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TRANSMITTAL NOTE

NEW EDITIONS OF ANNEXES TO THE
CONVENTION ON INTERNATIONAL CIVIL AVIATION

It has come to our attention that when a new edition of an Annex is published, users have been
discarding, along with the previous edition of the Annex, the Supplement to the previous edition.
Please note that the Supplement to the previous edition should be retained until a new
Supplement is issued.







International Standards
and Recommended Practices

Annex 10
to the Convention on
International Civil Aviation

Aeronautical_ _
Telecommunications

Volume 1V
Surveillance and Collision Avoidance Systems

This edition incorporates all amendments
adopted by the Council prior to 27 February 2007
and supersedes, on 28 November 2007, all
previous editions of Annex 10, Volume IV.

For information regarding the applicability

of the Standards and Recommended
Practices, see Foreword.

Fourth Edition
July 2007

International Civil Aviation Organization



The issue of amendments is announced regularly in the JCAO Journal and in the
monthly Supplement to the Catalogue of ICAO Publications and Audio-visual
Training Aids, which holders of this publication should consult. The space below
is provided to keep a record of such amendments.

AMENDMENTS

RECORD OF AMENDMENTS AND CORRIGENDA

AMENDMENTS CORRIGENDA
Date Date Entered Date Date Entered
No. applicable entered by No. of issue entered by
70-82 Incorporated in this edition

(i)




TABLE OF CONTENTS

Page

Foreword .............. cessirsesteessaressssstsssentresns esesstesesrieereasestseseessesabenaens W
Chapter 1. DefINItIONS...cciinicininininnsiinienssiniisinrinsisnssssamssssesserssssssssssessassssssssssasssssssssssssssssvsassasssssssssoss 1-1
Chapter 2. General.............. reieaeiesreeisesae s ae e a s e e AR e SRR s SRS AR b S b SR e B RS b e R R e an 2-1
2.1 Secondary surveillance radar (SSRY) ..o 2-1

22 Human Factors CONSIAEIationS. ... .ucuieriirreiiierie ettt sttt cres e st ba s abesees e ssassasessennaseans 2-6
Chapter 3. Surveillance systems......... sreesasssnssasssaninianeeas crereiesesneesaesnesasare bt s bt b e st esbe b s sas 3-1
31 Secondary surveillance radar (SSR) system characteriSticS. . ..uurmiiirirriarisienieeeereesriereecreesiesresnneens 3-1
Appendix to Chapter 3. SSR automatic pressure-altitude transmission code (pulse position assignment)............ 3-87
Chapter 4. Airborne collision avoidance SYSeI ..o 4-1
4.1 Definitions relating to airborne collision avoidance SYStEM .......ecivrevirerinerinene e 4-1

4.2 ACAST general provisions and characteriStiCs. ...t et 4-3

4.3 General provisions relating to ACAS ITand ACAS TIL ... 4-5

4.4 Performance of the ACAS II collision avoidance logiC........coovaiiriiriiniiiinie e 4-30

4.5 ACAS use of extended SQUItTET FEPOTTS..c..eoriiiiiiii oot ee e see e 4-45
Chapter 5. Mode S extended SQUILIET.....ouivieceneivisiriinire sttt sesssesessesnssen s 5-1
5.1 Mode S extended squitter transmitting system characteriStics ......coiuirerrnerireeneeiicrirecrrree e 5-1

5.2 Mode S extended squitter receiving system characteristics (ADS-B in and TIS-B in).......ccccoeennne. 5-2
Attachment. Guidance material related to airborne collision avoidance system (ACAS) ...ccoevreeeressrsserirns ATT-1
1. Equipment, functions and capabilIEes ......cceoieirroiiiniii ittt ATT-1

2. Factors affecting system PerfOrmance ..ottt ATT-5

3. Considerations on technical implementation ATT-7

4. Typical algorithms and parameters for threat detection and generation of advisories..........c.ccceceeeen ATT-37

5. ACAS II use of hybrid surveillance teChniQUES.........coriiriiriirire e ATT-54

6. Performance of the collision avoidance LOZIC ........ccveieiriieeie ittt ATT-56

ANNEX 10 — VOLUME IV (iii) 22/11/07






FOREWORD

Historical background

Standards and Recommended Practices for Aeronautical Telecommunications were first adopted by the Council on 30 May
1949 pursuant to the provisions of Article 37 of the Convention on International Civil Aviation (Chicago 1944) and designated
as Annex 10 to the Convention. They became effective on 1 March 1950. The Standards and Recommended Practices were
based on recommendations of the Communications Division at its Third Session in January 1949.

Up to and including the Seventh Edition, Annex 10 was published in one volume containing four Parts together with
associated attachments: Part I — Equipment and Systems, Part II — Radio Frequencies, Part IIl — Procedures, and Part IV —
Codes and Abbreviations.

By Amendment 42, Part IV was deleted from the Annex; the codes and abbreviations contained in that Part were
transferred to a new document, Doc 8400.

As a result of the adoption of Amendment 44 on 31 May 1965, the Seventh Edition of Annex 10 was replaced by two
volumes: Volume I (First Edition) containing Part I — Equipment and Systems, and Part II — Radio Frequencies, and
Volume II (First Edition) containing Communication Procedures.

As a result of the adoption of Amendment 70 on 20 March 1995, Annex 10 was restructured to include five volumes:
Volume I — Radio Navigation Aids; Volume II — Communication Procedures; Volume III — Communication Systems;
Volume IV — Surveillance Radar and Collision Avoidance Systems; and Volume V — Aeronautical Radio Frequency
Spectrum Utilization. By Amendment 70, Volumes III and IV were published in 1995 and Volume V was planned for
publication with Amendment 71.

Table A shows the origin of amendments to Annex 10, Volume IV subsequent to Amendment 70, together with a summary
of the principal subjects involved and the dates on which the Annex and the amendments were adopted by Council, when they
became effective and when they became applicable.

Action by Contracting States

Notification of differences. The attention of Contracting States is drawn to the obligation imposed by Article 38 of the
Convention by which Contracting States are required to notify the Organization of any differences between their national
regulations and practices and the International Standards contained in this Annex and any amendments thereto. Contracting
States are invited to extend such notification to any differences from the Recommended Practices contained in this Annex and
any amendments thereto, when the notification of such differences is important for the safety of air navigation. Further,
Contracting States are invited to keep the Organization currently informed of any differences which may subsequently occur, or
of the withdrawal of any differences previously notified. A specific request for notification of differences will be sent to
Contracting States immediately after the adoption of each amendment to this Annex.

The attention of States is also drawn to the provisions of Annex 15 related to the publication of differences between their

national regulations and practices and the related ICAO Standards and Recommended Practices through the Aeronautical
Information Service, in addition to the obligation of States under Article 38 of the Convention.
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Promulgation of information. The establishment and withdrawal of and changes to facilities, services and procedures
affecting aircraft operations provided in accordance with the Standards, Recommended Practices and Procedures specified in
Annex 10 should be notified and take effect in accordance with the provisions of Annex 15.

Use of the text of the Annex in national regulations. The Council, on 13 April 1948, adopted a resolution inviting the
attention of Contracting States to the desirability of using in their own national regulations, as far as practicable, the precise
language of those ICAO Standards that are of a regulatory character and also of indicating departures from the Standards,
including any additional national regulations that were important for the safety or regularity of air navigation. Wherever
possible, the provisions of this Annex have been deliberately written in such a way as would facilitate incorporation, without
major textual changes, into national legislation.

Status of Annex components

An Annex is made up of the following component parts, not all of which, however, are necessarily found in every Annex; they
have the status indicated:

L.— Material comprising the Annex proper:

a) Standards and Recommended Practices adopted by the Council under the provisions of the Convention. They are
defined as follows:

Standard: Any specification for physical characteristics, configuration, matériel, performance, personnel or
procedure, the uniform application of which is recognized as necessary for the safety or regularity of international
air navigation and to which Contracting States will conform in accordance with the Convention; in the event of
impossibility of compliance, notification to the Council is compulsory under Article 38.

Recommended Practice: Any specification for physical characteristics, configuration, matériel, performance,
personnel or procedure, the uniform application of which is recognized as desirable in the interest of safety,
regularity or efficiency of international air navigation, and to which Contracting States will endeavour to conform
in accordance with the Convention.

b) Appendices comprising material grouped separately for convenience but forming part of the Standards and
Recommended Practices adopted by the Council.

¢) Definitions of terms used in the Standards and Recommended Practices which are not self-explanatory in that they
do not have accepted dictionary meanings. A definition does not have independent status but is an essential part of
each Standard and Recommended Practice in which the term is used, since a change in the meaning of the term
would affect the specification.

d) Tables and Figures which add to or illustrate a Standard or Recommended Practice and which are referred to
therein, form part of the associated Standard or Recommended Practice and have the same status.

2.— Material approved by the Council for publication in association with the Standards and Recommended Practices:
a) Forewords comprising historical and explanatory material based on the action of the Council and including an
explanation of the obligations of States with regard to the application of the Standards and Recommended

Practices ensuing from the Convention and the Resolution of Adoption;

b) Introductions comprising explanatory material introduced at the beginning of parts, chapters or sections of the
Annex to assist in the understanding of the application of the text;
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¢) Notes included in the text, where appropriate, to give factual information or references bearing on the Standards
or Recommended Practices in question, but not constituting part of the Standards or Recommended Practices;

d) Attachments comprising material supplementary to the Standards and Recommended Practices, or included as a
guide to their application.

Disclaimer regarding patents

Attention is drawn to the possibility that certain elements of Standards and Recommended Practices in this Annex may be the
subject of patents or other intellectual property rights. ICAO shall not be responsible or liable for not identifying any or all such
rights. ICAO takes no position regarding the existence, validity, scope or applicability of any claimed patents or other
intellectual property rights, and accepts no responsibility or liability therefore or relating thereto.

Selection of language

This Annex has been adopted in four languages — English, French, Russian and Spanish. Each Contracting State is requested
to select one of those texts for the purpose of national implementation and for other effects provided for in the Convention,
either through direct use or through translation into its own national language, and to notify the Organization accordingly.

Editorial practices

The following practice has been adhered to in order to indicate at a glance the status of each statement: Standards have been
printed in light face roman; Recommended Practices have been printed in light face italics, the status being indicated by the
prefix Recommendation; Notes have been printed in light face italics, the status being indicated by the prefix Note.

The following editorial practice has been followed in the writing of specifications: for Standards the operative verb “shall”
is used, and for Recommended Practices the operative verb “should” is used.

The units of measurement used in this document are in accordance with the International System of Units (SI) as specified
in Annex 5 to the Convention on International Civil Aviation. Where Annex 5 permits the use of non-SI alternative units these
are shown in parentheses following the basic units. Where two sets of units are quoted it must not be assumed that the pairs of
values are equal and interchangeable. It may, however, be inferred that an equivalent level of safety is achieved when either set
of units 1s used exclusively.

Any reference to a portion of this document, which is identified by a number and/or title, includes all subdivisions of that
portion.
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Table A. Amendments to Annex 10, Volume IV

Adopted/approved

Effective
Amendment Source(s) Subject(s) Applicable

70 Air Navigation Commission; Creation of Volume IV and introduction of Standards and 20 March 1995
Fifth meeting of the Secondary Recommended Practices and related guidance material for the 24 July 1995
Surveillance Radar Improve- airborne collision avoidance system (ACAS). 9 November 1995
ments and Collision Avoidance
Systems Panel

71 Air Navigation Commission; Changes to material related to SSR Mode S air-ground data link 12 March 1996
Fourth and fifth meetings of system and the carriage of SSR transponders. 15 July 1996
the Secondary Surveillance 7 November 1996
Radar Improvements and
Collision Avoidance Systems
Panel (SICASP)

72 — No change. -—

73 Air Navigation Commission; Addition of specifications for the SSR Mode S system; introduction of 19 March 1998

(2nd edition)  Sixth meeting of the Secondary material related to the performance of the collision avoidance logic; 20 July 1998
Surveillance Radar changes to guidance material related to the airborne collision 5 November 1998
Improvements and Collision avoidance system; introduction of Human Factors related material.
Avoidance Systems Panel
(SICASP)
74 Air Navigation Commission Note related to the waiving of patent rights on Mode S 18 March 1999
extended squitter technique. 18 March 1999

75 — No change. —

76 Seventh meeting of the Note related to update of references to the ITU Radio Regulations. 12 March 2601
Aeronautical Mobile 12 March 2001
Communications —

Panel (AMCP)
77 Seventh meeting of the SSR Mode S (Chapters 2 and 3); and ACAS (Chapters | and 4). 27 February 2002
(3rd edition)  Secondary Surveillance 15 July 2002
Radar Improvements and 28 November 2002
Collision Avoidance
Systems Panel (SICASP)

78 —_ No change. —

79 — No change. —

80 — No change. —

81 — No change. -

82 Surveillance and Conflict Updates to SARPs on ADS-B 26 February 2007
Resolution Systems 16 July 2007
Panel (SCRSP) 22 November 2007
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INTERNATIONAL STANDARDS AND
RECOMMENDED PRACTICES

CHAPTER 1. DEFINITIONS

Note 1.— All references to “Radio Regulations” are to the Radio Regulations published by the International
Telecommunication Union (ITU). Radio Regulations are amended from time to time by the decisions embodied in the Final
Acts of World Radiocommunication Conferences held normally every two fto three years. Further information on the ITU
processes as they relate to aeronautical radio system frequency use is contained in the Handbook on Radio Frequency
Spectrum Requirements for Civil Aviation including statement of approved ICAO policies (Doc 9718).

Note 2.— The Mode S extended squitter system is subject to patent rights from the Massachusetts Institute of Technology
(MIT) Lincoln Laboratory. On 22 August 1996, MIT Lincoln Laboratory issued a notice in the Commerce Business Daily
(CBD), a United States Government publication, of its intent not to assert its rights as patent owner against any and all persons
in the commercial or non-commercial practice of the patent, in order to promote the widest possible use of the Mode S extended
squitter technology. Further, by letter to ICAO dated 27 August 1998, MIT Lincoln Laboratory confirmed that the CBD notice
has been provided to satisfy ICAO requirements for a statement of patent rights for techniques that are included in SARPs, and
that the patent holders offer this technique free of charge for any use.

Airborne collision avoidance system (ACAS). An aircraft system based on secondary surveillance radar (SSR) transponder
signals which operates independently of ground-based equipment to provide advice to the pilot on potential conflicting
aircraft that are equipped with SSR transponders.

Note.— SSR transponders referred to above are those operating in Mode C or Mode S.

Aircraft address. A unique combination of twenty-four bits available for assignment to an aircraft for the purpose of air-ground
communications, navigation and surveillance.

Note.— SSR Mode § transponders transmit extended squitters to support the broadcast of aircraft-derived position for
surveillance purposes. The broadcast of this type of information is a form of automatic dependent surveillance (ADS) known as
ADS-broadcast (ADS-B).

Automatic dependent surveillance-broadcast (ADS-B) OUT. A function on an aircraft or vehicle that periodically broadcasts
its state vector (position and velocity) and other information derived from on-board systems in a format suitable for ADS-B
IN capable receivers.

Automatic dependent surveillance-broadcast (ADS-B) IN. A function that receives surveillance data from ADS-B OUT data
sources.

Collision avoidance logic. The sub-system or part of ACAS that analyses data relating to an intruder and own aircraft, decides

whether or not advisories are appropriate and, if so, generates the advisories. It includes the following functions: range and
altitude tracking, threat detection and RA generation. It excludes surveillance.
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Human Factors principles. Principles which apply to design, certification, training, operations and maintenance and which
seek safe interface between the human and other system components by proper consideration to human performance.

Secondary surveillance radar (SSR). A surveillance radar system which uses transmitters/receivers (interrogators) and
transponders.

Note.— The requirements for interrogators and transponders are specified in Chapter 3.
Surveillance radar. Radar equipment used to determine the position of an aircraft in range and azimuth.

Traffic information service — broadcast (TIS-B) IN. A surveillance function that receives and processes surveillance data from
TIS-B OUT data sources.

Traffic information service — broadcast (TIS-B) OUT. A function on the ground that periodically broadcasts the surveillance
information made available by ground sensors in a format suitable for TIS-B IN capable receivers.

Note.— This technique can be achieved through different data links. The requirements for Mode S extended squitters are
specified in Annex 10, Volume IV, Chapter 5. The requirements for VHF digital link (VDL) Mode 4 and universal access
transceiver (UAT) are specified in Annex 10, Volume III, Part 1.
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CHAPTER 2. GENERAL

2.1 SECONDARY SURVEILLANCE RADAR (SSR)

2.1.1 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 3.1.2. The functional capabilities of
Mode A/C transponders are an integral part of those of 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.
2) Mode C — to elicit transponder replies for automatic pressure-altitude transmission and surveillance.
3) Intermode —

a) Mode A/C/S all-call: to elicit replies for surveillance of Mode A/C transponders and for the acquisition of Mode S
transponders.

b) Mode A/C-only all-call: to elicit replies for surveillance of Mode A/C transponders. Mode S transponders do not
reply.

4) ModeS —
a) Mode S-only all-call. to elicit replies for acquisition of Mode S transponders.
b) Broadcast: to transmit information to all Mode S transponders. No replies are elicited.

¢) Selective: for surveillance of, and communication with, individual Mode S transponders. For each interrogation, a
reply is elicited only from the transponder uniquely addressed by the interrogation.

Note 1.— Mode A/C transponders are suppressed by Mode S interrogations and do not reply.

Note 2.— There are 25 possible interrogation (uplink) formats and 25 possible Mode S reply (downlink) formats. For
format assignment see 3.1.2.3.2, Figures 3-7 and 3-8.

2.1.2.1.1 Recommendation.— Administrations should coordinate with appropriate national and international
authorities those implementation aspects of the SSR system which will permit its optimum use.
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Note.— In order to permit the efficient operation of ground equipment designed fo eliminate interference from unwanted
aircraft transponder replies to adjacent interrogators (defruiting equipment), States may need to develop coordinated plans for
the assignment of pulse recurrence frequencies (PRF) to SSR interrogators.

2.1.2.1.2  The assignment of interrogator identifier (II) codes, where necessary in areas of overlapping coverage, across
international boundaries of flight information regions, shall be the subject of regional air navigation agreements.

2.1.2.1.3 The assignment of surveillance identifier (SI) codes, where necessary in areas of overlapping coverage, shall be
the subject of regional air navigation agreements.

