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SUMMARY

The fifth meeting of the Surveillance Panel took place in September 2023 and endorsed
Proposal for Amendment to Annex 10 Volume IV. This paper highlights the amendments
that are of interest to the SURICG.

1. INTRODUCTION

11 The Surveillance Panel (SP) was tasked by the Air Navigation Commission to undertake
specific studies and to develop technical and operational ICAO provisions for aeronautical surveillance
systems, collision avoidance systems and their applications as outlined in the Global Air Navigation
Plan.

1.2 This paper highlights the amendments on Annex 10 Volume IV that are of interest to the
SURICG.

2. DISCUSSION
Summary of Changes

2.1 The fifth meeting of the SP endorsed the proposal for amendment as attached in Annex A. The
proposal contains updates to existing provisions and clarifications including:

a) updates to transponder requirements for compatibility with the new 1 090 MHz extended
squitter ADS-B version 3 format as detailed in RTCA/EUROCAE avionics standards.

b) technical provisions for the efficient use of the 1 090 MHz radio frequency (RF).

C) some updates to existing provisions, editorial changes and clarifications in light of new
developments and operational experience relating to surveillance systems.

d) modifications to the signals in space requirements to increase clarity and to align the ATCRBS
and Mode S requirements. Additionally, to modify the SARPS from specifying requirements for
ATCRBS and Mode S systems to requirements for ATCRBS and Mode S capabilities.
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e) Introduction of Interference Tolerance Criteria

There are new systems seeking to operate in spectrum closer to the 1030/1090 MHz frequencies.
Aeronautical surveillance and collision avoidance receivers currently have no defined interference
tolerance criterion, which is necessary to define the level of interference those receivers should expect
to tolerate from new RF systems as well as criterion on which to base compatibility studies to protect
the performance of surveillance and collision avoidance systems.

f) Clarifications on Il and SI Codes for Lockout Override, Supplementary, and Non-All Call
Acquisition.
0) Technical provisions describing 11/SI code operation that is required to be used by Mode S

radars to start using Sl code before all aircraft are SI code capable.
Highlights (IC for ADS-B AND M-LAT)

2.2 It was recalled that during Mode S DAPs WG/2, there was a discussion on such interrogators
that come with ADS-B stations need to be assigned with a distinct IC. It was not clear from the ICAO
materials then which values could be used although EUROCONTROL has been using Il = 0. The
Surveillance Panel (SP) Aeronautical Surveillance Working Group (ASWG) therefore worked on the
amendments to address, inter alia, the I1Cs that can be assigned for interrogators not using Mode S all-
call interrogations, lockout command and the multisite data-link protocols.

2.3 The usage of IC code and IS field were clarified. The rationale for the clarifications is as
follows:

Lockout override should be permitted on any interrogator code (IC) and not limited to 11=0, as the
transponder will disregard the IC. Supplementary acquisition, which is limited by definition, should
also be allowed on any IC and not limited to Il = 0. Systems that do not use Mode S-only all-call
interrogations, lockout protocol, or multisite protocol should be able to use any IC and not be limited
to 11=0 if not assigned an IC. For example, multilateration systems may desire to use certain ICs for
improved monitoring.

2.4 Section 3.1.2.5.2.1.2.3 of Annex 10 Vol 4 states that Il Code = 0 shall only be used for
supplementary acquisition in conjunction with acquisition based on lockout override. Although it is in
a section about all-call interrogations (3.1.2.5.2.1 Mode S-only all-call interrogation, uplink format 11)
it was proposed to remove the restriction to avoid the confusion with the use of 11=0 in the interrogations
transmitted by MLAT interrogators.

3.1.2.5.2.1.2.3 Il: Interrogator identifier. This 4-bit value shall define an interrogator identifier
(1) code. These II codes shall be assigned to mterrogators in the range from O to 15. Ihe—H

: When twe multlple II codes are
assigned to one interrogator only, one Il code shall be used for full data link purposes.

Note 1.— Limited data link activity including single segment Comm-A, uplink and downlink
broadcast protocols and GICB extraction may be performed by both Il codes.

Note 2.— Lockout on the Il code value of 0 is used for non-selective all-call lockout
(3.1.2.6.9.2).

25 Amendments were made to Section 3.1.2.6.1.4.1 and 3.1.2.11.6 of Annex 10 Vol 4 to show that
there is no need of coordination for interrogators not using lockout or multisite datalink protocols.
Coordination of IC codes may help aid understanding of RF contribution.

3.1.2.6.1.4.1 Subfields in SD. The SD field shall contain information as follows:

a)lfDI=0,1or7:
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I1S, the 4-bit (17-20) interrogator identifier subfield shall contain the an-assigned identifier code
of the interrogator (3.1.2.5.2.1.2.3).

Note.— The IIS is intended to match the Il code used by the interrogator in the Mode S-only
all-call interrogation (3.1.2.5.2.1). Interrogators that do not use Mode S-only all-call
interrogations, all-call lockout protocol, or multisite data-link protocol can use any IC in the
11S fields of their selective interrogations without coordination with neighbouring systems. The
use of coordinated values differentiates interrogations transmitted by the different systems
operating in the same area and facilitates the understanding of their respective contribution to
the 1090 MHz environment.

g) If DI =3:

SIS, the 6-bit (17-22) surveillance identifier subfield in SD shall contain an—assigred the
surveillance identifier code of the interrogator (3.1.2.5.2.1.2.4).

Note.— The SIS is intended to match the Sl code used by the interrogator in the Mode S-only
all-call interrogation (3.1.2.5.2.1). Interrogators that do not use Mode S-only all-call
interrogations, all-call lockout protocol, or multisite data-link protocol can use any IC in the
SIS fields of their selective interrogations without coordination with neighbouring systems. The
use of coordinated values differentiates interrogations transmitted by the different systems
operating in the same area and facilitates the understanding of their respective contribution to
the 1090 MHz environment.

LSS, the 1-bit (23) lockout surveillance subfield, if set to 1, shall signify a multisite lockout
command from the interrogator indicated in SIS. If set to 0, LSS shall signify that no change in
lockout state is commanded.

3.1.2.11.6 Lockout coordination. A Mode S interrogator shall not be operated using all-call
lockout until coordination has been achieved with all other operating Mode S interrogators
having any overlapping coverage volume in order to ensure that no interrogator can be denied
the acquisition of Mode S-equipped aircraft. If coordination is not possible due to system
designs (for example, a mobile interrogator), the interrogator shall either use passive means of
acquisition or operate using lockout override (3.1.2.5.2.1.4) with supplementary acquisition
(3.1.25.2.1.5).

Note 1.— This coordination may be via ground network or by the allocation of interrogator
tdentifie—{H)—codes and will involve regional agreements where coverage overlaps
international boundaries.

Note 2.— Interrogators that do not use Mode S-only all-call interrogations, all-call lockout

protocol, or multisite datalink protocol can use any IC value in the IIS or SIS fields of their
selective interrogations without a need for coordination with neighbouring systems.

Highlights (11/SI Code Operation)

ICAO Annex 10 Vol. IV section 2.1.5.1.7.1 specifies that all Mode S transponders shall be Sl

code capable since 1 January 2005. However, this is not yet the case and it may take a very long time
before all aircraft are able because aircraft are not all subject to ICAO provisions (military, local small
general aviation, ...).

2.7

Sl codes cannot be used without having the necessary capabilities in Mode S interrogator to
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continue detecting the old transponders not supporting Sl code. It will take years possibly decades to
have all transponders supporting SI codes.

2.8 To facilitate the implementation of SI codes by States and the allocation of Sl codes by ICAO
Regional Offices with the current mix of aircraft SI code capability, it is necessary to use a special mode
of operation known as the 11/SI mode of operation.

2.9 The 11/SI code operation is a specific mode of operation that allows interrogators operating on
Sl code to acquire Mode S Il-only transponders on the matching Il code. It was necessary to use that
mode of operation in ICAO EUR Region to allocate Sl codes to radars before all transponders are Sl
code capable. This mode of operation has been made mandatory in EU regulation. It is included in the
European Mode S radar specification (EMS 4.0).

2.10 A lot of authorities were not aware of this need to have a specific mode of operation
implemented in Mode S interrogators to be able to start using SI code in the current traffic environment
to detect non-Sl code capable transponders. Guidance material have been developed for insertion in
Doc 9924.

2.11  The addition of a provision in SARPs will improve the visibility of this required provision and
will facilitate the traceability of this requirement during the procurement, testing of systems and the
assignment of Sl codes by regional offices that will need to ask whether this mode of operation is
supported before assigning an Sl code to a radar.

2.1.9.2 11/SI code operation

Note.- A mode of operation, known as I1/SI code operation, enables the use of SI codes by Mode
S ground stations before all transponders are Sl code capable in a mixed environment where
Il and Sl codes are used. A radar supporting 2.1.9.2.1 and 2.1.9.2.2 is known as supporting
11/SI code operation. More information about this specific 11/SI code operation can be found in
Doc 9924 Appendix H and J.

2.1.9.2.1 Mode S ground station using an Sl code shall:

a) acquire Mode S Il1-only transponders on the matching Il code,

b) selectively interrogate Mode S Il-only transponders on the matching Il code
c) only lockout Mode S 11/SI capable transponders.

Note 1.- A matching Il code is an Il code whose binary format in the IC field is the same as the
binary format in the IC field of the SI code. Each Mode S SI code has one “matching” Il code.
A table of matching I1-SI codes can be found in Doc 9924 Appendix H.

Note 2.- Mode S 11/SI capable transponders support both Il and SI codes as defined in Annex
10 Volume 1V. Only locking out Mode S 11/SI capable transponders means the legacy Mode S
I1-only transponders remain are not in a lockout condition and can be acquired by other Mode
S ground stations using the matching Il code.

Note 3.-This requirement is necessary to make possible the allocation of SI codes to Mode S
ground stations in areas in which not all transponders are Sl capable.

2.1.9.2.2 Recommendation.— Mode S 11/SI capable interrogator using an Il code should be
configurable to only lockout Mode S 11/SI capable transponders.

Note 1.-This mode of operation is used when matching Sl codes are used by overlapping
interrogators.
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Note 2.- A matching SI code is an SI code whose binary format in the IC field is the same as
the binary format in the IC field of the Il code. Each Mode S II code has four “matching” SI
codes. A table of matching I1-SI codes can be found in Doc 9924 Appendix H.

Note 3.- This recommendation is to make possible the allocation of matching Il codes to Mode
S interrogators in areas in which not all transponders are S| capable and where a matching SI
code is allocated.

Note 4.- This recommendation is not necessary if a monitoring programme has demonstrated
that all transponders are Sl code capable or if SI codes do not need to be used in the ICAO

Region. More information on the use of this capability to make possible the allocation of SI
codes can be found in Doc 9924 Appendix J.
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3 ACTION BY THE MEETING

3.1 The meeting is invited to note the contents in this paper.
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APPENDIX A

PROPOSAL FOR AMENDMENT (PFA) TO ANNEX10 —Aeronautical Telecommunications, Volume IV
— Surveillance and Collision Avoidance Systems, CONCERNING technical provisions on

1. Updates of technical provisions related to SSR Mode S transponder and 1090 MHz extended squitter
automatic dependent surveillance — broadcast (ADS-B) and traffic information services

2. Introduction of ACAS Il technical provisions

3. Updates of technical provisions related to airborne surveillance applications
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PROPOSED AMENDMENT TO
ANNEX 10
AERONAUTICAL TELECOMMUNICATIONS
VOLUME IV -

SURVEILLANCE AND COLLISION AVOIDANCE SYSTEMS

TO THE CONVENTION ON INTERNATIONAL CIVIL AVIATION

NOTES ON THE PRESENTATION OF THE PROPOSED AMENDMENT

1. 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:

a)  Fextto-bedeletedHsshowrwih-atine throught, text to be deleted

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

C) TFexttobedeletedisshownwith-atine-through-it-followed by the new text to replace
replacement text which is highlighted with grey shading. existing text

2. The source of the proposed amendment is the Surveillance Panel (SP).
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INITIAL PROPOSAL 1

TABLE OF CONTENTS
Page
L0 =111 o SR (vii)
PART | —SURVEILLANCE AND COLLISION AVOIDANCE SYSTEMS
Chapter 1. DefiNitiONS ....oocoviiiiiieieire e s et e fhi ettt ettt sttt b e e e nbebeaRe e 1-1

Matching SI code. S| code whose binary format in the IC field is the same as the binary format in the IC field of the I1 code.

Matching II code. 1| code whose binary format in the IC field is the same as the binary format in the IC field of the SI code

CHAPTER 2. GENERAL
2.1 _SECONDARY SURVEILLANCE RADAR (SSR) FUNCTIONAL REQUIREMENTS
2.1.1 General requirement

21.1.1 When SSR is installed and maintained in operation as an aid to air traffic services, it shall conform with the
provisions of 3.1 unless otherwise specified in this 2.1.

Note.— As referred to in this Annex, Mode A/C transponders are those which conform to the characteristics prescribed in 3.1.1.

Mode S transponders are those which conform to the characteristics prescribed in 3.1.1. and 3.1.2. The functional capabilities
of Mode A/C transponders are an integral part of these-ef Mode S transponders.

2.1.2 Interrogation modes (ground-to-air)

2.1.2.1 Interrogation for air traffic services shall be performed on the modes described in 3.1.1.4.3 or 3.1.2. The uses of
each mode shall be as follows:

1) Mode A — to elicit transponder replies for identity and surveillance.
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94 2) Mode C — to elicit transponder replies for automatic pressure-altitude transmission and surveillance.
95

96 3) Intermode —
97
98 a)
99 transponders.
100 ——b)—Maode A/C-only all-call: to elicit replies for surveillance of Mode A/C transponders. Mode S transponders do not
101 reply.
102
103 Note.— An intermode interrogation using three pulse: P1, P3 and a long P4 and known as Mode A/C/S all-call was

104 initially defined to facilitate the transition from Mode A/C to Mode S. These interrogations are no longer supported by
105  transponders (see 2.1.5.4 7) and therefore cannot be used to support air traffic services.

106

Origin: Rationale:

SP/5 The amendment (2.1.2.1) is related to removal of the capability from a Mode S transponder to
reply to Mode A/C/S all-call interrogations (i.e. Long P4), while keeping minimum SARPs
information to cover old legacy transponders.

107
108
109

110 2.1.2.2 Mode A and Mode C interrogations shall be provided. Interrogators commissioned on or after 1 January 2027 shall
111 comply with the Mode A and C requirements specified.in 3.1.1

112

113 Note.— This requirement may be satisfied by intermode interrogations which elicit:Mode A and Mode C replies from
114 Mode A/C transponders.

115

116

Origin: Rationale:

SP/5 Rather than set dates for individual Mode A and C interrogator requirements, the TSG decided
that the best, and simplest, course of action was to set one date for which all the interrogator
requirements in 3.1.1 will apply.

117
118
119
120 2.1.2.4 SIDE-LOBE SUPPRESSION CONTROL INTERROGATION
121

122 2.1.274.1 Side-lobe suppression shall be provided in accordance with the provisions of 3.1.1.4 and 3.1.1.5 on all Mode A;-and
123 Mode C and-intermode interrogations.

124

125 2.1.2.4.2 Side-lobe suppression shall be provided in accordance with the provisions of 3.1.2.1.5.1.2 on all Mode A/C-only all-
126 call interrogations.

127

128

129 2.1.2.4.32 Side-lobe suppression shall be provided in accordance with the provisions of 3.1.2.1.5.2.1 on all Mode S-only all-
130 call interrogations.

131

Origin: Rationale:
SP/5 Added the new section that covers diversity requirements for Mode A and C.

Need to check rational here, which should be extracted from ASWG TSG WP 17-
07.0R2
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2.14.2

21421

21422

21423

21424

2.1.4 Mode A reply codes (information pulses)

The following Mode A codes shall be reserved for special purposes:
Code 7700 to provide recognition of an aircraft in an emergency.
Code 7600 to provide recognition of an aircraft with radiocommunication failure.
Code 7500 to provide recognition of an aircraft which is being subjected to unlawful interference.

Code 7400 to provide recognition of an aircraft in a lost C2 link state.

Note.— Refer to Annex 10 Volume VI for the definition of Lost C2 Link state.

2143

Appropriate provisions shall be made in ground decoding equipment to ensure immediate recognition of Mode A

codes 7400, 7500, 7600 and 7700.

Origin:
SP/5

Rationale:

These amendments (2.1.4.2.4 and 2.1.4.3) are related to'a special Mode A code indicating lost
C2 link state.The integration of RPAS into non-segregated airspace poses several challenges,
among which is lost command and control (C2) Link procedures. During a lost C2 Link event,
the remotely piloted aircraft (RPA) is flying in a state where it is not under the command of
the remote pilot. Accordingly, it is. necessary to define mitigations allowing for all
stakeholders, whether air traffic contral (ATC), or other airspace users, to be made aware in a
timely manner of this degraded state. An additions of a special Mode A code to indicate that
an RPA is operating without a functional C2 Link between the RPA and the RPS is proposed.

2.1.5 Mode S airborne equipment capability

2.1.5.1 Transponder levels. All. Mode S transponders shall conform to one of the following five levels:

Note.— The-transponder.used for a Mode S site monitor may differ from the requirements defined for a normal Mode S
transponder..For example, it may be necessary.to reply to all-call interrogations when en-the-greund the effective air/ground

state is

on-the-ground”. For more details see the Aeronautical Surveillance Manual (Doc 9924) Appendix D.

2.1.5.11 Level 1— Level 1 transponders shall have the capabilities prescribed for:

a)
b)
c)
d)

€)

f)

Mode A'identity and Mode C pressure-altitude reporting (3.1.1);

intermode and Mode S all-call transactions (3.1.2.5);

addressed surveillance altitude and identity transaction (3.1.2.6.1, 3.1.2.6.3, 3.1.2.6.5 and 3.1.2.6.7);
lockout protocols (3.1.2.6.9);

basic data protocols except both data link capability reporting (3.1.2.6.10.2.2) and basic dataflash protocol
(3.1.2.6.10.3); and

air-air service and squitter transactions (3.1.2.8)-; and
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222

g) essential system characteristics of the SSR Mode S Transponder (3.1.2.10) as applicable to the transponder Level.

Note 1.— Level 1 permits SSR surveillance based on pressure-altitude reporting and the Mode A identity code. In an SSR
Mode S environment, technical performance relative to a Mode A/C transponder is improved due to Mode S selective aircraft
interrogation.

Note 2.— Level 1 transponders are not sufficient to support ADS-B, elementary surveillance and enhanced surveillance.
Also RTCA DO-181F and EUROCAE ED-73F transponder MOPS no longer support the Level 1 transponder.

2.1.5.1.2 Level 2 transponders

Note 1— Level 2 transponders may optionally support Comm-A and/or Air Initiated Comm-B. Basic dataflash protocol is
another option for the Level 2 transponder.

Note 2— Legacy Level 2 transponders included both Comm-A and Air Initiated Comm-B capabilities.
2.1.5.1.2.1 Level 2 — Level 2 transponders shall have the capabilities of 2.1.5.1.1 and also those prescribed for:

a) standard length communications (Comm-A and Comm-B) (3:42:6-2-3-1.2.6:4; 3.1.2.6.6, 3.1.2.6.8, 3.1.2.6.11.2
and3-1+:2:6-113.1.2.6.11.4);

b) data link capability reporting (3.1.2.6.10.2.2);
c) aircraft identification reporting (3.1.2.9); and

d)

0.SI code capability

and operatlon (3.1.2.3.2.1.4 3.1.2.5.2.1 3.1.2.6.1.3 3.1.2.6.1.4.1 3.1.2.6.9.1.1 and 3.1.2.6.9.2)

Note 1. — As a minimum, Level 2 Transponders support generation of long replies that enable interrogators to extract
data registers from the aircraft.

Note 2.— Level 2 permits aircraft identification reportlng and other airborne parameters downlmklng using GICB and
Comm-B broadcast protocols

Note 3. — The aircraft identification reporting capability requires an interface and appropriate input device.

2.15.1.2.2 Level 2 with Comm-A capability. A level 2 transponders with Comm-A capability shall have the capabilities of
2.1.5.1.2.1 and those prescribed for Comm-A standard length communication described in 3.1.2.6.2, 3.1.2.6.4, and 3.1.2.6.11.1.

Note —Comm-A capability is an optional capability that is not reported to the ground system. The verification of airborne
application is necessary to understand whether an aircraft is able to receive and use information received from Comm —A. The
existence of a reply to a Comm-A interrogation (UF=20 and 21) is not sufficient to know whether the content of a Comm-A has
been passed to an airborne application.

2.15.1.2.3 Level 2 with Air-initiated Comm-B capability. Level 2 transponders with Air-initiated Comm-B capability shall
have the capabilities of 2.1.5.1.2.1 and also those prescribed for Air-initiated Comm-B standard length communication
described in 3.1.2.6.11.4.3.

Note 1.— Air-initiated Comm-B capability is an optional capability that is not reported to the ground . However, it will be
detectable by the existence of applications supporting communication through Air-initiated Comm-B.
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2.15.1.2.4 Level 2 with basic dataflash capability - Level 2 transponders with basic dataflash capability shall have the
capabilities of 2.1.5.1.2.1 and also those prescribed for basic dataflash described in 3.1.2.6.10.3.

2.1.5.1.3 Level 3— Level 3 transponders shall have the capabilities 0f 2.1.5.1.2.1,2.1.5.1.2.2, 2.1.5.1.2.3 and also those
prescribed for ground-to-air extended length message (ELM) communications (3.1.2.7.1 to 3.1.2.7.5).

Note 1.— Level 3 transponders include the capabilities of the level 2 transponder with Comm-A and Air-Initiated Comm-
B capabilities.

Note 2.— Level 3 permits extended length data link communications from ground to air and thus may provide retrieval
from ground-based data banks and receipt of other air traffic services which are not available with Level 2 transponders.

2.15.1.6 Extended squitter — Extended squitter transponders shall have the capabilities of 2.1.5.1.2.1, 2.1.5.1.2.2,
2.15123,215124,215.1.3,2.15.1.4 0r 2.1.5.1.5, the capabilities prescribed for extended squitter operation (3.1.2.8.6)
and the capabilities prescribed for ACAS cross-link operation (3.1.2.8.3 and 3.1.2.8.4). Transponders with these capabilities
shall be designated with a suffix “e”.

Note.— For example, a level 4 transponder with extended squitter capability would be designated “level 4e”.

2.156.1.87 Extended squitter non-transponder-devices. Devices that are capable of broadcasting extended squitters that
are not part of a Mode S transponder shall conform to all of the 1 090 MHz RF signals in space requirements specified for a
Mode S transponder, except for transmit power levels for the identified equipment class as specified in 5.1.1.

2152 Mode S transponder minimum capability

2.1.5.2.1 All Mode S transponders used by international civil air traffic shall conform, at least, to the requirements of
Level 2 prescribed in 2.1.5.1.2.1.

Note.— The data parity with overlay control (3.1.2.6.11.2.5) is only available on transponder certified after January
2020 (refer to 2.1.5.4.6).

2.1.5.2.3 Recommendation.— Level 1 Transponders should not be used in area where surveillance interrogator codes
are used.

Note 1.— Level 1 may be admitted for use within an individual State or within the terms of a regional air navigation
agreement. The Mode S Level 1 transponder comprises the minimum set of features for compatible operation of Mode S
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transponders with SSR Mode S interrogators. It is defined to prevent a proliferation of transponder types below Level 2 which
would be incompatible with SSR Mode S interrogators.

Note 2.— The intent of the requirement for a Level 2 capability is to ensure the widespread use of an ICAO standard
transponder capability to allow worldwide planning of Mode S ground facilities and services. The requirement also
discourages an initial installation with Level 1 transponders that would be rendered obsolete by later requirements in certain
airspace for mandatory carriage of transponders having Level 2 capabilities.

Note 3.— Level 1 transponders does not report surveillance interrogator code capability. They remain unlocked in areas
where surveillance interrogator codes are used; therefore, they affect the usage of 1 090 MHz frequency and contribute the 1
090 MHz RF pollution.

2.1.5.2.4. All Mode S Transponders shall maintain the alert condition if the Mode A identity code is changed to one of the
Mode A codes of set 1 defined in 3.1.2.6.10.1.1.1.1.

Origin: Rationale:
SP/5 These amendments (through from 2.1.5 to'Note 3 of 2.1.5.2.3) are relating to provisions on
New Level 2 Transponder, the basic dataflash option and Level 1 transponder.

It was identified that various data-link protocols such as.Comm-A and Air-Initiated Comm B
(AICB) protocols are not used today in the Mode S environment and are not expected to be
needed in the foreseeable future. As a result, it is proposed to define requirements for a basic
level 2 transponder without-Comm-A and AICB (as New Level 2 Transponder) that will
become the basis for minimum international Mode S transponder carriage.

In order to reduce the usage of the 1 090 MHz frequency, a simple basic protocol known as
the basic dataflash protocol, is proposed to be added to announce the changes of some
transponder registers that are not changing very often:

With the.development of services such as the extended squitters for ADS-B and the use of
registers to support elementary surveillance and enhanced surveillance, all transponders need
to manage transponder registers and associated protocols. These capabilities are not supported
ina level 1 transponder. Considering such improved capabilities and advancement of
technology; level 1 transponders are no longer expected to be developed. Therefore deletions
of obsolete provisions relating to Level 1'transponder are also proposed.

Requirements associated to a date have been removed from the basic requirement section to
be regrouped in a dedicated section to facilitate their traceability and management by States

2.1.5.3 Mode S transponders installed on aircraft with gross mass in excess of 5 700 kg or a maximum cruising true airspeed
capability in excess of 463 km/h (250 kt) shall operate with antenna diversity as prescribed in 3.1.1.7.18 and 3.1.2.10.4 if:

a) the aircraft individual certificate of airworthiness is first issued on or after 1 January 1990; or

Origin: Rationale:
SP/5 Added the new section that covers diversity requirements for Mode A and C.

2.1.54 TRANSPONDER CAPABILITY REQUIRED AT SPECIFIC DATES CARABHATY-REPORTINGIN-MOBES
SOUHTFTERS

Note.— The capabilities defined in this section allow a smooth implementation of new features and improvements of SSR Mode
S transponders. The requirements on transponders are ensured through the certification process used by the State of approval.
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Requirements on installation are ensured by the State in charge of the aircraft installation approval. A change applicable to
all installations is listed in 2.1.5.2.

21541 All Mode S transponders certified on or after 1 January 1999 shall recover sensitivity to within 3 dB of MTL no
later than 45 microseconds after receipt of the sync phase reversal following a Mode S interrogation that is not accepted
(3.1.2.4.1.2) or that is accepted but requires no reply.

2.1.5.4.2 Transponder designs first certified on or after 1 January 2011, shall have the spurious Mode A/C reply protection
capability as specified in 3.1.2.10.1.1.5.2

2.1.5.4.3 Mode S level 2 transponder certified on or after 1t January 2020 shall have data parity with overlay control as
specified in 3.1.2.6.11.2.5.

2.1.5.4.4 Mode S transponder certified on or after 1t January 2020 shall not reply to Mode A/C/S intermode interrogations
defined in 3.1.2.1.5.1.1.

Note 1 .— If a transponder receives a Mode A/C/S all-call interrogation, it will be recognized as a Mode A/C-only all-call
interrogation.

Note 2 .— A Mode A/C/S all-call interrogation may be accepted by transponder certified before 1t January 2020.

Note 3 .—The replies to Mode A/C/S all-call interrogations are no longer supported by equipment certified on or after 1
January 2020 in order to reduce the RF pollution generated by the replies triggered by the false detection of Mode A/C/S all-
call interrogations within other types of interrogation.

2.1.5.4.5 Mode S Transponders certified on or after 1% January 2027 shall not accept the TCS, RCS, or SAS commands that
may be received when DI=2 .

Note .— TCS,RCS and SAS were previously defined in 3.1.2.6.1.4.1, DI=2.

2.1.5.4.6 Mode S Transponders certified on or after 1% January 2027 shall maintain the alert condition if the Mode A identity
code is changed to one of the Mode A codes of set 2 defined in 3.12.6.10.1.1.1.2. The permanent alert condition shall be
terminated and replaced by a temporary alert condition when the Mode A identity code is set to a value other than defined in
set 2 of Mode A codes.

Note.— This allows the report of a C2 link loss for remote piloted aircraft system.

2.1.5.4.7 Mode S Transponders certified on or after 1% January 2027 shall not set to zero in bit 33 of the data link capability
report when Aircraft Identification cannot be updated within 8 seconds (see 3.1.2.6.10.2.2.3).
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Note.— Transponder certified before 1t January 2027 may set to zero in bit 33 of the data link capability report when losing
the aircratft identification input.

2.1.5.4.8 Mode S Transponders certified on or after 1% January 2027 shall not set to zero for the aircraft identification upon the
loss of the interface providing Aircraft Identification (see 3.1.2.9.1.4).

2.1.5.4.9 Transponders certified on or after 1 January 2027 shall have their RF output power as specified in 3.1.1.7.17.2 and
3.1.2.10.2.1.2,

2.1.5.4.10 Recommendation.— Transmitters used to replace defective obsolete transmitters in transponders should meet the
requirement defined in 3.1.7.17.2 and 3.1.2.10.2.1.2.1.

2.1.5.4.11 Transponders certified on or after 1%t January 2027 shall have an improved dead time as specified in 3.1.1.7.3.2 and
3.1.2.10.3.2.2.

2.1.5.4.12 Mode S transponders certified on or after 1% January 2027 shall have a Mode S reply rate limiting of type 1 as
specified in 3.1.2.10.3.6.1.2.

2.1.5.4.13 All Mode S transponders certified on or after 1 January 2027 shall conform, at least, to the requirements of
Level 2 prescribed in 2.1.5.1.2.1.

Origin: Rationale:

SP/5 Transponder requirements from 2.1.5.4.1 to 2.1.5.4.6, which are existing provisions, are
proposed to be regrouped in 2.1.5.4 with.some text improvements.- This will clean the protocol
section and will help States easily identify requirements they have to work on without entering
in a detailed review of the protocol.

The Mode S interrogation commands affecting airborne/surface format selection and
transmission control (rate control subfield (RCS), type control subfield (TCS) and surface
antenna subfield (SAS)) were considered undesirable controls of extended squitter and
transponder operation. Therefore removal of the rate control subfield (RCS), type control
subfield (TCS), and surface antenna subfield (SAS) are proposed in the provision of 2.1.5.4.7.

The additional requirement in.2.1.5.4.8 is related to a special Mode A code indicating lost C2
link state.

The provision in2.1.5.4.9 is related to Data Link Capability register changes.

The provision in 2.1.5.4.10"is proposed to reflect a change in handling of Aircraft
Identification data to not zero-out Aircraft ID in the transponder if the interface providing
Aircraft IDis lost.

The provisions in 2.1.5.4.11 and 2.1.5.4.12 are proposed to ensure an acceptable level of
transmissions before, between and after the pulses of a Mode A/C reply, a Mode S reply or an
extended squitter in order to ensure the interoperability between transmitters and receivers of
messageson the 1090MHz frequency.

The additional provision in 2.1.5.4.13 is related to reduction of transponder dead time. It was
pointed out that the current requirement related to transponder dead time is based on old
technology and current transponders are much more capable than the dead time limit allowed
by SARPs.

The provision in 2.1.5.4.14 is associated with the SSR Mode S reply rate limiting, which are
technical measures, aiming at reducing 1 090 MHz congestion further, especially those are for
protecting against complete loss of surveillance in areas where Mode S interrogations are high.

The provision in 2.1.5.4.15 is relating to provisions on New Level 2 Transponder.
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Origin: Rationale:

SP/5 Current standards for ACAS Il including ACAS-X depend on the acquisition squitter;
therefore it is not appropriate to have a recommendation for transponders to provide the
capability to disable acquisition squitter. This amendment is proposed to remove such a legacy
recommendation.

2.1.8 1090 MHz receiver
2.1.8.1 Decoding of 1090 MHz Messages

2.1.8.1.1 1090 MHz receivers produced after 1 January 2027 shall decode messages transmitted by transponder
compliant with the active state transponder output power specified in 3.1.2.10.2.1.

Note.— See Appendix D of the Aeronautical Surveillance Manual (Doc 9924) for guidance on 1 090 pulse decoding
in presence of a signal transmitted 50dB below the peak pulse power that could still affect high sensitivity receivers when
transmitted in close range.

2.1.8.1.2 Recommendation.— 1090 MHz receivers should decode messages transmitted by transponder compliant
with the active state transponder output power specified in 3.1.1.7.17.2 and 3.1.2.10.2.1 in their operational range.

Note.— The minimum operational range of receivers may need to be changed for transponder compliant with the
active state transponder output power specified in 3.1.1.7.17.2 and 3.1.2.10.2.1.

Origin: Rationale:

SP/5 Additions of provisions on 1090 MHz receiver are proposed to ensure an acceptable level of
transmissions before, between and after the pulses of a Mode A/C reply, a Mode S reply or an
extended squitter in order to ensure the interoperability between transmitters and receivers of
messages on the 1 090 MHz frequency. The proposal is based on the requirement introduced
in the new transponder MOPS, but also took into account the previous discussions held at
previous TSG and ASWG meetings following an interoperability issue detected in Europe
between certain new transponders and existing radars.

2.1.9 Mode S interrogator capability

2.1.9.1 Mode S interrogator shall comply with the requirements defined in 3.1.1 and 3.1.2.
2.1.9.2 Mode S interrogator shall not use Mode A/C/S all-call interrogations.
Note 1.— The use of Mode A/C/S all-call interrogations does not allow the use of stochastic lockout override and

therefore might not ensure a good probability of acquisition in areas of high density of flights or when other interrogators
lockout transponder on 11=0 for supplementary acquisition.
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Note 2.— The replies to Mode A/C/S all-call interrogations is no longer supported by equipment certified on or after
1 January 2020 (refer to 2.1.5.4.7) in order to reduce the RF pollution generated by the replies triggered by the false detection
of Mode A/C/S all-call interrogations within other types of interrogation.

Origin: Rationale:

SP/5 This section is created to contain top level interrogator requirements. In this manner, States
will clearly see which requirements they have to work on without entering in a detailed review
of the protocol. The requirement was previously existing in 3.1.2.1.5.1.1.1. The note provides
information on the reason and points to the section where the counterpart on the transponder
side is described.

2.1.9.3 1l/SI code operation

Note .- A mode of operation, known as 11/SI code operation, enables the use of SI codes by Mode S ground
stations before all transponders are Sl code capable in a mixed environment where Il and Sl codes are used. A
radar supporting 2.1.9.3.1 and 2.1.9.3.2 is known as supporting I1/SI code operation. More information about this
specific 11/S1 code operation can be found in Doc 9924 Appendix H and J.

2.19.3.1 Mode S ground station using an S| code shall:
a) acquire Mode S ll-only transponders on the matching Il code,
b) selectively interrogate Mode S Il-only transponders on the matching Il code
c) not lockout Mode S Il-only transponders when ground stations with overlapping coverage are

assigned matching Il or Sl codes.

Note 1.- A matching Il code is an Il code whose binary format in the IC field is the same as the
binary format in the IC field of the SI code. Each Mode S Sl code has one “matching” II code. A table of matching
11-S1 codes can be found in Doc 9924 Appendix H.

Note 2.- Mode S 11/SI capable transponders support both Il and SI codes as defined in Annex 10
Volume IV. Only locking out Mode S 11/SI capable transponders means the legacy Mode S I1-only transponders are
not in a lockout condition and can be acquired by other Mode S ground stations using the matching Il code . The
suppression of lockout for Mode S Il-only transponder is only used when there is overlapping coverage with a
ground station using a matching Il or Sl code, as it is important to use lockout to reduce RF transmissions.

Note 3.-This requirement is necessary to make possible the assignment of SI codes to Mode S
ground stations in areas in which not all transponders are Sl capable.

2.1.9.3.2 Recommendation.— Mode S I1/SI capable interrogator using an Il code should be configurable to only
lockout Mode S 11/SI capable transponders.

Note 1.-This mode of operation is used when matching SI codes are used by overlapping interrogators.
Note 2.- A matching Sl code is an Sl code whose binary format in the IC field is the same as the binary format in

the IC field of the Il code. Each Mode S Il code has four “matching” SI codes. A table of matching 11-SI codes can
be found in Doc 9924 Appendix H.
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Note 3.- This recommendation is to make possible the assignment of matching Il codes to Mode S interrogators in
areas in which not all transponders are Sl capable and where a matching Sl code is assigned.

Note 4.- This recommendation is not necessary if a monitoring programme has demonstrated that all transponders
are Sl code capable or if SI codes do not need to be used in the ICAO Region. More information on the use of this
capability to make possible the assignment of SI codes can be found in Doc 9924 Appendix J.

Origin: Rationale:

SP/5 Due to the lack of 1l codes, radars must use an Sl code in an environment of Sl and Il-only
code capable aircraft. A few Non-SI code capable transponders will remain for a long time. It
is therefore required to use a specific mode of operation to use Sl codes. The proposed
amendment contains a change to add this specific mode of operation to radars that are Sl
capable..

2.2 HUMAN FACTORS CONSIDERATIONS

Recommendation.— Human Factors principles should be observed in the design and certification of surveillance radar,
transponder and collision avoidance systems.

Note.— Guidance material on Human Factors principles can be foundin Doc 9683, Human Factors Training Manual and
Circular 249 (Human Factors Digest No. 11 — Human Factors in CNS/ATM Systems).

2.2.1.3 Recommendation.— The flight crew should have access at all times to the information of the operational state of the
transponder.

Note.— Information on the monitoring of the operational state of the transponder is provided in RTCA DO-181 FE, Minimum
Operational Performance Standards for Air Traffic Control Radar Beacon System/ Mode Select (ATCRBS/Mode S) Airborne
Equipment, and in EUROCAE ED-73FE, Minimum Operational Performance Specification-Standards (MOPS) for Secondary
Surveillance Radar Mode S Transponders.

2.3 Interference Tolerance Criterion

2.3.1 Aeronautical surveillance and collision avoidance system receivers defined in this volume utilizing the 1030 and/or 1090
megahertz channels shall be able to meet their performance requirements under an average interference power to average noise
power level ratio of no more than minus 10 decibels.

Notel. — Interference levels above this level may be harmful to the intended operation of the systems in this volume. This
would apply to the combination of all non-pulsed interference sources present. Pulsed interference sources or sources with
less than 100 percent operational duty cycle need to be evaluated on a case-by-case basis.

Note2. — Additional information on application of this interference tolerance criterion can be found in ICAO Doc. 9924,
including the description of interference.

Note3. — Compatibility between ICAO standardized systems may be evaluated on a case-by-case basis, and interference
mitigations may be used which are only available to ICAO-standardized systems.

Note4.— - The interference should be treated as additive noise such that interference 10 dB below a receiver’s baseline noise
floor generates 0.4 dB of additive noise.

A-13

8/11/18 > 1R4 App A to Initial Proposal 1_2_3 for Amendment to A10V4_25 Sep 2023.docx
No. 90



493
494
495
496
497
498
499
500
501
502
503
504
505
506

507
508
509
510
511
512

513
514
515
516
517
518
519
520
521

Origin Rationale

SP/5 There are new systems seeking to operate in spectrum closer to the 1030/1090
MHz frequencies. In order to understand what levels of harmful interference
would degrade the performance of 1030/1090 MHz surveillance and collision
avoidance systems standardized by this volume, interference tolerance criterion is
necessary to define the level of interference SP receivers should expect to
tolerate. Additionally, developers of new systems will have clear criterion on
which to base studies to protect SP systems. This addition.to the SARPs is
necessary to define the level of interference tolerance for the SP receivers
standardized by Annex 10 Volume IV.

3.1 SECONDARY SURVEILLANCE RADAR (SSR)
SYSTEM CHARACTERISTICS

Note 1.— Section 3.1.1 prescribes the technical characteristics of SSR systems-having-enly Mode A and Mode C capabilities.

Section 3.1.2 prescribes the characteristics of systems-with-Mode S capabilities. Chapter 5 prescribes additional requirements
on Mode S extended squitters.

3.1.1 Systems-having-enly Mode A and Mode C capabilities

3.1.1.2.2 The frequency tolerance shall be plus or minus 31 MHz.

Origin: Rationale:
SP/5

The rational included in ASWG TSG WP 17-07.0R2 (Adopts the value used in DO-181F/ED-
73F) does not work.

May be we can say: The value was updated based on the expert groups extensive review on
A10V4 as well as relevant SMO’s specifications? .

3.1.1.4 INTERROGATION MODES (SIGNALS-IN-SPACE)

Note — The paragraphs herein describe the signals-in-space at the antenna(s) of the interrogator. Table 3-11 provides a
summary of the interrogation signal details.

