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	Summary

	In December 2006 Change 2 to DO-260A was published.  Very soon thereafter I started collecting additional proposed changes to the 1090ES MOPS as a result of errors found in test procedures, and in conjunction with errors found in ICAO SARPs documents which required correction in both 1090ES documents and Transponder MOPS documents.  In November 2007 WG-3 held a teleconference as Meeting #23 and a draft of Change 3 to DO-260A, plus additional Working Papers, were presented, discussed and agreed upon.  Since the publication of Change 2 to DO-260A, the FAA has also published a draft of their Notice of Proposed Rule Making (NPRM).  Discussions and comments on the NPRM have also led to some discussions of proposed changes to the 1090ES MOPS.  Additionally, the contract for the lay-down of the FAA SBS ADS-B Ground Stations was awarded and some work leading to that effort has produced yet other additional proposed changes to the 1090ES MOPS.  Last, but not least, the RTCA/Eurocae Requirements Focus Group (RFG) has been developing the requirements for the use of ADS-B in both Non-Radar and Radar controlled Airspace.  These efforts have also led to several proposed changes to the 1090ES MOPS.  This Working Paper tries to summarize all of these proposed changes.  


DO-260A Change 3 (or DO-260B)

Change Candidates

	#
	Summary
	Source

	1
	Duplicate Addresses
	This issue surfaced during the development of the specification for the FAA SBS ADS-B Ground Stations.  It has been discussed at numerous RTCA SC-186 Plenary and ICAO Aeronautical Surveillance Panel (ASP) Technical Subgroup (TSG) sessions.  A note was added in ICAO Doc 9871 §A.2.7.3, which allows manufacturers the option to detect, process and output a duplicate aircraft address flag.  DO-260() needs to resolve the issue in the airborne receiver, OR at least insert the same note as in ICAO Doc 9871, thus allowing manufacturers the option to detect, process and output a duplicate aircraft address.   

	2
	Definition of NIC=7 on the surface
	This issue has been discussed during several ICAO ASP and RTCA SC-186 Plenary sessions and was last documented in ICAO ASP TSG Working Paper TSGWP5-23. 
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	3
	Latency requirements and STP MOPS definitions integrated
	It was recognized that the material in the current revision of the STP MOPS (RTCA/DO-302) is guidance material that represents a way to integrate navigation sources, but is not the only acceptable way to integrate navigation sources.  Additionally, there are some specific details of the STP MOPS that may not hold true for all instances of a given sensor type (i.e., RNP FMS or WAAS GPS).  During the RTCA SC-186 Plenary on 24 April 2008, a small Ad Hoc Group was tasked to review the STP MOPS for possibly including some of the requirements in Change 3 to DO-260A, and potentially Change 2 to DO-282A.  This task also included the review of Latency in the ADS-B system and the production of proposals for any changes to FAA Advisory Circulars (AC).  Working Paper 1090-WP24-08 is presented as a matrix which proposes to allocate specific paragraphs of the STP MOPS to (1) the Navigation AC, (2) the ADS-B OUT AC, or (3) Link MOPS.  Working Paper 1090-WP24-09 is presented as proposed resolution to the issue of Total and Uncompensated Latency in the ADS-B system.    

	4
	Mode 3/A code: removal of the geographic filter
	RTCA/Eurocae RFG made specific requests to RTCA SC-186 to remove the geographic filter and to broadcast the Mode 3/A code globally.  During RTCA SC-186 Plenary on 3 August 2007, WG-3 was authorized by the Plenary to include the removal of the Geographic Filter from the Mode 3/A, and to broadcast it internationally. 
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	5
	Mode 3/A code: broadcast message location and increased transmission rate upon change of the Mode 3/A code
	Operational requirements for the ADS-B-RAD application being specified by the RFG require that the Mode 3/A code be broadcast at a higher rate when there is a change in the code.  Analysis of the method in which the Mode 3/A code is being broadcast in DO-260A in the TEST Message resulted in the conclusion that it would be desirable to eliminate the TEST Message and incorporate the Mode 3/A code into the Emergency/Priority Message.  Therefore, a change in broadcast rate requires altering the way that the Message is broadcast, and Working Paper ASP04-15R2 was presented to the ICAO ASP Working Group in May 2008 as a summary of agreements made and proposals to switch the broadcast away from the ADS-B TEST Message and into the Emergency/Priority Message so that a higher broadcast rate can be achieved efficiently.  A change proposal (CP) was also presented for the modification of the 1090ES SARPs in ICAO Doc 9871 to accomplish this.  During the ICAO ASP Working Group of the Whole meeting in Montreal in December 2008, these proposed changes were presented as final ICAO SARPs changes in Working Paper ASPWGW.1.WP.004R2:
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	6
	Mode 3/A code: future method of inhibiting broadcast
	The ICAO ASP Working Group review of Working Paper ASP04-15 in May 2008 resulted in a requirement to propose a method by which a Mode 3/A code could be set which would then terminate the transmission of the Mode 3/A code.  It was further agreed in Working Paper ASPWGW.1.WP.004R2 that the 1090ES SARPs would set a Mode 3/A code value of (1000) as the universal code to accomplish this requirement.  

	7
	Time synchronization (T=1) in non precision modes
	It was brought to the attention of Working Group 3 by MIT Lincoln Labs that there is a requirement which only appears in DO-260A §A.1.4.2.2 which limits the case where the Time bit (T) can be ONE (1) and the ADS-B subsystem can be in the “non-precision” mode.  In Meeting #24 Working Paper 1090-WP24-02 is presented as a justification for the proposed changes.  
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	8
	Revisions to the Event-Driven squitter broadcast scheduling, considering Mode 3/A and TCAS RA
	Appropriate changes are to be determined as a function of WG discussions based on moving the broadcast of the Mode 3/A and TCAS RA into the Event-Driven Emergency/Priority Message.  

	9
	Allowable NACV determination; Remove scaling NACV from HFOM
	Issues relate to the appropriateness of setting NACV based on HFOM.  Changes were made in DO-253 (LAAS MOPS) and DO-310 (GRAS MOPS) which will require deleting the connection of HFOM and NACV in DO-260A.  See Working Paper 1090-WP24-10 as a FAA policy reference for approving velocity output data from GPS, GPS/SBAS, and GPS/GBAS equipment for use with ADS-B.
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	10
	Remove vertical component from NACP, NIC and SIL
	During the RTCA SC-186 Plenary in September 2007, Boeing representatives presented an Issue Paper which proposed the removal of the dependency of the vertical component of the NIC, NAC and SIL parameter definitions.  This issue was again presented by the Co-Chair of the ASSAP MOPS Subgroup in a Working Paper to the RTCA SC-186 Plenary in January 2008, and again in an Issue Paper from Boeing during the September 2008 RTCA SC-186 Plenary.  It is being presented to Meeting #24 as Working Paper 1090-WP24-03.   
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	11
	Revise SIL definition?
	Tony Warren from Boeing has developed an Issue Paper and presented it to the RTCA/Eurocae RFG RAD Subgroup for review proposing to revise the definition of the SIL parameter.  It is presented to Meeting #24 as Working Paper 1090-WP24-04:
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	12
	Transmission Class (Add A0* or A1* for medium power, non diversity)
	With the release of the draft of the Notice of Proposed Rule Making (NPRM) by the FAA, numerous comments were received based on the topic of antenna diversity.  Subsequent to, and in conjunction with, the review of these NPRM comments, the ADS-B Aviation Rulemaking Committee (ARC) stated in their final report to the FAA, in Recommendation #18, that:  
“The ARC, based upon analysis it has performed, urges the FAA to allow non-diversity antenna installations for visual flight rules (VFR) aircraft flying through high-density airspace, for example class B and C and below 15,000 feet (1090) or below FL 180 (UAT) but not landing at the primary airports.  Additionally, the FAA should continue to resolve the barriers (as identified by the ARC) to permit single-antenna installations on low altitude, slow moving aircraft.  The ARC recommends that the FAA conduct the necessary testing to identify appropriate solutions.”

	13
	Change CDTI Installed/Operational to ADS-B IN capable
	A requested change is based on Working Papers presented previously to RTCA SC-186 and WG-3 in SC186-WP43-02.  The subject is presented to Meeting #24 in Working Paper 1090-WP24-06.  Also, more efficient spectrum usage (FAA SBS Ground Station TIS-B/ADS-R transmissions) would be possible by a change to this subfield.  
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	14
	Test procedure updates and/or corrections
	Based on certification testing on 1090ES capable transponders by manufacturers, and follow-up testing at the FAA Technical Center, some test procedure updates and corrections were already identified during WG-3 teleconference Meeting #23 in November 2007 and shown in the draft of Change 3 to DO-260A as Working Paper 1090-WP23-02.    An additional group of test procedures to be corrected were presented by ACSS during Meeting #23, and were documented in Working Paper 1090-WP23-03.  Manufacturers accepted an action after the teleconference to review the details of these proposed changes.  This review resulted in Revision 1 of the Working Paper.  
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As work progresses on this Change 3 to DO-260A, more test procedures may be identified as needing required changes.  Working Paper 1090-WP24-05 is one such proposed set of changes which affect the Squitter Monitor.  

	15
	Modify the Local CPR Decode reasonableness test (called Position Outlier Test in the SBS Ground Station Spec) in the MOPS to account for transition from ground to air 
	In “Change 2 to DO-260A” reasonableness tests were added for the Local CPR Decode for both airborne and surface participants.  The test for airborne was specified for less than or equal 30 seconds, and less than or equal to 6 NM.  The test for surface was specified for less than or equal 30 seconds, and less than or equal to 0.75 NM.  During the development and implementation of the FAA SBS ADS-B Ground Stations by ITT, it was agreed that there needed to be an additional step during the transition period between surface and airborne.  See Working Paper 1090-WP24-11 for the changes in Ground Station Specifications to accommodate this change.  
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	16
	Wake Vortex Weather Information
	RTCA SC-186 Co-Chair Rocky Stone, Chief Technical Pilot of United Airlines is also a member of an Ad Hoc Subgroup of another RTCA Special Committee dealing with wake vortex.  During the SC-186 Plenary meeting in September 2008, Rocky expressed a request for the Plenary and WG-3 to consider broadcasting wake vortex avoidance information via a 1090ES Message.  
         

	17
	Selected Altitude Broadcast
	A request was initiated via email directly from Air Services Australia to WG-3 Co-Chair Tom Pagano.  This subsequently was followed up with a Working Paper presented to the ICAO Aeronautical Surveillance Panel (ASP) Working Group of the Whole meeting in Montreal in December 2008 in Working Paper ASPWGW.1.WP.019.  The subject is presented separately to Meeting #24 in Working Paper 1090-WP24-13.  
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	18
	Consideration on whether to broadcast expected geometric altitude error in 1090ES Message
	This topic was initiated with a Working Paper presented by the Russian Federation delegation to the ICAO Aeronautical Surveillance Panel (ASP) Working Group of the Whole meeting in Montreal in December 2008 in Working Paper ASPWGW.1.WP.018.
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	19
	TIS-B Management Messages
	To Be Determined whether any changes need to be made to the 1090ES MOPS based on changes required in the ASAS MOPS.  This issue is a topic of discussion during the 13-15 January 2009 meeting of SC-186 WG-4B in Phoenix.  More information is expected to be forthcoming.  

	20
	TCAS RA Broadcast in Emergency/Priority Message 
	In May 2003 the DFS representative to the ICAO SCRSP presented Working Paper B5-24 in which it is outlined that European controllers requested the display of ACAS RA information on their screens, partially in response to their need for more timely information.  In September 2003 Working Paper B6-09 was presented to the SCRSP Working Group meeting proposing that the information in the ACAS RA be broadcast in Subtype=2 of the TYPE=28 ADS-B Emergency/Priority Message.  In January 2004 the ICAO ASP Technical Subgroup (TSG) reviewed Working Paper TSG7-07 and agreed upon the method for broadcasting the ACAS RA information via a 1090 MHz Extended Squitter (1090ES) Message.  This proposal was accepted by ICAO and was implemented into ICAO Doc 9871, the “Technical Detailed Specifications for Mode S and Extended Squitter.”  In November 2007 RTCA SC-186 Working Group 3 reviewed and accepted Working Paper 1090-WP23-05 for the implementation of the TCAS RA Message into Change 3 to DO-260A.  
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	21
	Type Code ZERO Mods?
	DO-181D and DO-260A require that Airborne Position, Surface Position, and Airborne Velocity Squitters all continue to be broadcast with TYPE Code Zero for 60 seconds after the source data has timed out.  This presents an ambiguous decoding problem for an ADS-B receiver.  Honeywell proposed in Working Paper ModeS-WP06-13 during the development of DO-181D to modify these requirements to only transmit Airborne Position Messages with TYPE Code ZERO.  Surface Position and Airborne Velocity Messages would not be broadcast with TYPE Code ZERO.  The issue was deferred for discussion in WG-3 for Change 3 to DO-260A (or DO-260B).  
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	22
	Impact of GPS Alarm on NIC Determination
	Taken from Chris Moody email of 12/17/2008:

Setting NIC apparently should involve more than just applying the containment radius to our lookup table.  In the case of a (non-excludable) satellite failure a GPS sensor will also set an alarm discrete that is apparently SEPARATE from the computation of the containment radius.  This nuance was news to me but it seems to be the case.  So, I think at a minimum we need some notes somewhere near the discussion of the NIC parameter to explain that ADS-B needs to immediately set NIC to ZERO if the sensors alarm discrete is set regardless of RC (or some such words).   But an actual SHALL might be better.
and the Stan Jones response:

Your point on GPS fault condition and NIC is exactly so (see page 16 of the GPS RAIM Fault Behavior paper I gave you when you were here).  A non-excluded GPS fault condition is indicated by a RAIM fault flag output, not a change in RC as we had previously assumed.  And it’s not mentioned in any ADS-B document I’m aware of (other than an ARINC 743 document I’m told).

	23
	Clarification of Vertical Rate Determination
	Taken from Chris Moody email of 12/17/2009

Another area where we lack guidance is relative to the filtering we expect the ADS-B Transmitter to do on its pressure altitude samples in deriving vertical rate.  I realize that the heavy aircraft will probably have this derived within air data systems, but, in my opinion we should promote some consistency from other less well endowed aircraft.  OR, if Geometric vertical rate is ALWAYS acceptable, I don’t think that’s made clear.  (this is from my understanding of UAT MOPS but I assume 1090ES is the same).  In terms of filtering pressure altitude samples, we have looked at this some on our IR&D project and could offer some input on it.  

	24
	Updates required if changing to Version 2?  
	Appropriate changes are to be determined as a function of WG-3/SG-1 discussions.  If discussions and decisions made during the WG-3/SG-1 meetings indicate that DO-260B will be published, and the ADS-B Version Number will be set to TWO (2), then numerous changes will be indicated throughout the body of the document and appendices to account for this and to maintain backward compatibility.
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DO-260A Change 2 SIL / VPL Issues 
 
In Change 2 of DO-260A a modification has been made to Table 2-72; SIL Subfield 
Encoding.  This change has inserted a dependence on VPL (Vertical Protection Limit) for 
Surveillance Integrity Level (SIL) encoding (for NIC values >8) when previously SIL 
was defined in terms of the horizontal integrity limits only.  If a VPL cannot be provided 
for those NIC values (9, 10, & 11) then the SIL subfield must be set to a value of 0.  The 
same dependency on VPL has been added in Table 2-5 in DO-242A, Change 1.  The 
original coding of SIL as defined in DO-242A Rev New was defined in Section 2.1.2.15 
and Table 2-5 and was defined in terms of horizontal integrity probability limits only.     
 
A similar dependency on VPL exists in Table 2-70; NIC Encoding.  If a VPL cannot be 
provided then the highest NIC that can be declared is 8 under all conditions, even if the 
horizontal position sensor is reporting an HPL equivalent to a NIC = 9 or a higher value.  
The dependence on VPL for higher NIC values in the ADS-B MASPS; DO-242A; 
Section 2.1.2.12 and Table 2-2 (Note 5) was for the case only when geometric altitude 
was being reported.   
 
Boeing objects to these changes in definition.  A transmitted SIL value of 0 would 
severely limit the usefulness of that aircraft’s ADS-B Out data set as many applications 
for ADS-B Out will require a minimum SIL value of 2 or better.  Thousands of aircraft 
worldwide are certified under both FAA (FAA Guidance Document 91-RVSM) and 
ICAO rules to operate in RVSM airspace at 1000’ adjacent flight level spacing without a 
VPL output from the altimetry system.  Since the FAA ADS-B program does not plan to 
make changes to these flight level separation standards, it seems unreasonable to require 
more stringent vertical data integrity standards for ADS-B than those already in effect.  
 
Similarly, the dependency of NIC on VPL is an artificial limitation on the ADS-B system 
performance.  This would limit the NIC value that can be declared to a maximum value 
of 8 when the aircraft’s true horizontal integrity performance might be a NIC value of 9 
or greater. 
 
The FAA’s Segment 1 program is focused on deployment of infrastructure and approvals 
for non-radar airspace (NRA) applications.  Both of these limitations will unfairly 
penalize operators who will be attempting to equip with DO-260A equipment early and 
gain near term benefits in that non-radar airspace where the key ADS-B performance 
requirements are in the horizontal plane only.  The NRA Safety, Performance and 
Interoperability Requirements document; DO-303, does not contain any vertical data 
integrity requirements. ADS-B applications, whether ground based or ADS-B In, that 
truly require airborne vertical data integrity limits will take much longer to be generated 
and approved.  When those ADS-B In applications that require vertical integrity data are 
approved and ready to be deployed NAS wide, these dependencies on the airborne 
vertical integrity limits could be revisited.  Until then, they are premature and should be 
withdrawn.  







 
Summary: 


1. The definition of SIL (Table 2-72) in DO-260A should adhere to the original 
released table without the VPL column.   


2. The definition of SIL (Table 2-5) in DO-242A should adhere to the original 
released table without the VPL column.   


3. The definition of NIC (Table 2-70) in DO-260A should only enforce a 
dependence on VPL when geometric altitude is being reported.  
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The Time Synchronization Issue in 1090ES 
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Summary 
As specified in the 1090ES MOPS, DO-260A, the Time Synchronization bit (T) can be either: (a) one (1) 
indicating that the Time of Applicability is synchronized to UTC time, or (b) set to zero (0) indicating 
that the TOA is NOT synchronized to UTC time.  Additionally, there is a distinction as to whether a 
system can be in “precision” (NIC=10 or 11) or “non-precision” (NIC≠10 or 11) mode.  Given these two 
“state” combinations, one might assume that four combinations might result, i.e., T=1 for both precision 
and non-precision OR T=0 for both precision and non-precision.  However, §A.1.4.2.2 would indicate 
that T=1 for non-precision is forbidden.  This Working Paper addresses removing that restriction. 
 







1.0 Introduction 
 
Although I was an active member of WG-3 during the development of DO-260 and DO-260A, I did not 
realize until later that a certain combination of synchronization (the T bit) and "Precision" (meaning the 2 
highest levels of NIC) was not allowed.  Specifically T=1 is not allowed together with Non-Precision.  
Tom Pagano pointed this out to me, and he showed me that the prohibition is only given in one place in 
the MOPS, which is in Appendix A.  I don't know why that combination was prohibited, and I have asked 
others if they know.  I think it would be more logical to omit the restriction.  This Working Paper makes a 
proposal to delete the restriction, and provides specific wording suggestions. 
 
 
As specified in the 1090ES MOPS, DO-260A, the Time Synchronization bit (T) can be either:  
 
(a) set to one (1) indicating that the Time of Applicability (TOA) is synchronized to UTC time, or  
 
(b) set to zero (0) indicating that the TOA is NOT synchronized to UTC time.   
 
Additionally, there is a distinction in the 1090ES system as to whether a system can be in “precision” 
(NIC=10 or 11) or “non-precision” (NIC≠10 or 11) mode.  Given these two “state” combinations, one 
might assume that four combinations might result: 
 


T=1 for precision, 
T=0 for precision, 
T=1 for non-precision,  
T=0 for non-precision.   


 
However, §A.1.4.2.2 would indicate that T=1 for non-precision is forbidden, with the statement that: 
 
“Synchronization will only be used for Airborne Position Messages having the top two horizontal 
position precision categories (TYPE Codes 9, 10, 20 and 21).” 
 
This Working Paper addresses removing that restriction. 
 
 
2.0 Background 
 
Consider a unit that is transmitting using T=1, at a time when the lat-lon source is good, such that the 
transmissions are Precision (NIC=10 or 11).  As time goes by, GDOP can change and cause a change into 
the Non-Precision mode (NIC < 10).  If that combination is really forbidden, it would be necessary for the 
unit to change to T=0 at that time.  I can't see any reason for making that combination forbidden.  I have 
asked other members of WG-3 about this, and have not heard any reason for forbidding that combination. 
 
For that reason, I propose changing the 1090ES MOPS to lift the restriction on that case.   
 
The actual prohibition appears only in §A.1.4.2.2, and the change can be accomplished simply by deleting 
that one sentence.  However, I believe that some changes should also be made in §2.2.3.2.3.7.3, because 
the structure of the subsections reflects the prohibition.   







 
 
3.0 Specific Changes 
 
Change in §A.1.4.2.2: 
In the first paragraph, delete the final sentence, "Synchronization will only be used ..." 
 
Also add a note: 
Note: Whereas in an earlier version of these MOPS T=1 was forbidden when TYPE Code is other than 


9, 10, 20, or 21,in this version of these MOPS and future versions,  that combination is no longer 
restricted.   


 
Change the title of §2.2.3.2.3.7.2 to the current title of §2.2.3.2.3.7.2.1. 
 Move the material from the current 2.2.3.2.3.7.2.1 to this section. 
 
§2.2.3.2.3.7.2.1  section number not used. 
§2.2.3.2.3.7.2.2  section number not used. 
 
Change the title of §2.2.3.2.3.7.3 to the current title of §2.2.3.2.3.7.2.2. 
 Move the material from the current §2.2.3.2.3.7.2.2 to this section. 
 
§2.2.3.2.3.7.3.1  section number not used. 
§2.2.3.2.3.7.3.2  section number not used. 
 
No change to §2.2.3.2.3.7.4 
 
The material for longitude appears in §2.2.3.2.3.8, which should be modified in the same manner.  The 
principles are exactly the same. 
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Summary 


International community developing ADS-B applications has established the need for 
the transmission of Mode A code in Extended Squitters for an extensive transition 
period.  


Current formats of  ICAO Extended Squitter formats (0 & 1) do not foresee the 
transmission of Mode A Code. 


At the Montreal meeting (October 2007), the ASP Working Group approved the need 
for a temporary transmission of the Mode A Code in Extended Squitter and tasked the 
TSG to investigate the most appropriate way to transmit it and to develop the 
necessary material. 


This WP presents the results of the investigation made by the TSG and proposes a 
way to introduce the transmission of Mode A code in Extended Squitters. 
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1.0 Introduction 


International community developing ADS-B applications has established the need for 
the transmission of Mode A code in Extended Squitters for an extensive transition 
period.  


Current formats of ICAO Extended Squitter formats (0 & 1) do not foresee the 
transmission of Mode A Code. 


At the Montreal meeting (2007), the ASP Working Group approved the need for a 
temporary transmission of the Mode A Code in Extended Squitter and tasked the TSG 
(Action ASP03-11) to investigate the most appropriate way to transmit it and to 
develop the necessary material taking into account existing provisions in RTCA DO-
260A.  


Two WPs ( TSG WP04-17 & TSG WP04-22) were presented and discussed at the 
TSG meeting held in February 2008.  


The main discussion was about the transmission rate after a change and how to stop 
the transmission of Mode A code in ES in the future when it will not be anymore 
required. 


This WP presents the results of the investigation made by the TSG and proposes a CP 
to introduce the transmission of Mode A code in Extended Squitter version 1. 


 


2.0 Requirement for Mode A code transmission 


The Mode A code is principally used in existing systems to perform direct 
identification of flights and to perform the correlation with the flight plan on the 
ground. It can also be used to support local identification procedures. 


It is therefore important that the Mode A code is also available in Extended Squitter.  


The rationale for this requirement has been established within the international RFG 
working arrangement and the Eurocontrol CASCADE Programme. The paper 
containing the rationale agreed by CASCADE Programme Steering Group can be 
found in Appendix A of this paper.  


In summary, the main reasons for Mode A code transmission in ES are: 


• Silent transfer from a Centre using ADS-B to a Centre not using ADS-B, 


• Same means of identification when changing from ADS-B to existing 
conventional Mode A/C radar in case of an ADS-B continuity failure situation, 


• Civil military co-ordination, 


• Fall back solution in case a wrong Aircraft Identification cannot be changed in 
flight, 


• Ground systems only capable to cope with Mode A code. 
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The transmission of Mode A code should be done in a way allowing: 


• Regular Mode A code transmissions, thereby also enabling initial acquisition 
of Mode A code when aircraft is entering within coverage,  


• timely detection of new code after a Mode A code change (incl. after take-off) 


• timely detection of emergency information carried by Mode A code. 


 


Such operational requirements results in the need: 


• To transmit periodically Mode A code on a regular basis, 


• To have a sufficient rate of transmission after a change or during an emergency 
in order to meet a certain probability of detection in a reasonable time 
(corresponding to 1 radar scan, e.g. approximately 10s for en-route of 5s for 
TMA). 


Discussion about necessary rate 


For position, the required 95% update probability, at any range within operational 
coverage, is obtained by 2 transmissions per second (i.e. 20 transmissions in 10s). 
Note that in case the Mode A code is transmitted every 12s, the necessary time to get 
95% of probability of the successful decoding of a changed Mode A code will reach 4 
minutes. This is a long period when compared to current radar capability (1 to 2 scan). 







- Page 4 - 


 


3.0 Review of existing provisions related to Mode A code 


This section lists the existing provisions in ICAO documentation and in RTCA DO-
260A. 


 


Mode A code 
requirement 


ICAO ES version 1 DO260A 


Regular 
transmission  


Not foreseen 


format type code (23-7) reserved for 
national use 
(see B.2.3.1 type code 23-7).  


 


Foreseen 


using a  “TEST” Message format type 
code (23-7) when airborne 


at 12s interval rate (see 2.2.3.3.2.7)  


over US mainland using a geographic 
filter. 


see 2.2.3.2.7.3.2 for Mode A code 
format. However there is no register 
defined to contain the message. 


 


High rate 
after a 
change 


only an indication of Mode A code 
change at a 0.5s interval rate in the 
airborne ES (register 0516) using the 
SURVEILLANCE STATUS field 
(code  2 = temporary alert (change in 
mode A identity code other than 
emergency condition))  


 


only an indication of Mode A code 
change at a 0.5s interval rate in the 
airborne ES (register 0516) using the 
SURVEILLANCE STATUS field 
(code  2 = temporary alert (change in 
mode A identity code other than 
emergency condition))  


 


High rate 
when 
emergency 


Emergency indicator transmitted in the  
SURVEILLANCE STATUS field of 
the Airborne position Extended Squitter  
(code 1 = permanent Alert condition 
(Emergency)). 


the type of emergency is transmitted in 
the Aircraft status (register 6116) that 
contains the indication of emergency 
situation corresponding to Mode A 
code 7700, 7600 and 7500.Such 
message is broadcast using the event 
driven protocol at random intervals that 
are uniformly distributed between 0.7 
and 0.9 seconds for the duration of the 
emergency.  (see Doc9871 - B.2.3.8.1.2 
transmission rate) 


 


Emergency indicator transmitted in the  
SURVEILLANCE STATUS field of 
the Airborne position Extended Squitter  
(code 1 = permanent Alert condition 
(Emergency)). 


the type of emergency is transmitted in 
the Aircraft status (register 6116) that 
contains the indication of emergency 
situation corresponding to Mode A 
code 7700, 7600 and 7500.Such 
message is broadcast using the event 
driven protocol at random intervals that 
are uniformly distributed between 0.7 
and 0.9 seconds for the duration of the 
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4.0 Different options 


Different options to transmit Mode A code 


The following different options have been discussed and envisaged by TSG. 