Note.— The SI lockout facility cannot be used unless all Mode S transponders within coverage range are equipped for this
purpose.

2.1.2.2 Mode A and Mode C interrogations shall be provided.

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

2.1.2.3 Recommendation.— In areas where improved aircraft identification is necessary to enhance the effectiveness of
the ATC system, SSR ground facilities having Mode S features should include aircraft identification capability.

Note.— Aircraft identification reporting through the Mode S data link provides unambiguous identification of aircraft
suitably equipped.
2.1.2.4 SIDE-LOBE SUPPRESSION CONTROL INTERROGATION

2.1.2.4.1 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,
Mode C and intermode interrogations.

2.12.42 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-call interrogations.
2.1.3 Transponder reply modes (air-to-ground)

2.13.1 Transponders shall respond to Mode A interrogations in accordance with the provisions of 3.1.1.7.12.1 and to
Mode C interrogations in accordance with the provisions of 3.1.1.7.12.2.

Note.— If pressure-altitude information is not available, transponders reply to Mode C interrogations with framing pulses
only.

2.1.3.1.1 The pressure-altitude reports contained in Mode S replies shall be derived as specified in 3.1.1.7.12.2.

Note.— 3.1.1.7.12.2 is intended to relate to Mode C replies and specifies, inter alia, that Mode C pressure-altitude reports
be referenced to a standard pressure setting of 1 013.25 hectopascals. The intention of 2.1.3.1.1 is to ensure that all
transponders, not just Mode C transponders, report uncorrected pressure-altitude.

2.1.3.2  Where the need for Mode C automatic pressure-altitude transmission capability within a specified airspace has

been determined, transponders, when used within the airspace concerned, shall respond to Mode C interrogations with
pressure-altitude encoding in the information pulses.
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Chapter 2 Annex 10 — Aeronautical Telecommunications

2.1.3.2.1 From ! January 1999, all transponders, regardless of the airspace in which they will be used, shall respond to
Mode C interrogations with pressure-altitude information.

Note.— Operation of the airborne collision avoidance system (ACAS) depends upon intruder aircraft reporting
pressure-altitude in Mode C replies.

2.1.3.2.2  For aircraft equipped with 7.62 m (25 ft) or better pressure-altitude sources, the pressure-altitude information
provided by Mode S transponders in response to selective interrogations (i.e. in the AC field, 3.1.2.6.5.4) shall be reported in
7.62 m (25 ft) increments.

Note.— Performance of the ACAS is significantly enhanced when an intruder aircraft is reporting pressure-altitude in
7.62 m (25 ft) increments.

2.1.3.2.3  All Mode A/C transponders shall report pressure-altitude encoded in the information pulses in Mode C replies.

2.1.3.2.4 All Mode S transponders shall report pressure-altitude encoded in the information pulses in Mode C replies and
in the AC field of Mode S replies.

2.1.3.2.5 When a Mode S transponder is not receiving more pressure-altitude information from a source with a
quantization of 7.62 m (25 ft) or better increments, the reported value of the altitude shall be the value obtained by expressing
the measured value of the uncorrected pressure-altitude of the aircraft in 30.48 m (100 ft) increments and the Q bit
(see 3.1.2.6.5.4 b)) shall be set to 0.

Note.— This requirement relates to the installation and use of the Mode S transponder. The purpose is to ensure that
altitude data obtained from a 30.48 m (100 ft) increment source are not reported using the formats intended for 7.62 m (25 ft)
data.

2.1.3.3 Transponders used within airspace where the need for Mode S airborne capability has been determined shall also
respond to intermode and Mode S interrogations in accordance with the applicable provisions of 3.1.2.

2.13.3.1 Requirements for mandatory carriage of SSR Mode S transponders shall be on the basis of regional air
navigation agreements which shall specify the airspace and the airborne implementation timescales.

2.13.3.2 Recommendation.— The agreements indicated in 2.1.3.3.1 should provide at least five years " notice.

2.1.4 Mode A reply codes (information pulses)

2.1.4.1 All transponders shall be capable of generating 4 096 reply codes conforming to the characteristics given in
3.1.1.6.2.

2.1.4.1.1 Recommendation.— ATS authorities should establish the procedures for the allotment of SSR codes in
conformity with Regional Air Navigation agreements, taking into account other users of the system.

Note.— Principles for the allocation of SSR codes are given in Doc 4444, Chapter 8.

2.1.42 The following Mode A codes shall be reserved for special purposes:

2.1.4.2.1 Code 7700 to provide recognition of an aircraft in an emergency.

2.1.4.2.2  Code 7600 to provide recognition of an aircraft with radiocommunication failure.

2.1.4.2.3  Code 7500 to provide recognition of an aircraft which is being subjected to unlawful interference.
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2.1.4.3 Appropriate provisions shall be made in ground decoding equipment to ensure immediate recognition of Mode A
codes 7500, 7600 and 7700.

2.1.4.4 Recommendation.— Mode A code 0000 should be reserved for allocation subject to regional agreement, as a
general purpose code.

2.1.4.5 Mode A code 2000 shall be reserved to provide recognition of an aircraft which has not received any instructions
from air traffic control units to operate the transponder.

2.1.5 Mode S airborne equipment capability

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

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

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

b) 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);

d) lockout protocols (3.1.2.6.9);

e) basic data protocols except data link capability reporting (3.1.2.6.10); and

f) air-air service and squitter transactions (3.1.2.8).

Note.— 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.

2.1.5.1.2 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) (3.1.2.6.2,3.1.2.6.4,3.1.2.6.6, 3.1.2.6.8 and 3.1.2.6.11)

b) data link capability reporting (3.1.2.6.10.2.2); and

¢) aircraft identification reporting (3.1.2.9).

Note.— Level 2 permits aircraft identification reporting and other standard length data link communications from ground
to air and air to ground. The aircraft identification reporting capability requires an interface and appropriate input device.

2.1.5.1.3 Level 3 — Level 3 transponders shall have the capabilities of 2.1.5.1.2 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.— 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.

2.1.5.1.4 Level 4 — Level 4 transponders shall have the capabilities of 2.1.5.1.3 and also those prescribed for
air-to-ground extended length message (ELM) communications (3.1.2.7.7 and 3.1.2.7.8).
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Note.— Level 4 permits extended length data link communications from air to ground and thus may provide access from
the ground to airborne data sources and the transmission of other data required by air traffic services which are not available
with Level 2 transponders.

2.1.5.1.5 Level 5 — Level 5 transponders shall have the capabilities of 2.1.5.1.4 and also those prescribed for enhanced
Comm-B and extended length message (EL.M) communications (3.1.2.6.11.3.4,3.1.2.7.6 and 3.1.2.7.9).

Note.— Level 5 permits Comm-B and extended length data link communications with multiple interrogators without
requiring the use of multisite reservations. This level of transponder has a higher minimum data link capacity than the other
transponder levels.

2.1.5.1.6  Extended squitter — Extended squitter transponders shall have the capabilities 0£2.1.5.1.2,2.1.5.1.3,2.1.5.1.4
or 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”.

2.1.5.1.7 SI capability — Transponders with the ability to process SI codes shall have the capabilities of 2.1.5.1.2,
2.1.5.1.3, 2.1.5.1.4 or 2.1.5.1.5 and also those prescribed for SI code operation (3.1.2.3.2.1.4, 3.1.2.5.2.1, 3.1.2.6.1.3,
3.1.2.6.14.1.3.1.2.6.9.1.1 and 3.1.2.6.9.2). Transponders with this capability shall be designated with a suffix “s”.

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

i

4es”.

2.1.5.1.7.1 SI code capability shall be provided in accordance with the provisions of 2.1.5.1.7 for all Mode S
transponders installed on or after 1 January 2003 and by ail Mode S transponders by 1 January 2005.

Note.— Mandates from certain States may require applicability in advance of these dates.

2.1.5.1.8 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.

2.1.5.2  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.

Note 1.— Level I may be admitted for use within an individual State or within the terms of a regional air navigation
agreement. The Mode § Level 1 transponder comprises the minimum set of features for compatible operation of Mode S
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 | transponders that would be rendered obsolete by later requirements in certain

airspace for mandatory carriage of transponders having Level 2 capabilities.

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 3.1.2.10.4 if:

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

b) Mode S transponder carriage is required on the basis of regional air navigation agreement in accordance with 2.1.3.3.1
and 2.1.3.3.2.
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Note.— Aircraft with maximum cruising true airspeed exceeding 324 km/h (175 kt) are required to operate with a peak
power of not less than 21.0 dBW as specified in 3.1.2.10.2 ¢).
2.1.5.4 CAPABILITY REPORTING IN MODE S SQUITTERS

2.1.5.4.1 Capability reporting in Mode S acquisition squitters (unsolicited downlink transmissions) shall be provided in
accordance with the provisions of 3.1.2.8.5.1 for all Mode S transponders installed on or after 1 January 1995.

2.1.5.4.2 Recommendation.— Transponders equipped for extended squitter operation should have a means to disable
acquisition squitters when extended squitters are being emitted.

Note.— This will facilitate the suppression of acquisition squitters if all ACAS units have been converted to receive the
extended squitter.
2.1.5.5 EXTENDED LENGTH MESSAGE (ELM) TRANSMIT POWER

In order to facilitate the conversion of existing Mode S transponders to include full Mode S capability, transponders originally
manufactured before 1 January 1999 shall be permitted to transmit a burst of 16 ELM segments at a minimum power level of
20 dBW.

Note.— This represents a 1 dB relaxation from the power requirement specified in 3.1.2.10.2.

2.1.6 SSR Mode S address (aircraft address)
The SSR Mode S address shall be one of 16 777 214 twenty-four-bit aircraft addresses allocated by ICAO to the State of

Registry or common mark registering authority and assigned as prescribed in 3.1.2.4.1.2.3.1.1 and the Appendix to Chapter 9,
Part I, Volume III, Annex 10.

2.2 HUMAN FACTORS CONSIDERATIONS

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

Note.— Guidance material on Human Factors principles can be found in Doc 9683, Human Factors Training Manual and
Circular 249 (Human Factors Digest No. 11 — Human Factors in CNS/ATM Systems).
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CHAPTER 3. SURVEILLANCE SYSTEMS

3.1 SECONDARY SURVEILLANCE RADAR (SSR)
SYSTEM CHARACTERISTICS

Note 1.— Section 3.1.1 prescribes the technical characteristics of SSR systems having only 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.

Note 2.— Systems using Mode S capabilities are generally used for air traffic control surveillance systems. In addition,
certain ATC applications may use Mode S emitters, e.g. for vehicle surface surveillance or for fixed target detection on
surveillance systems. Under such specific conditions, the term “aircraft” can be understood as “aircraft or vehicle (4/V)".
While those applications may use a limited set of data, any deviation from standard physical characteristics must be considered
very carefully by the appropriate authorities. They must take into account not only their own surveillance (SSR) environment

but also possible effects on other systems like ACAS.

Note 3.— Non-Standard-International alternative units are used as permitted by Annex 5, Chapter 3, 3.2.2.

3.1.1 Systems having only Mede A and Mode C capabilities
Note 1.— In this section, SSR modes are designated by letters A and C. Suffixed letters, e.g. A C,, are used to designate
the individual pulses used in the air-to-ground pulse trains. This common use of letters is not to be construed as implying any

particular association of modes and codes.

Note 2.— Provisions for the recording and retention of radar data are contained in Annex 11, Chapter 6.

3.1.1.1 INTERROGATION AND CONTROL (INTERROGATION SIDE-LOBE SUPPRESSION)
RADIO FREQUENCIES {GROUND-TO-AIR)

3.1.1.1.1 The carrier frequency of the interrogation and control transmissions shall be 1 030 MHz.
3.1.1.1.2  The frequency tolerance shall be plus or minus 0.2 MHz.

3.1.1.1.3 The carrier frequencies of the control transmission and of each of the interrogation pulse transmissions shall not
differ from each other by more than 0.2 MHz.

3.1.1.2 REPLY CARRIER FREQUENCY (AIR-TO-GROUND)
3.1.1.2.1 The carrier frequency of the reply transmission shall be 1 090 MHz.

3.1.1.2.2 The frequency tolerance shall be plus or minus 3 MHz.
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3.1.1.3 POLARIZATION

Polarization of the interrogation, control and reply transmissions shall be predominantly vertical.

3.1.1.4 INTERROGATION MODES (SIGNALS-IN-SPACE)

3.1.14.1 The interrogation shall consist of two transmitted pulses designated P; and P;. A control pulse P, shall be
transmitted following the first interrogation pulse P;.

3.1.1.42 Interrogation Modes A and C shall be as defined in 3.1.1.4.3.

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

Mode A 8 £0.2 microseconds
Mode C 21 £0.2 microseconds

3.1.1.4.4 The interval between P; and P, shall be 2.0 plus or minus 0.15 microseconds.
3.1.1.4.5 The duration of pulses Py, P, and P; shall be 0.8 plus or minus 0.1 microsecond.
3.1.1.4.6 The rise time of pulses P, P, and P; shall be between 0.05 and 0.1 microsecond.

Note 1.— The definitions are contained in Figure 3-1 “Definitions of secondary surveillance radar waveform shapes,
intervals and the reference point for sensitivity and power”.

Note 2.— The intent of the lower limit of rise time (0.05 microsecond) is to reduce sideband radiation. Equipment will
meet this requirement if the sideband radiation is no greater than that which, theoretically, would be produced by a
trapezoidal wave having the stated rise time.

3.1.1.4.7 The decay time of pulses P,, P, and P; shall be between 0.05 and 0.2 microsecond.

Note.— The intent of the lower limit of decay time (0.05 microsecond) is to reduce sideband radiation. Equipment will meet
this requirement if the sideband radiation is no greater than that which, theoretically, would be produced by a trapezoidal wave
having the stated decay time.

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

3.1.1.5.1 The radiated amplitude of P, at the antenna of the transponder shall be:
a) equal to or greater than the radiated amplitude of P, from the side-lobe transmissions of the antenna radiating Py; and
b) ata level lower than 9 dB below the radiated amplitude of P;, 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 P5 shall be
within 1 dB of the radiated amplitude of P,.
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3.1.1.6 REPLY TRANSMISSION CHARACTERISTICS (SIGNALS-IN-SPACE)

3.1.1.6.1 Framing pulses. The reply function shall employ a signal comprising two framing pulses spaced
20.3 microseconds as the most elementary code.

3.1.1.6.2 Information pulses. Information pulses shall be spaced in increments of 1.45 microseconds from the first
framing pulse. The designation and position of these information pulses shall be as follows:

Position
Pulses (microseconds)
C, 1.45
A,y 2.90
G, 4.35
A, 5.80
Cs 7.25
Ay 8.70
X 10.15
B, 11.60
Dy 13.05
B, 14.50
D, 15.95
By 17.40
D, 18.85

Note.— The Standard relating to the use of these pulses is given in 2.1.4.1. However, the position of the “X” pulse is
specified only as a technical standard to safeguard possible future use.

3.1.1.6.3 Special position identification pulse (SP). In addition to the information pulses provided, a special position
identification pulse shall be transmitted but only as a result of manual (pilot) selection. When transmitted, it shall be spaced
at an interval of 4.35 microseconds following the last framing pulse of Mode A replies only.

3.1.1.6.4 Reply pulse shape. All reply pulses shall have a pulse duration of 0.45 plus or minus 0.1 microsecond, a pulse
rise time between 0.05 and 0.1 microsecond and a pulse decay time between 0.05 and 0.2 microsecond. The pulse amplitude
variation of one pulse with respect to any other pulse in a reply train shall not exceed 1 dB.

Note.— The intent of the lower limit of rise and decay times (0.05 microsecond) is to reduce sideband radiation. Equipment
will meet this requirement if the sideband radiation is not greater than that which, theoretically, would be produced by a
trapezoidal wave having the stated rise and decay times.

3.1.1.6.5 Reply pulse position tolerances. The pulse spacing tolerance for each pulse (including the last framing pulse)
with respect to the first framing pulse of the reply group shall be plus or minus 0. 10 microsecond. The puise interval tolerance
of the special position identification pulse with respect to the last framing pulse of the reply group shall be plus or minus 0.10
microsecond. The pulse spacing tolerance of any pulse in the reply group with respect to any other pulse (except the first
framing pulse) shall not exceed plus or minus 0.15 microsecond.

3.1.1.6.6 Code nomenclature. The code designation shall consist of digits between 0 and 7 inclusive, and shall consist of
the sum of the subscripts of the pulse numbers given in 3.1.1.6.2 above, employed as follows:
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Digit Pulse Group
First (most significant) A
Second B
Third C
Fourth D

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 P; is in excess of a level 1 dB below the received amplitude of P; but no greater than 3 dB
above the received amplitude of P;;

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

¢) the received amplitude of a proper interrogation is more than 10 dB above the received amplitude of random pulses
where the latter are not recognized by the transponder as Py, P; or Ps.

3.1.1.7.2 The transponder shall not reply under the following conditions:

a) to interrogations when the interval between pulses P; and P; differs from those specified in 3.1.1.4.3 by more than plus
or minus 1.0 microsecond;

b) upon receipt of any single pulse which has no amplitude variations approximating a normal interrogation condition.

3.1.1.7.3 Dead time. After recognition of a proper interrogation, the transponder shall not reply to any other interrogation,
at least for the duration of the reply pulse train. This dead time shall end no later than 125 microseconds after the transmission
of the last reply pulse of the group.

3.1.1.7.4 SUPPRESSION

Note.— This characteristic is used to prevent replies to interrogations received via the side lobes of the interrogator
antenna, and to prevent Mode A/C transponders from replying to Mode S interrogations.

3.1.1.7.4.1 The transponder shall be suppressed when the received amplitude of P is equal to, or in excess of, the
received amplitude of P; and spaced 2.0 plus or minus 0.15 microseconds. The detection of P is not required as a prerequisite
for initiation of suppression action.

3.1.1.7.4.2  The transponder suppression shall be for a period of 35 plus or minus 10 microseconds.

3.1.1.7.42.1 The suppression shall be capable of being reinitiated for the full duration within 2 microseconds after the
end of any suppression period.
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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 P; constituting an interrogation are of equal amplitude and P; is not detected; and
b) the amplitude of these signals is nominally 71 dB below 1 mW, with limits between 69 dB and 77 dB below 1 mW.

3.1.1.7.5.2  The reply and suppression characteristics shall apply over a received amplitude of P; between minimum
triggering level and 50 dB above that level.

