NM and 48 seconds for 
aircraft within 150 NM. 
 

 

Table 3.1.3:  Mode Status Accuracy and Acquisition Range Requirements 
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Operational Domain 
→  Terminal, En Route, and Oceanic / Remote Non-Radar ↓ Approach ↓ 

Airport 
Surface ↓  
(Note 1) 

Applicable Range →  R ≤ 10 NM 10 NM < R ≤ 20 NM 20 NM < R ≤ 40 NM 40 NM < R ≤ 90 NM R ≤ 10 NM (R ≤ 5 NM)  

Equipage Class →  Appropriate Appropriate Appropriate Appropriate As Appro-
priate 

Appropriate 

Airborne Conflict Management (ACM) 
Example 

Applications →  
Enhanced 

Visual 
Acquisition 

Station Keeping 

Merging, Conflict 
Management, In-

Trail Climb 

Long Range 
Conflict 

Management 

AILS, 
Paired 

Approach 

Surface 
Situational 
Awareness 

Required 95th 
percentile MS 

Acquisition Range  
10 NM 20 NM 

40 NM 
(Note 6) 

(50 NM desired) 

90 NM  
(Notes 2, 3) 

(120 NM desired) 
10 NM 5 NM 

Required 99th 
percentile MS 

Acquisition Range  
(Notes 4, 5)  

8 NM 17 NM 34 NM 
(Note 6) n/a n/a n/a 

Definitions for Table 3.1.3: 

n/a:  not applicable. 

Notes for Table 3.1.3: 

1. Requirements apply to both aircraft and vehicles. 

2. The 90 NM range requirement applies in the forward direction (that is, the direction 
of the own aircraft’s heading).  The required range aft is 40 NM.  The required range 
45 degrees to port and starboard of the own aircraft's heading is 64 NM (see 
Appendix H).  The required range 90 degrees to port and starboard of the own 
aircraft’s heading is 45 NM.  [The 120 NM desired range applies in the forward 
direction.  The desired range aft is 42 NM. The desired range 45 degrees to port and 
starboard of the own-aircraft’s heading is 85 NM.] 

3. Air-to-air ranges extending to 90 NM are intended to support the application of 
Flight Path Deconfliction Planning, Cooperative Separation in Oceanic/Low Density 
En Route Airspace. The operational concept and constraints associated with using 
ADS-B for separation assurance and sequencing have not been fully validated.  It is 
possible that longer ranges may be necessary.  Also, the minimum range required 
may apply even in high interference environments, such as over-flight of high traffic 
density terminal areas. 

4. These requirements are to be met for essential level applications.  As these 
applications are developed, these requirements may be further refined in terms of 
more stringent ranges and acquisition probability. 

5. It is assumed that the population for which these acquisition requirements are to be 
met are aircraft that have been operating and broadcasting MS reports within radio 
line of sight at ranges significantly greater than the acquisition range. 

6. Separation standards of more than 2 NM may require longer acquisition ranges to 
provide adequate alerting times.   
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3.1.4 Intent Information 

Intent information, the third category of ADS-B information after state vector and mode status 
information, is of two types:  1) target state information (short-term intent based upon either target 
heading/track angle or target altitude) and  2) trajectory change point information to include at least 
trajectory change point longitude, latitude, altitude, and time-to-go.  Target state information is provided 
to applications using ADS-B in Target State Reports (TSRs).  Trajectory change point information is 
provided to applications using ADS-B in Trajectory Change Reports (TCRs). 

UAT shall support the transmission and receipt of target state information consistent with Table 3.1.4.  
UAT shall support the transmission and receipt of trajectory change information for an appropriately 
equipped ADS-B system participant’s next trajectory change point (TCR+0) at a 95th percentile update 
rate of 12 seconds at ranges of up to 40 NM, with the update rate increasing with increasing range to a 
rate of 56 seconds at a range of 120 NM.  It is further desirable that UAT support exchange of 
information for up to 4 trajectory change points with air-to-air and air-ground range of up to 150 NM in 
future high density airspace, with such information being received every 24 seconds upon change and 
every several minutes when such information is not changing, given that information acquisition 
requirements are met for the ADS-B applications being served. 