Origin: Rationale:

SP/5 No current guidance as to where these signals are specified. Added a reference to Table 3-11,
which is now a summary of all the signal in space requirements for each interrogation mode.
(ASWG TSG WP 17-07.0R2)

3.1.1.4.3 The interval between P; and P3 shall determine the mode of interrogation and shall be as follows:

Mode A 8 +0.218 microseconds
Mode C 21 +0.218 microseconds

3.1.1.4.4 The interval between P; and P, shall be 2.0 plus or minus 0.15 microseconds.
3.1.1.45 The duration of pulses P, P, and Ps shall be 0.8 plus or minus 0.209 microsecond.
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Origin: Rationale:
SP/5 Changed to align with the values at the interrogator in the current Table 3-11.
(ASWG TSG WP 17-07.0R2)

3.1.15 INTERROGATOR AND CONTROL TRANSMISSION CHARACTERISTICS (INTERROGATION SIDE-LOBE
SUPPRESSION — SIGNALS-IN-SPACE)

3.1.1.5.1 The radiated amplitude of P2 at-the-antenna-of-the-transponder-shall be:
a) equal to or greater than the radiated amplitude of P1 from the side-lobe transmissions of the antenna radiating P1; and
b) ata level lower than 9 dB below the radiated amplitude of P1, within the desired arc of interrogation.

3.1.1.5.2 Within the desired beam width of the directional interrogation (main lobe), the radiated amplitude of P3 shall
be within 0.53-dB of the radiated amplitude of P1.

Origin: Rationale:
SP/5 Changed to align with the values at the interrogator in the current Table 3-11.
(ASWG TSG WP 17-07.0R2)

3.1.1.5.3 One or two control pulses (P, alone, or.P1 and P;) shall be transmitted using a separate antenna pattern to
suppress responses from aircraft in the side lobes of the interrogator antenna.

Note 1 — The use of control Py and P is further described in Doc 9924.

Note 2 - When using control P1 and P, separate RF paths are used for the interrogation P; and the control P;. The
ulse characteristics and timing described in chapter 3.1.1.4 apply to both P, pulses.
Origin: Rationale:
SP/5 (ASWG TSG WP 17-07.0R2)
Rational from the above WP (Added to better cover I2SLS operation per a request from Anne
Demers) does not work. Need to check it the original WP.
And most probably we need to refine the note above if not the deletion.

3.1.1.6 REPLY TRANSMISSION CHARACTERISTICS (SIGNALS-IN-SPACE)
Note — The paragraphs herein describe the signals-in-space as at the antenna(s) of the transponder.

3.1.1.7' TECHNICAL CHARACTERISTICS OF TRANSPONDERS WITH
MoDE A AND MODE C CAPABILITIES ONLY

3.1.1.7.1 Reply. The transponder shall reply (not less than 90 per cent triggering) when all of the following conditions have
been met:

a) the received amplitude of P3 is in-exeess-ef-a-level within plus or minus 1 dB below-the-received-amplitude-of
Pl butneo-greaterthan-3-dB-abeve of the received amplitude of P1,;

b) either no pulse is received in the interval 1.3 microseconds to 2.7 microseconds after P1, or P1 exceeds by more
than 9 dB any pulse received in this interval;

c) the received amplitude of a proper interrogation is more than 10 dB above the received amplitude of random
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pulses where the latter are not recognized by the transponder as P1, P2 or P3.

d) the interval between P1 and P3 is 8 plus or minus 0.2 microseconds (Mode A), or 21 plus or minus 0.2
microseconds (Mode C)

e) the duration of P1 and P3 is 0.8 plus or minus 0.1 microseconds.
Origin: Rationale:
SP/5 (ASWG TSG WP 17-07.0R2)

DO-181F only requires up to +1 dB. Suggest changing so that the SARPS is not more strict
than the MOPS. (Note that ED-73F does not appear to cover this condition at all).

Currently, the “must accept” type requirements seem to be implied by the specification of the
interrogation signal. Since we are tightening the.interrogation signals, this needs to be added
to allow tolerance between the interrogator and transponder (and to align with.the MOPS).

Note also that this section is not currently referred to by.the Mode S section of the. SARPS,
making is ambiguous how Mode S transponders.are supposed to reply to ATCRBS signals.

3.1.1.7.3.1 For all transponders, the time interval beginning at the end of a reply transmission and ending when the receiver
has regained sensitivity to within 3 dB of MTL (dead time) shall not exceed 125 microseconds.

3.1.1.7.3.2  For transponders with improved dead time, the time interval beginning at the end of a reply transmission and
ending when the receiver has regained sensitivity to within 3 dB of MTL (dead time) shall not exceed 20 microseconds.

Origin: Rationale:
SP/5 (ASWG TSG WP 17-07.0R2)
Aligned with the dead time.changes previously made to Mode S. Need to refine this rational.

3.1.1.7.5 RECEIVER SENSITIVITY AND DYNAMIC RANGE

3.1.1.7.5.1 The minimum triggering level of the‘transponder shall be such that replies are generated to at least 90 per
cent of the interrogation signals when:

a) the two pulses P; and Ps constituting an interrogation are of equal amplitude and P; is not detected; and

b) the amplitude of these signals is nominally #173 dB below 1 mW, with limits between 69 dB and 77 dB

below 1 mW.
Origin: Rationale:
SP/5 (ASWG TSG WP 17-07.0R2)
This aligns the nominal MTL with DO-181F/ED-73F.

3.1.1.7.6 Pulse duration discrimination. Signals of received amplitude between minimum triggering level and 6-dB -45
dBmabeve-thislevel, and consisting of P1 and/or Ps with efa duration less than 0.3 microsecond, shall not cause the transponder
to initiate reply or suppression action more than 10 per cent of the time. With the exception of single pulses with amplitude
variations approximating an interrogation, any single pulse of a duration more than 1.5 microseconds shall not cause the
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transponder to initiate reply or suppression action more than 10 per cent of the time over the signal amplitude range of minimum
triggering level (MTL) to 50 dB above that level.

Origin: Rationale:

SP/5 (ASWG TSG WP 17-07.0R2)

The first sentence is modified to align the requirement with DO-144A and DO-181F/ED-73F.
The 10 per cent criteria is added to the second sentence to align with the first (note the second
sentence has no corresponding DO-181F/ED-73F requirement).

3.1.1.7.8 SPURIOUS EMISSIONS AND SPURIOUS RESPONSES

3.1.1.7.8.1 Equipment random triggering rate. In the absence of valid interrogation signals, transponders shall not
generate more than 5 unwanted Mode A or Mode C replies per second as integrated over an interval of at least 30 seconds.

3.1.1.7.8.2 Installed rRandom triggering rate. In the absence of valid interrogation signals, Mede-A/C transponders
shall not generate more than 30 unwanted Mode A or Mode C replies per second as integrated over an interval of eguivalentto
at least 300-random-triggers—or-30 seconds;—whicheveris-less. This random triggering rate shall not be exceeded when all
possible interfering equipments installed in the same aircraft are.operating at maximum interference levels.

3.1.1.7.8.43 Random triggering rate in the presence of low-level in-band continuous wave (CW) interference. The
total random trigger rate on all Mode A and/or Mode C replies shall not be greater than 10 reply pulse groups or suppressions
per second, averaged over a period of 30 seconds; when operated in the presence of non-coherent CW interference at a
frequency of 1 030 +0.2 MHz and a signal level of —60 dBm or less.
Origin: Rationale:
SP/5 (ASWG TSG WP 17-07.0R2)
The requirement from DO-181F/ED-73F that applies at the equipment level is added.

The existing SARPS requirement is maintained with the addition of “installed” in the title.
Additionally, the allowance to average over 300 random triggers is removed as that seems too
lowof a level of detail.

3.1.1.7.8.4 SPURIOUS RADIATION
Recommendation.— CW radiation should not exceed 70 dB below 1 W for the transponder.
3.1.1.7.8.5 SPURIOUS RESPONSES

3.1.1.7.8.5.1 Recommendation.— The response to signals not within the receiver pass band should be at least 60 dB below
normal sensitivity.

Origin: Rationale:

SP/5 The approach is to keep all requirements on technical characteristics of transponders in only
one section, section 3.1.1.7 which is already defined to contain such requirements. Therefore
existing 3.1.1.11 (spurious emissions and spurious responses), which contains specific
technical characteristics of transponders with Mode A and Mode C capabilities is moved as
a new section of 3.1.1.7.

3.1.1.7.8.5.2 For transponders with spurious Mode A/C reply protection capability, the spurious Mode A/C reply ratio
resulting from low level Mode S interrogations shall be no more than:

a) an average of 1 per cent in the input interrogation signal range between —81 dBm and the Mode S MTL,;
and
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b) a maximum of 3 per cent at any given level in the input interrogation signal range between —81 dBm and
the Mode S MTL.

Note 1.— Failure to detect a low level Mode S interrogation can also result in the transponder decoding a three-pulse
Mode A/C/S all-call interrogation. This would result in the transponder responding with a Mode S all-call (DF = 11) reply.
The above requirement will also control these DF = 11 replies since it places a limit on the probability of failing to correctly
detect the Mode S interrogation.

Note 2.— More information about issuing a type certificate for aircraft and separate design approval can be found in the
Airworthiness Manual (Doc 9760).
Origin: Rationale:
SP/5 The approach is to keep all requirements on technical characteristics of transponders in only
one section, section 3.1.1.7 which is already defined to contain such requirements. Therefore
existing 3.1.2.10.1.1.5.2 is moved as a new section.of 3.1.1.7.

3.1.1.7.9.2 Reply rate limit control. To protect the system from the effects of transponder over-interrogation by preventing
response to weaker signals when a predetermined reply rate has been reached, a sensitivity reduction type reply limit control

shall be incorporated in the equipment. The range-of-this-contrel limit shall be set permit-adjustment—as-a-minimum.to-any
vatue between 500 and 2 000 Mode A/C replies per second:-e+te-the-maximum-reply-rate-capability-if less-than-2-000-replies
per-second, without regard to the number of pulses in each reply. Sensitivity reduction in excess of 3 dB shall not take effect

until 90 per cent of the selected value is exceeded. Sensitivityreduction-shall-be-atleast 30-dBforrates-in-excessof150-per
cent-of the-selected-value:

3.1.1.7.10 Reply delay and jitter. The time delay between the arrival, at the transponder receiver, of the leading edge of P3 and
the transmission of the leading edge of the first pulse of the reply shall be 3 plus.or minus 0.5 microseconds. The total jitter of
the reply pulse code group, with respect.to P3, shall not exceed 0.1 microsecond for receiver input levels between 3 dB and 50

dB above minimum triggering level. Delay variations between Mode A and Mode Cmedes-en-which-the-transponderis-capable
ofreplying shall not exceed 0:2 microseconds.

Origin: Rationale:

SP/5 ASWG TSG WP 17-07.0R2

Modified to align with DO-181F/ED-73F

Since this paragraph now applies to transponders with more than 2 modes, it is needed to
specify which modes are being referred to here.

3.1.1.7.12.1.1 The Mode A code shall be manuathy-selected from the 4 096 codes available

Origin: Rationale:

SP/5 ASWG TSGWP 17-07.0R2
There is no equivalent MOPS requirement. Depending on the definition of “manually”, not all
transponders may comply.

3.1.1.7.13 Transmission of the special position identification (SPI) pulse. When required, this pulse shall be transmitted with
Mode A replies, as specifiedqin 3.1.1.6.3, for a period of between 18 plus or minus 1 15-anrd-30-seconds

Origin: Rationale:
SP/5 ASWG TSG WP 17-07.0R2
Changed to align with DO-181F/ED-73F.

3.1.1.7.15 Simultaneous Signals. If a P1 — P> suppression pair and a Mode A or Mode C interrogation are recognized
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simultaneously, the transponder shall be suppressed. An interrogation shall not be recognized as Mode A or Mode C if the
transponder is in suppression (3.1.1.7.4). If a Mode A and a Mode C interrogation are recognized simultaneously the
transponder shall complete the transaction cycle as if only a Mode C interrogation had been recognized.

Origin: Rationale:
SP/5 ASWG TSG WP 17-07.0R2
As this is a requirement dealing with ATCRBS, it has been moved from 3.1.2.4.1.1.1

3.1.1.7.16  Reply ratio in the presence of low-level in-band CW interference. In the presence of non-coherent CW interference
at a frequency of 1 030 +0.2 MHz at signal levels of 20 dB or more below the desired Mode A/C interrogation signal level, the
transponder shall reply correctly to at least 90 per cent of the interrogations.

3.1.1.7.17 Unwanted Output Power

3.1.1.7.17.1 Inactive state transponder output power. When the transponder is in the inactive state the peak power at 1 090
MHz plus or minus 3 MHz at the antenna end of the transmission line of the transponder shall not exceed —50 dBm. The inactive
state is defined as the entire period between transmissions, less 10-microsecond transition periods preceding the first pulse and
plus 10 microseconds transition period following the last pulse of the transmission. See figure 3-9.

Note 1.— Inactive state transponder power is constrained in this way to ensure that an aircraft, when located as near
as 185 m (0.1 NM) to a Mode A/C or Mode S interrogator, does not cause interference to that installation.

Note 2. — Transponders with Mode S capability and installed with an ACAS unit have stricter requirements defined
in 3.1.2.10.2.1.1.
Origin: Rationale:
SP/5 ASWG TSG WP 17-07.0R2
ACAS language that was previously in the requirement was removed and Note 2 was added
per ASWG recommendation.

3.1.1.7.17.2 Active state transponder output power.

3.1.1.7.17.2.1 The RF output power shall be less than or equal to the peak pulse power minus 50 dB for the interval starting 10
microseconds prior to the Mode A/C transmission and for the interval of 10 microseconds following a Mode A/C transmission.

3.1.1.7.17.2.2 For intervals between transmitted pulses that are greater than 0.5 microseconds, the power level at the lowest
point within the interval shall be 50 dB or more below the peak pulse power.

Note 1.- These power limitations protect 1090 MHz receivers from potential missed decodes when signals are received at
close range and within desired detection range. In the absence of such limits, signal levels during non-pulse intervals can occur
above receiver thresholds and can lead to unintended distortion of pulse positions or false pulse decodes preventing proper
detection of transmitted signals. It also makes it more difficult for receivers to decode overlapped replies.

Note 2.- It is possible that a signal transmitted 50dB below the peak pulse power can still affect high sensitivity receivers
when transmitted in close range. More information is available in the Aeronautical Surveillance Manual (Doc 9924).

Note 3. — Information on how to verify unwanted output power can be found in RTCA DO-181F and EUROCAE ED-73F.

Note 4.- The presence of signal at a level of 50 dB or more below the peak power may not be measurable within the first
0.5 microseconds following the transmission of a pulse because of the allowed decay time.

Note 5. — Transmitters compliant with RTCA DO-181F and EUROCAE ED-73F meet the requirement defined in
3.1.2.10.2.1.2.
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Origin: Rationale:

SP/5 ASWG TSG WP 17-07.0R2

These requirements are not specific to Mode S and should also apply to ATCRBS
transponders. Since there is no section for global requirements, it is suggested they be repeated

here with slight modifications to remove Mode S specific wording.

3.1.1.7.18 Transponder antenna system and diversity operation. Transponders equipped for diversity operation shall have
two RF ports for operation with two antennas, one antenna on the top and the other on the bottom of the aircraft’s fuselage.
The received signal from one of the antennas shall be selected for acceptance and the reply shall be transmitted from the selected
antenna only.

3.1.1.7.18.1 Radiation pattern. The radiation pattern of antennas when installed on an aircraft shall be nominally equivalent
to that of a quarter-wave monopole on a ground plane.

Note.— Transponder antennas designed to increase gain at the expense of vertical beamwidth are undesirable because of
their poor performance during turns.

3.1.1.7.18.2 Antenna location. The top and bottom antennas shall be mounted as near as possible to the centre line of the
fuselage. Antennas shall be located so as to minimize obstruction to their fields in the horizontal plane.

3.1.1.7.18.2.1 Recommendation.— The horizontal distance between the top and bottom antennas should not be greater than
7.6 m (25 ft).

Note.— This recommendation is intended to support the operation of any diversity transponder (including cables) with
any diversity antenna installation and still satisfy the requirement of 3.1.2.10.4.5.

3.1.1.7.18.3 Antenna selection. Transponders equipped for diversity operation shall have the capability to evaluate a pulse
sequence simultaneously received on both antenna channels to determine individually for each channel if the P; pulse and the
Ps pulse of a Mode A or Mode C interrogation meet the requirements for Mode A and Mode C interrogations as defined in
3.1.1.

3.1.1.7.18.3.1 If the two channels simultaneously a P1 — P3 pulse pair that meets the requirements for a Mode A or Mode C
interrogation, the antenna at which the signal strength is greater shall be selected for the transmission of the reply.

3.1.1.7.18.3.2 If only one channel receives a pulse pair that meets the requirements for an interrogation, or if only one channel
accepts an interrogation, the antenna associated with that channel shall be selected regardless of received signal strength.

3.1.1.7.18.3.3 Selection threshold. If antenna selection is based on signal level, it shall be carried out at all signal levels
between MTL and —21 dBm.

Note.— Either antenna may be selected if the difference in signal level is less than 3 dB.

3.1.1.7.18.3.4 Received signal delay tolerance. If an interrogation is received at one antenna 0.125 microsecond or less in
advance of reception at the other antenna, the interrogations shall be considered to be simultaneous interrogations, and the
above antenna selection criteria applied. If an accepted interrogation is received at either antenna 0.375 microsecond or more
in advance of reception at the other antenna, the antenna selected for the reply shall be that which received the earlier
interrogation. If the relative time of receipt is between 0.125 and 0.375 microsecond, the transponder shall select the antenna
for reply either on the basis of the simultaneous interrogation criteria or on the basis of the earlier time of arrival.

3.1.1.7.18.4 Diversity transmission channel isolation. The peak RF power transmitted from the selected antenna shall exceed
the power transmitted from the non-selected antenna by at least 20 dB.

3.1.1.7.18.5 Reply delay of diversity transponders. The total two-way transmission difference in mean reply delay between

A-20
SP5-WP02.1R4 App A to Initial Proposal 1_2_3 for Amendment to A10V4_25 Sep 2023.docx



762
763
764
765
766
767
768

769
770
771
772
773
774
775
776
777
778
779
780
781
782
783
784
785
786
787
788
789
790
791
792

793
794
795
796

797

the two antenna channels (including the differential delay caused by transponder-to-antenna cables and the horizontal distance
along the aircraft centre line between the two antennas) shall not exceed 0.13 microsecond for interrogations of equal amplitude.
This requirement shall hold for interrogation signal strengths between MTL +3 dB and —21 dBm. The jitter requirements on
each individual channel shall remain as specified for non-diversity transponders.

Note.— This requirement limits apparent jitter caused by antenna switching and by cable delay differences.

Origin: Rationale:

SP/5 ASWG TSG WP 17-07.0R2

These requirements are not specific to Mode S and should also apply to ATCRBS
transponders with diversity. Since there is no section for global requirements, it is
suggested they be repeated here with slight modifications to remove Mode S specific
wording.

3.1.1.7.19 Variable direct data. Variable direct data are data from the aircraft which can change in flight and shall be:
a) the Mode C altitude code (3.1.1.7.12.2);
b) the Mode A identity code (3.1.1.7.12.1);
c) the SPI condition (3.1.1.6.3).

3.1.1.7.19.1 Interfaces for variable direct data.

3.1.1.7.19.1.1 A means shall be provided, while on the ground or during flight, for the SPI condition to be inserted by
the pilot, without the entry or modification of other flight data.

3.1.1.7.19.1.2 A means shall be provided, while on the ground or during flight, for the Mode A identity code to be
displayed to the pilot and modified without the entry or modification of other flight data.

Note.— Implementation of the pilot action for entry of data will be as simple and efficient as possible in order to minimize
the time required and reduce the possibility of errors in the data entry.

3.1.1.7.19.1.3 Interfaces shall be included to accept the pressure-altitude.

Note.— A specific interface design for the variable direct data is not prescribed.

Origin: Rationale:
SP/5 ASWG TSG WP 17-07.0R2

These requirements are not specific to Mode S and should also apply to ATCRBS
transponders. Since there is no section for global requirements, it is suggested they be repeated
here with modifications to remove Mode S specific wording.

3.141.8 TECHNICAL CHARACTERISTICS OF GROUND INTERROGATORS-WATH
MODE A AND MODE C CAPABILITIES ONEY

Origin: Rationale:

SP/5 ASWG TSG WP 17-07.0R2

This change would make it so that the requirements apply to Mode A/C capabilities
regardless of what additional capabilities may exist.
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3.1.1.8.1 Interrogation repetition frequency. The maximum interrogation repetition frequency shall be 450 interrogations
per second.

3.1.1.8.1.1 Recommendation.— To minimize unnecessary transponder triggering and the resulting high density of
mutual interference, all interrogators should use the lowest practicable interrogator repetition frequency that is consistent with
the display characteristics, interrogator antenna beam width and antenna rotation speed employed.

3.1.1.8.2 RADIATED POWER

Recommendation.— In order to minimize system interference the effective radiated power-of interrogators should be
reduced to the lowest value consistent with the operationally required range of each individual interrogator site.
3.1.1.8.21 Inactive-state interrogator output power. When the interrogator transmitter is not transmitting an interrogation,
its output shall not exceed -5 dBm effective radiated power at any frequency between 960 MHz and 1 215 MHz.

Note.— This constraint ensures that aircraft flying near the interrogator (as close as 1.85 km (1 NM)) will not receive
interference that would prevent them from being tracked by another interrogator. In certain instances even smaller
interrogator-to-aircraft distances are of significance, for example if Mode S surveillance on the airport surface is used. In such
cases a further restraint on inactive state interrogator output power may be necessary.

Origin: Rationale:
SP/5 ASWG TSG WP 17-07.0R2. Copied over from Mode S.

3.1.1.8.3 Recommendation.— When Mode C information is to be used from aircraft flying below transition levels, the
altimeter pressure reference datum should be taken into account.

Note.— Use of Mode C below transition levels is in accordance with the philosophy that Mode C can usefully be employed
in all environments.

3.1.1.98.4 INTERROGATOR RADIATED FIELD PATTERN
Recommendation.—< The beam width of the directional interrogator antenna radiating P3 should not be wider than is
operationally required. The side- and back-lobe radiation of the directional antenna should be at least 24 dB below the peak
of the main-lobe radiation.
Note .- When the rotating antenna of a ground station is no longer rotating at its specified rate, the RF transmissions
need to be inhibited to protect transponder operation as well as the 1090 MHz frequency as aircraft could remain for a long
time in the beam of the antenna. More information can be found in Doc 9924 Appendix D and M.

3.1.1.108.5 INTERROGATOR MONITOR

3.1.1.108.5.1 The range and azimuth accuracy of the ground interrogator shall be monitored at sufficiently frequent
intervals to ensure system integrity.

Note.— Interrogators that are associated with and operated in conjunction with primary radar may use the primary radar
as the monitoring device; alternatively, an electronic range and azimuth accuracy monitor would be required.

3.1.1.188.5.2 Recommendation.— In addition to range and azimuth monitoring, provision should be made to monitor
continuously the other critical parameters of the ground interrogator for any degradation of performance exceeding the
allowable system tolerances and to provide an indication of any such occurrence.

3.1.1.8.6 SPURIOUS EMISSIONS AND SPURIOUS RESPONSES
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3.1.1.8.6.1 SPURIOUS RADIATION

Recommendation.— CW radiation should not exceed 76 dB below 1 W for the interrogator.

Origin Rationale:

SP/5 In order to keep a clear structure of the SARPS, all transponder technical requirement are
regrouped in one section, the existing section 3.1.1.7 which is already dedicated to
transponder, and all requirements for interrogator in.-another separate section, the existing
section 3.1.1.8 already defined for ground interrogator.

3.1.2 Systems-having Mode S and Intermode capabilities

Origin: Rationale:

SP/5 ASWG TSG WP 17-07.0R2

Change to cover the capability rather than the whole system. Since intermode is generally
considered to be a separate capability than Mode S, it'has been added to the title.

3.1.2.1 Interrogation signals-in-space characteristics. The paragraphs herein describe the signals-in-space as-they—ean—be

expected-to-appear at the‘antenna(s), of the transpender-interrogator.

Origin:
SP/5

Rationale:

ASWG TSG WP 17-07.0R2

Signals should be specified at the system that radiates those signals. It is generally not possible
to measure the signals at the transponder. Additionally, signals are routinely corrupted during
propagation without any possible means to control those corruptions.

This note is no longer needed as all actual interrogator requirements will be covered here.

3.1.2.1.4.1 Pulse modulation. Intermode and Mode S interrogations shall consist of a sequence of pulses as specified in 3.1.2.1.5

and Tables 3-1, 3-2; 3-3, and 3-4.

Note 1.— The 0.8 microsecond pulses used in intermode and Mode S interrogations are identical in shape to those used in

Modes A and C as defined in 3.1.1.4.

Note 2.— Table 3-11 provides a summary of the interrogation signal details.
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Origin: Rationale:

SP/5 ASWG TSG WP 17-07.0R2

Table 3-2 gives reply pulse characteristics and should not be applicable to interrogators.
Added a reference to Table 3-11 for clarity.

3.1.2.1.5 Pulse and phase reversal sequences. Specific sequences of the pulses or phase reversals described in 3.1.2.1.4
shall constitute interrogations.

3.1.2.1.5.1 Intermode interrogation

3.1.2.1.5.1.1 Mode A/C/S all-call interrogation.

Origin: Rationale:
SP/5 ASWG TSG WP 17-07.0R2
Removed shall and moved this definition to a note per ASWG.

Note 2.—The replies to Mode A/C/S all-call interrogations are no longer supported by equipment certified on or after 1
January 2020 (2.1.5.4.7) in order to reduce the RF pollution generated by the replies triggered by the false detection of Mode

A/C/S all-call mterrogatlons within other types of mterrogatlon MGGE#G@—&“—G&“—PMGFFG&&HGH—EHGHS—&—M@%—A—GF

P,pulse-shall-be
used:

Note 2 .— The Mode A/C-only all-call interrogation elicits a Mode A or Mode C reply from a Mode A/C transponder. A
Mode S transponder recognizes the short P4 pulse and does not reply to this interrogation.
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Origin: Rationale:

SP/5 The amendments (through from 3.1.2.1.5.1.1 to 3.1.2.1.5.1.2) is related to removal of the
capability from a Mode S transponder to reply to Mode A/C/S all-call interrogations (i.e. Long
P4), while keeping minimum SARPs information to cover old legacy transponders. Since it
was recognized that an important source of Mode S RF pollution on 1090 MHz is the DF=11
all call replies generated in response to wrongly detected inter-mode A/C/S all-call
interrogations (long P4), amendment 89 of Annex 10 Volume 1V introduced changes to
eliminate the reply to Mode A/C/S all-call interrogations. However, such provisions were
complicated by the impact that the changes have on detection of the-Mode A/C-only all-call
interrogation (short P4) and the lack of clarity in detection criteria for this.type of interrogation
created confusion. This PfA provided clarification on such provisions.

3.1.2.1.5.1.32.1 Pulse intervals. The pulse intervals between P;, Px-and P3 shall be as defined in 3.1.1.4.3 and-3-3-1-4-4.
The pulse interval between P3 and P4 shall be 2 plus or minus 0.054 microsecond.

Origin: Rationale:

SP/5 ASWG TSG WP 17-07.0R2

Changed to align with the value at the interrogator in the current Table 3-11.

Moved requirement related to P, to new 3.1.2.1.5:1.2.3 below. Modified the numbering of this
paragraph to make it a subparagraph to the Mode A/C-only all-call.

3.1.2.1.5.1.42.2 Pulse amplitudes. Relative amplitudes between pulses Py, P2-and P3 shall be in accordance with 3.1.1.5.
The amplitude of P4 shall be within -0.54/+2.5 dB of the amplitude of Ps.

Note.— Because signals can be corrupted in propagation, certain interrogation pulse duration, pulse spacing and
pulse amplitude tolerances are more stringent for interrogators as described in 3.1.2.11.4.

Origin: Rationale:

SP/5 ASWG TSG WP 17-07.0R2

Changed to align with the value at the interrogator in the current Table 3-11

ASWG TSG WP 17-07.0R2

Moved requirement related to P, to new 3.1.2.1.5.1.2.3 below. Modified the numbering of this
paragraph to make it a subparagraph to the Mode A/C-only all-call.

3.1.21.5.1.2.3 Sidelobe suppression. The pulse interval between P1 and P shall be 2 plus or minus 0.04 microseconds.
Amplitude of P, shall be in accordance with 3.1.1.5.

Note 1. — Sidelobe suppression is required for SSR interrogators per 2.1.2.4.1. ACAS and multilateration system
interrogations may or may not include the P pulse.

Note 2.— When used, P is additionally radiated to prevent replies from aircraft in the side and back lobes of the
antenna.
Origin: Rationale:
SP/5 ASWG TSG WP 17-07.0R2
Moved requirement related to P, to new 3.1.2.1.5.1.2.3 below. Modified the numbering of this
paragraph to make it a subparagraph to the Mode A/C-only all-call.

Separated requirements related to sidelobe suppression and added note to clarify that P, is an
optional part of the Mode A/C-only all-call.
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Origin: Rationale:

SP/5 The amendment (3.1.2.1.5.1.4) is relating to P4 amplitude tolerance (interrogation). Review
of the P4 acceptance/rejection criteria was performed to attempt to address observed behaviour
that shows there are occurrences of Mode S transponders replying Mode A/C to short P4
interrogations, causing dual Mode S and Mode A/C tracks on systems utilizing Mode A/C
Only All Call interrogation. The pulse amplitude and timing cases that potentially lead to
transponder problems in detecting the short P4 pulse and replying ATCRBS were analysed. It
was pointed out that interrogation signal levels in the transponder receiver minimum triggering
level (MTL) region most commonly contribute to unwanted replies.To improve the issue, this
amendment changes the P4 amplitude tolerance requirement, which allows an interrogator to
transmit the P4 pulse with an increased amplitude, relative to'the rest of the interrogation, to
aid in transponder detection of the pulse.

ASWG TSG WP 17-07.0R2: Due to additional modifications, all rationales need to
be revisited.

3.1.2.1.5.2 Mode S interrogation.

as shown in Figure 3-4.

Note 2.— P6 is preceded by a P1 — P2 pair which suppresses replies from Mode A/C transponders to avoid synchronous garble
due to random triggering by the Mode S interrogation. The sync phase reversal within P6 is the timing mark for demodulation
of a series of time intervals (chips) of 0.25 microsecond duration. This series of chips starts 0.5 microsecond after the sync
phase reversal and ends 0.5 microsecond before the trailing edge of P6. A phase reversal may or may not precede each chip
to encode its binary information value.

Origin: Rationale:

SP/5 ASWG TSG WP 17-07.0R2

Removed shall and moved this definition to a note per ASWG.

3.1.2.1.5.2.4 Intervals. The pulse interval between P1 and P2 shall be 2 plus or minus 0.045 microsecond. The interval between
the leading edge of P2 and the sync phase reversal of P6 shall be 2.75 plus or minus 0.045 microsecond. The leading edge of
P6 shall occur 1.25 plus or minus.0.045 microsecond before the sync phase reversal. P5, if transmitted, shall be centred over
the sync phase reversal; the leading edge of P5 shall occur 0.4 plus or minus 0.045 microsecond before the sync phase reversal.

Origin: Rationale:
SP/5 ASWG TSG WP 17-07.0R2
Changed to align with the value at the interrogator in the current Table 3-11

3.1.2.2 REPLY SIGNALS-IN-SPACE CHARACTERISTICS

Note — The paragraphs herein describe the signals-in-space at the antenna(s) of the transponder.

Origin: Rationale:
SP/5 ASWG TSG WP 17-07.0R2
No current guidance as to where these signals are specified

3.1.2.21 REPLY CARRIER FREQUENCY
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3.1.2.21.1 Standard PPM Rreply carrier frequency. The carrier frequency of all standard Mode S PPM replies (downlink
transmissions) from-transponders-with-Mode-S-capabilities shall be 1 090 plus or minus 1 MHz.

Origin: Rationale:

SP/5 ASWG TSG WP 17-07.0R2

3.1.2.3.1.2.1 gives the definition for Standard PPM data in a Mode S reply. It is unclear why
that reference was needed here and does not seem to provide the definition for Mode S
capabilities as was implied.

3.1.2.2.1.2 Phase overlay reply frequency. The carrier frequency of all phase overlay reply transmissions as defined in
3.1.2.3.1.2.2 shall be 1 090 MHz plus or minus 25 KHz.

3.1.2.2.6 Reply phase overlay characteristics.

3.1.2.2.6.1 Reply phase overlay modulation type. The phase modulation reply transmission defined in 3.1.2.3.1.2.2 shall
use 8PSK phase states to transmit 3 bits associated with a single phase state for each PPM data bit and in each of the four
preamble pulses.

3.1.2.2.6.2 Phase error tolerance. The phase error of transmitted phase information shall be within 3.0 degrees RMS and
12.2 degrees peak for the duration of any 0.5 microsecond PPM reply pulse, excluding the leading and trailing edges of the
pulse. When a one-microsecond pulse is transmitted as a result of a PPM ZERO data bit in the second half of one PPM bit
interval followed by a PPM ONE bit in the first half of the next interval, the phase error for the phase information for each of
the 2 phase states shall be within 3.0 degrees RMS and 12.2 degrees peak, except during the phase transition interval when a
phase change is required between the 2 phase states, and the leading and trailing edges of the one-microsecond pulse. The
phase error tolerance is in addition to the average frequency tolerance specified in 3.1.2.2.1.2, including the phase drift tolerance
specified in 3.1.2.2.6.4.

Note.— During transmitter pulse turn-on and turn-off, the phase of the transmitted signal is typically not stable until the
final RF output power is reached at the top portion of the pulse. It is not necessary to meet the accuracy requirement of the
phase of the signal during the turn-on and turn-off portions of the pulse. The phase overlay reception algorithm should not
rely on a constant phase during the transient portions of the pulse.

3.1.2.2.6.3 Phase modulation during the phase transition interval. For a 1.0 microsecond pulse which is formed by a
PPM ZERO data bit followed by a PPM ONE data bit, the phase transition interval in which the phase is allowed to change
between states shall be less than the 400 nanosecond interval commencing 200 nanoseconds prior to the PPM bit interval
transition at the center of the 1.0 microsecond pulse.

Note 1.— The RF peak output power of any merged PPM pulses will not vary more than 1dB due to PO for a receiver
bandwidth of 8 MHz when linearly applying PO across the 400 nanosecond phase transition interval.

Note 2.— The worst case for spectral growth is when the phase overlay frequency shifts are 180 degrees between symbols
in 1 microsecond wide PPM data pulses as shown in Figure 3-x1. One method of reducing spectral growth in this case is to
ensure the 180 degree phase transition is linear.

 [BIT5] ——— [BIT6] —

Double Pulse Phase
Transition Area
400

l‘gSec

%
A m { : Less than a 1dB drop in amplitude
1 0
| CX

Figure 3-x1. Phase overlay one microsecond phase transition area
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3.1.2.2.6.4 Phase drift. The peak phase drift due to transmitter frequency drift shall be within +43 degrees for the entire
message duration. The phase drift tolerance is in addition to the average frequency tolerance specified in 3.1.2.2.1.2.

3.1.2.2.6.5 Reply spectrum. The reply spectrum defined in 3.1.2.1.2 shall be met when phase overlay transmissions are active.

3.1.2.3 MODE S DATA STRUCTURE

3.1.2.3.1.2 Reply data.

3.1.2.3.1.2.1 Standard PPM data. The reply data block shall consist of 56 or 112 data bits formed by binary pulse position
modulation encoding of the reply data as described in 3.1.2.2.5.1.2. A pulse transmitted in the first half of the interval shall
represent a binary ONE whereas a pulse transmitted in the second half shall represent a binary ZERO.

3.1.2.3.1.2.2 Phase overlay modulated data. For phase overlay modulated signals, the PPM reply data shall additionally
contain 8PSK modulated data within the bit interval containing the pulse, either the first half or the second half of the interval
as per 3.1.2.3.1.2.1.

3.1.2.3.1.2.2.1 Phase overlay data definition. In addition to the binary ONE or binary ZERO represented by PPM, each
data interval shall consist of 3 additional bit values representing the phase modulated reply data as determined by the encoded
phase of the pulse in the bit interval as shown in Table 3-x1.

Phase Relative to Binary Value
Sync Reference (Degrees) MSB - LSB

0 000

45 001

90 010

135 011

180 100

225 101

270 110

315 111

Table 3-x1. Phase overlay data definition

3.1.2.3.1.2.2.2 Sync phase reference pulses. The reference sync phase shall be encoded in the four preamble pulses and
the data pulses of the first four PPM data bits by maintaining constant phase for these pulses.

3.1.2.3.1.2.2.3 Phase reference. The reference phase shall represent zero degrees. This reference established by the data
pulses in 3.1.2.3.1.2.2.2 is used to establish the phase for subsequent phase state determination.

3.1.2.3.2.1.4 PI: Parity/interrogator identifier. This 24-bit (33-56) or (89-112) downlink field shall have parity overlaid
on the interrogator’s identity code according to 3.1.2.3.3.2 and shall appear in the Mode S all-call reply, DF = 11 and in the
extended squitter, DF = 17 or DF = 18. If the reply is made in response to a Mede-A/C/S-all-eall; a Mode S-only all-call with
CL field (3.1.2.5.2.1.3) and IC field (3.1.2.5.2.1.2) equal to O, or is an acquisition or an extended squitter (3.1.2.8.5, 3.1.2.8.6
or 3.1.2.8.7), the 11 and the Sl codes shall be 0.

3.1.2.3.25 Phase overlay reply data formats. An overview of the transmitted phase overlay data message structure is
as shown in Figure 3-x2.
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Figure 3-x2. Phase overlay message structure

3.1.2.3.2.5.1 Phase overlay message data. Phase data (PD) message bits shall be contained in bits 1 through 204 of the
324 bit phase data message. If phase overlay is not enabled for the reply or extended squitter, the message data field shall be
zero filled.

3.1.2.3.25.2 Phase overlay message type field. Phase overlay bits 1 through 8 of the 324 bit phase data message shall
contain the message type defining the PO message as shown in Table 3-x2

Message Type Forward Error Meaning
Value Correction
0 N/A No Data
1 ADS-B State and Status Message
2 Mode S GICB Data
8 RS Interrogation/Reply Monitor Message
4 Test Message
5 DF-18 (ADS-R, ADS-SLR, TIS-B)
6 Undefined
7 ADS-B State and Status Message
8 Mode S GICB Data
9 LDPC Interrogation/Reply Monitor Message
10 Test Message
11 DF-18 (ADS-R, ADS-SLR, TIS-B)
12 Undefined
13— 255 Reserved

Table 3-x2. Phase overlay message type field definition

Note .— The data format of the ADS-B State and Status Message, phase overlay Mode S GICB Data Messages and phase
overlay Interrogation/Reply Monitor Messages is specified in the Technical Provisions for Mode S Services and Extended
Squitter (Doc 9871).Furthermore, ADS-R, ADS-SLR and TIS-B are also described in the Technical Provisions for Mode S
Services and Extended Squitter (Doc 9871).

3.1.2.3.2.5.3 Phase overlay parity correction data. Phase overlay bits 205 through 324 of the phase data message shall
contain the 120 bit forward error correction (FEC) data defined in 3.1.2.3.2.5.3.1 and 3.1.2.3.2.5.3.2.

3.1.2.3.25.3.1 Reed-Solomon. When transmitting phase overlay message types 1-6 (RS Message Type Block), the
transmitted phase overlay shall use a Reed-Solomon RS (54, 34) code with 6-bit symbols where two adjacent phase states
(two adjacent PPM pulse data bits) are used as one 6 bit symbol (3 phase bits per 1 PPM bit). The RS (54, 34) code is
shortened from a 63 symbol (2N-1) code. The first nine 6-bit symbols of the 63 symbol code that is used for the RS (54, 34)
code shall have all bits set to zero. The Reed-Solomon shall use a generator polynomial start value of 1 to compute the parity
error correction value. The Reed-Solomon shall use a field polynomial of x6 + x + 1. An example Reed-Solomon encoding
is shown in Figure 3-x3.
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Example: Phase Message Data (204 bits) (Octal)
04432126361152746757733456514166250310201106425470232571573704221464¢

1088
Example: Corresponding Phase Parity Data (120 bits) (Octal)
Data (1-120)
02443416354341417177327342735007055660225
1089 Figure 3-x3. Example phase overlay Reed-Solomon encoding
1090
1091 3.1.2.3.2.5.3.2 Low Density Parity Code (LDPC). When transmitting phase overlay message types 7-12 (LDPC Message

1092  Type Block), the transmitted phase overlay parity data shall be established by a cyclic LDPC (54, 34) code with 6 blocks of
1093  binary data as shown in table 3-x3. Each block is 54 bits total and is input to the LDPC parity check matrix independently.
1094  After encoding the parity of each block, the message and parity bits are assembled back in order.

1095

Block # Phase Message Data Bit Phase Parity Correction Data Bit
(34 bits) (20 hits)
1 1-34 205 — 224
2 35-68 225 — 244
3 69 — 102 245 — 264
4 103 - 136 265 — 284
5 137 - 170 285 — 304
6 171 - 204 305324
1096 Table 3-x3. Phase overlay LDPC data structure

1097  The LDPC encoder shall use a field polynomial of x"20+x"18+x~11+x"9+x"2+1, which generates the parity check matrix as
1098  shown in Table 3-x4.
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Table 3-x4. Phase overlay LDPC parity check matrix

Note.— Figure 3-x4 is an example data field and the corresponding phase parity data which is generated when processed per the defined LDPC (54, 34) code.