3.1.1.7.5.3  The variation of the minimum triggering level between modes shall not exceed 1 dB for nominal pulse
spacings and pulse widths.

3.1.1.7.6  Pulse duration discrimination. Signals of received amplitude between minimum triggering level and 6 dB
above this level, and of a duration less than 0.3 microsecond, shall not cause the transponder to initiate reply or suppression
action. 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 transponder to initiate reply or suppression action over the signal
amplitude range of minimum triggering level (MTL) to 50 dB above that level.

3.1.1.7.7  Echo suppression and recovery. The transponder shall contain an echo suppression facility designed to permit
normal operation in the presence of echoes of signals-in-space. The provision of this facility shall be compatible with the
requirements for suppression of side lobes given in 3.1.1.7.4.1.

3.1.1.7.7.1  Desensitization. Upon receipt of any pulse more than 0.7 microsecond in duration, the receiver shall be
desensitized by an amount that is within at least 9 dB of the amplitude of the desensitizing pulse but shall at no time exceed the
amplitude of the desensitizing pulse, with the exception of possible overshoot during the first microsecond following the
desensitizing pulse.

Note.— Single pulses of duration less than 0.7 microsecond are not required to cause the specified desensitization nor to
cause desensitization of duration greater than permitted by 3.1.1.7.7.1 and 3.1.1.7.7.2.

3.1.1.7.7.2 Recovery. Following desensitization, the receiver shall recover sensitivity (within 3 dB of minimum
triggering level) within 15 microseconds after reception of a desensitizing pulse having a signal strength up to 50 dB above
minimum triggering level. Recovery shall be at an average rate not exceeding 4.0 dB per microsecond.

3.1.1.7.8  Random triggering rate. In the absence of valid interrogation signals, Mode A/C transponders shall not
generate more than 30 unwanted Mode A or Mode C replies per second as integrated over an interval equivalent to at least 300
random triggers, or 30 seconds, whichever is 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.L.7.8.1  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
1030 £0.2 MHz and a signal level of —60 dBm or less.

+
3.1.1.7.9 REPLY RATE

3.1.1.7.9.1  The transponder shall be capable of at least 1 200 replies per second for a 15-pulse coded reply, except that,
for transponder installations used solely below 4 500 m (15 000 ft), or below a lesser altitude established by the appropriate
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authority or by regional air navigation agreement, transponders capable of at least 1 000 replies per second for a 15-pulse coded
reply shall be permitted.

3.1.1.7.92 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 control shall permit adjustment, as a minimum, to any value
between 500 and 2 000 replies per second, or to 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. Sensitivity reduction shall be at least 30 dB for rates in excess of 150 per cent of the selected value.

31.1.7.9.3 Recommendation.— The reply rate limit should be set at 1 200 replies per second, or the maximum value
below 1 200 replies per second of which the transponder is capable.

3.1.1.7.10 Reply delay and jitter. The time delay between the arrival, at the transponder receiver, of the leading edge of
P 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 P, shall not exceed 0.1 microsecond for receiver input levels between 3 dB
and 50 dB above minimum triggering level. Delay variations between modes on which the transponder is capable of replying
shall not exceed 0.2 microsecond.

3.1.1.7.11 TRANSPONDER POWER OUTPUT AND DUTY CYCLE

3.1.1.7.11.1 The peak pulse power available at the antenna end of the transmission line of the transponder shall be at least
21 dB and not more than 27 dB above 1 W, except that for transponder installations used solely below 4 500 m (15 000 ft), or
below a lesser altitude established by the appropriate authority or by regional air navigation agreement, a peak pulse power
available at the antenna end of the transmission line of the transponder of at least 18.5 dB and not more than 27 dB above | W
shall be permitted.

Note.— An extended squitter non-transponder device on an aerodrome surface vehicle may operate with a lower minimum
power output as specified in 51.1.2

31.1.7.11.2 Recommendation.— The peak pulse power specifiedin 3.1.1.7.11.1 should be maintained over a range of
replies from code 0000 at a rate of 400 replies per second 10 a maximum pulse content at a rate of 1 200 replies per second or
a maximum value below 1 200 replies per second of which the transponder is capable.

3.1.1.7.12 REPLY CODES

3.1.1.7.12.1 Identification. The reply to a Mode A interrogation shall consist of the two framing pulses specified in
3.1.1.6.1 together with the information pulses (Mode A code) specified in 3.1.1.6.2.

Note.— The Mode A code designation is a sequence of four digits in accordance with 3.1.1.6.6.

3.1.1.7.12.1.1 The Mode A code shall be manually selected from the 4 096 codes available.

3.1.1.7.12.2 Pressure-altitude transmission. The reply to Mode C interrogation shall consist of the two framing pulses
specified in 3.1.1.6.1 above. When digitized pressure-altitude information is available, the information pulses specified in

3.1.1.6.2 shall also be transmitted.

3.1.1.7.12.2.1 Transponders shall be provided with means to remove the information pulses but to retain the framing
pulses when the provision of 3.1.1.7. 12.2.4 below is not complied with in reply to Mode C interrogation.
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3.1.1.7.12.2.2  The information puises shall be automatically selected by an analog-to-digital converter connected to a
pressure-altitude data source in the aircraft referenced to the standard pressure setting of 1 013.25 hectopascals.

Note.— The pressure setting of 1 013.25 hectopascals is equal to 29.92 inches of mercury.

3.1.1.7.12.2.3 Pressure-altitude shall be reported in 100-ft increments by selection of pulses as shown in the Appendix to
this chapter.

3.1.1.7.12.2.4 The digitizer code selected shall correspond to within plus or minus 38.1 m (125 ft), on a 95 per cent
probability basis, with the pressure-altitude information (referenced to the standard pressure setting of 1 013.25 hectopascals),
used on board the aircraft to adhere to the assigned flight profile.

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 specified in 3.1.1.6.3, for a period of between 15 and 30 seconds.

3.1.1.7.14 ANTENNA

3.1.1.7.14.1 The transponder antenna system, when installed on an aircraft, shall have a radiation pattern which is
essentially omnidirectional in the horizontal plane.

3.1.1.7.14.2 Recommendation.— The vertical radiation pattern should be nominally equivalent to that of a
quarter-wave monopole on a ground plane.
3.1.1.8 TECHNICAL CHARACTERISTICS OF GROUND INTERROGATORS WITH

MODE A AND MODE C CAPABILITIES ONLY

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.

3.1.1.8.3 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.
3.1.1.9 INTERROGATOR RADIATED FIELD PATTERN
Recommendation.— The beam width of the directional interrogator antenna radiating P; 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.
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3.1.1.10 INTERROGATOR MONITOR

3.1.1.10.1 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.

3.1.1.10.2 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.

3.1.1.11 SPURIOUS EMISSIONS AND SPURIOUS RESPONSES

3.1.1.1L.1  SPURIOUS RADIATION
Recommendation.— CW radiation should not exceed 76 dB below 1 W for the interrogator and 70 dB below 1 W for the
transponder.
3.1.1.11.2 SPURIOUS RESPONSES
Recommendation.— The response of both airborne and ground equipment to signals not within the receiver pass band
should be at least 60 dB below normal sensitivity.
3.1.2 Systems having Mode S capabilities

3.1.2.1 Interrogation signals-in-space characteristics. The paragraphs herein describe the signals-in-space as they can
be expected to appear at the antenna of the transponder.

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.

3.1.2.1.1 Interrogation carrier frequency. The carrier frequency of all interrogations (uplink transmissions) from ground
facilities with Mode S capabilities shall be 1 030 plus or minus 0.01 MHz.

3.1.2.1.2  Interrogation spectrum. The spectrum of a Mode S interrogation about the carrier frequency shall not exceed
the limits specified in Figure 3-2.

Note.— The Mode S interrogation spectrum is data dependent. The broadest spectrum is generated by an interrogation
that contains all binary ONEs.

3.1.2.1.3  Polarization. Polarization of the interrogation and control transmissions shall be nominally vertical.

3.1.2.1.4 Modulation. For Mode S interrogations, the carrier frequency shall be pulse modulated. In addition, the data
pulse, Pg, shall have internal phase modulation.

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.
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Note.— 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.

3.1.2.1.4.2 Phase modulation. The short (16.25-microsecond) and long (30.25-microsecond) P pulses of 3.1.2.1.4.1
shall have internal binary differential phase modulation consisting of 180-degree phase reversals of the carrier at a 4 megabit
per second rate.

3.1.2.1.42.1 Phase reversal duration. The duration of the phase reversal shall be less than 0.08 microsecond and the
phase shall advance (or retard) monotonically throughout the transition region. There shall be no amplitude modulation applied
during the phase transition.

Note.— The minimum duration of the phase reversal is not specified. Nonetheless, the spectrum requirements of 3.1.2.1.2
must be met.

3.1.2.1.42.2  Phase relationship. The tolerance on the 0 and 180-degree phase relationship between successive chips and
on the sync phase reversal (3.1.2.1.5.2.2) within the P pulse shall be plus or minus 5 degrees.

Note.— In Mode S a “chip” is the 0.25 microsecond carrier interval between possible data phase reversals.

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. This interrogation shall consist of three pulses: Py, P3, and the long P, as
shown in Figure 3-3. One or two control pulses (P alone, or P, and P-) shall be transmitted using a separate antenna pattern to
suppress responses from aircraft in the side lobes of the interrogator antenna.

Note.— The Mode A/C/S all-call interrogation elicits a Mode A or Mode C reply (depending on the P;-P; pulse spacing)
from a Mode A/C transponder because it does not recognize the Py pulse. A Mode S transponder recognizes the long P4 pulse
and responds with a Mode S reply. This interrogation was originally planned for use by isolated or clustered interrogators.
Lockout for this interrogation was based on the use of Il equals 0. The development of the Mode S subnetwork now dictates the
use of a non-zero Il code for communication purposes. For this reason, II equals 0 has been reserved for use in support of a
form of Mode S acquisition that uses stochastic/lockout override (3.1.2.5.2.1.4 and 3.1.2.5.2.1.5). The Mode A/C/S all-call
cannot be used with full Mode S operation since Il equals 0 can only be locked out for short time periods (3.1.2.5.2.1.5.2.1).
This interrogation cannot be used with stochastic/lockout override, since probability of reply cannot be specified.

3.1.2.1.5.1.2  Mode A/C-only all-call interrogation. This interrogation shall be identical to that of the Mode A/C/S all-call
interrogation except that the short P, pulse shall be used.

Note.— The Mode A/C-only all-call interrogation elicits a Mode A or Mode C reply from a Mode A/C transponder. 4
Mode S transponder recognizes the short Py pulse and does not reply to this interrogation.

3.1.2.1.5.1.3  Pulse intervals. The pulse intervals between Py, P, and P; shall be as defined in 3.1.1.4.3 and 3.1.1.4.4. The
pulse interval between P; and P, shall be 2 plus or minus 0.05 microsecond.

3.1.2.1.5.1.4  Pulse amplitudes. Relative amplitudes between pulses Py, P; and P, shall be in accordance with 3.1.1.5. The
amplitude of P, shall be within 1 dB of the amplitude of P;.

3.1.2.1.5.2  Mode S interrogation. The Mode S interrogation shall consist of three pulses: P, P, and Ps as shown in
Figure 3-4.
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Note.— Pg is preceded by a P; — P, 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 P 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 Ps. 4 phase reversal may or may not precede
each chip to encode its binary information value.

3.1.2.1.5.2.1 Mode S side-lobe suppression. The Ps pulse shall be used with the Mode S-only all-call interrogation
(UF =11, see 3.1.2.5.2) to prevent replies from aircraft in the side and back lobes of the antenna (3.1.2.1.5.2.5). When used, Ps
shall be transmitted using a separate antenna pattern.

Note 1.— The action of Ps is automatic. Its presence, if of sufficient amplitude at the receiving location, masks the sync
phase reversal of P

Note 2.— The Ps pulse may be used with other Mode S interrogations.

3.1.2.1.52.2  Sync phase reversal. The first phase reversal in the P¢ pulse shall be the sync phase reversal. It shall be the
timing reference for subsequent transponder operations related to the interrogation.

3.1.2.1.5.2.3 Data phase reversals. Each data phase reversal shall occur only at a time interval (N times 0.25) plus or
minus 0.02 microsecond (N equal to, or greater than 2) after the sync phase reversal. The 16.25-microsecond Pe pulse shall
contain at most 56 data phase reversals. The 30.25-microsecond Ps pulse shall contain at most 112 data phase reversals. The last
chip, that is the 0.25-microsecond time interval following the last data phase reversal position, shall be followed by a
0.5-microsecond guard interval.

Note— The 0.5-microsecond guard interval following the last chip prevents the trailing edge of Ps from interfering
with the demodulation process.

3.1.2.1.5.2.4 Intervals. The pulse interval between P, and P, shall be 2 plus or minus 0.05 microsecond. The interval
between the leading edge of P, and the sync phase reversal of Pg shall be 2.75 plus or minus 0.05 microsecond. The leading
edge of P shall occur 1.25 plus or minus 0.05 microsecond before the sync phase reversal. Ps, if transmitted, shall be centred

over the sync phase reversal; the leading edge of Ps shall occur 0.4 plus or minus 0.05 microsecond before the sync phase
reversal.

the amplitude of P; minus 0.25 dB. Exclusive of the amplitude transients associated with phase reversals, the amplitude
variation of P shall be less than 1 dB and the amplitude variation between successive chips in Ps shall be less than 0.25 dB. The
radiated amplitude of Ps at the antenna of the transponder shall be:

a) equal to or greater than the radiated amplitude of Ps from the side-lobe transmissions of the antenna radiating Ps; and

b) ata level lower than 9 dB below the radiated amplitude of Ps within the desired arc of interrogation.

3.1.2.2 REPLY SIGNALS-IN-SPACE CHARACTERISTICS

3.1.2.2.1 Reply carrier frequency. The carrier frequency of all replies (downlink transmissions) from transponders with
Mode S capabilities shall be 1 090 plus or minus 1 MHz.

3.1.22.2  Reply spectrum. The spectrum of a Mode S reply about the carrier frequency shall not exceed the limits
specified in Figure 3-5.

3.1.2.2.3  Polarization. Polarization of the reply transmissions shall be nominally vertical.
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3.1.2.2.4  Modulation. The Mode S reply shall consist of a preamble and a data block. The preamble shall be a 4-pulse
sequence and the data block shall be binary pulse-position modulated at a 1 megabit per second data rate.

3.1.2.2.4.1  Pulse shapes. Pulse shapes shall be as defined in Table 3-2. All values are in microseconds.

3.1.2.2.5  Mode S reply. The Mode S reply shall be as shown in Figure 3-6. The data block in Mode S replies shall consist
of either 56 or 112 information bits.

3.1.2.2.5.1  Pulse intervals. All reply pulses shall start at a defined multiple of 0.5 microsecond from the first transmitted
pulse. The tolerance in all cases shall be plus or minus 0.05 microsecond.

3.12.2.5.1.1  Reply preamble. The preamble shall consist of four pulses, each with a duration of 0.5 microsecond. The
pulse intervals from the first transmitted pulse to the second, third and fourth transmitted pulses shall be 1, 3.5 and 4.5
microseconds, respectively.

3.1.2.2.5.1.2 Reply data pulses. The reply data block shall begin 8 microseconds after the leading edge of the first
transmitted pulse. Either 56 or 112 one-microsecond bit intervals shall be assigned to each transmission. A 0.5-microsecond
pulse shall be transmitted either in the first or in the second half of each interval. When a pulse transmitted in the second half of
one interval is followed by another pulse transmitted in the first half of the next interval, the two pulses merge and a
one-microsecond pulse shall be transmitted.

3.1.2.2.5.2  Pulse amplitudes. The pulse amplitude variation between one pulse and any other pulse in a Mode S reply
shall not exceed 2 dB.

3.1.2.3 MODE S DATA STRUCTURE

3.1.2.3.1 DAT4 ENCODING

3.1.23.1.1 Interrogation data. The interrogation data block shall consist of the sequence of 56 or 112 data chips
positioned after the data phase reversals within P (3.1.2.1.5.2.3). A 180-degree carrier phase reversal preceding a chip shall
characterize that chip as a binary ONE. The absence of a preceding phase reversal shall denote a binary ZERO.

3.1.2.3.1.2  Reply 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.

3.1.2.3.1.3  Bit numbering. The bits shall be numbered in the order of their transmission, beginning with bit 1. Unless
otherwise stated, numerical values encoded by groups (fields) of bits shall be encoded using positive binary notation and the
first bit transmitted shall be the most significant bit (MSB). Information shall be coded in fields which consist of at least one bit.

Note.— In the description of Mode S formats the decimal equivalent of the binary code formed by the bit sequence within a
field is used as the designator of the field function or command,

3.1.2.3.2  FORMATS OF MODE S INTERROGATIONS AND REPLIES

Note.— 4 summary of all Mode S interrogation and reply formats is presented in Figures 3-7 and 3-8. A summary of all
Jfields appearing in uplink and downlink formats is given in Table 3-3 and a summary of all subfields is given in Table 3-4.

3.1.2.3.2.1  Essential fields. Every Mode S transmission shall contain two essential fields. One is a descriptor which
shall uniquely define the format of the transmission. This shall appear at the beginning of the transmission for all formats.
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The descriptors are designated by the UF (uplink format) or DF (downlink format) fields. The second essential field shall be
a 24-bit field appearing at the end of each transmission and shall contain parity information. In all uplink and in currently
defined downlink formats parity information shall be overlaid either on the aircraft address (3.1.2.4.1.2.3.1) or on the
interrogator identifier according to 3.1.2.3.3.2. The designators are AP (address/parity) or PI (parity/interrogator identifier).

Note.— The remaining coding space is used to transmit the mission fields. For specific functions, a specific set of mission
fields is prescribed. Mode S mission fields have two-letter designators. Subfields may appear within mission fields. Mode S
subfields are labelled with three-letter designators.

3.1.2.3.2.1.1 UF: Uplink format. This uplink format field (5 bits long except in format 24 where it is 2 bits long) shall
serve as the uplink format descriptor in all Mode S interrogations and shall be coded according to Figure 3-7.

3.1.2.3.2.1.2 DF: Downlink format. This downlink format field (5 bits long except in format 24 where it i3 2 bits long)
shall serve as the downlink format descriptor in all Mode S replies and shall be coded according to Figure 3-8.

3.1.2.32.1.3 AP: Address/parity. This 24-bit (33-56 or 89-112) field shall appear in all uplink and currently defined
downlink formats except the Mode S-only all-call reply, DF = 11. The field shall contain parity overlaid on the aircraft address
according to 3.1.2.3.3.2.