 


Option 1: Transmission using test message (TYPE=23 and SUBTYPE=7) at 12s, i.e., 
just remove existing geographic filter 


 


Option 2: Transmission using test message (TYPE=23 and SUBTYPE=7) at 12s  + 
decrease transmission period at  0.8s  for 24s after a  Mode A code change 


 


Option 3: Transmission using test message (TYPE=23 and SUBTYPE=7) at 12s  
only + Mode  A code in emergency status which is transmitted when emergency or 
24s after a change of Mode A code. 


 


Option 4: Mode A code transmitted in ES Emergency/priority status (register 6116  
type code = 28, subtype code = 1) transmitted at low rate (5s) and at 0.8s during 
emergency or for 24s after a Mode A code change. The ES is already transmitted at 
0.8s when on Emergency.  


Notes about retained durations: 


5s has been retained to be equivalent to aircraft identification transmission rate. 


Within the usual protocol used between aircraft and Mode S ground station the change 
is announced for 18s. Initial though of the TSG was to keep this 18s to be consistent 
with current Mode A Code change announcement protocol for radar (DF 4/5/20/21). 


However 18s appears to be rather short for Extended Squitter transmission, i.e. only 
good for a 96.5% receive probability (compared to the position update 
requirement/rate). The “usual” 24s already used for the transmission of the 
operational status (register 6516 type=31, subtype=0) should allow to reach value close 
to 99%. Therefore 24s has been retained. 
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The following table list advantages and disadvantages of the different options. 


 


 + - 


Option 1 Minimum change to platform already 
compatible with current DO260A 
version   


Does not cover operational need: low 
transmission rate resulting in up to 4 minutes 
before detecting the change  


Not a clean solution: test message should 
have a high priority 


Correct and clean definition should include 
the definition of a new register format to 
contain the Mode A code 


Option 2 Cover operational need Change of transmission rate of the test 
message 


Not a clean solution: test message should 
have a high priority 


Correct and clean definition should include 
the definition of a new register format to 
contain the Mode A code 


Option 3 Cover operational need Not a clean solution: test message should 
have a high priority 


Correct and clean definition should include 
the definition of a new register format to 
contain the Mode A code  


Mode A code in two different types of 
squitter 


Option 4 Cover operational need 


Clean solution: Mode A code defined at 
only one place 


ES type code already exists, no need to 
define a new register/format 


Change of  transmission rate of format type 
code 28, subtype code 1 


 


Note about maximum ES rate: 


None of these options impacts the maximum ES rate of 6.2Hz 
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Long term removal of Mode A code transmission 


Option a: Do nothing and authorize Mode A code transmission for ever 


This simple option was not retained by the ASP WG at Montreal (it should be on a 
temporary basis) and therefore was not discussed further by the TSG. 


The TSG studied different other options to stop the transmission of Mode A code 
when it will be no more required. 


Option b: Transmission disabled by a permanent disabling 
The first option envisaged was to consider mandating a means to disable the 
transmission of Mode A code in the future. This could be a requirement similar to 
what is already done for the Acquisition Squitter in ICAO Annex 10:  


 2.1.5.4.2 Recommendation.— Transponders equipped for extended squitter operation 
should have a means to disable acquisition squitters when extended  squitters are being 
emitted. 
Note.— This will facilitate the suppression of acquisition squitters if all ACAS units have been 
converted to receive the extended squitter. 


However it was believed that the management of such configuration on a great 
number of aircraft could be difficult and therefore it was not envisaged to go further in 
this direction. In addition, to apply such solution, it will be necessary to wait a long 
time in order to have all ground systems capable to manage flights without Mode A 
code. 
 
Option c: Transmission disabled by use of a specific Mode A code 


Another option is to use a specific Mode A code (conspicuity Mode A code) where 
ground system are able to cope with flights without using unique Mode A code. When 
this specific Mode A code is used the transponders will no more transmit its Mode A 
code on 1090 ES.  


Although this option mixes operational procedure and technical solution it brings the 
following  advantages: 


• the non-transmission of Mode A code can be chosen on  local basis and could 
start immediately, 


• it encourages authorities with high traffic on 1090 to go to Aircraft 
Identification, 


• it has no impact on aircraft installation configuration and therefore reduce cost 
for operators. 


The drawback of this option is that a specific Mode A code (or a family of)  has to be 
reserved worldwide. A proposal is to use the Mode A code 1000 already used in 
Europe as a conspicuity code when Aircraft Identification downlinked by aircraft is 
sufficient.  
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5.0 Proposed solution 


The TSG preferred option is Option 4, i.e., Mode A code transmitted in ES Aircraft 
status (register 6116  type code = 28, subtype code = 1) transmitted at low rate (5s) and 
at 0.8s during emergency or for 24s after a Mode A code change.  


With the proposed optimisation Option “c” to no more transmit the Mode A code 
when a specific Mode A code (e.g. 1000) is used. This is an optimization which is not 
necessary to be used except if there is a need to reduce 1090 transmissions or if there 
is the need to re-use event-driven throughput to transmit another type of data. 


 


In such a case the modification to make in Doc 9871 are as follows: 


• Reserve a 13-bit field + 1 status bit in the format subtype 1 of register 6116; 


• Change the transmission rate in B.2.3.8.1.2. 
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Table B-2-97a.  BDS code 6,1 – Aircraft status 
(Subtype 1: Emergency/priority status and Mode A code) 


 


MB FIELD 


 
1 MSB PURPOSE: To provide additional information on aircraft status. 
2   
3 FORMAT TYPE CODE = 28  
4  Subtype shall be coded as follows: 
5 LSB  
6 MSB       0          =  No information 
7 SUBTYPE CODE = 1       1          =  Emergency/priority status/Mode A code 
8 LSB       2          =  ACAS RA Broadcast 
9 MSB       3 to 7   =  Reserved 
10 EMERGENCY STATE  
11 LSB Emergency state shall be coded as follows: 
12 STATUS  
13   Value Meaning  
14   0 No emergency  
15   1 General emergency  
16   2 Lifeguard/Medical  
17 MODE A CODE  3 Minimum fuel  
18   4 No communications  
19   5 Unlawful interference  
20   6 Downed aircraft  
21   7 Reserved  
22   
23   
24  1)  Message delivery shall be accomplished once per 0.8 seconds 
25        using the event-driven protocol  as specified in B.2.3.8 . 
26   
27  2)  Termination of emergency state shall be detected by coding in 
28        the surveillance status field of the airborne position message. 
29   
30  3)  Subtype 2 message broadcast shall take priority over subtype 1 
31        message broadcast. 
32   
33  4)  Emergency State value 1 shall be set when Mode A code 7700 is 
34 RESERVED       provided to the transponder. 
35   
36  5)  Emergency State value 4 shall be set when Mode A code 7600 is 
37        provided to the transponder. 
38   
39  6)  Emergency State value 5 shall be set when Mode A code 7500 is 
40        provided to the transponder. 
41   
42  7)  Mode A code shall be coded a defined in ICAO Annex 10 Volume  
43        IV 3.1.2.6.7.1 
44   
45   
46   
47   
48   
49   
50   
51   
52   
53   
54   
55   
56   
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B.2.3.8   AIRCRAFT STATUS 


 


B.2.3.8.1  EMERGENCY/PRIORITY STATUS AND MODE A CODE 


B.2.3.8.1.1   Format 


The aircraft status squitter that conveys emergency/priority status and Mode A code information shall 
be formatted as specified in the definition of transponder register 6116, Table B-2-97a. 


 


B.2.3.8.1.2   Transmission rate 


This message shall be broadcast at random intervals that are uniformly distributed between 0.7 to 0.9 
seconds when there has been a change of the Mode A code within the past 24+/-1 second or for the 
duration of the emergency conditions whatever the value of the Mode A code. 
Otherwise and if Mode A code is different from (1000), the message shall be broadcast at random 
intervals that are uniformly distributed over the range 4.8 and 5.2 seconds. 


When the Mode A code is (1000) the message shall be no more broadcast at random intervals that are 
uniformly distributed over the range 4.8 and 5.2 seconds. 


 


B.2.3.8.1.3   Message delivery 


Message delivery shall be accomplished using the event-driven protocol (see §A.2.3.7).  The broadcast 
of this message shall not take priority over the ACAS RA broadcast but shall take priority over all other 
event-driven message types, as specified in §B.2.5.5.3.   


 


Note about take-off issue: 


It is expected that the Mode A code should also be rapidly acquired after take-off. 


An approach to increase probability of Mode A code decoding just after take-off 
could be achieved by increasing the transmission rate when the ground status is 
changing from ground to air. 


However to obtain low level coverage around an airport ADS-B stations should be 
located close to this airport. Due to this close situation we may consider that the 
decoding of ADS-B messages will be easier at the take-off and should not require 
additional transmissions. In addition the proposed solution includes transmission 
when the aircraft is on the ground as well when the aircraft is airborne (contrary to 
current DO260A which requires transmission only when airborne), which should 
provide earlier opportunity to acquire the Mode A code. 


Furthermore the transmission rate of Mode A code is the same that the transmission of 
the Aircraft Identification (once every 5s) resulting in the same performance. 
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6.0  Impact on Non Transponder Device 


Same requirement should apply to Non transponder devices. However if Mode A code 
is useless on ground vehicle it will be considered as code 1000 and Mode A code will 
not be transmitted. 


7.0 Discussion in other forums 


Such proposed modifications have been presented for information to RTCA SC209.  


It should also be presented to  EUROCAE WG51 and RTCA SC186 to keep 
consistency between ICAO standard and future version of DO260A . 


 
8.0 Proposed  action 


The Working Group is invited to consider and approve: 


1. the adding of the transmission of Mode A code in ES using the Aircraft Status 
(register 6116 type code 28, subtype 1), i.e., adding of Mode A code in the 
format and the change of update rate as specified in the CP attached to this 
WP. 


2. the disabling of  the regular transmission using a specific Mode A code (eg. 
1000).







 
Programme Steering Group 
  


 


Issue: Rev B Date: 08/11/2007 Page:1 


EUROCONTROL


Appendix A 
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ADS-B-RAD Mode A Code Requirement – ICAO Standard 
Change 


 


Introduction 


In line with ICAO and EUROCAE/RTCA related 1090 MHz ES standards, current 
transponder implementations inhibit the broadcast of the Mode A Code outside the 
USA through a geographical filter.1 


In light of the emerging requirement for the temporary provision of the Mode A Code 
through ADS-B, catering for an extensive transition period towards Aircraft 
Identification based systems and procedures in ECAC, the purpose of this paper is to 
provide the rationale for this requirement and to reach consensus with the European 
stakeholders prior to advancing the change proposal to the ICAO “Aeronautical 
Surveillance Panel” (ASP) for the amendment of the relevant Annex-10/Doc-9871 
material defining a globally applicable Mode A Code message format. 


Rationale for an ADS-B Mode A Code Requirement 
With the deployment of Mode S and ADS-B across Europe, the use of Aircraft 
Identification will be incrementally introduced as the primary means of identification. 
For the whole of ECAC, this is expected to take place over an extensive transition 
period lasting beyond 2020 and can be facilitated through the use of Mode A Code as 
provided by both Mode S and ADS-B (as proposed in this paper). 


Indeed, throughout the various emerging ADS-B implementation related activities, 
ATC system stakeholders (incl. military) requested the availability of the Mode A 
Code via ADS-B in European airspace. These requests were generally made to 
address transitional deployment issues in moving from the current Mode A Code to 
the target Aircraft Identification based systems. Such technical rationale relates, for 
instance, to the processing of ADS-B surveillance data by legacy ATC systems 
(especially FDPSs). 


                                                 
1 At ICAO level, the transponder register providing the information is currently specified as a 


test message (“Mode S BITE”) and therefore for national use. 
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In the light of such transition, the current work of the Requirements Focus Group 
(RFG) on the definition of the ADS-B-RAD requirements establishes an operational 
requirement for Mode A Code availability. Targeting 2020 as the “end state” of 
implementation and considering the use of ADS-B as the primary source in some 
TMA and en-route environments, covering a wide range of possible deployment 
scenarios throughout ECAC, the key operational rationale is based on: 


• The silent transfer of control (which by definition requires all involved ATS 
units to make use of the same identification data source) is a basic operational 
requirement, as the workload impact of manual re-identification of each and 
every aircraft at the centre boundaries is clearly detrimental to capacity. The 
provision of the Mode A Code by ADS-B facilitates the silent transfer to and 
from ATS units deploying a conventional Mode A/C and/or primary radar 
environment and in case a comprehensive set of data usable for identification is 
not exchanged between the ATS units.  


• Similarly, in a conventional Mode A/C and/or primary radar environment where 
ADS-B is used without providing the Mode A Code (i.e. therefore Aircraft 
Identification is the only source of identification data useable by the ATCO), an 
ADS-B continuation failure2 would require manual re-identification leading to a 
workload impact3. 


• The Mode A Code is required for civil-military co-ordination or as a means of 
identification in contingency and crisis situations. 


• Some current avionics installations do not allow for re-entering the Aircraft 
Identification in flight (as applicable for most FMS based Aircraft Identification 
sources). In case of a need to correct/change the flight crew entered 
identification information, an alternate means of identification (e.g. the Mode A 
Code) would be required in busy environments without increasing the 
controller’s workload. There is no constraint regarding modifying the Mode A 
code in flight. However, it is expected that more and more pilots will correctly 
enter the Aircraft Identification due to the use in Mode S environments and 
controller feed back.  


• Discrete Mode A Codes are the primary source for identification in some 
airspaces, and maintenance of identification of aircraft in environments 
considered for ADS-B-RAD (i.e. ADS-B in various combinations with PSR and 
SSR). The Mode A code is, in such an environment, the only identification data 
source that can currently support the conventional code/callsign correlation 
procedure with field 7 of the ICAO Flight Plan as per ICAO Doc 4444 PANS-


                                                 
2 E.g. by loss of the horizontal position sources (e.g. GPS) or loss of the transponder interface 
3 To reduce this risk further, authorities may wish to require the 24-bit aircraft address in flight 


plan field 18 as foreseen in ICAO Doc 4444 to support continuous SDPS/FDPS correlation 


and the presentation of Aircraft Identification. 
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ATM Chapter. 


In high density TMA and En-route airspace the number of available Mode A codes is 
already insufficient. Therefore, in these areas Mode S is the primary source for 
surveillance data and Aircraft Identification is the means for the identification of 
aircraft. In addition, the unique 24-bit aircraft address improves data correlation at 
SDPS level. It needs to be born in mind that in such areas Mode A conspicuity codes, 
i.e. “1000” will be assigned to most aircraft. 


It is recognised that the deployment of ADS-B will further accelerate the use of the 
Aircraft Identification as the primary identification as the target state through the 
related upgrade of ATC automation systems (both at RDPS and FDPS level). This 
notwithstanding, it cannot be ensured that this can be accomplished for the whole of 
ECAC by 2020. 


Additional 1090 Mhz Channel Load 
With respect to 1090 MHz capacity matters, it is noted that the 1090 ES MHz 
broadcasts the Mode A Code at interval of 12 seconds (randomly +/- 0.2 seconds). 
The impact on the channel capacity is regarded as negligible compared to the overall 
1090 ES MHz broadcast rate of up to 6.2 squitters per second (and compared to Mode 
A and Mode S responses that represent the bulk of the spectrum occupancy). 


It is further clarified that the maximum broadcast rate of 6.2 squitters per second is 
maintained by the transponder at all times. 


Conclusion and Way Forward 


Based on the above rationale for ADS-B to broadcast Mode A Code information in 
European airspace during a extensive transition period beyond 2020, CASCADE is 
proposing to request ICAO to enter the ICAO standard material change process 
accordingly without delay.  


It is highlighted that, in parallel with the proposed ICAO changes, RTCA SC-186 will 
already advance to a respective change of the DO-260A MOPS in the course of 2007 
(also in response to the implementation of ADS-B by NavCanada in the Hudson Bay 
by 2009). The same change will then also become effective for the update of the joint 
EUROCAE/RTCA 1090 MHz ES transponder standard to be developed following the 
RFG work (with a target publication within 2010).  


The original version of this paper invited the relevant European stakeholders to state 
any objection against the above CASCADE proposal, and if so, to detail the rationale 
for such objection for further consensus building and decision making. The feedback 
received and recent developments as described above, have led to the current revision 
of the paper which aims at representing the overall CASCADE PSG consensus on the 
matter and agreement to advance towards the ICAO ASP. 
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1.    Change No.              (Assigned by Rapporteur)    Date submitted: May 2008 


  


Title: Doc 9871 revision to include Mode A code transmission in ES 


 


2.  List of all relevant ASP WG-B Working Papers: WP ASP 04-15 (This WP) 


 


3. Background: International community has defined requirement for 
transmission of Mode A code in ES in order to allow smooth implementation 
of ADS-B. 


4. Need for change: Mode A code transmission in Extended Squitter is not 
currently foreseen in ICAO standard while it is recognized that its 
transmission in ES for temporary long period will ease the worldwide 
implementation of ADS-B. 


5.    Change:  


Change  table B2-97A as specified on page 2 of this CP. 


Change the text of EMERGENCY/PRIORITY STATUS format  (B.2.3.8.1.1) 
and Transmission rate (B.2.3.8.1.2) as specified on page 3 of this CP  
  


7.  Category: (confirmed by Rapporteur) 


  1. Addition - new material e.g. new GICB, MSP, or Broadcast.    


  X 2. Update - technical change or correction to current document. 


  3. Useful - will enhance understanding of the document. 


  4. Cosmetic - needed to correct editorial error. 


 


Submitted by: ASP Technical Subgroup 
Organisation: ASP 
Address: ICAO 
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Table B-2-97a.  BDS code 6,1 – Aircraft status 
(Subtype 1: Emergency/priority status and Mode A code) 


MB FIELD 
1 MSB PURPOSE: To provide additional information on aircraft status. 
2   
3 FORMAT TYPE CODE = 28  
4  Subtype shall be coded as follows: 
5 LSB  
6 MSB       0          =  No information 
7 SUBTYPE CODE = 1       1          =  Emergency/priority status/Mode A code 
8 LSB       2          =  ACAS RA Broadcast 
9 MSB       3 to 7   =  Reserved 
10 EMERGENCY STATE  
11 LSB Emergency state shall be coded as follows: 
12 STATUS  
13   Value Meaning  
14   0 No emergency  
15   1 General emergency  
16   2 Lifeguard/Medical  
17 MODE A CODE  3 Minimum fuel  
18   4 No communications  
19   5 Unlawful interference  
20   6 Downed aircraft  
21   7 Reserved  
22   
23   
24  1)  Message delivery shall be accomplished once per 0.8 seconds 
25             using the event-driven protocol   as specified in B.2.3.8 .. 
26   
27  2)  Termination of emergency state shall be detected by coding in 
28        the surveillance status field of the airborne position message. 
29   
30  3)  Subtype 2 message broadcast shall take priority over subtype 1 
31        message broadcast. 
32   
33  4)  Emergency State value 1 shall be set when Mode A code 7700 is 
34 RESERVED       provided to the transponder. 
35   
36  5)  Emergency State value 4 shall be set when Mode A code 7600 is 
37        provided to the transponder. 
38   
39  6)  Emergency State value 5 shall be set when Mode A code 7500 is 
40        provided to the transponder. 
41   
42  7)  Mode A code shall be coded a defined in ICAO Annex 10 Volume  
43        IV 3.1.2.6.7.1 
44   
45   
46   
47   
48   
49   
50   
51   
52   
53   
54   
55   
56   
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B.2.3.8   AIRCRAFT STATUS  


 


B.2.3.8.1  EMERGENCY/PRIORITY STATUS AND MODE A CODE 


B.2.3.8.1.1   Format 


The aircraft status squitter that conveys emergency/priority status and Mode A code 
information shall be formatted as specified in the definition of transponder register 
6116, Table B-2-97a. 


 


B.2.3.8.1.2   Transmission rate 


This message shall be broadcast at random intervals that are uniformly distributed 
between 0.7 to 0.9 seconds when there has been a change of the Mode A code within 
the past 24+/-1 second or for the duration of the emergency conditions whatever the 
value of the Mode A code. 


Otherwise and if Mode A code is different from 1000, the message shall be broadcast 
at random intervals that are uniformly distributed over the range 4.8 and 5.2 seconds. 


When the Mode A code is (1000) the message shall not be broadcast, except under 
emergency conditions. 
Note. – After a change to Mode A code (1000), the Mode A code will be broadcast as for any change 
of Mode A code. 
B.2.3.8.1.3   Message delivery 


Message delivery shall be accomplished using the event-driven protocol (see 
§A.2.3.7).  The broadcast of this message shall not take priority over the ACAS RA 
broadcast but shall take priority over all other event-driven message types, as 
specified in §B.2.5.5.3.   
 


 


-END- 
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Summary 


Throughout various ADS-B implementation related activities, and current work of the RFG on the 
definition of the ADS-B-RAD requirements, a strong operational requirement for Mode A Code 
availability has emerged.  This Working Paper recommends that (1) RTCA DO-260A be modified to 
remove its geographic filter on the transmission of a Mode A Code in 1090 MHz Extended Squitter 
Messages; and (2) that the ICAO ASP reflect the corresponding transmission of the Mode A code as 
it feels is appropriate in Extended Squitter ICAO documentation and standards. 







1.0 Background 


1.1 Working Paper ASP TSG WP03-17, dated 29 June 2007 and presented on behalf of the 
Eurocontrol CASCADE Program Office to the Technical Subgroup of the ICAO Aeronautical 
Surveillance Panel, provides background information and rationale, based upon the work of the 
RTCA/Eurocae/Eurocontrol Requirements Focus Group (RFG), for the transmission in 1090 MHz 
Extended Squitter (1090ES) Messages of an aircraft’s Mode A code.   


1.2 At present RTCA DO-260A (Minimum Operational Performance Standards for 1090 ES 
avionics) requires that the Mode A code be transmitted by 1090ES avionics only within a particular 
geographical area including the United States.  When an aircraft is outside of this geographical area, the 
transmission of the particular Extended Squitter which conveys the Mode A code is suppressed.  (See 
RTCA DO-260A, Section §2.2.3.2.7.3.2.1).   


1.3 The transmission of a Mode A code in 1090ES is not specifically mentioned in current ICAO 
documentation.  Rather, the particular Extended Squitter which conveys the Mode A code in RTCA DO-
260A is referenced only as being reserved for national use by ICAO.  See the Format Type Code table in 
ICAO Document 9871, Section §B.2.3.1 for 1090ES Message TYPE Code=23, Subtype=7.   


2.0 Recent RFG Work and ADS-B Implementation Planning 


2.1 The RFG has concluded through its work on the ADS-B RAD Operational Services and 
Environment Description (OSED) and Operational Hazard Analysis (OHA) that the Mode A code needs 
to be available worldwide via ADS-B Messages to support aircraft identification and transfer between 
ATC domains as well as to mitigate several potential ADS-B RAD hazards.  An Appendix to the ADS-B 
RAD OSED will discuss an alternative operational environment in which the ground-based ATC system 
does not need the Mode A code to be transmitted in ADS-B Messages.  Nonetheless, the baseline OSED 
environment and planned ADS-B implementations, e.g., in the United States and Europe, will require the 
broadcast of the Mode A codes in 1090ES ADS-B Messages to support the ADS-B RAD application.  


3.0 Recommendation 


3.1 In light of the above, the ADS-B RFG recommends that RTCA Special Committee 186 formulate 
and approve a change to RTCA DO-260A to remove the geographic filter currently in that standard with 
regard to the transmission of Mode A codes in the 1090ES ADS-B system.  This change should be agreed 
as soon as is practical.   


3.2 The RFG further recommends that the ICAO ASP review and modify ICAO documentation as 
appropriate regarding the removal of the geographical filter as discussed in this paper.   
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Ground Station requirements for Duplicate 24 Bit Addresses and Position Outliers 


 


Multiple ADS-B Messages will be received from a particular aircraft/vehicle on 
the 1090ES link to ascertain complete information for that aircraft/vehicle.  It is 
vital that each individual Message is associated with the transmitting 
aircraft/vehicle and not another aircraft/vehicle, as incorrect association could 
result in the reporting of inaccurate information for both aircraft/vehicles.   


The 24-bit address transmitted in each ADS-B Message can be used to identify 
and associate the Messages for a particular aircraft/vehicle.  Though each 
aircraft/vehicle should have a unique 24-bit address, there will be occasions on 
which duplicate target addresses exist within a Service Volume.  When this 
circumstance arises, association of ADS-B Messages using only the 24-bit 
address is not possible.   


In addition to the duplicate 24-bit address issue, position information transmitted 
in a particular ADS-B Message could become corrupt, leading to incorrect 
position reporting for that aircraft/vehicle (position outlier). 


Incorrect association of a received ADS-B Message containing position or 
incorrect update of a target position with corrupted position information in an 
ADS-B Message, has the potential to impact the CPR decoding such that an 
incorrect position is reported for the entire time that aircraft/vehicle is in the 
Service Volume.  Additionally, an incorrect Version Number could be identified 
for an aircraft/vehicle or the information stored in Table 3-1 could be associated 
with and reported for an aircraft/vehicle other than the one that transmitted the 
information.   


A candidate Duplicate Address potentially resultsis initiated when a Position 
Message is received for a 24 bit address that is identified as a Position Outlier.  
Assuming no Duplicate Address condition exists for a particular 24 bit address, 
the receipt of a Position Message that fails the Position Outlier test is stored as a 
separate track record that records the receipt of the even or odd Position 
Message.  The existing track is the Primary track for this 24 bit address and the 
second track record is a candidate Duplicate track.  In order for this 24 bit 
address to be declared a Duplicate Address, a Global CPR decode would need to 
be completed by the receipt of both an even and odd Position Message within 10 
seconds for the candidate Duplicate track.  Association of subsequent Position 
Messages with this 24 bit address is first attempted on the Primary track for this 
24 bit address.  If the Position Outlier test fails on the Primary track, this Position 
Message is used to update the candidate Duplicate Address record.  Otherwise, it 
is associated with the Primary track.  


In order for this 24 bit address to be declared a Duplicate Address, first a Global 
CPR decode would need to be completed by the receipt of both an even and odd 
Position Message within 10 seconds for the candidate Duplicate track.   If the 
candidate Duplicate Address track Global CPR decode is completed by the 
receipt of both an even and odd Position Message within 10 seconds and passes 
the global CPR reasonableness test, the 24 bit address is declared a Duplicate 
Address.  Once declared a Duplicate Address, Ooutput of an ADS-B Report for 
either track record is designated as a Duplicate Address.  Both track records are 







designated as Version 0.  Receipt of all Extended Squitter Messages, other than 
Position Messages, are not to be associated with any track  since there is no 
foolproof way to associate these messages with the correct aircraft.  Position 
Messages are associated with the record that results in the Position Outlier test 
being satisfied.  The output of an ADS-B Report based on receipt of a Position 
Message is performed for the track record for which the Position Outlier test is 
satisfied.  If the ADS-B Service is configured to output ADS-B Reports based on 
the receipt of a Velocity Message, the service shall not output a Velocity 
triggered report for any track record identified as a Duplicate Address. 