Example: Phase Message Data (204 bits) (Octal)
044321263611527467577334565141662503102011064254702325715737042214645

Example: Corresponding Phase Parity Data (120 bits) (Octal)

Data (1-120)
33710741261372547772752574524366420545733

Figure 3-x4. Example phase overlay LDPC encoding
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Origin: Rationale:

SP/5 These amendments (through from 3.1.2.2.1 to table 3-x4. Phase overlay LDPC parity check
matrix) are relating to phase overlay capability. Changes implemented in ADS-B version 3
and related Mode S transponder functionality increase the future capacity and efficiency of
the 1090 MHz frequency on which transponders and extended squitter operate. Since the
ability to add additional messages and data is limited by the current capacity of the link, the
phase overlay technique, which provides additional data within existing messages, is proposed
to be added. Although the capability is optional, it is introduced so that industry can begin
producing equipment that can readily incorporate the capability.

Also the amendment to 3.1.2.3.2.1.4 is proposed to remove mode A/C/S interrogation.

3.1.2.4.1.1.1 Mode A and Mode C interrogation recognition. A Mode A-or Mode C interrogation shall be recognized
when a P; — P3 pulse pair meeting the requirements of 3.1.1.4 has been received, and the leading edge of a P4 pulse with an
amplitude that is greater than a level 6 dB below the amplitude of P3 is‘not received within the interval from 1.37 to 2.37
microseconds following the leading edge of Ps.

Origin: Rationale:
SP/5 ASWG TSG WP 17-07.0R2
Moved to 3.1.1.7.16.

3.1.2.4.1.1.2 Intermode interrogation recognition.
3.1.2.41.12.1 Anintermode A Mode A/C -only aII call interrogation shall be recognlzed when the requwements of

duratlon greater than 0.7 microseconds and occurring 2 + 0.1 microseconds from Ps.

Origin: Rationale:

SP/5 ASWG TSG WP 17-07.0R2

The currently referenced.paragraph just points to a figure with no tolerances. This is
an unclear and untestable requirement.

31241122 A Mode A/C-only all-call interrogation shall be recognized if the received power of P4 is above P3
minus 1 dB at any signal level of P1P3 from MTL+1 dB to -21dBm.

3.1.2.4.1.1.2.3 Aninterrogation shall not be recognized as an intermode interrogation if:
a) the received amplitude of the pulse in the P4 position is smaller than 6 dB below the amplitude of Ps; or
b) the pulse interval between P3 and P4 is larger than 2.73 microseconds or shorter than 1.37 microseconds; or

c) the received amplitude of P; and P3 is between MTL and —45 dBm and the pulse duration of P; or P3 is less than
0.3 microsecond; or

d) the transponder is in suppression (3.1.2.4.2) ;or
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e) the pulse interval between P; and Ps differs from the nominal spacing by 1.0 microseconds or more; or

f) the pulse duration of P4 is less than 0.3 microsecond

3.1.2.4.1.2.2 Intermode interrogation acceptance

3.1.2.4.1.2.2.1 Mode A/C/S aII caII mterrogatlon acceptance A—Mede#@/%al#eaﬂ—wﬁe#egaﬂen—sha#b&aeeepted—#

Note .- Mode A/C/S all-call interrogations are no longer useable. If a transponder receives a Mode A/C/S all-call
interrogation, it will be recognized as a Mode A/C-only all-call interrogation.

3.1.24.1.2.2.2 Mode A/C-only all-call interrogation acceptance. A Mode A/C-only all-call interrogation shall not be
accepted by a Mode S transponder.

Origin: Rationale:
SP/5 ASWG TSG WP.17-07.0R2
Deletions of '3.1.2.4.1.3.1 and 3.1.2.4.1.3.2 are proposed.
- . This is'not needed as 3.1.1 now applies to any transponder
- This was never true for transponders that support other types of interrogations (like
military modes).

3.1.2.4.1.3.12—1 Replles to intermode mterrogatlons A—Mede%mp%#ﬁh@ewﬂ%#mat—ﬂ—sh&l#bﬁr&nsmﬂed—m

Note 1.— A Mode S reply with downlink format 11 is transmitted in accordance with the provisions of 3.1.2.5.2.2 when
a Mode A/C/S all-call interrogation has been accepted by a transponder certified before 1%t January 2020.

Note 2.— Since Mode S transponders do not accept Mode A/C-only all-call interrogations, no reply is generated.
3.1.2.4.1.3.2:2 Replies to Mode S interrogations. The information content of a Mode S reply shall reflect the conditions existing
in the transponder after completion of all processing of the interrogation eliciting that reply. The correspondence between
uplink and downlink formats shall be as summarized in Table 3-5

3.1.2.4.1.3.2:2.1 Replies to SSR Mode S-only all-call interrogations. The downlink format of the reply to a Mode Sonly all-
call interrogation (if required) shall be DF = 11. The reply content and rules for determining the requirement to reply shall be
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as defined in 3.1.2.5.

3.1.2.4.1.3.2:2.2 Replies to surveillance and standard length communications interrogations. A Mode S reply shall be
transmitted when a Mode S interrogation with UF = 4, 5, 20 or 21 and an aircraft address has been accepted. The contents of
these interrogations and replies shall be as defined in 3.1.2.6.

3.1.2.4.1.3.2:2.3 Replies to extended length communications interrogations. A series of Mode S replies ranging in number from
0 to 16 shall be transmitted when a Mode S interrogation with UF = 24 has been accepted. The downlink format of the reply
(if any) shall be DF = 24. Protocols defining the number and content of the replies shall be as defined in 3.1.2.7.

3.1.2.4.1.3.2:2.4 Replies to air-air surveillance interrogations. A Mode S reply shall-be transmitted when a Mode S interrogation
with UF = 0 and an aircraft address has been accepted. The contents of these interrogations and replies shall be as defined in
3.1.2.8.

3.1.2.4.2 SUPPRESSION
3.1.2.4.2.1 Effects of suppression. A Mode S capable transponder in suppression (3.1.1.7.4) shall not recognize Mode A, Mode

C or intermode interrogations if either the P1 pulse alone or both the P1 and P3 pulses of the interrogation are received during
the suppression interval. Suppression shall not affect the recognition of, acceptance of, or replies to Mode S interrogations.

Origin: Rationale:
SP/5 ASWG TSG WP 17-07.0R2
Added the words “Mode S capable” for extra clarity.

3.1.2.4.2.2 Suppression pairs. The two-pulse Mode A/C suppression pair definedin 3.1.1.7.4.1 shall initiate suppression
in a Mode S transponder regardless of the position of the pulse pair<in a group of pulses, provided the transponder is not already
suppressed or in a transaction cycle:

Note.— The transponder may optionally initiate suppression from a P3; — P4 pulse pair of a Mode A/C-only all-call
interrogation according to the criteria of recognition of an intermode interrogation in Section 3.1.2.4.1.1.2. If t¥he P3 — P4 pair
of the Mode A/C-only all-call interrogation is processed as a suppression, the pulse pair both prevents a reply and initiates
suppression. Likewise, the P; — P, preamble of a Mode.S interrogation initiates suppression independently of the waveform
that follows it.

Origin: Rationale:

SP/5 The amendments (through-from 3.1.2.4.1.1.1 to 3.1.2.4.2.2) is related to removal of the
capability from a Mode S transponder to reply to Mode A/C/S all-call interrogations (i.e. Long
P4), while keeping minimum SARPs information to cover old legacy transponders. Since it
was recognized that an important source of Mode S RF pollution on 1090 MHz is the DF=11
all call replies generated in response to wrongly detected inter-mode A/C/S all-call
interrogations (long P4 ), amendment 89 of Annex 10 Volume IV introduced changes to
eliminate-the reply to Mode A/C/S all-call interrogations. However, such provisions were
complicated by the impact that the changes have on detection of the Mode A/C-only all-call
interrogation (short P4) and the lack of clarity in detection criteria for this type of interrogation
created confusion. This PfA provided clarification on such provisions.

The requirement with a date of applicability is moved to 2.1.5.4.7 for more clarity for State
implementation action and easier management over time.
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Origin: Rationale:
SP/5 ASWG TSG WP 17-07.0R2
This is not needed as 3.1.1 now applies to any transponder

3.1.2.4.3 Airborne vs. on-the-ground

Note.— Certain fields in DF 4, 5, 11, 17, 20, and 21 messages are based on whether the aircraft is determined, by the
transponder, to be on-the-ground or airborne. Transponders determine and express whether the aircraft is on-the-ground or
airborne using multiple approaches. Level 2 and above transponders report a declared air/ground status via the CA field (see
3.1.2.5.2.2.1). All transponders report an effective air/ground state via the VS field (see 3.1.2.8.2.1). The effective air/ground
state is also reflected in the FS field (see 3.1.2.6.5.1).

312431 Declared air/ground status determination. Declared air/ground status shall be restricted to “on-the-ground”,
“airborne”, or “unknown”.

3.1.2431.1 If an automatic means of determining the on-the-ground condition is available and indicates “on-the ground”,
the declared air/ground status shall be “on-the-ground”.

3124312 If an automatic means of determining the on-the-ground condition is available and does not indicate “on-the
ground”, the declared air/ground status shall be “airborne”.

3.1.243.13 If an automatic means of determining the on-the-ground condition is unavailable, the declared air/ground
status shall be “unknown”.

Note.— The declared air/ground status may be set by air/ground data input (see 3.1.2.10.5.1.3) provided by an
automatic means of determining the on-the-ground condition. Automatic means of determining the on-the-ground condition
may include, for example, a weight on wheels switch, a strut switch, or an airframe-specific air/ground algorithm output.

3.1.2.4.3.2 Declared air/ground status validation. Aircraft with an automatic means of determining the on-the-ground
condition and whose transponders have access to at least one of ground speed, radio altitude or airspeed, shall perform the
following validation check:

3124321 If an automatic means of determining the on-the-ground condition is available and indicates “on-the-ground”,
the declared air/ground status shall be changed to “airborne” if:

Ground Speed > Speed Threshold OR Airspeed > Speed Threshold OR Radio Altitude > 50 feet
Where Speed Threshold is the lesser of 100 knots or the typical rotation speed of the aircraft (if available).

Note 1.— If an automatic means of determining the on-the-ground condition is not available or the declared
air/ground status is “airborne”, no validation check is required.

Note 2.— Modern aircraft with integrated avionics suites commonly contain sophisticated algorithms for determining
the declared air/ground status based on multiple aircraft sensors. These algorithms are customized to the airframe and
designed to overcome individual sensor failures. These algorithms are an acceptable means to determine the air/ground state
and do not require the additional validation in this section.

3.1.24.33 Effective air/ground state determination. Effective air/ground state shall be restricted to “on-the-
ground” or “airborne”.

3124331 When the declared air/ground status is “airborne” or “unknown”, the effective air/ground state shall
be “airborne”.

3.1.24.33.2 When the declared air/ground status is “on-the-ground”, the effective air/ground state shall be “on-
the-ground”.
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3.1.2.5 INTERMODE AND MODE S ALL-CALL TRANSACTIONS

3.1.2.5.1 INTERMODE TRANSACTIONS

#ansmwswn& The Mode A/C only aII caII mterrogatlon makes it p055|ble to eI|C|t replles onIy from Mode A/C transponders
In multisite scenarios, the interrogator must transmit its identifier code in the Mode S only all-call interrogation. Thus, a pair
of Mode S-only and Mode A/C-only all-call interrogations are used. The intermode interrogations are defined in 3.1.2.1.5.1
and the corresponding interrogation-reply protocols are defined in 3.1.2.4.

3.1.2.5.2.1.2.3 II: Interrogator identifier. This 4-bit value shall deflne an interrogator |dent|f|er (11) code. These Il codes shaII
be aSS|gned to mterrogators |n the range from 0 to 15. 3 ,

. When multlpIeJewe II codes are

a55|gned to one interrogator onIy, one Il code shaII be used for full data Ilnk purposes.

Note 1.— Limited data link activity including single segment Comm-A, uplink and.downlink broadcast protocols and GICB
extraction may be performed by both Il codes.

Note 2.— Lockout on the Il code value of 0 is used for non-selective all-call lockout (3.1.2.6.9.2)

3.1.2.5.2.1.3.1 Surveillance identifier (SI) code capability report. Transponders whichthat process the-Sl codes (3.1.2.5.2.1.2.4)
shall report this capability by setting bit 35 of the MB field of the data link capability report (3.1.2.6.10.2.2) to 1 in(the

surveillance identifier capability (SIC) subfield) efthe-MBfield-of the-data-tink-capability report {3-1.2.6:10.2.2)

3.1.2.5.2.1.4 Operation based on lockout override

Note 1.— The Mode S-only all-call lockout averride provides the basis for acquisition of Mode S aircraft for interrogators that
either have not been assigned an unigue IC (Il or Sl code) or cannot ensure that their lockout region will not overlap with the
Iockout reglon of any other mterrogator using the same IC due to their moblle or transient operatlon (fer—tuH—Mede%epeFauen

Note 2.— Lockout override is—pessible can be achieved using any interrogator code by setting the probability of reply
(3.1.2.5.2.1.1) code in the range of 8 — 1.2

Note 3.— An interrogator may be assigned any defined Il or Sl code for use with lockout override.
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3.1.2.5.2.1.5 Supplementary acquisition using-H-eguals-0

Note 1.— The acquisition technique defined in 3.1.2.5.2.1.4 provides rapid acquisition_for most aircraft. Due to the
probabilistic nature of the—precessacquiring aircraft with a reduced reply probability (3.1.2.5.2.1.4.1), it may take many
interrogations to acquire the last aircraft of a large set of aircraft in the same beam dwell and near the same range (termed a
local garble zone). Acquisition performance is greatly improved for the acquisition of these aircraft through the use of limited
selective lockout using-H-equals-0 referred to here as supplementary acquisition.

Note 2.— Supplementary acquisition consists of locking out acquired aircraft to-H=0 followed by acquisition by means of the
Mode S-only all-call interrogation without lockout override with-H=0. Only the aircraft not yet acquired and not yet locked-
out will reply resulting in an easier acquisition. More guidance material can be found in Doc 9924.

Note 3.— Supplementary acquisition used to augment operation based on lockout override (3.1.2.5.2.1.4) is possible using any
assigned IC. If no IC has been assigned, supplementary acquisition uses Il equals 0 (3.1.2.5.2.1.5.3).

3.1.2.5.2.1.5.1 Lockout within a beam dwell

3.1.2.5.2.1.5.1.1 Recommendation.— When H-eguals-8 lockout is used to supplement the acquisition method described in
3.1.2.5.2.1.4, all aircraft within the beam dwell of the aircraft being acquired should be commanded to lock out to-H-equals9,
not just those in the garble zone.

Note.— Lockout of all aircraft in the beam dwell will reduce the amount of all-call fruit replies generated to the H-eguals© all-
call interrogations.

3.1.2.5.2.1.5.2 Duration of lockout

3.1.2.5.2.1.5.2.1 Interrogators performing supplementary acquisition using-H-eguals-8 shall perform acquisition by transmitting
a lockout command for no more than two.consecutive scans to each of the aircraft already acquired in the beam dwell containing
the garble zone and shall not repeat it before 48 seconds have elapsed.

Note.— Minimizing the lockout time reduces the probability of conflict with the acquisition activities of a neighbouring

interrogator that is alse-using the same |IC-H-equals-0-forsupplementary-acquisition.

3.1.25.2.1.5.2.2 Recommendation.— Mode S-only all-call interrogations with-H=0-for the purpose of supplementary
acquisition should take place withina-garblezone-over no-mere-than-two-consecutive-scans-or a maximum of 18 seconds.

3.1.2.5.2.1.5.2.3 Interrogator without assigned interrogator code. An interrogator authorized to transmit that has not been
assigned an IC and is unable to ensure that its lockout region will not overlap with the lockout region of another interrogator
using the same IC shall use 11 code 0 for supplementary acquisition.
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Origin: Rationale:

SP/5 SP4-ASWG15-WP/15R2 (CPA10V4/40): 11-SI Codes for Lockout Override, Supplementary
Acquisition, and Non All-Call Acquisition

Lockout override should be permitted on any interrogator code (IC) and not limited to 11=0,
as the transponder will disregard the IC. Supplementary acquisition, which is limited by
definition, should also be allowed on any IC and not limited to 11=0. Systems that do not use
Mode S-only all-call interrogations, lockout protocol, or multisite protocol should be able to
use any IC and not be limited to 11=0 if not assigned an IC. For example, multilateration
systems may desire to use certain 1Cs for improved monitoring.

3.1.25.2.2 All-call reply, downlink format 11

1 6 9 33

DF CA AA PI

5 8 32 56

The reply to the Mode S-only all-call erthe-Mede-ALC/S-all-calt interrogation shall be the Mode S all-call reply, downlink
format 11. The format of this reply shall consist of these fields:

Note .— Mode S all-call reply may be transmitted by transponders certified before 1% January 2020 in response to
Mode A/C/S all-call interrogation (see 2.1.5.4.7).

3.1.25.22.1 CA: Capability. This 3-bit (6-8) downlink field shall convey information on the transponder level, the
additional information below, and shall be used in formats DF = 11 and DF = 17.

Coding
0 signifies Level 1 transponder (surveillance only), and no ability to set CA code 7 and either
“airborne” or “on-the-ground”
reserved
reserved
reserved
signifies Level 2 or above transponder and ability to set CA code 7 and a declared air/ground
status of “on-the-ground” (see 3.1.2.8.6.7)en-the-ground
5 signifies Level 2 or above transponder and ability to set CA code 7 and a declared air/ground
status of “airborne” (see 3.1.2.8.6.7)airborne
6 signifies Level 2 or above transponder and ability to set CA code 7 and a declared air/ground

status of “unknown” (see 3.1.2.8.6.7)eitherairborne-oron-the-ground
7 signifies the DR field is not equal to 0 or the FS field equals 2, 3, 4 or 5;-and-eitherairborne

or-on-the-ground

A OB

Note.—Refer to 2.1.5.2.3 for the status of Level 1 transponders.
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Origin: Rationale:

SP/5 These amendments (through from 3.1.2.4.3 to 3.1.2.4.3.3.2 and 3.1.2.5.2.2.1) are relating to
air/ground determination and emitter category encoding. For Mode S transponders and 1090
MHz extended squitter ADS-B messages, certain fields and formats are based on whether the
aircraft is assessed to be on the ground or in the air. The terms used to refer to whether the
aircraft is on the ground or in the air, as determined by the transponder and/or ADS-B device,
differed in various specifications developed by standard making organizations and Annex 10
Volume IV. This PfA will clarify terminologies used and resolve inconsistencies among those
documents.

The amendments (3.1.2.5.1 and 3.1.2.5.2.2) are related to removal of the capability from a
Mode S transponder to reply to Mode A/C/S all-call interrogations (i.e. Long P4), while
keeping minimum SARPs information to cover old legacy transponders.

1389

1390

1391

1392  3.1.2.5.3 Lockout protocol. The all-call lockout protocol defined in.3.1.2.6.9 shall be used by the interrogator with respect to
1393  an aircraft once the address of that specific aircraft has been acquired by an interrogator provided that:

1394

1395 — the interrogator is using an IC code different from zero; and

1396

1397 — the aircraft is located in an area where the interrogator is authorized to.use lockout.
1398

1399 Note 1.— Following acquisition, a transponder is interrogated by discretely addressed interrogations as prescribed in 3.1.2.6;
1400  and 3.1.2.7 and-3-1-2.8 and the all-call lockout protocol is used to inhibit replies to further all-call interrogations.
1401

1402
Origin: Rationale:
SP/5 SP4-ASWG15-WP/15R2 (CPA10V4/40): 11-SI Codes for Lockout Override, Supplementary

Acquisition, and Non All-Call Acquisition
1403
1404
1405
1406 3.1.2.6.1.4 SD: Special designator. This 16-bit (17-32) uplink field shall contain control codes which depend on the
1407 coding in the DI field.
1408
1409 Note.— The special designator (SD) fieldis provided to accomplish the transfer of multisite, lockout and
1410 communications control information from the ground station to the transponder.

DI CODE SD FIELD STRUCTURE

17 21 28 29
0 s Reserved ovC Reserved
20 27 28 32
1411
17 21 23 26 27 29
1 s MBS MES LOS RSS T™S
20 22 25 26 28 32
1412
17 21 24 27 29
Tcs RCS SAS
2 Reserved Reserved | Reserved | Reserved Reserved
20 23 26 28 32
A-39

SP5-WP02.1R4 App A to Initial Proposal 1_2_3 for Amendment to A10V4_25 Sep 2023.docx



1413

1414

1415
1416
1417
1418
1419
1420
1421
1422
1423
1424
1425
1426
1427
1428
1429
1430

1431
1432
1433
1434
1435
1436
1437
1438
1439
1440
1441
1442
1443
1444
1445
1446
1447
1448
1449
1450
1451
1452
1453
1454

17 23 24 28 29
3 SIS LSS RRS ovC Reserved
22 23 27 28 32
17 21 25 26 27 28 29
7 I8 RRS Reserved LOS |Reserved| OVC T™MS
20 24 25 26 27 28 32

3.1.2.6.1.4.1 Subfields in SD. The SD field shall contain information as follows:

a)

IfDI=0,1o0r7:

I1S, the 4-bit (17-20) interrogator identifier subfield shall contain an-assigred the identifier code of the

interrogator (3.1.2.5.2.1.2.3).

Note.— The IIS is intended to match the Il code used by the interrogator in the Mode Sonly all-call interrogation
(3.1.2.5.2.1). Interrogators that do not use Mode S-only all-call interrogations, all-call lockout protocol, or multisite
data-link protocol can use any IC in the IIS fields of their selective interrogations without coordination with
neighbouring systems. The use of coordinated values differentiates interrogations transmitted by the different
systems operating in the same area and facilitates the understanding of their respective contribution to the 1090

MHz environment.

Origin:
SP/5

Rationale:

SP4-ASWG15-WP/15R2 (CPA10V4/40): 11-SI Codes for Lockout Override, Supplementary
Acquisition, and Non All-Call Acquisition

f)

If DI = 2:

SD is not assigned. The SD field when DI = 2 was previously used to control the squitter format type and rate reported
by the transponder through the deprecated type control subfield (TCS), rate control subfield (RCS), and squitter
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1455
1456
1457
1458
1459
1460
1461
1462
1463
1464
1465
1466
1467
1468
1469
1470
1471
1472
1473
1474
1475
1476
1477
1478
1479
1480
1481
1482
1483
1484
1485
1486
1487
1488
1489
1490
1491
1492
1493
1494
1495
1496
1497
1498
1499
1500
1501
1502
1503
1504
1505
1506
1507

g) IfDI=3:

SIS, the 6-bit (17-22) surveillance identifier subfield in SD shall contain ar-assighed the surveillance identifier code
of the interrogator (3.1.2.5:2.1.2.4).

Note.— The SIS is intended to match the Sl code used by the interrogator in the Mode S-only allcall interrogation (3.1.2.5.2.1).
Interrogators that do not use Mode S-only all-call interrogations, all-call lockout protocol, or multisite data-link protocol can
use any IC in the SIS fields of their selective interrogations without coordination with neighbouring systems. The use of
coordinated values differentiates interrogations transmitted by the different systems operating in the same area and facilitates
the understanding of their respective contribution to the 1090 MHz environment....
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1518
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1520
1521
1522
1523
1524
1525
1526
1527
1528

1529
1530
1531
1532

1533
1534
1535

1536
1537
1538
1539

Rationale:

In the amendments (through from.3.1.2.6.1.4.1 to 3.1.2.6.1.4.3) removal of the rate control
subfield (RCS), type control subfield (TCS), and surface antennasubfield (SAS) are proposed.
All are used within the special designator (SD) field used in UF=4, 5, 20, 21 messages in
which the designator identification (DI) equals 2.. These Mode S interrogation commands
affecting airborne/surface format selection and transmission control (RCS, TCS, SAS) were
considered-undesirable controls of extended squitter and transponder operation. With the
existing provisions, such controls could manipulate behaviour and operation of extended
squitter and transponders in unintended ways.

3.126.5.1

FS: Flight status. This 3-bit (6-8) downlink field shall contain the following information:

Coding

0

~NOo B WwWN

signifies no alert and no SPI, vertical status (VS) indicates aireraft-is “airborne”
signifies no alert and no SPI, VS indicates aireraftis “on-the-ground”

signifies alert, no SPI, VS indicates aireraftis “airborne”

signifies alert, no SPI, VS indicates aireraftis “on-the-ground”

signifies alert and SPI, VS indicates aireraftis “airborne” or “on-the-ground”
signifies no alert and SPI, VS indicates aireraftis “airborne” or “on-the-ground”
reserved

not assigned

Note.— The conditions which cause an alert are given in 3.1.2.6.10.1.1.

Origin:
SP/5

Rationale:
The amendment to 3.1.2.6.5.1 is proposed for ensuring consistent application of terminology.

3.1.2.6.5.4 AC: Altitude code. This 13-bit (20-32) field shall contain altitude coded as follows:
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e) Ifthe M bitequals 1, the 12-bit field represented by bits 20 to 25 and 27 to 323%-shall be reserved for encoding altitude
in metric units.

3.1.2.6.9.1.1 The multisite lockout command shall be transmitted in the SD field (3.1.2.6.1.4.1). A lockout command for
an Il code shall be transmitted in an SD with DI =1 or DI = 7. An Il lockout command shall be indicated by LOS code equals
1 and the presence of a non-zero interrogator identifier in the I1S subfield of SD. A lockout command for an Sl code shall be
transmitted in an SD with DI = 3. Sl lockout shall be indicated by LSS equals 1 and the presence of a non-zero interrogator
identifier in the SIS subfield of SD. After a transponder has accepted an interrogation containing.a multisite lockout command,
that transponder shall commence to lock out (i.e. not accept) any Mode S-only all-call interrogation which includes the
identifier of the interrogator that commanded the lockout. The lockout shall persist for an interval T, (3.1.2.10.3.9) after the
last acceptance of an interrogation containing the multisite lockout command. Multisite lockout shall not prevent acceptance
of a Mode S-only all-call interrogation containing PR codes 8 to 12. If a lockout command (LOS = 1) is received together with
I1S = 0, it shall be interpreted as a non-selective all-call lockout (3.1.2.6.9.2).

Note 1.— Fifteen interrogators can send independent multisite 11 lockout commands. In addition, 63 interrogators can send
independent Sl lockout commands. Each of these lockout commands must be timed separately.

Note 2.— Multisite lockout (which only uses non-zero 11 codes) does not affect'the response of the transponder to Mode S-

only all-call interrogations containing Il equals 0 erto-Mede-A/C/S-aH-callinterrogations.

3.1.2.6.9.2 Non-selective all-call lockout

Note 1.— In cases where the multisite lockout protocol for Il.codes is not required (e.g-there is no overlapping coverage
or there is ground station coordination via ground-to-ground communications) the non-selective lockout protocol may be used.

On acceptance of an interrogation containing code 1 in the PC field, a transponder shall commence to lock out (i.e. not accept)

two-types-of-all-cal-interrogations:

——a)—the Mode S-only all-call (UF = 11), with Il equals 0;-ané

Note 2 .— On acceptance of an interrogation containing code 1 in the PC field transponders certified before 1 January
2020 will also not reply to the Mode A/C/S all-call of 3.1.2.1.5.1.1 (see 2.1.5.4.6).

This lockout condition shall persist for an interval Tp(3.1.2.10.3.9) after the last receipt of the command. Non-selective lockout
shall not prevent acceptance of a Made S-only all-call interrogation containing PR codes 8 to 12.

Note 3.— Non-selective lockout does not affect the response of the transponder to Mode S-only all-call interrogations
containing Il not equal to 0.

Origin: Rationale:
SP/5 The amendment to 3.1.2.6.5.4 e) is proposed for correction of bit numbering of the altitude
field when encoded in metric units.

The amendment to 3.1.2.6.9.2) is related to removal of the capability from a Mode S
transponder to reply to Mode A/C/S all-call interrogations (i.e. Long P4), while keeping
minimum SARPs information to cover old legacy transponders.

3.1.2.6.10.1.1.1 Permanent alert condition. The alert condition shall be maintained if the Mode A identity code is
changed to 7500,7600-0r7700 one of the Mode A codes defined in Emergency Mode A code set 1 or set 2.
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3.1.2.6.10.1.1.1.1 Emergency Mode A code set 1 shall contain Mode A code 7500, 7600 or 7700.
3.1.2.6.10.1.1.1.2 Emergency Mode A code set 2 shall contain Mode A code 7400, 7500, 7600 or 7700.

3.1.2.6.10.1.1.3 Termination of the permanent alert condition. The permanent alert condition shall be terminated and
replaced by a temporary alert condition when the Mode A identity code is set to a value other than those defined in Emergency
Mode A code set 1 or set 2 listed in 3.1.2.6.10.1.1.1.

Origin: Rationale:

SP/5 These amendments (3.1.2.6.10.1.1.1 and 3.1.2.6.10.1.1.3)-are related to a special Mode A code
indicating lost C2 link state. This proposed amendment is required to reflect the association
of a specific Mode A code with UAS/RPAS lost C2 link state and maintain a permanent alert
condition upon entry.

The presentation of two sets of Mode A codes has been performed to facilitate the reference
to one of the two sets for old and new transponders.

3.1.2.6.10.1.3 Special position identification (SPI). ‘An equivalent of the SPI pulse shall be transmitted by Mode S
transponders in the FS field and the surveillance status subfield (SSS) when manually activated. This pulse shall be transmitted
for T, seconds after initiation (3.4.1.6.3,3.1.1.7.13 and 3.1.2.8.6.3.1.1).

3.1.2.6.10.2.2.1.2 Sources of data link capabrlrty Data link capabrllty reports shall contain the capabrlrtres provrded by
the transponder, the ADLP and the ACAS unit. a

the-data-linkrepor:

3.1.2.6:10.2.2.1.3 The data link capability report shall contain information on the following capabilities as specified in
Table 3-6.

Note.— The content of the datalink capability report differs between subnetwork versions. See Technical Provisions for Mode
S Services and Extended Squitter (Doc 9871) for further details.

3.1.2.6.10.2.2.3  Zeroing of bits in'the data link capability report

4:5}—“: a partrcular data freld within
the data link capability report (transponder regrster 1016) cannot be updated within 8 seconds, the data field shall be set to
ZERO.

Provrsrons for Mode S Services and Extended Squitter (Doc 9871) for further detalls
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1631
1632
1633
1634
1635
1636
1637
1638
1639
1640
1641
1642
1643
1644
1645
1646
1647
1648
1649
1650
1651
1652
1653
1654

1655
1656
1657

1658
1659

1660
1661
1662

1663
1664

1665
1666

1667
1668

1669
1670

1671

1672
1673

Note 2.- Transponders maintaining Aircraft Identification upon the loss of the interface providing Aircraft Identification
do not reset to zero bit33 (2.1.5.4.10 and 2.1.5.4.11)

3.1.2.6.10.3 Basic dataflash protocol-\

Note.—The basic dataflash provides a protocol that allows the Mode S ground stations to be advised of changes that
occur infrequently in various transponder registers of interest. The ground stations are advised of changes via Comm-B
Broadcast of register 1046 and then extract as needed or deS|red the reglster or reglsters of interest. Fer—almeaf-t—wmh—an

3.1.2.6.10.3.1 Basic dataflash capability report. Transponders which monitor at least one of registers subject to basic dataflash
protocol and report their changes through the basic dataflash protocol shall report this capability in the data link capability
report (3.1.2.6.10.2.2.2) by setting bit 42 and bit 9 of the MB subfield to 1.

Note 1.— The registers for which changes can be reported using the basic dataflash protocol are defined in Technical
Provisions for Mode S Services and Extended Squitter (Doc 9871).

Note 2.— The setting of bit 9 to 1 indicates that the content of register 1016 continues in register 1116. This is what is expected
when the basic dataflash option is implemented even if the basic dataflash state bits report zero because no information is
provided to the monitored registers.

3.1.2.6.10.3.2 Mode S subnetwork version. Transponders which monitor register changes and report their changes through the
basic dataflash protocol shall support a Mode S subnetwork version 6 or above.

Note.— The basic dataflash protocol uses register formats that have been defined with Mode S Subnetwork version 6. More
information can be found in Technical Provisions for Mode S Services and Extended Squitter (Doc 9871).

3.1.2.6.10.3.3 Each basic dataflash register that is implemented shall have its contents updated at an interval not to exceed its
update interval

Note.— The register update intervals are defined in Technical Provisions for Mode S Services and Extended Squitter (Doc
9871).

3.1.2.6.10.3.4 Register basic dataflash state.

3.1.2.6.10.3.4.1 The basic dataflash state for each of the registers defined in register 1116 shall contain its associated monitoring
states as follows:
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1674
1675
1676
1677
1678

1679

1680
1681

1682
1683

1684
1685

1686

1687

1688
1689

1690
1691

1692

1693
1694

1695

1696
1697
1698

1699
1700

1701

Coding
0: Register not monitored or not implemented
1: Register monitored and implemented but no change yet detected
2: Register monitored and change 1 detected
3: Register monitored and change 2 detected
3.1.2.6.10.3.4.2 Each register shall be monitored for a change according to its update period.

Note.— The Register update periods are defined in Technical Provisions for Mode S Services and Extended Squitter (Doc
9871).

3.1.2.6.10.3.4.3 Upon first entry into the monitored state, the transponder shall set the monitoring bits allocated in register 1116
for that basic dataflash register to "1" meaning register monitored and implemented but no change yet detected.

3.1.2.6.10.3.4.4 Once a change has been detected the basic dataflash state of the corresponding register shall be toggled between
2 and 3 with each change.

Note.— Toggle means if the register basic dataflash state was 2, at the next change it becomes 3, if it was 3 it becomes 2.
3.1.2.6.10.3.5 Monitoring change and announcing a change to ground

3.1.2.6.10.3.5.1 At intervals not exceeding 1 second the transponder shall determine if the contents of register 116 have changed
since the last update.

3.1.2.6.10.3.5.2 If the content of register 1116 has changed, bit 51 of register 1016 shall be toggled, and the F-Timer shall be
started (see Table 3-9).

Note.— The toggling (1= 0 or 0->1) of bit51 in register 1016 will trigger a Comm-B broadcast of register 101s.

3.1.2.6.10.3.5.3 All basic dataflash monitoring activity (comparison of register contents and setting of bits in register 1146) shall
be suspended until the F-timer expired.

Note 1.— The suspension of basic dataflash monitoring avoids the Comm-B broadcast channel saturation.
Note 2.— Dataflash monitoring suspension means that current content of monitored registers are memorized and the detection
of a change with the new contents of these registers will re-start after the 30s timer. The monitored registers themselves continue

to be updated at their update periodicity.

Note 3.— The use of basic dataflash protocol by ground systems is described in the Aeronautical Surveillance Manual (Doc
9924). This allows reduction of periodic GICB extraction of registers changing rarely.

Origin: Rationale:

SP/5 These amendments (through from 3.1.2.6.10.1.2 to 3.1.2.6.10.3.5.3) are relating to provisions
on air/ground determination, basic dataflash protocol and Data Link Capability Register
Changes. Refer to page A-20 and page A-6 for air/ground determination and basic dataflash
protocol.

Due to additional capabilities included in the revisions to the transponder and extended
squitter, there are needed changes in the Data Link Capability Report to announce these new
capabilities.

Requirement changing at specified dates have been moved to 2.1.5.4
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1702
1703
1704
1705
1706
1707
1708
1709
1710
1711
1712
1713
1714
1715
1716
1717
1718
1719

1720
1721

1722
1723
1724
1725
1726
1727
1728
1729
1730
1731
1732
1733
1734
1735
1736
1737
1738
1739
1740
1741
1742
1743
1744
1745
1746
1747

3.1.2.6.11.2 Ground-initiated Comm-B 3.1.2.6.11.2.1 Comm-B data selector, BDS. The 8-bit BDS code shall determine the
register whose contents shall be transferred in the MB field of the Comm-B reply. It shall be expressed in two groups of 4 bits
each, BDS1 (most significant 4 bits) and BDS2 (least significant 4 bits).

Note.— The transponder register allocation is specified in the Technical Provisions for Mode S Services and Extended Squitter

(Doc 9871)Anrrex10Volume HH—Part-}-Chapter 5. Fable-5-24.

3.1.2.6.11.2.6 Phase overlay ground-initiated Comm-B. When the reply contains the contents of the requested ground-
initiated Comm-B register, for equipment supporting phase overlay on Mode S replies, phase data shall be encoded data in
accordance with the register requested in the interrogation (i.e., requested BDS code) and as defined for that register.

3.1.2.6.11.2.6.1 PO message type field. The phase overlay message type field in PD data bits 1-8 shall be set to 2 for phase
overlay Mode S GICB data with Reed-Solomon FEC and to 8 to indicate phase overlay Mode S GICB data with LDPC FEC.

3.1.2.6.11.2.6.2 PO message subtype field. PD data bits 9-12 shall contain the phase overlay message subtype field and is set
to 1. The subfield is defined as shown in Table 3-x5.

Value Meaning
0 No data
1 The PO data-block contains predefined values as

defined for selected GICB registers
2-15 Reserved

Table 3-x5. Phase overlay message subtype field definition

Note.— Future UF codes may contain commands to force the transmission of other data in the phase overlay data block
overlaid on Mode S long replies.

3.1.2.6.11.2.6.3 PO-BDS field. PD data bits 13-20 shall contain the BDS register number requested per paragraph
3.1.2.6.11.2.1.

3.1.2.6.11.2.6.4 PO data-block field. PD data bits 21-204 shall contain the content of the corresponding phase overlay data
associated with the requested BDS register. When there is no phase overlay data defined for the requested BDS register, all bits
shall be set to ZERO except the PO message type field is set to 2 or 8, PO message subtype=1, PO-BDS = BDS number of
requested BDS register, and the 24-bit address is contained in the Aircraft Address (PD bits 181 through 204).

3.1.2.6.11.3 Air-initiated Comm-B

3.1.2.6.11.3.1 General protocol. The transponder shall announce the presence of an air-initiated Comm-B message with
the insertion of code 1 in.the DR field. To extract an air-initiated Comm-B message, the interrogator shall transmit a request
for a Comm-B message reply in a subsequent interrogation with RR equal to 16 and, if DI equals 7, RRS must be equal to 0
(3.1.2.6.11.3.2.1 and 3.1.2.6.11.3:3.1). Receipt of this request code shall cause the transponder to transmit the air-initiated
Comm-B message. If a command to transmit an air-initiated Comm-B message is received while no message is waiting to be
transmitted, the reply shall contain all ZEROs in the MB field. When an air-initiated Comm-B message is transmitted, for
equipment supporting phase overlay on Mode S replies, PD data bits 1-204 shall be set to ZERO.

The reply that delivers the message shall continue to contain code 1 in the DR field. After a Comm-B closeout has been
accomplished, the message shall be cancelled and the DR code belonging to this message immediately removed. If another air-
initiated Comm-B message is waiting to be transmitted, the transponder shall set the DR code to 1, so that the reply contains
the announcement of this next message.
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1748
1749
1750
1751
1752
1753
1754
1755
1756
1757
1758
1759
1760
1761
1762
1763
1764

1765
1766
1767
1768
1769
1770
1771
1772
1773

1774
1775
1776
1777
1778

1779
1780
1781
1782
1783
1784
1785
1786

Note.— The announcement and cancellation protocol ensures that an air-initiated message will not be lost due to uplink
or downlink failures that occur during the delivery process.

An interrogator that has either not been assigned an IC or cannot ensure that its interrogation region will not overlap with the
interrogation region of another interrogator using the same IC shall not attempt to extract an air-initiated Comm-B message
announced by DR equals 1 or 3.

3.1.2.6.11.3.1.1 Phase overlay data. When an air-initiated Comm-B message is transmitted, for equipment supporting phase
overlay on Mode S replies, PD data bits 1-204 shall be set to ZERO.

3.1.2.6.11.3.4.1 The transponder shall be capable of storing two or more messages for each of the sixteen Il codes: (1) an air-
initiated or multisite-directed Comm-B message and (2) the contents of GICB registers 2 through 4.

Origin: Rationale:

SP/5 Additional provision under 3.1.2.6.11.3.1 came from CPA10V4/40 SP4-ASWG15-WP/15R2
ASWG TSG WP 17-07.0R2

Modified per a TSG request based on discussion of ASWG TSG WP 17-19.

3.1.2.6.11.4.2 Extraction.

3.1.2.6.11.4.2.1 To extract the broadcast message, an interrogator shall transmit RR equals 16 and DI not equal to 3
or 7 or RR equals 16 and DI equals 3 or 7 with RRS equals 0 in a subsequent interrogation.

3.1.2.6.11.4.2.2 For equipment supporting phase overlay on Mode S replies, PD message bits 1 through 204 shall contain
the data as specified in 3.1.2.6.11.2.6 for the register that is broadcast or all ZEROs for other broadcast channels.

Origin: Rationale:

SP/5 These amendments (through from 3.1.2.6.11.2.6 to 3.1.2.6.11.4.2.2) contains changes to
include the technical performance requirements for the Phase Overlay capability on SSR
Maode S replies.

34.2.8.2.1 VS: Vertical status: This 1-bit (6) downlink field shall indicate the effective air/ground state status-of-the
aireraft(3.1.2.4.3.36-16:1-2).