 

 

Table 3.1.4:  Summary of Target State Report Acquisition Range and  
Update Interval Requirements 

Operational 
Domain →  Terminal, En Route, and Oceanic / Remote Non-Radar ↓ 

Applicable Range 
→  R ≤ 20 NM R = 40 NM R = 50 NM R = 90 NM R = 120 NM  

Equipage Class 
→  

As Appro-
priate. 

As Appro- 
Priate. 

As Appro- 
Priate 

As Appro-
priate 

As Appro-
priate 

TS Report 
Acquisition 

Range 

20 NM 
(A1 optional) 

40 NM 
(A2, A3 
required) 

50 NM 
(A2, A3 
desired) 

not 
required 

not 
required 

TS Report state 
change update 

period 
(note 3) 

12 s 

12 s 
desired 

(See note 2 
above.) 

12 s 
desired 

not 
required 

not 
required 

TS Report 
nominal update 

period 
12 s 18 s 23 s 

desired 
 not 

required 
 not 

required 

Notes for Table 3.1.4: 

Table 3.1.4 is based on an air-air en route scenario between two aircraft closing at 1200 knots, which is 
considered a worst-case scenario for deriving range requirements for ADS-B conflict alerting.   

Reserved. 

Trigger conditions for the desired broadcasting of Target State reports at the “state change” update rate 
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are specified. 

 

 

 

 

3.1.2 Additional ADS-B Requirements 

 
3.1.2.1 Latency 
 
For UAT ADS-B reports with normal accuracy/integrity, ADS-B latency of the reported information shall  
be less than 1.2 s with 95 percent confidence.  For reports with “precision” accuracy/integrity, ADS-B 
latency shall be less than 0.4 s with 95% confidence.  The standard deviation of the ADS-B report time 
error shall be less than 0.5 s (1 sigma).  The mean report time error for position shall not exceed 0.5 s.  
The mean report time error for velocity shall not exceed 1.5 s.  Differential delay errors should be 
considered and, if necessary, compensated for by the using application.  All necessary information to 
perform compensation for differential delays must be included in the UAT ADS-B state vector report. 
 
3.1.2.2 Continuity of Function 
 
The probability that the UAT System, for a given UAT Message Generation Function and in-
range UAT ADS-B Report Generation Processing Function, is unavailable during an operation, 
presuming that the UAT System was available at the start of that operation, shall  be no more 
than 2 x 10-4 per hour of flight.   

 
 
3.2 Supported ADS-B Operational Applications 
 
The requirements in Section 3.1 have been derived based upon supporting the potential air-to-air 
and air-ground applications of ADS-B summarized in Appendix A. 
 
 
 
4. UAT support of Ground Uplink Services Related to Surveillance and Situational Awareness 
 
 
The UAT System shall support Ground Uplink Services to include Traffic Information Service—
Broadcast (TIS-B) and Flight Information Service—Broadcast (FIS-B).  The UAT system shall be 
capable of providing Ground Uplink Services without interference from UAT broadcasts from aircraft.  
The UAT ground-based infrastructure should be designed to support channelization of Ground Uplink 
Services to avoid interference between those services.  It is also desirable that the ground-based 
infrastructure and Ground Uplink Subsystem design support secondary navigation and timing. 
 
4.1 TIS-B 
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TIS-B shall be supported by the UAT system, either (1) through emulation of ADS-B messages from 
aircraft or (2) through use of a portion of the UAT bandwidth that has no interference from UAT 
broadcasts from aircraft.  The TIS-B service volume provided by a single ground station should be 
flexible so that cost-effective ground infrastructure implementations can be made for various airspace 
traffic densities   If alternative (1) is used, the UAT system shall be capable of providing TIS-B data 
within the envelopes used for UAT ADS-B transmissions from aircraft.  TIS-B data shall be clearly 
identified as such.   
 