 
A 24 bit address is meant as the 24 bit address in combination with the Address 
Qualifier  that defines  the  type of address  included  in  the 24 bit address  field. 
The  duplicate  address  test  must  consider  both  the  24  bit  address  and  the 
address qualifier. 


a. The ADS-B Service shall identify a 24-bit address as a Duplicate Address 
when an multiple aircraft/vehicle airborne aircraft and another 
aircraft/vehicle airborne transmitting the same 24-bit address are detected as 
a result of a track initiated by a Position Outlier (§3.2.2.1.1.1.4.c 
,§3.2.2.1.1.1.4.ded, or §3.2.2.1.1.1.4.e) and subsequently passing the global 
CPR reasonableness test (§3.2.2.1.1.1.2.b))separated by at least 6 NM, the 
global CPR reasonableness test (§3.2.2.1.1.1.2.b) has been passed for at least 
one of the aircraft, and the time difference between the most recent position 
updates for the aircraft having the same 24-bit address does not exceed 30 
seconds.   


Notes: 


1. The Duplicate Address designator is used to indicate that any previously 
stored information associated with that address is not to be included in any 
output ADS-B Report.    


2. The specific technique for determining when a duplicate address is in use is 
not specified herein.  Any received position update that is defined to be a 
Position Outlier is a potential candidate for Duplicate Address.  


3. This requires that CPR decoding is applied separately to the positions 
reported by each aircraft/vehicle.  Separate decoding procedures are 
performed for each of the duplicate addressed tracks (since a local CPR 
decode assumes knowledge of the previously decoded position). 


4. The range threshold of 6 NM was derived from the assumption of 600 knots 
maximum ground speed over 30 seconds, yielding 5 NM, with an additional 1 
NM being added to allow for positional error. 


 The ADS-B Service shall [3793] identify a 24-bit address as a Duplicate 
Address when multiple aircraft/vehicles are reporting the surface condition 
and surface transmitting the same 24-bit address fare separated by at least 
0.75 NM, the global CPR reasonableness test (§3.2.2.1.1.1.2.b) has been 
passed for at least one of the aircraft/vehicles, and the time difference 
between the most recent position updates for the aircraft/vehicles having the 
same 24-bit address does not exceed 30 seconds. 







Note: The range threshold of 0.75 nautical miles was derived from the 
assumption of 60 knots maximum groundspeed over 30 seconds – 
yielding 0.5 nautical miles.  Since the surface CPR encoding is 4 
times more precise than the airborne encoding, assume 0.25 nautical 
miles extra for a total of 0.75 miles. 


 The ADS-B Service shall [xxxx] identify a 24-bit address as a Duplicate 
Address when an aircraft/vehicle reporting the surface condition and another 
airborne aircraft/vehicle transmitting the same 24-bit address are detected as 
a result of a track initiated by a Position Outlier (§3.2.2.1.1.1.4.g) and 
subsequently passing the global CPR reasonableness test (§3.2.2.1.1.1.2.b). 


Note: The range threshold of 2.5 nautical miles was derived from the 
assumption of 250 knots maximum speed for a target transitioning 
from the surface state to an airborne state over 30 seconds – yielding 
approximately 2 nautical miles – with an additional 0.5 NM being 
added to allow for positional errors.  


b. The ADS-B Service shall associate ADS-B Position Messages with the 
correct Aircraft/Vehicle when aircraft/vehicles transmitting a 24-bit address 
are identified as transmitting Duplicate Addresses. 


c. The ADS-B Service shall identify an ADS-B Message as a Position Outlier 
when the reported position in the ADS-B Airborne Position Message differs 
from the last reported position by more than 6 NM for an airborne aircraft 
when the last reported position was received  less than 30 seconds before. 


Notes: 


1. The Position Outlier designator is used to indicate that an ADS-B Report 
will not be output. 


2. The Position Outlier threshold value is based on the assumption of a 
maximum aircraft speed of 600 knots over a maximum extrapolation time 
of 30 seconds.  This yields a maximum positional difference of 
approximately 5 nautical miles.  An additional nautical mile is added to 
the Position Outlier threshold to account for additional ADS-B 
positional measurement uncertainty. 


3. Position outliers are candidates for duplicate address reports. 


d. The ADS-B Service shall identify an ADS-B Message as a Position Outlier 
when the reported position in the ADS-B Surface Position Message differs 
from the last reported position by more than 0.75NM for surface 
aircraft/vehicles that are reporting the surface condition when the last 
reported position was received  less than 30 seconds before. 


e. The ADS-B Service shall identify an ADS-B Message as a Position Outlier 
when the reported position for a surface aircraft/vehicle and an airborne 
aircraft/vehicle differ from the last reported position by more than 2.5 NM 
for one aircraft/vehicle that is reporting the surface condition and another 
aircraft reporting an airborne position when the last reported position was 
received less than 30 seconds before. 


f. ADS-B Messages from aircraft/vehicles with 24-bit addresses identified as 
Duplicate Addresses shall [3734] be processed as Version ZERO (0) format 
Messages and identified in the ADS-B Reports as Version 0.. 







Note: Even if Version 1 is reported in a particular ADS-B Message, it may 
be difficult or impossible to associate that Message with a particular 
aircraft/vehicle when a duplicate 24-bit address condition exists.  
Therefore Messages from each of the duplicate aircraft/vehicles are 
to be considered Version 0. 


g. The ADS-B service shall [3914] no longer identify targetsan aircraft/vehicle 
as having a Duplicate Address when 360 seconds has elapsed with no 
Position Message update for an aircraft/vehicle track with an address 
identified as a Duplicate Address.  the conditions specified in 3.2.2.1.1.1.4.a  
for airborne targets and in 3.2.2.1.1.1.4.b for surface targets are no longer ap 
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Agenda Item 6: Future work of the Organization in the areas of aeronautical surveillance and 


collision avoidance 
 


CONSIDERATION OF ISSUES RELATED TO ALTITUDE REPORTING IN ADS-B 
 


(Presented by A. Zhogin) 
  
  


SUMMARY 


Action by the meeting is in paragraph 3. 
 


1. INTRODUCTION 


1.1 Supporting reduced vertical separation minimum (RVSM) is one of important tasks of 
ATM. Altimetry accuracy monitoring is considered necessary to ensure safety of RVSM application. 


2. DISCUSSION 


2.1 The main approach to the monitoring is comparing aircraft measured barometric altitude 
to the calculated value. The calculated value is based upon independently measured geometric height and 
meteorological data for air pressure in given point, height and given time. Standard deviation of each 
geometric height and meteorological data error should not exceed 10 meters. 


2.2 Two main variants of altimetry system error (ASE) monitoring are currently in use which 
differ in the method of geometric height measurement. 


a) multilateration from the ground; and 


b) on board aircraft by means of a special additional satellite navigation receiver. 


2.3 The methods have serious drawbacks: 
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c) multilateration systems with required geometric height accuracy are expensive and 
have rather limited range;  


d) application of additional satellite receiver is only possible with a specialist taking part 
in the flight instead of one of the passengers which involve extra expenses; and 


e) both methods require precision meteorological data which may not be available in 
some regions. 


2.4 Pending wide implementation of ADS-B brings new possibility in ASE monitoring. The 
issue has been discussed by ICAO Separation and Airspace Safety Panel (SASP) and the applicability of 
the approach has been confirmed. The ADS-B approach to ASE monitoring does not require precise 
meteorological data and unlike current methods may be applicable in any geographical region. 


2.5 The main idea of the method is as follows. When ADS-B is widely implemented it will 
often occur a situation when two ADS-B equipped aircraft are separated less then by 30 miles 
horizontally, 400 meters vertically and 30 minutes in time. The two aircraft may by considered flying in 
the same air pressure field and bringing their air pressure readings to a common geometric height does not 
require precision meteorological data. Having data of many pairs with a given aircraft it will be easy to 
employ statistical methods for calculating ASE estimation with the required accuracy. This approach was 
approved by SASP working group (WP……………) 


2.6 For practical new monitoring method implementation the issue of available ADS-B 
outputs should be clear. The desirable output parameters should be as follows: 


a) barometric altitude; 


b) signed difference between geometric and barometric altitude; and 


c) expected geometric altitude error. 


2.7 In accordance with DO-260A, ADS-B should broadcast barometric altitude and signed 
difference between geometric and barometric altitude. The question should be cleared whether expected 
geometric altitude error may be broadcast. The information is needed to exclude measurements not 
meeting accuracy requirement and to optimize statistical calculation. 


3. ACTION BY THE ASP-WGW 


3.1 The meeting is invited to consider the proposed change of ADS-B outputs list and, if it 
considered reasonable give the recommendation to include expected geometric altitude error in the list. 


 


— END — 
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Recommendations on NIC and SIL Definitions Regarding VPL 
 
At the October 2007 Plenary, I was tasked with responding to a paper by Boeing regarding SIL 
definition changes in DO-260A Change 2, DO-282A Change 1, DO-242A Change 1, and DO-
289 Change 1. Boeing is opposed to the changes in the definition of SIL as they believe this will 
prohibit the encoding of NIC = 9 on any aircraft. I was given this action to determine if there 
were any implications to the applications in development, specifically EVAcq, EVApp, CD, 
ASSA, and FAROA. I was asked to discuss the issue with Bruce Decleene since his comments 
on STP were the basis for the changes. 
 
The definition of SIL that these document changes introduced includes VPL considerations in 
the setting of SIL. This change was made primarily to make the NIC/SIL relationship consistent 
for vertical containment. The higher NIC levels have always included a limit on VPL, but the 
definition of SIL did not put a probability on the vertical containment. The problem essentially is 
the definition of that probability depends on the type of sensor and the mode that sensor is in. 
Some modes specify the probability on a per approach basis. These definitions are not consistent 
with the per hour definition SIL has traditionally used. So the changes were a compromise that 
attempted to make the definition as clear and consistent as possible despite conflicts with the 
definitions of VPL probabilities. 
 
I discussed the issue with Bruce and he stated that his position was that the terminology and 
definitions used in the SIL text had been inconsistent and not equivalent to the data available 
from a certified sensor. The changes made were an attempt to remedy this problem and not to 
prohibit or allow any application. Furthermore, he did not feel strongly either way about 
Boeing’s proposal to separate vertical performance from horizontal performance. 
 
To discuss the application requirements, it would be helpful to review the NIC, NAC, and SIL 
quantization levels. Refer to the tables below when considering the application requirements. 
 
 







 
SIL Coding 
Binary Decimal 


Probability of Exceeding the 
Horizontal Integrity containment 
Radius (Rc) Reported in the NIC 
Subfield without an Indication 


Probability of Exceeding the 
Vertical Integrity Containment 
Region (VPL) without an 
Indication 


Corresponding 
Hazard 
Classification 


00 0 Unknown Unknown No Safety Effect 
01 1 ≤ 1 x 10-3 per flight hour or per 


sample 
≤ 1 x 10-3 per flight hour or per 
sample  


Minor 


10 2 ≤ 1 x 10-5 per flight hour or per 
sample 


≤ 1 x 10-5 per flight hour or per 
sample 


Major 


11 3 ≤ 1 x 10-7 per flight hour or per 
sample 


≤ 2 x 10-7 per 150 second or per 
sample 


Severe Major 
/Hazardous 


 
Horizontal Containment Radius (Rc) Navigation Integrity Category (NIC) NIC Supplement
Rc < 7.5 m and VPL < 11 m 11 0 
Rc < 25 m and VPL < 37.5 m 10 0 
Rc < 75 m and VPL < 112 m 9 1 
Rc < 0.1 NM (185.2 m) 8 0 
Rc < 0.2 NM (370.4 m) 7 0 
Rc < 0.6 NM (1111.2 m) 6 1 
Rc < 0.5 NM (926 m) 6 0 
Rc < 1.0 NM (1852 m) 5 0 
Rc < 2 NM (3.704 km) 4 0 
Rc < 4 NM (7.408 km) 3 1 
Rc < 8 NM (14.816 km) 2 0 
Rc < 20 NM (37.04 km) 1 0 
Rc ≥ 20 NM (37.04 km) or unknown 0 0 
 
Coding 95% Horizontal and Vertical Accuracy Bounds


NACp 
0 EPU ≥ 18.52 km (10 NM) 
1 EPU < 18.53 km (10 NM) 
2 EPU < 7.408 km (4 NM) 
3 EPU < 3.704 km (2 NM) 
4 EPU < 1852 m (1 NM) 
5 EPU < 926 m (0.5 NM) 
6 EPU < 555.6 m (0.3 NM) 
7 EPU < 185.2 m (0.1 NM) 
8 EPU < 92.6 m (0.05 NM) 
9 EPU < 30 m and VEPU < 45 m 
10 EPU < 10 m and VEPU < 15 m 
11 EPU < 3 m and VEPU < 4 m 
 







The ASSAP subgroup of WG4 recently conducted a review and disposition of the application requirements for the initial applications. 
Those requirements are summarized in the following table. 


Table Error! No text of specified style in document.-1 Target Vehicle Application Specific Requirements Summary 


 
Requirement 


Category Requirement 


Applicable Subsystem 
Interfaces 


(See Figure 2-7) EVAcq CD 
ASSA 


FAROA (Surface) EVApp 


Horizontal Position Accuracy A1→B1 0.5 NM 
(NACp ≥ 5) 


0.5 NM 
(NACp ≥ 5) 


92.6 m 
(NACp ≥ 8) 


0.3 NM 
(NACp ≥ 6) 


Degraded Position Accuracy A1→B1 N/A N/A 
185.2 m 


(NACp ≥7) 
 optional 


N/A 


Horizontal Velocity Accuracy A1→B1 N/A 
manufacturer 
determined 
parameter 


N/A < 10 m/s 
(Note 1) 


Vertical Position Accuracy A1→B1  Valid Baro 
(Note 4) 


Valid Baro  
(Note 4) 


On Ground Status 
(Note 5) 


Valid Baro 
(Note 4) 


State Data 


Vertical Velocity Accuracy A1→B1 N/A Valid Baro or 
better (Note 2) N/A N/A 


Surveillance Integrity Level A1→B1 N/A N/A N/A 10e-3/hr 
(SIL ≥ 1) State Data 


Integrity Navigation Integrity Category A1→B1 N/A N/A N/A 0.5 NM 
(NIC ≥ 6) 


A1→G 6 s 6 s 6 s 6 s 
A1→B1 1 s (0.6 s) 1 s (0.6 s) 1 s (0.6 s) 1 s (0.6 s) 
B1→D 1.1 s 1.1 s 1.1 s 1.1 s 
D→E 0.5 s 0.5 s 0.5 s 0.5 s 
E→F 2 s 2 s 2 s 2 s 


Maximum Latency 


F→G 0.5 s 0.5 s 0.5 s 0.5 s 


State Data 
Timing 


Maximum Data Age until 
Dropped at E 25 s (Note 3) 25 s (Note 3) 


11 s (moving) 
25 s (static)  


 
15 s 


ID/Status 
Information Maximum Latency A1→G 30 s 30 s 30 s 30 s 







So to summarize all these tables further, I’ve produced the following table which contains the 
necessary pieces of interest to this discussion. 
 
 NACp NIC SIL 
Most Stringent Initial  
Application Requirement 


8 (92.6 m) 6 (0.5 NM) 1 (10-3)


NPRM Requirement 9 (30 m) 
(VEPU < 45 m)


7 (0.2 NM) 2 (10-5)


 
Only the NPRM NACp requirement includes Geometric Altitude quality. Otherwise, the initial 
applications do not require a performance metric on Geometric Altitude. Geometric Altitude is 
being looked at to determine if it can be used to compute relative altitudes in cases of pressure 
altitude failure. There will likely be a requirement imposed on the accuracy for that application, 
but it has not been determined yet. 
 
At this point, no airborne or air-to-ground application defined requires NIC = 9 or greater. It is 
unknown what the vertical and horizontal quality requirements will be for future applications. 
The existing changes as drafted are conservative in the regard that they will prevent an aircraft 
from transmitting NIC = 9 or greater unless the position sensor meets the Horizontal and Vertical 
integrity bounds given. It is my recommendation to postpone further changes to the MASPS and 
Link MOPS documents with respect to NIC/SIL until an application is brought to WG1 for 
definition that requires a NIC = 9. At that time, the vertical requirements can be scrutinized to 
determine if they should be broken out to meet the safety requirements of the application. In 
general, I’m sympathetic to Boeing’s concern about the use of Geometric Altitude. However, it 
is my opinion that any changes to the link MOPS from now on should meet a very high level of 
necessity before being considered. Fluidity in the ADS-B Out specifications will have a very 
detrimental effect on availability of avionics and thus early equipage. 
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Summary 
The following was originally prepared by Tony Warren of Boeing as input to the 
RTCA/Eurocae Requirements Focus Group (RFG) Ground Surveillance Applications 
Subgroup as they review the requirements for the ADS-B RAD application.  
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CHANGE ISSUE  


 
 


Tracking Information (committee secretary only) 
Change Issue Number  
Submission Date  
Status (open/closed/deferred)  
Last Action Date  


 
Short Title for 
Change Issue: Revise Surveillance Integrity Level (SIL) Definition and Expand SIL Field  


 
MASPS Document Reference: Originator Information: 
Entire document (y/n)  Name Tony Warren  
Section number(s)  Phone 425-266-0894 
Paragraph number(s)  E-mail Anthony.w.warren@boeing.com 
Table/Figure number(s)  Other  
 
Proposed Rationale for Consideration (originator should check all that apply): 
x Item needed to support of near-term MASPS/MOPS development 
x  DO-260, 1090 MHz Link MOPS Rev A / ED-102 
x  ADS-B MASPS 
x  UAT MASPS, MOPS 
x  STP MOPS 
x  FAA NPRM  
x Item needed to support applications that have well defined concept of operation 
  Has complete application description 
  Has initial validation via operational test/evaluation 
x  Has supporting analysis, if candidate stressing application 
x Item needed for harmonization with international requirements 
x Item identified during recent ADS-B development activities and operational evaluations 
 MASPS clarifications and correction item 
 Validation/modification of questioned MASPS requirement item 
 Military use provision item 
 New requirement item (must be associated with traffic surveillance to support ASAS) 
 
Nature of Issue:  Editorial  Clarity  Performance  Functional 
Issue Description (attach additional sheets if necessary):  
 
The SIL definition for ADS-B transmit of position quality in DO-242A was originally proposed to cover 
two functions: 


(1) the position source (signal-in-space) containment integrity risk level associated with the broadcast 
of containment integrity as encoded in the NIC parameter, and  


(2) the functional integrity of the source position avionics, e.g., GPS receiver. 
 
Later definitions of SIL included yet more functions, i.e. (3) SIL could represent the functional integrity of 
the entire transmit avionics chain from the position source to the ADS-B out transmit function including 
the broadcast message function of the ADS-B transponder.  Under this definition, the SIL value is the 
minimum integrity indicator of any of the above functions.  The issue is that the SIL parameter has become 
badly overloaded and the receiver cannot tell which of the above functions is the basis of the SIL value 
transmitted.   
 
From the viewpoint of the RAD and NRA ADS-B Out Applications, the SIL parameter is inadequate to be 
used as the basis of received containment integrity.  For these applications, the certification basis is that the 
containment integrity for Radar-like surveillance standards needs to be equivalent to that of a RAIM GPS 


ASA MASPS 
REV - 
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unit, i.e. certified to 10-7 per hour level or equivalent to SIL=3 level, whereas the functional integrity of the 
avionics hardware only needs to be SIL=2 level, i.e. certified to major hazard level or 10-5 per hour level.  
The reason for the difference in integrity requirements is that for radar-like separation standards, a 10-7 
integrity level in position containment is needed to protect against area-wide failures in position integrity 
affecting more than one aircraft, whereas the avionics integrity level is only needed to protect against 
integrity failures affecting a single aircraft.  As a result, the SIL parameter is inadequate by itself to certify 
that an aircraft broadcasting a SIL=2 level in fact meets the 10-7 integrity level for source position integrity 
containment, equivalent to that of a RAIM GPS receiver certified to DO-208 standards or better.   
 
Originator’s proposed resolution if any (attach additional sheets if necessary):  
The proposed resolution is to redefine the SIL parameter for DO-260A Change 3, DO-242A, and later 
ADS-B avionics standards to contain two separate subfields for SIL(of two bits each or more), that would 
independently represent the position source (signal-in-space) containment integrity level, and the 
functional integrity of the ADS-B transmit domain avionics: 
 


(1) SILc subfield (two bits or more) to represent the containment integrity hazard risk level of the 
position source (signal-in-space) or of the containment integrity avionics if no signal-in-space is 
available.  For example, the containment integrity of tightly coupled GPS-IRS systems may be 
10-7 per hour, equivalent to that of a RAIM based GPS system even when the GPS signal is 
temporarily not available.  The proposed definition of this subfield is similar to that of the original 
DO-242A MASPS: 


 
                          SILc =  0        Containment integrity risk unknown or greater than 10-3 per hour 
                                       1        Containment integrity risk < 10-3  per hour  
                                       2        Containment integrity risk  < 10-5 per hour 
                                       3        Containment integrity risk  < 10-7 per hour.   
   
(2)  SILa subfield (two bits or more) to represent the integrity risk level of the transmit domain 
avionics     
       including the position source, STP and ADS-B Transmit functions (interfaces A1 to D in ADS-B  
       MASPS).  The proposed definition of this subfield is to represent the functional hazard level as a    
       probability of position data corruption by the underlying avionics.  Some avionics systems such as  
       FMS based position sources distinguish the integrity risk level depending on whether the risk is    
       based on faulted or fault free operations.  If the fault free operation is limited to an instantaneous    
       probability of data corruption <= 10-5, then SILa is limited to SIL<= 2.  Otherwise, the SILa  
       subfield is defined similar to SILc above, except that the integrity risk is for the entire Aircraft  
       Transmit domain, i.e.:  
 
                           SILa = 0    functional integrity risk unknown or greater than 10-3 per hour 
                                      1    functional integrity risk (A1 to D) < 10-3 per hour 
                                      2    functional integrity risk (A1 to D) < 10-5 per hour 
                                      3    functional integrity risk (A1 to D) < 10-7 per hour. 
 


              It is possible to consider a simplified one-bit version for SILa also, e.g.,. SILa =0 if functional   
              integrity risk is unknown or greater than 10-5, and SILa=1 if functional integrity risk < 10-5. 
 
 
Note:  Attach additional sheets to capture supporting discussion with source and date. 
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DO-260A Field Defintions Need Clarification for Implementation of the NPRM 
Requirements 


 
Honeywell is in the process of upgrading a transponder for full compliance with the NPRM 
requirements. A few parameters defined by DO-260A have descriptions that are not concrete 
enough to implement without clarification. This paper will identify the parameters and 
paragraphs of interest, and recommend that WG3 provide formal clarification through a Change 
3 to DO-260A. We also request that the clarification be made public as soon as possible through 
posting to the NPRM docket. 
 
The NPRM requires “An indication if the flight crew has selected to receive ATC services”. DO-
260A paragraph 2.2.3.2.7.2.4.4 entitled “Receiving ATC Services” states the following: 
 


The “Receiving ATC Services” Operational Mode Code is a one-bit subfield (“ME” bit 
29, Message bit 61) of the OM Code subfield in Aircraft Operational Status Messages. 
The ADS-B Transmitting Subsystem shall set this OM Code to ONE when the ADS-B 
Transmitting Subsystem is Receiving ATC Services, as indicated by an update having 
been received via an appropriate interface on board the transmitting aircraft within the 
past 5 seconds. Otherwise, this OM Code shall be set to ZERO. 


 
It is unclear what the intent is with regard to setting this bit. I have spoken with several industry 
contacts and gotten some very different interpretations. One interpretation is that any 4096 code 
other than VFR (1200) should set this bit. Considering that we are now required to transmit the 
4096 code in a squitter, it seems that this bit would be redundant if that is the intent. A further 
complication of this intent is that the VFR code is not 1200 in some countries. Would the ADS-B 
transmitter need to know what VFR code was currently applicable? Another interpretation I have 
heard is that this is a mechanism for reducing com channel traffic by allowing a pilot to press a 
button to indicate to ATC that he has a request as opposed to saying so over the com. 
Admittedly, this is not a likely interpretation but it illustrates the point that this language could 
use some improvement.  
 
DO-260A paragraph 2.2.3.2.6.1.4  entitled “IFR Capability Flag” Subfield in Airborne Velocity 
Messages - Subtype “1”  states the following: 
 


The “IFR Capability Flag ” subfield is a 1-bit (“ME” bit 10, Message bit 42) field that 
shall be used to indicate IFR capability by being encoded as specified in Table 2-24. 


Table 2-24: “IFR Capability Flag” Encoding 
Coding Meaning 
0 Transmitting aircraft has no capability for applications requiring ADS-B 


equipage Class “A1” or above 
1 Transmitting aircraft has capability for applications requiring ADS-B equipage 


Class “A1” or above 
 







If you look at table 2-3 in the front of the document, it would appear that you set this bit when 
you implement one or all of the following: Simultaneous Approaches, Separation Assurance and 
Sequencing, Flight Path Deconfliction Planning. This terminology is roughly equivalent to some 
of the applications being worked today in various working groups: Merging and Spacing, 
Sequencing and Merging, In Trail Procedures. Another possible interpretation is that we have 
TX/RX capability for all of the required message fields in Class A1 as well as the required 
transmit power and receiver sensitivity.  Again, this paragraph could use some clarification to 
ensure consistent implementation.  
 
The NPRM requires “An indication whether a cockpit display of traffic information (CDTI) is 
installed and operable”. DO-260A paragraph 2.2.3.2.7.2.3.3 entitled ““CDTI Traffic Display 
Capability” CC Code Subfield in Aircraft Operational 
Status Messages” states: 
 


The CC Code for “CDTI Traffic Display Capability” in Aircraft Operational Status 
Messages (TYPE=31, Subtype=0 or 1) is a 1-bit field (“ME” bit 12, message bit 44) that 
shall be set to ONE (1) as specified in Table 2-63 if the transmitting aircraft has a 
Cockpit Display of Traffic Information (CDTI) installed and that display is currently 
operating in a mode capable of displaying nearby ADS-B traffic. Otherwise, this CC code 
shall be ZERO (0). 
 


Table 2-63: CDTI Traffic Display Capability Encoding 
CDTI Traffic  
Display Capability 


Meaning 


0 No capability for CDTI Traffic Display Capability 
1 Transmitting Aircraft has CDTI Installed and Operating 


 
It is unclear what operational use this field has as defined. Having an operational CDTI is not 
sufficient to communicate capability to perform an application. It seems likely that this bit was a 
precursor to the ASA Capability Level (ACL) as defined in DO-289. If the NPRM intends to use 
this field to communicate capability to perform an ASA Application, then the requirements of 
that application should be met before setting this field. Those application requirements should be 
included in the text of this requirement to ensure consistency across transmit implementations. 
Otherwise, it is our recommendation to mark this field reserved until MOPS Requirements are 
defined for ACL. 
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Summary 
DO-181C and DO-260A require that Airborne Position, Surface Position, and Airborne 
Velocity Squitters all continue to be broadcast with TYPE Code Zero for 60 seconds 
after the source data has timed out. This presents an ambiguous decoding problem for 
an ADS-B receiver. Honeywell proposes to modify these requirements to only transmit 
Airborne Position Messages with TYPE Code ZERO. Surface Position and Airborne 
Velocity Messages would not be broadcast with TYPE Code ZERO.  
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Introduction: 
 
The following list of MOPS paragraphs require that Airborne Position, Surface Position, and Airborne 
Velocity Squitters all continue to be broadcast with TYPE Code Zero for 60 seconds after the source data 
has timed out. The Airborne Position Message is required to continue to contain the pressure altitude. 
The Surface Position and Velocity Messages are required to be all ZEROS. This presents an ambiguous 
decoding problem for an ADS-B receiver. It depends on the TYPE code to distinguish between the 
incoming ADS-B messages. Therefore, it would not be able to tell a ZERO TYPE Code Airborne Position 
Message from any other ZERO TYPE Code Message. Honeywell proposes to modify these requirements 
and only transmit Airborne Position Messages with TYPE Code ZERO. Surface Position and Airborne 
Velocity Messages will not be broadcast with TYPE Code ZERO. Honeywell will present this issue paper 
to SC-209 and SC-186 WG3 proposing to make the following changes to DO-181C and DO-260A. 
 