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 Mode A/C/S all-call, 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 0, 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 I1 and the SI codes shall be 0.

3.1.2.3.2.2 Unassigned coding space. Unassigned coding space shall contain all ZEROs as transmitted by interrogators
and transponders.

Note.— Certain coding space indicated as unassigned in this section is reserved for other applications such as ACAS, data
link, etc.

312323 Zero and unassigned codes. A zero code assignment in all defined fields shall indicate that no action is
required by the field. In addition, codes not assigned within the fields shall indicate that no action is required.

Note.— The provisions of 3.1.2.3.2.2 and 3.1.2.3.2.3 ensure that future assignments of previously unassigned coding space
will not result in ambiguity. That is, Mode S equipment in which the new coding has not been implemented will clearly indicate
that no information is being transmitted in newly assigned coding space.

3.123.2.4 Formats reserved for military use. States shall ensure that uplink formats are only used for selectively
addressed interrogations and that transmissions of uplink or downlink formats do not exceed the RF power, interrogation rate,
reply rate and squitter rate requirements of Annex 10.

3.1.23.2.4.1 Recommendation.— Through investigation and validation, States should ensure that military applications
do not unduly affect the existing 1 030/1 090 MHz civil aviation operations environment.

3.1.2.3.3 ERROR PROTECTION

3.1.2.3.3.1 Technique. Parity check coding shall be used within Mode S interrogations and replies to provide protection
against the occurrence of errors.

3.1.2.33.1.1 Parity check sequence. A sequence of 24 parity check bits shall be generated by the rule described in
3.1.2.3.3.1.2 and shall be incorporated into the field formed by the last 24 bits of all Mode S transmissions. The 24 parity check
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bits shall be combined with either the address coding or the interrogator identifier coding as described in 3.1.2.3.3.2. The
resulting combination then forms either the AP (address/parity, 3.1.2.3.2.1.3) field or the PI (parity/interrogator identifier,
3.1.2.3.2.1.4) field.

3.1.2.3.3.1.2  Parity check sequence generation. The sequence of 24 parity bits (py, pa,-..., p24) shall be generated from the
sequence of information bits (m,, m,,..., m;) where k is 32 or 88 for short or long transmissions respectively. This shall be done
by means of a code generated by the polynomial:
Glo)=1+% + 50+ x12+ x13 4 x4 415 4 (16
T B 19 20 (2 22y 23
When by the application of binary polynomial algebra, x** [M(x)] is divided by G(x) where the information sequence M) is:

2 k-1
my + mx + mpox” ot mx

the result is a quotient and a remainder R(x) of degree less than 24. The bit sequence formed by this remainder represents the
parity check sequence. Parity bit p;, for any i from [ to 24, is the coefficient of x**” in R(x).

Note.— The effect of multiplying M(x) by x** is to append 24 ZERO bits to the end of the sequence.
3.1.2.3.3.2 AP and Pl field generation. Different address parity sequences shall be used for the uplink and downlink.

Note.— The uplink sequence is appropriate for a transponder decoder implementation. The downlink sequence facilitates
the use of error correction in downlink decoding.

The code used in uplink AP field generation shall be formed as specified below from either the aircraft address
(3.1.2.4.1.2.3.1.1), the all-call address (3.1.2.4.1.2.3.1.2) or the broadcast address (3.1.2.4.1.2.3.1.3).

The code used in downlink AP field generation shall be formed directly from the sequence of 24 Mode S address bits (a;, aa,...,
a24), where g; is the i-th bit transmitted in the aircraft address (AA) field of an all-call reply (3.1.2.5.2.2.2).

The code used in downlink PI field generation shall be formed by a sequence of 24 bits (a;, ay,..., @24), Where the first 17 bits are
ZEROs, the next three bits are a replica of the code label (CL) field (3.1.2.5.2.1.3) and the last four bits are a replica of the
interrogator code (IC) field (3.1.2.5.2.1.2).

Note.— The PI code is not used in uplink transmissions.

48-i

A modified sequence (b,, bs,..., by4) shall be used for uplink AP field generation. Bit b; is the coefficient of x™ in the

polynomial G(x)4(x), where:

Ax) = a1x23 + agx22 +.. +axy
and
G(x) is as defined in 3.1.2.3.3.1.2.

In the aircraft address a; shall be the i-th bit transmitted in the AA field of an all-call reply. In the all-call and broadcast
addresses ¢; shall equal 1 for all values of i.

3.1.2.3.3.2.1 Uplink transmission order. The sequence of bits transmitted in the uplink AP field is:

Tprts lrraee Tkv g
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where the bits are numbered in order of transmission, starting with £+ 1.
In uplink transmissions:
tevi=b; @ p;
where “@®” prescribes modulo-2 addition: i equals 1 is the first bit transmitted in the AP field.
3.1.2.3.3.2.2 Downlink transmission order. The sequence of bits transmitted in the downlink AP and P1I field is:
Bty v 2o Biv 24
where the bits are numbered in order of transmission, starting with £ + 1. In downlink transmissions:
L+i=a;Dp;

where “®” prescribes modulo-2 addition: i equals 1 is the first bit transmitted in the AP or PI field.

3.1.2.4 GENERAL INTERROGATION-REPLY PROTOCOL
3.1.2.4.1 Transponder transaction cycle. A transponder transaction cycle shall begin when the SSR Mode S transponder
has recognized an interrogation. The transponder shall then evaluate the interrogation and determine whether it shall be
accepted. If accepted, it shall then process the received interrogation and generate a reply, if appropriate. The transaction cycle
shall end when:
a) any one of the necessary conditions for acceptance has not been met, or
b) an interrogation has been accepted and the transponder has either:
1) completed the processing of the accepted interrogation if no reply is required, or
2) completed the transmission of a reply.

A new transponder transaction cycle shall not begin until the previous cycle has ended.

3.1.2.4.1.1 Interrogation recognition. SSR Mode S transponders shall be capable of recognizing the following distinct
types of interrogations:

a) Modes A and C;

b) intermode; and

¢) ModeS.

Note.— The recognition process is dependent upon the signal input level and the specified dynamic range (3.1.2.10.1).

3.12.4.1.1.1 Mode A and Mode C interrogation recognition. A Mode A or Mode C interrogation shall be recognized
when a P; — P; pulse pair meeting the requirements of 3.1.1.4 has been received, and the leading edge of a P, pulse with an

amplitude that is greater than a level 6 dB below the amplitude of P is not received within the interval from 1.7 to 2.3
microseconds following the leading edge of P;.
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If a P, — P, suppression pair and a Mode A or Mode C interrogation are recognized simultaneously, the transponder shall be
suppressed. An interrogation shall not be recognized as Mode A or Mode C if the transponder is in suppression (3.1.2.4.2). 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.

3.1.2.4.1.1.2  Intermode interrogation recognition. An intermode interrogation shall be recognized when a P; — P; - P,
pulse triplet meeting the requirements of 3.1.2.1.5.1 is received. An interrogation 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 P; and P, is larger than 2.3 microseconds or shorter than 1.7 microseconds; or

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

d) the transponder is in suppression (3.1.2.4.2).

If a P, — P, suppression pair and a Mode A or Mode C intermode interrogation are recognized simultaneously the transponder
shall be suppressed.

3.1.2.4.1.1.3 Mode S interrogation recognition. A Mode S interrogation shall be recognized when a P4 pulse is
received with a sync phase reversal within the interval from 1.20 to 1.30 microseconds following the leading edge of Ps. A
Mode S interrogation shall not be recognized if a sync phase reversal is not received within the interval from 1.05 to
1.45 microseconds following the leading edge of Pg.

3.1.2.4.1.2  Interrogation acceptance. Recognition according to 3.1.2.4.1 shall be a prerequisite for acceptance of any
interrogation.

3.1.2.4.12.1 Mode A and Mode C interrogation acceptance. Mode A and Mode C interrogations shall be accepted when
recognized (3.1.2.4.1.1.1).

3.1.2.4.1.2.2  Intermode interrogation acceptance

3.1.2.4.1.2.2.1 Mode A/C/S all-call interrogation acceptance. A Mode A/C/S all-call interrogation shall be accepted if
the trailing edge of P, is received within 3.45 to 3.75 microseconds following the leading edge of P; and no lockout condition
(3.1.2.6.9) prevents acceptance. A Mode A/C/S all-call shall not be accepted if the trailing edge of P, is received earlier than 3.3

or later than 4.2 microseconds following the leading edge of P;, or if a lockout condition (3.1.2.6.9) prevents acceptance.

3.1.2.4.1.2.22 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. \

Note.— The technical condition for non-acceptance of a Mode A/C-only all-call is given in the preceding paragraph by the
requirement for rejecting an intermode intervogation with a P, pulse having a trailing edge following the leading edge of P; by
less than 3.3 microseconds.

3.1.2.4.1.2.3 Mode S interrogation acceptance. A Mode S interrogation shall only be accepted if:

a) the transponder is capable of processing the uplink format (UF) of the interrogation (3.1.2.3.2.1.1);

b) the address of the interrogation matches one of the addresses as defined in 3.1.2.4.1.2.3.1 implying that parity is
established, as defined in 3.1.2.3.3;
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¢) in the case of an all-call interrogation, no all-call lockout condition applies, as defined in 3.1.2.6.9; and

d) the transponder is capable of processing the uplinked data of a long air-air surveillance (ACAS) interrogation (UF-16)
and presenting it at an output interface as prescribed in 3.1.2.10.5.2.2.1.

Note.~— A Mode S interrogation may be accepted if the conditions specified in 3.1.2.4.1.2.3 a) and b) are met and the
transponder is not capable of both processing the uplinked data of a Comm-A interrogation (UF=20 and 21) and presenting it
at an output interface as prescribed in 3.1.2.10.5.2.2.1.

3.1.2.4.1.2.3.1 Addresses. Mode S interrogations shall contain either:

a) aircraft address; or

b) the all-call address; or

¢) the broadcast address.

3.1.2.4.1.23.1.1 Aircraft address. If the aircraft’s address is identical to the address extracted from a received
interrogation according to the procedure of 3.1.2.3.3.2 and 3.1.2.3.3.2.1, the extracted address shall be considered correct for
purposes of Mode S interrogation acceptance. ’

3.12.4.123.12 All-call address. A Mode S-only all-call interrogation (uplink format UF = 11) shall contain an address,
designated the all-call address, consisting of twenty-four consecutive ONEs. If the all-call address is extracted from a received

interrogation with format UF = 11 according to the procedure of 3.1.2.3.3.2 and 3.1.2.3.3.2.1, the address shall be considered
correct for Mode S-only all-call interrogation acceptance.

Mode S interrogation uplink format 20 or 21 shall be used and an address of twenty-four consecutive ONEs shall be substituted
for the aircraft address. If the UF code is 20 or 21 and this broadcast address is extracted from a received interrogation
according to the procedure of 3.1.2.3.3.2 and 3.1.2.3.3.2.1, the address shall be considered correct for Mode S broadcast
interrogation acceptance.

Note.— Transponders associated with airborne collision avoidance systems also accept a broadcast with UF = 16.

3.1.2.4.1.3 Transponder replies. Mode S transponders shall transmit the following reply types:

a) Mode A and Mode C replies; and

b) Mode S replies.

3.12.4.13.1 Mode A and Mode C replies. A Mode A (Mode C) reply shall be transmitted as specified in 3.1.1.6 when a
Mode A (Mode C) interrogation has been accepted.

3.1.2.4.13.2.1 Replies to intermode interrogations. A Mode S reply with downlink format 11 shall be 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.

Note.— Since Mode S transponders do not accept Mode A/C-only all-call interrogations, no reply is generated.
3.1.2.4.1.32.2  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.
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Note.— Four categories of Mode S replies may be transmitted in response to Mode § interrogations:

a) Mode S all-call replies (DF = 11);

b) surveillance and standard-length communications replies (DF = 4, 5, 20 and 21);

¢) extended length communications replies (DF = 24); and

d) air-air surveillance replies (DF = 0 and 16).

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 S-only
all-call interrogation (if required) shall be DF = 11. The reply content and rules for determining the requirement to reply shall be
as defined in 3.1.2.5.

Note.— A Mode S reply may or may not be transmitted when a Mode § interrogation with UF = 11 has been accepted.

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.

Note.— If a Mode S interrogation with UF = 20 or 21 and a broadcast address is accepted, no reply is transmitted
(3.1.2.4.1.2.3.1.3).
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.

3.12.4.13.2.2.4 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.
3.1.2.42 SUPPRESSION

3.1.2.42.1 Effects of suppression. A transponder in suppression (3.1.1.7.4) shall not recognize Mode A, Mode C or
intermode interrogations if either the P; pulse alone or both the Py and P; 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.

3.1.2.4.2.2 Suppression pairs. The two-pulse Mode A/C suppression pair defined in 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 P5 — P, pair of the Mode A/C-only all-call interrogation 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.

3.1.2.5 INTERMODE AND MODE S ALL-CALL TRANSACTIONS

3.1.2.5.1 INTERMODE TRANSACTIONS

Note.— Intermode transactions permit the surveillance of Mode A/C-only aircraft and the acquisition of Mode S aircraft.
The Mode A/C/S all-call interrogation allows Mode A/C-only and Mode S transponders to be interrogated by the same
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transmissions. The Mode A/C-only all-call interrogation makes it possible to elicit replies only 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 MODE S§-ONLY ALL-CALL TRANSACTIONS

Note.— These transactions allow the ground to acquire Mode S aircraft by use of an interrogation addressed to all
Mode S-equipped aircraft. The reply is via downlink format 11 which returns the aircraft address. The interrogation-reply
protocols are defined in 3.1.2.4.
3.1.2.5.2.1 Mode S-only all-call interrogation, uplink format 11

1 6 10 14 17 33
UF PR IC CL AP

The format of this interrogation shall consist of these fields:

Field Reference
UF uplink format 3.1.23.2.1.1
PR probability of reply 3.1.2.5.2.1.1
IC interrogator code 3.1.25.2.1.2
CL code label 3.1.25213
spare — 16 bits

AP address/parity 3123213

3.1.2.5.2.1.1 PR: Probability of reply. This 4-bit (6-9) uplink field shall contain commands to the transponder specifying
the probability of reply to that interrogation (3.1.2.5.4). Codes are as follows:

signifies reply with probability of 1

signifies reply with probability of 1/2

signifies reply with probability of 1/4

signifies reply with probability of 1/8

signifies reply with probability of 1/16

not assigned

signifies disregard lockout, reply with probability of 1
9 signifies disregard lockout, reply with probability of 1/2
10 signifies disregard lockout, reply with probability of 1/4
11 signifies disregard lockout, reply with probability of 1/8
12 signifies disregard lockout, reply with probability of 1/16

13,14, 15 not assigned.

0SB W~ O
-3

3.1.2.5.2.1.2 IC: Interrogator code. This 4-bit (10-13) uplink field shall contain either the 4-bit interrogator identifier
code (3.1.2.5.2.1.2.3) or the lower 4 bits of the 6-bit surveillance identifier code (3.1.2.5.2.1.2.4) depending on the value of the
CL field (3.1.2.5.2.1.3).
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3.1.2.5.2.1.2.1 Recommendation.— 7 is recommended that whenever possible an interrogator should operate using a
single interrogator code.

3.1.2.5.2.1.2.2 The use of multiple interrogator codes by one interrogator. An interrogator shall not interleave
Mode S-only all-call interrogations using different interrogator codes.

Note.— An explanation of RF interference issues, sector size and impact on data link transactions is presented in the
Manual of the Secondary Surveillance Radar (SSR) Systems (Doc 9684).

3.1.2.5.2.1.2.3 II: Interrogator identifier. This 4-bit value shall define an interrogator identifier (IT) code. These II codes
shall be assigned to interrogators in the range from 0 to 15. The II code value of 0 shall only be used for supplementary
acquisition in conjunction with acquisition based on lockout override (3.1.2.5.2.1.4 and 3.1.2.5.2.1.5). When two II codes are
assigned to one interrogator only, one II code shall be used for full data link purposes.

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

3.1.2.5.2.1.2.4  SI: Surveillance identifier. This 6-bit value shall define a surveillance identifier (SI) code. These SI codes
shall be assigned to interrogators in the range from 1 to 63. The SI code value of 0 shall not be used. The SI codes shall be used
with the multisite lockout protocols (3.1.2.6.9.1). The SI codes shall not be used with the multisite communications protocols
(3.1.2.6.11.3.2,3.1.2.74 0r 3.1.2.7.7).

3.1.2.5.2.1.3 CL: Code label. This 3-bit (14-16) uplink field shall define the contents of the IC field.
Coding (in binary)
000  signifies that the IC field contains the II code
001  signifies that the IC field contains SI codes 1 to 15
010  signifies that the IC field contains SI codes 16 to 31
011 signifies that the IC field contains SI codes 32 to 47
100  signifies that the IC field contains SI codes 48 to 63
The other values of the CL field shall not be used.
3.1.2.5.2.1.3.1 Surveillance identifier (SI) code capability report. Transponders which process the SI codes
(3.1.2.5.2.1.2.4) shall report this capability by setting bit 35 to 1 in the surveillance identifier capability (SIC) subfield of the
MB field of the data link 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 override provides the basis for acquisition of Mode S aircraft for interrogators
that have not been assigned a unique IC (II or SI code) for full Mode S operation (protected acquisition by ensuring that no
other interrogator on the same IC can lock out the target in the same coverage area).
Note 2.— Lockout override is possible using any interrogator code.
3.1.2.52.1.4.1 Maximum Mode S-only all-call interrogation rate. The maximum rate of Mode S-only all-call
interrogations made by an interrogator using acquisition based on lockout override shall depend on the reply probability as
follows:

a) for areply probability equal to 1.0:

the smaller of 3 interrogations per 3 dB beam dwell or 30 interrogations per second;

3-19 22/11/07



Annex 10 — Aeronautical Telecommunications Volume 1V

b) for a reply probability equal to 0.5:

the smaller of 5 interrogations per 3 dB beam dwell or 60 interrogations per second; and
¢) for areply probability equal to 0.25 or less:

the smaller of 10 interrogations per 3 dB beam dwell or 125 interrogations per second.

Note.— These limits have been defined in order to minimize the RF pollution generated by such a method while keeping a
minimum of replies to allow acquisition of aircraft within a beam dwell.