 
4.2 Flight Information Services-Broadcast (FIS-B) 
 
 
The FIS-B function shall not degrade the required performance of other higher priority, more safety 
critical ADS-B and TIS-B applications supported by UAT.  Moreover, FIS-B information supplied to 
UAT ground stations shall be uplinked without change of that information by the UAT system.  The 
probability of an undetected error in a UAT FIS-B Ground Uplink message shall be no greater than 1.5 x 
10-5. 
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Appendix A 

ADS-B Applications to be Supported by UAT 
 

 
 
Air-to-Air Applications 
 
Enhanced Visual Acquisition for See and Avoid 
Enhanced Successive Visual Approaches 
Enhanced Sequencing and Merging Operations 
Enhanced Crossing and Passing Operations 
Enhanced Traffic Situation Awareness on the Airport Surface 
Enhanced Traffic Situation Awareness During Flight Operations 
Enhanced CDTI-based Flight Rules 
In Trail Procedure in Oceanic Airspace 
Enhanced Closely Spaced Parallel Approaches 
Flight Path Deconfliction/Airborne Conflict Management 

 
Air-to-Ground Applications 
 
ATC Surveillance for En-Route Airspace 
ATC Surveillance in Terminal Areas 
ATC Surveillance in Non-Radar Areas 
Airport Surface Surveillance 
Aircraft Derived Data for ATC Tools 
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Statement 
Of 

Director of Communications, Navigation and Surveillance Systems 
Federal Aviation Administration 

To 
AMCP WG “C” 

Kobe, Japan 
15 October 2002 

 
 
Thank you (introducing party). 
 
Good Morning Mr. Chairman, delegates and guests. 
 
With your permission, I have a brief statement to make that clarifies the United States position 
regarding the technical approach to air-ground communications in the United States National 
Airspace System, and expresses our continuing support for the recommendation of the Special 
Communications/Operation Divisional Meeting of 1995 regarding development of the future 
VHF air-ground voice and data link systems. 
 
The FAA has participated fully in the ICAO work to develop and validate SARPS necessary for 
implementation of a Time Division Multiple Access system, that meets the needs for increased 
voice capacity with no impact on ATC infrastructure and that supports advanced signaling 
features and improved radio frequency interference immunity.  This will facilitate an 
evolutionary transition to data-link communications supported by the system without requiring 
radio re-equipage. 
 
We have been mindful of our obligation to work in concert with stakeholders to ensure a 
technical approach that meets their requirements. 
 
In December of 2000 the FAA Administrator formed the NEXCOM Aviation Rulemaking 
Committee (NARC) and charged the aviation community membership to study two candidate 
technological solutions. 
 
One of the NARC recommendations was to “expedite the demonstration/validation of the VDL 
Mode 3 system to include both voice and data link.  The demonstration/validation must have 
industry participation, clearly defined success criteria, and must meet all FAA certification 
criteria for the end-to-end system.” 
 
The FAA will be conducting demonstrations between 2002 and 2004, with the first one 
occurring this month at our technical center in New Jersey.  We are also working with the 
avionics community to develop VDL Mode-3 radios for commercial and general aviation users.  
Our goal is to have certified VDL Mode-3 avionics in 2005.  In this way radios will be available 
for equipage in a timely manner at a more favorable price to the user.  We are also reducing the 
cost of avionics development through a government industry agreement process with avionics 
manufacturers. 
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We envision a phased deployment, beginning with operational implementation of VDL Mode-3 
digital voice capability, and then providing an underlying data link infrastructure to 
support the Aeronautical Data link System.  The deployment will evolve to optimal 
implementation of VDL Mode-3 voice and data communications capability throughout 
the National Airspace System.  The schedule driver will be the demand for data link 
applications by the user community. 

 
We have worked closely with aviation community stakeholders to develop Next Generation 

Air/Ground Principles of Operations using the RTCA federal advisory special committee 
process.  Work progresses on schedule to produce Safety and Performance Requirements, 
an Interoperability Document and a Transition Plan between now and March 2003. 

 
All of this work demonstrates our continuing support for the recommendation of the Special 

Communications/Operations Divisional Meeting of 1995 and achieves interoperability 
without a proliferations of data links and consequent need for expensive multiple 
equipage. 

 
We see no benefit to the user community by deviating from the existing ICAO 

recommendations.  This can be addressed in greater detail at the Working Group M 
meeting in December of this year. 

 
Thank you for this opportunity to address the conference.
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Draft Report to AMCP/8 
 

(Will be send in separate e-mail) 
 