If accepted these requirements changes will drive changes in the corresponding test paragraphs. 
Honeywell will provide those text changes to the committee as needed. 
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DO-181C Existing Text with Suggested Changes Shown (use MS Word View Markup) 
 
2.2.16.2.6.2.3 Extended Squitter Rate 
 


a. Initialization. At power up initialization, the transponder shall commence operation 
in a mode in which it broadcasts only acquisition squitters (2.2.16.2.6.1). The 
transponder shall initiate the broadcast of extended squitters for airborne position, 
surface position, airborne velocity and aircraft identification when data are inserted 
into GICB registers 05, 06, 09 and 08 {HEX} respectively. This determination shall 
be made individually for each squitter type. The insertion of altitude data into register 
05 by the transponder (2.2.16.2.6.2.8) shall not satisfy the minimum requirement for 
broadcast of the airborne position squitter. 


 
Note 1: This suppresses the transmission of extended squitters from aircraft that 


are unable to report position, velocity or identity information. 
 


If input to the 05 register for the airbornea position squitter type stops for 60 seconds, 
broadcast of that extended squitter type will be discontinued until data insertion is 
resumed. The insertion of altitude by the transponder shall satisfy the minimum 
requirement for continuing to broadcast the airborne position squitter. After timeout 
(2.2.16.2.6.2.4.2), this squitter type may contain an ME field of all zeroes. 
 
 


 
Note 2: Continued transmission for 60 seconds is required so that receiving 


aircraft will know that the data source for the message has been lost. 
 


If input to the 06 or 09 register stops for 2 seconds, broadcast of those extended 
squitter types will be discontinued until data insertion is resumed. 


 
Note 3: Previous versions of these MOPS required the surface position and  


velocity squitter to be transmitted for an additional 60 seconds with all 
zeros including the Type Code field. In the event of a loss of GPS data the 
airborne position squitter would have barometric altitude in it, the surface 
position and velocity squitter would not. However, a receiver could not 
determine the difference between these cases, therefore the transmitted 
altitude was not usable. 


 
When extended squitters are broadcast, transmission rates shall be as indicated in the 
following paragraphs. Acquisition squitters shall be reported in addition to extended 
squitters as specified in 2.2.16.2.6.1.c. Acquisition squitters shall always be reported 
if no extended squitters are reported. 
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DO-260A Change 2 SIL / NIC / NACp / NACv Dependency on Vertical Integrity & 


Accuracy 
 
In Change 2 of DO-260A a modification has been made to Table 2-72; SIL Subfield 
Encoding.  This change has inserted a dependence on VPL (Vertical Protection Limit) for 
Surveillance Integrity Level (SIL) encoding (for NIC values >8) when previously SIL 
was defined in DO-260A only as a function of the horizontal position integrity limits.  If 
a VPL cannot be provided for those NIC values (9, 10, & 11) then “The SIL encoding is 
the most stringent of the horizontal or vertical values” which means that the SIL subfield 
must be set to a value of 0.  The same dependency on VPL has been added in Table 2-5 
in DO-242A, Change 1.  The original coding of SIL as defined in DO-242A Rev New 
was defined in Section 2.1.2.15 and Table 2-5 and was defined only as a function of 
horizontal integrity limits.     
 
A similar dependency on VPL exists in Table 2-70; NIC Encoding.  If a VPL cannot be 
provided then the highest NIC that can be declared is 8 under all conditions, even if the 
horizontal position sensor is reporting an HPL equivalent to a NIC = 9 or a larger value.  
The dependence on VPL for higher NIC values originally documented in the ADS-B 
MASPS; DO-242A; Section 2.1.2.12 and Table 2-2 (Note 5) was for the case only when 
geometric altitude was being reported.   
 
A dependency on vertical accuracy (VEPU) exists in the NACp encoding table, Table 2-
71 of DO-260A and a dependency on vertical figure of merit (VFOM) exists in the 
NACv encoding tables, Table 2-25, 2-26 and 2-27.   
 
Boeing objects to these changes in definition and to the general concept of dependence on 
vertical accuracy and integrity for these horizontal quality parameters.  These limitations 
will unfairly penalize operators who will be attempting to equip with ADS-B Out 
equipment early and gain near term benefits in non-radar airspace (NRA) where the key 
ADS-B performance requirements are in the horizontal plane only.  The NRA Safety, 
Performance and Interoperability Requirements document; DO-303, does not contain any 
dependence on vertical accuracy or integrity in the requirements for the transmitted 
horizontal quality parameters. A transmitted SIL value of 0 would severely limit the 
usefulness of an aircraft’s ADS-B Out data set as most applications for ADS-B Out and 
ADS-B In will require a minimum SIL value of 1 or greater.  
 
Thousands of aircraft worldwide are certified under both FAA (FAA Guidance 
Document 91-RVSM) and ICAO rules to operate in RVSM airspace at 1000’ adjacent 
flight level spacing without a VPL output from the altimetry system.  Since the FAA 
ADS-B program does not plan to make changes to these flight level separation standards, 
it seems unreasonable to require more stringent vertical data integrity standards for ADS-
B Out operations than those already in effect for enroute airspace.  
 







Similarly, the dependency of NIC on VPL is an artificial limitation on an aircraft’s ADS-
B indicated performance.  Under the current requirements, this dependency would limit 
the maximum transmitted NIC value to 8 when the aircraft’s true horizontal integrity 
performance might be a value of 9 or greater.   
 
The dependency of NACp on vertical accuracy (VEPU) is also an unnecessary limitation 
on an aircraft’s ADS-B indicated performance.  This would limit the maximum 
transmitted NACp value to 8 when the aircraft’s true horizontal accuracy performance 
might be a value of 9 or greater. 
 
The FAA and industry are evaluating multiple solutions to mitigate Runway Incursion 
issues, including the use of ADS-B Out data and surface ADS-B In applications on a 
CDTI.  These surface applications will require increased horizontal accuracy and 
integrity data. The performance and availability of targets for these applications will be 
limited by the dependence on vertical accuracy and integrity in the transmitted NIC, SIL, 
NACp and NACv parameters, even though the vertical data is irrelevant for their 
operation.  
 
ADS-B applications, whether ground based in the ATC infrastructure and/or airborne 
ADS-B In, that will require airborne vertical accuracy and integrity data have a long term 
schedule in the ADS-B development roadmap.  When those ADS-B In applications that 
require vertical accuracy and/integrity data are approved and ready to be deployed NAS 
wide, the required vertical accuracy and integrity quality parameters could be broadcast 
in new data fields separate from the corresponding horizontal parameters.  Until then, 
they are premature and an unnecessary limitation on the near term applications and 
should be withdrawn.  
 
Summary of recommended changes for DO-260A Change 3 and DO-242A: 


1. Remove any dependence on VPL from the definition of SIL (Table 2-72) in DO-
260A .   


2. Remove any dependence on VPL from the definition of SIL (Table 2-5) in DO-
242A.   


3. Remove any dependence on VPL from the definition of NIC (Table 2-70) in DO-
260A.  


4. Remove any dependence on vertical accuracy (VEPU) from the definition of 
NACp (Table 2-71) in DO-260A.  


5. Remove any dependence on vertical figure of merit (VFOM) from the definition 
of NACv (Tables 2-25, 2-26 and 2-27) in DO-260A.  
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SUMMARY 
 
At the Stockholm meeting, Eberhard Boehm proposed the use of extended squitter as a 
means for air-ground and air-air delivery of the ACAS RA report (Ref 1).  The TSG was 
tasked to develop an implementation of RA broadcast via extended squitter. This working 
paper presents a candidate design for this form of RA delivery together with a 
preliminarily estimate of the performance of ES RA delivery in high and low density 
environments.  It also addresses the issues raised in Ref 2 on the use of ES for RA 
broadcast 
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1.0 Background 
 


Since the collision over southern Germany, several administrations have been looking at ways to 
obtain the RA downlink in a more timely fashion than is available from a scanning beam 
interrogator.  The first alternative considered was to use the 1030 MHz RA broadcast that is 
transmitted once per second by ACAS during an RA event.  This RA broadcast was originally 
provided to make RA information available in airspace that was not covered by a Mode S 
interrogator.  For this reason, the 1030 RA broadcast only identifies the transmitting ACAS aircraft 
by its Mode A code.  While this will still provide useful identification in most airspace, it will not 
provide unique identification in Europe after the initiation of Mode A conspicuity codes.   


2.0 Delivery via Extended Squitter 


Eberhard Boehm has proposed using an event-driven extended squitter to deliver the RA broadcast.  
The ES RA broadcast overcomes the identity problem of the 1030 MHz broadcast since it can 
contain the same information as the RA message readout out using the GICB protocol, including the 
aircraft 24-bit address.  A ground ES receiver with an omni-directional receiving capability can 
provide RA messages to the ground much sooner than with a scanning beam antenna. Further, the 
RA information can be easily defined as an addition to the ES emergency message, and implemented 
in some future upgrade to extended squitter. 


3.0 Candidate Design 
 
A candidate design for the ES RA broadcast is shown in the following figures.  Currently, only 
subtype 1 of format type code 28 is used and it defines the emergency/priority status message.  The 
candidate design defines format type code 28, subtype 2 to contain the RA downlink message.   
 
The format of the RA downlink is defined in Annex 10, Vol. IV, 4.3.8.4.2.2.  The 56-bit MB field 
contains an 8-bit BDS code subfield in bits 1 to 8 as required to identify the message content when 
delivered via the GICB protocol.  This BDS subfield is not required for the ES RA broadcast, since 
the message identification is accomplished by the message type and subtype codes.  The remaining 
48-bits of the RA message exactly match the bit capacity of the extended squitter, as shown in the 
following figures 
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Table 2-97.    BDS code 6,1 — Emergency/priority 


status 
MB FIELD 


1  
2  
3 FORMAT TYPE CODE = 28 
4  
5  
6  
7 SUBTYPE CODE = 1 
8  
9  


10 EMERGENCY STATE 
11  
12  
13  
14  
15  
16  
17  
18  
19  
20  
21  
22  
23  
24  
25  
26  
27  
28  
29  
30  
31  
32  
33 RESERVED 
34  
35  
36  
37  
38  
39  
40  
41  
42  
43  
44  
45  
46  
47  
48  
49  
50  
51  
52  
53  
54  
55  
56  


 


 
PURPOSE: To provide additional information on 
aircraft status. 
 
 
 
Subtype shall be coded as follows: 
0  = No information 
1 = Emergency/priority status 
2     =    ACAS RA Downlink 
3 to 7  =  Reserved 
 
Emergency state shall be coded as follows: 
 


Value Meaning 
0 No emergency 
1 General emergency 
2 Lifeguard/Medical 
3 Minimum fuel 
4 No communications 
5 Unlawful interference 
6 Reserved 
7 Reserved 


 
 
1) Message delivery shall be accomplished once 


per 0.8 second using the event-driven protocol. 
 
2) Termination of emergency state shall be 


detected by coding in the surveillance status field 
of the airborne position message.  







.


Table 2-97.    BDS code 6,1 — Emergency/priority 
status 


MB FIELD 
1  
2  
3 FORMAT TYPE CODE = 28 
4  
5  
6  
7 SUBTYPE CODE = 2 
8  
9  


10  
11  
12  
13  
14  
15 ACTIVE RESOLUTION ADVISORIES 
16  
17  
18  
19  
20  
21  
22  
23  
24 RACs RECORD 
25  
26  
27 RA TERMINATED 
28 MULTIPLE THREAT ENCOUNTER 
29 THREAT-TYPE INDICATOR 
30  
31  
32  
33  
34  
35  
36  
37  
38  
39  
40  
41  
42  
43 THREAT IDENTITY DATA 
44  
45  
46  
47  
48  
49  
50  
51  
52  
53  
54  
55  
56  


 


 
PURPOSE: To report resolution advisories (RAs) generated by  
ACAS equipment. 
 
 
Subtype shall be coded as follows: 
 
0  = No information 
1 = Emergency/priority status 
2     =    ACAS RA Downlink 
3 to 7  =  Reserved 
 
The coding of bits 9 to 56 of this register shall conform to the  
corresponding bits of register 3,0 as specified in Annex 10,  
Volume IV, section 4.3.8.4.2.2. 
 
 
1) Message delivery shall be accomplished once per 0.8 second 


using the event-driven protocol. 
 
2) RA broadcast shall be initiated when the DR field is set to 2 or 3.  


RA broadcast shall terminate when the DR field is set to a value 
other than 2 or 3. 


 







 
 


. 


4.0  Performance of RA Delivery by Extended Squitter 
 
The reception performance of extended equitters for communicating RA information has 
been estimated for both a very high density environment and a low-density environment.  
The high density environment is based the maximum interference measured at Frankfurt 
in May 2000.  This is a very high interference level, the maximum ever measured in the 
1090 MHz frequency band. The low density case is based on the environment defined in 
the ADS-B MASPS (DO-242A), which consists of 360 aircraft within 400 NM, 
uniformly distributed, and Mode A/C transmissions of 50 per second from each aircraft. 
 
For use in a high density environment, a six-sector receiving antenna was used as a 
means of reducing interference.  For the low density environment, an omni-directional 
(DME) antenna was used. 
 
In formulating this analysis, it was realized that the reception time will depend on the 
timing of the first RA transmission relative to when the RA event was declared by 
TCAS.  For this analysis, it was assumed that the first squitter message is transmitted 
immediately after the RA event at a rate of one transmission every 0.8 seconds as 
specified for the emergency/ priority status message. 
 
The method of calculation was based on the performance evaluation documented in the 
Extended Squitter MOPS (DO-260A, Appendix P).  Several changes in the analysis were 
made to account for air-to-ground transmissions, whereas the previous assessment 
applied to air-to-air.  The new analysis is conservative in the sense that in order to model 
the power fading statistics of the ground based receiving antenna it used the known 
behavior of airborne antennas.  This initial performance analysis is based on some 
approximations and should be refined before a final decision is made to implement this 
technique for RA delivery.  
 
Figure 1 shows the calculated reception performance as a function of range between the 
transmitting aircraft and the receiving ground station.  The vertical scale shows the time 
in seconds by which reception is 95 percent confident.   
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Figure 1:  RA Broadcast Air-Ground Delivery Delay (95th Percentile) 
 
5.0  Consideration of Issues Raised by WP A5-172 
 
WP A5-172 considered the use of ES as a means to deliver the RA broadcast.  The paper 
raised several technical and operational questions.  The questions are listed in the 
following paragraphs, together with a response for the RA broadcast design proposed in 
this working paper. 
 
5.1 RA Broadcast Rate and Performance 
 
The delivery performance for the ES RA broadcast at a rate of once per 0.8 seconds is 
presented in paragraph 4. 
 
5.2 Impact of RA Broadcast on Transponder Reply Probability 
 
A Mode S transponder equipped for ES limits the maximum total broadcast rate for all 
types of ES squitters to 6.2 transmissions per second.  This is composed of 4.2 
transmissions per second for the basic transmission of surveillance and identification 
broadcast, plus a maximum of 2 additional event driven squitters per second.  The 
proposed RA broadcast design does not involve any additional event driven squitters. 
 
The draft revised SARPs for extended squitter include a priority algorithm that is invoked 
if more than two event driven squitters per second are scheduled for transmission.  This 







 
 


. 


algorithm gives highest priority to subtype 1 of the emergency/priority status message.  
The algorithm will have to be revised to include the subtype of the emergency/priority 
status message that is proposed as the means to deliver the RA broadcast.   
 
Note that ES transponder occupancy is extremely small and will not have any noticeable 
effect on transponder reply probability.  Each ES transmission occupies the transmitter 
for 120 microseconds.  The maximum allowed dead time following a transmission is 125 
microseconds.  The results in maximum transponder occupancy of 245 microseconds for 
each ES or a total of 1519 microseconds for the 6.2 ES transmissions per second.  This is 
equivalent to a transponder occupancy of 0.15 per cent. 
 
5.3 Requirement for Broadcast of Capability to Support RA Broadcast 
 
If there is a requirement to announce the capability to support RA broadcast, it can be 
accommodated in the Operational Mode Subfield of the Aircraft Operational Status 
Message. After discussion, the TSG agreed that the RA broadcast capability should be 
self announcing.  It was felt that a specific broadcast of capability could in fact create a 
hazard, if the aircraft reported RA broadcast capability and then failed to provide the RA 
broadcast. 
 
5.4 Broadcast of Fake RA to Mislead the Interceptor 
 
The possibility of broadcasting a fake RA message to mask an intended hostile maneuver 
is a matter of concern.  However, it is inherent in any of the techniques that can be used 
to deliver the RA message, air-air or air-ground.  This will have to be evaluated by the 
military as an operational issue. 
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SUMMARY 
There are several tests which appear to have some inconsistency or that need additional 
clarifications.  This Working Paper discusses proposed changes to the following test 
procedures:  §2.4.4.3.4.7.1, §2.3.2.4.6, §2.4.4.3.1.2, §2.3.2.4.3, §2.4.4.3.4.7.3, §2.3.2.4.7 
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Issue #1 §2.4.4.3.4.7.1 Verification of Criteria for ADS-B Message Transmission 


Pulse Detection (§2.2.4.3.4.7.1 and §2.2.4.3.4.7.2) 
 
Overview: 
The issue is relative to the use of DO-260A enhanced squitter reception techniques from 
Appendix I.  The test procedures in §2.4.4.3.4.7.1 assume a non-enhanced squitter 
reception method.  Therefore the tests are either not applicable or redundant if the tests in 
DO-260A §2.4.4.4.2.2 are used to verify the enhanced squitter reception implementation. 
 
 
Description of Issue: 
The test procedures in §2.4.4.3.4.7.1 are equivalent to the legacy TCAS Mode S 
Preamble Reception tests in DO-185A, §2.4.2.1.5.1, which assume a non-enhanced 
preamble detection implementation.   
 
One of the tests in §2.4.4.3.4.7.1 (Input C, Steps 5 and 6) will fail if the enhanced squitter 
reception techniques are used.  This issue was previously identified in Working Paper 
1090ES-WP19-10.  In the original issue of DO-260A, the same waveform was used as 
part of §2.4.4.4.2.2, Input D.  This waveform was subsequently removed and replaced 
with a new set of waveforms as part of “Change 1 to DO-260A.”   
 
The other waveforms and tests in §2.4.4.3.4.7.1 are either redundant or equivalent to the 
tests in §2.4.4.4.2.2: 
• §2.4.4.3.4.7.1 Input A (Steps 1 and 2) is similar and equivalent to §2.4.4.4.2.2 Inputs 


A and B (Steps 1 through 4) 
• §2.4.4.3.4.7.1 Input B (Steps 3 and 4) is identical to §2.4.4.4.2.2 Input I (Steps 17 and 


18) 
• §2.4.4.3.4.7.1 Input D (Steps 7 and 8) is identical to §2.4.4.4.2.2 Input J (Steps 19 and 


20) 
 
 
Proposed Change 
The proposed change would be to add the following note to §2.4.4.3.4.7.1 after the 
“Purpose/Introduction” paragraph:   
 


Note: This test is not applicable to equipment which uses the enhanced reception 
techniques.  That is, it is not applicable to equipage classes A1, A2 and 
A3.  The enhanced preamble detection requirements for this equipment 
are tested in §2.4.4.4.2.2. 
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Issue #2 §2.3.2.4.6 Criteria for ADS-B Message Transmission Pulse Detection 


(§2.2.4.3.4.7.1 and §2.2.4.3.4.7.2) 
 
Overview: 
This is the environmental version of the same test as was described in Issue #1.  The test 
has the same waveforms as §2.4.4.3.4.7.1. 
 
Description of Issue: 
See Issue #1 
 
Proposed Change 
The proposed change would take the existing section §2.3.2.4.6 and make this sub-
section §2.3.2.4.6.1, which would be applicable to a Class A0 receiver.  An additional 
sub-section §2.3.2.4.6.2 would be added which is based on the test procedures in 
§2.4.4.4.2.2, and would be applicable to class A1, A2 and A3 receivers.  This would be 
consistent with the proposed approach in Issue #1. 
 


1. Add section title “§2.3.2.4.6.1 Criteria for ADS-B Message Transmission Pulse 
Detection for Receivers not using Enhanced Reception Techniques” after the 
existing section title §2.3.2.4.6. 


 
2. Add the following note to the after the “Purpose/Introduction” paragraph in the 


existing section §2.3.2.4.6: 
 


Note: This test is not applicable to equipment which uses the enhanced reception 
techniques.  That is, it is not applicable to equipage classes A1, A2 and 
A3.  The enhanced preamble detection requirements for this equipment 
are tested in §2.3.2.4.6.2. 


 
3. Add the following section after the existing section §2.3.2.4.6 and prior to section 


§2.3.2.4.7: 
 


§2.3.2.4.6.2 Criteria for ADS-B Message Transmission Pulse Detection for 
Receivers using Enhanced Reception Techniques 
 
Purpose/Introduction: 
These tests verify that the ADS-B reply processor correctly detects the presence 
of a valid ADS-B preamble whose pulse characteristics are within the allowable 
limits and rejects preambles having pulse spacing and position characteristics that 
are outside the allowable limits. 
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Reference Input: 
 
Provide a method of supplying the UUT with: 
 


Any Valid ADS-B Message having: 
“DF” = 17 
“CA” = 0 
“AA” = Any discrete address 
Message Rate = 50 Hz 
Frequency = 1090 MHz 
Power = -23 dBm (for the first preamble 


pulse level) 
 
Input A: 
Same as the Reference Input, but having the following preamble pulse 
characteristics: 


Table 1 Input A: Preamble Pulse Characteristics 
 
Pulse Rise time 


(μsec) 
Fall time 


(μsec) 
Δ Width 


(μsec) 
Δ Position 


(μsec) 
Δ Amplitude


(dB) 
1 0.05 – 0.1 0.05 – 0.2 +0.05 - - 
2 0.05 – 0.1 0.05 – 0.2 -0.05 +0.100 +2 
3 0.05 – 0.1 0.05 – 0.2 +0.05 +0.100 +2 
4 0.05 – 0.1 0.05 – 0.2 -0.05 +0.100 0 


 
 
Input B: 
Same as the Reference Input, but having the following preamble pulse 
characteristics: 


Table 2 Input B: Preamble Pulse Characteristics 
 
Pulse Rise time 


(μsec) 
Fall time 


(μsec) 
Δ Width 


(μsec) 
Δ Position 


(μsec) 
Δ Amplitude


(dB) 
1 0.05 – 0.1 0.05 – 0.2 +0.05 - - 
2 0.05 – 0.1 0.05 – 0.2 -0.05 -0.100 +2 
3 0.05 – 0.1 0.05 – 0.2 +0.05 -0.100 +2 
4 0.05 – 0.1 0.05 – 0.2 -0.05 -0.100 0 
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Input C: 
Same as the Reference Input, but having the following preamble pulse 
characteristics: 


Table 3 Input C: Preamble Pulse Characteristics 
 
Pulse Rise time 


(μsec) 
Fall time 


(μsec) 
Δ Width 


(μsec) 
Δ Position 


(μsec) 
Δ Amplitude


(dB) 
1 0.05 – 0.1 0.05 – 0.2 -0.3 - - 
2 0.05 – 0.1 0.05 – 0.2 -0.3 0 0 
3 0.05 – 0.1 0.05 – 0.2 -0.3 0 0 
4 0.05 – 0.1 0.05 – 0.2 -0.3 0 0 


GWF Comment: above changed from -0.03 to -0.3 as per finding and questioning 
by Kurt Schueler of Garmin, and confirmed by Jim Troxel, 6/25/2008. 
 
Input D: 
Same as the Reference Input, but having the following preamble pulse 
characteristics: 


Table 4 Input D: Preamble Pulse Characteristics 
 
Pulse Rise time 


(μsec) 
Fall time 


(μsec) 
Δ Width 


(μsec) 
Δ Position 


(μsec) 
Δ Amplitude


(dB) 
1 0.05 – 0.1 0.05 – 0.2 +0.3 -0.3 - 
2 0.05 – 0.1 0.05 – 0.2 0 -0.125 0 
3 0.05 – 0.1 0.05 – 0.2 +0.3 -0.3 0 
4 0.05 – 0.1 0.05 – 0.2 0 +0.125 0 


 
 
Input E: 
Same as the Reference Input, but having the following preamble pulse 
characteristics: 


Table 5 Input E: Preamble Pulse Characteristics 
 
Pulse Rise time 


(μsec) 
Fall time 


(μsec) 
Δ Width 


(μsec) 
Δ Position 


(μsec) 
Δ Amplitude


(dB) 
1 0.05 – 0.1 0.05 – 0.2 +0.3 -0.3 - 
2 0.05 – 0.1 0.05 – 0.2 0 +0.125 0 
3 0.05 – 0.1 0.05 – 0.2 +0.3 -0.3 0 
4 0.05 – 0.1 0.05 – 0.2 0 -0.125 0 
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Input F: 
Same as the Reference Input, but having the following preamble pulse 
characteristics: 


Table 6 Input F: Preamble Pulse Characteristics 
 
Pulse Rise time 


(μsec) 
Fall time 


(μsec) 
Δ Width 


(μsec) 
Δ Position 


(μsec) 
Δ Amplitude


(dB) 
1 0.05 – 0.1 0.05 – 0.2 +4.5 - - 
2 Pulse Not Present 
3 Pulse Not Present 
4 Pulse Not Present 


 
 
Measurement Procedure: 
The ADS-B receiver power levels specified in this procedure are relative to the 
loss at the RF message source end of the transmission line used to interface the 
RF message source to the UUT receiver input port. For each ADS-B equipage 
class, the specified power level is adjusted to compensate for the maximum line 
loss for which the UUT receiver has been designed. For example, if the line loss 
is 3 dB, then each of the RF message power levels specified in the test procedures 
is lowered by 3 dB. 
 
Step 1:  Preamble Pulse Characteristics set to the Extreme Limits of their 


Tolerance Range - Part 1 
Apply Input A at the receiver input and verify that at least 90 
percent of the ADS-B Messages are correctly decoded. 


 
Step 2:  Preamble Pulse Characteristics set to the Extreme Limits of their 


Tolerance Range - Part 2 
Repeat Step 1 with the signal power level at -65 dBm. 


 
Step 3:  Preamble Pulse Characteristics set to the Extreme Limits of their 


Tolerance Range - Part 3 
Apply Input B at the receiver input and verify that at least 90 
percent of the ADS-B Messages are correctly decoded. 


 
Step 4:  Preamble Pulse Characteristics set to the Extreme Limits of their 


Tolerance Range - Part 4 
Repeat Step 3 with the signal power level at -65 dBm. 


 
Step 5:  Preamble Pulse Widths set to Out-of-Tolerance Values - Part 1 


Apply Input C at the receiver input and verify that no more than 
10 percent of the ADS-B Messages are correctly decoded. 


 
Step 6:  Preamble Pulse Widths set to Out-of-Tolerance Values - Part 2 


Repeat Step 5 with the signal power level at -65 dBm. 
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Step 7:  Preamble Pulse Positions set to Out-of-Tolerance Values - Part 1 


Apply Input D at the receiver input and verify that no more than 
10 percent of the ADS-B Messages are correctly decoded. 