Coding

0 signifies that the effective air/ground state aireraft-is “airborne”
1 signifies that the effective air/ground state aireraft-is “on-the-ground”

3.1.2.8.5.2 Acquisition squitter rate. Acquisition squitter transmissions shall be emitted at random intervals that are
uniformly distributed over the range from 0.8 to 1.2 seconds using a time quantization of no greater than 15 milliseconds
relative to the previous acquisition squitter, with the following exceptions:

a) the scheduled acquisition squitter shall be delayed if the transponder is in a transaction cycle (3.1.2.4.1);
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1787
1788
1789
1790
1791
1792

1793
1794

1795
1796

1797
1798

1799
1800
1801
1802
1803
1804
1805
1806
1807
1808
1809

1810
1811

1812
1813
1814
1815

1816
1817
1818
1819
1820
1821
1822
1823
1824
1825
1826
1827
1828
1829

d) when the effective air/ground state is “on-the-ground”, acquisition squitters shall enly-be transmitted only when er

the-surface-if the-transponderis-notreporting the surface position type-of Mede-S extended squitter ADS-B messages
are not being transmitted (3.1.2.8.6.3.2).

An acquisition squitter shall not be interrupted by link transactions or mutual suppression activity after the squitter transmission
has begun.

Note-.— A mutual suppression system may be used to connect onboard equipment operating in the same frequency band
in order to prevent mutual interference. Acquisition squitter action resumes as soon aspractical.after a mutual suppression
interval.

3.1.2.8.5.3 Acquisition squitter antenna selection. Transponders operating with antenna diversity (3.1.2.10.4) shall
transmit acquisition squitters as follows:

a) when the effective air/ground state is “airborne” (3.1.2.4.3.38-6-%), the transponder shall transmit acquisition squitters
alternately from the two antennas; and

b) when the effective air/ground state is “on- the ground” Gn—t'h'e—SH'r-faGe (3.1.2.8.4.3.36—1) the transponder shall transmit
acquisition squitters 4 from the
top antenna only shau—beiéhedefauk

Note.— Acquisition squitters are not e-transmitted en-the-surface.if the effective air/ground state is “on-the-ground”

(3.1.2.4.3.3) and the transponder is-reporting-the-surface-type-of extended-squitter-transmitting surface position extended
squitter ADS-B messages (3.1.2.8.6.4.3).

Origin: Rationale:

SP/5 ADS-B version 3 enhances requirements for selection of airborne or surface message formats
to transmit. These improvements are meant for fixed-wing aircraft without an automatic
means of determining-on the ground status (e.g., a landing gear weight on wheels switch). The
requirements resulted from a State’s monitoring of ADS-B transmissions, showing that a
significant number of aircraft do not reliably determine the correct air/ground state, which
reduces effectiveness.and safety associated with ADS-B traffic applications. The amendments
(through from 3.1.2.8.2.1 to 3.1.2.8.5.3) are proposed for ensuring consistent application of
terminology and consistent with the concept of whether the aircraft is assessed to be “airborne”
or “on-the-ground”.

3.1.2.8.6.2 ME: Message, extended squitter. This 56-bit (33-88) downlink field in DF = 17 shall be used to transmit
broadcast messages. Extended squitter shall be supported by registers 05, 06, 07, 08, 09, 0A {HEX} and 61-6F {HEX} and
shall conform to either version 0; version 1, exversion 2 or version 3 message formats as described below:

a) Version 0 ES message formats and related requirements report surveillance quality by navigation uncertainty category
(NUC), which can be an indication of either the accuracy or integrity of the navigation data used by ADS-B. However,
there is no indication as to which of these, integrity or accuracy, the NUC value is providing an indication of.

b) Version 1 ES message formats and related requirements report surveillance accuracy and integrity separately as
navigation accuracy category (NAC), navigation integrity category (NIC) and surveillance integrity level (SIL).
Version 1 ES formats also include provisions for enhanced reporting of status information:-and.
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1830
1831
1832
1833
1834
1835
1836
1837
1838
1839
1840
1841
1842
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1844
1845
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1847
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1850
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1853
1854
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1857
1858
1859
1860
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1867
1868
1869
1870
1871
1872
1873
1874
1875
1876
1877
1878

c) Version 2 ES message formats and related requirements contain the provisions of version 1 but further enhance
integrity and parameter reporting. Version 2 ES formats separately report position source integrity from the integrity
of the ADS-B transmitting equipment. Version 2 ES formats also separate vertical accuracy reporting from horizontal
position accuracy, remove vertical integrity from position integrity, and provide for the reporting of the SSR Mode A
code, GNSS antenna offset and additional horizontal position integrity values. Version 2 ES formats also modify the
target state report to include selected altitude, selected heading, and barometric pressure setting; and-

d) Version 3 ES message formats and related requirements contain the provisions of version 2 and incorporate additional
capabilities. Version 3 ES improves reporting of geometric altitude, supports the broadcast of weather and aircraft
parameters in support of air-to-air and air-to-ground weather application as well as improves emitter category
classifications. Version 3 also includes support for UAS/RPAS operations as well as position and velocity reporting
to accommodate altitude and velocities not supported by previous versions. To enable monitoring of interrogation
rates detected and transmitted reply rates by a transponder, version 3 supports the broadcast of such transponder
activity. Version 3 additionally reports transponder antenna offset, an indication of Mode S reply rate limiting status
as well as ACAS coordination capability reporting.

Note 1.— The formats and update rates of each register are specified in the Technical Provisions for Mode S Services and
Extended Squitter (Doc 9871). The formats and update rates for‘individual squitters are defined by the version number of the
extended squitter.

Note 2.— The formats for the fourthree different versions are interoperable. An extended squitter receiver can recognize
and decode signals of its own version, as well as lower versions’ message formats. The receiver, however, can decode higher
version signals according to its own capability.

Note 3.— Guidance material on transponder register formats and data sources is included in the Technical Provisions for
Mode S Services and Extended Squitter (Doc 9871).
Origin: Rationale:
SP/5 The amendment to 3.1.2.8.6.2 is proposed, which is related to the new extended squitter
version, ADS-B version 3.

3.1.2.8.6.3 Extended squitter types

Note. — Extended squitter types described from 3.1.2.8.6.3.1 to 3.1.2.8.6.3.15 are defined in the Technical Provisions for
Mode S Services and Extended Squitter (Doc9871).

3.1.2.8.6.3.1 Airborne position squitter. The airborne position extended squitter type shall use format DF = 17 with the
contents of GICB register 05 {HEX} inserted in the ME field.

either navigation-derived altitude, or the barometric altitude code in this 12-bit (41-52) subfield of ME when ME contains an
airborne position message. When barometric altitude is reported, the contents of the ACS shall be as specified for the 13-bit
AC field (3.1.2.6.5.4) except that the M-bit (bit 26) shall be omitted.
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3.1.2.8.6.3.2 Surface position squitter. The surface position extended squitter type shall use format DF = 17 with the
contents of GICB register 06 {HEX} inserted in the ME field.

3.1.2.8.6.3.3 Aircraft identification squitter. The aircraft identification extended squitter type shall use format DF = 17
with the contents of GICB register 08 {HEX} inserted in the ME field.

3.1.2.8.6.3.4 Airborne velocity squitter. The airborne velocity extended squitter type shall use format DF = 17 with the
contents of GICB register 09 {HEX} inserted in the ME field.

3.1.2.8.6.3.5 Aircraft operational status squitter. The aircraft operational status extended squitter type shall use format
DF=17 with the contents of GICB register 65 {HEX} inserted in the ME field.

3.1.2.8.6.3.6 Target state and status squitter. The target state and status extended squitter type shall use format DF=17
with the contents of GICB register 62 {HEX} inserted in the ME field.

3.1.2.8.6.3.7 “Emergency/Priority status” squitter. The “Emergency/Priority Status” extended squitter type shall use
format DF=17 with the contents of GICB register 61 {HEX} inserted in the ME field.

3.1.2.8.6.3.8 TCAS RA broadcast squitter. The TCAS RA broadcast extended squitter type shall use format DF=17
with the contents of GICB register 30 {HEX} inserted in the ME field.

Note.— In ADS-B Version 2, the TCAS RA broadcast extended squitter information was transmitted using the contents in
GICB register 61 {HEX} subtype equal to 2.

3.1.2.8.6.3.9 HVA position squitter. The HVA position extended squitter type shall use format DF=17 with the contents
of GICB register 6E {HEX} inserted in the ME field.

3.1.2.8.6.3.10 HVA velocity squitter. The HVA velocity extended squitter type shall use format DF=17 with the
contents of GICB register 6F {HEX} inserted in the ME field.

3.1.2.8.6.3.11  “UAS/RPAS Contingency” Current/Next TCP squitters. The “UAS/RPAS Contingency” Current/Next
CP extended squitter type shall use format DF=17 with the contents of GICB register 63 {HEX} to 64 {HEX} inserted in the
ME field.

3.1.2.8.6.3.12  ADS-B Wx AIREP squitters. The ADS-B Wx AIREP extended squitter types shall use the contents of
GICB register 68 {HEX} to 6 A {HEX}, as applicable, to insert the appropriate aircraft or weather state information in the ME
field.

3.1.2.8.6.3.13  ADS-B Wx PIREP squitters. The ADS-B Wx PIREP extended squitter types shall use the contents of
GICB registers 6B {HEX} to 6D {HEX}, as applicable, to insert the appropriate aircraft or weather state information in the
ME field.

3.1.2.8.6.3.14  Extended Squitter event-driven information. The event-driven message shall use format DF = 17 with the
contents of GICB register 0A {HEX} inserted in the ME field.
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Note.— Although labeled as Extended squitter, prior to version 3 this message would only be broadcast once each time the
register was loaded with information. ADS-B version 3 removed the implementation of this register.

3.1.2.8.6.3.15 Interrogation/Reply Monitor squitters. The Interrogation/Reply Monitor squitter types shall use format DF =
17 with the contents of GICB registers 66 {HEX} to 67 {HEX} inserted in the ME field.

Origin: Rationale:
SP/5 These amendments (through from 3.1:2.8.6.2 to 3.1.2.8.6.3.5.2) are related to the additional
extended squitter messages introduced as part of ADS-B version 3.

Current. ADS-B versions 0 through 2 provide basic position data along with additional data
elements that support various applications;-which range from basic situational awareness to
separation services. ADS-B version 3 will provide additional capabilities beyond those
supported by earlier versions. These-capabilities allow for enhancements in areas such as
safety, equipment performance, airspace efficiency, and data reporting. ADS-B version 3
includes new capabilities such as: 1) Autonomous Distress Tracking support; 2) information
to support future Interval Management operations; 3) broadcasting aircraft—based weather
data; 4) Lost C2 Link State for UAS/RPAS; and 5) functionality to support commercial space
and hypersonic aircraft operations. The ADS-B version 3 avionics standards also include
several optional functions which lay the groundwork for future ADS-B improvements. It is
important to note that a key requirement for ADS-B version 3 is that it is was designed to be
backward compatible, to the extent possible, with ADS-B version 2.

3.1.2.8.6.4 Extended squitter rate

3.1.2.8.6.4.1 Initialization. At power up initialization, the transponder shall commence operation in a mode in which it
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position squitter transmissions shall be emitted at random intervals that are uniformly.distributed over the range from 0.4t00.6
seconds using a time quantization of no greater than 15 milliseconds relative to the previous airborne position squitter, with the
exceptions as specified in 3.1.2.8.6.4.7.

Note.— Selection criteria for the airborne and HVA position squitters are specified in the Technical Provisions for
Mode S Services and Extended Squitter (Doc 9871).

3.1.2.8.6.4.3 Surface position squitter rate. Surface position squitter transmissions shall be emitted when the broadcast
message format aireraft-is-on-the-surface (see 3.1.2.8.6.7) is “surface” using one of two rates depending upon whether the high
or low squitter rate has been selected (3.1.2.8.6.9). When the high squitter rate has been selected, surface position squitters
shall be emitted at random intervals that are uniformly distributed over the range from 0.4 to 0.6 seconds using a time
quantization of no greater than 15 milliseconds relative to the previous surface position squitter (termed the high rate). When
the low squitter rate has been selected, surface position-squitters shall be emitted at random intervals that are uniformly
distributed over the range of 4.8 to 5.2 seconds using a time quantization of no greater.than 15 milliseconds relative to the
previous surface position squitter (termed the low rate). Exceptions to these transmission rates are specified in 3.1.2.8.6.4.7.

3.1.2.8.6.4.4 Aircraft identification squitter rate. Aircraft identification squitter transmissions shall be emitted at random
intervals that are uniformly distributed over the range of 4.8.to 5.2 seconds using a time quantization of no greater than
15 milliseconds relative to the previous identification squitter when the aircraft is reporting the airborne position squitter type,
or when the aircraft is reporting the surface position squitter type and the high surface-squitter rate has been selected. When the
surface position squitter type is being reported at the low surface-rate, the aircraft identification squitter shall be emitted at
random intervals that are uniformly distributed over the range of 9.8 to 10.2 seconds using a time quantization of no greater
than 15 milliseconds relative to the previous identification squitter. Exceptions to these transmission rates are specified in
3.1.2.8.6.4.7.

3.1.2.8.6.4.5 Airborne velocity squitter rate. Airborne velocity squitter transmissions shall be emitted when the broadcast
message format aireraft-is-airborne (see 3.1.2.8.6.7) is “‘airborne” and the HVA velocity squitter is not transmitted. Airborne
velocity squitter transmissions shall be emitted at random intervals that are uniformly distributed over the range from 0.4 to 0.6
seconds using a time quantization of no greater than 15 milliseconds relative to the previous airborne velocity squitter, with the
exceptions as specified in 3.1.2.8.6.4.7.

Note.— Selection criteria for the airborne and HVA velocity squitters are specified in the Technical Provisions for Mode S
Services and Extended Squitter (Doc 9871).

3.1.2.8.6.4.6 Other extended Periodic-status-and-event-driven squitter rates Other extended squitters shall be emitted at rates
consistent with the extended squitter message type and the associated extended squitter version number.

Note.— Other extended squitter i i i , e A
extended-squitter-type rates are specified in the Technlcal Prowsmns for Mode S Serwces and Extended Squmer (Doc 9871)
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Origin: Rationale:

SP/5 The amendments (through from 3.1.2.8.6.4.1 t0 3.1.2.8.6.4.6.2) are related to

ADS-B version 3 extended squitter message Rates, message initiation/termination and
message broadcast rates.

Instead of including the new requirements in SARPs, these proposed amendments provides
reference to Doc 9871 for the squitter rates for messages added to ADS-B Version 3.
Furthermore, detailed existing technical specifications related to squitter rates and initiation
messages are proposed to move to Doc 9871.

Also, ADS-B version 3 includes optional High Velocity and/or Altitude (HVA) messages in
support of commercial space vehicles and hypersonic vehicles that operate at velocitiesabove
the current maximum reporting capability of 1090 extended squitter. Current position and
velocity messages cannot support vehicles operating atthe high speeds of such/vehicles, so
new HVA messages were developed and are proposed to be incorporated into the SARPSs.
Additionally, these messages support altitude reporting. for vehicles that operate above the
normal reportable maximum altitude. The PfA included in this section also specified that the
airborne and velocity squitters are not transmitted when the HVA squitters are active.

3.1.2.8.6.5 Extended squitter antenna selection. Transponders operating with antenna diversity (3.1.2.10.4) shall transmit
extended squitters as follows:

a) when the broadcast message formatairborne (see 3.1.2.8.6.7) is “airborne”, the transponder shall transmit each type of
extended squitter alternately from the two antennas; and

b) when the broadcast message format en-the-surface (see 3.1.2:8.6.7) is “on-the-ground”, the transponder shall transmit
extended squitters from the top antenna only under-centrol6f SAS(3-1.2.6-1-4- .

3.1.2.8.6.6 Register time-out and termination. The transponder shall clear and terminate broadcast of information in
extended squitter registers as required to prevent the reporting of outdated information.

Note.— Timeout and termination of extended squitter broadcast is specified in the Technical Provisions for Mode S
Services and Extended Squitter (Doc 9871).

3.1.2.8.6.7 Extended squitter ADS-B message formats

Note 1.— DF = 17 message fields and formats are based on whether the aircraft is determined, by the transponder, to be on-
the-ground or airborne. Level 2 and above transponders report declared air/ground status via the CA field in DF = 17 extended
squitter ADS-B messages (see 3.1.2.5.2.2.1).

Note 2.— Extended squitter ADS-B messages are formatted based on the effective air/ground state or the broadcast message
format. Effective air/ground state is set based on the declared air/ground status (see 3.1.2.4.3.3). Broadcast message format
is set based on the declared air/ground status (see 3.1.2.4.3.3) and in fixed-wing aircraft may also incorporate the output of a
broadcast message format algorithm (see 3.1.2.8.6.7.3).
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Note 3.— The CA field reports the declared air/ground status (see 3.1.2.5.2.2.1). ACAS Il acquires aircraft using squitters that
contain the CA field. If an aircraft reports the declared air/ground status as ‘“on-the-ground”, that aircraft will not be
interrogated by ACAS Il in order to reduce unnecessary interrogation activity.

Note 4.— Use of the following technique may result in surface or airborne format extended squitter ADS-B messages being
transmitted when the CA field indicates the declared air/ground status is “unknown” (CA code 6).

3.1.2.8.6.7.1 Extended squitter ADS-B message format determination for ES version numbers 0 through 2. Mode S
transponders that broadcast version 0, 1, or 2, ES messages whose formats are not determined as described in 3.1.2.8.6.7.2,
shall determine the extended squitter ADS-B message format based on the effective air/ground state (see 3.1.2.4.3.3).

3.1.2.8.6.7.1.1  If the effective air/ground state is “on-the-ground”, the extended squitter ADS-B message format
shall be “surface”.

3.1.2.8.6.7.1.2 Ifthe effective air/ground state is “airborne”, the extended squitter ADS-B message format shall be
“airborne”, except as follows:

a) for aircraft whose emitter category (see Doc 9871) is Set “A” code 2, 3, 4, 5, or 6, or Set “B” code 7, the
extended squitter ADS-B message format shall be “surface” if:

i) if radio altitude and ground speed are available and airspeed is unavailable, and radio altitude indicates
<50 feet and ground speed indicates <100 knots; or,

i) if radio altitude and airspeed are available and ground speed is unavailable, and radio altitude indicates
<50 feet and airspeed indicates <100 knots; or,

iii)  if radio altitude, ground speed, and airspeed are available and radio altitude indicates <50 feet and
both ground speed and airspeed indicate <100 knots

b) for aircraft whose emitter category (see Doc 9871) is Set “A” code 2, 3, 4, 5, or 6, or Set “B” code 7, the
extended squitter ADS-B message format shall be “surface” if radio altitude is unavailable and available
ground speed and airspeed both indicate <50 knots

C) for aircraft whose emitter category (see Doc 9871) is Set “C” code 1 or 2; the extended squitter ADS-B
message format shall be “surface”

3.1.2.8.6.7.2 Extended squitter ADS-B message format determination based on broadcast message format. Mode
S transponders shall use the broadcast message format to determine whether to report airborne or surface extended squitter
ADS-B messages.

3.1.2.8.6.7.2.1 If subsequent to the validation in 3.1.2.4.3.2 the declared air/ground status is “airborne”, the
broadcast message format shall be “airborne”.

3.1.2.8.6.7.2.2 If subsequent to the validation in 3.1.2.4.3.2 the declared air/ground status is “on-the-ground”, the
broadcast message format shall be “surface”.

3.1.2.8.6.7.2.3  If the emitter category (see Doc 9871) is "Surface vehicle — emergency vehicle" or "Surface vehicle
—service vehicle", the broadcast message format shall be "surface".

3.1.2.8.6.7.2.4 If subsequent to the validation in 3.1.2.4.3.2 the declared air/ground status is “unknown” and a
broadcast message format algorithm is applicable (see 3.1.2.8.6.7.3), the broadcast message format shall be determined by the
broadcast message format algorithm output.

3.1.2.8.6.7.2.5 If subsequent to the validation in 3.1.2.4.3.2 the declared air/ground status is “unknown” and a
broadcast message format algorithm is not applicable (see 3.1.2.8.6.7.3), the broadcast message format shall be “airborne”.
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3.1.2.8.6.7.3 Broadcast message format algorithm.

Note.— Broadcast message format algorithm, if implemented, provides a means for fixed-wing aircraft, under certain
conditions, to determine the broadcast message format using only sensor data available to the transponder. This is desirable
to prevent aircraft without a means of automatically determining the on-the-ground condition from broadcasting an incorrect
extended squitter ADS-B message format.

3.1.2.8.6.7.3.1 Recommendation.— If not equipped with an automatic means of determining the on-the-ground
condition, aircraft whose emitter category (see Doc 9871) is Set “A” code 1, 2, 3, or 5 should implement a broadcast message
format algorithm.

3.1.2.8.6.7.3.2 Ifimplemented, broadcast message format algorithm requirements shall apply only to aircraft whose
emitter category is Set “A” code 1, 2, 3, or 5.

3.1.2.8.6.7.3.3  Reported broadcast message format. If implemented, the broadcast message format algorithm shall
provide a reported broadcast message format that is limited to “airborne” or “surface”.

3.1.2.8.6.7.3.3.1 After start-up, if the broadcast message format algorithm does not update the reported
broadcast message format within 300 seconds, or for more than 10 seconds after last reporting “surface” or “airborne”, the
reported broadcast message format shall be set to “airborne”.

3.1.2.8.6.7.3.3.2 During taxi and takeoff operations, the broadcast message format algorithm shall correctly
determine and update the reported broadcast message format prior to entering or within 5 seconds of exiting the runway
transition zone, including while taxiing after landing.

Note.— A runway transition zone is defined as a rectangular box exactly enclosing a runway in the horizontal direction
and extending to 100 feet altitude above ground level.

3.1.2.8.6.7.3.3.3 During inflight operations, the broadcast message format algorithm shall maintain a
reported broadcast message format of “airborne” while remaining outside of any runway transition zone.

Note.—. For additional information regarding broadcast message format algorithm definitions, applicability, and
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Origin: Rationale:

SP/5 These amendments (through from 3.1.2.8.6.7 to 3.1.2.8.6.7.3.3.3) are relating to air/ground
determination and emitter category encoding. The requirements resulted from a State’s
monitoring of ADS-B transmissions, showing that a significant number of aircraft do not
reliably determine the correct air/ground state, which reduces effectiveness and safety
associated with ADS B traffic applications. ADS-B version 3 will enhance requirements for
selection of airborne or surface message formats to transmit. These improvements are meant
for fixed-wing aircraft without an automatic means of determining on the ground status (e.g.,
a landing gear weight on wheels switch). Also, the terms used to refer to whether the aircraft
is on the ground or in the air, as determined by the transponder and/or ADS-B device, differed
in various specifications developed by SMO and ICAO Annex 10 Volume IV. This PfA
attempted to clarify terminologies used and resolve inconsistencies among those documents.

Furthermore, those amendments deal with emitter category classifications and descriptions.
Due to concerns raised by users that many of the version 2 emitter categories are conceived
as misleading and if those are misused, those may cause safety issue, the updated reporting of
emitter category in version 3 is proposed to‘address these concerns. For all aircraft types,
ADS-B version 3 will provide an indication whether the aircraft is conducting. manned or
unmanned operations. Also there has been an issue in the handling of aircraft identification
data, resulting in a potential difference between aircraft identification data received via ADS-
B and ground interrogators. This PfA will resolve this‘issue and ensure that consistent data
will be presented to controllers.

2166
2167 3.1.2.8.6.8 Squitter status reporting. Register 07 {HEX} shall be reserved in transponders conforming to ADS-
2168 B version 3 and later.

2169

2170 Note.— Technical provisions for squitter status reporting (Register 07 {HEX}) for ADS-B Version 2 and earlier can
2171 be found in Technical Provisions for Mode S Services and Extended Squitter (Doc 9871).

2172 B 3 afd-R 4
2173 te-contain-the-squitterstatusreport-in-its-MB-field:
2174
2175
2176
2177

2178
2179
2180
2181
2182
2183
2184
2185
2186
2187
2188
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2211
2212
2213
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2216
2217
2218
2219
2220
2221
2222
2223
2224
2225
2226
2227

3.1.2.8.6.9 Surface squitter rate eontrol. Surface position messages shall be initiated using the low squitter rate. The
Ssurface squitter broadcast rate (“high” or “low” as defined in 3.1.2.8.6.4.3) shall be determined as follows:

Note.— Transponders conforming to ADS-B version 2 and earlier examine the transmission rate subfield (TRS) to determine
whether to transmit at the “high” or “low” rate. Relevant detailed technical provisions are specified in Technical Provisions
for Mode S Services and Extended Squitter (Doc 9871).

ratethe broadcast rate shall be changed from “high” to “low when then awgatlon source posmon data has not changed
more than 10 meters in any 15 minute interval £ 10 seconds;

Note.— It is acceptable to compute the 10 meter distance using either rectangular or polar coordinates.

b)

second-period-before-time-out-ofthe prierperiodupon selecting the “low” broadcast rate, the transmission dev1ce shall

save the position data at the time that the “low” rate was selected (including at initialization); and

c) RSthe broadcast rate shall be changed
from “low” to “high” when the position of the transmission dev1ce has changed by 10 meters or more since the “low”

rate was selected.

Note.— It is acceptable to compute the 10 meter distance using either rectangular or polar coordinates.

3.1.2.8.6.11 Dataiinsertion. When the transponder determlnes that itis time to emit an airborne position squnter it shaII insert

appropriatefields of register 05 {HEX}. The contents of this register shall then be inserted into the ME field of DF = 17 and
transmitted.

Note.— Insertion in this manner ensures that (1) the squitter contains the latest altitude and surveillance status, and
(2) ground read-out. of register 05 {HEX} will yield exactly the same information as the AC field of a Mode S surveillance
reply.
Origin: Rationale:
SP/5 The amendments (through from 3.1.2.8.6.8 t0 3.1.2.8.6.8.2 and 3.1.2.8.6.11) propose removal
of legacy requirements related to Register 07 {HEX}, which contains two subfields related to
altitude reporting and surface squitter rate.

Amendment (3.1.2.8.6.9) is related to surface squitter broadcast rate. Surface squitter rate is
reduced when aircraft/vehicles are not moving. However, tracking issues was identified, when
aircraft/vehicles are broadcasting at the low rate and begin moving. In these situations,
position updates are not sufficient to reliably track aircraft/vehicles and existing transition
criteria tends to result in the low broadcast rate being selected. As a result, the requirements
to transition from high rate to low rate have been changed. The time interval for switching
from high broadcast rate to low rate when the vehicle is not moving is changed to15 minutes.
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3.1.2.8.7.3.2 ES/NT squitter types

Note. - ES/NT squitter types described from 3.1.2.8.7.3.2.1 to 3.1.2.8.7.3.2.13 are defined in the Technical Provisions
for Mode S Services and Extended Squitter (Doc9871).

3.1.2.8.7.3.2.1 Airborne position squitter. The airborne position type ES/NT shall use format DF = 18 with the format

3.1.2.8.7.3.2.5 Aircraft operational status squitter. The aircraft operational status extended squitter type shall use format
DF=18 with the contents of GICB register 65 {HEX} inserted in the ME field.

3.1.2.8.7.3.2.6  Target state and status squitter. The target state and status extended squitter type shall use format
DF=18 with the contents of GICB register 62 {HEX} inserted in the ME field.

3.1.2.8.7.3.2.7 “Emergency/Priority status” squitter. The “Emergency/Priority Status” extended squitter type shall
use format DF=18 with the contents of GICB register 61 {HEX} inserted in the ME field.

3.1.2.8.7.3.28 HVA position squitter. The HVA position extended squitter type shall use format DF=18 with the
contents of GICB register 6E {HEX} inserted in the ME field.

3.1.2.8.7.3.29 HVA velocity squitter. The HVA velocity extended squitter type shall use format DF=18 with the
contents of GICB register 6F {HEX} inserted in the ME field.

3.1.2.8.7.3.2.10 “UAS/RPAS Contingency” Current/Next TCP squitter. The “UAS/RPAS Contingency”
Current/Next CP extended squitter type shall use format DF=18 with the contents of GICB register 63 {HEX} to 64 {HEX}
inserted in the ME field.

3.1.2.8.7.3.2.11 ADS-B Wx AIREP squitters. The ADS-B Wx AIREP extended squitter types shall use format
DF=18 with the contents of GICB register 68 {HEX} to 6A {HEX}, as applicable, to insert the appropriate aircraft or weather
state information in the ME field.

3.1.2.8.7.3.2.12 ADS-B Wx PIREP squitters. The ADS-B Wx PIREP extended squitter types shall use format
DF=18 with the contents of GICB registers 6B {HEX} to 6D {HEX}, as applicable, to insert the appropriate aircraft or weather
state information in the ME field.

3.1.2.8.7.3.2.13 Extended Squitter event-driven information. The event-driven message shall use format DF = 18
with the contents of GICB register 0A {HEX} inserted in the ME field.

Note.— Although labeled as Extended squitter, prior to version 3 this message would only be broadcast once each
time the register was loaded with information. ADS-B version 3 removed the implementation of this register.
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Origin: Rationale:
SP/5 These amendments (through from 3.1.2.8.7.3 t0 3.1.2.8.7.3.2.5.2) are related to the additional
extended squitter messages introduced as part of ADS-B version 3.

3.1.2.8.7.3.3 ES/NT squitter rate

3.1.2.8.7.3.3.1 Initialization. At power up initialization, the non-transponder device shall commence operation in a mode
in which it does not broadcast any squitters. The non-transponder device shall.initiate the broadcast of ES/NT squitters for
airborne position, surface position, airborne velocity and aircraft identification when data are available for inclusion in the ME
field of these squitter types. This determination shall be made individually for each squitter type. When ES/NT squitters are
broadcast, transmission rates shall be as indicated in 3.1.2.8.6.4:210 3.1.2.8.6.4.6.

Note 1.— This suppresses the transmission of extended squitters from aircraft that are unable to report position, velocity
or identity. If input to the register for the position squitter type stops for 60 seconds, broadcast will cease until data insertion
resumes, except for an ES/NT device eperating-onthesurface when the broadcast message format (see 3.1.2.8.6.7) is “surface”
(as specified in the Technical Provisions for Mode S Services and Extended Squitter (Doc 9871)). Broadcast of airborne
position squitters is not discontinued if barometric altitude data is.available. Terminating broadcast of other squitter types is
described in Doc 9871.

Note 2.— After timeout (3.1.2.8.7.6) this squitter type may contain an ME field of all zeros.

3.1.2.8.7.3.3.2 Delayed transmission. ES/NT squitter transmission shall be delayed if the non-transponder device is busy
broadcasting one of the other squitter types.

3.1.2.8.7.3.3.2.1 The delayed squitter shall be transmitted as soon as the non-transponder device becomes available.

3.1.2.8.7.3.3:3 ES/NT antenna selection. Non-transponder devices operating with antenna diversity (3.1.2.10.4) shall
transmit ES/NT squitters as follows:

a)< when airborne-the broadcast message format (see 3.1.2.8.6.7) is “airborne”, the non-transponder device shall transmit
each type of ES/NT squitter alternately from the two antennas; and

b) when en-the-surfacethe broadcast message format (see 3.1.2.8.6.7) is “surface”, the non-transponder device shall
transmit ES/NT squitters fromusing the top antenna only.

Origin: Rationale:

SP/5 The amendments (through from 3.1.2.8.7.3.3.1 to 3.1.8.7.3.3.3) are proposed for ensuring
consistent application of terminology and consistent with the concept of whether the aircraft
is assessed to be “airborne” or “on-the-ground”.

3.1.2.8.7.3.3.4 Register timeout and termination. The non-transponder device shall clear message fields and terminate
broadcast of extended squitter messages as required to prevent the reporting of outdated information.

Note.— The timeout and termination of an extended squitter broadcast is specified in the Technical Provisions for Mode S
Services and Extended Squitter (Doc 9871).
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3.1.2.8.7.3.3.5 Airborne/surface message format selectionstate—determination. Non-transponder devices shall report
airborne or surface format extended squitter ADS B messages as per the requwements in 3.1.2.8.6.7. Adreraftwith-an-automatic

Origin: Rationale:
SP/5 The amendment (to 3.1.2.8.7.3.3.5) is relating to air/ground determination.

Origin: Rationale:
SP/5 The amendment (3.1.2.8.7.3.3.6) proposes removal of legacy requirements related to surface
squitter rate control.

3.1.2.8.8 EXTENDED-SQUITTER MILITARY APPLICATION, DOWNLINK FORMAT 19

10011 AF:3

Dl;——H—eHcs DF 19 can be used erther asa squrtter or as a reply.

3.1.2.8.8.2 Application field. This 3-bit (6-8) downlink field in DF = 19 shall be used to define the format of the 112-bit
transmission.

Code 0 to-7 = Reserved for Military Use

Origin: Rationale:

SP/5 The amendments (3.1.2.8.8 and 3.1.2.8.8.2) proposes clarifications on the downlink format
19, which cannot be used in lieu of DF=17 or DF=18, ADS-B Out extended squitter, but is
reserved for' military application.

3.1.2.8.9 EXTENDED SQUITTER MAXIMUM TRANSMISSION RATE

3.1.2.8.9.1 The maximum total number of full power extended squitters (DF = 17, 18 and 19) emitted by any extended
squitter installation shall not.exceed the following:

3.1.2.8.9.1.1 For a transponder capable of replying to intermode Mode A/C/S all-call interrogations:

a) 6.2 messages per second averaged over 60 seconds for nominal aircraft operations with no emergency and no
ACAS RA activity, while not exceeding 11 messages being transmitted in any 1-second interval; or

b) 7.4 messages per second averaged over 60 seconds under an emergency and/or ACAS RA condition, while not
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3.1.2.8.9.1.2 For a transponder that does not have the capability to reply to intermode Mode A/C/S all-call interrogations

exceeding 11 messages being transmitted in any 1-second interval.

or an extended squitter non-transponder device (2.1.5.1.8):

a) 6.7 messages per second averaged over 60 seconds for nominal aircraft operations with no temporary alert, no
permanent alert, no emergency, no ACAS RA, and no UAS Contingency activity, while not exceeding 15 messages being

transmitted in any 1-second interval; or,

b) 9.2 messages per second averaged over 60 seconds under a temporary/permanent alert, an emergency, an ACAS RA,

and/or UAS Contingency condition, while not exceeding 19 messages being transmitted in any 1-second interval.

Notel.— It is anticipated that the transmission of any new messages required in addition to the capability specified above

will be performed using the capacity provided by phase overlay.

Note 2.— The higher Extended Squitter rates are associated with transponders not capable of replying to intermode Mode
A/C/S all call interrogations in order to keep an equilibrium on 1090 MHz link that is subject to overload. States are
expected to ensure that this link is maintained through their transponder regulation (e.g TSO). The Minimum performance

of such transponder can be found in RTCA DO-181F or EUROCAE ED-73F or later versions.

Note 3.— A higher extended squitter rate (9.2/s) is authorized when there is an emergency, a temporary/permanent alert
(Mode A Code), an ACAS RA and/or an UAS contingency because such events are rare and are limited to very few platforms

at the same time. Therefore, such events have a very limited effect on 1090 MHz usage.

SP/5

Origin:

Rationale:

The amendment to 3.1.2.8.9 is related to maximum extended squitter rate. ADS-B version 3
will provide additional capabilities beyond those supported by earlier versions, which allow
for enhancements in areas such as safety, equipment performance, airspace efficiency, and
data reporting. However, this will require increases of average extended squitter rate.
Extensive discussion was made on this point which resulted in the proposed modification on
the-current maximum extended squitter rate requirements. This proposal is to split the current
section 3.1.2.4.1.3.2.1 into two subsections in.order to have clear reference to the capabilities
of old transponders and new transponders. Specifically, the ability to reply or not reply to the
Mode A/C/S/ All-Call interrogation determines if the transponder is eligible for the increased
1090ES rate. This is necessary that any increase in extended squitter rate is balanced by a
reduction in transponder replies that result from transponder decoding of Mode A/C/S All-
Call interrogations.

3.1.2.9.1.4 Change of aircraft identification. If the aircraft identification reported in the AlS subfield is changed in flight,
the transponder shall report the new identification to the ground by use of the Comm-B broadcast message protocol of
3.1.2.6.11.4 for BDS1 =2 (33 - 36) and BDS2 = 0 (37 - 40). The transponder shall initiate, generate and announce the revised
aircraft identification-even-iftthe-interface providingflightidentificationis-lost. The transponder shall ensure that the BDS code
is set for the aircraft identification report in all cases, including a loss of the interface. ta-thislattercase—bits 41 -88 shall
contain-alZEROs:

Note 1.— The setting of the BDS code by the transponder ensures that a broadcast change of aircraft identification will
contain the BDS code for all cases of flightaircraft identification failure (e.g. the loss of the interface providing aircraftfhght
identification).

Note 2.— In transponders certified on or prior to 1% January 2027, bits 41-88 in register 20 {HEX} were set to zero upon
loss of the interface providing aircraft identification. The transponder also initiated, generated, and announced the change in

aircraft identification upon loss of interface.
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Origin: Rationale:

SP/5 The amendment (3.1.2.9.1.4) is proposed to reflect a change in handling of Aircraft
Identification data to not zero-out Aircraft ID in the transponder if the interface providing
Aircraft ID is lost.

3.1.2.10 ESSENTIAL SYSTEM CHARACTERISTICS OF THE SSR MODE S

AND INTERMODE TRANSPONDER CAPABILITIES

Origin: Rationale:

SP/5 ASWG TSG WP 17-07.0R2

Change to cover the capability rather than the whole system: Since intermode is generally
considered to be a separate capability than Mode S, it has been added to the title.

3.1.2.10.1 Transponder sensitivity and dynamic range. Transponder sensitivity:shall be defined.in terms of a given
interrogation signal input level and a given percentage of corresponding replies. Only correct replies containing the required
bit pattern for the interrogation received shall be counted. Given an interrogation that requires a reply.according to 3.1.2.4,
the minimum triggering level, MTL, shall be defined as the m|n|mum input power Ievel for 90 per cent reply -to-interrogation

felLMedeAﬂand—G—and—Me#-med&wnerreganens The reply-to-interrogation ratio of a Mode S transponder shall be:
a) at least 99 per cent for signal input levels between 3 dB above MTL-and —21 dBm; and

b) no more than 10 per cent at signal inputdevels below —81 dBm.

Note.— Transponder sensitivity and output power are described.in this section in terms of signal level at the terminals of
the antenna. This gives the designer freedom to arrange the installation, optimizing cable length and receiver-transmitter
design, and does not exclude receiver and/or transmitter components from becoming an integral part of the antenna
subassembly.

Origin: Rationale:

SP/5 ASWG TSG WP 17-07.0R2

The reference back to 3.1.1 is now unnecessary once 3.1.1 applies to any system capable of
ATCRBS. Removed “inter mode” as intermode interrogations are not replied to and therefore
there is no need for a sensitivity requirement.

3.1.2.10.1.1.2 Reply ratio in the presence of pulse pair interference. Given ar Mode S interrogation which requires a reply
(3.1.2.4), the reply ratio of a transponder shall be at least 90 per cent in the presence of an interfering P1 — P2 pulse pair if the
level of the interfering pulse pair is 9.dB or more below signal level for input signal levels between —68 dBm and —21 dBm
and the P1 pulse of the interfering pair occurs no earlier than the P1 pulse of the Mode S signal.

Origin: Rationale:
SP/5 ASWG TSG WP 17-07.0R2
Matches the wording from the paragraphs above and below for clarity.

3.1.2.10.1.1.4 Reply ratio in the presence of low-level in-band CW interference. In the presence of non-coherent CW
interference at a frequency of 1 030 £0.2 MHz at signal levels of 20 dB or more below the desired Mode-A/C or Mode S
interrogation signal level, the transponder shall reply correctly to at least 90 per cent of the interrogations.

Origin: Rationale:
SP/5 ASWG TSG WP 17-07.0R2
The ATCRBS requirement is covered by the new 3.1.1.7.17.
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3.1.2.10.2.1 Unwanted Output Power

3.1.2.10.2.1.1 Inactive state transponder output power. When.the transponder is in the.inactive state the peak ptse power
at 1 090 MHz plus or minus 3 MHz at the antenna end of the transmission line of the transponder shall not exceed —50 dBm
when not installed with an ACAS unit or -70 dBm when installed with an ACAS unit<The inactive state is defined to-include
as the entire period between transmissions, less 10-microsecond transition periods preceding the first pulse and plus 10
microseconds transition period following the last pulse of the transmission. See figure 3-9.

Note.— Inactive state transponder power is constrained in this way to ensure that an aircraft, when located as near as
185 m (0.1 NM) to a Mode A/C or Mode S interrogator, does not cause interference to that installation. In certain applications
of Mode S, airborne collision avoidance for example, where a 1 090 MHz transmitter and receiver are in the same aircraft, it
may-be is necessary to further constrain the inactive state transponder power.

3.1.2.10.2.1.2 Active state transponder output power.

3.1.2.10.2.1.2.1 The RF output power shall be less than or equal to the peak pulse power minus 50 dB for the interval starting
10 microseconds prior to the Mode S transmission and for the interval of 10 microseconds following a or Mode S transmission.

3.1.2.10.2.1.2.2 For intervals between transmitted pulses that are greater than 0.5 microseconds, the power level at the lowest
point within the interval shall be 50 dB or more below the peak pulse power.