3.1.2.5.2.1.42 Field content for a selectively addressed interrogation used by an interrogator without an assigned
interrogator code. An interrogator that has not been assigned with a unique discrete interrogator code and is authorized to
transmit shall use the II code 0 to perform the selective interrogations. In this case, selectively addressed interrogations used in
connection with acquisition using lockout override shall have interrogation field contents restricted as follows:

UF = 4,5,200r21

PC =0

RR # 16ifRRS=0

DI =7

as =0

LOS = 0 except as specified in 3.1.2.5.2.1.5
TMS = 0

Note.— These restrictions permit surveillance and GICB transactions, but prevent the interrogation from making any
changes to transponder multisite lockout or communications protocol states.

3.1.2.5.2.1.5 Supplementary acquisition using II equals 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 process, 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 aircrafi through the use of limited selective lockout using Il equals 0.

Note 2.— Supplementary acquisition consists of locking out acquired aircraft to II=0 followed by acquisition by means of
the Mode S-only all-call interrogation with IT=0. Only the aircraft not yet acquired and not yet locked-out will reply resulting in
an easier acquisition.

3.1.2.5.2.1.5.1 Lockout within a beam dwell

3.1.2.5.2.1.5.1.1 Recommendation.— When Il equals 0 lockout is used to supplement acquisition, all aircraft within the
beam dwell of the aircraft being acquired should be commanded to lock out to Il equals 0, 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 II equals 0
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 II equals O 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.
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Note.— Minimizing the lockout time reduces the probabilin: of conflict with the acquisition activities of a neighbouring
interrogator that is also using Il equals 0 for supplementary acquisition.

3.1.2.52.1.5.2.2 Recommendation.— Mode S only all-call interrogations with II=0 for the purpose of supplementary
acquisition should take place within a garble zone over no more than two consecutive scans or a maximum of 18 seconds.
3.1.2.5.2.2  All-call reply, downlink format 11

1 6 9 33
DF 1 CA AA Pl

5 8 32 56

The reply to the Mode S-only all-call or the Mode A/C/S all-call interrogation shall be the Mode S all-call reply, downlink
format 11. The format of this reply shall consist of these fields:

Field Reference

DF downlink format 3.1.23.2.1.2
CA capability 3125221
AA address announced 3.1.2.5222
PI parity/interrogator identifier 3.1.232.14

3.1.2.5.2.2.1 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

1 reserved

2 reserved

3 reserved

4 signifies Level 2 or above transponder and ability to set CA code 7 and on the ground

5 signifies Level 2 or above transponder and ability to set CA code 7 and airborne

6 signifies Level 2 or above transponder and ability to set CA code 7 and either airborne or on
the ground

7 signifies the DR field is not equal to 0 or the FS field equals 2, 3, 4 or 5, and either airborne

or on the ground
When the conditions for CA code 7 are not satisfied, Level 2 or above transponders in installations that do not have automatic
means to set the on-the-ground condition shall use CA code 6. Aircraft with automatic on-the-ground determination shall use
CA code 4 when on the ground and 5 when airborne. Data link capability reports (3.1.2.6.10.2.2) shall be available from aircraft
installations that set CA code 4, 5, 6 or 7.

Note.— CA codes I to 3 are reserved to maintain backward compatibility.

unambiguous identification of the aircraft.

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 an aircraft once the address of that specific aircraft has been acquired by an interrogator provided that:
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— the interrogator is using an IC code different from zero; and
— the aircraft is located in an area where the interrogator is authorized to use lockout.

Note 1.— Following acquisition, a transponder is interrogated by discretely addressed interrogations as prescribed in
3.1.2.6, 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.

Note 2.— Regional IC allocation bodies may define rules limiting the use of selective interrogation and lockout protocol
(e.g. no lockout in defined limited area, use of intermittent lockout in defined areas, and no lockout of aircraft not yet equipped
with SI code capability).

3.1.2.5.4 Stochastic all-call protocol. The transponder shall execute a random process upon acceptance of a Mode S-only
all-call with a PR code equal to 1 to 4 or 9 to 12. A decision to reply shall be made in accordance with the probability specified
in the interrogation. A transponder shall not reply if a PR code equal to 5, 6, 7, 13, 14 or 15 is received (3.1.2.5.2.1.1).

Note.— The random occurrence of replies makes it possible for the interrogator to acquire closely spaced aircrafi, replies
from which would otherwise synchronously garble each other.

3.1.2.6 ADDRESSED SURVEILLANCE AND STANDARD LENGTH
COMMUNICATION TRANSACTIONS

Note 1.— The interrogations described in this section are addressed to specific aircraft. There are two basic interrogation
and reply types, short and long. The short interrogations and replies are UF 4 and 5 and DF 4 and 5, while the long
interrogations and replies are UF 20 and 21 and DF 20 and 21.

Note 2.— The communications protocols are given in 3.1.2.6.11. These protocols describe the control of the data
exchange.

3.1.2.6.1 SURVEILLANCE, ALTITUDE REQUEST, UPLINK FORMAT 4

1 6 9 14 17 33
UF pPC RR DI sD AP

The format of this interrogation shall consist of these fields:

Field Reference
UF uplink format 3.1.23.2.1.1
PC protocol 3.1.2.6.1.1
RR reply request 3.1.2.6.1.2
DI designator identification 3.1.2.6.1.3
SD special designator 3.1.2.6.14
AP address/parity 3123213

3.1.2.6.1.1 PC: Protocol. This 3-bit, (6-8) uplink field shall contain operating commands to the transponder. The PC
field shall be ignored for the processing of surveillance or Comm-A interrogations containing DI =3 (3.1.2.6.1.4.1).
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Coding

<

signifies no action

signifies non-selective all-call lockout (3.1.2.6.9.2)
not assigned

not assigned

signifies close out Comm-B (3.1.2.6.11.3.2.3)
signifies close out uplink ELM (3.1.2.7.4.2.8)
signifies close out downlink ELM (3.1.2.7.7.3)

not assigned.

~ N W B W o

3.1.2.6.1.2  RR: Reply request. This 5-bit, (9-13) uplink field shall command the length and content of a requested reply.

The last four bits of the 5-bit RR code, transformed into their decimal equivalent, shall designate the BDS1 code (3.1.2.6.11.2
or 3.1.2.6.11.3) of the requested Comm-B message if the most significant bit (MSB) of the RR code is 1 (RR is equal to or
greater than 16).

Coding
RR = 0-15 shall be used to request a reply with surveillance format (DF = 4 or 5);
RR 16-31 shall be used to request a reply with Comm-B format (DF = 20 or 21);
RR = 16 shall be used to request transmission of an air-initiated Comm-B according to 3.1.2.6.11.3;
RR = 17 shall be used to request a data link capability report according to 3.1.2.6.10.2.2;
RR = 18 shall be used to request aircraft identification according to 3.1.2.9;
19-31 are not assigned in section 3.1.

Note.— Codes 19-31 are reserved for applications such as data link communications, airborne collision avoidance
systems (ACAS), etc.

3.1.2.6.1.3 DI: Designator identification. This 3-bit (14-16) uplink field shall identify the structure of the SD field
(3.1.2.6.1.4).

Coding
0 signifies SD not assigned except for IIS
1 signifies SD contains multisite and communications control information
2 signifies SD contains control data for extended squitter
3 signifies SD contains SI multisite lockout, broadcast and GICB control information
4-6  signifies SD not assigned
7 signifies SD contains extended data readout request, multisite and communications control
information.

3.1.2.6.1.4 SD: Special designator. This 16-bit (17-32) uplink field shall contain control codes which depend on the
coding in the DI field.

Note.— The special designator (SD) field is provided to accomplish the transfer of multisite, lockout and communications
control information from the ground station to the transponder.

DI CODE SD FIELD STRUCTURE
17 21

0 s

20 32
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17 21 23 26 27 29
1 Ins MBS MES LOS RSS TMS
20 22 25 28 32
17 21 24 27 29
2 TCS RCS SAS
20 23 26 28 32
17 23 24 28
3 SIS LSS RRS
22 27 32
17 21 25 26 27 29
7 I RRS LOS TMS
20 24 28 32

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

a)

b)

©)

22/11/07

IfDI=0,10r7:

IIS, the 4-bit (17-20) interrogator identifier subfield shall contain an assigned identifier code of the interrogator
(3.1.2.5.2.1.2.3).

IfDI=0:

bits 21-32 are not assigned.

IfDI=1:

MBS, the 2-bit (21, 22) multisite Comm-B subfield shall have the following codes:

0
1

2
3

signifies no Comm-B action

signifies air-initiated Comm-B reservation request
(3.1.2.6.11.3.1)

signifies Comm-B closeout (3.1.2.6.11.3.2.3)

not assigned.

MES, the 3-bit (23-25) multisite ELM subfield shall contain reservation and closeout commands for ELM as follows:

~NON B e O

signifies no ELM action

signifies uplink ELM reservation request (3.1.2.7.4.1)

signifies uplink ELM closeout (3.1.2.7.4.2.8)

signifies downlink ELM reservation request (3.1.2.7.7.1.1)

signifies downlink ELM closeout (3.1.2.7.7.3)

signifies uplink ELM reservation request and downlink ELM closeout
signifies uplink ELM closeout and downlink ELM reservation request
signifies uplink ELM and downlink ELM closeouts.
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d)

€)

RSS, the 2-bit (27, 28) reservation status subfield shall request the transponder to report its reservation status in the
UM field. The following codes have been assigned:

0  signifies no request

I signifies report Comm-B reservation status in UM

2 signifies report uplink ELM reservation status in UM

3 signifies report downlink ELM reservation status in UM.
IfDI=1lor7:

LOS, the 1-bit (26) lockout subfield, if set to 1, shall signify a multisite lockout command from the interrogator
indicated in IIS. LOS set to 0, shall be used to signify that no change in lockout state is commanded.

TMS, the 4-bit (29-32) tactical message subfield shall contain communications control information used by the data
link avionics.

IfDI=7:

RRS, the 4-bit (21-24) reply request subfield in SD shall give the BDS2 code of a requested Comm-B reply.
Bits 25, 27 and 28 are not assigned.
IfDI=2:

TCS, the 3-bit (21-23) type control subfield in SD shall control the position type used by the transponder. The
following codes have been assigned:

0 signifies no position type command

1 signifies use surface position type for the next 15 seconds
2 signifies use surface position type for the next 60 seconds
3 signifies cancel surface type command

4-7 not assigned.

RCS, the 3-bit (24-26) rate control subfield in SD shall control the squitter rate of the transponder when it is reporting
the surface format. This subfield shall have no effect on the transponder squitter rate when it is reporting the airborne
position type. The following codes have been assigned:

0 signifies no surface position extended squitter rate command

1 signifies report high surface position extended squitter rate for 60 seconds
2 signifies report low surface position extended squitter rate for 60 seconds
3 signifies suppress all surface position extended squitters for 60 seconds

4 signifies suppress all surface position extended squitters for 120 seconds
5-7 not assigned.

Note 1.— The definition of high and low squitter rates is given in 3.1.2.8.6.4.3.

Note 2.— As stated in 3.1.2.8.5.2 d), acquisition squitters are transmitted when surface position extended
squitters are suppressed by using RCS=3 or 4.

SAS, the 2-bit (27-28) surface antenna subfield in SD shall control the selection of the transponder diversity antenna
that is used for (1) the extended squitter when the transponder is reporting the surface format, and (2) the acquisition
squitter when the transponder is reporting the on-the-ground status. This subfield shall have no effect on the
transponder diversity antenna selection when it is reporting the airborne status. The following codes have been
assigned:
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0 signifies no antenna command

1 signifies alternate top and bottom antennas for 120 seconds
2 signifies use bottom antenna for 120 seconds

3 signifies return to the default.

Note.— The top antenna is the default condition (3.1.2.8.6.5).
g) IfDI=3:

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

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.

RRS, the 4-bit (24-27) reply request subfield in SD shall contain the BDS2 code of a requested GICB register.
Bits 28 to 32 are not assigned.

3.1.2.6.1.5 PC and SD field processing. When DI = 1, PC field processing shall be completed before processing the SD
field.

3.1.2.6.2 COMM-A ALTITUDE REQUEST, UPLINK FORMAT 20)

UF I PC ‘ RR ‘ Dl SD MA AP

5 8 13 16 32 88 112

The format of this interrogation shall consist of these fields:

Field Reference
UF uplink format 3.1.23.2.1.1
PC protocol 3.1.2.6.1.1
RR reply request 3.1.2.6.1.2
DI designator identification 3.1.2.6.1.3
SD special designator 3.1.2.6.1.4
MA message, Comm-A 3.1.2.6.2.1
AP address/parity 3.1.2.3.2.13

3.1.2.6.2.1 MA: Message, Comm-A. This 56-bit (33-88) field shall contain a data link message to the aircraft.

3.1.2.6.3 SURVEILLANCE IDENTITY REQUEST, UPLINK FORMAT 5

1 6 9 14 17 33
UF PC RR DI SD ‘ AP !
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The format of this interrogation shall consist of these fields:

Field Reference
UF uplink format 3.1.23.2.1.1
PC protocol 3.1.2.6.1.1
RR reply request 3.1.2.6.1.2
DI designator identification 3.126.13
SD special designator 3.126.14
AP address/parity 3123213

3.1.2.64 Commr-A IDENTITY REQUEST, UPLINK FORMAT 2]

1 6 9 14 17 33 89
B R AT A
5 8 13 16 32 88 112

The format of this interrogation shall consist of these fields:

Field Reference
UF uplink format 3.1.23.2.1.1
PC protocol 3.1.26.1.1
RR reply request 3.126.1.2
DI designator identification 3.126.1.3
SD special designator 3.1.2.6.1.4
MA message, Comm-A 3.1.2.6.2.1
AP address/parity 3.1.2.3.2.1.3

3.1.2.6.5 Sur VEILLANCE ALTITUDE REPLY, DO WNLINK FORMAT 4

1 6 9 14 20 33
o [ w e [w ] w | w
5 8 13 19 32 56

This reply shall be generated in response to an interrogation UF 4 or 20 with an RR field value less than 16. The format of this
reply shall consist of these fields:

Field Reference
DF downlink format 3.1.2.32.1.2
FS flight status 3.1.2.6.5.1
DR downlink request 312652
UM utility message 3.1.2.6.53
AC altitude code 3.1.2.654
AP address/parity 3123213
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31.2.6.5.1 FS: Flight status. This 3-bit (6-8) downlink field shall contain the following information:

Coding

signifies no alert and no SPI, aircraft is airborne

signifies no alert and no SPI, aircraft 1s on the ground
signifies alert, no SPI, aircraft is airbome

signifies alert, no SPI, aircraft is on the ground

signifies alert and SPI, aircraft is airborne or on the ground
signifies no alert and SPI, aircraft is airborne or on the ground
reserved

not assigned

\IO‘\‘JI#UJI\JP—‘O

Note.— The conditions which cause an alert are given in3.1.2.6.10.1.1

312.65.2 DR: Downlink request. This 5-bit (9-13) downlink field shall contain requests to downlink information.

Coding
0 signifies no downlink request
1 signifies request to send Comm-B message
2 reserved for ACAS
3 reserved for ACAS
4 signifies Comm-B broadcast message 1 available
5 signifies Comm-B broadcast message 2 available
6 reserved for ACAS
7 reserved for ACAS

8-15 not assigned
16-31 see downlink ELM protocol (3.1.2.7.7.1)

Codes 1-15 shall take precedence over codes 16-31.

Note.— Giving precedence 1o codes 1-15 permits the announcement of a Comm-B message to interrupt the announcement
of a downlink ELM. This gives priority {0 the announcement of the shorter message.

31.2.6.5.3 UM: Utility message. This 6-bit (14-19) downlink field shall contain transponder communications status

information as specified in 3.1.2.6.1.4.1 and 3.1.2.6.5.3.1.
3.1.2.6.5.3.1 Subfields in UM for multisite protocols

UM FIELD STRUCTURE

14 18
s DS
17 19

The following subfields shall be inserted by the transponder into the UM field of the reply if a surveillance or Comm-A
interrogation (UF equals 4, 5, 20, 21) contains DI = 1 and RSS other than 0:

11IS: The 4-bit (14-17) interrogator identifier subfield reports the identifier of the interrogator that is reserved for
multisite communications.

IDS:  The 2-bit (18, 19) identifier designator subfield reports the type of reservation made by the interrogator identified
in IIS.
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Assigned coding is:

signifies no information

signifies IIS containg Comm-B II code
signifies IIS contajns Comm-C II code
signifies IIS contains Comm-D II code.

W R -

3.1.2.6.53.2 Multisite reservation Status. The interrogator identifier of the ground station currently reserved for multisite
Comm-B delivery (3.1.2.6.1 1.3.1) shall be transmitted in the IS subfield together with code 1 in the IDS subfield if the UM
content is not specified by the interrogation (when DI =0 or 7, or when DI = | and RSS =),

The interrogator identifier of the ground station currently reserved for downlink ELM delivery (3.1.2.7.6.1), if any, shall be

transmitted in the IS subfield together with code 3 in the IDS subfield if the UM content is not specified by the interrogation
and there is no current Comm-B reservation,

a) Bit 26 is designated as the M bit, and shall be 0 if the altitude is reported in feet. M equals 1 shall be reserved to
indicate that the altitude reporting is in metric units.

d) Ifthe M bit equals 0 and the Q bit equals 1, the 11-bit field represented by bits 20 to 25,27 and 29 to 32 shal] represent
a binary coded field with a least significant bit (LSB) of 25 ft. The binary value of the positive decimal integer “N>
shall be encoded to Ieport pressure-altitude in the range [(25 N ~ | 000) plus or minus 12.5 ft]. The coding of
3.1.2.6.5.4 ¢) shall be used to report pressure-altitude above 50 187.5 ft.

Note | — This coding method js only able to provide values between minys | 000 ft and pius 50 175 ¥

Note 2.— The most Significant bit (MSB) of this Jield is bit 20 gs required by 3.1.2.3.1.3.

e) Ifthe M bit equals 1, the 12-bit field Tepresented by bits 20 to 25 and 27 to 31 shall be reserved for encoding altitude in
metric units,

f) 0 shall be transmitted in each of the 13 bits of the AC field if altitude information is not available or if the altitude has
been determined invalid.