 
Step 8:  Preamble Pulse Positions set to Out-of-Tolerance Values - Part 2 


Repeat Step 7 with the signal power level at -65 dBm. 
 
Step 9:  Preamble Pulse Positions set to Out-of-Tolerance Values - Part 3 


Apply Input E at the receiver input and verify that no more than 
10 percent of the ADS-B Messages are correctly decoded. 


 
Step 10:  Preamble Pulse Positions set to Out-of-Tolerance Values - Part 4 


Repeat Step 9 with the signal power level at -65 dBm. 
 
Step 11:  Preamble Single Pulse - Part 1 


Apply Input F at the receiver input and verify that no more than 
10 percent of the ADS-B Messages are correctly decoded. 


 
Step 12:  Preamble Single Pulse - Part 2 


Repeat Step 11 with the signal power level at -65 dBm. 
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Issue #3 §2.4.4.3.1.2 Verification of Re-Triggerable Capability (§2.2.4.3.1.2) 
 
Overview: 
The test requires the Mode S Reply processor to re-trigger on a higher power level DF-17 
squitter which overlaps another DF-17 squitter.  However the test limits may not be 
consistent with similar re-trigger capability tests that are specified in DO-260A 
§2.4.4.4.2.6. 
 
Description of Issue: 
The test in §2.4.4.3.1.2 is similar to the test in §2.4.4.4.2.6 step 3 where a higher power 
DF=17 overlaps with a fixed offset another DF=17 squitter.  The test verifies the ability 
of the Mode S squitter processor to re-trigger.  The differences between the test 
conditions are shown in the following table: 
 
Parameter §2.4.4.3.1.2 §2.4.4.4.2.6 


Step 3 
Delay of 2nd (overlapping) DF=17 squitter from 
1st DF=17 


12 microseconds 6 microseconds 


Power level of 1st DF=17 MTL + 3dB 
-50 dBm 
-30 dBm 


MTL + 12dB 


Increased power level of 2nd DF=17 over 1st 
DF=17 


+6dB +4dB 
+8dB 
+12dB 


Required decoding probability for 2nd DF=17 
squitter 


0.9 (all tests) Class A1: 
0 (+4dB) 
0.49 (+8dB) 
0.87 (+12dB) 
Class A2/A3: 
0.26 (+4dB) 
0.93 (+8dB) 
0.94 (+12dB) 


 
While the test conditions for §2.4.4.4.2.6 do not exactly match this test, it appears that the 
required decoding probability for §2.4.4.3.1.2 is more stringent than the requirements for 
§2.4.4.4.2.6.  The required decoding probability for §2.4.4.4.2.6 were empirically derived 
from testing performed by the FAA and documented in SC-186 WG-3 Working Paper 
1090-WP-14-14. 
 
ACSS has performed some lab testing on a Class A2 ADS-B receiver which has re-
triggerable capability.  Both sets of tests listed above were run on the receiver.  As a 
base-line, the ACSS receiver passed all tests for a Class A2/A3 receiver in §2.4.4.4.2.6 
Step 3.  The tests in §2.4.4.3.1.2 were then run on the receiver with the average decoding 
probability of approximately 60% for the 3 tests at the different RF levels. 
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Proposed Change 
The proposed change could involve changing the test limits so they more accurately 
reflect the expected system response.  An alternate option would be to use similar test 
condition such as §2.4.4.4.2.6 Step 3 which empirical data has already been derived (with 
a S/I of +8dB).  The following would be a proposal for change assuming the test was 
made similar to §2.4.4.4.2.6 Step 3: 
 


1. In the section for the 2nd DF=17 message, change the Power from “-44dBm” to 
“-42dBm”.  Change the time from “12.0 ±1.0” to “6.0 ±1.0”. 


 
2. In Step 1, change “at least 90 percent” to “at least the reply ratio in Table TBD” 


 
3. In Step 2, change “MTL + 12dB” to “MTL + 14dB” 


 
4. In Step 3, change “-30dBm” to “-32dBm” 


 
5. Add the following table (limits may need to be verified for Step 1 since this a 


lower RF level): 
 


Table TBD:  Success Criteria for Re-Triggering Test with Fixed Position 
Mode S Fruit 


Receiver Class Class A1 Class A2 Class A3 
Minimum Probability, Step 1 0.49 0.93 0.93 
Minimum Probability, Step 2 0.49 0.93 0.93 
Minimum Probability, Step 3 0.49 0.93 0.93 
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Issue #4 §2.3.2.4.3 Re-Triggerable Capability (§2.2.4.3.1.2) 
 
Overview: 
This is the environmental version of the same test as was described in Issue #3.  The test 
has the same waveforms as §2.4.4.3.1.2. 
 
Description of Issue: 
See Issue #3. 
 
Proposed Change 
See Issue #3, same solution. 
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Issue #5 §2.4.4.3.4.7.3 Verification of Criteria for Data Block Acceptance in ADS-B 


Message Signals (§2.2.4.3.4.7.3) 
 
Overview: 
The test is used to demonstrate that ADS-B Messages are accepted when there are no 
more than 7 consecutive low confidence bits.  However there are some ambiguities in the 
test which may not give the correct result based on the data decoding algorithm. 
 
Description of Issue: 
The test injects either 7 or 8 consecutive low confidence bits in an ADS-B Message.  The 
method of injecting a low confidence bit in the message is for those bits to contain energy 
through both halves of the bit, with the half that would not ordinarily contain energy to 
have 3dB less than the normal pulse.  This is a similar method used for testing TCAS 
error correction in DO-185A, §2.4.2.1.5.4. 
 
However if a data decoding algorithm such as the base-line multi-sample technique is 
used, the 3 dB point is on the threshold of one of the bit limits, so it is unclear as to what 
the test result will be.  Appendix §I.4.2.3.1 describes this technique, where the “A” 
sample is within ±3dB of the preamble window.  A bit value of 3 dB less than the normal 
will have an undermined result.  The following 2 possibilities exist: 
 


• If the “no energy” portion of the bit is determined to be within the “A” sample 
window, the 1Score and 0Score will end up being identical since the “1ChipA” 
and “0ChipA” will have an equal count.  Therefore the bit will be declared low 
confidence and the value will be a 0. 


 
• If the “no energy” portion of the bit is determined to be less than the “A” sample 


window but greater than the “B” sample window, then the 1Score and 0Score will 
be about 50% of an ideal waveform, due to the fact that there will be no counts for 
the “1ChipB” or “0ChipB”.  However the bit will still be declared as high 
confidence with the correct bit value. 


 
It is clear that the intent of the test is to inject low confidence bits, therefore if the “no 
energy” portion was within the “A” threshold (such as 2 dB), then it would provide the 
correct result. 
 
One additional issue with this test is that there is no error injected in the message.  
According to the requirements in §2.2.4.3.4.7.3, an ADS-B Message may be accepted as 
long as there are no errors without regard to the number of low confidence bits.   
 
From the discussion in the previous paragraph, the baseline multi-sample technique will 
set all of the low confidence bit values to a 0, so as long as the ADS-B message does not 
have all zeros in bits 33 to 40, the error correction algorithm will be tested.  However if 
the center sample technique is used, the bit values for bits 33 to 40 will be decoded 
correctly, so it would be necessary to inject an error. 
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Proposed Change 
The proposed change adjusts the test so that the low confidence threshold is met, and 
insures an error is present in the squitter. 
 


1. In the paragraph for Input A, change “3 dB” to “2 dB”. 
 
2. In the paragraph for Input A, add the following to the end: 


“The data values in bit positions 33 to 39 shall be chosen so that at least one of 
these bits will be detected by the UUT with the incorrect bit value.” 


 
3. In the paragraph for Input B, change “3 dB” to “2 dB”. 
 
4. In the paragraph for Input B, add the following to the end: 


“The data values in bit positions 33 to 39 shall be chosen so that at least one of 
these bits will be detected by the UUT with the incorrect bit value.” 


 
5. In the paragraph for Input C, change “3 dB” to “2 dB”. 
 
6. In the paragraph for Input C, add the following to the end: 


“The data values in bit positions 33 to 40 shall be chosen so that at least one of 
these bits will be detected by the UUT with the incorrect bit value.” 
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Issue #6 §2.3.2.4.7 Criteria for Data Block Acceptance in ADS-B Message Signals 


(§2.2.4.3.4.7.3) 
 
Overview: 
This is the environmental version of the same test as was described in Issue #5.  The test 
has the same waveforms as §2.4.4.3.4.7.3. 
 
Description of Issue: 
See Issue #5. 
 
Proposed Change 
See Issue #5, same solution. 
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SUMMARY 


This working paper presents all proposed amendments to the Manual on 
Technical Provisions for Mode S Services and Extended Squitter (Doc 9871, 
First Edition) and the Manual on Testing of Radio Navigation Aids, Volume 
III— Testing of Surveillance Radar Systems (Doc 8071). 
 
Action by the meeting is in paragraph 4. 


 


1. INTRODUCTION 


1.1 Under its terms of reference in sections 5.15 and 5.16 of the SCRSP/1 report, the 
Working Group was tasked to monitor and report on surveillance systems implementation and if 
necessary develop or amend Standards and Recommended practices (SARPs) and guidance material. 


2. DISCUSSION 


2.1 During the period since SCRSP/1 the Manual on Technical Provisions for Mode S 
Services and Extended Squitter (Doc 9871, First Edition) has been processed for publication by ICAO. 
Since the approval of the First Edition, monitoring of the Mode S system implementation has highlighted 
areas where further material on some aspects were felt to be beneficial and some editorial errors needed to 
be corrected. This paper includes all the changes to date that have been approved since the First Edition of 
Doc 9871 was frozen. In addition, a minor change is needed to Doc 8071 to update a reference. 
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3. PROPOSED AMENDMENTS 


3.1 Summaries of the proposed changes for the Manual on Technical Provisions for Mode S 
Services and Extended Squitter (Doc 9871 First Edition) and the Manual on Testing Of Radio Navigation 
Aids, Volume III– Testing Of Surveillance Radar Systems (Doc 8071) are presented  in Appendix A and 
the actual changes are shown in Appendices B and C. 


4. ACTION BY THE ASP-WGW 


4.1 The meeting is invited to accept the proposed amendments to Doc 9871 and Doc 8071, 
and formulate recommendations for their processing by ICAO. 


 


— — — — — — — — 
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Appendix A 


 
APPENDIX A 


 
SUMMARIES OF PROPOSED AMENDMENTS TO 


 
DOC 9871, FIRST EDITION 


 
Paragraph Description Justification 


Table A-2-64  
 (TM/30) 
 


References to Appendix C is added to the format table for 
register BDS code 4, 0. 


Type of change: Editorial 
Reason: Doc 9871 contains guidance material in 
Appendix C that should be referenced directly in the 
register tables 
Impact: No impact 


Table in A.2.1 
(TM/31) 
 


This change provides a clarification for the maximum update 
interval for registers 18 to 1C 
 


Type of change: Clarification 
Reason: Requirement and testing of maximum 
update interval of register 1816 to 1C16 has been 
questioned as they are static. 
Impact: No impact 


C.2.4.3.1  
(TM/33) 
 


The GM is enhanced to ensure that both the Data Link 
Capability Report code 1016 and the Flight ID BDS code 2016 
are supplied as the first 8 bits of the Comm-B broadcast. The 
loss of Flight ID should result in a Comm-B broadcast that 
contains the BDS code of 2016 in the first 8 bits to identify the 
Comm-B broadcast of zeros as a loss of Flight ID.   
 


Type of change: Clarification 
Reason: There have been observations of Mode S 
transponders that fail to correctly announce the loss 
of Flight ID by not including the BDS code in the 
first 8 bits of the Comm-B broadcast message that 
occurs as the result of the change or loss of Flight 
ID. Additional GM is required in this area. 
Impact; No impact to most manufacturers since 
they have correctly implemented the requirements, 
enhances efficiency. 
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Paragraph Description Justification 


A.2.3.1  
B.2.3.1  
(TM/34) 
 


Guidance material is proposed to be added for the setting of 
NUC in Appendix A and for NIC, NAC and SIL in Appendix 
B 


Type of change: Clarification 
Reason: Reports are received about erroneous or 
inaccurate ADS-B position reports. In many of these 
cases the position is quite correctly broadcast with 
an indication of unknown accuracy or integrity. 
Users of ADS-B information must take the position 
quality indicators into account. 
Impact: No current impact since ADS-B carriages 
is not a requirement, change supports equipment 
certification 


Glossary   
List of Acronyms  
B.2.3.10.6  
 (TM/35) 
 


Doc 9871is updated to reflect a clearer definition of the NIC 
value and the NIC Supplement. In addition, the radius of 
containment, Rc, is added to the Acronym section and the 
definition of VPL is added to the Glossary 
Note: Adds new first paragraph to B.2.3.10.6 


Type of change: Clarification 
Reason: The development of related MOPS 
material revealed the need for a clearer definition of 
NIC and NIC Supplement. 
Impact: No impact, certification / implementation 
support 


Table in A.2.1  
A.2.1.1   
B.2.3.10.6   
(TM/36) 
 


The paragraph in Doc 9871 that describes the NIC Supplement 
is proposed to be broken into two paragraphs, one which 
describes the NIC value and the other which describes the NIC 
Supplement.   
Note: Modifies update of ES operational status in Table A.21 
and the second paragraph of B.2.3.10.6 


Type of change: Clarification 
Reason: The development of related MOPS 
material revealed the need for a clearer definition of 
NIC and NIC Supplement. 
Impact: No impact 


A.2.2.2  
C.2.1  
(TM/37) 
 


This change adds text to that was inadvertently omitted when 
Doc 9688 material was transferred to Doc 9781. 


Type of change: Update 
Reason: Doc 9688 has been retired and its contents 
were incorporated into Appendix C of Doc 9871. 
Impact: No impact 


C.2.4.1.3  
(TM/38) 
 


Doc 9871 is being revised to eliminate references to Doc 
9688. 
 


Type of change: Editorial 
Reason: Doc 9688 has been retired 
Impact: No impact 
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Paragraph Description Justification 


Table A-2-16  
(TM/39) 
 


This proposed change adds requirements to specify the ACAS 
in the table rather than through a SARPs reference.  


Type of change: Editorial 
Reason: This proposed change aligns the format of 
Register 1016 with the one presented in the 
Transponder MOPS documents, RTCA/DO-181D 
and Eurocae ED-73C 
Impact: No impact 


Table A-2-23 
Table A-2-81 
Table A-2-82 
(TM/40) 
 


The objective of Register 5116/5216 is to provide the 
latitude/longitude position report of the aircraft.  This 
proposed change clarifies that requirement. 
 
Also adds bullet 6 to register 1,7 


Type of change: Clarification 
Reason: Current definition makes the insertion of 
Pressure altitude sufficient to report that the register 
5116 is currently supported. This will result in the 
unnecessary extraction of Register 1516  
Impact: May require a future software change, 
certification support 


Table A-2-23 
(TM/42) 
 


This proposed change adds a bullet 5 to indicate that bit 6 is 
set to ONE (1) upon the first loading of register 0A16 and shall 
remain set until either the transponder is powered OFF or 
ADS-B transmission is terminated 


Type of change: Clarification 
Reason: A request has been received for 
clarification of the setting of the bit 6 in register 1716 
representing Register 0A16 used for Extended Event-
driven protocol. 
Impact: No impact, implementation support 


B.2.3.8   
Table B-2-97a  
(TM/43 
 


This proposed change modifies the extended squitter formats 
to include the broadcast of the Mode A code. 


Type of change: Update 
Reason: The international community developing 
ADS-B applications has established the need for the 
transmission of Mode A code in Extended Squitters 
for an extensive transition period. 
Impact; Will require a future software change, 
response to user requirements 


1.1.3  
(TM/44) 
 


This proposed change revises references from Doc 9684 to the 
Aeronautical Surveillance Manual (Doc xxxx) 


Type of change: Editorial 
Reason: Doc 9684 will be retired and superseded by 
the Aeronautical Surveillance Manual 
Impact; No impact 
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PROPOSED AMENDMENTS TO DOC 8071 


 
  


Paragraph Description Justification 
1.3   
(NM/1) 
 


This revision changes a reference from Doc 9688 to Doc 9871. Type of change: Editorial 
Reason: Doc 9688 has been retired and is 
superseded by Doc 9871 
Impact: No impact 


1.3 
(NM/2) 
 


This change revises a reference from Doc 9684 to the 
Aeronautical Surveillance Manual (Doc xxxx) 


Type of change: Editorial 
Reason: Doc 9684 will be retired and superseded by 
the Aeronautical Surveillance Manual 
Impact; No impact 


 
— — — — — — — —
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Appendix B 


 
APPENDIX B 


 
PROPOSED AMENDMENTS TO 


 
 


TECHNICAL PROVISIONS FOR MODE S SERVICES AND EXTENDED SQUITTER    
(DOC 9871) FIRST EDITION 


 
NOTES ON THE PRESENTATION OF THE PROPOSED AMENDMENT 


The text of the amendment is arranged to show deleted text with a line through it and new text highlighted 
with grey shading, as shown below: 
 


1. Text to be deleted is shown with a line through it.  text to be deleted 


2. New text to be inserted is highlighted with grey shading.  new text to be inserted 


3. Text to be deleted is shown with a line through it followed 
by the replacement text which is highlighted with grey 
shading. 


 new text to replace existing text 
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PROPOSED AMENDMENTS TO DOC 9871 


 
……… (ASP03-07R1) 
 


Note: insert new glossary item as follows 
 
 


Traffic information services broadcast (TIS-B). The principle use of TIS-B is to complement the 
operation of ADS-B by providing ground-to-air broadcast of surveillance data on aircraft that are not 
equipped for 1 090 MHz ADS-B OUT as an aid to transition to a full ADS-B environment.  The basis 
for this ground surveillance data may be a air traffic control (ATC) Mode S radar, a surface or 
approach multilateration system, or a multi-sensor data processing system.  The TIS-B ground-to-air 
transmissions use the same signal formats as 1 090 MHz ADS-B and can therefore be accepted by a 1 
090 MHz ADS-B receiver. 


 
Uplink. A term referring to the transmission of data from the ground to an aircraft.  Mode S ground-to-air 


signals are transmitted on the 1 030 MHz interrogation frequency channel. 
 
Vertical Protection Limit (VPL). The vertical geometric position integrity containment region defined by 
the vertical distance centered on the reported vertical position within which the true vertical position lies 


 
 
 
……… (ASP03-07R1) 
 


Note: insert new acronym item as follows 
 
NIC Navigation integrity category 
NUCP Navigational uncertainty category — position 
NUCR Navigational uncertainty category — rate 
Rc Radius of containment 
RNP Required navigation performance 
SAF Single antenna flag 
 
 
……… (TSGWP5-19-1R1) 
 
1.1.3 The formats for the two versions are interoperable.  An extended squitter receiver can recognize 
and decode both Version 0 and Version 1 message formats.  It is recognized that Civil Aviation 
Authorities may require aircraft to support Version 1 transmit capabilities in combination with ES 
reception capabilities to support certain applications.  Additional guidance is provided in Appendix C of 
this document and in the Manual of the Secondary Surveillance Radar (SSR) Systems (Doc 9684) 
Aeronautical Surveillance Manual (Doc xxxx) 
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……… (ASP03-13), (ASP03-17) 
  
 


A.2.1 REGISTER ALLOCATION 
 


Applications shall use the allocated register numbers as shown in the table below: 
 


Transponder register 
Number Assignment Maximum update 


interval 
0016 Not valid N/A 
0116 Unassigned N/A 
0216 Linked Comm-B, segment 2 N/A 
0316 Linked Comm-B, segment 3 N/A 
0416 Linked Comm-B, segment 4 N/A 
0516 Extended squitter airborne position 0.2s 


0616 Extended squitter surface position 0.2s (see §A.2.3.3.1 
and §A.2.3.3.2) 


0716 Extended squitter status 1.0s 
0816 Extended squitter identification and type 15.0s 
0916 Extended squitter airborne velocity 1.3s 
0A16 Extended squitter event-driven information variable 
0B16 Air/air information 1 (aircraft state) 1.3s 
0C16 Air/air information 2 (aircraft intent) 1.3s 


0D16-0E16 Reserved for air/air state information To be determined 
0F16 Reserved for ACAS To be determined 
1016 Data link capability report ≤4.0s (see §A.2.1.2) 


1116-1616 
Reserved for extension to datalink capability 
reports 5.0s 


1716 Common usage GICB capability report 5.0s 
1816-1F161C16  Mode S specific services capability reports 5.0s (see §A.2.5.4.2.1) 


1D16-1F16 Mode S specific services capability reports 5.0s 
2016 Aircraft identification 5.0s 
2116 Aircraft and airline registration markings 15.0s 
2216 Antenna positions 15.0s 
2316 Reserved for antenna position 15.0s 
2416 Reserved for aircraft parameters 15.0s 
2516 Aircraft type 15.0s 


2616-2F16 Unassigned N/A 
3016 ACAS active resolution advisory [Ref 2, §4.3.8.4.2.2] 


3116-3F16 Unassigned N/A 
4016 Selected vertical intention 1.0s 
4116 Next waypoint identifier 1.0s 
4216 Next waypoint position 1.0s 
4316 Next waypoint information 0.5s 
4416 Meteorological routine air report 1.0s 
4516 Meteorological hazard report 1.0s 
4616 Reserved for flight management system Mode 1 To be determined 
4716 Reserved for flight management system Mode 2 To be determined 
4816 VHF channel report 5.0s 


4916-4F16 Unassigned N/A 
5016 Track and turn report 1.3s 
5116 Position report coarse 1.3s 
5216 Position report fine 1.3s 
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Transponder register 


Number Assignment Maximum update 
interval 


5316 Air-referenced state vector 1.3s 
5416 Waypoint 1 5.0s 
5516 Waypoint 2 5.0s 
5616 Waypoint 3 5.0s 


5716-5E16 Unassigned N/A 
5F16 Quasi-static parameter monitoring 0.5s 
6016 Heading and speed report 1.3s 
6116 Extended squitter emergency/priority status 1.0s 
6216 Reserved for target state and status information N/A  
6316 Reserved for extended squitter  N/A 
6416 Reserved for extended squitter  N/A 
6516 Extended squitter aircraft operational status 1.7s 2.5s 


6616-6F16 Reserved for extended squitter N/A 
7016-7516 Reserved for future aircraft downlink parameters N/A 
7616-E016 Unassigned N/A 
E116-E216 Reserved for Mode S BITE N/A 


E316 Transponder type/part number 15s  
E416 Transponder software revision number 15s 
E516 ACAS unit part number 15s 
E616 ACAS unit software revision number 15s 


E716-F016 Unassigned N/A 
F116 Military applications 15s 
F216 Military applications 15s 


F316-FF16 Unassigned N/A 
 
 
……… (ASP03-17) 
 
A.2.1.1        The details of the data to be entered into the assigned registers shall be as defined in this 
appendix.  The above table specifies the minimum update rates at which the appropriate transponder 
register(s) shall be reloaded with valid data.  Any valid data shall be reloaded into the relevant register 
field as soon as it becomes available at the Mode S specific services entity (SSE) interface regardless of 
the update rate.  Unless otherwise specified, If if data are not available for a time no greater than twice the 
specified maximum update interval or 2 seconds (whichever is the greater), the status bit (if specified for 
that field) shall indicate that the data in that field are invalid and the field shall be zeroed. 
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……… (ASP04-05) (B11-12) 
  
 
A.2.2.2   Representation of numerical data 


 
Numerical data shall be represented as follows: 
 


1) Numerical data shall be represented as binary numerals.  When the value is signed, 2s 
complement representation shall be used, and the bit following the status bit shall be the 
sign bit. 


2) Unless otherwise specified, whenever more bits of resolution are available from the data 
source than in the data field into which that data are to be loaded, the data shall be rounded 
to the nearest value that can be encoded in that data field. 
Note.— Unless otherwise specified, it is accepted that the data source may have less bits of 
resolution than the data field.  


3) When the data source provides data with a higher or lower range than the data field, the 
data shall be truncated to the respective maximum or minimum value that can be encoded 
in the data field. 


4) Where ARINC 429 data are used, the ARINC 429 status bits 30 and 31 shall be replaced 
with a single status bit, for which the value is VALID or INVALID as follows: 
a) If bits 30 and 31 represent “Failure Warning, No Computed Data” then the status bit 


shall be set to “INVALID”.  
b) If bits 30 and 31 represent “Functional Test” then the status bit shall be set to 


“INVALID”. 
c) If bits 30 and 31 represent “Normal Operation,” “plus sign,” or “minus sign,” then 


the status bit shall be set to “VALID” provided that the data are being updated at the 
required rate (see §A.2.1.1).  


d) If the data are not being updated at the required rate (see §A.2.1.1), then the status 
bit shall be set to “INVALID”.  


5) In all cases where a status bit is specified in the data field it shall be set to “ONE” to 
indicate VALID and to “ZERO” to indicate INVALID. 


 Note.— This facilitates partial loading of the registers. 
 


6) When specified in the field, the switch bit shall indicate which of two alternative data types 
is being used to update the parameter in the transponder register. 


7) Bit numbering in the MB field shall be as specified in Annex 10, Volume IV (see 
§3.1.2.3.1.3). 


8) Registers containing data intended for broadcast Comm-B shall have the broadcast 
identifier located in the eight most significant bits of the MB field. 


9) Where the sign bit (ARINC 429 bit 29) is not required for a parameter, it has been actively 
excluded.   
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……… (ASP03-03R1) 
 


A.2.3.1 FORMAT TYPE CODES 
 
In normal operating conditions, HPL or HIL information is available from the navigation data source and 
shall be used to determine the format TYPE Code. The TYPE Code for airborne and surface position 
messages shall be determined based on the availability of integrity and/or accuracy information as defined 
below: 


a) If horizontal protection level (HPL) information is available from the navigation data source, then the 
transmitting ADS-B system shall use HPL and Altitude Type to determine the Type Code used in the 
Airborne Position Message in accordance with the above table. 


b) If HPL (or HIL) is temporarily not available from the navigation data source, then the transmitting 
ADS-B system shall use HFOM (95% bound on the horizontal position error), VFOM (95% bound on the 
vertical position error), and Altitude Type to determine the Type Code used in the Airborne Position 
Message in accordance with the above table. 


c) If position data is available but the associated accuracy and/or integrity is unknown (i.e., the conditions 
in (a) and (b) above are not applicable), then the transmitting ADS-B system shall use for airborne 
position messages Type Code 18 or 22, depending the altitude type, and for surface position messages 
Type Code 8 in accordance with the above table. 


Note 1.— The term “broadcast” when applied to extended squitter, refers to a 
spontaneous transmission by the transponder. This is distinct from the Comm-B broadcast protocol 


. 
Note 2.— The Type Code allows users to determine whether the quality of the 


position is good enough for the intended application. 


Note 3.— Airborne Position Messages with Type Code 18 or 22 (NUCp=0), and 
Surface Position Messages with Type Code 8 (NUCp=6, HPL≥185.2m, μ≥92.6m) are not appropriate to 
support most ADS-B applications since these Type Codes indicate the accuracy and integrity of the 
broadcast position is unknown. Messages with these Type Codes are typically transmitted from 
installations where the ADS-B position is obtained from sources with no accompanying integrity 
information. 