Note 1.- These power limitations protect 1090 MHz receivers from potential missed decodes when signals are received at
close range and within desired detection range. In the absence of such limits, signal levels during non-pulse intervals can occur
above receiver thresholds and can lead to unintended distortion of pulse positions or false pulse decodes preventing proper
detection of transmitted signals. It also make more difficult for receivers to decode overlapped replies.

Note2..- It is possible that a signal transmitted 50dB below the peak pulse power can still affect high sensitivity receivers
when transmitted in close range. More information is available in the Aeronautical Surveillance Manual (Doc 9924).

Note 3. — Information on how to verify unwanted output power can be found in RTCA DO-181F and EUROCAE ED-73F.
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Note 4.- The presence of signal at a level of 50 dB or more below the peak power may not be measurable within the first
0.5 microseconds following the transmission of a pulse because of the allowed decay time.

Note 5 . — Transmitters compliant with RTCA DO-181F and EUROCAE ED-73F meet the requirement defined in
3.1.2.102.1.2.

I Mode S or Mode A/C I
Transmission
Peak ""u"":"'T"T"T"SS"":"":"":""u"":'"
50 dB minimum i i i i E i i i i i
I N B N O N O
Inactive Inactive
State b [ AcCtIVe state: e e > State
-50 dBm
or
-70 dBm 10 ps—»>| —10 ps—m
Figure 3-9: Unwanted Output Power

Origin: Rationale:

SP/5 The amendments (through from 3.1.2.10:2.1 to figure 3-9) are proposed to ensure an
acceptable level of transmissions before, between-and after the pulses of a Mode A/C reply, a
Mode S reply or an extended squitter<in order toensure the interoperability between
transmitters-and.receivers of messages.on the 1090MHz frequency.

This also includes modifications to move requirements associated with a date to 2.1.5.4 to
facilitate their management by States and ICAOQ. The text of the capability have been slightly
modified to make easier the reference in the text now in 2.1.5.4.

Origin: Rationale:

SP/5 The recommendation in section 3.1.2.10.2.2 is no longer valid and is not consistent with other
ICAO Annex 10 Volume IV requirement on spurious emission or unwanted power
transmission during inactive state. It is also not in line with the current spurious emission
definition and associated ITU limits; hence its deletion is proposed.

3.1.2.10.3.2 MedeS-dDead time.

3.1.2.10.3.2.1 Dead-timeshallbedefined-as For all transponders, the time interval beginning at the end of a reply transmission

and ending when the receiver transpender-has regained sensitivity to within 3 dB of MTL (dead time)-—Meode-S-transponders
shall not exceedhave-moere-than-125 microseconds>-dead-time.

3.1.2.10.3.2.2  For transponder with improved dead time, the time interval beginning at the end of a reply transmission and
ending when the receiver has regained sensitivity to within 3 dB of MTL (dead time) shall not exceed 20 microseconds.
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Origin: Rationale:

SP/5 The amendments (through from 3.1.2.10.3.2 to 3.1.2.10.3.2.2) are provisions related to
reduction of transponder dead time. It was pointed out that the current requirement related to
transponder dead time is based on old technology and current transponders are much more
capable than the dead time limit allowed by SARPs. Therefore, a change in the dead time
(time interval from the end of a reply transmission to when _the receiver has regained its
sensitivity to within 3 dB of MTL) requirement for a Mode S transponder from 125 ps to 20
us is proposed.

This also includes modifications to move requirements (3.1.2.10.3.4.1.3) associated with a
date to 2,1,5,4 to facilitate their management by States and ICAO. The text describing the
capability have been adapted to make easier the reference to the characteristics in 2.1.5.4
section.

3.1.2.10.3.6 Reply rate limiting

Note.— Reply rate limiting is prescribed separately for Modes A and C and for Mode S.

3.1.2.10.3.6.1 Mode S reply rate limiting. Reply
Hemiting is i for eiroui ioni

3.1.2.10.3.6.1.1 Mode S reply rate limiting shall ‘permit the minimum reply rates required in 3.1.2.10.3.7.2 and
3.1.2.10.3.7.3.

Note.— Mode S transponders certified before 1 January 20xx have no requirement for Mode S reply rate limiting function, and
may have a different implementation of this function.

3.1.2.10.3.6.1.2 Mode S reply rate limiting type 1
3.1.2.10.3.6.1.2.1 Mode S reply rate limiting shall be separate from Mode A and C reply rate limiting.

3.1.2.10.3.6.1.2.2 The Mode S reply rate limiting shall ensure the transponder does not cease to reply to valid Mode S
interrogations for a period greater than 100 milliseconds.

3.1.2.10.3.6.1.2.3 The Mode S reply rate limiting shall limit the Mode S replies to a maximum reply rate of 180 Mode S
replies per second or less.

Note.— The maximum reply rate limit can be less than the 180 specified here but is greater than the minimums specified
in 3.1.2.10.3.7.3 .

3.1.2.10.3.6.1.2.4 The Mode S reply rate limiting shall be accomplished using methods other than sensitivity reduction.
Note.— Sensitivity-reduction rate limiting is prohibited due to the potential impact on ACAS.

3.1.2.10.3.6.1.2.5 The Mode S reply rate limiting function shall exclude the acquisition squitter (see 3.1.2.8.5) and
extended squitter (see 3.1.2.8.6) transmissions.

3.1.2.10.3.6.1.2.6 The Mode S Reply Rate Limiting function shall process received interrogations regardless of the
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received antenna channel.

3.1.2.10.3.6.1.2.7 The Mode S Reply Rate Limiting function shall process received interrogations regardless of uplink
format.

Note -. The Mode S reply rate limiting also includes replies to ACAS resolution and coordination messages.

3.1.2.10.3.6.1.2.8 Recommendation.— The Mode S reply rate limiting should be accomplished stochastically.

Origin Rationale

SP/5 The amendments (through from 3.1.2.10.3:6.1.1 to 3.1.2.10.3.6.1.3.8) are
requirements associated with the SSR Mode S reply rate limiting, which are
technical measures, aiming at reducing 1.090 MHz congestion. further, especially
those are for protecting against complete loss of surveillance in areas where Mode
S interrogations are high. This will for instance deal with the situation that
happened in Europe in 2014.

This also includes modifications to move the requirements associated with a date
to 2.1.5.4 section to facilitate their management by States and ICAO.

the transponder.

3.1.2.10.3.7 Minimum reply rate capability, Modes-A-C-and-S

3.1.2.10.3.7.1 All reply rates specified in 3.1.2.10.3.7 shall be in addition to any squitter transmissions that the transponder is
required to make.

3.1.2.10.3.7.23 Minimum reply rate capability, Mode S. A transponder capable of transmitting only short Mode S replies shall
be able to generate replies at the following rates:

3.1.2:10.3:7.34 Minimum Mode S ELM peak reply rat

Origin: Rationale:
SP/5 ASWG TSG WP 17-07.0R2
Since 3.1.1 applies to all transponders, the requirements above are no longer needed.

3.1.2.10.3.8 Reply delay and jitter for Mode S
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—3-12.10-3.8.2—Reply-delay-andjitter-for-Mede-S- For all input signal levels between MTL and —21 dBm, the leading edge
of the first preamble pulse of the reply (3.1.2.2.5.1.1) shall occur 128 plus or minus 0.25 microsecond after the sync phase

reversal (3.1.2.1.5.2.2) of the received Ps. The jitter of the reply delay shall notexeeed be less than or equal to 0.08 microsecond,
peak (99.9 percentile).

Origin: Rationale:
SP/5 Revision to language used for Mode S pulse jitter requirements to provide consistency with
other signal characteristics requirements as well as improving overall clarity.

Additional changes are proposed by ASWG TSG WP 17-07.0R2
Note was determined to not be helpful by the TSG.
Since 3.1.1 applies to all transponders, this requirement is no longer needed.

3.1.2.10.3.9 Timers. Duration and features of timers shall be as shown in‘Table 3-9. All timers shall be capable of being
restarted. On receipt of any start command, they shall run for their specified times. This shall occur regardless of whether they
are in the running or the non-running state at the time that the start command is received. A command to reset a timer shall
cause the timer to stop running and to return to its initial state.in preparation for a subsequent start command.

3.1.2.10.3.10 Inhibition of replies. Replies to Mede-A/C/S-al-cal-and-Mode S-only all-call interrogations shall always
be inhibited when the effective air/ground state is “on-the-ground’atreraft-declares-the-on-the-ground-state. It shall not be
possible to inhibit replies to discretely addressed Mode S interrogations regareless-efwhether-the-aireraftis-airborne-oron-the
ground.

Note.— Transponders certified on or before 1st January 2020 also inhibit replies to the Mode A/C/S all-call when
the effective air/ground state is “on-the-ground” (see 2.1.5.4.8).

3.1.2.10.3.10.1 _Recommendation.— Aircraft should provide air/ground datameans-te-determine-the-on-the-ground
state-auvtomaticalhy-and-provide-that-information-to the transponder.

3.1.2110.3.10.2 Recommendation— Mode A/C replies from transponders with a Mode S capability shallsheuld-be
inhibited when the effective air/ground state is “on-the-ground” aireraftis-on-the-ground-to prevent interference when in close
proximity to an interrogator or other aircraft.

Note.— Mode S discretely addressed interrogations do not give rise to such interference and may be required for data link
communications with aircraft on the airport surface. Acquisition squitter transmissions may be used for passive surveillance
of aircraft on the airport surface.
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Origin: Rationale:

SP/5 These amendments (through fro 3.1.210.3.8 to 3.1.2.10.3.10.2) are relating to air/ground
determination and removal of the capability from a Mode S transponder to reply to Mode
AJC/S all call interrogations.

This also includes modifications to move the requirements associated with a date t0 2.1.5.4 to
facilitate their management by States.

Additional changes are proposed by ASWG TSG WP 17-07.0R2
Wording added to provide extra clarity that this function does not apply to ATCRBS only
transponders.

3.1.2.10.4.1 Radiation pattern. The radiation pattern of Mede-S antennas when installed on-an aircraft shall be nominally
equivalent to that of a quarter-wave monopole on a ground plane.

Origin: Rationale:
SP/5 ASWG TSG WP 17-07.0R2
It would not be normal to have separate antennas per mode.

3.1.2.10.4.3 Antenna selection. Mode S transponders equipped for diversity operation shall have the capability to evaluate a
pulse sequence simultaneously received on both antenna channels to determine individually for each channel if the P1 pulse
and the P2 pulse of a Mode S |nterrogat|on preamble meet the requwements for a Mode S |nterrogat|on as defined in 3.1.2.1

S mterrogatlon 3
simultaneously accept a complete mterrogatlon the antenna at WhICh the signal strength is greater shaII be selected for the
reception of the remainder (if any) of the interrogation and for the transmission of the reply.

Origin: Rationale:

SP/5 ASWG TSG WP 17-07.0R2
Mode A/C now covered in the new 3.1.1.7.19.3. Intermode can be removed as it is no longer
replied to.
Mode A/C now covered in the new 3.1.1.7.19.3.1.

é..'1.2.10.5 DATA PROCESSING AND INTERFACES
3.1.2.10.5.1 Directdata. Direct data shall be those which are required for the surveillance protocol of the Mode S system.
3.1.2.10.5.1.1 Fixed direct data. Fixed direct data are data from the aircraft which do not change in flight and shall be:
a) the aircraft address (3.1.2.4.1.2.3.1.1 and 3.1.2.5.2.2.2);
b) the maximum airspeed (3.1.2.8.2.2); and

c) the registration marking if used for aircraftflight-identification (3.1.2.9.1.1).
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3.1.2.10.5.1.3 Variable direct data. Variable direct data are data from the aircraft which can change in flight and shall

be:

a) the Mode C altitude code (3.1.2.6.5.4);
b) the Mode A identity code (3.1.2.6.7.1);
c) the-on-the-ground-condition air/ground data (3.1.2.5.2.2.1,3.1.2.6.5.1 and 3.1.2.8.2.1);
d) the aircraft identification if different from the registration marking (3.1.2.9.1.1); and
e) the SPI condition (3.1.2.6.10.1.3).
3.1.2.10.5.1.4.4 Interfaces shall be included to accept the pressure-altitude and air/ground dataen-the-greund-coding.
Note.— A specific interface design for the variable direct data.is not prescribed.

Origin: Rationale:

SP/5 The amendment (3.1.2.10.5.1.1) is related to aircraft identification register and the

amendments (3.1.2.10.5.1.3 and 3.1.2.10.5.1.4.4) are relating to air/ground determination.
Refer to rational in page A-44 and page A-20.

3.1.2.11 ESSENTIAL SYSTEM CHARACTERISTICS OF THE GROUND INTERROGATOR MODE S AND
INTERMODE CAPABILITIES

Origin: Rationale:

SP/5 ASWG TSG WP 17-07.0R2

I don’t think this note conveys the correct-message. Mode A/C interrogators should not be
assumed to be the mostimportant users of the 1090 MHz spectrum. Mode S interrogators need
to interoperate with a long list of users-in this spectrum.

(This rational needs to refine.)

3.1.211.1.1.1 The interrogation repetition rate for the Mede-A/C/SaH-call-used-foracquisition,shal-beless-than250-per

second-—TFhisrate-shall-alse-apphy-to the paired Mode S-only and Mode A/C-only all-call interrogations used for acquisition in
the multisite mode shall be less than 250 per second.

3.1.2.11.1.1.2 Maximum number of Mode S all-call replies triggered by an interrogator. For aircraft that are not locked
out, a Mode S interrogator shall not trigger, on average, more than 6 Mode S all-call replies per period of 200 ms and no more
than 26 Mode S all-call replies counted over a period of 18 seconds.

Note .- When the rotating antenna of a Mode S ground station using Mode S all-call interrogations slows down up to
a point where the maximum number of Mode S all-call replies could be exceeded, the RF transmissions need to be inhibited to
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protect transponder operation as well as the 1090 MHz RF frequency. More information can be found in Doc 9924 Appendix
D and M.

3.1.2.11.45 SPURIOUS RESPONSE

Recommendation.— The response to signals not within the passband should be at least 60 dB below normal sensitivity.

3.1.2.11.56 Lockout coordination. A Mode S interrogator shall not be operated using all-call.lockout until coordination has
been achieved with all other operating Mode S interrogators having any overlapping coverage volume in order to ensure that
no interrogator can be denied the acquisition of Mode S-equipped aircraft<If coordination is not possible due to system designs
(for example, a mobile interrogator), the interrogator shall either use passive means of acquisition or operate using lockout
override (3.1.2.5.2.1.4) with supplementary acquisition (3.1.2.5.2.1.5).

Note 1.— This coordination may be via ground network or by the allocation of interrogator identifier(H) codes and will involve
regional agreements where coverage overlaps international boundaries.

Note 2.— Interrogators that do not use Mode S-only all-call interrogations, all-call lockout protocol, or multisite data-link

protocol can use any IC value in the IIS or SIS fields of their selective interrogations without a need for coordination with
neighbouring systems.

3.1.2.11.6# MOBILE INTERROGATORS

Origin: Rationale:
SP/5 These amendments (through from 3.1.2.11.1.1.1 to 3.1.2.11.4) are relating to removal of the
capability from a Mode S transponder to reply.to Mode A/C/S all call interrogations.

This also includes modifications to move the requirements associated with a date to 2.1.5.4 to
facilitate their management by States:

Additional texts and note 2 in new 3.1.2.11.5 came from CPA10V4/40 (SP4-ASWG15-
WP/15R2)

ASWG TSG WP 17-07.0R2 (Note under 3.1.2.11.1.1.2 was added per a TSG request).

The requirement (3.1.2.11.4) is no longer needed as the SARPS will not specify interrogator
signals as received by the transponder. A new Table 3-11 has been created and is now
referenced in sections above.

TABLES FOR CHAPTER 3

Table 3-1. Pulse shapes —Interrogation pulse durations Mede-S-and-intermode interrogations

Duration (Rise time) (Decay time)
Pulse Duration tolerance Min. Max. Min. Max.
P1, P2, P3, Ps 0.80 +0.209 0.05 0.10 0.05 0.20
P (short) 0.80 +0.209 0.05 0.10 0.05 0.20
P+(long) 1.6 =01 0-05 01 0.05 0.2
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2756
2757
2758

2759

2760
2761
2762
2763
2764

Ps (short) 16.25 +0.205 0.05 0.10 0.05 0.20
Ps (long) 30.25 +0.205 0.05 0.10 0.05 0.20
S 0.80 +0.10 0.05 0.10 0.05 0.20
Origin: Rationale:
SP/5 ASWG TSG WP 17-07.0R2
Title changed to be more generic so that ATCRBS and S1 are included (note they are already
in the existing table). P, long is removed. Tolerances updated to align with Table 3-11.
Table 3-2. Pulse shapes — Mode S replies
Duration (Rise time) (Decay time)
Pulse duration  tolerance Min: Max. Min- Max.
0.5 +0.05 0:05 0.1 0-05 0.2
1.0 +0.05 0.05 0.1 605 0.2
Origin: Rationale:
SP/5 ASWG TSG WP 17-07.0R2

Removed minimum rise .and decay times per TSG request to align with transponder

MOPS.(rational needs to be refined. )

Table 3-4. "Subfield definitions

A-T72

Subfield
Designator Function Field Reference
ACS Altitude code subfield ME 3.1.28.6.3.1.2
AlIS Aircraft identification subfield MB 3.1.29.11
BDS 1 Comm-B data selector subfield 1 MB 3.1.26.11.2.1
BDS 2 Comm-B data selector subfield 2 MB 3.1.26.11.2.1
IDS Identifier designator subfield UM 3126531
1S Interrogator identifier subfield SD 3.1.26.14.14a)
UM 3.1.26.53.1
LOS Lockout subfield SD 3.1.26.1.4.1d)
LSS Lockout surveillance subfield SD 3.1.26.14.19)
MBS Multisite Comm-B subfield SD 3.1.26.14.1¢)
MES Multisite ELM subfield SD 3.1.26.14.1¢)
ovC Overlay control SD 3.1.26.14.11)
RRS Reply request subfield SD 3.1.26.1.4.1¢)and g)
RSS Reservation status subfield SD 3.1.26.14.1¢)
SCS Squitter capability subfield MB 3.1.2.6.10.2.2.1
SIC Surveillance identifier capability MB 3.1.2.6.10.2.2.1
SIS Surveillance identifier subfield SD 3.1.26.14.19)
SRS Segment request subfield MC 3127721
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2766
2767
2768

2769
2770
2771

Subfield

Designator Function Field Reference
SSS Surveillance status subfield ME 3.1286.3.1.1
TAS Transmission acknowledgement MD 3127426
subfield
TMS Tactical message subfield SD 3.1.26.1.4.1d)
Origin: Rationale:
SP/5 The amendment to table 3-4 subfield definitions proposes removal of legacy requirements.

Note.— The “Status of DTE sub address 0 to 15" subfield that was previously defined as MB bits 41-56 in the data link
capability report (register 10s6) is now defined as MB bits 41-56 in the data link capability report (extension ) (register 111).

Table 3-6. Table for the data link capability report (register 1016)

Comm-B

Subfields of register 1016 MB bits bits
Continuation flag 9 41
Operational coordination message (OCM) transmit 10 42
capability
Overlay command capability 15 47
ACAS capability 11-14,16 and | 43-46, 48 and

37-40 69-72
Mode S subnetwork version number 17-23 49-55
Transponder enhanced protocol indicator 24 56
Specific services capability. 25 57
Uplink ELM capability 26-28 58-60
Downlink ELM capability 29-32 61-64
Aircraft identification capability 33 65
Squitter capability subfield (SCS) 34 66
Surveillance identifier code capability (SIC) 35 67
Common usage GICB capability report 36 68
Basic dataflash capability 42 74
Phase overlay (PO) on extended squitter capability 43 75
Phase overlay (PO) on Mode S capability 44 76
Active transponder side indicator 49-50 81-82
Register 11,6 data link capability (continuation) 51 83
change indicator
Status-of DTE sub-addresses-0-t0-15 41-56 73-88
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2773
2774

2775
2776
2777
2778

Additional information on all bits in the data link capability report can be found in Technical Provisions for Mode S Services
and Extended Squitter (Doc 9871).

Origin: Rationale:
SP/5 The amendment (table 3-6) is related to Data Link Capability Register Changes.
, I I o
\DS-B EmistenC et id”
0 No-ADS-B-emittercategory-information Adways reportairborae-position-message(3-1-2.8.6.3-1)
1 Light{<15-500-4bs-6r 7-031 kg) Adways reportairborne-position-message{3-1.2.8.6.3-1)
2 Small-{15-500-to-75-000-Jbs-or 7-031-t6-34-019-kg) <100knets and <50-feet
3 Large-(75-000-1bs-to-300-000-1bs-or-34-019-to-136-078kg) <100knots and <50-feet
4 High-vortexaircraft <100-knets and <50-feet
5 Heavy-(>-300-000-1bs-or-136-078kg) <100-knots and <50-feet
6 High-performance <100-knets and <50-feet
(>5g-acceleration-and->400-knots)
ADS-B EmitterC. Set“B?
4 Ultra-lightihang-ghider/paraglider Abways-reportairborne-position-message(3-1-2-8-6-3-1)
5 Reserved Reserved
7 Space/trans-atmospheric-vehicle <100-knets <100-knets and <50-feet
ADS-B Etbitter C Sotccn
Goding Meaning
0 No-ADS-B-emittercategory-information Always-reportairborne-position-message(3-1-2.8.6.3-1)
1 Surface-vehicle—emergency-vehicle Adways-reportsurface-position-message-(3-1-2-8-6:3-2)
2 Surface-vehicle—service-vehicle Adways-reportsurface-position-message-(3-1-2-8-6:3-2)
3 Fixed-ground-or-tethered-obstruction Adways-report-airborne-position-message(3-1-2.8-6.3-1)
4—7 | Reserved Reserved
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2780
2781
2782

2783
2784
2785

. . . o Al
. .
17 Reserved Reserved
Origin: Rationale:
SP/5 The deletion of the table 3-7 is proposed, after making explicit in 3.1.2.8.6.7 the requirements
implied by reference to the table from 3.1.2.8.6.7 and changing all references to ‘emitter
category’ to point to Doc 9871.
Table 3-9. Timer characteristics
Timer Duration  Tolerance
Name Number Reference Symbol S S Resettable
Non-selective lock-out 1 3.1.26.92 To 18 +1 no
Temporary alert 1 3.126.10.1.1.2 Te 18 +1 no
SPI 1 3.1.2.6.10.1.3 Ti 18 1 no
Reservations B, C, D 3* 3.1.2.6.11.3.1 TR 18 +1 yes
Multisite lockout 78 312691 TL 18 +1 no
Basic dataflash 1 3.1.2.6.10.3.4.2 Te 30 1 no
* As required
Table 3-11. Transmitted interrogation signal details telerances
Reference Funetion Tolerance
312141 Pulse-durationPyPo; Pa; P Ps +0-09-merosecond
Pulse-durationPs +020-mierosecond
3—]A.—4. o= = PH-ISG—dH—F&t-IGH—P ;L—ps *9—]:8—%[:959@9%_ 0 i
Pulse-durationP,—P, +0-10-microsecond
3421513 Pulse-duration-Ps—P, +0.04-microsecond
3%%4 ...... PH-ISG—dH—F&t—IGH—P 1—pg *O—%MFGFOSGGOHG_ 0 i
Pulse-duration-P.——syne-phasereversal +0-04-microsecond
| . \ | 0 .
Pulse-duration-Ps—synephasereversal +0-05-microsecond
3415 Pulse-amplitude-Ps P, +05dB
3124514 Pulse-amplitudeP4 Ps+0.54dB
3121525 Pulse-amphitudePs Egquakto-orgreaterthan-P.—025-dB
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Function Value Reference
Mode A/C
Carrier frequency 1030 £0.20 MHz 3.1.111-
3.1.1.1.2
Pulse interval P; — P; (Mode A) 8 +0.18 microsecond 3.1.14.3
Pulse interval P; — P3; (Mode C) 21 +0.18 microsecond 3.1.143
Pulse interval P1 — P 2 +0.10'microsecond 3.1.14.4
Pulse duration Py, P2, P3 0.8 £0.09 microsecond 3.1.145
Pulse rise times 0.05 microsecond minimum, 3.1.1.4.6
0.10 microsecond maximum
Pulse decay times 0.05 microsecond minimum, 3.1.1.4.7
0.20 microsecond maximum
Pulse amplitude P3 P, 0.5 dB 3.1.15.2
Intermode
Carrier frequency 1030 +0.01 MHz 3.1.21.1
Pulse duration Py, P2, P3, P4 0.8 £0.09 microsecond 312141
Pulse rise times 0.05 microsecond minimum, 312141
0.10 microsecond maximum
Pulse decay times 0.05 microsecond minimum, 312141
0.20 microsecond maximum
Pulse interval P1 — P3 8 £0.18 microsecond 31215121
(Mode A-Only All-Call)
Pulse interval P1— P3 21 £0.18 microsecond 31215121
(Mode C-Only All-Call)
Pulse interval P; — P> 2 £0.04 microsecond 3.1.215121
Pulse interval Ps — Py 2 £0.04 microsecond 31215121
Pulse amplitude P3 P, +0.5dB 3.1.215.122
Pulse amplitude P4 P3;-0.5dB/+2.5 dB 31215122
Mode S
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Function Value Reference
Carrier frequency 1030 +£0.01 MHz 3.1.21.1
Pulse duration Py, P2, Ps3, Ps 0.8 £0.09 microsecond 312141
Pulse duration Pg (short) 16.25 +0.20 microsecond 312141
Pulse duration Pg (long) 30.25 £0.20 microsecond 312141
Pulse rise times 0.05 microsecond minimum, 312141
0.10 microsecond maximum
Pulse decay times 0.05 microsecond minimum, 3.1214.1
0.20 microsecond‘maximum
Pulse interval P1 — P 2 £0.04 microsecond 3121524
Pulse interval P, — sync phase reversal 2.75 £0:04 microsecond 3.1.2.1524
Pulse interval Ps — sync phase reversal 1.25 +0.04 microsecond 3.1.21524
Pulse interval Ps — sync phase reversal 0.4 +£0.04 microsecond 3.1.21524
Pulse amplitude P Equal to or greater than P1—0.25dB  3.1.2.1.5.25
Pulse amplitude first microsecond Pg Equal to or greater than P; — 0.25dB  3.1.2.1.5.2.5

Origin:
SP/5

Rationale:

Table 3-9 and Table 3-11 are proposed to be amendment in order to reflect provisions on basic
dataflash protocol and P4 amplitude tolerance (interrogation).

ASWG TSG WP 17-07.0R2
Additional modifications (replacement of the table 3-11) are propose.

Corrected pulse duration values.and intermode P1 — P2 timing and updated references.
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2789 FIGURES FOR CHAPTER 3

2790
2791 Format
2792 No. UF
o | ooooo [ 3 RL:1 4 ] At [ Ds8 [ 10 | AP24 | .. Shortairairsurveillance (ACAS)

2793
2794 1 [ o001 ] 27 0r 83 | AP24 | ...Reserved
2795
2796 2| oooto | 27 or 83 | AP24 | ..Reserved
2197 3 [ oot | 270r 83 | AP24 | ...Reserved
2798
2799 4 [ 00100 | PC3 | RR:5 | DI:3 |  sD6 | AP24 | ...Surveillance, altitude request
;ggg 5 [ 00101 | PC3 | RR:5 | DI:3 |  sDi6 | AP24_ | .. Surveillance, identfy request
2802 6 | o010 | 27 or 83 | AP24 | . Reserved
;ggj 7 [ oot ] 270r83 | AP24 | ..Reserved
2805 8 [ otoo0 ] 27 0r 83 | AP24 | ...Reserved
2806
2807 o | o0l | 27 0r 83 | AP24 | ..Reserved
2808 10 [ ototo | 27 0r 83 | AP24 | ...Reserved
2809
2810 1 | o011 | PR4 IC:4 cL3 16 | AP24 | ...Mode S onlyallcal
;gi; 12| o100 | 27 or 83 | _AP24 | ..Reserved
2813 13 [ oto1 | 27083 | AP24 | ..Reserved
2814
2815 14 [ oo | 27 or 83 | AP24 | ..Reserved
2816 15 | ot | 27 or 83 | AP24 | ..Reserved
2817
2818 16 [ 10000 ] 3 RL: 4 AQ:1 18 MUS6 | AP24 | ...Longair-air surveillance (ACAS)
;g;g 17 | 10001 | 27 or 83 | AP24 | .. Reserved
2821 18 | 10010 | 270183 | AP24 | .. Reserved
;g;g 19 [ 10011 | 270183107 | AP24 | ...Reservedfor military use
2824 20 [ 10100 [ PC3 | RRS ] D:3 | SD16 | MAS6 | AP24 | ...Comm-A alfitude request
2825
2826 21 [ 10101 [ Pe3 | RRS | D3 | SD16 | MAS6 | AP24 | ..Comm-A identify request
2827 2 [ om0 | 27083 | AP24 | . Reserved for miltary use
2828
2829 23 | 10111 | 270r 83 | AP24 | ...Reserved
gg;g S ERETIN RC:2 NC:4 MC:80 | AP24 | ...Comm-C(ELM)

NOTES:

1. XX:M denotes a field designated “XX” which is assigned M bits.

2. { N J denotes unassigned coding space with N available bits. These shall be coded as ZEROs for transmission.

2833 3. For uplink formats (UF) 0 to 23 the format number corresponds to the binary code in the first five bits of the interrogation. Format number 24 is defined as the

2834 format beginning with “11” in the first two bit positions while the following three bits vary with the interrogation content.
2835 4. All formats are shown for completeness, although a number of them are unused. Those formats for which no application is presently defined remain undefined in
2836 length. Depending on future assignment they may be short (56 bits) or long (112 bits) formats. Specific formats associated with Mode S capability levels are
2837 described in later paragraphs.
2838 5. The PC, RR, DI and SD fields do not apply to a Comm-A broadcast interrogation.
2839 Figure 3-7. Summary of Mode S interrogation or uplink formats
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Format

No. DF
0 [ ooooo [vsifcct[1]su3[ 2| R4 2 AC3 | AP24 | .. Shortairair surveillance (ACAS)
1 [ ooo01 ] 27 or 83 | P24 | .. Resered
2| 00010 | 27 or 83 | P24 | ..Reserved
3| oot | 27 0r 83 | P24 | ..Reserved
4 [ oot0 [ Fs3 [ DRS [ ume [ AC13 [ AP24 | ...Surveilance, altitude reply
5 [ ooto1 | Fs3 | DRSS | UM6 | D13 | AP24 | ...Surveilance, identify reply
6 | oot10 | 27 or 83 | P24 | ..Reserved
7 [ oot ] 27 or 83 | P24 | ..Reserved
8 [ ow00 | 27 or 83 [ P24 | .. Reserved
9 | 01001 | 27 or 83 | P24 | ..Reserved
10 [ o010 ] 27 0r 83 | P24 | ..Reserved
1 [ o011 | CA3 AA24 | P24 | ... Allcall reply
12 [ otoo ] 27 or 83 [ P24 | .. Reserved
13 | 01101 | 27 or 83 \ P:24 ‘ ... Reserved
14 [ o110 ] 27 0r 83 | P24 | ..Reserved
15 [ on1 ] 27 or 83 | P24 .. Reserved
16 [ 1000 [vs1] 2 [skal.2 [ R4 2 | A3 | Mvse | AP24 | .. Longair-airsurveilance (ACAS)
17 [ 10001 [ cAs ] AA24 | ME:56 | P24 | ..Extended squitter
18 [ 10010 " cra [ 24| ME:56 | P24 | ..Extended squitterinon transponder
19 10011 AF:3 104 ... Reserved for Mmilitary useextended
squitier
2 10100 Fs:3 DR UM AC:13 MB:56 % g e e
21 10101 FS3 DR UM ID:13 MB:56 % e ey Y
2[00 ] 27 or 83 | P24 | .. Reservedformiltary use
23 [ aomn | 27 0r 83 | P24 | ..Reserved
u [ 1] 1 KE:1 ND:4 MD80 | AP24 | ...Comm-D(ELM)
2840
2841  NOTES:
2842
1. XX:M denotes a field designated “XX” which is assigned M bits.
p:24 denotes a 24-bit field reserved for parity information.
2. [T N denotes unassigned coding space with N available bits. These shall be coded as ZEROs for transmission.
2843 3. For downlink formats (DF) 0 to 23 the format number corresponds to the binary code in the first five bits of the reply. Format number 24 is defined as the format
2844 beginning with “11” in the first two bit positions while the following three bits may vary with the reply content.
2845
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2846
2847
2848
2849

2850
2851
2852

2853

2854
2855
2856
2857
2858
2859
2860
2861
2862
2863
2864
2865
2866
2867
2868
2869
2870
2871
2872
2873
2874
2875
2876
2877
2878
2879
2880
2881
2882
2883
2884
2885
2886
2887
2888
2889
2890
2891
2892
2893
2894

4. All formats are shown for completeness, although a number of them are unused. Those formats for which no application is presently defined remain undefined in
length. Depending on future assignment they may be short (56 bits) or long (112 bits) formats. Specific formats associated with Mode S capability levels are
described in later paragraphs.

5. The Data parity (DP) (3.1.2.3.2.1.5) is used if it has been commanded by the OVC (3.1.2.6.1.4.1.i) in accordance with paragraph 3.1.2.6.11.2.5.

Figure 3-8. Summary of Mode S reply or downlink formats

Origin: Rationale:
SP/5 The amendments (Figure 3-7 and Figure 3-8) proposes clarifications on the downlink format
19, which is reserved for military application.

CHAPTER S. MODE S EXTENDED SQUITTER

5.1 MODE S EXTENDED SQUITTER TRANSMITTING
SYSTEM CHARACTERISTICS

Note.— Many of the requirements associated with the transmission of Mode Sextended squitter are included in Chapters 2
through 5-and-Chapter-3-for Mode S transponder and non-transponder devices using the message formats defined in the
Technical Provisions for Mode S Services and Extended Squitter (Doc 9871). The provisions presented within the following
subsections are focused on requirements applicable to specific classes of airborne and ground transmitting systems that are
supporting the applications of ADS-B and TIS-B.

5.1.1 ADS-B out requirements

5.1.1.1 Aircraft, surface vehicles and fixed obstacles supporting an ADS-B capability shall incorporate the ADS-B
message generation function and the ADS-B message exchange function (transmit) as depicted in Figure 5-1.

5.1.1.1.1 ADS-B transmissions from aircraft shall be |n accordance Wlth 3.1.2.8.6.3 for transponder based systems or
3.1.2.8.7.3.2 for non- transponder based systems i ,

5.1.1.1.2 Recommendation.— Extended squitter transmitting equipment should use formats and protocols of the latest
version available.

Note 1.— The data formats and protocols for messages transferred via extended squitter are specified in the Technical
Provisions for Mode. S Services and Extended Squitter (Doc 9871).

Note 2.— Some States and/or regions require extended squitter version 2 or later to be transmitted by specific dates.

5.1.1.2 Extended squitter ADS-B transmission requirements. Mode S extended squitter transmitting equipment shall be
classified according to the unit’s intended range capability and the set of parameters that it is capable of transmitting consistent
with the following definition of general equipment classes and the specific equipment classes defined in Tables 5-1 and 5-2:

a) Class A extended squitter airborne systems support an interactive capability incorporating both an extended squitter
transmission capability (i.e. ADS-B OUT) with a complementary extended squitter reception capability (i.e. ADS-B
IN) in support of onboard ADS-B applications;

b) Class B extended squitter systems provide a transmission only (i.e. ADS-B OUT without an extended squitter
reception capability) for use on aircraft, surface vehicles, or fixed obstructions; and
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2895
2896
2897
2898
2899
2900
2901
2902
2903
2904
2905
2906
2907
2908
2909
2910
2911
2912
2913
2914
2915
2916
2917
2918
2919
2920
2921
2922
2923
2924
2925
2926
2927
2928
2929
2930
2931
2932
2933
2934
2935
2936
2937
2938
2939
2940
2941
2942
2943
2944
2945
2946
2947

c) Class C extended squitter systems have only a reception capability and thus have no transmission requirements.

5.1.3°  ADS-B OUT requirements for surface vehicles

5.1.3.1 All surface vehicles supporting any versions of extended squitter ADS-B capability shall transmit extended
squitter messages as per 5.1.1.2.

5.1.3.2 Extended squitter version 2 or later required system performance. The position source and equipment installed
in surface vehicles to transmit extended squitter version 2 or later messages shall support the following performance
characteristics:

5.1.3.2.4 The system design assurance parameter shall be equal to 1 or more, which defines the probability of a failure
resulting in transmission of false or misleading information to be less than or equal to 1 x 1072,

Note 1.— These minimum performance requirements for extended squitter version 2 or later transmitted position data from
surface vehicles are necessary to support aircraft-based alerting applications.

Note 2.— Guidance material for implementation of surface vehicle ADS-B systems is contained in the Technical Provisions
for Mode S Services and Extended Squitter (Doc 9871).
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2948
2949
2950
2951
2952
2953
2954
2955
2956
2957
2958
2959
2960
2961
2962
2963
2964
2965
2966
2967
2968
2969
2970
2971
2972
2973
2974
2975
2976
2977
2978
2979
2980
2981
2982
2983
2984
2985
2986
2987
2988
2989
2990
2991
2992
2993
2994

Origin: Rationale:

SP/5 The amendments to provisions through from 5.1.1 to 5.1.3 are proposed, which are relating to
the ADS-B transmitting subsystem characteristics introduced with ADS-B version 3. Also
amendment to 5.1.1.1.1 is proposed to reflect changes to the messages in ADS-B version 3.
In addition, editorial corrections to the Note under 5.1 are proposed.

5.2 MODE S EXTENDED SQUITTER RECEIVING SYSTEM CHARACTERISTICS
(ADS-B IN AND TIS-B IN)

Note 1.— The paragraphs herein describe the required capabilities for 1 090 MHz receivers used for the reception of
Mode S extended squitter transmissions that convey ADS-B and/or TIS-B messages./Airborne receiving systems support ADS-
B and TIS-B reception while ground receiving systems support only ADS-B reception.

Note 2.— Detailed technical provisions for Mode S extended squitter receivers. can be found within
RTCA DO-260CB/EUROCAE ED-102BA, “Minimum Operational Performance Standards for 1 090 - MHz Extended Squitter
Automatic Dependent Surveillance — Broadcast (ADS-B) and TrafficAnformation Services — Broadcast (TIS B).”

5.2.2.4 Enhanced reception techniques. Class Al, A2 and A3 airborne receiving systems shall include the following
features to provide improved probability of Mode S extended squitter reception in the presence of multiple overlapping
Mode A/C fruit and/or in the presence of an overlapping stronger Mode S fruit, as compared to the performance of the standard
reception technique required for Class A0 airborne receiving systems:

a) Improved Mode S extended squitter preamble detection.

d) Advanced range receiver techniques for Class A3 receivers which includes optional additional performance
enhancements from the use of multiple receivers and antenna sectorization.

Note 1.— The above enhanced reception techniques are as defined in RTCA DO-260CB/EUROCAE ED-102BA, Appendix
I

Note 2.— The performance provided for each of the above enhanced reception techniques when used in a high fruit
environment (i.e. with multiple overlapping.Mode A/C fruit) is expected to be at least equivalent to that provided by the use of
the techniques described in RTCA DO-260CB/EUROCAE ED-102BA, Appendix I.

5.2.3:2  When an extended squitter message is received, the message shall be decoded and the applicable ADS-B report(s)
of thetypes defined in 5.2.3.3 shall be generated within 0.5 seconds.

Note 2.— Extended squitter ground receiving systems receive ADS-B messages and produce either application-specific
subsets or complete ADS-B reports based on the needs of the ground service provider, including the client applications to be
supported. Ground receiving systems may also generate ADS-B Wx Pilot reports (PIREPS) based upon ADS-B Wx PIREP
messages. Additional information on the ADS-B Wx PIREP message can be found in the Technical Provisions for Mode S
Services and Extended Squitter (Doc 9871).

Note 3.— The extended squitter message reception function may be physically partitioned into hardware separate from
those that implement the report assembly function.

5.2.3.3 ADS-B REPORT TYPES

Note-+.— The ADS-B report refers to the restructuring of ADS-B message data received from Mode S extended squitter
broadcasts into various reports that can be used directly by a set of client applications. FiveSeven ADS-B report types are
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defined by the following subparagraphs for output to client applications. Additional information on the ADS-B report contents
and the applicable mapping from extended squitter messages to ADS-B reports can be found in the-TFechnical-Provisions-for

Mode-S-Services-and-Extended-Squitter (Doc-9871)and RTCA DO-260CB / EUROCAE ED-102BA.

5.2.3.3.1 State vector report. The state vector report shall contain time of applicability, information about an airborne or
vehicle’s current kinematic state (e.g. position, velocity), as well as a measure of the integrity of the navigation data, based on
information received in airborne or surfacegreund position, airborne velocity, identification and category, and aircraft
operational status and-target-state-and-status extended squitter messages. Since separate. messages are used for position and
velocity, the time of applicability shall be reported individually for the position related report parameters and the velocity
related report parameters. Also, the state vector report shall include a time of applicability for the estimated position and/or
estimated velocity information (i.e. not based on a message with updated position or velocity information) when such estimated
position and/or velocity information is included in the state vector report.