3.1.2.6.6 Comu-B ALTITUDE REPLY, DOWNLINK FORMAT 20
1 6 9 14 20 33 89
RN TN e
5 8 13 19 32 88 112
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This reply shall be generated in response to an interrogation UF 4 or 20 with an RR field value greater than 15. The format of
this reply shall consist of these fields:

Field Reference
DF downlink format 3.1.2.3.2.1.2
FS flight status 3.1.2.6.5.1
DR downlink request 3.1.2.6.5.2
UM utility message 3.1.2.6.5.3
AC altitude code 3.1.2.6.5.4
MB message, Comm-B 3.1.2.6.6.1
AP address/parity 3.1.2.3.2.13

3.1.2.6.6.1 MB: Message, Comm-B. This 56-bit (33-88) downlink field shall be used to transmit data link messages to the
ground.

3.1.2.6.7 SUR VEILLANCE IDENTITY REPLY, DOWNLINK F ORMAT 5
1 6 9 14 20 33
ﬂﬂﬂ“ﬂ
5 8 13 19 32 56

This reply shall be generated in response to an interrogation UF 5 or 21 with an RR field value less than 16. The format of this
reply shall consist of these fields:

Field Reference
DF downlink format 3.1.2.3.2.1.2
FS flight status 3.1.2.6.5.1
DR downlink request 3.1.2.65.2
UM utility message 3.1.2.6.53
1D identity 3.1.2.6.7.1
AP address/parity 3.1.232.13

3.1.2.6.7.1 ID: Identity (Mode A code). This 13-bit (20-32) field shall contain aircraft identity code, in accordance with

the pattern for Mode A replies 1n 3.1.1.6. Starting with bit 20, the sequence shallbe C1, AL, C2, A2, C4, A4, 7ERO, B1,D1, B2,
D2, B4, D4.

3.1.2.6.8 COMM-B IDENTITY REPLY, DOWNLINK FORMAT 21

1 6 9 14 20 33 89
(o [ | Cw e e [
13 19 32 88 112

5 8
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This reply shall be generated in response to an Interrogation UF 5 of 21 with an RR field value greater thap 15, The format of
this reply shall consist of these fields:

Field Reference
DF downlink format 3.1.2.32.12
FS flight status 3.1.2.6.5.1
DR downlink request 3.1.2.652
UM utility message 312653
ID identity 3.1.2.6.7.1
MB message, Comm-B 3.1.2.6.6.1
AP address/parity 3.123.2.13

3.1.2.6.9 LOCKOUTPROTOCOLS

3.1.2.69.1 Multisite all-cql] lockour

Note.— The multisize lockout protocol brevents transpondey acquisition from being denied one ground station by lockoyt
commands from an adjacent ground Station that has overlapping coverage.

3.1.2.6.9.1.1 The multisite lockout command shall be transmiited in the SD field (3.1.2.6.1.4. 1). A lockout command for

an II code shall be transmitted in an SD with DJ = Lor DI=7. An 11 lockout command shall be indicated by LOS code equals |
and the presence of 3 nhon-zero interrogator identifier in the IIS subfield of SD. A lockout command for an SI code shal] be

acceptance of an interrogation containing the multisite lockout commangd. Multisite lockout shall not prevent acceptance of a
Mode S-only alj-ca] interrogation containing PR codes § to 12.If a lockout command (LOS = 1) js received together with IIS
=0, it shall be interpreted as a non-selective all-call lockout (3.1.2.6.9.2).

Note 2.— Multisite lockout (which only uses non-zero I codes) does not affect the response of the transponder o
Mode S-only all-call interrogations containing I] equals 0 or 1o Mode A/C/S all-call interrogations.
3.1.2.6.9.2 Non-selective all-cqj] lockour

Note 1.— In cases where the multisite lockout protocol Jor Il codes is not requived (e.g. there is no overlapping coverage oy
there is ground Station coordination vig ground-to-ground communications) the non-selective lockoyt protocol may be used

On acceptance of an interrogation containing code 1 in the PC field, a transponder shal] commence to lock out (i.e. not accept)
two types of all-call interrogations:

a) the Mode S-only all-cal] (UF = 11), with I equals 0; and

b) the Mode A/C/S all-call 0f 3.1.2.1.5.1.1.
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This lockout condition shall persist for an interval Tp (3.1.2. 10.3.9) after the Jast receipt of the command. Non-selective lockout
shall not prevent acceptance of a Mode S-only all-call interrogation containing PR codes 8 10 12.

Note 2.— Non-selective Jockout does not affect the response of the transponder 10 Mode S-only all-call interrogations
containing I not equal to 0.
3.1.2.6.10 BASIC DATA PROTOCOLS

3.1.2.6.10.1 Flight status protocol. Flight status shall be reported in the ES field (3.1.2.6.5.1).

31.2.6.10.1.1 Alert. An alert condition shall be reported in the ES field if the Mode A identity code transmitted in
Mode A replies and in downlink formats DF equals 5 and DF equals 21 are changed by the pilot.

3.1.2.6.10.1.1.1 Permanent alert condition. The alert condition shall be maintained if the Mode A identity code 1s
changed to 7500, 7600 or 7700.

3.1.2.6.10.1.1.2 Temporary alert condition. The alert condition shall be temporary and shall cancel itself after T seconds
if the Mode A identity code is changed to a value other than those listed in 3.1.2.6.10.1.1.1.

Note.— The value of T is given in 3.1.2.10.3.9.

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 7500, 7600 or 7700.

3.1.2.6.10.1.2 Ground report. The on-the-ground status of the aircraft shall be reported in the CA field (3.1.2.5.2.2. 1), the
FS field (3.1.2.6.5.1), and the VS field (3.1.2.8.2.1). If an automatic indication of the on-the-ground condition (e.g. from a
weight on wheels or strut switch) is available at the transponder data interface, it shall be used as the basis for the reporting of
on-the-ground status except as specified in 3.1.2.6.103.1.1f such indication is not available at the transponder dafa interface
(3.1.2.10,5.1.3), the FS and VS codes shall indicate that the aircraft is airborne and the CA field shall indicate that the aircraft is
either airborne or on the ground (CA=6).

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 (3.1.1.6.3, 3.1.1.7.13 and 3.1.2.8.6.3.1.1).

Note.— The value of Ty is given in 3.1.2.10.3.9.

3.1.2.6.10.2 Capability reporting protocol. The data structure and content of the dafa link capability report registers shall
be implemented in such a way that interoperability 13 ensured.

Note 1.— Aircraft capability is reported in Specialﬁelds as defined in the following paragraphs.

Note 2.— The data format of the registers for reporting capability is specified in the Technical Provisions for Mode S
Services and Extended Squitter (Doc 9871).

3.1.2.6.10.2.1 Capability report. The 3-bit CA field, contained in the all-call reply, DF equals 11, shall report the basic
capability of the Mode S transponder as described in 3.1.2.52.2.1

3.12.6.10.2.2 Data Jink capability report. The data link capability report shall provide the interrogator with a description
of the data link capability of the Mode S installation.

22/11/07 3-32



Chapter 3 Annex 10 — Aeronautical T, elecommunications
Note.— The data link capability report is contained in register () 16With a possible extension inregisters 1,510 16 16 When

any continuation will pe required,
3.1.2.6.10.2.2.1 Extraction and subfields in MB Jor data link capability report.

3.1.2.6.102.2.1.1 Extraction of the data link capability report contained in register | 05 . The report shall be obtained by
a ground-initiated Comm-B reply in response to an interrogation containing RR equals 17 and DI is not equal to 7 or DI equals
7 and RRS equals 0 (3.1.2.6.1 1.2).

3.1.2.6.102.2.1.2 Sources of data link capability. Data link capability reports shal] contain the capabilities provided by

the transponder, the ADLP and the ACAS unit. If external inputs are lost, the transponder shall zero the corresponding bits in
the data link report.

3.1.2.6.1022.1.4 The Mode S subnetwork version number shal] contain information to ensure interoperability with
older airborne equipment,

(33-36) and BDS2 = ¢ (37-40). The tfransponder shall initiate, generate and transmit the revised capability report even if the

Note.— Bits 1 10 8 contain the BDS] and BDS2 codes. Bits 16 and 37 1 40 contain ACAS capability information, Bir 33
indicates the availability of aircraft identification data and is set by the transponder when the datg comes from a separate
interface and not Jrom the ADLP. Bz 35 is the SI code indication. Al] of these bits are inserted by the transponder.

3.1.2.6.10.2.3 Common usage GICB capability report. Common usage GICB services which are being actively updated
shall be indicated In transponder register 17,,

3.126.102.4  Mode § specific services GICB capability reports, GICB services that are installed shall be reported in
registers 18,4 to 1C¢

3.1.2.6.102.5 Mode § specific services MSP capability reports. MSP services that are installed shall be reported in
registers 1Dy to 1F 6.
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3.1.2.6.10.3 Validation ofon—the-ground status declared by an automatic means

Note.— For aircraft with an automatic means of determining vertical status, the CA field reports whether the aircraft is
airborne or on the ground. ACAS I acquires aircraft using the short or extended squitter, both of which contain the CA field. If
an aircraft reporis on-the-ground status, that aircraft will not be interrogated by ACAS 1I in order t0 reduce unnecessary
interrogation activity. If the aircraft is equipped 10 report extended squitter messages, the function that formats these messages
may have information available to validate that an aircraft reporting “on-the-ground” is actually airborne.

3.1.2.6.10.3.1 Aircraft with an automatic means for determining the on-the-ground condition that are equipped to format
extended squitter messages shall perform the following validation check:

If the automatically determined air/ground status is not available or 1s «airborne”, no validation shall be performed. If the
automatically determined air/ground status is available and «on-the-ground” condition is being reported, the air/ground status
shall be overridden and changed to «airborne” if the conditions given for the vehicle category in Table 3-Y are satisfied.

Note.— While this test is only required for aircraft that are equipped to format extended squitter messages, this feature is
desirable for all aircraft.

3.1.2.6.11 STANDARD LENGTH COMMUNICATIONS PROTOCOLS

Note 1.— The two types of standard length communications protocols are Comm-A and Comm-B; messages using these
protocols are trans, orred under the control of the interrogator. Comm-A messages are sent directly to the transponder and are
completed within one transaction. A Comm-B message is used to transfer information from air to ground and can be initiated
cither by the interrogator oF the transponder. In the case of ground—initiated Comm-B transfers, the interrogator requests data
10 be read out from the transponder, which delivers the message in the same transaction. In the case of air-initiated Comm-B
transfers, the transponder announces the intention 10 transmit a message; in a subsequent transaction an interrogator will
extract the message.

Note 2— In a non-selective gir-initiated Comm-B protocol all transactions necessary can be controlled by any
interrogator.

Note 3.— In some areas of overlapping interrogator coverage there may be no means for coordinating interrogator
activities via ground communications. Air-initiated Comm-B communications protocols require more than one transaction
for completion. Provision is made to ensure that a Comm-B message is closed out only by the interrogator that actually
transferred the message. This can be accomplished through the use of the multisite Comm-B communications protocols or
through the use of the enhanced Comm-B communications protocols.

Note 4.— The multisite and the non-selective communications protocols cannot be used simultaneously in a region of
overlapping interrogator coverage unless the interrogators coordinate their communications activities via ground
communications.

Note 5.— The multisite communications protocol is independent of the multisite lockout protocol. That is, the multisite
communications protocol may be used with the non-selective lockout protocol and vice versa. The choice of lockout and
communications protocols 1o be used depends upon the network management technique being used.

Note 6.— The broadcast Comm-B protocol can be used to make a message available to all active interrogators.

3.1.2.6.11.1 Comm-A. The interrogator shall deliver a Comm-A message in the MA field of an interrogation UF = 20
or21.

3.1.2.6.11.1.1 Comm-A technical acknowledgement. Acceptance of a Comm-A interrogation shall be automatically
technically acknowledged by the transponder, by the transmission of the requested reply (3.1.2. 10.5.2.2.1).
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Note.— The receipt of a reply from the transponder according to the ryles 0f3.1.24.123 d)and 3.1.2.4.] 3222 0s the
acknowledgement 1o the interrogator that the interrogation has been accepted by the transponder. If either- uplink or downlink
Jail, this reply wifl be missing and the interrogator will normally send the message again. In the case of downlink Jailure, the
transponder may receiye the message more than once.

3.1.26.11.1.2 Comm-A broadcasy If 2 Comm-A broadcast interrogation js accepted (3.1.2.4.1.2.3.1.3) information
transfer shal] be handled according 10 3.1.2,10.5.2. 1.1 but other transponder functions shall not be affected and a reply shall not
be transmitted.

Note I.— There is no technical acknowledgement 1o 4 Comm-A broadeast message.

Note 2.— Since the transponder does not process the control Sields of a Comm-4 broadcast interrogation, the 27 bits
Jollowing the Ur fleld are also available for user datq,

3.1.26.11.2 Ground~z‘nitiated 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, BDS] (most significant 4
bits) and BDS? (least significant 4 bits).

3.1.2.6.11.23 BDS» code. The BDS2 code shall be as defined in the RRS subfield of the SD field (3.1.2.6.1.4.1) when
DI=7.If no BDS? code is specified (i.e. DI is not equal to 7) it shall signify that BDS2 = 0.

3.1.26.11.2.4 Protocol. On receipt of such a request, the MB field of the reply shall contain the contents of the requested
ground-initiated Comm-B register.

3.1.2.6.113 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 I in the DR field. To extract an air-initiated Comm-B message, the interrogator shal] 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 3.1.2.6.1 1.3.3.1). Receipt of this Tequest 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 a]] ZEROs in the MB field.

Note.— The announcement and cancellation protocol ensures that an air-initiated message will not be lost dye 1o uplink or
downlink failuyres that occur during the delivery process.
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3.1.2.6.11.3.2 Additional protocol for multisite air-initiated Comm-B

Note.— The announcement of an air-initiated Comm-B message waiting to be delivered may be accompanied by a
multisite reservation status report in the UM field (3.].2.6.5.3.2).

Recommendation.— A7 interrogator should not attempt [0 extract a message if it has determined that it is not the
reserved site.

3.12.6.11.3.2.1 Message transfer. An interrogator shall request a Comm-B reservation and extract an air-initiated
Comm-B message by transmitting a surveillance of Comm-A interrogation UF equals 4, 5, 20 or 21 containing:

RR =16

pI=1

1IS = assigned interrogator identifier
MBS = 1 (Comm-B reservation request)

Note.— A Comm-B multisite reservation request is normally accompanied by a Comm-B reservation status request
(RSS = 1). This causes the interrogator identifier of the reserved site to be inserted in the UM field of the reply.

3.1.2.6.11.3.2.1.1 Protocol procedure in response to this interrogation shall depend upon the state of the B-timer which
indicates if a Comm-B reservation is active. This timer shall run for Tr seconds.

Note 1.— The value of Ty is given in 3.1.2.10.3.9.

a) Ifthe B-timer is not running, the transponder shall grant a reservation to the requesting interrogator by:
1) storing the 1IS of the interrogation as the Comm-B II; and
2) starting the B-timer.

A multisite Comm-B reservation shall not be granted by the transponder unless an air-initiated Comm-B message

is waiting to be transmitted and the requesting interrogation contains RR equals 16, DI equals 1, MBS equals 1
and TIS is not 0.

b) If the B-timer is running and the 11S of the interrogation equals the Comm-B 1, the transponder shall restart the
B-timer.

c)y Ifthe B-timer is running and the I1S of the interrogation does not equal the Comm-B I, then there shall be no change
to the Comm-B I or the B-timer.

Note 2.— In case c) the reservation request has been denied.

3126113212 In each case the transponder shall reply with the Comm-B message in the MB field.

3.1.26.11.3.2.1.3 An interrogator shall determine if it is the reserved site for this message through coding in the UM
field. If it is the reserved site it shall attempt to close out the message in a subsequent interrogation. If it is not the reserved
site it shall not attempt to close out the message.

3.1.2.6.11.3.2.2 Multisite-directed Comm-B transmissions. To direct an air-initiated Comm-B message to a specific
interrogator, the multisite Comm-B protocol shall be used. When the B-timer is not running, the interrogator identifier of the

desired destination shall be stored as the Comm-B 1L Simultaneously the B-timer shall be started and the DR code shall be set
to 1. Fora multisite-directed Comm-B message, the B-timer shall not automatically time out but shall continue to run until:
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a) the message is read and closed out by the reserved site; or
b) the message is cancelled (3.1.2.10.5.4) by the data link avionics.

Note.— The protocols of3.1.2.6.5 3 and3.1.2.6.11.3.2 1 will then resyly in delivery of the message 1o the reserved site, The
data link avionics may cancel the message if delivery to the reserved site cannot pe accomplished,

3.1.2.6.11.323 Multisite Comm.-p closeout. The interrogator shalj close out a multisite air-initjateq Comm-B by
transmitting ejther a surveillance or 5 Comm-A Interrogation containing:

either DI = |
1IS = assigned interrogator identifier
MBS =2 (Comm-B closeout)

or DI=0, ] or 7
1IS = assigned interrogator identifier
PC =4 (Comm.-B closeout)

3.1.26.11.324 Automaric expiration of Comm-pg reservation. If the B-timer period expires before a multisite closeoyt
has been accomplished, the Comm-B IT shajj be set to 0 and the B-timer reset. The Comm-B message and the DR field shall not
be cleared by the transponder.,

Note— Tpjs makes it possible Jor another sjse to read and clear thjg message.

3.1.2.6.11.3.3 Additional protocol for non-selective air-initigted Comm-B

Note.— In cases where the multisite protocols are not required (i.e, no overlapping coverage or sengor coordination vig
8round-to-groynd communication), the non-selective air-initiated Comm-pB protocol may be yseq

3.1.2.6.11.3.4 Enhanced air-initiated Comm-B protocol

Note— Tpe enhanced air-initiated Comm-B protoco; Provides a higher dgz, link capacity by permitting parajle] delivery
of air-initiated Comm-B messages by up 1o Sixteen interrogators, one Jor each JT code. Operation without the need for multisite
Comm-B reservations is possibje in regions of overlapping coverage for interrogators equipped for the enhanced air-initiated
Comm-B protocol. The protoco) is fully conformant to the Standard multisise protocol and thys js compatible with interrogators
that are noy equipped for the erhanced protoco]
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312611341 The transponder shall be capable of storing each of the sixteen 11 codes: (1) an air-initiated or
multisite—directed Comm-B message and (2) the contents of GICB registers 2 through 4.

Note— GICB registers 2 through 4 are used for the Comm-B linking protocol defined in the Mode S subnetwork SARPS
(Annex 10, Volume I, Part I, Chapter 5).