Note 4.— It is recommended that Version 0 extended squitter messages with Type 
Codes 8, 18 or 22 only be used if either the position accuracy or integrity can be verified by other means, 
or the application has no specific requirements for these parameters. 
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………(ASP04-08) 
  


Table A-2-16.  BDS code 1,0 – Data link capability report 
 
MB FIELD 
 


1 MSB PURPOSE: To report the data link capability of the Mode S 
2  transponder/data link installation. 
3   
4 BDS Code 1,0 The coding of this register shall conform to: 
5   
6  1) Annex 10 Volume IV, §3.1.2.6.10.2 and §4.3.8.4.2.2.2. 
7   
8 LSB 
9 Continuation flag  (see 9) 
10  
11  


2) When bit 25 is set to 1, it shall indicate that at least one Mode S 
specific service (other than GICB services related to registers 0216, 
0316, 0416, 1016, 1716 to 1C16, 2016 and 3016) is supported and the 
particular capability reports shall be checked. 


12 RESERVED  
13  
14  


Note. –  Registers accessed by BDS Codes 0,2; 0,3; 0,4; 1,0; 1,7 to 
1,C; 2,0 and 3,0 do not affect the setting of bit 25. 


15   
16 Reserved for ACAS   
17 MSB 


3) Starting from the MSB, each subsequent bit position shall 
represent the DTE subaddress in the range from 0 to 15. 


18   
19  
20 Mode S subnetwork version number (see 12) 


4) The enhanced protocol indicator shall denote a Level 5 transponder 
when set to 1, and a Level 2 to 4 transponder when set to 0. 


21   
22  
23 LSB 
24 Transponder enhanced protocol indicator  (see 4) 


5) The squitter capability subfield (SCS) shall be set to 1 if both 
registers 0516 and 0616 have been updated within the last ten, plus 
or minus one, seconds.  Otherwise, it shall be set to 0.  


25 Mode S specific services capability  (see 2)  
26 MSB 
27 Uplink ELM average throughput capability  (see 13) 


Note. –  Registers 0516 and 0616 are used for the extended squitter 
Airborne and surface position reports, respectively. 


28 LSB  
29 Downlink ELM: throughput capability of downlink ELM 
30 containing the maximum number of ELM segments that the 


6) The surveillance identifier code (SIC) bit shall be interpreted as 
follows: 


31 transponder can deliver in response to a single requesting           0 = no surveillance identifier code capability 
32 interrogation (UF = 24).  (see 14)           1 = surveillance identifier code capability 
33 Aircraft identification capability  (see 11)  
34 Squitter capability subfield (SCS)  (see 5) 
35 Surveillance identifier code (SIC)  (see 6) 
36 Common usage GICB capability report  (see 7) 
37  
38 RESERVED FOR ACAS 


7) Bit 36 shall be toggled each time the common usage GICB 
capability report (register 1716) changes.  To avoid the generation 
of too many broadcast capability report changes, register 1716 shall 
be sampled at approximately one minute intervals to check for 
changes. 


39   
40  
41 MSB 
42  
43  


8) The current status of the on-board DTE shall be periodically 
reported to the GDLP by on-board sources.  Since a change in this 
field results in a broadcast of the capability report, status inputs 
shall be sampled at approximately one minute intervals. 


44   
45  
46  
47 Bit array indicating the support status of DTE 
48 Sub-addresses 0 to 15  (see 3 and 8) 
49  
50  
51  
52  
53  


9) In order to determine the extent of any continuation of the data link 
capability report (into those registers reserved for this purpose:  
register 1116 to register 1616), bit 9 shall be reserved as a 
continuation flag to indicate if the subsequent register shall be 
extracted.  For example: upon detection of bit 9 = 1 in register 1016, 
then register 1116 shall be extracted.  If bit 9 = 1, in register 1116, 
then register 1216 shall be extracted, and so on (up to register 1616).  
Note that if bit 9 = 1 in register 1616, then this shall be considered 
as an error condition. 


54   
55  (Requirements are continued on the next page) 
56 LSB  
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Table A-2-16.  BDS code 1,0 – Data link capability report (Concluded) 


 
  
  
  
  


10) The Mode S transponder may update bits 1-8, 16, 33, 35 and 37-40 
independent of the ADLP.  These bits are provided by the transponder when 
the data link capability report is broadcast as a result of a transponder detected 
change in capability reported by the ADLP (§3.1.2 of Annex 10 Volume IV). 


   
  
  
  


11) Bit 33 indicates the availability of Aircraft Identification data.  It shall be set by 
the transponder if the data comes to the transponder through a separate 
interface and not through the ADLP. 


   
  12) The Mode S subnetwork version number shall be coded as follows: 
   
  Version


Number 
Year of Annex 10 


amendment 
Edition of this 


document  


0 Mode S subnetwork not available  
1 1996 ---  
2 1998 ---  
3 2002 ---  
4 2007 Edition 1  


5 - 127 Unassigned   
   
  Note.– RTCA/DO-181D, EUROCAE ED-73C and ED-101A are consistent 
              with ICAO Doc 9871, Edition 1. 
   
  13) Uplink ELM average throughput capability shall be coded as follows: 
   
          0       =  No UELM Capability 
          1       =  16 UELM segments in 1 second 
          2       =  16 UELM segments in 500 ms 
          3       =  16 UELM segments in 250 ms 
          4       =  16 UELM segments in 125 ms 
          5       =  16 UELM segments in 60 ms 
          6       =  16 UELM segments in 30 ms 
          7       =  Unassigned 
   
  14) Downlink ELM throughput capability shall be coded as follows: 
   
          0       =  No DELM Capability 
          1       =  One 4 segment DELM every second 
          2       =  One 8 segment DELM every second 
          3       =  One 16 segment DELM every second 
          4       =  One 16 segment DELM every 500 ms 
          5       =  One 16 segment DELM every 250 ms 
          6       =  One 16 segment DELM every 125 ms 
          7-15  =  Unassigned 
   
  15) Bit 16 shall be set to ONE (1) to indicate that ACAS is operational and set to 
        ZERO (0) to indicate that ACAS has failed or is on standby. 
   
  16) Bit 37 shall be set to ONE (1) to indicate the capability of hybrid surveillance, 
        and set to ZERO (0) to indicate that there is no hybrid surveillance capability. 
   
  17) Bit 38 shall be set to ONE (1) to indicate that the ACAS is generating both TAs 
         and RAs, and set to ZERO (0) to indicate the generation of TAs only. 
   
  18) 
  
  
  
  
  


Bit 40 Bit 39 Applicable MOPS Documents 
0 0 RTCA DO-185 (see note 1) 
0 1 RTCA DO-185A (see note 1) 
1 0 RTCA DO-185B & EUROCAE Ed-143 
1 1 For future versions or enhancements (see Registers E516 and E616)  


  Notes. –   
  1. RTCA DO-185 equipment is also referenced as TCAS logic version 6.04A. 
      Equipment compliant to DO-185A, or later versions, are SARPs compliant.  
  2. Additional implementation guidelines are provided in §C.2.4.1. 
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……… (ASP04-09R1), (ASP04-10 R2) 
 


Table A-2-23.  BDS code 1,7 – Common usage GICB capability report 
MB FIELD 
1 0,5 Extended squitter sirborne position PURPOSE: To indicate common usage GICB services 


currently 
2 0,6 Extended squitter surface position Supported. 
3 0,7 Extended squitter status  
4 0,8 Extended squitter type and identification 
5 0,9 Extended squitter airborne velocity information 


1) Each bit position shall indicate that the associated register 
is available in the aircraft installation when set to 1. 


6 0,A Extended squitter event-driven information   
7 2,0 Aircraft identification 
8 2,l Aircraft registration number 
9 4,0 Selected vertical intention 
10 4,l Next waypoint identifier 


2) All registers shall be constantly monitored at a rate 
consistent with their individual required update rate and 
the corresponding capability bit shall be set to 1 only 
when valid data is being input to that register at the 
required rate or above. 


11 4,2 Next waypoint position  
12 4,3 Next waypoint information 
13 4,4 Meteorological routine report 
14 4,5 Meteorological hazard report 
15 4.8 VHF channel report 


3) The capability bit shall be set to a 1 if at least one field in 
the register is receiving valid data at the required rate with 
the status bits for all fields not receiving valid data at the 
required rate set to ZERO (0). 


16 5,0 Track and turn report  
17 5,1 Position coarse 4) Registers 1816 to 1C16 shall be independent of register 


1716. 
18 5,2 Position fine  
19 5,3 Air-referenced state vector 
20 5,4 Waypoint 1 
21 5,5 Waypoint 2 
22 5,6 Waypoint 3 


5) Bit 6 is set to ONE (1) upon the first loading of register 
0A16 and shall remain set until either the transponder is 
powered OFF or ADS-B transmission is terminated 


23 5,F Quasi-static parameter monitoring 
24 6,0 Heading and speed report 


6) Bits 17 and 18 shall only be set to ONE (1) if the 
STATUS bits in Register 5116  and  5216 are set to 1 


25 Reserved for aircraft capability  
26 Reserved for aircraft capability  
27 E,1 Reserved for Mode S BITE (Built In Test 


Equipment) 
 


28 E,2 Reserved for Mode S  BITE (Built In Test 
Equipment) 


 


29 F,1 Military applications  
30   
31   
32   
33   
34   
35   
36   
37   
38   
39   
40   
41   
42 RESERVED  
43   
44   
45   
46   
47   
48   
49   
50   
51   
52   
53   
54   
55   
56   
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……… (ASP03-04) 


Table A-2-64.  BDS code 4,0 – Selected vertical intention 
 
MB FIELD 
 


1 STATUS PURPOSE: To provide ready access to information about the aircraft’s current 
2 MSB = 32 768 feet vertical intentions, in order to improve the effectiveness of conflict probes and 
3  to provide additional tactical information to controllers. 
4   
5 MCP/FCU SELECTED ALTITUDE 
6  
7 Range = [0, 65 520] feet 
8  


1) Target altitude shall be the short-term intent value, at which the aircraft will level 
off (or has leveled off) at the end of the current maneuver.  The data source that 
the aircraft is currently using to determine the target altitude shall be indicated in 
the altitude source bits (54 to 56) as detailed below. 


9   
10  
11  
12  
13 LSB = 16 feet  
14 STATUS 


Note. – This information which represents the real “aircraft intent,” when 
available, represented by the altitude control panel selected altitude, the 
flight management system selected altitude, or the current aircraft 
altitude according to the aircraft’s mode of flight (the intent may not be 
available at all when the pilot is flying the aircraft). 


15 MSB = 32 768 feet  
16  
17  
18 FMS SELECTED ALTITUDE 
19  


2) The data entered into bits 1 to 13 shall be derived from the mode control 
panel/flight control unit or equivalent equipment.  Alerting devices may be used to 
provide data if it is not available from “control” equipment.  The associated mode 
bits for this field (48 to 51) shall be as detailed below. 


20 Range = [0, 65 520] feet  
21  
22  


3) The data entered into bits 14 to 26 shall de derived from the flight management 
system or equivalent equipment managing the vertical profile of the aircraft. 


23   
24  
25  


4) The current barometric pressure setting shall be calculated from the value 
contained in the field (bits 28 to 39) plus 800 mb. 


26 LSB = 16 feet   
27 STATUS       When the barometric pressure setting is less than 800 mb or greater than 
28 MSB = 204.8 mb       1 209.5 mb, the status bit for this field (bit 27) shall be set to indicate invalid 
29        data. 
30   
31  
32 BAROMETRIC PRESSURE SETTING 


5) Bits 48 to 56 shall indicate the status (see implementation guidelines in §C.2.4.4) 
of the values provided in bits 1 to 26 as follows: 


33 MINUS 800 mb  
34        Bit 48 shall indicate whether the mode bits (49, 50 and 51) are already 
35 Range = [0, 410] mb       being populated: 
36   
37            0 = No mode information provided 
38            1 = Mode information deliberately provided 
39 LSB = 0.1 mb   
40        Bits 49, 50 and 51: 
41   
42            0 = Not active 
43            1 = Active 
44 RESERVED  
45        Bit 54 shall indicate whether the target altitude source bits (55 and 56) are 
46        actively being populated: 
47   
48 STATUS OF MCP/FCU MODE BITS           0 = No source information provided 
49 VNAV MODE            1 = Source information deliberately provided 
50 ALT HOLD MODE MCP/FCU Mode bits  
51 APPROACH MODE        Bits 55 and 56 shall indicate target altitude source: 
52 RESERVED  
53            00 = Unknown 
54 STATUS OF TARGET ALT SOURCE BITS           01 = Aircraft altitude 
55 MSB            TARGET ALT SOURCE           10 = FCU/MCP selected altitude 
56 LSB           11 = FMS selected altitude 
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Table A-2-81.  BDS code 5,1 – Position report coarse 
 
MB FIELD 
 


1 STATUS (see 1) PURPOSE: To provide a three-dimensional report of aircraft position. 
2 SIGN  
3 MSB = 90 degrees 
4  
5  


1) The single status bit (bit 1) shall be set to ZERO (0)ONE (1) if at 
least latitude and longitude in Register 5116 and FOM in Register 
5216 are valid of the three parameters is invalid.  This bit shall be 
identical to the status bit in register 5216. 


6   
7  
8  
9 LATITUDE 


2) The required valid range for latitude is +90 degrees to -90 degrees, 
but the parameter shall be coded with an MSB of 90 degrees to 
allow the use of the same coding algorithm as for longitude. 


10   
11 Range = [-180, +180] degrees 
12 (see 2) 


3) The source of the information in this register shall be the same as 
that indicated in the FOM/SOURCE field of register 5216. 


13   
14  
15  


4)    If the barometric pressure is invalid then the field shall be set to 
ALL ZEROs but the status (bit 1) shall not be affected. 


16   
17  
18  


Note. –   Two’s complement coding is used for all signed fields as 
specified in §A.2.2.2. 


19   
20  
21 LSB = 360/1 048 576 degrees 


 


22 SIGN  
23 MSB = 90 degrees  
24   
25   
26   
27   
28 LONGITUDE  
29   
30 Range = [-180, +180] degrees  
31   
32   
33   
34   
35   
36   
37   
38   
39   
40   
41 LSB = 360/1 048 576 degrees  
42 SIGN  
43 MSB = 65 536 feet  
44   
45   
46   
47 PRESSURE  
48 ALTITUDE  
49   
50 Range = [-1 000, +126 752] feet  
51   
52   
53   
54   
55   
56 LSB = 8 feet  
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Table A-2-82.  BDS code 5,2 – Position report fine 
 


MB FIELD 
 


1 STATUS (see 1) PURPOSE: To provide a high-precision three-dimensional report on 
2 MSB aircraft position when used in conjunction with register 5116. 
3 FOM/SOURCE information on the source of the data is included. 
4   
5 LSB FOM/SOURCE Coding: 
6 MSB = 90/128 degrees The decimal value of the binary-coded (Figure of Merit) FOM / 
7  SOURCE parameter shall be interpreted as follows: 
8   
9    0 = Loss of navigational capability FOM > 10 NM or Unknown Accuracy 
10    1 = FOM 20            10 NM/18.5 km (e.g., INS data) pressure altitude 
11    2 = FOM 5              4 NM/7.4 km     (e.g., VOR/DME) pressure altitude 
12    3 = FOM 1              2 NM/3.7 km     (e.g., DME/DME or GNSS) pressure altitude 
13 LATITUDE FINE   4 = FOM 0.5 1 NM/1.85 km   (e.g., DME/DME or GNSS) pressure altitude 
14    5 = FOM 0.3 0.5 NM/926 m   (e.g., DME/DME or GNSS) pressure altitude 
15 Range = [0, 180/128] degrees   6 = FOM 0.3 /125 NM/555.6 m   (e.g., DME/DME or GNSS) pressure altitude 
16    7 = FOM 0.1 03/50 NM/185.2 m (ILS, MLS or differential GNSS) pressure alt 
17    8 = FOM 0.05 2/40 NM/92.6 m (ILS, MLS or differential GNSS) pressure alt 
18    9 = FOM 0.01/15 30 m                    (ILS, MLS or differential GNSS) pressure alt 
19   10 = FOM 0.003 10 m                   (ILS, MLS or differential GNSS) pressure alt 
20   11 = FOM 1              3 m                     (ILS, MLS or differential GNSS) pressure alt 
21   12 = FOM 0.01/15 30 m                   (ILS, MLS or differential GNSS) GNSS height 
22   13 = FOM 0.003 10 m                   (ILS, MLS or differential GNSS) GNSS height 
23 LSB = 90/16 777 216 degrees  14 = FOM 1              3 m                     (ILS, MLS or differential GNSS) GNSS height 
24 MSB = 90/128 degrees  15 = FOM 0.01/15   (ILS, MLS or differential GNSS) GNSS height Reserved 
25   
26   
27  
28  
29  


Note 1. – When GNSS is the source, then the FOM is encoded by the HFOM parameter.  
When RNP FMS is the source the FOM is encoded by the ANP.   


30   
31 LONGITUDE FINE 
32  
33 Range = [0, 180/128] degrees 


1) The single status bit (bit 1) shall be set to ZERO (0) if any of the three parameters 
are invalid and is identical to the status bit in register 5116. ONE (1) if at least latitude 
and longitude in Register 5116 and FOM in Register 5216 are valid. This bit shall be 
identical to the status bit in register 5116. 


34   
35  
36  
37  


2) The LATITUDE (fine) and LONGITUDE (fine) parameters are in 2’s complement 
coding so they shall be interpreted in conjunction with the corresponding parameters 
in register 5116.  


38   
39  
40  


3) When GNSS height is contained in bits 42 to 56, the pressure altitude can be 
obtained from register 5116.   


41 LSB = 90/16 777 216 degrees  
42 SIGN 
43 MSB = 65 536 feet 


4) If the Pressure Altitude and the GNSS Height are invalid, then the field shall be set 
to ALL ZEROs, but the status bit (#1) shall not be affected. 


44   
45  
46  


Note 2. – Two’s complement coding is used for all signed fields as specified in §A.2.2.2. 


47 PRESSURE ALTITUDE 
48 OR 
49 GNSS HEIGHT (HAE) 


Note 3. – The Figure of Merit selected is the smallest number that encompasses the 
HFOM or the ANP. 


50  
51 (as specified by FOM / SOURCE coding) 
52  


Note 4.–  When LATITUDE (fine) and LONGITUDE (fine) are not available, the setting 
of the single Status bit is not impacted and LATITUDE (fine) and LONGITUDE 
(fine) are zeroed. 


53 Range = [-1 000, +126 752] feet  
54   
55   
56 LSB = 8 feet  
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………  (ASP03-03R1) 


 
B.2.3.1 FORMAT TYPE CODES 


 
 


Note 1.— “Barometric Altitude” refers to barometric pressure altitude, relative to a 
standard pressure of 1 013.25 hectopascals (29.92 in Hg). It does not refer to barometric corrected 
altitude.  


Note 2.— TYPE Codes 20 to 22 or TYPE Code 0 are to be used when valid 
“Barometric Altitude” is not available.  


Note 3.— After initialization, when horizontal position information is not available 
but altitude  information is available, the airborne position message is transmitted with a TYPE Code of 
zero in bits 1-5, the barometric pressure altitude in bits 9 to 20, and bits 22 to 56 set to ZERO. If neither 
horizontal position nor barometric altitude information is available, then all 56 bits of Register 05 {HEX} 
are set to ZERO. The ZERO (binary 00000) TYPE Code field indicates that Latitude and Longitude 
information is not available, while the ZERO altitude field indicates that altitude information is not 
available.  


Note 4.— If the position source is an ARINC 743A GNSS receiver, then the ARINC 
429 data“label 130” data word from that receiver is a suitable source of information for RC, the 
horizontal integrity containment radius. (The label 130 data word is variously called HPL (Horizontal 
Protection Limit) or HIL (Autonomous Horizontal Integrity Limit) in different documents).  


Note 5.— This TYPE Code value implies limits for both RC (horizontal containment 
limit) and VPL (Vertical Protection Limit).  If either of these limits is not satisfied, then a different value 
for the TYPE Code is selected.  


Note 6.— The “NIC supplement” field in the Aircraft Operational Status Message 
(see §B.2.3.10) enables the Report Assembly Function in ADS-B Receiving Subsystems to determine 
whether the ADS-B Transmitting Subsystem is announcing NIC = 8 (RC < 0.1 NM) or NIC = 9 (RC < 75 
m).  


Note 7.— The “NIC supplement” field in the Aircraft Operational Status Message 
(see §B.2.3.10) enables the Report Assembly Function in ADS-B Receiving Subsystems to determine 
whether the ADS-B Transmitting Subsystem is announcing NIC = 2 (RC < 8 NM) or NIC = 3 (RC < 4 
NM).  


Note 86.— The term “broadcast” as used in this appendix, refers to a spontaneous 
transmission by the transponder.  This is distinct from the Comm-B broadcast protocol. 


Note 7.— The position quality in Version 1 extended squitter messages is provided by 
the Navigational Accuracy Category (NACp), Navigational Integrity Category (NIC), NIC Supplement, 
and Surveillance Integrity Level (SIL) parameters. 


Note 8.— NACp provides an indication of position accuracy, while SIL, NIC, and the 
NIC Supplement in combination provide an indication of the integrity associated with the broadcast 
position. NACp, SIL, and the NIC Supplement are transmitted in the Extended Squitter Aircraft 
Operational Status Message. NACp and SIL are also transmitted in the Target State and Status Message. 
NIC is determined from the message Type Code. The NIC Supplement is used with some values of NIC to 
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distinguish between two possible values of the containment radius. In the absence of the NIC Supplement 
the higher NIC containment radius should be used. 


Note 9.— Version 1 position messages with Type Codes 8, 18, or 22, and position 
messages associated with SIL of 0 or NACp of 0 are not appropriate to support most ADS-B applications 
since the accuracy or integrity of the position broadcast in these messages is unknown by the transmitting 
device. 


Note 10.— It is recommended that Version 1 extended squitter messages with 
unknown accuracy or integrity only be used if either the position accuracy or integrity can be verified by 
other means, or the application has no specific requirements for these parameters. 


……… (ASP04-15R2) 
 


B.2.3.8   AIRCRAFT STATUS 
 
B.2.3.8.1 EMERGENCY/PRIORITY STATUS AND MODE A CODE 


B.2.3.8.1.1   Format 


The aircraft status squitter that conveys emergency/priority status and Mode A code information shall be 
formatted as specified in the definition of transponder register 6116, Table B-2-97a. 
 


B.2.3.8.1.2   Transmission rate 
 


This message shall be broadcast at random intervals that are uniformly distributed between 0.7 to 0.9 
seconds when there has been a change of the Mode A code within the past 24+/-1 second or for the 
duration of the emergency conditions whatever the value of the Mode A code. 


Otherwise and if Mode A code is different from 1000, the message shall be broadcast at random intervals 
that are uniformly distributed over the range 4.8 and 5.2 seconds. 


When the Mode A code is (1000) the message shall not be broadcast, except under emergency conditions. 


Note. – After a change to Mode A code (1000), the Mode A code will be broadcast as for any change of 
Mode A code. 


 


B.2.3.8.1.3   Message delivery 
 


Message delivery shall be accomplished using the event-driven protocol (see §A.2.3.7).  The 
broadcast of this message shall not take priority over the ACAS RA broadcast but shall take 
priority over all other event-driven message types, as specified in §B.2.5.5.3.   
 
 


……… (ASP03-07R1), ( ASP03-17) 
 
 
B.2.3.10.6 Navigation integrity category (NIC) and NIC supplement  
 
The first 5-bit field (“ME” bits 1–5, Message bits 33–37) in every Mode S extended squitter message 
contains the format TYPE.  The format TYPE differentiates the messages into several classes: Airborne 
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Position, Airborne Velocity, Surface Position, Identification, Aircraft Intent, Aircraft State, etc.  In 
addition, the format TYPE also encodes the Navigation Integrity Category (NIC) value of the source used 
for the position report.  The NIC value is used to allow surveillance applications to determine whether the 
reported geometric position has an acceptable level of integrity containment region  for the intended use.  
The NIC integrity containment region is described horizontally and vertically using two parameters: the 
containment radius, RC, and the Vertical Protection Limit, VPL.  The format TYPE also differentiates the 
Airborne Messages as to the type of their altitude measurements: barometric pressure altitude or GNSS 
height (HAE).  The 5-bit encoding for format TYPE and NIC values conform to the definition contained 
in the table in §B.2.3.1.  If an update has not been received from an on-board data source for the NIC 
value within the past 5 seconds, then the NIC value shall be encoded to indicate that RC is “Unknown. 
 
This The NIC supplement is a 1-bit (ME bit 44, message bit 76) subfield that shall be used in conjunction 
with the TYPE Code to encode the navigation integrity category (NIC) of the transmitting ADS-B 
participant to allow surveillance applications to determine whether the reported geometric position has an 
acceptable integrity containment region for the intended use.  Encoding of the NIC Supplement subfield 
shall be as specified in the following table.  If an update has not been received from an on-board data 
source for the NIC Supplement subfield within the past 5 seconds, then the NIC Supplement subfield 
shall be encoded to indicate that RC is “Unknown.” 
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……… (ASP04-15R2) 
 


Table B-2-97a.  BDS code 6,1 – Aircraft status 
(Subtype 1: Emergency/priority status and Mode A code) 


MB FIELD 
1 MSB PURPOSE: To provide additional information on aircraft status. 
2   
3 FORMAT TYPE CODE = 28  
4  Subtype shall be coded as follows: 
5 LSB  
6 MSB       0          =  No information 
7 SUBTYPE CODE = 1       1          =  Emergency/priority status/Mode A code 
8 LSB       2          =  ACAS RA Broadcast 
9 MSB       3 to 7   =  Reserved 
10 EMERGENCY STATE  
11 LSB Emergency state shall be coded as follows: 
12 STATUS  
13   Value Meaning  
14   0 No emergency  
15   1 General emergency  
16   2 Lifeguard/Medical  
17 MODE A CODE  3 Minimum fuel  
18   4 No communications  
19   5 Unlawful interference  
20   6 Downed aircraft  
21   7 Reserved  
22   
23   
24  1)  Message delivery shall be accomplished once per 0.8 seconds 
25             using the event-driven protocol   as specified in B.2.3.8 . 
26   
27  2)  Termination of emergency state shall be detected by coding in 
28        the surveillance status field of the airborne position message. 
29   
30  3)  Subtype 2 message broadcast shall take priority over subtype 1 
31        message broadcast. 
32   
33  4)  Emergency State value 1 shall be set when Mode A code 7700 is 
34 RESERVED       provided to the transponder. 
35   
36  5)  Emergency State value 4 shall be set when Mode A code 7600 is 
37        provided to the transponder. 
38   
39  6)  Emergency State value 5 shall be set when Mode A code 7500 is 
40        provided to the transponder. 
41   
42  7)  Mode A code shall be coded a defined in ICAO Annex 10,  
43         Volume IV, 3.1.2.6.7.1 
44   
45   
46   
47   
48   
49   
50   
51   
52   
53   
54   
55   
56   
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……… (ASP04-05) 
 
 
C.2.1   Transponder register allocation 
 
Applications have been allocated transponder register numbers as specified in §A.2.1. 
 
  Note 1.— The transponder register number is equivalent to the Comm-B data selector (BDS) value 
used to address that transponder register (see §3.1.2.6.11.2.1 of Annex 10, Volume IV).   Therefore, BDS 
A,B is equivalent to transponder register number AB16. 
 
  Note 2.— Data requirements and availability for the data to be entered into transponder registers 
are shown in §A.2.1. 
 
 
……… (ASP04-06-B) 
 
C.2.4.1.3  BITS 17-23 (MODE S SUBNETWORK VERSION NUMBER) 
 
These bits should be set as specified in Table A-2-16 of Appendix A. 
 


17-23  Mode S subnetwork version number. 
 