5.2.3.3.2 Mode status report. The mode status report shall contain time of applicability and current operational
information about the transmitting participant, including airbornelvehicle address; call sign, ADS-B version number,
airborne/vehicle length and width information, state vector quality information; and other information based on information
received in aircraft operational status, target state and status, aircraft identification and category, airborne velocity and aircraft
status extended squitter messages. Each time that a mode status report is generated, the report assembler function shall update
the report time of applicability. Parameters for which valid.data is not available shall either be indicated as invalid or omitted
from the mode status report.

Note 1.— Specific requirements for the customization of this type of report may vary according to the needs of the client
applications of each participant (ground or airborne).

Note 2.— The age of the information being reported within the various data elements of a mode status report may vary as
a result of the information having been received within different extended squitter messages at different times. In the absence
of item specific timestamp information, the Mode status report includes an optional data update flag that provides applications
with the means to establish data age.

5.2.3.3.3 Air referenced velocity report. Air referenced velocity reports shall be generated when air referenced velocity
information is received in airborne velocity or ADS-B Wx AIREP extended squitter messages. The air referenced velocity
report shall contain time of applicability, airspeed and heading information. Only certain classes of extended squitter receiving
systems, as defined in 5.2.3.5, are required to generate air referenced velocity reports. Each time that an individual meode-status
air referenced velocity report is generated, the report assembly function shall update the report time of applicability.

Note 1.— The air referenced velocity report contains velocity information that is received in airborne velocity or ADS-B
Wx AIREP messages along with additional information received in airborne identification and category extended squitter

messages Alr referenced velouty reports are not generated for surface parUmpantswhen—greend—refereneed—veleeﬁy

Note 2.— Specific requirements for the customization of this type of report may vary according to the needs of the client

applications of each participant {ground-or-airborne).

5.2.3.3.6 ADS-B Wx Air Report (AIREP)

Note.— The ADS-B Wx Air report is an optional report that will be generated when weather information is received in
ADS-B Wx subtype 1 and 2 messages along with additional weather information received in Aircraft status subtype 1 extended
squitter messages. The ADS-B Wx subtype 1 and 2 messages are defined in the Technical Provisions for Mode S Services and
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Extended Squitter (Doc 9871). Specific requirements for the customization of this type of report may vary according to the
needs of the client applications of each participant.

5.2.3.3.7 Aircraft State Report

Note.— The aircraft state report is an optional report that will be generated when information is received in ADS-B Wx
subtype 0 messages. The ADS-B Wx subtype 0 message is defined in the Technical Provisions for Mode S Services and Extended
Squitter (Doc 9871). Specific requirements for the customization of this type of report may vary according to the needs of the
client applications of each participant (ground or airborne).

5.2.3.4.1 As TIS-B messages are received by airborne receiving systems, the information shall be reported to client
applications. Each time that an individual TIS-B report is generated, the report assembly function shall update the report time
of applicability to the current time.

Note 1.— The TIS-B message formats are defined in the Technical Provisions for Mode S Services and Extended Squitter
(Doc 9871).

5.2.3.4.2 TIS-B target report. All received information elements other than posmon shaII be reported dlrectly, mcludlng
all reserved fields for the TIS-B fine format messages-a 3
message. The reporting format is not specified in detail, except that the information content reported shaII be the same as the
information content received.

5.2.3.4.5 Traffic uplink HS<B management report. The entire message content of any received traffic uplink¥Hs-B
management message shall be reported directly to the client applications. The information content reported shall be the same
as the information content received.

5.2.3.4.5.1 The contents of any received.traffic uplinkHS-B management message shall be reported bit-for-bit to the
client applications.

5.2.3.5 REPORT TIME OF APPLICABILITY

The receiving system shall use a local source of reference time as the basis for reporting the time of applicability, as defined
for each specific ADS-B and T1S-B report type (see 5.2.3.3 and 5.2.3.4).

5.2.35.1 GNSSUTC measure Precision-time reference For rRecelvmg systems that Meneed—tegenerate ADS-B and/or
TIS-B reports 3
that use GNSS UTC measured tlme for the purpose of generatlng the report tlme appllcablllty f-er—the—feuewmg—easesref

UTC measured time data shall have a minimum range of 300 seconds and a resolution of 0.0078125 (1/128) seconds.

5.2.3.5.2 Established installation receiver NoN-PRECISION--OGAL TIME REFERENCE.
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Recervrng systems that generate ADS B and/or TIS B reports that do not use GNSS UTC measure tlme per 5 2. 3 5. 1 and tn
such-cases—where there is no appropriate precision-time sourcereference available, the receiving system shall establish an
appropriate internal clock or counter having a maximum clock cycle or count time of 20 milliseconds. The established cycle or
clock count shall have a minimum range of 300 seconds and a resolution of 0.0078125 (1/128) seconds.

Note.— The use of a nen-preeision time reference as described above is intended to allow the report time of applicability
to accurately reflect the time intervals applicable to reports within a sequence. For example the applicable time interval
between state vector reports could be accurately determined by a client application, even though the absolute time {e-g-JFC

measured-time) would not be indicated by the report.

TABLES FOR CHAPTER.5

Table 5-3.  Reception performance for airborne receiving systems
Receiver
minimum
trigger
Intended threshold
air-to-air level Reception Required extended squitter Required extended squitter
Receiver operational (MTL) Technique ADS-B message support TIS-B message support
class range (see Note 1) (see Note 2) (includes ADS-R and ADS-SLR) (includes management messages)
A0 10 NM —72 dBm Standard Airborne position Fine airborne position
(Basic VFR) Surface position Coarse-airborne-positien
Airborne velocity Fine surface position
Aircraft identification and category Aircraft identification and category
Extended-squitter-airborne Aircraft Airborne velocity
status Management
Aircraft operational status
Al 20NM —79dBm Enhanced Airborne position Fine airborne position
Surface position Coarse airborne position
(Basic IFR) Airborne velocity Fine surface position
Aircraft identification and category Aircraft identification and category
Extended—sgquitter—airborne  Aircraft | Airborne velocity
status Management
Aircraft operational status
A2 40 NM —79dBm Enhanced Airborne position Fine airborne position
(Enhanced Surface position Coarse airborne position
IFR) Airborne velocity Fine surface position
Aircraft identification and category Aircraft identification and category
Extended—squitter—airborne  Aircraft | Airborne velocity
status Management
Aircraft operational status
Target state and status
A3 90 NM —~84 dBm Enhanced Airborne position Fine airborne position
(Extended (and 87 dBm at Surface position Coarse-airborne-position
capability) 15% probability Airborne velocity Fine surface position
of reception) Aircraft identification and category Aircraft identification and category
Extended—squitter—airborne  Aircraft | Airborne velocity
status Management
Aircraft operational status
Target state and status

A-85

SP5-WP02.1R4 App A to Initial Proposal 1_2_3 for Amendment to A10V4_25 Sep 2023.docx




3119
3120
3121

3122

Note 1.— Specific MTL is referenced to the signal level at the output terminal of the antenna, assuming a passive antenna. If electronic amplification
is integrated into the antenna assembly, then the MTL is referenced at the input to the amplifier. For Class A3 receivers, a second performance level is
defined at a received signal level of —87 dBm where 15 per cent of the messages are to be successfully received. MTL values refer to reception under non-
interference conditions.

Note 2.— The extended squitter receiver reception techniques are defined in 5.2.2.4. “Standard” reception techniques refer to the baseline techniques,
as required for ACAS 1 090 MHz receivers, that are intended to handle single overlapping Mode A/C fruit. “Enhanced” reception techniques refer to
techniques intended to provide improved reception performance in the presence of multiple overlapping Mode A/C fruit and improved decoder re-triggering
in the presence of overlapping stronger Mode S fruit. The requirements for the enhanced reception techniques that are applicable to the specific airborne
receiver classes are defined in 5.2.2.4.

Note 3.— Management messages include T1S-B, ADS-R and ADS-SLR services. ADS-Rebroadcast (ADS-R) and ADS-Same Link Rebroadcast (ADS-
SLR) are defined in the Technical Provisions for Mode S Services and Extended Squitter (Doc 9871).

Table 5-4. Mode S extended squitter airborne receiving system reporting requirements

Receiver class Minimum ADS-B reporting requirements MiniTeg T.IS-B reporting
requirements

A0 ADS-B state vector report (per 5.2.3.3.1) TIS-B state report

(Basic VFR) and and —
ADS-B mode status report (per 5.2.3.3.2) HS-BTraffic uplink management report
ADS-B state vector report (per 5.2.3.3.1) TIS-B state report

Al and and

. ADS-B mode status report (per 5.2.3.3.2) FIS-B Traffic uplink management report

(Basic IFR) and
ADS-B air referenced velocity report (ARV) (per 5.2.3.3.3)
ADS-B state vector report (per 5.2.3.3.1) TIS-B state report
and and

A2 ADS-B mode status report (per 5.2.3.3.2) FS-BTraffic uplink management report
and

(Enhanced IFR) ADS-B ARV report (per 5.2.3.3.3)
and
ADS-B target state report (per 5.2.3.3.5)
ADS-B state vector report (per 5.2.3.3.1) TIS-B state report
and and

A3 ADS-B mode status report (per 5.2.3.3.2) FHS-B-Traffic uplink management report
and

(Extended capability) ADS-B ARV report (per 5.2.3.3.3)
and
ADS-B target state report (per 5.2.3.3.5)

Note.— Traffic uplink management reports include TIS-B, ADS-R and ADS-SLR service status.

Origin: Rationale:

SP/5 The amendments to provisions through from 5.2 to table 5-4 are proposed, which are relating
to the ADS-B receiving subsystem characteristics introduced with version 3. ADS-B version
3 supports the broadcast of aircraft-based weather data. The same transponder makes that data
available for extraction by Mode S radars. Such data support next generation applications such
as IM, wake vortex avoidance and surfing, hazardous weather detection and avoidance, and
aviation weather forecasting. Weather data requirements were derived from RTCA DO-364
Minimum Aviation System Performance Standards (MASPS) for Aeronautical
Information/Meteorological Data Link Services, which built on previous work from RTCA,
World Meteorological Organization, and ICAO Annex 3. To support European airspace data
requirements, ADS-B version 3 requires transmission of weather messages that enable the
Ground to determine aircraft airspeed and heading for aircraft that support EHS. Also this
includes proposals for ensuring consistent application of terminology.
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CHAPTER 6. MULTILATERATION SYSTEMS

6.1 INTRODUCTION

Note 1.— Multilateration (MLAT) systems use the time difference of arrival (TDOA) of the transmissions of an SSR transponder
(or the extended squitter transmissions of a non-transponder device) between several ground receivers to determine the position
of the aircraft (or ground vehicle). A multilateration system can be:

Origin: Rationale:
SP/5 All definitions are proposed to be grouped in Chapter 1 to improve readability and consistency
with other ICAO documents.

INITIAL PROPOSAL 2

CHAPTER 1. DEFINITIONS

Airborne collision av0|dance system (ACAS) An alrcraft system based on secendary surveillance radar{SSR)-transponder
sighals information w ipment to provide alerting and manoeuvre guidance to

adviceto the pilots and/or automated fllght systems to I|m|t coII|S|on rlsk with other airborne en-petential-conflicting aircraft

Origin: Rationale:
SP/5 The definition is modified to accommodate ACAS 111 systems that use an air to air radar in
addition to SSR surveillance and prepare for future systems that may also use ground-based
surveillance and/or ground-based logic. It also states which kind of advice is provided and in
which aim.
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Traffic information service — broadcast (T1S-B) OUT. A function on the ground that periodically broadcasts the surveillance
information of non-ADS-B Out equipped aircraft/vehicles or aircraft/vehicles that have lost or degraded ADS-B
Out capability made available by ground sensors in a format suitable for TIS-B IN capable receivers.

Origin: Rationale:
SP/5 The amendment to definition of TIS-B Out is proposed for ensuring consistent application of
terminology and reflects how industry implements T1S-B:

CHAPTER 4. AIRBORNE COLLISION AVOIDANCE SYSTEM

INTRODUCTION

Rationale

All the section except 4.1 now apply to both ACAS Il and ACAS III.

ACASXACAS Xa/Xo and TCAS Version 7.1 are considered as ACAS Il systems. The provisions for AGAS-XACAS Xa/Xo
compliant systems in this chapter cover ACAS Xa (a stands for active surveillance, which is its main surveillance source) and
ACAS Xo (o stands for operation specific). ACAS Xa is developed for large commercial aircraft. ACAS Xo is a specific variation
of ACAS-XACAS Xa/Xo that adds special modes to ACAS Xa.

ACASXACAS Xa/Xo is an alternative to, and interoperable with, TCAS Version 7.1 compliant systems. However there are
differences between ACAS-XACAS Xa/Xo and TCAS Version 7.1, mainly in two areas: the collision avoidance logic and the
sources of surveillance data. With these differences, technical requirements which are specific to either ACAS-XACAS Xa/Xo
or TCAS version 7.1 are identified within this Annex as “For AGASXACAS Xa/Xo compliant systems” or “For TCAS 7.1
compliant systems ™.

Rationale

The previous change to Annex 10 Volume 4 used ACAS X for ACAS Xa/Xo which was at the time the only standardized
variant of the ACAS X family. With the standardization of ACAS Xu it becomes necessary to indicate when ACAS X means
only ACAS Xa/Xo instead of all standardized ACAS X.

ACAS Xu (u stands for unmanned) is considered an ACAS 111 system. ACAS Xu is interoperable with ACAS X and TCAS version
7.1 compliant systems.

Rationale
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ACAS Xu collision avoidance functionality is the basis for the ACAS IlI requirements, so this system is de facto an ACAS lII
system. The interoperability has been demonstrated.

Guidance material related to both ACAS X compliant systems and TCAS 7.1 compliant systems including similarities and
differences (e.g. monitoring and training) are contained in the Airborne Collision Avoidance System (ACAS) Manual (Doc
9863).

It is to be noted that hybrid and extended hybrid surveillance provisions contained in section 4.5 describe functionalities which
are optional for TCAS version 7.1 compliant systems. However, their use is encouraged in order to minimize the risk of ACAS
RF spectrum congestion, as proper and efficient utilization of available bandwidth and capacity at 1030 MHz and 1090 MHz
is a key element to ensure the safe operation of not only ACAS but also several surveillance systems such as secondary
surveillance radar (SSR) and automatic dependent surveillance broadcast (ADS=B). These functionalities are included in ACAS
XACAS Xa/Xo and ACAS Xu compliant systems.

Rationale

The paragraph is moved to the end of the introduction, as it is a more logical place for it.

For more details of TCAS Version 7.1 compliant systems, refer to the RTCA/DO-185B.or EUROCAE/ED-143 specifications,
i.e. equipment that incorporates the traffic alert and collision avoidance systems (TCAS) Version 7.1. For ACAS-XACAS Xa/Xo
compliant systems, refer to the RTCA/DO-385 or EUROCAE/ED-256 specifications, i.e. equipment that incorporates the
airborne collision avoidance system Xa/Xo (ACAS—XACAS Xa/Xo). Equipment meeting the ACASXACAS Xa/Xo or TCAS
Version 7.1 specifications listed above are compliant with the ACAS 11 requirements listed in Chapter 4. Equipment meeting
the RTCA/DO-185A specifications (also known as TCAS Version 7.0) are not compliant with the ACAS Il requirements listed
in Chapter 4.

For more details of ACAS Xu compliant systems, refer to the RTCA/DO-386 or EUROCAE/ED-275 specifications. i.e.
equipment that incorporates the airborne collision avoidance system Xu (ACAS Xu). Equipment meeting the ACAS Xu
specifications listed above are compliant with the ACAS Il requirements listed in Chapter 4.

Rationale

In the'same way as ACAS |1 existing industry standards (TCAS v7.1 and ACAS Xa/Xo) are referred to above, a reference is
made to the ACAS I11 existing industry standards.

Non-SI alternative units are used as permitted by Annex 5, Chapter 3, 3.2.2. In limited cases, to ensure consistency at the level
of the logic calculations, units such as ft/s, NM/s and kt/s are used.

Rationale

The paragraph is moved to the end of the introduction, as it is a more logical place for it.

4.1 DEFINITIONS RELATING TO
AIRBORNE COLLISION AVOIDANCE SYSTEM

4.1.1 Definitions common with Annex 10 Volume 1V Part 2

Rationale
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The following definitions have been developed in collaboration with RPASP/WG3 and will be common between Part 1 and
Part 2.

Caution level alert. An alert that requires immediate pilot awareness and subsequent pilot response.

Rationale

Detect And Avoid (DAA) systems (described in Part 2) and ACAS 11l may use TAs that are defined in this annex but they also
may use cautionary alerts which are not exactly issued in the same way as TAs. To allow.such designs, the introduction of the
notion of caution-level alert, of which TAs are particular cases, is necessary.

Collision Avoidance (CA) function. A function used to provide alerts to indicate the need to take immediate action by
generating a recommended manoeuvre to limit the risk of collision with all threats.

Rationale

DAA systems include a Remain Well Clear function and a Collision Avoidance function. The definition of the latter is needed
because it is used in the PfA.

Collision avoidance system (CAS). A system that implements a collision avoidance function.

Origin: Rationale:

SP/5 A definition of CAS is introduced, which is broader than the current ACAS definition. CAS
can be used to cover potential non-ICAO compliant collision‘avoidance systems. It is used in
the meaning of the values of a communication sub-field.

Cooperative aircraft. Aircraft that transmit surveillance data that can be received by own aircraft.

Rationale

The definition supports the surveillance and the performance provisions which now address the optional use of a sensor to
detect non-cooperative aircraft.

Coordination. The process of ensuring that the collision avoidance system or function by—whichon any two ACAS-

equippedconflicting aircraft select compatible resolution advisories (RAs)—by—the—exchange—ofresolution—advisery
complements{RACs)-

Note. — ACAS selects compatible resolution advisories (RAS) by the exchange of resolution advisory complements (RACs).

Rationale

The definition has to be broadenedto include the collision function of DAAs, allowing other schemes of coordination than the
exchange of RACs.

DAA Well Clear (DWC). A temporal and/or spatial boundary around the aircraft intended to be used in a DAA system as an
electronic means of avoiding conflicting traffic.

Rationale

The definition is needed because the terms are used in the definition of Remain Well Clear function

Encounter. For the purposes of defining the performance of the collision avoidance logic, an encounter consists of two
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simulated aircraft trajectories.

Rationale

The definition has been relocated from section 4.4 as it can be used for the validation of the collision avoidance function of
DAA systems as well.

Field of regard (FOR): The total area at any given range that a sensor can perceive with adequate resolution. The field of
regard is typically much larger than the sensor's field of view. For a stationary sensor that is not scanning, the field of
regard and field of view coincide.

Field of view: The total area at any given range that a sensor can perceive with adequate resolution at a single point in time.

Rationale

The definitions support the surveillance provisions which now address the optional use of a sensor to detect non-cooperative
aircraft.

Interoperability. The capability to operate in airspace with other collision avoidance systems or DAA systems without
negatively impacting the other systems or the safe and orderly flow of air traffic.

Rationale

The definition supports the performance provisions which refer to the.interoperability MASPS for collision avoidance systems
(EUROCAE ED-264 / RTCA DO-382).

Intruder. An aircraft within the surveillance volume for which ACAS-has-an-established-track a track has been established.

Rationale

The intruder definition has to be broadened to apply to DAA tracked aircraft.

Near midair collision (NMAC). Two aircraft simultaneously coming within 30 meters (100 ft.) vertically and 150 meters (500
ft.) horizontally.

Note. —Reference is made to RTCA DO-185B/EUROCAE ED-143

Near threat. An intruder deserving special attention because it is close to becoming a potential threat, based on separate tests
on measurements meeting specific criteria.

Non-cooperative aircraft. Aircraft that do not transmit surveillance data that can be received by own aircraft.

Note. — This may be due to the lack of such equipment, or such equipment not operating due to malfunction or deliberate
action.

Rationale
The definition supports the surveillance and performance provisions which now address the optional use of a sensor to detect
non-cooperative aircraft.

Potential threat. An intruder deserving special attention either because of its close proximity to own aircraft or because
successive range-and-altitude measurements indicate that it could be on a collision or near-collision course with own
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aircraft. The warning alerting time provided against a potential threat is sufficiently small that a traffic-advisory{(FA)
caution level alert is justified but not so small that a resolution advisory (RA) would be justified.

Note. — A Traffic Advisory (TA) is considered a caution level alert.

Rationale

The measured parameters are no longer specified to allow other input parameters than those of active transponder surveillance
(e.g. ADS-B).

Detect And Avoid (DAA) systems (described in Part 2) and ACAS 11l may use TAs that are'defined in this annex but they also
may use cautionary alerts which are not exactly issued in the same way as TAs. To allow such designs, the introduction of the
notion of caution-level alert, of which TAs are particular cases, is necessary.

Resolution advisory (RA). An-indication A combination of alerting and guidance given to the flight crew recommending:

a) a-manoeuvre-intended-to-provide-separation—from-all-threats a vertical and/or horizontal manoeuvre intended to

mitigate a collision hazard from all current threats; or

b) a-manoeuvrerestriction-intended-to-maintain-existing-separation a vertical and/or horizontal manoeuvre restriction

intended to limit the risk of collision.

Rationale
The definition requires a change to make it more generic. for DAA and to avoid the use of the controversial word “separation”.
The proposed definition uses wording from the proposed definition for collision avoidance function.

Remain-Well-Clear (RWC) function. A function used to alert the pilot-of the need to take action, as approved by ATC if
receiving separation services, by generating one or more recommended manoeuvresto mitigate a Potential Threat by passing
DAA Well Clear.

Rationale
DAA systems include a Remain Well Clear function and a Collision Avoidance function. The definition of the former is needed
because it is used in the text of the PfA.

Threat. An intruder geserving whose position is independently tracked or subject to a validation function and that requires
special attention, either because of its. close proximity to own aircraft or because successive range—and—altitude
measurements indicate that it eould-be is on a collision or near-collision course with own aircraft. The warning time
provided against a threat is sufficiently small that- an-RA a Resolution Advisory is justified using warning-level alerting.

Note.— Mode-S interrogations/replies, primary surveillance radar, electro-optical sensors are all considered independent
means of tracking threats. Reference is made to part 2 § 3.2.1.2.1.4, 8 3.2.1.2.2.3 and § 3.2.1.2.3.3 for validation of ADS-
B data.

Rationale

The need for the position to be independently tracked or validated is now included as an intruder can now (eg in ACAS Xa and
Xu) be declared a threat using passive surveillance.

The measured parameters are no longer specified to allow other input parameters than those of active transponder surveillance
(e.g. ADS-B).

Warning-level alerting is mentioned as the level of alert that an RA corresponds to in the scheme described in FAA AC 25.1322
and EASA AMC 25.1322.

4.1.2 Definitions specific to Annex 10 Volume IV Part 1
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ACAS I. An ACAS which provides information as an aid to “see and avoid” action but does not include the capability for
generating resolution advisories (RAS).

Note.— ACAS I is not intended for international implementation and standardization by ICAQ. Therefore, only ACAS |
characteristics required to ensure compatible operation with other ACAS configurations and interference limiting are defined
in4.2.

ACAS II. An ACAS which provides vertical resolution advisories (RAs) in addition to caution level alerting in the form of
traffic advisories (TAS).

ACAS I11. An ACAS which provides vertical and horizontal resolution advisories (RAS) in addition to traffic-adviseries{TAs)
caution level alerting.

Rationale

Detect And Avoid (DAA) systems (described in Part 2) and ACAS |11 may use TAs:that are defined in this annex but they also
may use cautionary alerts which are not exactly issued in the same way-as TAs. To allow such designs; the introduction of the
notion of caution-level alert, of which TAs are particular cases, is necessary.

Active CAS. A collision avoidance system that uses 1030/1090 MHz interrogation/reply messages for maneuver coordination.

Climb RA. A positive RA recommending that advises a climb but not an increased climb.

Coordination interrogation. A Mode S interrogation (uplink.transmission) radiated by ACAS Il or IIl and containing a
resolution message. [Note for the editor: Missing blank line below]

Coordination reply. A Mode S reply (downlink transmission) acknowledging the receipt of a coordination interrogation by the
Mode S transponder that is part of an ACAS Il or Il installation.

Descend RA. A positive RA recemmending that advises a descent but not an increased descent.

Increased rate RA. A resolution advisory with a strength that recommends advises increasing the altitude rate to a value
exceeding that recommended advised by a previous climb or descend RA.

Operational Coordination Message (OCM). An ADS-B message that contains the same pairwise RA complements as TCAS
Resolution Messages.

Rationale

The definition relates to the mechanism used forpassive coordination of ACAS RAs, allowed by ACAS Xa compliant systems
and ACAS I1I systems.

Own aircraft. The ACAS-equipped reference aircraft fitted-with-the- ACAS-that-is-the-subject-of the-discourse; which-ACAS

Positive RA. A resolution advisory that advises the-pHoteitherto a climb, orte-descend descent and/or turn {appliesto-ACAS
.

Passive CAS. A collision avoidance system that uses broadcast messages (e.g. ADS-B) for maneuver coordination.

Radar Closest Performance Range (RCPR). Maximum value for the minimum range at which the track accuracy requirements
for a radar-generated track need to be met.
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Radar Declaration Range (RDR). Minimum value for the maximum range at which the track accuracy requirements for a
radar-generated track need to be met.

Rationale

The definitions support the surveillance provisions which now address the optional use of a sensor to detect non-cooperative
aircraft.

RA sense. The sense of an ACAS H vertical RA is “upward” if it requires climb or limitation of descent rate and “downward”
if it requires descent or limitation of climb rate. It can be both upward and downward simultaneously if it requires limitation
of the vertical rate to a specified range.

Note.— The RA sense may be both upward and downward when, having several simultaneous threats, ACAS generates an
RA aimed at ensuring adequate separation vertical distance below some threat(s) and above some other threat(s)

Sensitivity level (S). An integer defining a set of parameters used by the some traffic advisory (TA) and collision avoidance
algorithms to control the warning time provided by the potential threat and threat detection logic, as well as the values of
parameters relevant to the RA selection logic.

Note.— For TA and RA selection, sensitivity level is not used in ACAS X compliant systems.

Track. A sequence of measurements representing positions.that could reasonably have been occupied by an aircraft.

Traffic advisory (TA). An-indication A caution-level alert given to the flight crew indicating that a certain intruder is a potential
threat.

Rationale

Detect And Avoid (DAA) systems (described in Part 2) and ACAS |11 may use TAs that are defined in this annex but they also
may use cautionary alerts’'which are not exactly issued in the same way-as TAs. To allow such designs, the introduction of the
notion of caution-level alert, of which TAs are particular cases, is necessary.

Validation. The process of verifying the position of an intruder obtained from passive surveillance by comparing it to an
independent surveillance source.

Note. — For example, the information obtained via ADS-B can be validated by comparing it to the relative position obtained
via ACAS active interrogation, via primary surveillance radar or via EO/IR sensor.

Rationale

The validation function is mentioned‘in the Threat definition. More details are needed to explain what it is, expanding from the
mechanism which is used in hybrid surveillance.

4.3.1 Functional requirements
4.3.1.1 ACAS functions. ACAS shall perform the following functions:
a) surveillance;
b) generation-of FAsgeneration of caution level alerting (see 4.3.3);
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Rationale

ACAS 11l may use TAs that are defined in this annex but they also may use cautionary alerts which are not exactly issued in
the same way as TAs. To allow such designs, the introduction of the notion of caution-level alert, of which TAs are particular
cases, is necessary.

4.3.2 Surveillance performance requirements

4.3.2.1 General surveillance requirements. ACAS shall interrogate SSR Mode A/Cand Mode S transponders in other aircraft
and detect the transponder replies. ACAS shall measure the range and relative bearing of responding aircraft. For ACAS X
compliant systems, in addition to information from other sources described above, ACAS shall be able to receive other aircraft’s
ADS-B position, velocity and status information.

Note..— ACAS may also use airborne primary surveillance radar tracks and/or Electro-Optical /Infra-Red (EO/IR) sensor
tracks to measure the position and velocity of non-cooperative aircratft.

(note to the editor: add the numbering for this paragraph and renumber the following paragraphs accordingly, and consider a
possible title as the text of the paragraph used to be in 4.3.2.1 above) Using these measurements and information eenveyed-by

transponderrephes, as described in 4.3.2.1and-for ACASX-compliantsystems-also-by-ADS-B-messages, ACAS shall estimate

the relative positions of each responding aircraft. ACAS shall include provisions for achieving such position determination in
the presence of ground reflections, interference and variations.in signal strength.

4.3.2.1.1 SURVEILLANCE OF TRANSPONDER-EQUIPPED AIRCRAFT
4.3.2.1.1.1 Track establishment probability. ACAS (or the surveillance function serving the ACAS) shall generate an

established track, with at least a 0:90 probability that the track is established 30 s before closest approach, on aircraft equipped
with transponders when all of the following conditions are satisfied:

4.3.2.1.1.1.1 ACAS shall continue to provide surveillance with no abrupt degradation in track establishment probability as
any one of the condition bounds defined in 4.3.2.1.1.1 is exceeded.

4.3.2.1.1.1.2 ACAS shall not track Mode S aircraft that report that they are on the ground.

Note.— A Mode S aircraft may report that it is on the ground by coding in the capability (CA) field in a DF = 11 or
DF = 17 transmission (Chapter 3, 3.1.2.5.2.2.1) or by coding in the vertical status (VS) field in a DF = 0 transmission
(Chapter 3, 3.1.2.8.2.1). Alternatively, if the aircraft is under Mode S ground surveillance, ground status may be determined
by monitoring the flight status (FS) field in downlink formats DF = 4, 5, 20 or 21 (Chapter 3, 3.1.2.6.5.1).

Rationale

This recommendation is now outdated.

4.3.2.1.1.2 False track probability. The probability that an established Mode A/C track does not correspond in range and
altitude, if reported, to an actual aircraft shall be less than 1.2 per cent. For an established Mode S track this probability shall
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be less than 0.1 per cent. These limits shall not be exceeded in any traffic environment.
4.3.2.1.1.3 Range and bearing accuracy
4.3.2.1.1.3.1 Range shall be measured with a resolution of 14.5 m (1/128 NM) or better.

4.3.2.1.1.3.2 Recommendation.— The errors in the relative bearings of the estimated positions of intruders should not
exceed 10 degrees rms.

Note.— This accuracy in the relative bearing of intruders is practicable and sufficient as an aid to the visual acquisition
of potential threats. In addition, such relative bearing information has been found-useful in threat detection, where it can
indicate that an intruder is a threat. However, this accuracy is not sufficient as a.basis for horizontal RAs, nor is it sufficient
for reliable predictions of horizontal miss distance.

4,3.2.1.2 SURVEILLANCE OF NON-COOPERATIVE AIRCRAFT

ACAS with an airborne primary surveillance radar shall comply with the requirements related to non-cooperative surveillance
in part 11 3.2.2.1 and to airborne primary surveillance radar in part 11 3.2.2.2 in addition to the requirements in 4.3.2.1.2.

Note.— The provisions included in 4.3.2.1.2 support the alerting ranges of remain-well-clear in addition to collision
avoidance under the design assumption that non-cooperative aircraft fly at true air speed (TAS) up to 170 kt and own aircraft
flies at TAS up to 200 kt. A radar meeting with these provisions but supporting only collision avoidance may be demonstrated
to be valid for higher speed aircraft, as the radar declaration range RDR) required in Section 4.3.2.1.2.1.2 is greater than
needed for collision avoidance only. For more details about design assumptions of airborne primary surveillance radar, refer
to RTCA DO-366A Minimum Operational Performance Standards for Air-to-Air Radar for Traffic Surveillance.

4.3.2.1.2.1 Detection volume
4.3.2.1.2.1.1 ACAS with an airborne primary surveillance radar shall exhibit an RCPR of 4,000 ft

4.3.2.1.2.1.2 ACAS with an airborne primary surveillance radar, with an own aircraft that is capable of a standard turn rate
(3°/s), shall exhibit an RDR in clear air in the head-on direction of:

e 5.4 NM against an aircraft that flies at TAS up to 100 kt
e 6 NM against an aircraft that flies at TAS between 100 kt and 130 kt
e 6.7 NM against an aircraft that flies at TAS greater than 130 kt

4.3.2.1.2.1.3 Minimum RDR values when the traffic is not in the head-on direction and/or when the own aircraft is
incapable of a standard turn rate and/or the radar is operating in rain conditions shall be derived from the values in 4.3.2.1.2.1.2
using suitable adjustments.

Note.— Suitable adjustments can be found in RTCA DO-366A Minimum Operational Performance Standards for Air-to-
Air Radar for Traffic Surveillance.

4.3.2.1.2.2 Track establishment

4.3.2.1.2.2.1 ACAS with an airborne primary surveillance radar shall generate an established track before the RCPR more
than 99 % of the time for targets entering the radar FOR at or before the RDR.

4.3.2.1.2.2.2 ACAS with an airborne primary surveillance radar shall prioritize all targets according to their threat level.
Targets whose threat level is above a suitable threshold shall be treated as high-priority targets. ACAS with an airborne primary
surveillance radar shall support the establishment of at least five simultaneous tracks for high-priority targets (high-priority
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tracks).

Note.— A prioritization scheme and a suitable threshold for high-priority targets can be found in the ACAS Manual and
in RTCA DO-366A Minimum Operational Performance Standards for Air-to-Air Radar for Traffic Surveillance.

4.3.2.1.2.2.3 ACAS with an airborne primary surveillance radar shall generate an established track for at least 95 % of all
high-priority targets within the FOR starting at the RDR.

4.3.2.1.2.2.4 ACAS with an airborne primary surveillance radar shall generate an established track for high-priority
airborne targets, that meets the track accuracy described in 4.3.2.1.2.3 at least 90 % of the time.

4.3.2.1.2.3 High-priority targets track accuracy

4.3.2.1.2.3.1 The error in the range of the estimated positions of intruders within the FOR and between the RDR and RCPR
shall not exceed 86 ft rms.

4.3.2.1.2.3.2 The error in the range rate of the estimated positions of intruders within the FOR and between the RDR and
RCPR shall not exceed 14.9 ft/s rms.

4.3.2.1.2.3.3 The angular error in azimuth of the estimated positions of intruders within the FOR and between the RDR
and RCPR shall not exceed 0.9 degrees rms.

4.3.2.1.2.3.4 The angular error in elevation of the estimated positions of intruders within the FOR and between the RDR
and RCPR shall not exceed 0.9 degrees rms.

Rationale

ACAS Xu has the capability to use an airborne primary surveillance radar as an input to the CA logic. It is proposed to recognize
this option in Annex 10 and to provide a standardization framework for it performance, based on the RTCA MOPS (DO-366A
Minimum Operational Performance Standards for Air-to-Air Radar for Traffic Surveillance).

4.3.2.2.2.2.1 Transmissions during RAs. All air-to-air coordination interrogations and all RA Broadcast Interrogations
shall be transmitted at full power and these interrogations shall-be excluded from the summations of Mode S interrogations in
the left-hand terms of inequalities (1) and (2) in 4.3.2.2.2.2 for the duration of the RA.

Rationale

RA Broadcast. Interrogations over 1030 MHz are used for ground monitoring of RAs. The rationale for exempting these
interrogations from the Interference Limiting equation, without limiting the requirement to specific systems, is that the
manufacturers already do so by interpreting the existing ACAS MOPS in a certain way. The relevant requirement was
ambiguous in those documents, so it was cleared up in the ACAS Xu MOPS such that those negligible contributors to spectrum
would not count against the surveillance power of a transmitter during an RA.

4.3.3 Frafficadvisories{(FAs)Caution level alerting
4.3.3.1 FOR ACAS Il sYSTEMS AND ACAS |11 SYSTEMS PROVIDING TRAFFIC ADVISORIES (TAS)

4.3.3.1.1 TA function. ACAS shall provide TAs to alert the flight crew to potential threats. Such TAs shall be
accompanied by an indication of the approximate relative position of potential threats to facilitate visual acquisition.

4.3.3.1.1.1 Display of potential threats. If potential threats are shown on a traffic display, they shall be displayed in

amber or yellow.
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Note 1.— These colours are generally considered suitable for indicating a cautionary condition.

Note 2.—Additional information assisting in the visual acquisition such as vertical trend and relative altitude may be
displayed as well.

Note 3.— Traffic situational awareness is improved when tracks can be supplemented by display of heading information
(e.g. as extracted from received ADS-B messages).

Rationale

ACAS 11l may use TAs that are defined in this annex but they also may use cautionary-alerts which are not exactly issued in
the same way as TAs. To allow such designs, the introduction of the notion of caution-level alert, of which TAs are particular
cases, is necessary.

4.3.3.1.2 DISPLAY OF PROXIMATE TRAFFIC BASPEAY

Rationale
Cosmetic change to avoid the confusion with the “display” as an equipement

4.3.3.1.2.1 Recommendation.— While any RA and/or TA are displayed, proximate traffic within 21 km (6 NM) range
and, if altitude reporting, £370 m (1 200 ft) altitude should be displayed. This proximate traffic should be distinguished (e.g.
by colour or symbol type) from threats and potential threats, which should be more prominently displayed.

4.3.3.1.2.2 Recommendation.— While any RA and/or. TA are displayed, visual acquisition of the threats and/or
potential threat should not be adversely affected by the display of proximate traffic or other data unrelated to collision
avoidance.

4.3.3.1.3 TAs as RA precursors..The criteria for TAs shall.be such that they are satisfied before those for an RA.

Note. — Ideally, RAs would always be preceded by a TA but this is not always possible, e.g. the RA criteria might be
already satisfied when a track is first established, or a sudden and sharp manoeuvre by the intruder could cause the TA lead
time to be less than a cycle.

4.3.3.1.31 TA wakning alerting time.

take actions described in PANS-OPS, Volume |11 and prepare for a potential resolution advisory.

Note.— The nominal TA alerting warning time is 20 s or less before the generation of the resolution advisory.
4.3.3.2 FOR ACAS Il sYsTEMS PROVIDING REMAIN-WELL-CLEAR ALERTS

ACAS Il logics integrated in a DAA system shall issue caution-level alerts that meet the functional requirements in Part
I, section 4.4

Note.— ACAS Xu is an example of such a system.

Rationale
Warning time was replaced by alerting time to avoid confusion as TA is a caution-level alert, not a warning-level alert. The
requirement prescribing a minimum value of TA for ACAS X has been found to be generally applicable to all ACAS, so it is
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| placed first, with no condition on the system.

4.3.4.1.1 Intruder characteristics. As a minimum, the characteristics of an intruder that are used to identify a threat shall
include:

a) tracked altitude;

b) tracked rate of change of altitude;

c) tracked slant range;

d) tracked rate of change of slant range; and

e) for TCAS Version 7.1 compliant systems: sensitivity level of intruder’s ACAS, S;.
Foran-intruder-notequipped-with- ACAS-H-or ACAS-HH,-S;-shall-be-set to-1.
.4...3.4.2 Sensitivity levels. ACAS shall be capable of operating at any of a number of sensitivity levels. These shall include:

a) S=1,a“standby” mode in which the interrogation of other aircraft and all advisories are inhibited,;

b) S =2, a“FA-enly> mode in which RAs are inhibited; and

Note. — In this mode, ACAS Il logics that are not integrated in a DAA system issue TAs. ACAS Il logics that are integrated
in a DAA system issue other types of caution-level alerts.

c) for TCAS Version 7.1 compliant systems: S = 3-7, further levels that enable the issue of RAs that provide the warning
times indicated in Table 4-2 as well as TAs.; and

d) for ACAS X compliant systems: S = 3, either:
e (ACAS II) a “TA/RA” mode in which RAs and TAs can be issued, or
e (ACAS Ill) amode in which RAs and caution level alerts can be issued.

Rationale

ACAS I may use TAs that are defined in this annex but they also may use cautionary alerts which are not exactly issued in
the same way as TAs. To allow such designs, the introduction of the notion of caution-level alert, of which TAs are particular
cases, is necessary.

Table 4-2
For TCAS Version 7.1 compliant systems:
Sensitivity level 2 3 4 5 6 7
Nominal warning time no RAs 15s 20s 25s 30s 35s

Rationale

The table is moved from a place after the next section to this more relevant position, just after the section which refers to it.
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4.3.4.3 Selection of own sensitivity level (Sy). The selection of own ACAS sensitivity level shall be determined-by-sensitivity
level-controH{SLC)-commands-which-shall-be-accepted from a number of sources as follows:

a) SkC-command-sensitivity level generated automatically by ACAS based on altitude band or other external factors;
b) SkC-command sensitivity level from pilot input; and

c) for TCAS Version 7.1 compliant systems: sensitivity level control (SLC) command from Mode S ground stations.

need—teJaeuntmedMedier—thes&eenmnds—HeweveptheThe senanw%y—levelSLC value from a Mode S ground statlon is not used
in ACAS X compliant systems.

Fable4-2
Sensitivity-level 2 3 4 5 6 +

4.3.43.1 Permitted SEG-command-codessensitivity levels. Asa-minimum-theThe acceptable SLCcommand-cedessensitivity

CodingValues
for SEC sensitivity level based-on-altitude band 2-7 (for TCAS Version
7.1 compliant
systems)
2-3 (for ACAS X
compliant systems)
for SLC sensitivity level from pilot.input 0;521-2
for SLC commands from Mode S ground stations 6,2-67 (for TCAS Version
7.1 compliant
systems)

levels shall include:

4.3.4.3.2 Altitude-band SEC-commandsensitivity level. Where ACAS selects an-SEC-commanda sensitivity level based on
altitude, hysteresis shall be applied to the nominal altitude thresholds at which SEC-cemmandsensitivity level value changes
are required. as—felews:—ferFor.a climbing ACAS aircraft, the SEC-commandsensitivity level shall be increased at the
appropriate altitude threshold plus the hysteresis value;. ferFor a descending ACAS aircraft, the SEC-commandsensitivity level
shall be decreased at the appropriate altitude threshold minus the hysteresis value.