312611342 Enhanced multisite qir-initiated Comm-B protocol

3.1.2.6.1 1.3.4.2.1 Initiation. An air-initiated Comm-B message input nto the transponder shall be stored in the registers
assigned to 11=0.

3.1.2.6.11 3422 Announcement and extraction. A waiting air-initiated Comm-B message shall be announced in the DR
field of the replies to all interrogators for which a multisite directed Comm-B message is not waiting. The UM field of the
armouncement reply shall indicate that the message s pot reserved for any 1l code, i.e. the 1IS subfield shall be set to 0. When a
command to read this message is received from a given interrogator, the reply containing the message shall contain an 1S
subfield content indicating that the message 18 reserved for the 11 code contained in the interrogation from that interrogator.
After readout and until closeout, the message shall continue t0 be assigned to that 11 code. Once 2 message 18 assigned to 2
specific 11 code, arnouncement of this message shall be no longer made in the replies t0 interrogators with other II codes. If the
message is not closed out by the assigned interrogator for the period of the B-timer, the message shall revert back 1o multisite
air-initiated status and the process shall repeat. Only one multisite air-initiated Comm-B message shall be in process at time.

3.1.2.6.11 3423 Closeout. A closeout for a multisite air-initiated message shall onty be accepted from the interrogator
that is currently assigned to transfer the message-

3.1.2.6.1 1.3.424 Announcement of the next message waiting. The DR field shall indicate a message waiting in the reply
{0 an interrogation containing 2 Comm-B closeout if an unassigned air-initiated message {s waiting and has not been assigned to
a1l code, orifa multisite-directed message is waiting for that 11 code (3.1.2.6.11 3.4.3).

312611343 Enhanced multisite directed Comm-B protocol

3126113431 Initiation. When a multisite directed message is input into the transponder, it shall be placed in the
Comm-B registers assigned to the 11 code specified for the message. If the registers for this 11 code are already occupied, (i.¢- 2
multisite directed message is already in process to this II code) the new message shall be queued until the current transaction
with that II code i closed out.

3.1.2.6.1 13432 Announcement. Announcement of a Comm-B message waiting transfer shall be made using the DR
field as specified n 3.1.2.6.5.2 with the destination interrogator 11 code contained in the IS subfield as specified in3.12653.2.
The DR field and 1IS subfield contents shall be set speciﬁcally for the interrogator that is to receive the reply. A waiting
multisite directed message ghall only be announced in the replies 10 the intended interrogator. It shall not be announced in the
replies to other interrogators.

Note | —Ifa multisite-directed message is waiting for I = 2. the surveillance replies to that interrogator will contain
DR=1and IS = 2. If this is the only message in process, replies 10 all other interrogalors will indicate that no message is
waiting.

Note 2.— In addition 10 permitting parallel operation, this form of announcement enables a greater degree of
announcement ofdownlink ELMs. The announcements for the downlink ELM and the Comm-B share the DR field. Only one
gnnouncement can take place at @ time due to coding Jimitations. In case both a Comm-B and a downlink ELM are waiting,
announcementpreference is given 10 the Comm-B. In the example above, ifan qir-directed Comm-B was waiting for I = 2 and
a multisite-directed downlink ELM was waiting for I = 6, both interrogalors would see their respective announcements on the
first scan since there would be no Comm-B announcement 10 I = 6 to block the announcement of the waiting downlink ELM.
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Chapter 3

3.1.2.6.11.3.433 Closeout. Closeout shal] be accomplished as specified in 3.1.2.6.1 1.3.2.3,
3.1.2.6.11.3.43 4 Announcemeny of the next message waiting. The DR field shall indicate a message waiting in the reply
to an interrogation containing a Comm-R closeout if another multisite directed message is waiting for that I1 code, or if an
air-initiated Inessage is waiting and hag not been assigned to 4 IT code. (See 3.1.2.6.1 1.3.42.4)

3.1.2.6.11.3.44 Enhanced hon-selective Comm.-p Profocol. The availability of 5 non-selective Comm-B message shal]

be announced to all interrogators. Otherwise, the protocol shall be ag specified in 3.1.2.6.1 1.3.3.

3126114 Comm-B broadcast

messag es.

Note 2 — s of the Comm-B broadcast is restricted to transmission of information which does nor require a subsequent
ground-initiated uplink response.

Note 3. — e timer used for the Comm-B broadcast cycle is the same a5 that used for the Comm-B multisite protocol.

Note 4.— Dgsy Jormats for Comm-B broadcast are specified in the Technical Provisions for Mode S Services and
Extended Squitter (Doc 9871).

3.1.2.6.11.4.1 Initiation, A Comm-B broadcast cycle shall not be Initiated when ap air-initiated Comm-B s waiting to be
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312713 Mc Message, Conm-C. This 80-bit (9-88) uplink field shall contain:

a) one of the segments of a sequence used to transmit an uplink ELM to the transponder containing the 4-bjt (9-12) IS
subfield; or

b) control codes for a downlink ELM, the 16-bit (9-24) SRS subfield (3.1.2.7.7.2.1) and the 4-bjt (25-28) 1IS subfield.

Note.— Message content and codes are not included in this chapter except for 3.1.2.7.7.2.1 .

3.1.2.7.2 INTERROGA TION-REPLY PROTOCOL FOR UF 24

Note— Interrogation-reply coordination for the above Jormat follows the protocol outlined in Table 3-5 (3.1.2.4.1.3.2.2).

3.1.2.7.3 COMM-D, DOWNLINK FORMAT 24

1 4 5 9 89
o [T e e w ]
2 8 88 112

The format of this reply shall consist of these fields:

Field Reference
DF downlink format 3.1.23.2.1.2
spare — 1 bit

KE control, ELM 3.1.2.7.3.1
ND number of D-segment 312732
MD message, Comm-D 3.1.2.7.3.3
AP address/parity 3.123.2.13

3.12.73.1 KE: Control, ELM. This 1-bit (4) downlink field shall define the content of the ND and MD fields,
Coding
KE = 0 signifies downlink ELM transmission

I signifies uplink ELM acknowledgement

3.1.2.7.32  ND: Number of D-segment. This 4-bit (5-8) downlink field shall designate the number of the message
segment contained in MD (3.1 -2.7.7.2). ND shall be coded as a binary number.

3.1.2.733 MD: Message, Comm-D. This 80-bit (9-88) downlink field shall contain:
a) one of the segments of a sequence used to transmit a downlink ELM to the interrogator; or

b) control codes for an uplink ELM.
3.1.2.74  Murtisite UPLINK ELM PROTOCOL

3.1.2.74.1  Multisite uplink ELM reservation. An interrogator shall request a reservation for an uplink ELM by
transmitting a surveillance or Comm-A interrogation containing:
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Di=1
1IS = assigned interrogator identifier
MES = 1 or 5 (uplink ELM reservation request)

Note.— A multisite uplink ELM reservation request is normally accompanied by an uplink ELM reservation status request
(RSS = 2). This causes the interrogator identifier of the reserved site 10 be inserted in the UM field of the reply.

3.1.2.7.4.1.1 Protocol procedure in response to this interrogation shall depend upon the state of the C-timer which
indicates if an uplink ELM reservation is active. This timer shall run for Tr seconds. '

Note 1.— The value of Tr is given in3.1.2.10.3.9.

a) Ifthe C-timer is not running, the transponder shall grant a reservation to the requesting interrogator by:
1) storing the 1IS of the interrogation as the Comm-C 11 and,
2) starting the C-timer.

b) If the C-timer is running and the IIS of the interrogation equals the Comm-C II, the transponder shall restart the
C-timer.

¢) Ifthe C-timer is running and the IIS of the interrogation does not equal the Comm-C 11, there shall be no change to the
Comm-C I or the C-timer.

Note 2.— In case c) the reservation request has been denied.

3.1.2.7.4.12 An interrogator shall not start ELM activity unless, during the same scan, having requested an uplink ELM
status report, it has received its own interrogator identifier as the reserved interrogator for uplink ELM in the UM field.

Note— If ELM activity is not started during the same scan as the reservation, a new reservation request may be made
during the next scan.

3.1.2.7.4.1.3 Ifuplink ELM delivery is not completed on the current scan, the interrogator shall ensure that it still has a

reservation before delivering additional segments on a subsequent scan.

3.1.2.7.42 Multisite uplink ELM delivery. The minimum length of an uplink ELM shall be 2 segments, the maximuim
length shall be 16 segments.

31.2.74.2.1 Initial segment transfer. The interrogator shall begin the ELM uplink delivery for an n-segment message
(NC values from 0 to n-1) by a Comm-C transmission containing RC equals 0. The message segment transmitted in the MC
field shall be the last segment of the message and shall carry NC equals n-1.
On receipt of an initializing segment (RC = 0) the transponder shall establish a “setup” defined as:

a) clearing the number and content of previous segment storage registers and the associated TAS field;

b) assigning storage space for the number of segments announced in NC of this interrogation; and

¢) storing the MC field of the segment received.

The transponder shall not reply to this interrogation.

Receipt of another initializing segment shall result in a new setup within the transponder.
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3.1.2.7.42.2  Transmission acknowledgement. The transponder shall use the TAS subfield to report the segments
received so far in an uplink ELM sequence. The information contained in the TAS subfield shall be continually updated by the
transponder as segments are received.

Note.— Segments lost in uplink transmission are noted by their absence in the TAS report and are retransmitted by the
interrogator which will then send further final segments to assess the extent of message completion.

31274221 TAS, transmission acknowledgement subfield in MD. This 16-bit (17-32) downlink subfield in MD
reports the segment numbers received so far in an uplink ELM sequence. Starting with bit 17, which denotes segment number 0,
each of the following bits shall be set to ONE if the corresponding segment of the sequence has been received. TAS shall appear
in MD if KE equals 1 in the same reply.

3.1.2.7.42.3 Intermediate segment transfer. The interrogator shall transfer intermediate segments by transmitting
Comm-C interrogations with RC equals 1. The transponder shall store the segments and update TAS only if the setup of
3.1.2.7.4.2.1 is in effect and if the received NC is smaller than the value stored at receipt of the initial segment. No reply shall be
generated on receipt of an intermediate segment.

Note.— Intermediate segments may be transmitted in any order.

3.12.7.42.4 Final segment transfer. The interrogator shall transfer a final segment by transmitting a Comm-C
interrogation with RC equals 2. The transponder shall store the content of the MC field and update TAS if the setup of
3.1.2.7.4.2.1 is in effect and if the received NC is smaller than the value of the initial segment NC. The transponder shall reply
under all circumstances as per 3.1.2.7.4.2.5.

Note 1.— This final segment transfer interrogation can contain any message segment.

Note 2.— RC equals 2 is transmitted any time that the interrogator wants to receive the TAS subfield in the reply. Therefore,
more than one “final”" segment may be transferred during the delivery of an uplink ELM.

3.1.2.7.4.2.5 Acknowledgement reply. On receipt of a final segment, the transponder shall transmit a Comm-D reply
(DF = 24), with KE equals 1 and with the TAS subfield in the MD field. This reply shall be transmitted at 128 microseconds
plus or minus 0.25 microsecond following the sync phase reversal of the interrogation delivering the final segment.

3.1.2.7.4.2.6 Completed message. The transponder shall deem the message complete if all segments announced by NC in
the initializing segment have been received. If the message is complete, the message content shall be delivered to the outside via
the ELM interface of 3.1.2.10.5.2.1.3 and cleared. No later-arriving segments shall be stored. The TAS content shall remain
unchanged until either a new setup is called for (3.1.2.7.4.2.1) or until closeout (3.1.2.7.4.2.8).

3.1.2.7.4.2.7 C-timer restart. The C-timer shall be restarted each time that a received segment is stored and the Comm-C
II'is not 0.

Note— The requirement for the Comm-C Il to be non-zero prevents the C-timer from being restarted during a
non-selective uplink ELM transaction.

3.1.2.7.42.8  Multisite uplink ELM closeout. The interrogator shall close out a multisite uplink ELM by transmitting
either a surveillance or a Comm-A interrogation containing:

either DI=1
IIS = assigned interrogator identifier
MES =2, 6 or 7 (uplink ELM closeout)

or DI=0,1o0r7

IIS = assigned interrogator identifier
PC =5 (uplink ELM closeout)
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The transponder shall compare the IIS of the interrogation to the Comm-C II and if the interrogator identifiers do not match, the
state of the ELM uplink process shall not be changed.

If the interrogator identifiers match, the transponder shall set the Comm-C II to 0, reset the C-timer, clear the stored TAS and
discard any stored segments of an incomplete message.

3.1.2.7.4.2.9 Automatic multisite uplink ELM closeout. If the C-timer period expires before a multisite closeout has been
accomplished the closeout actions described in 3.1.2.7.4.2.8 shall be initiated automatically by the transponder.

3.1.2.7.5 NON-SELECTIVE UPLINK ELM

Note.— In cases where the multisite protocols are not required (for example, no overlapping coverage or sensor
coordination via ground-to-ground communication), the non-selective uplink ELM protocol may be used.

Non-selective uplink ELM delivery shall take place as for multisite uplink ELMs described in 3.1.2.7.4.2. The interrogator
shall close out an uplink ELM by transmitting PC equals 5 (uplink ELM closeout) in a surveillance or Comm-A interrogation.
On receipt of this command, the transponder shall perform closeout, unless the C-timer is running. If the C-timer is running,
indicating that a multisite reservation is in effect, the closeout shall be accomplished as per 3.1.2.7.4.2.8. An uncompleted
message, present when the closeout is accepted, shall be cancelled.

3.1.2.7.6 ENHANCED UPLINK ELM PROTOCOL

Note.— The enhanced uplink ELM protocol provides a higher data link capacity by permitting parallel delivery of uplink
ELM messages by up to sixteen interrogators, one for each Il code. Operation without the need for multisite uplink ELM
reservations is possible in regions of overlapping coverage for interrogators equipped for the enhanced uplink ELM protocol.
The protocol is fully conformant to the standard multisite protocol and thus is compatible with interrogators that are not
equipped for the enhanced protocol.
3.1.2.7.6.1 General

3.1.2.7.6.1.1 The interrogator shall determine from the data link capability report whether the transponder supports the
enhanced protocols. If the enhanced protocols are not supported by both the interrogator and the transponder, the multisite

reservation protocols specified in 3.1.2.7.4.1 shall be used.

Note.— If the enhanced protocols are supported, uplink ELMs delivered using the multisite protocol may be delivered
without a prior reservation.

3.1.2.7.6.1.2 Recommendation.— If the transponder and the interrogator are equipped for the enhanced protocol, the
interrogator should use the enhanced uplink protocol.

3.1.2.7.6.1.3 The transponder shall be capable of storing a sixteen segment message for each of the sixteen II codes.

3.1.2.7.6.2 Reservation processing. The transponder shall support reservation processing for each II code as specified in
3.1.2.74.1

Note 1.— Reservation processing is required for interrogators that do not support the enhanced protocol.

Note 2.— Since the transponder can process simultaneous uplink ELMs for all sixteen II codes, a reservation will always
be granted.
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3.1.2.7.6.3  Enhanced uplink ELM delivery and closeout. The transponder shall process received segments separately by
II code. For each value of II code, uplink ELM delivery and closeout shall be performed as specified in 3.1.2.7.4.2 except that
the MD field used to transmit the technical acknowledgment shall also contain the 4-bit (33-36) IIS subfield.

Note.— The interrogator may use the 1l code contained in the technical acknowledgement in order to verify that it has
received the correct technical acknowledgement.

3.1.2.7.7  MULTISITE DOWNLINK ELM PROTOCOL
3.127.7.1 Initialization. The transponder shall announce the presence of a downlink ELM of # segments by making the
binary code corresponding to the decimal value 15 + » available for insertion in the DR field of a surveillance or Comm-B reply,

DF equals 4, 5, 20, 21. This announcement shall remain active until the ELM is closed out (3.1.2.7.7.3,3.1.2.7.8.1).

3.1.271.7.1.1  Multisite downlink ELM reservation. An interrogator shall request a reservation for extraction of a
downlink ELM by transmitting a surveillance or Comm-A interrogation containing:

DI=1
TIS = assigned interrogator identifier
MES = 3 or 6 (downlink ELM reservation request)

Note.— A multisite downlink ELM reservation request is normally accompanied by a downlink ELM reservation status
request (RSS = 3). This causes the interrogator identifier of the reserved interrogator to be inserted in the UM field of the reply.

3.127.7.1.1.1  Protocol procedure in response to this interrogation shall depend upon the state of the D-timer which
indicates if a downlink ELM reservation is active. This timer shall run for T = seconds.

Note I.— The value of Ty is given in 3.1.2.10.3.9.

a) if the D-timer is not running, the transponder shall grant a reservation to the requesting interrogator by:
1) storing the IIS of the interrogation as the Comm-D II; and
2) starting the D-timer.

A multisite downlink ELM reservation shall not be granted by the transponder unless a downlink ELM is waiting
to be transmitted.

b) if the D-timer is running and the IIS of the interrogation equals the Comm-D II, the transponder shall restart the
D-timer; and

¢) if the D-timer is running and the IIS of the interrogation does not equal the Comm-D II, there shall be no change to the
Comm-D II or D-timer.

Note 2.— In case c) the reservation request has been denied.

3.1.2.7.7.1.1.2  An interrogator shall determine if it is the reserved site through coding in the UM field and, if so, it is
authorized to request delivery of the downlink ELM. Otherwise, ELM activity shall not be started during this scan.

Note.— If the interrogator is not the reserved site, a new reservation request may be made during the next scan.

3.1.2.7.7.1.1.3  If downlink ELM activity is not completed on the current scan, the interrogator shall ensure that it still has
a reservation before requesting additional segments on a subsequent scan.
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3.1.2.7.7.1.2  Multisite-directed downlink ELM transmissions. To direct a downlink ELM message to a specific
interrogator, the multisite downlink ELM protocol shall be used. When the D-timer is not running, the interrogator identifier of
the desired destination shall be stored as the Comm-D II. Simultaneously, the D-timer shall be started and the DR code
(3.1.2.7.7.1) shall be set. For a multisite-directed downlink ELM, the D-timer shall not automatically time out but shall
continue to run until:

a) the message is read and closed out by the reserved site; or
b) the message is cancelled (3.1.2.10.5.4) by the data link avionics.

Note.— The protocols of 3.1.2.7.7.1 will then result in the delivery of the message to the reserved site. The data link
avionics may cancel the message if delivery to the reserved site cannot be accomplished.