0 = Mode S subnetwork not available 
1 = Version No. 1 (1996) 
2 = Version No. 2 (1998) 
3 = Version No. 3 (2002) 
4 = Version No. 4 (2007), Edition 1 of this document 
5-127 = Unassigned 


 
The Mode S subnetwork version number should be set to a non-zero value if at least one DTE or Mode S 
specific service is installed.  For example, if register 4016 is loaded with data, it means that the GICB 
service associated to register 4016 is installed.  In that case bits 17-23 will be set to a non zero value, e.g., 
value 3 if the format of register 4016 meets the requirements of Amendment 77 (applicable in 2002).   
 
If the installed DTE or the Mode S specific services meet the requirements of Amendment 71 (applicable 
in 1996) only, then the Mode S subnetwork number should be set to 1. 
 
If the installed DTE or the Mode S specific services meet the requirements of Amendment 73 (applicable 
in 1998) only and/or the transponder register formats meet the requirements of Doc 9688 version 1, then 
the Mode S subnetwork number should be set to 2. 
 
If the installed DTE or the Mode S specific services meet the requirements of Amendment 77, then the 
Mode S subnetwork number should be set to 3. 
 
The setting of these bits is static. 
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……… (ASP03-05R1) 
 
C.2.4.3.1 AIRBORNE FUNCTION 
 
Annex 10, Volume IV requirements (Annex 10, Volume IV, §3.1.2.9.1.1) state the following for data in 
transponder register 2016:  
 


AIS, aircraft identification subfield in MB. The transponder shall report the aircraft 
identification in the 48-bit (41-88) AIS subfield of MB. The aircraft identification transmitted 
shall be that employed in the flight plan. When no flight plan is available, the registration 
marking of the aircraft shall be inserted in this subfield.   
 


Note.— When the registration marking of the aircraft is used, it is classified as ‘fixed direct 
data’(see §3.1.2.10.5.1.1). When another type of aircraft identification is used, it is classified as ‘variable 
direct data’ (see §3.1.2.10.5.1.3).” 
 
Paragraph §A.2.1.1 states: 
 


“If data are not available for a time no greater than twice the specified maximum update interval 
or 2 seconds (whichever is the greater), the status bit (if specified for that field) shall indicate that 
the data in that field are invalid and the field shall be zeroed.”  


 
Therefore, if the external source providing the aircraft identification fails or delivers corrupted data, 
transponder register 2016 should be zeroed. It should not include the registration marking of the aircraft 
since the airborne installation has initially been declared as providing variable direct data for the aircraft 
identification.   
 
The loss of the aircraft identification data will be indicated to the ground since transponder register 2016 
will be broadcast following its change. If the registration marking of the aircraft was inserted in lieu of the 
call sign following a failure of the external source, it would not help the ground systems since the 
registration marking of the aircraft is not the information that was inserted in the aircraft flight plan being 
used by the ground ATC systems. C-9   
 
In conclusion, the aircraft identification is either fixed (aircraft registration) or variable direct data (call 
sign). It depends whether the aircraft installation uses a data source providing the call sign; if so, data 
contained in transponder register 2016 should meet the requirement of the SARPs. When data become 
unavailable because of a data source failure, transponder register 2016 should contain the BDS code 2,0 in 
the first 8 bits and all zeros in the last 48 bits. 
 
 


— — — — — — — —
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APPENDIX C 


 
PROPOSED AMENDMENTS TO DOC 8071 


 
 


TESTING OF RADIO NAVIGATION AIDS, VOLUME III — TESTING OF  
SURVEILLANCE RADAR SYSTEMS (DOC 8071) 


 
NOTES ON THE PRESENTATION OF THE PROPOSED AMENDMENT 


The text of the amendment is arranged to show deleted text with a line through it and new text highlighted 
with grey shading, as shown below: 
 


1. Text to be deleted is shown with a line through it.  text to be deleted 


2. New text to be inserted is highlighted with grey shading.  new text to be inserted 


3. Text to be deleted is shown with a line through it followed 
by the replacement text which is highlighted with grey 
shading. 


 new text to replace existing text 
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C-2 


 


 
……… (TSGWP5-19-2R1), (ASP04-06-C) 
 
 
1.3 REFERENCE DOCUMENTS 
 
Annex 10 to the Convention on International Civil Aviation, Aeronautical Telecommunications, provides 
the Standards and Recommended Practices (SARPs) for surveillance systems. Values and parameters 
used for testing and evaluation of radar systems shall be based on Standards and Recommended Practices 
(SARPs) in Annex 10. Currently applicable ICAO documents are: Annex 10 — Aeronautical 
Telecommunications and Volume IV — Surveillance Radar and Collision Avoidance Systems, Doc 9684, 
the Manual on Secondary Surveillance Radar (SSR) Systems Doc xxxx, the Aeronautical Surveillance 
Manual, providing additional information on radar systems, and Doc 9688, the Manual on Mode S 
Specific Services, Doc 9871, Technical Provisions for Mode S Services and Extended Squitter, providing 
information on coding and content of aircraft derived data for surveillance. 
 


 
 


— END — 
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Summary 
In January 2004 the ICAO ASP Technical Subgroup (TSG) proposed a method for broadcasting the 
TCAS RA information via a 1090 MHz Extended Squitter (1090ES) Message.  This involved the use of 
the 1090ES Aircraft Status Message, TYPE=28 with the implementation of a new SUBTYPE=2.  This 
proposal was accepted by ICAO and was implemented into what has now been accepted as ICAO Doc 
9871, the “Technical Detailed Specifications for Mode S and Extended Squitter.”  What follows is an 
informational Appendix that was developed for the Surveillance and Broadcast Services Ground Station 
Specifications, which specifies the details of the contents of the TCAS RA Message to allow the Ground 
Stations to receive, decode and report the contents of that 1090ES Message.  The Draft Version 1.0 of 
Change 3 to DO-260A does not contain all of the required changes to DO-260A that will be required to 
fully implement the new Message, but much of the required information is contained either in this 
Appendix or in ICAO Doc 9871, both of which will be used to complete all needed changes to DO-260A 
in the next version of the Draft of Change 3 to DO-260A. 
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A. Format for the TCAS/ACAS RA Message and Definition of the CAT033 FRN 


A.1 Format for the TCAS/ACAS RA Message 


Since the collisions, and near collisions, of several sets of aircraft internationally, several 
regulatory authorities have advocated ways to obtain the Resolution Advisories (RA) 
downlink in a more timely fashion than was previously available from a scanning beam 
interrogator.  The first alternative that was considered was to use the 1030 MHz RA 
broadcast that is transmitted once per second by TCAS/ACAS during an RA event.  This 
RA broadcast was originally provided to make RA information available in airspace that 
was not covered by a Mode-S interrogator.  For this reason, the 1030 MHz RA broadcast 
only identifies the transmitting TCAS/ACAS aircraft by its Mode-A code.  While this 
will still provide useful identification in some airspace, it will not provide unique 
identification in Europe after the initiation of Mode-A conspicuity codes.   


In early 2004 International authorities proposed using an Event-Driven 1090 MHz 
Extended Squitter (1090ES) to deliver the TCAS/ACAS RA broadcast.  The 1090ES 
TCAS/ACAS RA Message broadcast overcomes the identity problem of the 1030 MHz 
RA broadcast since it can contain the same information as the RA message readout using 
the GICB protocol, including the aircraft ICAO 24-bit Address.  A ground-based 1090ES 
receiver with an omni-directional receiving capability can provide TCAS/ACAS RA 
Messages to the ground much sooner that with a scanning beam antenna.  It was 
determined that the TCAS/ACAS RA information could be easily defined as an addition 
to the existing 1090ES Aircraft Status Emergency Priority Message. 


The airborne aircraft broadcast rates and priorities for the TCAS/ACAS RA Message are 
defined in ICAO Document 9871, §B.2.3.8.2.  The format for broadcasting a 1090ES 
Aircraft Status Message with TCAS/ACAS RA Message content (1090ES Message 
TYPE CODE=28, Subtype=2) is defined here in Table A-1, and in ICAO Document 
9871, Table B-2-97b.  These rates, priorities and formats will be implemented in a future 
update to the 1090ES MOPS (RTCA/DO-260A). 


The 1090ES Receiver Function shall receive and decode the 1090ES Aircraft Status 
Message, with TYPE CODE = 28 and Subtype = 2, and populate the FAA CAT033 
report with the Message content as defined in §A.2. 
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Table A-1: 1090ES Aircraft Status Message 
(Subtype 2: 1090ES TCAS/ACAS RA Broadcast Message) 


 
Aircraft Status Message (TYPE CODE=28, Subtype=2) 


Message 
Bit # 33 – 37 38 – 40 41 – 54  55 – 58 59 60 61 – 62 63 – 88 


“ME” Bit # 1 – 5 6 – 8 9 – 22 23 – 26 27 28 29 – 30  31 – 56 


Field Name TYPE=28 
[5] 


Subtype=2 
[3] 


Active 
Resolution 
Advisories 


(ARA) 
[14] 


RACs 
Record 


[4] 


RA 
Terminated


(RAT) 
[1] 


Multiple 
Threat 


Encounter 
(MTE) 


[1] 


Threat 
Type 


Indicator 
(TTI) 


[2] 


Threat 
Identity 


Data 
(TID) 
[26] 


 MSB                   LSB MSB                  LSB MSB                  LSB MSB                  LSB   MSB                  LSB MSB                  LSB 


 
 
Note: “[#]” provided in a field indicates the number of bits in that field. 
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A.2 Definition of the CAT033 FRN for the 1090ES TCAS/ACAS RA Message 


Broadcast of the 1090ES Aircraft Status Message with TYPE CODE=28 and Subtype=2 
will be accomplished by the 1090ES ADS-B airborne transmitter once per 0.8 seconds 
using the 1090ES event-driven protocol with a transmission priority that is defined in 
ICAO Document 9871, §B.2.5.5.3.  The 1090ES TCAS/ACAS RA Message broadcast 
will begin within 0.5 seconds after the airborne transponder is notified of the initiation of 
a TCAS/ACAS RA.  Broadcast of the 1090ES TCAS/ACAS RA Message will be 
terminated by the 1090ES airborne transmitter 10 seconds after the RA Terminated flag 
(Message Bit 59) transitions from ZERO to ONE.  Transmission of the 1090ES 
TCAS/ACAS RA Message (TYPE CODE=28, Subtype 2) by the airborne transmitter 
will take priority over the broadcast of the 1090ES Aircraft Status, Emergency/Priority 
Status Message (TYPE CODE=28, Subtype=1). 


Definition: 1090ES TCAS/ACAS Resolution Advisory Message 
Structure: Fixed 6-byte data item. 


 
Byte 1 Byte 2 


41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 


MSB                               Active Resolution Advisories                                LSB 
MSB         
  RACs 


Byte 3 Byte 4 
57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 


                 LSB 
Record 


R
A
T 


M
T 
E 


Threat 
Type 


Indicator 
MSB                                Threat Identity…. 


Byte 5 Byte 6 
73 74 75 76 77 78 79 80 81 82 83 84 85 86 87 88 


……Data LSB 


 


A.2.1 Active Resolution Advisories (ARA) 
 


Encoding: 
Bits 41 – 54: Active Resolution Advisories 


The Active Resolution Advisories (ARA) subfield (Message Bits 41 – 54) shall indicate 
the characteristics of the RA, if any, generated by the TCAS/ACAS associated with the 
transponder transmitting the subfield.  The bits in the ARA shall have meanings 
determined by the value of the “Multiple Threat Encounter” (MTE) subfield (Message 
Bit 60), and, for vertical RAs, the value of Message Bit 41 of ARA.  The meanings of 
Bits 41 through 54 shall be as follows, and in Table A-2: 


When ARA Bit 41 = 0, AND MTE, Bit 60 = 0, no vertical RA has been generated. 
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Table A-2: Active Resolution Advisories (ARA) 


MTE (Bit 60) 0 or 1 1 
ARA Bit 41 1 0 


0 = RA is preventive 
0 = RA does not require a 
       correction in the upward  
       sense ARA Bit 42 


1 = RA is corrective 1 = RA requires a correction in 
       the upward sense 


0 = upward sense RA has been 
      generated 


0 = RA does not require a 
       positive climb ARA Bit 43 1 = Downward sense RA has 


      been generated 1 = RA requires a positive climb 


0 = RA is not increased rate 
0 = RA does not require a 
       correction in the downward 
       sense ARA Bit 44 


1 = RA is increased rate 1 = RA requires a correction in 
       the downward sense 


0 = RA is not a sense reversal 0 = RA does not require a 
       positive descend ARA Bit 45 


1 = RA is a sense reversal 1 = RA requires a positive 
       descend 


0 = RA is not altitude crossing 0 = RA does not require a 
       crossing ARA Bit 46 


1 = RA is altitude crossing 1 = RA requires a crossing 
0 = RA is vertical speed limit 0 = RA is not a sense reversal ARA Bit 47 1 = RA is positive 1 = RA is a sense reversal 


ARA Bits 48 – 54 Reserved for TCAS/ACAS III Reserved for TCAS/ACAS III 
 


A.2.2 Resolution Advisories Complement Record (RACs Record) 
Encoding: 
Bits 55 – 58: RACs Record 


The 4-bit RACs Record subfield (Message Bits 55 – 58) shall indicate all of the currently 
active RACs, if any, received from other TCAS/ACAS aircraft.  The bits in the RACs 
Record subfield shall have the following meanings: 


Table A-3: RACs Record Subfield 


Bit Resolution Advisory Complement 
55 Do not pass below 
56 Do not pass above 
57 Do not turn left 
58 Do not turn right 


 
A bit set to ONE (1) shall indicate that the associated RAC is active.   
A bit set to ZERO (0) shall indicate that the associated RAC is inactive. 
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A.2.3 RA Terminated (RAT) 
Encoding: 
Bit 59: RA Terminated 


This 1-bit RA Terminated subfield (Message Bit 59) shall indicate when an RA 
previously generated by TCAS/ACAS has ceased being generated. 


Table A-4: RA Terminated (RAT) 


Coding Meaning 
0 TCAS/ACAS is currently generating the RA indicated in the ARA subfield 
1 The RA indicated by the ARA subfield has been terminated 


 
Notes: 
1. After an RA has been terminated by TCAS/ACAS, it is still required to be reported by 


the Mode-S transponder for a period of 18 ±1 seconds.  The RA Terminated indicator 
may be used, for example, to permit timely removal of an RA indication from an Air 
Traffic Controller’s display, or for assessments of RA duration within a particular 
airspace. 


2. RAs may terminate for a number of reasons: normally, when the conflict has been 
resolved and the threat is diverging in range; or when the threat’s Mode-S 
transponder for some reason ceases to report altitude during the conflict.  The RA 
Terminated indicator is used to show that the RA has been removed in each of these 
cases. 


 


A.2.4 Multiple Threat Encounter (MTE) 
Encoding: 
Bit 60: Multiple Threat Encounter (MTE) 


This 1-bit Multiple Threat Encounter (MTE) subfield (Message Bit 60) shall indicate 
whether two or more simultaneous threats are currently being processed by the 
TCAS/ACAS threat resolution logic. 


Table A-5: Multiple Threat Encounter (MTE) 


Coding Meaning 


0 
One threat is being processed by the resolution logic (when ARA
bit 41 = 1); or no threat is being processed by the resolution logic
(when ARA bit 41 = 0) 


1 Two or more simultaneous threats are being processed by the resolution logic 


 


A.2.5 Threat Type Indicator (TTI) 
Encoding: 
Bits 61 - 62: Threat Type Indicator (TTI) 


This 2-bit Threat Type Indicator (TTI) subfield (Message Bits 61 – 62) shall define the 
type of identity data contained in the Threat Identity Data (TID) subfield. 
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Table A-6: Threat Type Indicator (TTI) 


Coding Meaning 
0 No identity data in the Threat Identity Data (TID) Subfield 
1 TID Subfield contains a Mode-S transponder address 
2 TID Subfield contains altitude, range and bearing data 
3 Not Assigned 


 


A.2.6 Threat Identity Data (TID) 
 
Encoding: 
Bits 63 – 88: Threat Identity Data 


This 26-bit Threat Identity Data (TID) subfield (Message Bits 63 – 88) shall contain the 
Mode-S address of the threat, or the altitude, range, and bearing, if the threat is not 
Mode-S equipped.  If two or more threats are simultaneously processed by the 
TCAS/ACAS resolution logic, then the TID shall contain the identity or position data for 
the most recently declared threat.  


If TTI=1, then TID shall contain in Bits 63 – 86 the aircraft address of the threat, and bits 
87 and 88 shall be set to ZERO (0). 


If TTI=2, then TID shall contain the following three subfields for altitude, range and 
bearing: 


A.2.6.1 Threat Identity Data Altitude (TIDA) 


If TTI=2, then this 13-bit subfield (Message Bits 63 – 75) shall contain the most recently 
reported Mode-C altitude code of the threat. 


Table A-7: Threat Identity Data Altitude (TIDA) 


Coding Meaning 
Bit 63 64 65 66 67 68 69 70 71 72 73 74 75 
Mode-C code bit C1 A1 C2 A2 C4 A4 0 B1 D1 B2 D2 B4 D4
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A.2.6.2 Threat Identify Data Range (TIDR) 


If TTI=2, then this 7-bit subfield (Message Bits 76 – 82) shall contain the most recent 
threat range estimated by TCAS/ACAS. 


Table A-8: Threat Identity Data Range (TIDR) 


Coding (n) Meaning (Estimated Range in NM) 
0 No range estimate available 
1 Less than 0.05 NM 


2 – 126 (n-1)/10  ±0.05 NM 
127 Greater than 12.55 NM 


 


A.2.6.3 Threat Identity Data Bearing (TIDB) 


If TTI=2, then this 6-bit subfield (Message Bits 83 – 88) shall contain the most recent 
estimated bearing of the threat aircraft, relative to the TCAS/ACAS aircraft heading. 


Table A-9: Threat Identity Data Bearing (TIDB) 


Coding (n) Meaning (Estimated Bearing in Degrees) 
0 No bearing estimate available 


1 – 60 Between 6(n-1) and 6n Degrees 
61 – 63 Not Assigned 
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Implementing the TCAS RA Message on 1090ES 
 
Reference ICAO Doc 9871, §B.2.3.8.2, §B.2.5.5.3, and Table B-2-97b, plus the information in the above 
SBS Ground Station Specification Appendix for details on implementing the actual format.   
 
This is a minimum list of changes that will be required in DO-260A related to adding the 1090ES Aircraft 
Status Message, TYPE=28, Subtype=2 requirements, formats and test procedures: 
 
Table 2-14 
Table 2-16 
2.2.3.2.7.8 
Figure 2-14b, Subtype=2 
2.2.3.3.1.4.3 
2.2.3.3.1.4.6.1 
2.2.3.3.2.6.3 
2.2.5.1.51 
2.2.8.2 
2.2.8.2.9 
Table 2-102 
2.4.3.2.7.1.3.15 
2.4.3.2.7.8 
2.4.3.3.1.4.3 
2.4.3.3.1.4.6.1 
2.4.3.3.2.6.3 
2.4.5.1.51 
2.4.5.2.11, Step 16 
2.4.8.2.9 
Table A-1 
Table A-2 
A.1.4.7.1 
A.1.4.8 and A.1.4.8.1 
A.1.4.9.16 
A.1.6.4.3 
Figure A-8b, Subtype=2 
Appendix B – On Condition Messages 
Appendix H – H.3.2.2 
Appendix N – Figure N-6 (Version 0) 
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Agenda Item 1: Review of current provisions on surveillance and collision avoidance systems in 


light of operational experience 
 


BROADCAST OF SELECTED ALTITUDE VIA ADS-B 
 


(Presented by Charles Lenarcic) 
  
  


SUMMARY 


This working paper proposes the creation of an ADS-B message to broadcast 
the contents of BDS Register 4,0 (Selected Vertical Intention) otherwise 
known as Selected Altitude. 
 
Action by the meeting is in paragraph 5. 


 


1. INTRODUCTION 


1.1 Automatic Dependent Surveillance – Broadcast (ADS-B) is in use in many parts of the 
world. Implementations range from technical trials to operationally commissioned systems employed for 
the delivery of air traffic control services. Some airborne surveillance applications are also in operation.  


1.2 Renewal of aircraft fleets and avionics upgrades have led to a steady increase in the 
number of ADS-B equipped aircraft in recent times. 


1.3 Some states are planning ADS-B programs which will come into effect during the course 
of the next decade. The development of requirements for these programs has led to a review of existing 
standards to determine how they need to be modified to support future applications. Manufacturers are 
planning avionics upgrades to meet these future requirements. 


1.4 Selected Altitude, the altitude entered into an aircraft’s automated flight control systems, 
is one of the aircraft parameters that may be obtained through Mode S Enhanced Surveillance. Aircraft 
which comply with the European mandates for Enhanced Surveillance are required to supply this data. 
The information is currently used by air traffic control (ATC) in some parts of the world to help prevent 
aircraft altitude or flight level infringements. 
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1.5 This paper proposes that an ADS-B message be defined for the broadcast of Selected 
Altitude. It will prove useful in regions where ADS-B is used, either alone or as a supplement to radar 
surveillance. 


2. ADS-B SELECTED ALTITUDE MESSAGE 


2.1 Selected Altitude is stored in transponder BDS Register 4,0 “Selected Vertical Intention”. 
The Register is defined in ICAO documents, and is shown in Appendix A of this paper.  


2.2 For the purposes of broadcasting this information via ADS-B, Subtype 3 of the Aircraft 
Status Message (Msg. Type 28) may be used. Subtypes 3 to 7 are currently reserved. Subtype 1 of the 
message is used for the Emergency/Priority Status, and Subtype 2 for airborne collision avoidance system 
(ACAS) RA broadcast. 


2.3 The proposed message contents are shown in Appendix B of this paper. Any of the 
currently unassigned transponder registers may be used to store this message, e.g. Register 6,3. 


3. BROADCAST OF SELECTED ALTITUDE VIA ADS-B 


3.1 Message Delivery 


3.1.1 The proposal is for ADS-B broadcast of Selected Altitude to be performed using an 
event-driven message, triggered by a change in the contents of the register defined in Appendix B. 


3.1.2 Due to concerns about the high rate of 1030/1090 MHz signal usage in parts of the world, 
and the requirement to limit extended squitter transmission rates to 6.2 per second, an event-driven 
message has been suggested in lieu of a routine broadcast.  


3.1.3 The broadcast of this message shall be lower in priority than an ACAS RA Broadcast, 
and the Emergency/Priority status message, but shall take precedence over the other event-driven 
messages. Transmission of this message will not lead to an increase in the currently specified maximum 
rate of 6.2 squitters/second. 


3.2 Message Format 


3.2.1 The Selected Altitude message shall be created by inserting the contents of the register 
shown in Appendix 2 into the ME field of a DF=17 or DF=18 extended squitter. The format of a DF=17 
extended squitter is shown below for reference. 


DF=17 
(5 Bits) 


Capability 
(3 Bits) 


Aircraft Address 
(24 Bits) 


ADS-B Msg (ME) 
(56 Bits) 


Parity 
(24 Bits) 







 
A-3 


ASP-WGW/1-WP/19 
Appendix A  


 


 


3.3 Broadcast Rate and Duration 


3.3.1 The Selected Altitude message shall be broadcast for 18 +/- 1 seconds, at 1 second 
intervals, after each change in the contents of the register defined in Appendix B. 


3.3.2 If the contents of the Register change while it is being broadcast, the existing broadcast 
shall be terminated prior to the next transmission, and a new 18 second broadcast commenced with the 
newly updated register contents. 


4. CONCLUSION 


4.1 Selected Altitude provides a useful safety net in air traffic management, allowing level 
infringements to be detected and addressed prior to incidents occurring. The broadcast of the data via 
ADS-B will make it available in parts of the world where ADS-B is used. 


5. ACTION BY THE ASP-WGW 


5.1 The meeting is invited to consider including an ADS-B message for the broadcast of 
Selected Altitude along the lines of what is proposed in this paper. 


 
— — — — — — — — 
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APPENDIX A 


 
BDS CODE 4,0 - SELECTED VERTICAL INTENTION 


 
1 STATUS 
2 
3 
4 
5 
6 
7 
8 
9 


10 
11 
12 
13 


MSB = 32 768 feet 
 
 
 
 
 
 
MCP/FCU SELECTED ALTITUDE 
Range = [0, 65 520] feet 
 
 
 
 
LSB = 16 feet 


14 STATUS 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 


MSB = 32 768 feet 
 
 
 
 
 
 
FMS SELECTED ALTITUDE 
Range = [0, 65 520] feet 
 
 
 
 
LSB = 16 feet  


27 STATUS 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 


MSB = 204.8 mb 
 
 
 
 
 
BAROMETRIC PRESSURE SETTING 
MINUS 800 mb 
Range = [0, 410] mb 
 
 
 
 
LSB = 0.1 mb  


40 
41 
42 
43 
44 


 RESERVED 


PURPOSE: To provide ready access to information about the aircraft’s 
current vertical intentions, in order to improve the effectiveness of 
conflict probes and to provide additional tactical information to 
controllers. 
1) Target altitude shall be the short-term intent value, at which the 


aircraft will level off (or has levelled off) at the end of the current 
manoeuvre.  The data source that the aircraft is currently using to 
determine the target altitude shall be indicated in the altitude source 
bits (54 to 56) as detailed below. 


Note. –  This information which represents the real “aircraft intent,” 
when available, represented by the altitude control panel 
selected altitude, the flight management system selected altitude, 
or the current aircraft altitude according to the aircraft’s mode 
of flight (the intent may not be available at all when the pilot is 
flying the aircraft). 


2) The data entered into bits 1 to 13 shall be derived from the mode 
control panel/flight control unit or equivalent equipment.  Alerting 
devices may be used to provide data if it is not available from 
“control” equipment.  The associated mode bits for this field (48 to 
51) shall be as detailed below. 


3) The data entered into bits 14 to 26 shall de derived from the flight 
management system or equivalent equipment managing the vertical 
profile of the aircraft. 


4) The current barometric pressure setting shall be calculated from the 
value contained in the field (bits 28 to 39) plus 800 mb. 
When the barometric pressure setting is less than 800 mb or greater 
than 1 209.5 mb, the status bit for this field (bit 27) shall be set to 
indicate invalid data. 