4.3.4.3.3 Pilot SEGcommandsensitivity level. Forthe SLC-command-set by the pHotthe value Oshallindicate theThe selection

of a mode in which RAs can be issued shall result in the “automatic” mode, fer-whichindicating that the sensitivity level
selection shall be based on the other eemmandssources. The selection of a mode in which RAs are inhibited shall result in a
sensitivity level of 2. The selection of “standby” shall result in a sensitivity level of 1.

Note.— The “automatic” mode is often referred to as a selection value of 0.
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4.3.4.3.4 Mode S ground station SLC command.

4.3.43.41 For TCAS Version 7.1 compliant systems: For SLC commands transmitted via Mode S ground stations
(4.3.8.4.2.1.13), the—valuean SLC of 0 shall indicate that the station concerned is not issuing an SLC command and that
sensitivity level selection shall be based on the other eemmandssources, including non-0 commands from other Mode S ground
stations. ACAS shall not process ar uplinked SLC values of 1 and 8-14.

Note.— 4n SLC of 0 (“no command issued”) is often referred to as a selection value of 0.

4.3.43.4.2 For AGASXACAS Xa compliant systems: ACAS shall receive any SLC commands from Mode S ground
stations but shall not use their sensitivity level values.

4.3.43.4.3 ATS selection of SLC command code. ATS authorities shall.ensure that procedures are in place to inform
pilots of any ATS selected SLC command code other than 0 (4.3.4.3.1).

4.3.4.3.5 Selection rule. Own ACAS sensitivity level shall be setto the smallest ron-0-SLC-command-receivedsensitivity
level requested from any of the sources listed in 4.3.4.3.

Note.— An SLC of 0 (“no command issued”’) and a pilot mode selection resulting in the “automatic”’ mode are not
considered to be sensitivity level requests; rather, they defer the sensitivity level selection to other sources.

4.3.4.4 Selection of parameter values for RA generation. For TCAS Version 7.1 compliant systems: When the sensitivity
level of own ACAS is 3 or greater, the parameter values used for RA generation that depend on sensitivity level shall be based
on the greater of the sensitivity level of own ACAS, S, and the sensitivity level of the intruder’s ACAS, S;.

4.3.4.5 Selection of parameter values for TA generation. For TCAS Version 7.1 compliant systems: The parameter values
used for TA generation that depend on sensitivity level shall be selected on the same basis as those for RAs (4.3.4.4) except
when an SLC command with a value of 2 ¢FA-enly>mede) has'been received from eitherthepiloter a Mode S ground station
or when a pilot has selected the “TA only” mode. In thiscasethese cases, the parameter values for TA generation shall retain
the values they would have had in the absence of the SLC command from-the-piHot or Mode-S-greund-stationpilot mode selection.

Rationale

The changes in 4.3.4 about the selection of a sensitivity level arise from the following remarks:

- the former text used SLC everywhere whereas the term is used in the reference MOPS just to refer to commands from a
ground station: sensitivity level is now used instead

- the explanation of the interaction between different sources of sensitivity levels was confusing: the text was clarified

- sensitivity level 7 was missing

4.3.4.6 Validation of ADS-B tracks for RA generation. For ACAS X-compliant systems that use ADS-B tracks for RA
generation: Hif ADS-B tracks fail validation via active interrogation and reply, via airborne primary surveillance radar or via

EO/IR sensor, ACAS shall revertbackte-using-active-surveilance-for-threatresolution-logicexclude ADS-B surveillance data

from RA generation.
Note 1.— Only validated ADS-B is used in the generation of RAs.

Note 2.— An ADS-B track under hybrid surveillance is considered validated via active interrogation and reply as it
underwent the validation described in 4.5.1.3.2. If not under hybrid surveillance, the ADS-B track can be validated via active
interrogation and reply, via airborne primary surveillance radar or via EO/IR sensor using suitable tests. Further information
about ADS-B track validation can be found in RTCA DO-386 Minimum Operational Performance Standards for Airborne
Collision Avoidance System Xu (ACAS Xu) Section 2.2.5.1.4.

Rationale
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This PfA introduces the optional use of sensors to track non-cooperative aircraft. The provisions above were expanded to take
into account the possibility to validate ADS-B tracks through this kind of active surveillance in addition to transponder
interrogation.

43531 New-ACAS-installations-after 1 January 2014 ACAS shall monitor own aircraft’s vertical rate to verify compliance
with the RA sense. If noncompliance is detected, ACAS shall stop-assuming-comphance-and-instead shall assume the observed

vertical rate instead of assuming compliance.

Note 1.— This overcomes the retention of an RA sense that would work only if followed. The revised vertical rate
assumption is more likely to allow the logic to select the opposite sense when it is consistent with the non-complying aircraft’s
vertical rate.

Note 2.— Equipment complying with RTCA/DO-185 or DO-185A standards(also known as TCAS Version 6.04A or TCAS
Version 7.0) do not comply with this requirement.

Note 3.— Compliance with this requirement can be achieved through the.implementation of traffic alert and collision
avoidance system (TCAS) VerS|on 7 las spemfled in RTCA/DO 1858 or EUROCAE/ED 143 %m%be:ne%euﬁenﬁs\vmdanee

alrborne coII|S|on av0|dance system Xa/Xo (ACAS Xa- actlve survelllance Xo operatlon specmc) as specmed in RTCA/DO
385 or EUROCAE/ED-256, or airborne collision avoidance system Xu (ACAS Xu-unmanned aircraft systems) as specified in
RTCA/DO-386 or EUROCAE/ED-275.

Rationale

It is no longer useful to retain the provisions which governed the transition to ACAS systems that monitor their own compliance
with a vertical RA. Only the general requirement is retained, without an applicability date. In addition the list of complying
existing systems is corrected and updated.

4.3.5.4.2 -ACAS-shall-operate-in—TA-only-modeRAs shall be inhibited when own aircraft is below 300 m (1 000 ft) AGL

nominal value with hysteresis applied.

Rationale

ACAS Ill may use TAs that are defined in this annex but they also may use cautionary alerts which are not exactly issued in
the same way as TAs. To allow such designs, the introduction of the notion of caution-level alert, of which TAs are particular
cases; is necessary.

4.3.5.5.2 Sense reversals due to/inadequate predicted separation. ACAS shall initiate not more than one vertical reversal
per threat per encounter due to inadequate predicted separation.

Rationale
This limitation in the number of sense reversals is not necessary in the horizontal dimension (ACAS Il11), as proven by safety
studies during the validation of ACAS Xu

4.3.5.6 RA strength retention. Subject to the requirement that a descend RA is not generated at low altitude (4.3.5.4.1),
an RA shall not be modified if the time to closest approach is too short to achieve a significant response or if the threat is
diverging in range.

4,3.5.10 SYSTEM RESPONSE TIME
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Note .— The system delay described in this section does not include the pilot response delay which begins at the presentation
of the RA on the display

4.3.5.10.1 For ACAS Il systems: Fhethe system delay from receipt of the relevant SSR reply to presentation of an RA
sense-and-strength to the pilot shal-be-as-shert-as-possible-and shall not exceed 1.5 s.

Rationale
The removed “sense and strength” is unneeded detail. The requirement to be as short as possible is removed because it has no
added value.

4.3.5.10.2 For ACAS Il systems: the system delay from receipt of the relevant surveillance measurement to presentation
of the RA to the pilot or to the RA interface of the flight control system shall not exceed 2.3 s.

Rationale
This is the value validated in the reference ACAS 111 system, ACASXu.

4.3.6 Coordination and communication
4.3.6.1 PROVISIONS FOR COORDINATION WITH ACAS-EQUIPPED THREATS

Note 1.— The provisions in this section apply to aircraft that coordinate with ACAS equipped aircraft via 1030/1090 MHz
discrete Mode S interrogations/replies.

Note 2 — ACAS eqmpment not capable of utilizing 1030/1090 MHz discrete Mode S interrogations/replies and-that-wiH
. evelopmentmay perform passive coordination over ADS-B
usmg the protocols in Chapter 3 of RTCA/DO 382 or EUROCAE/ED 264 ACAS X compllant systems incorporate the ability

EUROCAE/ED-256-

Rationale
The way through which ACAS equipment not capable of utilizing1030/1090 MHz discrete Mode S interrogations/replies may
perform coordination is now defined and the applicable industry standards are referenced.

4.3.6.1.3.6 When a Horizontal RA is selected, the Horizontal RAC (HRC) (4.3.8.4.2.3.2.4) that ACAS includes in a resolution
message to the threat shall be as follows:

a) “do not turn left” or
b) “do not turn right”

Note..— The message indicates the sense of the RA (either turn right or turn left) issued by own aircraft’s ACAS.

Rationale
ACAS Il can issue horizontal RAs and has to communicate their sense for the coordination with other equipped aircraft.

4.3.6.3 PROVISIONS FOR DATA TRANSFER BETWEEN ACAS AND ITS MODE S TRANSPONDER

4.3.6.3.1 Data transfer from ACAS to its Mode S transponder:
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a)

b)

ACAS shall transfer RA information to its Mode S transponder for transmission in an RA report (4.3.8.4.2.2.1,
4.3.8.4.2.2.2, and 4.3.8.4.2.2.3) and in a coordination reply (4.3.8.4.2.4.2), and to set the appropriate DR code in DF
=4,5, 20, and 21 replies;

ACAS shall transfer current sensitivity level to its Mode S transponder for transmission in a sensitivity level report
(4.3.8.4.2.5); and

Note.— For ACAS X compliant systems: ACAS will does not transfer a sensitivity level value greater than 3 as part of the
capability information to its Mode S transponder.

c)

d)

ACAS shall transfer capability information to its Mode S transponder for transmission in a data link capability report
(4.3.8.4.2.2.4) and for transmission in the RI field of air-air downlink formats (DF = 0 and 16) (4.3.8.4.1.2); and

For ACAS X compliant systems: if ACAS has determined that its associated Mode S transponder is version 6 or later,
ACAS shall transfer capability information to its Mode S transponder for transmission in the ADS-B Aircraft
Operational Status Message (4.3.8.4.2.7.2).

4.3.6.3.2 Data transfer from Mode S transponder to its ACAS:

a)

ACAS Il shall receive from its Mode S transponder SLC commands (4.3.8.4.2.1.43) transmitted by Mode S ground
stations;-

used (refer to 4 3. 4 3 4)

b)

c)

d)

f)

9)

h)

ACAS shall receive from its Mode S transponder ACAS broadcast messages (4.3.8.4.2.3.3) transmitted by other
ACAS;-and

ACAS shall receive from its Mode S transponder resolution messages (4.3.8.4.2.3.2) transmitted by other ACAS for
air-air coordination purposess;

ACAS shall receive from its Mode S transponder own aircraft’s Mode A identity data for transmission in an RA
broadcast (4.3.8.4.2.3.4.1.5);

ACAS shall receive from its Mode S transponder the 24-bit aircraft address;

ACAS shall receive from its Mode S transponder the pressure altitude from the source that is the basis for own altitude
in Mode C and Mode S replies;

ACAS shall receive from its Mode S transponder the quantization for pressure altitude (fine [10 feet or less] or coarse
[more than 10 feet]); and

ACAS shall receive from its Mode S transponder the Mode S subnetwork version

ACAS III shall receive from its Mode S transponder own aircraft’s ability to transmit OCMs.

4,3.7.1.2 SURVEILLANCE OF MODE S TRANSPONDERS
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4.3.7.1.2.1 Detection. ACAS-shal-monitor-1090-MHz for Mode-S-acquisition-squitters{DF=11). ACAS shall detect

the presence and determine the address of Mode S-equipped aircraft using their Mode S acquisition squitters (DF = 11) er and
extended squitters (DF = 17) by monitoring 1090 MHz.

Note4 —Itis acceptable to acquwe |nd|V|duaI aircraft usmg either acqwsmon or extended squnters (DF 1lor DF =17);

Rationale
The note is clarified.

Rationale
It is no longer planned to rely only on the extended squitter for-aircraft acquisition.

4.3.7.2 AIR-AIR COORDINATION PROTOCOLS

Note 1.— The provisions in this section apply to aircraft that coordinate with ACAS equipped aircraft via 1030/1090 MHz
discrete Mode S interrogations/replies.

Note 2 — ACAS equment not capable of utilizing 1030/1090 MHz discrete Mode S interrogations/replies and-that-with
\ rder-developmentmay perform passive coordination over ADS-B
usmg the protocols in RTCA/DO 382 or EUROCAE/ED 264 ACAS X compllant systems mcorporate the ablllty to coordinate
with threats using such ACAS equipment. 9 v :

Rationale
The way through which ACAS equipment not capable of utilizing 1030/1090 MHz discrete Mode S interrogations/replies may
perform coordination-issnow defined and the applicable industry standards are referenced.

4.3.7.2.1 Coordination interrogations. ACAS shall transmit UF = 16 interrogations (Chapter 3, 3.1.2.3.2, Figure 3-7) with
AQ = 0and RL = 1 when another aircraft reporting-RI = 3 or 4 is declared a threat (4.3.4). The MU field shall contain the
resolution' message in the subfields specified in 4.3.8.4.2.3.2.

Note 1.— A'UF = 16 interrogation with AQ = 0 and RL = 1 is intended to cause a DF = 16 reply from the other aircraft.

ewem%nd—he;wnakreseluum*eapamh{y—respeemmwransmltted Rl is restrlcted to values from 0to 3 or from 8 to 15

(maximum airspeed information) (see 4.3.8.4.1.2). TCAS installations from different manufacturers treat Rl values between 4
and 7 inconsistently; use of these values can result in the malfunction of equipment. In particular, reporting R1=4 can result
in own aircraft being treated as unequipped by some TCAS. Legacy standards documents have described the use of RI=4 to
declare a CAS capable of generating both vertical and horizontal RAs. If ACAS Xu or Xa receives RI=4, it treats the threat as
CAS-equipped and coordinates with it, as the most probable reason the threat has transmitted RI=4 is that it is intending to
announce itself as CAS-equipped and is capable of both vertical and horizontal RAs.

Rationale
Clarification on the reporting of RI1=4. Legacy standards (e.g. TCAS Il 7.0) refers to a definition of R1=4 that is no longer valid.
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4.3.7.3.4.2 For ACAS X compliant systems: A e
but-shal-netuse-their-sensitivity-level valtesACAS shall not use SLC commands recelved from ground statlons viaa Mode S

transponder.

Rationale
Text simplification.

4.3.8.4.1.2 RI (air-air reply information). The significance of the coding in the RI field shall be as follows:

Coding
0 No operating ACASCAS

1 Not-assighedActive CAS of junior status with resolution capability or
Passive CAS with resolution capability and a Mode S transponder
2 AAny CAS with resolution capability inhibited

5-6
4-7  NetMust not be assigned
8-15  See Chapter 3,3.1.2.8.2.2

Bit 14 of the reply format containing this field shall replicate the AQ bit of the interrogation. The RI field shall report “no
operating ACAS” (RI = 0) if the ACAS unit has failed or is in standby. The RI field shall report “ACAS with resolution
capability inhibited” (RI =2) if sensitivity level is 2 or TA only mode has been selected.

Note 1.— An active CAS of junior status is a CAS that has active 1030/1090 MHz interrogation/ reply capability but is
required by regulatory authorities to perform responsive coordination in encounters with an aircraft reporting 3-bit CCCB
Aircraft CAS Type/Capability values equal to 000, 001, or 010. For further details, refer to EUROCAE/ED-264 or RTCA/DO-
382

Rationale
Significance of the coding is updated in line with the MASPS Interoperability for ACAS systems, referenced in Note 1 above.

Note 2.— Codes 0-7 in the RI field indicate that the reply is a tracking reply and also give the ACAS capability of the
interrogated aircraft. Codes 8-15 indicate that the reply is an acquisition reply and also give the maximum true airspeed
capability of the interrogated aircraft.

Note 3.— TCAS installations from different manufacturers treat Codes 4-7 in the Rl field inconsistently; use of these values
can result in the malfunction of equipment. In particular, reporting RI=4 can result in own aircraft being treated as unequipped
by some TCAS.

Rationale
Clarification on the reporting of R1=4.

4.3.8.4.2.1.3 SLC (ACAS sensitivity level control (SLC) command). This 4-bit (41-44) subfield shall denote a sensitivity level
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command for own ACAS.

Note 2.— ACAS Xa compliant systems receive SLC commands but their -sensitivity level values are not used.

Note 3.— ACAS Il systems do not receive or use SLC commands.

33 37 41 45
ADS1=0 ADS2 =5 SLC  |----- 44 - - - -~

36 40 44 88

4.3.8.4.2.2 Subfields in MB

4.3.8.4.2.2.2 For ACAS Xa compliant systems: Subfields in MB‘for an RA report. When BDS1=3 and BDS2=0, the subfields
indicated below shall be contained in MB.

4.3.8.4.2.2.2.1 ARA (active RAs). This 10-bit (41-50) subfield shall indicate the currently active RA if any generated by own
ACAS X unit against one or more threat aircraft.

The ARA subfield is further divided into:
a) AVRA (vertical RA). This 7-bit (41-47) subfield contains the vertical.component of the ARA as defined below; and

b) AHRA (horizontal RA). This 3-hit. (48-50) subfield contains the horizontal component of the ARA. For ACAS Xa
compliant systems, AHRA=0.

4.3.8.4.2.2.3 For ACAS Ill compliant systems: Subfields in MB for an RA report. The report consists of two parts: the first
part when UDS1 = 3 and UDS2 = 0, the second part when UDS1=3 and UDS2=1.

When UDS1=3 and UDS2=0, the subfields indicated from 4.3.8.4.2.2.3.1 to 4.3.8.4.2.2.3.10 shall be contained in MB.

When UDS1=3 and UDS2=1, the subfields indicated from 4.3.8.4.2.2.3.11 to 4.3.8.4.2.2.3.19 shall be contained in MB.

4.3.8.4.2.2.3.1 AVRA (active vertical RA). This 7-bit (41-47) subfield contains the vertical component of the active RA (ARA)
subfield and shall be coded as defined in 4.3.8.4.2.2.2.1. AVRA equals ZERO in this 56-bit message whenever VRAT=L1 in
the RA report.

4.3.8.4.2.2.3.2 AHRA (active horizontal RA). This 9-bit (48-52 and 55-58) subfield contains the horizontal component of the
active RA (ARA) subfield and shall be coded as defined below. AHRA equals ZERO in this 56-bit message whenever HRAT=1
in the RA report.

Bits 48-52 shall have the following meanings:

Bit Coding
48 0 Different horizontal senses have been generated in a multi-threat encounter
(when HMTE=1); or no horizontal RA has been generated (when HMTE=0)
1 The same horizontal sense has been generated in a single or multi-threat
encounter
49-50 Turn left / turn right bits are set to indicate the direction of turn required to

comply with the horizontal guidance and target track angle as shown below.
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Turn left / right bit mapping
49 50 Value Meaning
No horizontal advisory /

g g =0 horizontal RA clear
0 1 =1 Turn right
1 0 =2 Turn left
1 1 =3 Not assigned
51 Target track angle bit 1
52 Target track angle bit 2
4151
4152 Bits 55-58 shall have the following meanings:
4153
Bit Coding
55 Target track angle bit 3
56 Target track angle bit 4
57 Target track angle bit 5
58 Target track angle bit 6
4154

4155  The mapping/meaning of the AHRA subfield target track angle bits (51-52 and 55-58) is defined as follows:
AHRA subfield target track angle bit mapping
51 52 55 56 57 58 Value Meaning

0 0 0 0 0 0 = Track angle 360/000
0 0 0 0 0 1 = Track angle 010
0 0 0 0 1 0 = Track angle 020
0 0 0 0 1 1 = Track angle 030
0 0 0 1 0 0 = Track angle 040
0 0 0 1 0 ik = Track angle 050
0 0 0 1 1 0 = Track angle 060
0 0 0 1 1 1 = Track angle 070
0 0 1 0 0 0 = Track angle 080
0 0 il 0 0 1 = Track angle 090
0 0 i 0 1 0 =10 Track angle 100
0 0 1 0 i 1 =11 Track angle 110
0 0 1 1 0 0 =12 Track angle 120
0 0 1 1 0 1 =13 Track angle 130
0 0 i 1 1 0 =14 Track angle 140
0 0 1 1 1 1 =15 Track angle 150
0 1 0 0 0 0 =16 Track angle 160
0 1 0 0 0 1 =17 Track angle 170
0 1 0 0 1 0 =18 Track angle 180
0 1 0 0 1 1 =19 Track angle 190
0 1 0 1 0 0 =20 Track angle 200
0 1 0 1 0 1 =21 Track angle 210
0 1 0 1 1 0 =22 Track angle 220
0 1 0 1 1 1 =23 Track angle 230
0 1 1 0 0 0 =24 Track angle 240
0 1 1 0 0 1 =25 Track angle 250
0 1 1 0 1 0 =26 Track angle 260
0 1 1 0 1 1 =27 Track angle 270
0 1 1 1 0 0 =28 Track angle 280
0 1 1 1 0 1 =29 Track angle 290
0 1 1 1 1 0 =30 Track angle 300
0 1 1 1 1 1 =31 Track angle 310
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4173
4174
4175
4176
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4178
4179
4180
4181
4182
4183

4184
4185
4186

1 0 0 0 0 0 =32 Track angle 320
1 0 0 0 0 1 =33 Track angle 330
1 0 0 0 1 0 =34 Track angle 340
1 0 0 0 1 1 =35 Track angle 350
1 1 1 1 1 1 =63 No target track angle /

horizontal RA Clear

4.3.8.4.2.2.3.3 RMF (RA message format). This 2-bit (53-54) subfield indicates the CA system used to generate bits 41-88 of
the RF message and shall be coded as defined below.

Bit53 Bit54 Value Meaning

0 0 =0 TCAS I

0 1 = il ACAS Xa

1 0 =2 ACAS Xu

1 1 =3 Not assigned

4.3.8.4.2.2.3.4 RAT (RA terminated indicator). This 1-bit (59) subfield indicates when the RA previously generated by CAS
has ceased being generated and shall be coded as defined below.

Coding
0 The RA indicated by one or both of the AVRA and AHRA subfields is currently active.
1 The RA indicated by the AVRA and AHRA subfields has been terminated.

Note 1.—After an RA has been terminated by ACAS I, it is still required to be reported by the Mode S transponder for
18+1 seconds (RA report and ADS-B TCAS RA broadcast). 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.

Note 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.

Note 3. —The overall RAT (bit 59) is meant to be used in conjunction with the individual VRAT (bit 87) and HRAT (bit 88)
to determine the status of the RA in each dimension on the previous cycle (see table 4-3). A VRAT or HRAT setting of 1 reflects
only that an RA is terminated in one dimension while an RA is still active in the other. When all RAs are terminated, the RAT
(bit 59) is set to 1 and all of the subfields from the previous cycle are frozen, including the settings of VRAT and HRAT and
their associated AVRA, AHRA, VMTE, HMTE, TTI, TID, LDI, HRI, RAC, CCB, ICO, CCB2, ICO2, TTI2, and TID2 information.
If RAT is set to 1 and both VRAT and HRAT are set to 0, the RA terminated in both dimensions on the same cycle, or the RA
was only in one dimension.

Table 4-3.  Settings of RAT, VRAT, and HRAT for the 18/24s Freeze Period

RAT VRAT | HRAT | Meaning
(bit 59) | (bit 87) | (bit 88)
1 0 0 RA is terminated,;

VRA and HRA terminated on the same cycle OR
The RA was in only one dimension

1 0 1 RA is terminated; HRA terminated before VRA
1 1 0 RA is terminated; VRA terminated before HRA

4.3.8.4.2.2.35 VMTE (vertical multiple-threat encounter). This 1-bit (60) subfield indicates whether two or more
simultaneous threats are currently contributing to the vertical component of the RA and shall be coded as defined below.
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Coding

0 A single threat is contributing to the vertical component of the RA (when AVRA bit
41=1); or no vertical RA component is being generated (when AVRA bit 41=0).

1 Two or more simultaneous threats are currently contributing to the vertical component

of the RA, or there is a single threat in the vertical dimension and a different single
threat in the horizontal dimension.

Note 1.—The full MTE state needs be determined by examining both VMTE and HMTE.

Note 2.—When there is a single threat in the vertical dimension and a different single threat in the horizontal dimension,
a multi-threat encounter would not be indicated if both VMTE and HMTE are both set to 0. Therefore, in this case both VMTE
and HMTE are set to 1.

4.3.8.4.2.2.3.6 HMTE (horizontal multiple-threat encounter). This 1-bit (61) subfield indicates whether two or more
simultaneous threats are currently contributing to the horizontal component of the RA and shall be coded as defined below.

Coding

0 A single threat is contributing to the horizontal component of the RA (when AHRA
bit 48=1); or no horizontal RA component is being generated (when AHRA bit 48=0).

1 Two or more simultaneous threats are currently contributing to the horizontal

component of the RA, or there is a single threat in horizontal dimension and a different
single threat in the vertical dimension.

Note 1.—The full MTE state needs be determined by examining both VMTE and HMTE.
Note 2.— When there is a single threat in the vertical dimension and a different single threat in the horizontal dimension,

a multi-threat encounter would not be indicated if both VMTE and HMTE were set to 0. Therefore, in this case both VMTE and
HMTE are set to 1.

4.3.8.4.2.2.3.7 TTI (threat type indicator). This 1-bit (62) subfield defines the type of identity data contained in the TID
subfield and shall be coded as defined below.

Coding
0 TID contains altitude, range, and bearing data
1 TID contains an ICAO 24-bit aircraft address

4.3.8.4.2.2.3.8 TID (threat identity data). This 24-bit (63-86) subfield contains the 24-bit aircraft address of the threat or the
altitude, range, and bearing if the threat is not reporting a 24-bit address. The 24-bit address may be a non-ICAO address. If
TTI=1, TID shall contain in bits 63-86 the 24-bit aircraft address of the threat. If TTI=0, TID shall contain the following three
subfields.

Note. —Part one of the RA report is contained in register 30,6, and part two is contained in register 31;s. Only register
30,6 contents are routinely extracted by Mode S ground stations, meaning that the TID2 subfield in register 31,5 may not always
be accessible. Therefore, in the case of multiple threats, the RA report formatting logic rotates through the threats so that each
threat’s identity data will appear in the register 30,5 TID subfield for at least one (one-second) cycle.

4.3.8.4.2.2.3.8.1 TIDA (threat identity data altitude). This 11-bit (63-73) subfield contains the most recent threat altitude
estimated by ACAS III, expressed in binary to a resolution of 100 ft, and shall be coded as follows:

Coding
0 No altitude data
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1 Altitude below -950 ft

2 -950 ft < altitude < -850 ft
3 -850 ft < altitude < -750 ft
4223
4224 4.3.8.4.2.2.3.8.2 TIDR (threat identity data range). This 7-bit (74-80) subfield contains the most recent threat range
4225  estimated by ACAS Ill (horizontal range) and shall be coded as defined below.
4226
Coding(n)
n Estimated range (NM)
0 No range estimate available
1 Less than 0.05
2-126 (n-1)/10 £0.05
127 Greater than 12.55
4227
4228 4.3.8.4.2.2.3.8.3 TIDB (threat identity data bearing). This 6-bit (81-86) subfield contains the most recent estimated bearing
4229  of the threat aircraft and shall be coded relative to the ACAS Ill aircraft heading as follows:
4230
Coding(n):
n Estimated bearing (degrees)
0 No bearing estimate available
1-60 Between 6(n-1) and 6n
61-63 Not assigned
4231
4232
4233 4.3.8.4.2.2.3.9 VRAT (vertical RA terminated). This 1-bit (87) subfield shall be coded as defined below:
4234
Coding
0 The RA indicated by the AVRA subfield is active
1 The vertical component of the RA has been terminated but the horizontal component of the
RA is still active
4235
4236 Note.— When VRAT is set to 1, the values in the VMTE and AVRA subfields reflect the terminated vertical component of

4237  the RA. Those values of VRAT, VMTE, and AVRA persist until either there is a new vertical component of the RA or the RA has
4238  terminated, in both dimensions, and RAT is no longer set to 1. See Table 4-3.

4239
4240 4.3.8.4.2.2.3.10 HRAT (horizontal RA terminated). This 1-bit (88) subfield shall be coded as defined below.
4241

Coding

0 The RA indicated by the AHRA subfield is active

1 The horizontal component of the RA has been terminated but the vertical component

of RA is still active

4242
4243 Note 1.— When HRAT is set to 1 the values in the HMTE and AHRA subfields reflect the terminated horizontal component

4244 of the RA. Those values of HRAT, HMTE, and AHRA persist until either there is a new horizontal component of the RA or the
4245 RA has terminated, in both dimensions, and RAT is no longer set to 1. See Table 4-3.

4246

4247 Note 2.—The overall RAT (bit 59) indicates the termination of the RA in both dimensions. When both RA dimensions are
4248  terminated, the RAT is set to 1 and the information in all other subfields is preserved from the previous cycle, including the
4249  AVRA, AHRA, VMTE, HMTE, TTI, TID, VRAT, HRAT, LDI, HRI, RAC, CCB, ICO, CCB2, ICO2, TTI2, and TID2 subfields.
4250  An individual VRAT (bit 87) or HRAT (bit 88) setting of 1 reflects only that an RA terminated in the associated dimension at
4251  the same time an RA was active in the other dimension. When VRAT is set to 1 due to vertical RA termination with a horizontal
4252 RA still active, the information in AVRA and VMTE is preserved every cycle until and including the cycle that the horizontal
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4253
4254
4255
4256
4257
4258
4259

4260
4261
4262
4263

4264
4265
4266
4267
4268
4269
4270
4271
4272
4273
4274
4275
4276

4277
4278
4279
4280
4281
4282
4283
4284
4285
4286
4287

dimension terminates and RAT becomes 1. When HRAT is set to 1 due to horizontal RA termination with a vertical RA still
active, the information in AHRA and HMTE is preserved every cycle until and including the cycle that the vertical dimension

terminates and RAT becomes 1. The VRAT and HRAT bits are not changed from their settings on the previous cycle when RAT
becomes 1.
Note.— Structure of MB for an RA report part 1:
37 4 48 53 55 59 60 61 62 63 74 81 87 88
TIDA J‘LIDR ‘TIDB
UDS1=3 |UDS2=0 AVRA |AHRA1 RMFAHRA2 RAT VMTE HMTE [TTI VRAT  |HRAT
TID
40 47 52 54 58 60 60 61 62 73 80 86 87 88

4.3.8.4.2.2.3.11 LDI (low-level descend inhibit). This 2-bit (41-42) subfield indicates whether low level descend inhibit
is being applied and shall be coded as defined below.

Bit 51 Bit52  Value Meaning

0 0 0 No RAs are inhibited in the vertical dimension

0 1 1 Increased rate descend RAs are inhibited — but see Note 1

1 0 2 All positive descend RAs are inhibited

1 1 3 All RAs are inhibited in the vertical and horizontal dimensions
—see Note 2

Note 1.—When own aircraft is descending, the continuation of active increased rate descend RAs is not inhibited unless
all positive descend RAs are inhibited. The generation of new increased rate descend RAs is inhibited as indicated.

Note 2.—A hazardous condition arises when RAs are inhibited in the vertical dimension but not in the horizontal dimension.
In this case, ACAS Ill would report RI=3 in its surveillance replies globally, even though it does not have a vertical RA
capability. Intruders equipped with TCAS Il would rely on ACAS Il1 for geometric reversals that could never be generated.
Thus LDI=3 indicates that all RAs are inhibited, in both the horizontal and vertical dimensions.

4.3.8.4.2.2.3.12 HRI (horizontal resolution advisory inhibit indicator). This 1-bit subfield (43) indicates whether or not
own aircraft is below the altitude at which the horizontal components of RAs are provided by the ACAS |1l system and shall
be coded as defined below.

Coding
0 No RAs are inhibited in the horizontal dimension.
1 All RAs are inhibited in the horizontal dimension.

Note.—HRI will be set to 1 when LDI=3, since horizontal RAs are required to be inhibited whenever all vertical RAs are
inhibited.

4.3.8.4.2.2.3.13 RAC (RA complements). This 4-bit (44-47) subfield indicates the currently active RA complements (if
any) received from other aircraft equipped with an on-board CAS with resolution capability. The RA complements are received
by own aircraft via TCAS resolution messages and OCMs. The presence of a bit setting in this subfield does not imply the
value was used by the ACAS IlI resolution logic.

The bits in RAC have the following meanings:

Bit RAC
55 Do not pass below received by own aircraft
56 Do not pass above received by own aircraft
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4288
4289
4290
4291
4292
4293
4294
4295
4296
4297

4298
4299
4300
4301
4302
4303
4304
4305
4306
4307
4308
4309
4310
4311
4312
4313
4314

4315
4316
4317
4318
4319

4320
4321
4322
4323

57 Do not turn left received by own aircraft
58 Do not turn right received by own aircraft

A bit set to 1 indicates that the associated condition on at least one other CAS is active. A bit set to 0 indicates that the
associated condition is inactive on all other CAS.

4.3.8.4.2.2.3.14 CCB (collision avoidance coordination capability bits). This 7-bit subfield (48-54) contains the CCCB
settings received from the threat identified in TID (4.3.8.4.2.2.3.8) and shall be coded as defined in 4.3.8.4.2.7.2.4.3.

4.3.8.4.2.2.3.15 ICO (is ICAO 24-bit address): This 1-bit subfield (55) indicates whether the 24-bit address in TID
(4.3.8.4.2.2.3.8) is an ICAO address and shall be coded as defined below.

ICO TTI TID

0 0 Altitude, range, and bearing
0 1 Non-ICAO (random) address
1 1 ICAO address

4.3.8.4.2.2.3.16 CCB2 (collision avoidance coordination capability bits 2). This 7-bit subfield (56-62) contains the CCCB
settings received from the threat identified in TID2 (4.3.8.4.2.2.3.19) and shall be coded as defined in 4.3.8.4.2.7.2.4.3.

4.3.8.4.2.2.3.17 1CO2 (is ICAO 24-bit address 2). This 1-bit subfield (63) indicates whether the 24-bit address in TID2
(4.3.8.4.2.2.3.19) is an ICAO address and shall be coded as defined in 4.3.8.4.2.3.4.3.15.

4.3.8.4.2.2.3.18 TTI2 (threat type indicator 2). This 1-bit (64) subfield defines the type of identity data contained in TID2
(4.3.8.4.2.2.3.19) and shall be coded as defined in 4.3.8.4.2.2.3.7.

4.3.8.4.2.2.3.19 TID2 (threat identity data 2). This 24-bit (65-88) subfield contains the 24-bit aircraft address of the threat or
the altitude, range, and bearing if the threat is not reporting a 24-bit address. The 24-bit address may be a non-ICAO address.
If TTI2=1, TID2 shall contain in bits 65-88 the 24-bit aircraft address of the threat. If TT12=0, TID2 shall contain the three
subfields as defined in 4.3.8.4.2.2.3.8.

Note.— Structure of MB for an RA report part 2:

33 37 41 43 44 48 55 56 63 64 65 76 83
TIDA2 thRz |TIDBZ
UDS1=3 [UDS2=1 [LDI HRI RAC [CCB ICO CCB2 ICO2 [TTI2
TID2
36 40 42 43 47 54 55 62 63 64 75 82 88
Rationale

The RA report is a message sent on 1,090 MHz in response to a Mode S ground radar request during an RA and a short time
after, for the purpose of ground monitoring. A new RA report format is needed to take into account horizontal RAs in ACAS
111 and add the capability to identify a second threat.

4.3.8.4.2.2.34 For all ACAS systems: Subfields in MB for the data link capability report. When BDS1 = 1 and BDS2 = 0, the
following bit patterns shall be provided to the transponder for its data link capability report:

Bit Coding
43-46 0000 TCAS Version 7.1 compliant and other systems defined by bits 71 and 72

0001 ACAS Xa (RTCA/DO-385 and EUROCAE/ED-256)
0010 ACAS Xu (RTCA/DO-386 and EUROCAE/ED-275)

A-113
SP5-WP02.1R4 App A to Initial Proposal 1_2_3 for Amendment to A10V4_25 Sep 2023.docx




4324

4325
4326
4327
4328
4329
4330
4331
4332
4333
4334
4335
4336
4337
4338
4339
4340
4341
4342
4343
4344
4345
4346
4347
4348
4349
4350
4351
4352
4353
4354
4355
4356
4357
4358
4359
4360
4361
4362

00101 to 1111 Reserved forACASHH

48 0 ACAS failed or on standby

1 ACAS operating
69 0 Hybrid surveillance not operational

1 Hybrid surveillance fitted and operational
70 0 ACAS generating TAs only

1 ACAS generating TAs and RAs

Bit 72 Bit 71 ACAS version

0 0 RTCA/DO-185 (pre-ACAS)

0 1 RTCA/DO-185A

1 0 RTCA/DO-185B and EUROCAE ED 143

1 1 All later systems (see Nete-3-and 4.3.8.4.2.8)

Note 1.— A summary of the MB subfields for the data link capability report structure is described in Chapter 3,
3.1.2.6.10.2.2.

Note 2.— The use of hybrid surveillance to limit ACAS active interrogations is described in 4.5.1. The ability only to
support decoding of DF = 17 extended squitter messages is not sufficient to set bit 69.

Rationale
Like previous standardized systems, ACAS Xu as an ACAS Ill<system is included in the data link capability report to
communicate the capability of the onbeard equipment.

4.3.8.4.2.3.4 Subfields in MU for an RA broadcast (RA broadcast interrogation message)

Note. — 4.3.8.4.2.3.4.1 is only applicable to TCAS Version 7.1 compliant systems, while 4.3.8.4.2.3.4.2 is only applicable
to ACAS Xa compliant systems and 4.3.8.4.2.3.4.3 is only applicable to ACAS Il systems.

4.3.8.4.2.3.4.2 For ACAS Xa compliant systems: Subfields in MU for an RA broadcast (RA broadcast interrogation
message). When UDS1 = 3 and UDS2 = 1, the following subfields shall be contained in MU:

4.3.8.4.2.3.4.3 For ACAS Il systems: Subfields in MU for an RA broadcast (RA broadcast interrogation message). The
broadcast is in two parts: the first part when UDS1 = 3 and UDS2 = 4, the second part when UDS1=3 and UDS2=5.

When UDS1 = 3 and UDS2 =4, the subfields indicated from 4.3.8.4.2.3.4.3.1 to 4.3.8.4.2.3.4.3.8 shall be contained in MU.
When UDS1 = 3 and UDS2 =5, the subfields indicated from 4.3.8.4.2.3.4.3.9 to 4.3.8.4.2.3.4.3.15 shall be contained in MU.

4.3.8.4.2.3.4.3.1 AVRA (active vertical RA). This 7-bit (41-47) subfield contains the vertical component of the active RA
(ARA) subfield and shall be coded as defined in 4.3.8.4.2.2.2.1. AVRA equals ZERO in this 56-bit message whenever VRAT=1
in the RA report (4.3.8.4.2.2.3.9).

4.3.8.4.2.3.4.3.2 AHRA (active horizontal RA). This 9-bit (48-52 and 55-58) subfield contains the horizontal component
of the active RA (ARA) subfield and shall be coded as defined in 4.3.8.4.2.2.3.2. AHRA equals ZERO in this 56-bit message
whenever HRAT=1 in the RA Report (4.3.8.4.2.2.3.10).
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4363
4364
4365
4366
4367
4368
4369
4370
4371
4372
4373
4374
4375
4376
4377
4378
4379

4380
4381
4382
4383
4384
4385

4386
4387
4388
4389
4390
4391
4392
4393
4394
4395
4396
4397
4398
4399
4400
4401
4402
4403
4404
4405
4406

4.3.8.4.2.3.4.3.3 VMTE (vertical multiple threat encounter). This 1-bit (bit 57) subfield shall be coded as defined in
4.3.8.4.2.4.2.3.4. VMTE equals ZERO in this 56-bit message whenever VRAT=1 in the RA report (4.3.8.4.2.2.3.9).

4.3.8.4.2.3.4.3.4 HMTE (horizontal multiple threat encounter). This 1-bit (bit 58) subfield shall be coded as defined in
4.3.8.4.2.4.2.3.5. HMTE equals ZERO in this 56-bit message whenever HRAT=1 in the RA Report (4.3.8.4.2.2.3.10).

4.3.8.4.2.3.4.3.5 RAT (RA terminated indicator). This 1-bit (59) subfield indicates when the RA previously generated by
CAS has ceased being generated and shall be coded as defined in 4.3.8.4.2.2.3.4.

4.3.8.4.2.3.4.3.6 RAC (RA complements). This 4-bit (60-63) subfield shall be coded as defined in 4.3.8.4.2.2.1.2.

4.3.8.4.2.3.4.3.7 MST (multiple single-dimensional threats). This 1-bit (bit 64) subfield is used to indicate that the overall
multiple threat situation, as indicated by VMTE=1 and HTME=1, actually consists of a single threat in the vertical dimension
and a different single threat in the horizontal dimension. It is used to distinguish that case from the case where two or more
threats in the vertical dimension are combined with two or more threats in the horizontal dimension, the only other case where
VMTE=1 and HMTE=1. The subfield shall be coded as defined below.

Coding
0 There is a single threat overall (VMTE=0 and HMTE=0) or there are two or more threats
in at least one dimension
1 There are two distinct threats overall and VMTE=1 and HTME=1, but there is only a
single threat in each dimension

4.3.8.4.2.3.4.3.8 MID (ICAO aircraft address). This 24-bit (65-88) subfield shall contain the 24-bit aircraft address of
the interrogating ACAS aircraft.

Note.— Structure of MU for an RA broadcast (RA broadcast interrogation message) Part 1

33 37 41 48 57 58 59 60 64 65

‘UDSl =3 ‘ uUDS2 = 4‘ AVRA ‘ AHRA ‘VMTE‘HMTE‘ RAT ‘ RAC ‘ MST ‘ MID

36 40 47 56 57 58 59 63 64 88

4.3.8.4.2.3.4.3.9 LDI (low level descend inhibit). This 2-bit (41-42) subfield indicates whether low level descend inhibit
is being applied and shall be coded as defined in 4.3.8.4.2.2.2.2.

4.3.8.4.2.3.4.3.10 HRI (horizontal resolution advisory cutoff indicator). This 1-bit (bit 43) subfield indicates whether own
aircraft is below the altitude at which the horizontal components of RAs are provided by the ACAS IlI system and shall be
coded as defined in 4.3.8.4.2.2.3.12.

4.3.8.4.2.3.4.3.11 CCB (collision avoidance coordination capability bits). This 7-bit subfield (44-50) contains the CCCB
settings received from the threat identified in TID (4.3.8.4.2.3.4.3.14) and shall be coded as defined in 4.3.8.4.2.7.2.4.3.

4.3.8.4.2.3.4.3.12 1CO (is ICAO 24-bit address). This 1-bit subfield (bit 51) indicates whether the 24-bit address in TID
(4.3.8.4.2.3.4.3.14) is an ICAOQ address and shall be coded as defined in 4.3.8.4.2.2.3.15.

4.3.8.4.2.3.4.3.13 TTI (threat type indicator). This 1-bit (bit 52) subfield defines the type of identity data contained in the
TID subfield (4.3.8.4.2.3.4.3.14) and shall be coded as defined in 4.3.8.4.2.2.2.8.

4.3.8.4.2.3.4.3.14 TID (threat identity data ). This 24-bit (53-76) subfield contains the 24-bit aircraft address of the threat
or the altitude, range and bearing if the threat is not reporting a 24-bit address. The 24-bit address may be a non-ICAO address,
indicated by the 1CO subfield (4.3.8.4.2.3.4.3.12). If TTI=1, TID shall contain in bits 53-76 the 24-bit aircraft address of the
threat. If TTI=0, TID shall contain the following three subfields.
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4407
4408
4409
4410
4411
4412
4413
4414
4415
4416
4417
4418
4419
4420
4421
4422
4423
4424
4425
4426

4427
4428
4429
4430
4431
4432
4433
4434
4435
4436
4437
4438
4439
4440
4441
4442
4443
4444
4445
4446
4447
4448
4449
4450
4451
4452
4453

4.3.8.4.2.3.4.3.14.1 TIDA (threat identity data altitude). This 11-bit (53-63) subfield contains the most recent threat
altitude estimated by ACAS 11, expressed in binary to a resolution of 100 ft, and shall be coded as defined in 4.3.8.4.2.2.2.9.1.

4.3.8.4.2.3.4.3.14.2 TIDR (threat identity data range). This 7-bit (64-70) subfield contains the most recent threat range
estimated by ACAS Il (horizontal range) and shall be coded as defined in 4.3.8.4.2.2.2.9.2.

4.3.8.4.2.3.4.3.14.3 TIDB (threat identity data bearing). This 6-bit (71-76) subfield contains the most recent estimated
bearing of the threat aircraft, relative to the ACAS Il aircraft heading, and shall be coded as defined in 4.3.8.4.2.2.2.9.3.

4.3.8.4.2.3.4.3.15 HSH (hash code). This 8-bit (80-88) subfield shall contain a coded value used to associate this 56-bit
message to part one (UDS=346) of an RA broadcast interrogation from the same aircraft on the same ACAS IlI processing
cycle. The coded value is derived from data in part one. The purpose of this subfield is strictly to associate the two parts of a
single RA broadcast interrogation.

Note.—The address in the AP field in any RA broadcast interrogation is always all 1s; the 24-bit ICAO address for own
aircraft is not available from that field. MID, the 24-bit ICAO address for own aircraft, is included only in part one of an RA
broadcast interrogation, so HSH allows a monitor to associate the MID value in part one with the contents of part two.

Note.— Structure of MU for an RA broadcast (RA broadcast interrogation message) Part 2:

33 37 41 43 44 51 52 53 64 71 77 81
TIDA ‘ TIDR ‘ TIDB Not
UDS1=3|UDS2=5| LDI | HRI CCB ICO | TTI . HSH
TID assigned
36 40 42 43 50 51 52 63 70 76 80 88
Rationale

The RA broadcast is a periodic message sent on 1,030 MHz during an RA and a short time after, for the purpose of ground
monitoring. A new RA broadcast format is needed to take into account horizontal RAs in ACAS I1I.

4.3.8.4.2.4.2 Subfields in MV for a coordination.reply
Note. — 4:3.8.4.2.4.2.1 is only applicable to TCAS Version 7.1 compliant systems, while 4.3.8.4.2.4.2.2 is only applicable
to ACAS Xa compliant systems and 4.3.8.4.2.4.2.3 is only applicable to ACAS IlI systems.

4.3.8.4.2.4.2.2 For ACAS Xa compliant systems: Subfields in MV for a coordination reply. When VDS1 = 3 and VDS2 =0,
the following subfields shall be contained in MV:

4.3.8.4.2.4.2.3 For ACAS Ill systems: Subfields in MV for a coordination reply. When VDS1 = 3 and VDS2 = 0, the following
subfields shall be contained in MV:

4.3.8.4.24.2.3.1 ARA (active RAs). This 16-bit (41-52, 55-58) subfield shall be coded as defined in 4.3.8.4.2.2.3.1 and
43.84.2.2.3.1.

4.3.8.4.24.2.3.2 RMF (RA message format). This 2-bit (53-54) subfield shall be coded as defined in 4.3.8.4.2.2.3.3.
4.3.8.4.2.4.2.3.3 RAT (RA terminated indicator). This 1-bit (59) subfield shall be coded as defined in 4.3.8.4.2.2.3.4.

4.3.8.4.24.2.34 VMTE (Vertical multiple threat encounter). This 1-bit (60) subfield shall be coded as defined in
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4454
4455
4456
4457
4458
4459
4460
4461
4462
4463
4464
4465
4466
4467
4468

4469
4470
4471
4472
4473
4474
4475
4476
4477
4478
4479
4480
4481
4482
4483
4484

4485
4486
4487
4488
4489
4490
4491
4492
4493
4494
4495

4.3.8.4.2.2.35.

4.3.8.4.24.23.5 HMTE (Horizontal multiple threat encounter). This 1-bit (61) subfield shall be coded as defined in
4.3.8.4.2.2.3.6.

4.3.8.4.24.2.3.6 TTI (Threat Type Indicator). This 1-bit (62) subfield shall be coded as defined in 4.3.8.4.2.2.3.7.
4.3.8.4.24.2.3.7 TID (Threat ID). This 24-bit (63-86) subfield shall be coded as defined in 4.3.8.4.2.2.3.8.
4.3.8.4.24.2.3.8 VRAT (Vertical RAT). This 1-bit (87) subfield shall be coded as defined in 4.3.8.4.2.2.3.9.
4.3.8.4.24.2.3.9 HRAT (Horizontal RAT). This 1-bit (88) subfield shall be coded as defined in 4.3.8.4.2.2.3.10.

Note. — Structure of MV for a coordination reply:

33 37 4 53 55 59 60 61 62 63 87 88
‘VDSl=3‘VD82=O| ARA l RMF ‘ ARA ‘ RAT ‘VMTE | HMTE‘ TTI. ‘ TID ‘ VRAT I HRAT ‘
36 40 52 54 58 59 60 61 62 86 87 88
Rationale

The coordination reply is a message sent on 1,090 MHz in response to a TCAS resolution message by another equipped aircraft.
Mode S ground radar request during an RA and a short time after, for the purpose of ground monitoring. A new RA report
format is needed to take into account horizontal RAs in ACAS Ill'and add the capability to identify a second threat.

4.3.8.4.2.7 For ACAS Xa or ACAS IIl compliant systems: Extended squitter ME field for use in air-to-air coordination.
This 56-bit (33-88) field shall be used for air-to-air coordination involving ADS-B only equipped intruders (intruders that
cannot receive a discrete 1030‘MHz resolution message).

4.3.8.4.2.7.2.3.3 Bits (44-54) shall not be used by the ACAS Xair-to-air coordination process but-are-reserved-for-future
use.

4.3.8.4.2.7.2.3.4 DAA (detect and avoid). This 2-bit (55-56) subfield shall be used as defined below:

00 No BAARWC capability or no capability of BAA—systemRWC function to receive CA—ceordination
information TCAS Resolution Messages or ADS-B OCMs

01 Aircraft has a DAA-systemsan RWC function capable of receiving TCAS resolution messages and ADS-B
OCMs

10 Aircraft has aDAA-systeman RWC function capable of receiving only ADS-B OCMs

11 Not defined

Note 1. — DAA encompasses an RWC function and a CA function. The DAA bits indicate whether and what type of
coordination information needs to be provided to the aircraft so that the BAA-systemRWC function of the threat aircraft can
listen and provide guidance that is interoperable with ACAS. These bits are independent of the CA Coordination capability
bits, as aircraft with a DAA system may or may not have an ACAS. For more details of DAA bits, refer to EUROCAE/ED-264
or RTCA/DO-365382.

Note 2. — The type of coordination message transmitted, resolution message or ADS-B OCM, depends both on the receive
capability of the DAA system and on the transmit capability of the ACAS. If the DAA system can receive both the resolution
message and the OCM, an ACAS with 1030 MHz transmit capability is required to transmit the resolution message.
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4.3.8.4.2.7.2.4.1 Bits (57-58). This 2-bit (57-58) subfield shall be set to 0 for-ACASX-air-to-air-coordination-purposes.

4.3.8.4.2.7.2.4.2 Bits (59-64) and Bit 72.-Fhe-bits{59-64)-and-bit72-shall-not-be-used-bythe ACAS X—air-to-air
coordination—processBit (59) shall be set by the transponder when there is an active RA and Bit 72 shall be set by the
transponder when there is an active RWC alert.
Note. — Bits (60-64) are not relevant for coordination.

4.3.8.4.2.7.2.4.3 CCCB (collision avoidance coordination capability bits). This 7-bit (65-71) subfield shall be used as
defined below:

Vertical and horizontal (2 bits (65-66))

00 Vertical

01 Horizontal

10 Blended

11 ReservedVertical only or Horizontal only per intruder

Aircraft CAS Type / Capability (3 bits (67-69))

000 Aetive ACASHTCAS 11 or no CAS)

001 Active ACASCAS (except all TCAS 1I)

010 Active ACASCAS (except all TCAS II) with OCM
transmit capability

011 Respenstve-ACAS Active CAS of junior status

100 Passive ACASCAS with 1030 MHz resolution message
receive capability

101 Passive ACASCAS with only OCM receive capability

110 to 111 Reserved

Reserved (2'bits (70-71))
00 to 11 ntendedforunmanned-atreratt-systemsReserved for

future use

Rationale
The change is made for alignment with the MASPS on ACAS interoperability. It is already taken into account in the production
of ACAS Xa equipment.

4.3.9.3.2 Where a source providing a resolution finer than 7.62 m (25 ft) is not available, and the only altitude data
available for own aircraft is Gillham encoded, at least two independent sources shall be used and compared continuously in
order to detect encoding errors.

Note. — International Commercial Air Transport aeroplanes cannot use Gillham encoded altitude sources as they have
to equip with a data source that provides pressure-altitude information with a resolution of 7.62 m (25 ft), or better, in
accordance to Annex 6 Part I, 6.20.2.

4.3.9.3.3 Recommendation.— Two altitude data sources should be used and compared in order to detect errors before

provision to ACAS.
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Rationale
A note is added to highlight the importance of compliance to Annex 6 requirement which forbids Gillham encoded altitude
sources for international commercial air transport aeroplanes

4.3.9 ACAS equipment characteristics
4.3.9.1 Interfaces. As a minimum, the following input data shall be provided to the ACAS:
a) 24-bit aircraft address code;
b) air-air and-ground-air Mode S transmissions received by the Mode S transponder for use by ACAS (4.3.6:311.2.2);

c) other data from the Mode S transponder for use by ACAS (e.g. own aircraft’s Mode A identity data, own aircraft’s
ability to transmit OCMs) (4.3.11.2.2);

d) pressure-altitude;

e) above ground level altitude (e.g. radio altitude);

f) operating mode control (e.g. standby, TA only, Surveillance Only, RWC/CA and TA/RA Mode);

Rationale
Correction of the list and addition of items linked to the ACAS X/ DAA — OCMs, RWC/CA.

4.3.10 Monitoring

4.3.10.1 Monitoringfunction. ACAS shall continuously perform a monitoring function in order to provide a warning if
any of the following conditions at least are satisfied:

a) there is no.interrogation power limiting due to interference control (4.3.2.2.2) and the maximum radiated power is
reduced to less than that necessary to satisfy the surveillance requirements specified in 4.3.2; or

b) .any other failure in the equipment is detected which results in a reduced capability of providing FAscaution level
alerts.or RAs; or

Rationale

ACAS Ill may use TAs that are defined in this annex but they also may use cautionary alerts which are not exactly issued in
the same way as TAs. To allow such designs, the introduction of the notion of caution-level alert, of which TAs are particular
cases, is necessary.

4.3.11.2.1 Data transfer from ACAS to its Mode S transponder:

a) The Mode S transponder shall receive from its ACAS RA information for transmission in an RA report (4.3.8.4.2.2.1,
4.3.8.4.2.2.2 and 4.3.8.4.2.2.3), and in a coordination reply (4.3.8.4.2.4.2), and to set the appropriate DR code in DF
=4,5, 20, and 21 replies;

b) the Mode S transponder shall receive from its ACAS current sensitivity level for transmission in a sensitivity level
report (4.3.8.4.2.5); and
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c) the Mode S transponder shall receive from its ACAS capability information for transmission in a data link capability
report (4.3.8.4.2.2.24) and for transmission in the Rl field of air-air downlink formats DF = 0 and BF=16 (4.3.8.4.1.2);
ahd.

Note.— 1090ES ADS-B version 3 devices accept capability information for transmission in the ADS-B Aircraft Operational
Status Message (4.3.8.4.2.7.2).

Rationale

New references to the data from ACAS Xa compliant systems and the data from ACAS 111 systems were added in a). Last part
of the sentence in a) was also added for exhaustivity.

Requirement d) was deleted because the piece of information “RA enabled-or inhibited” is part of the capability information
addressed in c).

4.3.11.2.2 Data transfer from Mode S transponder to its ACAS:

Rationale

Regarding the transfer of SLC commands, that capability was taken out of the most recent version of the transponder to avoid
letting any entity on the ground to have control over the sensitivity level of the ACAS. So while transponders with subnetwork
version 5 and lower do contain this function, it is no longer thought as aminimum requirement for any version of the system
(i.e. if there was a subnetwork version 5 transponder that did not send SLC, that would be acceptable).

ba) the Mode S transponder shall transfer to its ACAS received ACAS broadcast messages (4.3.8.4.2.3.3) transmitted by
other ACASs;

€b) the Mode S transponder shall transfer to its ACAS received resolution messages (4.3.8.4.2.3.2) transmitted by other
ACAS:s for air-air coordination purposes;and

dc) the Mode S transponder shall transfer to its ACAS own aircraft’s Mode A identity data for transmission in an RA
broadcast (4.3.8.4.2.3.4.1.5).

d) the Mode S transponder shall transfer to its ACAS the 24-bit aircraft address.

e) the Mode S transponder shall transfer to its ACAS the pressure altitude from the source that is the basis for own
altitude in Mode C and Mode S replies.

f) the Mode S transponder shall transfer to its ACAS the quantization for pressure altitude (fine [10 feet or less] or coarse
[more than 10 feet]).

g) the Mode S transponder of subnetwork version 6 or greater shall transfer to its ACAS own aircraft’s ability to transmit
OCMs.

h) the Mode S transponder shall transfer to its ACAS the Mode S subnetwork version.
Note.— Mode S transponders prior to subnetwork version 6 transfer to its ACAS received sensitivity level control

commands (4.3.8.4.2.1.1) transmitted by Mode S stations.
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Rationale

While added items from d) to f) are required to be transmitted in the existing ACAS Il and ACAS III system, items g) and h)
are required to be transmitted in the ACAS Xa and ACAS Xu. TCAS v7.1 does not need these information as it would not use
them.

4.3.11.2.2.1 Mode S transponders used with ACAS Il11 shall have the ability to provide pressure altitude data quantized to
less than or equal to 1 foot.

Rationale
The reference ACAS 111 system, ACAS Xu, requires this accuracy level to perform nominally.

4.3.11.3.2.1 The ACAS Mode S transponder shall reply with a coordination reply to a coordination interrogation received
from another ACAS if and-enby-if the transponder is able to deliver the ACAS data content of the interrogation to its associated
ACAS and the reply is not eliminated by reply rate limiting.

4.3.11.4 COMMUNICATION oF ACAS
INFORMATION TO GROUND STATIONS

4.3.11.4.1 RA reports to Mode S ground stations. During the period of an RA and for 18+1 s following the end of the
RA, the ACAS Mode S transponder shall indicate that it has an RA report by setting. the appropriate DR field code in replies
to a Mode S sensor as specified in 4.3.8.4.1.1. The RA report shall include the MB field as specified in 4.3.8.4.2.2.1,
4.3.8.4.2.2.2 and 4.3.8.4.2.2.3. The RA report shall describe the mostrecent RA that existed during the preceding 18+1 s period.

Rationale
New references to add the data from-ACAS Xa compliant systems and the data from ACAS Il systems.

4.3.12 Indications to the flight crew

4.3.12.1 Corrective and preventive RAs. Visual and/or aural indications to the flight crew shall distinguish between the
following RA types and the dimension (horizontal / vertical) of intended Resolution Advisory:

a) Horizontal RAs, vertical RAs and combined horizontal and vertical RAS;

b) RAs requiring a change in vertical or horizontal path and those RAs that do not require a change in flight path;

c) Altitude-crossing RAs and non-altitude-crossing RAs; and

d) RAs that change sense in one or more dimensions and those that do not change sense in one or more dimensions.
Note 1.— Specific guidance for ACAS Il RA indications is provided in RTCA DO-185B/ED-143 and RTCA DO-385/ED-
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256.
Note 2.— Specific guidance for ACAS Ill RA indications is provided in RTCA DO-365B.

4.3.12.2 Visual indications to the flight crew shall be located in the field of view of all operating pilots.

Rationale
Pilot awareness of the different types of RA is seen as essential for good responses to alerts, so it is proposed to raise the
recommendations to requirements and to add other types of RAs between which the indications must help the pilots to
distinguish

44 PERFORMANCE OF THE ACAS H COLLISION AVOIDANCE LOGIC

Note-2.— Caution is to be observed when considering potential improvements to ACAS since changes may affect more
than one aspect of the system performance. It is essential that alternative designs would not degrade the performances of other

de5|gns and that such compatlblllty |s demonstrated W|th a hlgh degree of confidence. Fhe-performance-specified-in-Section

Rationale

Section 4.4 is now subdivided into General provisions (for ACAS Iland ACAS I11) and two specific subsections with provisions
for ACAS Il and for ACAS III.

The deleted text in the notes is specific to ACAS Il and will be moved under the ACAS |1 subsection.

4.4.1 General provisions
4.4.1.1 COMPATIBILITY BETWEEN DIFFERENT COLLISION AVOIDANCE LOGIC DESIGNS
When considering alternative collision avoidance logic designs, certification authorities shall verify that:

a) the performances of the alternative design are acceptable in encounters involving ACAS units that use existing designs;
and

b) the performances of the existing designs are not degraded by the use of the alternative design.

Note 1.— To verify the compatibility between different collision avoidance logic designs, the conditions described in
4.4.2.2.7 b) are the most severe that can be anticipated in this respect.

Note 2.— For more guidance on compatibility between different collision avoidance logic designs, refer to ACAS Manual.
In addition, for more details about the evaluation of this compatibility, refer to EUROCAE ED-264 / RTCA DO-382 - Minimum
Aviation System Performance Standards (MASPS) for the Interoperability of Airborne Collision Avoidance Systems

4.4.1.2 RELATIVE VALUE OF CONFLICTING OBJECTIVES

Recommendation.— The collision avoidance logic should be such as to reduce as much as practicable the risk of collision
(as defined in 4.4.2.3) and limit as much as practicable the disruption to ATM (as defined in 4.4.2.4).

Rationale
The general provisions are former sections 4.4.2.8 and 4.4.5. The recommendation in 4.4.2.8 is elevated to a requirement, in
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light of the system validation experience and the availability of guidance for the evaluation of ACAS interoperability
performance (a note is added to reference this guidance).

4.4.2 Performance of the ACAS Il collision avoidance logic

Note.—The performance specified for ACAS 1l is based on the performance achieved by TCAS Version 7.1 compliant
systems. The performance of ACAS X compliant systems is improved compared to the performance of TCAS Version 7.1
compliant systems. For more information, refer to the Airborne Collision Avoidance System (ACAS) Manual (Doc 9863).

Origin: Rationale:
SP/5 The encounter definition has been relocated under Chapter 1, in the common definitions for
part 1 and part 2) as it is also used:in part 2.

[Note to the editor: all sections between the section above and the section below must be shifted by one title level, with “.2”
inserted after “4.4” in the numbering. ]

[Note to the editor: all sections between the section above and the section below must be shifted by one title level, with “.2"
inserted after “4.4” in the numbering.]

4.4.3 Performance of the ACAS Il collision avoidance logic
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4.4.3.1 GENERAL PRINCIPLE

ACAS IlI performance in the areas of safety and ATM disruption shall be evaluated through large-scale encounter simulation
using validated encounter sets, surveillance models, pilot models and metrics, with the very high level of rigor associated with
ACAS design, development, implementation, and testing.

Note 1. — The performance of ACAS Xu compliant systems is improved compared to the performance of TCAS Version 7.1
compliant systems.

Note 2.— The definitions in chapter 1, the conditions, surveillance models, pilot models and scenarios in 4.4.2.1, and the
metrics in 4.4.2.3 and 4.4.2.4 are valid for ACAS |1l performance evaluation but need to be supplemented for ADS-B and non-
cooperative surveillance and for horizontal advisories. The encounter model in 4.4.2.2 is not sufficient for ACAS IlI
performance evaluations.

Note 3.— RTCA DO-386 / EUROCAE ED-275 Minimum Operational Performance Standards for Airborne Collision
Avoidance System Xu (ACAS Xu) complies with this provision and can be used as a reference regarding the types of encounter
sets and diversity of metrics to be considered.

4.4.3.2 REDUCTION IN THE RISK OF COLLISION

4.4.3.2.1 Under the appropriate validation conditions introduced in 4.4.3.1, the reduction target in 4.4.2.3 shall apply to the
ACAS lIlI collision avoidance logic, when encountering cooperative intruders.

4.4.3.2.2 Under the appropriate validation conditions introduced in 4.4.3.1, the reduction target in Part 2, 11.1.3, second line
of the table, shall apply to the ACAS IlI collision avoidance logic, when encountering non-cooperative intruders.

Rationale

As developing a full framework for the evaluation of the ACAS Il CA logic has been considered to be impractical, the new
sections establishes a general requirement about the validation of ACAS Il performance and endorses the minimum
performance for the main safety metric, reduction in the risk of collision, that is established in 4.4.2 for ACAS Il against
cooperative intruders and in part 2 for.the CA function against non-cooperative intruders.

45 ACAS USE OF EXTENDED SQUITTER

4.5.1 ACAS hybrid surveillance using extended squitter position data

Note.— Surveillance protocols defined in this section are for ACAS hybrid surveillance, and surveillance protocols for
ACAS not equipped for hybrid surveillance are defined in 4.3.7.1.

4511 DEFINITIONS

Passive surveillance. The process of tracking another aircraft
ittare ACA X S o via
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Origin: Rationale:

SP/5 Generalization of the definition, which gave the impression that passive surveillance only
covers hybrid and extended hybrid surveillance, while it is also used in a more general sense
elsewhere.

Origin: Rationale:
SP/5 The definition has been relocated in Chapter 1 because validation is used in other contexts
than just hybrid surveillance

4.5.1.4 Near threat. An intruder shall be tracked under active surveillance if it is a near threat, as determined by separate
tests on the range and altitude of the aircraft. These tests shall be such that an intruder is considered a near threat before it
becomes a potential threat, and thus triggers a traffic advisory as described in 4.3.3. These tests shall be performed once per

Rationale

The sentence is redundant with the same sentence in4.5.1.6.1.

Origin Rationale for Initial Proposal 2
SP/5
This proposal develops ACAS' Il provisions-as well as provisions on the
performance of airborne primary surveillance radar for optional use in ACAS. The
recently standardized ACAS Xu includesa collision avoidance function with
horizontal advisories. Other systems with collision avoidance RAs in the horizontal
dimension are also being developed. The ACAS Il type of ACAS is the relevant
vehicle to standardize such kinds of RAs.

Progress in the airborne surveillance of non-cooperative aircraft have occurred and
ACAS could accommodate such a sensor.
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INITIAL PROPOSAL 3

CHAPTER 7. TECHNICAL REQUIREMENTS FOR
AIRBORNE SURVEILLANCE APPLICATIONS

Note 1.— Airborne surveillance applications (ASA) are based on aircraft receiving and using ADS-B message
information transmitted by other aircraft/vehicles or ground stations. The capability of‘an aircraft to receive and use ADS-
B/TIS-B message information is referred to as ADS-BAHS-B IN.

Note 2.— tnitiakaAirborne surveillance applications use ADS-B messages on 1 090 MHz extended squitter to provide

airborne traffic situational awareness (ATSA} and other capabilities supporting flight operationsere-expected—to—In-trail
procedures”and—Enhancedy.

Note 3.— It is recognized that ADS-B messages can be received across a variety of links other than 1 090 MHz
extended squitter; including UAT and VDL4. These messages can be treated the same regardless of the link received for ASA.

Note 34.— Detailed deseription-of-aforementioned-apphications requirements descriptions for ASA can be found in
RTCA D0O-289317C / EUROCAE ED-194B and RTCA DO-312361A / EUROCAE ED-236A.

7.1.1.2 TRACKING THE REFERENCE AIRCRAFT

7.1.1.2.1 The system shall support a function to monitor. the movements and behaviour of each reference aircraft
relevant to the application.

7.1.1.2.2 The system shall support a function to monitor qualification of each reference aircraft for the ASA in use.
Note.— The qualification of each reference aircraft is typically achieved by system checks of the ADS-B quality

indicators of each reference aircraft as compared to the requirements for the ASA in use. See RTCA DO-317C / EUROCAE
ED-194B for further details.

7.1.1.3 TRAJECTORY OF THE REFERENCE AIRCRAFT

- ionsPredicting an estimated future
position and/or trajectory of the reference arrcraft shall be performed as specrfred by each ASA.

7.1.1.4 CALCULATIONS BASED ON TRAFFIC DATA RELATIVE TO OWN AIRCRAFT
Calculations involving both own aircraft and traffic data shall be performed as specified by each ASA.
7.1.2 Displaying traffic information

Note.— Provisions eontained-7.1.2.1 thru 7.1.2.3 in this section apply to cases wherein tracks generated by ACAS and
by reception of ADS-B/TIS-B N messages are shown on a single display.

7.1.2.1 The system shall display only one track for each distinct aircraft on a given display.

Note.— This is to ensure that tracks established by ACAS and ADS-B/HS-B IN are properly correlated and mutually
validated before being displayed.
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7.1.2.2 Where a track generated by ADS-BAHS-B IN and a track generated by ACAS have been determined to belong
to the same aircraft, the track generated by ADS-B/HS-B IN shall be displayed.

Note.— At close distances, it is possible that the track generated by ACAS provides better accuracy than the track
generated by ADS-B/HS-B IN. The requirement above ensures the continuity of the display.

7.1.2.3 The display of the tracks shall comply with the requirements of ACAS traffic display.
Note.— Section 4.3 addresses colour coding and readability of the display.
7.1.2.4  The system shall have a means to select the best source of surveillance information when multiple sources are
available.
7.1.2.5 A reference aircraft in active use by an ASA shall be clearly distinguishable as such.
7.1.2.6 The system shall prioritize reference aircraft for surveillance tracking, application processing, and display such
that ACAS alerting, aircraft in use by an ASA, aircraft selected by the flight crew, and proximate aircraft are higher priority
than other airborne and surface tracks.
7.1.2.7 The system shall display a reference aircraft’s directionality.

7.1.2.8 When requested by the flight crew, the system shall display a reference aircraft’s identification and ground speed.

7.1.29 If situational awareness on surface traffic is implemented, the system shall support display of an
underlying airport surface map.

Note.— For more details on the implementation of situational awareness on surface traffic, refer to section 2.2.4.2 of
DO-317C/ED194B.

7.1.2.10 Displays providing annunciations that require immediate flight crew awareness shall be located in the field
of view of all operating pilots.

7.1.2.11 Recommendation. — ASA information should be integrated into existing flight deck displays.

7.1.3 Use of calculated information

7.1.3.1 The system shall interface with the audio alert system for ASAs with audio alerts.

7.1.3.2 The system shall provide an advisory alert if the reference aircraft in active use by an ASA ceases to qualify for
that application.

7.1.3.3 The system shall determine and display the status of implemented ASAs.

7.1.4 Flight Crew interfaces
7.1.4.1 The system shall include controls and a means of flight crew entry of information as appropriate to each ASA.
Note.— This includes controls and display interface for ACAS Xo.

7.1.4.2 Aircraft installations shall allow all operating pilots to utilize the equipment.
7.2 ADDITIONAL REQUIREMENTS FOR VSA AVIONICS FUNCTIONS
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Note.— These requirements are in addition to those listed in 7.1 (and subsections) and apply only if the Visual
Separation on Approach (VSA) avionics functions are implemented.

7.2.1 Traffic data functions
7.2.1.1 IDENTIFYING THE REFERENCE AIRCRAFT
Note.— No additional requirements are added in this subsection.
7.2.1.2 TRACKING THE REFERENCE AIRCRAFT
Note.— No additional requirements are added in this subsection.
7.2.1.3 TRAJECTORY OF THE REFERENCE AIRCRAFT

Note.— No additional requirements are added in this subsection.
7.2.1.4 CALCULATIONS BASED ON TRAFFIC DATA RELATIVE TO OWN AIRCRAFT

7.2.1.4.1 The system shall be capable of calculating a reference aircraft’s range and differential ground speed relative to
own aircraft.

7.2.2 Displaying traffic information
7.2.2.1 When requested by the flight crew, the system shall display a reference aircraft’s horizontal velocity vector.
7.2.3 Use of calculated information

7.2.3.1 When requested by the flight crew, the system shall display a reference aircraft’s range and differential ground
speed relative to own aircraft.

7.3 ADDITIONAL REQUIREMENTS FOR ADS-B Traffic Awareness System (ATAS) AVIONICS FUNCTIONS

Note 1.— These requirements are in addition to those listed in 7.1 (and subsections) and apply only if the ATAS
avionics functions are implemented.

Note 2.— ATAS may be installed without a traffic display. In such installations, the general display requirements in
7.1.2 do not apply and all user interface functionality is to be provided via an annunciator panel or individual lamps and
controls.

Note 3.— ATAS is not acceptable to be integrated with ACAS X.

7.3.1 Traffic data functions
7.3.1.1 IDENTIFYING THE REFERENCE AIRCRAFT
Note.— No additional requirements are added in this subsection.
7.3.1.2 TRACKING THE REFERENCE AIRCRAFT

Note.— No additional requirements are added in this subsection.

7.3.1.3 TRAJECTORY OF THE REFERENCE AIRCRAFT
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7.3.1.3.1 The system shall support a computational function to predict the future position of a reference aircraft by
extrapolation of ADS-B message data.

7.3.1.4 CALCULATIONS BASED ON TRAFFIC DATA RELATIVE TO OWN AIRCRAFT

7.3.1.4.1 The system shall calculate potential conflicts between own aircraft and proximate aircraft, based on ADS-B
reports and extrapolation.

7.3.2 Displaying traffic information
Note.— No additional requirements are added in this subsection.
7.3.3 Use of calculated information
7.3.3.1 The system shall give an alert when a potential conflict has been identified with a proximate aircraft.
7.3.3.2 The system shall provide a means to prioritize concurrent conflict alerts.
Note.— If ATAS and TCAS Il are installed on the same aircraft, TCAS Il alerts have priority.

7.3.3.3 The system shall provide the flight crew a means to acknowledge or suppress an aural annunciation that contains
reference aircraft position.

7.4 ADDITIONAL REQUIREMENTS FOR In-Trail Procedures (ITP) AVIONICS FUNCTIONS

Note 1.— These requirements are in addition to those listed in 7.1 (and subsections) and apply only if ITP avionics
functions are implemented.

Note 2.— TIS-B messages are not acceptable for use by ITP avionics functions.
7.4.1 Traffic data functions
7.4.1.1 IDENTIFYING THE REFERENCE AIRCRAFT
Note.— No additional requirements are added in this subsection.
7.4.1.2 TRACKING THE REFERENCE AIRCRAFT
7.4.1.2.1 The system shall validate the ADS-B position of the reference aircraft with ACAS surveillance data.
7.4.1.3 TRAJECTORY OF THE REFERENCE AIRCRAFT
Note.— No additional requirements are added in this subsection.
7.4.1.4 CALCULATIONS BASED ON TRAFFIC DATA RELATIVE TO OWN AIRCRAFT

7.4.1.4.1 The system shall calculate whether the reference aircraft can be used for the ITP application by comparing the
relative position and velocities of the reference aircraft and own aircraft.

7.4.1.4.2 The system shall calculate the distance between own aircraft, the reference aircraft, and a common point based
on own aircraft heading or true track angle (when available).

Note.— If own aircraft and the reference aircraft are on intersecting paths, the common point is the point of intersection.
Otherwise the common point is the reference aircraft’s position as projected on to own aircraft’s path. Own aircraft’s true
track angle is to be used if it is available to determine own aircraft’s path.
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7.4.2 Displaying traffic information
Note.— No additional requirements are added in this subsection.
7.4.3 Use of calculated information

7.4.3.1 The system shall provide the flight crew a means to select and display the following items:\

a) the qualification of the reference aircraft for ITP;
b) distance relative to the common point;, and
c) indication of whether the reference aircraft is ahead or behind.

7.5 ADDITIONAL REQUIREMENTS FOR CDTI-Assisted Visual Separation (CAVS) AVIONICS FUNCTIONS

Note 1.— These requirements are in addition to those listed in 7.1 (and subsections) and apply only if the CAVS
avionics functions are implemented.

Note 2.— TIS-B messages are not acceptable for use by CAVS avionics functions.
7.5.1 Traffic data functions
7.5.1.1 IDENTIFYING THE REFERENCE AIRCRAFT
Note.— No additional requirements are added in this subsection.
7.5.1.2 TRACKING THE REFERENCE AIRCRAFT
7.5.1.2.1 The system shall validate the ADS-B position of the reference aircraft with ACAS surveillance data.
7.5.1.3 TRAIJECTORY OF THE REFERENCE AIRCRAFT
Note.— No additional requirements are added in this subsection.
7514 CALCULATIONS BASED ON TRAFFIC DATA RELATIVE TO OWN AIRCRAFT
7.5.1.4.1 The system shall calculate the reference aircraft’s range and differential groundspeed relative to own aircraft.
7.5.2 Displaying traffic information
Note.— No additional requirements are added in this subsection.
7.5.3 Use of calculated information

7.5.3.1 The system shall provide the flight crew a means to select and display the differential ground speed and the
reference aircraft’s range to own aircraft.

7.5.3.2 The system shall aurally and visually alert the flight crew when the range between the reference aircraft and own
aircraft is less than the range for which the equipment is qualified to perform CAVS, based on traffic surveillance quality.

7.5.3.3 The system shall visually alert the flight crew when the range between the reference aircraft and own aircraft is
less than an advisory value adjustable by the flight crew.
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7.6 ADDITIONAL REQUIREMENTS FOR Flight-deck Interval Management (FIM) AVIONICS FUNCTIONS

Note 1.— These requirements are in addition to those listed in 7.1 (and subsections) and would apply only if the FIM
avionics functions are implemented. Detailed descriptions can be found in RTCA DO-361A / EUROCAE ED-236A.

Note 2.— TIS-B messages are not acceptable for use by FIM avionics functions.
7.6.1 Traffic data functions
7.6.1.1 IDENTIFYING THE REFERENCE AIRCRAFT

7.6.1.1.1 The system shall support a function to request information on a specific reference aircraft, identified by the
flight crew, from the ADS-B receiver.

7.6.1.1.2 The system shall be integrated with an ADS-B receiver capable of supporting long range acquisition of
reference aircraft.

7.6.1.1.3 The system shall, upon initiating an IM operation relative to a reference aircraft, provide defined FIM data to
the transponder.

7.6.1.2 TRACKING THE REFERENCE AIRCRAFT
7.6.1.2.1 The system shall validate the ADS-B position of the reference aircraft with ACAS surveillance data.
7.6.1.3 TRAJECTORY OF THE REFERENCE AIRCRAFT

7.6.1.3.1 The system shall support a computational function to generate a predicted trajectory for a reference aircraft,
including an airspeed profile, vertical profile, and horizontal path, based on reference aircraft state, environmental data, and
navigational procedures.

7.6.1.3.2 The system shall monitor the reference aircraft’s position relative to its predicted trajectory.

7.6.1.3.3 The system shall be capable of determining if a predicted trajectory cannot be calculated given the available
information.

7.6.1.4 CALCULATIONS BASED ON TRAFFIC DATA RELATIVE TO OWN AIRCRAFT

7.6.1.4.1 The system shall support a computational function capable of generating speed guidance for own aircraft in
order to achieve a relative spacing objective, input by the flight crew as a time or distance, at a specific point on own aircraft’s
path, as input by the flight crew.

7.6.1.4.2 The system shall be capable of determining if achieving a relative spacing objective at a specific point on own
aircraft’s path is feasible (or not) based on own aircraft’s expected navigation and the predicted relative spacing at the specific
point.

7.6.1.4.3 The system shall support a computational function capable of calculating the current relative spacing, in time
or distance, based on a reference aircraft’s current position as projected on own aircraft’s path.

7.6.1.4.4 The system shall support a computational function capable of generating speed guidance for own aircraft in
order to capture and/or maintain a relative spacing objective, input by the flight crew as a time or distance, based on a reference
aircraft’s current position as projected on own aircraft’s path.

7.6.1.4.5 The system shall limit speed guidance for own aircraft to follow airspace restrictions, procedural speed
constraints required for safety, and to remain within a specified margin around own aircraft’s expected, nominal airspeed
profile.
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7.6.2 Displaying traffic information

7.6.2.1 The system shall be capable of displaying a reference aircraft’s route information, as input, as well as any other
information input by the flight crew to support the relative spacing operation.

Note.— This would include the type of spacing operation, the spacing objective, any special points (e.g. an achieve-
by point or planned termination point), and meteorological forecast data.

7.6.3 Use of calculated information

7.6.3.1 The system shall notify the flight crew if insufficient or invalid information has been provided to support the
spacing operation specified.

Note.— Based on the spacing operation and route information specified, the equipment may need to calculate spacing
objectives and points of reference. In some instances, depending on the information provided, these may not be calculable.

7.6.3.2 The system shall graphically display any input or calculated points relevant to the spacing operation.
7.6.3.3 The system shall notify the flight crew if a relative spacing objective is determined to be infeasible.
7.6.3.4 The system shall display speed guidance for own aircraft such that it, and any change, is easily observable.

7.6.3.5 The system shall display speed guidance for own aircraft in a manner consistent with the current cockpit mode
of operation.

7.6.3.6 The system shall provide visual and aural notification to the flight crew if speed guidance for own aircraft has
not been complied with in a timely manner.

7.6.3.7 The system shall notify the flight crew if the reference aircraft is not following the trajectory that the system has
predicted for it.

Origin Rationale for Initial Proposal 2
This proposal provides a proposed revision to Chapter 7 of Annex 10 Volume IV, which
SP/5 specifies technical requirements for airborne surveillance utilizing ADS-B IN. ADS-B

data can provide substantial benefit when integrated into the cockpit. The proposed
revision includes.a clarification of requirements for situational awareness and new
requirements supporting a range of applications. Beyond enhanced situational awareness
for flight crews on surrounding traffic, instead of specifying technical specifications in
detail, this proposal specify minimum functional requirements for the use of currently
available and new ADS-B IN capabilities and avionics functions, including Flight-deck
Interval Management (FIM), to support various Airborne Surveillance Applications.

—END —
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