5) Bits 48 to 56 shall indicate the status of the values provided in bits 1 
to 26 as follows: 
Bit 48 shall indicate whether the mode bits (49, 50 and 51) are 
already being populated: 
 0 = No mode information provided 
 1 = Mode information deliberately provided 
Bits 49, 50 and 51: 
 0 = Not active 
 1 = Active 
Bit 54 shall indicate whether the target altitude source bits (55 and 
56) are actively being populated: 
 0 = No source information provided 
 1 = Source information deliberately provided 
Bits 55 and 56 shall indicate target altitude source: 
 00 = Unknown 
 01 = Aircraft altitude 
 10 = FCU/MCP selected altitude 
 11 = FMS selected altitude 
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45 
46 
47 
48 STATUS OF MCP/FCU MODE BITS 
49 VNAV MODE 
50 ALT HOLD 
51 APPROACH 


MCP/FCU Mode 
bits 


52 
53 


 RESERVED 


54 STATUS OF TARGET ALT SOURCE 
55 
56 


MSB            TARGET ALT SOURCE 
LSB 


 
— — — — — — — — 
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APPENDIX B 


 
ADS-B SELECTED ALTITUDE MESSAGE 


 
1 
2 
3 
4 
5 


MSB 
 
FORMAT TYPE CODE = 28 
 
 
LSB 


6 
7 
8 


MSB 
SUBTYPE CODE = 3 
LSB 


9 STATUS 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 


MSB = 32 768 feet 
 
 
 
 
 
 
MCP/FCU SELECTED ALTITUDE 
Range = [0, 65 520] feet 
 
 
 
 
LSB = 16 feet 


22 STATUS 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 


MSB = 32 768 feet 
 
 
 
 
 
 
FMS SELECTED ALTITUDE 
Range = [0, 65 520] feet 
 
 
 
 
LSB = 16 feet  


35 STATUS 
36 
37 
38 
39 
40 
41 
42 
43 
44 


MSB = 204.8 mb 
 
 
 
 
 
BAROMETRIC PRESSURE SETTING 
MINUS 800 mb 
Range = [0, 410] mb 
 
 


PURPOSE: To provide ready access to information, via ADS-B, about the 
aircraft’s current vertical intentions, in order to improve the effectiveness of 
conflict probes and to provide additional tactical information to controllers. 
1) Subtype (Bits 6 – 8) shall be coded as follows: 
  0 = No information 
  1 = Emergency/priority status 
  2 = ACAS RA Broadcast 
  3 = Selected Altitude Broadcast 
  4 – 7 = Reserved 
2) Target altitude shall be the short-term intent value, at which the aircraft will 


level off (or has levelled off) at the end of the current manoeuvre.  The data 
source that the aircraft is currently using to determine the target altitude 
shall be indicated in the altitude source bits (54 to 56) as detailed below. 


Note. –  This information which represents the real “aircraft intent,” when 
available, represented by the altitude control panel selected altitude, 
the flight management system selected altitude, or the current aircraft 
altitude according to the aircraft’s mode of flight (the intent may not 
be available at all when the pilot is flying the aircraft). 


3) The data entered into bits 9 to 21 shall be derived from the mode control 
panel/flight control unit or equivalent equipment.  Alerting devices may be 
used to provide data if it is not available from “control” equipment.  The 
associated mode bits for this field (48 to 51) shall be as detailed below. 


4) The data entered into bits 22 to 34 shall de derived from the flight 
management system or equivalent equipment managing the vertical profile 
of the aircraft. 


5) The current barometric pressure setting shall be calculated from the value 
contained in the field (bits 36 to 47) plus 800 mb. 
When the barometric pressure setting is less than 800 mb or greater than 1 
209.5 mb, the status bit for this field (bit 35) shall be set to indicate invalid 
data. 


6) Bits 48 to 56 shall indicate the status of the values provided in bits 1 to 26 
as follows: 
Bit 48 shall indicate whether the mode bits (49, 50 and 51) are already 
being populated: 
 0 = No mode information provided 
 1 = Mode information deliberately provided 
Bits 49, 50 and 51: 
 0 = Not active 
 1 = Active 
Bit 54 shall indicate whether the target altitude source bits (55 and 56) are 
actively being populated: 
 0 = No source information provided 
 1 = Source information deliberately provided 
Bits 55 and 56 shall indicate target altitude source: 
 00 = Unknown 
 01 = Aircraft altitude 
 10 = FCU/MCP selected altitude 
 11 = FMS selected altitude 
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45 
46 
47 
48 STATUS OF MCP/FCU MODE BITS 
49 VNAV MODE 
50 ALT HOLD 
51 APPROACH 


MCP/FCU Mode 
bits 


52 
53 


 RESERVED 


54 STATUS OF TARGET ALT SOURCE 
55 
56 


MSB            TARGET ALT SOURCE 
LSB 


 
 


— END — 
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SUMMARY 
 
At the Stockholm meeting, Eberhard Boehm proposed the use of extended squitter as a means for 
air-ground and air-air delivery of the ACAS RA report (Ref 1).  The TSG was tasked to develop 
an implementation of RA broadcast via extended squitter. At the Honolulu meeting, Working 
Paper B6-09 presented a candidate design for this form of RA delivery together with a 
preliminarily estimate of the performance of ES RA delivery in high and low density 
environments.  It also addressed the issues raised in WP A5-172 on the use of ES for RA 
broadcast. 
 
This working paper presents a revision to the design based on comments that were received at the 
Honolulu meeting.  It also contains a CP for adding RA broadcast to the extended squitter 
SARPs, together with a more thorough performance analysis. 
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1.0 Background 
 


Since the collision over southern Germany, several administrations have been looking at 
ways to obtain the RA downlink in a more timely fashion than is available from a 
scanning beam interrogator.  The first alternative considered was to use the 1030 MHz 
RA broadcast that is transmitted once per second by ACAS during an RA event.  This 
RA broadcast was originally provided to make RA information available in airspace that 
was not covered by a Mode S interrogator.  For this reason, the 1030 RA broadcast only 
identifies the transmitting ACAS aircraft by its Mode A code.  While this will still 
provide useful identification in most airspace, it will not provide unique identification in 
Europe after the initiation of Mode A conspicuity codes.   


2.0 Delivery via Extended Squitter 


Eberhard Boehm proposed using an event-driven extended squitter to deliver the RA 
broadcast.  The ES RA broadcast overcomes the identity problem of the 1030 MHz 
broadcast since it can contain the same information as the RA message readout out using 
the GICB protocol, including the aircraft 24-bit address.  A ground ES receiver with an 
omni-directional receiving capability can provide RA messages to the ground much 
sooner than with a scanning beam antenna. Further, the RA information can be easily 
defined as an addition to the ES emergency message, and implemented in a future 
upgrade to extended squitter. 


3.0 Proposed Design 
 
A proposed design for the ES RA broadcast is shown in the following figures.  Currently, 
only subtype 1 of format type code 28 is used and it defines the emergency/priority status 
message.  The proposed design defines format type code 28, subtype 2 to contain the RA 
downlink message.   
 
The format of the RA downlink is defined in Annex 10, Vol. IV, 4.3.8.4.2.2.  The 56-bit 
MB field contains an 8-bit BDS code subfield in bits 1 to 8 as required to identify the 
message content when delivered via the GICB protocol.  This BDS subfield is not 
required for the ES RA broadcast, since the message identification is accomplished by the 
message type and subtype codes.  The remaining 48-bits of the RA message exactly 
match the bit capacity of the extended squitter. 
 
4.0 Proposed CP 
 
A proposed CP for adding ACAS RA broadcast via extended squitter is presented in the 
appendix to this working paper. 
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5.0  Performance of RA Delivery by Extended Squitter 
 
The reception performance of extended squitter for communicating RA information has 
been estimated for both a very high density environment and a low-density environment.  
The high density environment is based on the maximum interference measured at 
Frankfurt in May 2000.  This is a very high interference level, the maximum ever 
measured in the 1090 MHz frequency band. The low density case is based on the 
environment defined in the ADS-B MASPS (DO-242A), which consists of 360 aircraft 
within 400 NM, uniformly distributed, and Mode A/C transmissions of 50 per second 
from each aircraft. 
 
For use in a high density environment, a six-sector receiving antenna was used as a 
means of reducing interference.  For the low density environment, an omni-directional 
(DME) antenna was used. 
 
In formulating this analysis, it was realized that the reception time will depend on the 
timing of the first RA transmission relative to when the RA event was declared by 
TCAS.  For this analysis, it was assumed that the first squitter message is transmitted 
immediately after the RA event, and repeated thereafter at a rate of one transmission 
every 0.8 seconds as specified for the emergency/ priority status message. 
 
The method of calculation was based on the performance evaluation documented in the 
Extended Squitter MOPS (DO-260A, Appendix P).  This is a Monte Carlo simulation of 
1000 aircraft, having deviations in antenna gain and transmitter power.  In the case 
considered, the transmitting aircraft is equipped with top-bottom antenna diversity.  The 
transmitter power was modeled as between 51 and 57 dBm, and uniformly distributed 
between these limits.  The receiver is considered to employ the enhanced reception 
techniques described in the Extended Squitter MOPS (DO-260A), using 8 samples per 
microsecond and the table lookup technique. 
 
Several changes in the analysis were made to account for air-to-ground transmissions, 
whereas the previous assessment applied to air-to-air.  The antenna gain of a ground 
based antenna is significantly higher than an aircraft antenna.  The following gain values 
were used in this analysis. 
 


For an omni directional receiving antenna,  
 Gain = 7.0 dBi. 
 
For a six-sector receiving antenna,  
 Gain = 13 dB at peak of azimuth beam and  
 Gain = 10 dB at the crossover between two azimuth beams. 


 
These values are based on measurements of these antennas at Lincoln Laboratory [Ref. 2].   
 
Antenna gain varies as a function of elevation angle, and the above values apply at 0.5 
degrees elevation angle, which is a typical value of elevation angle for receptions of both 







 
 


. 


signals and interference.  Elevation angle was not used in these calculations, so the 
constant values listed above were used for all signals and interference. 
 
To account for the improvement in interference reception attributable to the receiving 
antenna sectors when using a six-sector antenna, a fruit reduction factor of 2.5 was used.  
This value is based on a previous analysis in Reference 3. 
 
To represent the deviations in gain of the receiving antenna caused by obstructions and 
other siting effects, a model was used in which a random gain deviation was added to the 
average value.  This random variable has a Gaussian distribution with standard deviation 
equal to 1 dB.  Based on the fact that a ground antenna has consistently more uniform 
gain than an aircraft antenna, these modeled deviations are substantially smaller than the 
corresponding values for aircraft antennas, which are 
 
 Standard deviation =  2.7 dB for a single aircraft antenna 
  1.8 dB for top-bottom diversity  
 
Furthermore, fruit interference received on the ground is somewhat less than airborne 
reception because of line-of-sight limitations.  This difference was studied and it was 
concluded that the difference is not large for the high interference conditions of 
Frankfurt.  For that reason, the fruit reduction was not included in these calculation, and 
therefore the results are somewhat conservative in this respect. 
 
Finally, the analysis makes use of previous simulation under air-to-air conditions and did 
not fully account for the improved antenna gain in the omni directional-received case.  As 
a result the calculated performance is somewhat conservative in this respect also.   
 
Figure 1 shows the calculated reception performance as a function of range between the 
transmitting aircraft and the receiving ground station.  The vertical scale shows the time 
in seconds by which reception is 95 percent confident.   
 







 
 


. 


 
 


Figure 1:  RA Broadcast Air-Ground Delivery Delay (95th Percentile) 
 
 
 
6.0 Guidance Material 
 
If the CP to add ACAS RA broadcast via extended squitter is accepted, the material in 
section 5 of this working paper will be proposed as the basis for guidance material. It will 
serve as an input to revision to the extended squitter guidance material that is to be 
proposed as a WG-B task following SCRP/1.
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Proposed change to: Annex 10 SARPS 
Mode S Volume III, Part 1, Chapter 5, Appendix 1 


 
 
Submit to:  Rapporteur SCRSP Working Group B  Page 1 of N 
 
1.    Change No  (Assigned by Rapporteur)    Date submitted: February 2004 
  
Title: Mode S SARPs CP for RA broadcast via extended squitter 
 
2. List of all relevant SCRSP WG-B Working Papers:  WP B7-NN 
 
3. Background: It is desirable to provide a faster means of air-ground deliver for the 
ACAS RA message than is possible using a scanning beam interrogator.  The best 
approach identified is to deliver the RA message via extended squitter. 
 
4. Need for change: The extended squitter SARPs need to be modified to add the 
specification of the format and protocol for the extended squitter ACAS RA broadcast 
message. 
 
5.  Change: Modify Annex 10, Vol III, Part 1, Chapter 5, Appendix, Table 2-97 as 
indicated in the attachment.  
 
6. Category: (confirmed by Rapporteur) 
 SX1. Addition - new material e.g. new GICB, MSP, or Broadcast.    
   2. Update - technical change or correction to current document. 
  3. Useful - will enhance understanding of the document. 
  4. Cosmetic - needed to correct editorial error. 
 
Submitted by: WGB Technical Sub-Group 
Organisation: SCRSP 
Address: ICAO 
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ATTACHMENT 
 
Modify existing Table 2-97 as follows: 


 
 


Table 2-97.    BDS code 6,1 subtype 1 — 
Emergency/priority status 


MB FIELD 
1  
2  
3 FORMAT TYPE CODE = 28 
4  
5  
6  
7 SUBTYPE CODE = 1 
8  
9  


10 EMERGENCY STATE 
11  
12  
13  
14  
15  
16  
17  
18  
19  
20  
21  
22  
23  
24  
25  
26  
27  
28  
29  
30  
31  
32  
33 RESERVED 
34  
35  
36  
37  
38  
39  
40  
41  
42  
43  
44  
45  
46  
47  
48  
49  
50  
51  
52  
53  
54  
55  
56  


 


 
 
 
 
 
 
PURPOSE: To provide additional information on 
aircraft status. 
 
 
 
Subtype shall be coded as follows: 
0  = No information 
1 = Emergency/priority status 
2     =    ACAS RA Downlink 
3 to 7  =  Reserved 
 
Emergency state shall be coded as follows: 
 


Value Meaning 
0 No emergency 
1 General emergency 
2 Lifeguard/Medical 
3 Minimum fuel 
4 No communications 
5 Unlawful interference 
6 Reserved 
7 Reserved 


 
 
1) Message delivery shall be accomplished once 


per 0.8 second using the event-driven protocol. 
 
2) Termination of emergency state shall be 


detected by coding in the surveillance status field 
of the airborne position message.   


 
3) Subtype 2 message broadcast shall take priority 


over subtype 1 message broadcast.  
  







.


Add a new Table 2-97a as follows: 
 
 


Table 2-97a.    BDS code 6,1 subtype 2 — ACAS 
RA broadcast 


MB FIELD 
1  
2  
3 FORMAT TYPE CODE = 28 
4  
5  
6  
7 SUBTYPE CODE = 2 
8  
9  


10  
11  
12  
13  
14  
15 ACTIVE RESOLUTION ADVISORIES 
16  
17  
18  
19  
20  
21  
22  
23  
24 RACs RECORD 
25  
26  
27 RA TERMINATED 
28 MULTIPLE THREAT ENCOUNTER 
29 THREAT-TYPE INDICATOR 
30  
31  
32  
33  
34  
35  
36  
37  
38  
39  
40  
41  
42  
43 THREAT IDENTITY DATA 
44  
45  
46  
47  
48  
49  
50  
51  
52  
53  
54  
55  
56  


 


 
 
 
PURPOSE: To report resolution advisories (RAs) generated by  
ACAS equipment. 
 
 
Subtype shall be coded as follows: 
 
0  = No information 
1 = Emergency/priority status 
2     =    ACAS RA Downlink 
3 to 7  =  Reserved 
 
The coding of bits 9 to 56 of this register shall conform to the  
corresponding bits of register 3,0 as specified in Annex 10,  
Volume IV, section 4.3.8.4.2.2. 
 
 
1) Message delivery shall be accomplished once per 0.8 


second using the event-driven protocol. 
 
2) RA broadcast shall begin when the ACAS initiates an RA.  
 
3) RA broadcast shall be terminated 10 seconds after the 


RAT flag (4.3.8.4.2.2.1.3) transitions from ZERO to ONE 
 
4) Subtype 2 message broadcast shall take priority over 


subtype 1 message broadcast.  
 
 
 
  
Note:  The existence of an RA (but not the details) is 
reported in the operational status message specified in 
Appendix 2 to Volume III, Part 1, Chapter 5.
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SUMMARY 
 


Throughout various ADS-B implementation related activities, and current 
work of the Requirements Focus Group (RFG) on the definition of the 


ADS-B-RAD requirements, a strong operational requirement for Mode A 
Code availability is emerging.  


This Working paper informs TSG on the current discussion held in 
CASCADE Programme on the possible need to transmit Mode A Code in 


Extended Squitter.  
 
  


 







 


 
1.0 Introduction 
In line with ICAO and EUROCAE/RTCA related 1090 MHz ES standard material, 
current transponder implementations based on version 1 (DO260A) inhibit the broadcast 
of the Mode A Code outside the USA through a geographical filter.  The transmission is 
made using Message Type Code 23 and Subtype Code 7 which is currently allocated for 
national use in ES version 1 and is not described further in Doc9871. 


Throughout various emerging ADS-B implementation related activities, ATC system 
stakeholders made repeated requests for the availability of the Mode A Code via ADS-B.  


In addition, through the current work of the Requirements Focus Group (RFG) on the 
definition of the ADS-B-RAD requirements, a strong operational requirement for Mode 
A Code availability is emerging.  


This Working Paper informs the TSG on the current discussion held in CASCADE 
Programme on the need to transmit Mode A Code in Extended Squitter, and lists the main 
arguments which are currently discussed. 
 
2.0 Rationale for an ADS-B Mode A Code Requirement  


 
Different reasons for the transmission of Mode A code in Extended Squitter are being 
discussed within the Eurocontrol CASCADE Programme. 


The main reasons currently discussed to justify the need to transmit Mode A code in 
Extended Squitter are: 


1. to address transitional deployment issues in moving from Mode A Code to Aircraft 
Identification based ATC systems at some time in the future. More specifically, this 
relates to: 


• The accommodation of ADS-B surveillance data by legacy ATC systems 
(especially at FDPS level). 


• The use of Mode A Code by legacy Surveillance data processing systems with 
respect to track association performance and reliability. 


 
Note:   Discrete Mode A Codes are still the primary source for identification, and 


maintenance of identification, of aircraft in the great majority of 
environments considered for ADS-B-RAD (i.e. ADS-B in various 
combinations with PSR, SSR and Mode S).  


 
2. to allow silent transfer between one center using ADS-B and another center  not using 


ADS-B. The silent transfer of identification from one ATS unit to another (which by 
definition requires all involved ATS units to make use of the same identification data 
source) is a key operational requirement as the workload impact of manual re-
identification of each and every aircraft at each sector boundary is clearly detrimental 
to capacity.  







 


3. to provide an alternative source of identification when the Aircraft Identification is 
wrong.  Indeed many current avionics installations would not allow for re-entering 
the Aircraft Identification (as applicable for most FMS based Aircraft Identification 
sources). There is no such constraint regarding modifying the Mode A code in flight.  


 


 


3.0 Conclusion 
 
TSG is invited to note the current discussion held in CASCADE Programme on the 
possible need for transmission of Mode A code in Extended Squitter. 


 


ASP WG and TSG will be kept informed of future development of this issue. 
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SUMMARY 
 
This working paper proposes the use of an event driven Mode S Extended Squitter on 
1090 MHz to downlink ACAS Resolution Advisories in addition to the existing RA 
Broadcast on 1030 MHz. Based on the evolutionary approach to use Mode S 
Extended Squitter as interoperable ADS-B technology worldwide the necessary 
infrastructure will be available to indicate the controller in charge the generation of 
RA’s automatically in a timely manner.  
 
 


 
 
 
 







 
 
1. Introduction 
 
The research of Resolution Advisory Events and recent mid air collisions indicated that there is 
currently no fast and reliable data link in place to inform the controller in charge of generated RA’s 
without time delay. So by the Controller community the question was raised to find technical solutions 
to indicate to the controller in charge the generation of RA’s automatically and in time on his working 
position. 
 
2. Discussion 
 
The ACAS Interrogator currently broadcasts the RA’S on the so-called uplink channel on 1030 MHz. 
There is no widespread infrastructure available to receive this broadcast on the ground.  
 
This broadcast only includes the 3/A Code of the aircraft. In a future Mode S environment all A/C will 
have a conspicuity code with 1000. So there is no direct correlation feature available to distinguish 
between A/C having identical 3/A Codes. 
 
Discussions on ADS-B technologies proved that currently 1090MHz Extended Squitter is the only 
ICAO standardized ADS-B link technology for which global radio frequency spectrum authorization 
exists. Internationally for worldwide ADS-B interoperability Mode S Extended Squitter will be used in 
the near future. 
 
To downlink RA’s by Extended Squitter technology would perfectly fit into the proposed ADS-B 
infrastructure. It would allow to inform the Controller on RA's of all aircraft in the environment or on 
those he is in charge of automatically, by indicating the RA on his working position. This could be 
done by an additional pop up label or symbol. 
 
In an ADS-B environment all ADS-B messages will be sent to the tracking and display system to 
enhance tracking. So an RA Squitter will also be received and sent to the same system and faster 
than any Mode S Interrogator could extract the Information from the transponder.  
If the information is extracted via the Mode S data link by using a GICB-message there will be a time 
delay of some seconds due to the scan time of the radar to be used. Even if the ATC system 
generates the GICB automatically, more than 4 seconds will pass by until the information is available 
to the controller in charge, assuming the radar is an ASR with a 4-second update rate. 
 
3. Recommendation 
 
The working group is invited to discuss the possibility of implementing an additional event driven 
extended Squitter to inform ground systems via the 1090 MHz downlink channel about resolution 
advisories using the Mode S transponder associated with the ACAS system.  
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Summary 
 
Concern was raised during the ASP Working Group Meeting 3 in October 2007 that the 
current TYPE Code formats for Surface Position Squitters may limit the ability to 
transmit sufficient NIC values when reporting the surface formats.  As a result, the TSG 
was tasked to consider how to manage NIC values on the surface.  This Working Paper 
provides discussion of the current capability provided by Version 1 formats for reporting 
NIC on the surface and alternatives that may be considered to address the limitation.    
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1. Introduction 
It has been recognized that the surface position reports are limited to the four highest 
integrity values.  Australia previously reported at ASP Meeting 1 in November 2006 
(Working Paper ASP01-21) from data collected from their ADS-B Ground Stations from 
live data sampling of Version 0 NUC values showed 64% of reports reported unknown 
integrity on the surface.  It was noted in the Working Paper that this would potentially 
severely limit the use of Version 0 systems for surface applications.  Further discussions 
at the ASP Working Group Meeting 3 in October 2007 raised the concern that the 
Version 1 formats which convey NIC are limited in the number of integrity values that 
can be represented on the surface and this limitation could impact the use of Version 1 on 
the surface.  This working paper introduces discussion on potential methods of expanding 
the number of integrity categories for surface position reports.   
 
 
2. Discussion 
 
There are currently four NIC values that can be conveyed via surface position formats 
along with the category that indicates unknown integrity (NIC is ZERO).  NIC of ZERO 
in the surface formats is required when the horizontal containment radius is greater than 
.1 nautical miles (185.2 meters).  NUC values of 7, 8 and 9 are supported in Version 0 
representing an accuracy or integrity better than 185.2 meters.  NUC of 6 conveys 
accuracy or integrity greater than 185.2 meters.  Australia pointed out in Working Paper 
ASP01-21 that 64% of the airborne reports received by ADS-B Ground Stations 
contained a NUC of 6 representing an accuracy or integrity between .1 nautical miles and 
.2 nautical miles (185.2 meters and 370.2 meters).  The NUC that would be reported in 
the surface formats for these aircraft would be an unbounded accuracy or integrity.  The 
equivalent situation in Version 1 formats would be an airborne NIC of 7 which would 
result in a surface format NIC of ZERO.  ASP01-21 proposed a method of incorporating 
a NIC of 7 into the Version 1 format.  This would potentially prevent a large number of 
aircraft observed in Australia airspace from reporting NIC of ZERO based on the 
navigation data reported in a large number of existing aircraft.  In addition, the FAA has 
released a draft Notice of Proposed Rulemaking (NPRM) for ADS-B Out that is currently 
in comment review.  The draft NPRM currently requires a minimum NIC of 7.  If 
aircraft/vehicles on the surface conformed to the rule and could provide a NIC of 7, the 
transmitting aircraft/vehicle would be forced to report a TYPE Code of 8 representing 
unknown integrity (NIC = ZERO).  Therefore, there is advantage in the ability to report a 
NIC of 7 in the surface position format.  The proposal to accomplish this in Version 1 
formats is shown below with yellow highlighting the changes: 
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TYPE 
Code 


Subtype 
Code 


NIC 
Supplement 


Format 
(Message Type) 


Horizontal Containment Radius 
Limit (RC) 


Navigation Integrity
Category (NIC) 


5 0 RC < 7.5 m NIC = 11 
6 0 RC < 25 m NIC = 10 


1 RC < 75 m NIC = 9 7 0 RC < 0.1 NM (185.2 m) NIC = 8 
1 RC < 0.2 NM (370.4 m) NIC = 7 


8 


Not 
Present 


0 


Surface Position 
 


RC > 0.2 NM ((370.4 m) or 
unknown 


NIC = 0 


 
The modification recommended above could be incorporated without moving to a new 
Version number.  Existing receivers, if implemented correctly, would interpret the TYPE 
Code = 8 and NIC Supplement = ONE as a NIC of ZERO.  Updated receivers that 
incorporate the ability to decode TYPE Code = 8 and NIC Supplement = ONE would 
benefit from the ability to receive a NIC of 7 rather than unknown integrity. 


Another alternative to consider is to further expand the NIC values for the surface 
formats beyond the one that the above solution accomplishes.  There is no current 
requirement to do so, based on current surface application requirements or the draft 
NPRM that the FAA has released.  Aids to visual acquisition applications, as they are 
currently being specified, do not use integrity but instead rely on accuracy.  Surface 
applications beyond situational awareness, including alerting applications, will most 
likely require NIC values of 7 or higher.  Since these applications are not mature enough 
to state with certainty what the accuracy and integrity requirements will be, there is not 
sufficient information today to make a decision.  However, it may be worthwhile 
incorporating additional NICs while a change is being considered, to reduce the risk of 
needing to address this at a future date.  The proposal below will allow the addition of 3 
NIC values.  Since TYPE Codes 5, 6 and 8 do not define a valid NIC value when the NIC 
Supplement is equal to ONE, three additional NIC values can be assigned using the NIC 
Supplement equal ONE.  This would allow including NIC values 5, 6 and 7 for surface 
position formats.  The following Table depicts a means of including the three additional 
NIC values: 


TYPE 
Code 


Subtype 
Code 


NIC 
Supplement 


Format 
(Message Type) 


Horizontal Containment Radius 
Limit (RC) 


Navigation Integrity
Category (NIC) 


0 RC < 7.5 m NIC = 11 5 
1 RC < 0.2 NM (370.4 m) NIC = 7 
0 RC < 25 m NIC = 10 6 1 RC < 0.5 NM (926 m) NIC = 6 
1 RC < 75 m NIC = 9 7 0 RC < 0.1 NM (185.2 m) NIC = 8 
1 RC < 1.0 NM (1852 m) NIC = 5 


8 


Not 
Present 


0 


Surface Position 
 


RC > 1.0 NM ((1852 m) or 
unknown 


NIC = 0 


 


As in the first alternative, this alternative relies on the assumption that current receivers 
would recognize the TYPE Code and NIC Supplement as an INVALID value.  This 
would lead to the assignment by the receiver of a NIC of ZERO and there would be no 
impact to current receivers since without this change, NIC of 5, 6 and 7 are not 







Page 4 of 4 


represented.  Updated receivers would be able to decode NIC values of 5, 6 and 7 from 
the surface position formats.  However, if current receivers ignore the NIC Supplement 
bit if the TYPE Code is 5, 6 or 8, this creates a misinterpretation of the NIC.  If the NIC 
Supplement for TYPE Codes 5 and 6 isn’t decoded since a NIC of ONE would not result 
in a valid NIC, current Version 1 receivers would interpret the new lower NIC as a higher 
NIC.  Correct implementations would not have this problem as a NIC of ZERO should 
result from the NIC Supplement set to ONE for TYPE Codes 5 or 6.  The possibility that 
current receivers may interpret a higher NIC from the newly represented NIC values 
makes this change riskier than the first alternative. 


3. Recommendations 
 
The TSG is requested to consider the above options as a means of expanding the NIC 
values that could be reported in surface position formats.  The change would provide 
additional capability for surface applications in the future and better align 1090ES surface 
position data integrity reporting with current proposed rulemaking integrity requirements. 
 