3.1.2.7.7.2 Delivery of downlink ELMs. The interrogator shall extract a downlink ELM by transmitting a Comm-C
interrogation with RC equals 3. This interrogation shall carry the SRS subfield which specifies the segments to be
transmitted. On receipt of this request, the transponder shall transfer the requested segments by means of Comm-D replies
with KE equals 0 and ND corresponding to the number of the segment in MD. The first segment shall be transmitted
128 microseconds plus or minus 0.25 microsecond following the sync phase reversal of the interrogation requesting delivery
and subsequent segments shall be transmitted at a rate of one every 136 microseconds plus or minus 1 microsecond. If a

request is received to transmit downlink ELM segments and no message is waiting, each reply segment shall contain all
ZEROs in the MD field.

Note 1.— The requested segments may be transmitted in any order.

Note 2.— Segments lost in downlink transmissions will be requested again by the interrogator on a subsequent
interrogation carrying the SRS subfield. This process is repeated until all segments have been transferred.

3.1.2.7.7.2.1 SRS, segment request subfield in MC. This 16-bit (9-24) uplink subfield in MC shall request the transponder
to transfer downlink ELM segments. Starting with bit 9, which denotes segment number 0, each of the following bits shall be
set to ONE if the transmission of the corresponding segment is requested. SRS shall appear in MC if RC equals 3 in the same
interrogation.

3.1.2.7.7.2.2  D-timer restart. The D-timer shall be restarted each time that a request for Comm-D segments is received if
the Comm-D II is non-zero.

Note.— The requirement for the Comm-D II to be non-zero prevents the D-timer from being restarted during a
non-selective downlink ELM transaction.

3.1.2.7.7.3  Multisite downlink ELM closeout. The interrogator shall close out a multisite downlink ELM by transmitting
either a surveillance or a Comm-A interrogation containing:

either DI= 1
IIS = assigned interrogator identifier
MES =4, 5 or 7 (downlink ELM closeout)

or DI=0,10r7
1IS = assigned interrogator identifier

PC = 6 (downlink ELM closeout).

The transponder shall compare the 1IS of the interrogation to the Comm-D II and if the interrogator identifiers do not match, the
state of the downlink process shall not be changed.
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If another downlink ELM is waiting to be transmitted, the transponder shall set the DR code (if no Comm-B message is waiting
to be delivered) so that the reply contains the announcement of the next message.

Note.— This makes it possible for another site to read and clear this message.

3.1.2.7.8 NON-SELECTIVE Do WNLINK ELM

Note— In cases where the multisite protocols are not required (i.e. no overlapping coverage or sensor coordination vig
ground-to-ground communication), the non-selective downlink ELM protocol may be used,

Non-selective downlink ELM delivery shall take place as described in 3.1.2.7.7.2.

3.1.2.7.8.1  Non-selective downlink ELM closeout. The interrogator shall close out a non-selective downlink ELM by
transmitting PC equals 6 (downlink ELM closeout) in a surveillance or Comm-A interrogation. On receipt of this command,
and if a request for transmission has been complied with at least once, the transponder shall perform closeout unless the D-timer
is running. If the D-timer is running, indicating that a multisite reservation is in effect, the closeout shall be accomplished as per
3.1.2.7.7.3.

3.1.2.7.9 ENmANCED DOWNLINK ELM PROTOCOL

Note.— The enhanced downlink ELM protocol provides a higher data link capacity by permitting parallel delivery of
downlink ELM messages by up to sixteen interrogators, one for each II code. Operation without the need for multisite downlink
ELM reservations is possible in regions of overlapping coverage for interrogators equipped for the enhanced downlinj ELM
protocol. The protocol is Jully conformant to the standard multisite protocol and thus is compatible with interrogators that are
not equipped for the enhanced protocol.
3.1.2.79.1  General

3.1.2.7.9.1.1 The Interrogator shall determine from the data link capability report whether the transponder supports the
enhanced protocols. If the enhanced protocols are not supported by both the interrogator and the transponder, the multisite

reservation protocols specified in 3.1.2.6.11 shall be used for multisite and multisite-directed downlink ELMs,

Note.— If the enhanced protocols are supported, downlinjk ELMs delivered using the multisite-directed protocol can be
delivered without prior reservation,

3.1.2.79.1.2 Recommendation.— If the transponder and the interrogator are equipped for the enhanced protocol, the
interrogator should use the enhanced downlink protocol.

3.1.2.79.2  Enhanced mullisite downlink ELM profocol

3.1.2.7.92.1 The transponder shall be capable of storing a sixteen segment message for each of the sixteen II codes.
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3.1.2.7.9.2.2 Initialization. A multisite message input into the transponder shall be stored in the registers assigned
tolI=0.

3127923 Announcement and extraction. A waiting multisite downlink ELM message shall be announced in the DR
field of the replies to all interrogators for which a multisite directed downlink ELM message is not waiting. The UM field of the
announcement reply shall indicate that the message 18 not reserved for any II code, i.e. the I1S subfield shall be set to 0. When a
command to reserve this message is received from a given interrogator, the message shall be reserved for the II code contained
in the interrogation from that interrogator. After readout and until closeout, the message shall continue to be assigned to that II
code. Once a message is assigned to a specific II code, announcement of this message shall no longer be made in the replies to
interrogators with other I1 codes. If the message is not closed out by the associated interrogator for the period of the D-timer, the
message shall revert back to multisite status and the process shall repeat. Only one multisite downlink ELM message shall be in
process at a time.

3.12.7.92.4 Closeout. A closeout for a multisite message shall only be accepted from the interrogator that was assigned
most recently to transfer the message.

3.1.2.7.9.2.5 Announcement of the next message waiting. The DR field shall indicate a message waiting in the reply to an
interrogation containing a downlink ELM closeout if an unassigned multisite downlink ELM is waiting, or if a multisite
directed message is waiting for that II code (3.1.2.7.9.2).

3.1.2.7.9.3 Enhanced multisite directed downlink ELM protocol

31.2.7.9.3.1 Initialization. When a multisite directed message is input into the transponder, it shall be placed in the
downlink ELM registers assigned to the II code specified for the message. If the registers for this 11 code are already in use
(i.e. a multisite directed downlink ELM message is already in process for this 1I code), the new message shall be queued until
the current transaction with that 1I code is closed out.

3.1.2.7.9.32 Announcement. Announcement of a downlink ELM message waiting transfer shall be made using the DR
field as specified in 3.1.2.7.7.1 with the destination interrogator Il code contained in the IIS subfield as specified in 3.1.2.6.53.2.
The DR field and IIS subfield contents shall be set specifically for the interrogator that is to receive the reply. A waiting
multisite directed message shall only be announced in the replies to the intended interrogator. It shall not be announced in
replies to other interrogators.

3127933 Delivery. An interrogator shall determine if it is the reserved site through coding in the UM field. The
delivery shall only be requested if it is the reserved site and shall be as specified in 3.1 2.7.7.2. The transponder shall transmit

the message contained in the buffer associated with the I1 code specified in the IIS subfield of the segment request interrogation.

3.12.7.9.3.4 Closeout. Closeout shall be accomplished as specified in 3.1.2.7.7.3 except that a message closeout shall
only be accepted from the interrogator with a Il code equal to the one that transferred the message.

3.1.2.7.9.3.5 Announcement of the next message waiting. The DR field shall indicate a message waiting in the reply to an
interrogation containing a downlink ELM closeout if another multisite directed message is waiting for that II code, or if a
downlink message is waiting that has not been assigned a II code (3.1.2.7.9.2).

3.12.7.9.4 Enhanced non-selective downlink ELM protocol. The availability of a non-selective downlink ELM message
shall be announced to all interrogators. Otherwise, the protocol shall be as specified in 3.1.2.7.7.

3.1.2.8 AIR-AIR SERVICE AND SQUITTER TRANSACTIONS

Note— Airborne collision avoidance system (ACAS) equipment uses the formats UF or DF equals 0 or 16 for air-air
surveillance.
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The format of this interrogation shall cbnsist of these fields:
Field

UF uplink format
spare — 3 bits
RL reply length
spare — 4 bits
AQ acquisition
DS data selector
spare — 10 bits
AP address/parity

3.12.8.1.1

Reference
3.1.23.2.1.1
312812

3.1.2.8.1.1
3.1.28.1.3

3.1.232.1.3

AQ: Acquisition. This 1-bit (14) uplink field shall contain a code which controls the content of the RI field.

3.1.28.12 RL: Reply length. This 1-bit (9) uplink field shall command the format to be used for the reply.

Coding
0 signifies a reply with DF =
1 signifies a reply with DF = 16

Note.— 4 transponder that does not support DF

= 16 (i.e. transponder which does

not support the ACAS cross-link

capability and is not associated with airborne collision avoidance equipment) would not reply to a UF=( interrogation

3.1.28.1.3 Ds: Data selector

This 8-bit (15-22) uplink field shall contain the BDS code

(3.1.2.6.11.2.1) of the GICB

register whose contents shall be returned to the corresponding reply with DF = 16,

3.1.282 SHORT AIR-AIR SUR VEILLANCE, DOWNLINK FORMA T0

of these fields:

Field Reference

DF downlink format 3.1.23.2.1.2
VS vertical status 3.1.2.8.2.1

CC cross-link capability 3.1.2.8.2.3

spare — 6 bits

RIreply information 3.12.8.22
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spare — 2 bits
AC altitude code 3.1.2.654
AP address/parity 3.1.2.3.2.1.3

3.12.82.1 VS Vertical status: This 1-bit (6) downlink field shall indicate the status of the aircraft (3.1.2.6. 10.1.2).

Coding
0 signifies that the aircraft is airbome
i signifies that the aircraft is on the ground

3.1.2.822 RI: Reply information, air-air. This 4-bit (14-17) downlink field shall report the aircraft’s maximum cruising
true airspeed capability and type of reply to interrogating aircraft. The coding shall be as follows:

0 signifies a reply to an air-air interrogation UF = 0 with AQ =0, no operating ACAS
1-7 reserved for ACAS
8-15 signifies a reply to an air-air interrogation UF = 0 with AQ = 1 and that the maximun
airspeed is as follows:
8 no maximum airspeed data available
9 maximum airspeed is .LE. 140 km/h (75 kt)
10 maximum airspeed is GT. 140 and .LE. 280 km/h (75 and 150 kt)
11 maximurm airspeed is GT. 280 and .LE. 560 km/h (150 and 300 kt)
12 maximum airspeed 18 GT. 560 and .LE. 1 110 km/h (300 and 600 kt)
13 maximurn airspeed is GT.1110and .LE.2 920 km/h (600 and 1 200 kt)
14 maximum airspeed is more than 2 220 km/h (1 200 kt)
15 not assigned.
Note.— “.LE.” means “Jess than or equal to” and “.GT.” means "greater than™.

3.1.2.823 CC: Cross-link capability. This 1-bit (7) downlink field shall indicate the ability of the transponder to support
the cross-link capability, ie. decode the contents of the DS field in an interrogation with UF equals 0 and respond with the
contents of the specified GICB register in the corresponding reply with DF equals 16.

Coding
0 signifies that the transponder cannot support the cross-link capability
1 signifies that the transponder supports the cross-link capability.

3.1.2.8.3 LONG AIR-AIR SUR VEILLANCE, DOWNLINK FORMAT 16
1 6 14 20 33 89
S B U N R
5 17 32 88 112

This reply shall be sent in response to an interrogation with UF equals 0 and RL equals 1. The format of this reply shall consist
of these fields:

Field Reference
DF downlink format 3.1.2.3.2.1.2
VS vertical status 3.1.2.8.2.1
spare — 7 bits

RI reply information 3.1.2.82.2
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Spare — 2 bits

AC altitude code 3.1.2.654
MV message, ACAS 3.1.2.8.3.1
AP address/parity 3.1.23.2.13

3.1.2.83.1 Mmy: Message, ACAS. This 56-bit (33-88) downlink field shall contain GICB information as requested in the
DS field of the UF 0 interrogation that elicited the reply.

Note.— The My field is also used by ACAS for air-air coordination (4.3.8.4.2. 4).

3.12.84 AIR-AIR TRANSACTION PROTOCOL

Note.— Interrogation-reply coordination for the air-gir Jormats  follows the protocol outlined in Taple 3-5
(3.1.24.1.3.2.2).

The most significant bit (bit 14) of the RI field of an air-air reply shall replicate the value of the AQ field (bit 14) received in ap
interrogation with UF equals 0.

If AQ equals 0 in the interrogation, the RI field of the reply shall contain the value 0.

If AQ equals 1 in the interrogation, the RI field of the reply shall contain the maximum cruising true airspeed capability of the
aircraft as defined in 3.1.2.8.2.2.

Inresponse toa UF =0 with RL = 1 and DS # 0, the transponder shall reply with a DF = 16 reply in which the MV field shall

contain the contents of the GICB register designated by the DS value. In response to a UF = 0 with RL = | and DS = 0, the
transponder shall reply with a DF = 16 with an MYV field of all zeros. Receipt of a UF = 0 with DS # 0 but RL = 0 shall have

system.

3.1.2.85.1 Acquisition squitter Jormat. The format used for acquisition squitter transmissions shall be the all-cal] reply,
(DF=11)withII = 0.

3.1.2.852  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);

b) the acquisition squitter shall be delayed if an extended squitter is in process;

¢) the scheduled acquisition squitter shall be delayed if a mutual Suppression interface is active (see Note 1 below); or

d) acquisition squitters shall only be transmitted on the surface if the transponder is not reporting the surface position
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An acquisition squitter shall not be interrupted by link transactions or mutual suppression activity after the squitter transmission
has begun.

Note 1.— 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 resunies as soon as practical after a mutual suppression
interval.

Note 2.— The surface report type may be selected automatically by the aircraft or by commands from a squitter ground
station (3.1.2.8.6.7).

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 airborne (3.1.2.8.6.7), the transponder shall transmit acquisition squitters alternately from the two antennas; and

b) when on the surface (3.1.2.8;6.7), the transponder shall transmit acquisition squitters under control of SAS
(3.1.2.6.1.4.1 D). In the absence of any SAS commands, use of the top antenna only shall be the default.

Note— Acquisition squitters are not emitted on the surface if the transponder Is reporting the surface type of extended
squitter (3.1.2.8.6.4.3).

3.1.2.8.6 EXTENDED SQUITTER, DOWNLINK FORMAT 17

1 6 9 33 89
o o e [
5 8 32 88 112

Note— SSR Mode S transponders ransmit extended squitters 10 support the broadcast of aircrafi-derived position for
surveillance purposes. The broadcast of this type of information is a form of automatic dependent surveillance (ADS) known as
ADS-broadcast (ADS-B).

3128.6.1 Extended squitter format. The format used for the extended squitter shall be a 112-bit downlink format
(DF=17) containing the following fields:

Field Reference
DF downlink format 3.1.232.12
CA capability 3.1.252.2.1
AA address, announced 3.1.2.522.2
ME message, extended squitter 3.1.2.8.6.2
P1 parity/interrogator identifier 3.123.2.14

The P1I field shall be encoded with 11 equal to 0.

312862 ME: Message. extended squitter. This 56-bit (33-88) downlink field in DF = 17 shall be used to transimit
broadcast messages. Extended squitter shall be supported by registers 03, 06, 07, 08, 09, OA (HEX} and 61-6F {HEX} and
shall conform to either version 0 or version 1 message formats as described below:

a) Version 0 ES message formats and related requirements are suitable for early implementation of extended squitter
applications. Surveillance quality 18 reported by navigation uncertainty category (NUO), which can be an indication of

either the accuracy of integrity of the navigation data used by ADS-B. However, there is no indication as t0 which of
these, integrity or accuracy, the NUC value is providing an indication of.
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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 ).

Note 2.— The formats Jor the two versions are interoperable. An extended Squitter receiver can recognize and decode both
version 0 and version | message formats.

Note 3.— Guidance material on transponder register formats and data sources is included in the Manual on Mode S
Specific Services {Doc 9688).
3.1.2.8.6.3  Extended Squitter types

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.

Note— 4 GICB request (3.1.2.6.11.2) containing RR equals 16 and D] equals 7 and RRS equals 5 will cause the resulting
reply to contain the airborne position report in its MB field

3.12.8.63.1.1 SsS surveillance status subfield in ME. The transponder shall report the surveillance status of the
transponder in this 2-bit (38, 39) subfield of ME when ME contains an airborne position squitter report,

Coding

0 signifies no status information

1 signifies transponder reporting permanent alert condition (3.1.2.6.10.1.1. 1)
2 signifies transponder reporting a temporary alert condition (3.1.2.6.10.1.1 2)
3 signifies transponder reporting SPI condition (3.1.2.6.10.1.3)

Codes 1 and 2 shall take precedence over code 3.

3.1.2.8.6.3.1.3  Consrol of ACS reporting. Transponder reporting of altitude data in ACS shall depend on the altitude type
subfield (ATS) as specified in 3.1.2.8.6.8.2. Transponder insertion of barometric altitude data in the ACS subfield shall take
place when the ATS subfield has the value of ZERO. Transponder insertion of barometric altitude data in ACS shall be
inhibited when ATS has the value |.

3.1.2.8.6.3.2 Surface position squitter. The surface position extended squitter type shal] use format DF = 17 with the
contents of GICB register 06 {HEX} inserted in the ME field.

Note.—— 4 GICB request (3.1.2.6.11.2) containing RR equals 16 and D] equals 7 and RRS equals 6 will cause the resulting
reply to contain the surface position report in its MB field.

3.1.2.8.6.3.3 Aircraft identification squitter. The aircraft identification extended squitter type shall use format DF = |7
with the contents of GICB register 08 {HEX! inserted in the ME field.
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Note.— A GICB request (3. 1.2.6.11.2) containing RR equals 16 and DI equals 7 and RRS equals 8 will cause the resulting
reply to contain the aircraft identification report in its MB 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.

Note.— A GICB request (3. 1.2.6.11.2) containing RR equals 16 and DI equals 7 and RRS equals 9 will cause the resulting
reply to contain the airborne velocity report in its MB field.

31.2.8.6.3.5 Event-driven squitter. The event-driven extended squitter type shall use format DF = 17 with the contents of
GICB register 0A {HEX} inserted in the ME field.

Note.— A GICB request (3.1.2.6.11.2) containing RR equals 16 and DI equals 7 and RRS equals 10 will cause the resulting
reply to contain the event-driven report in its MB field.

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
broadcasts only acquisition squitters (3.1.2.8.5). The transponder shall initiate the broadcast of extended squitters for airborne
position, surface position, airborne velocity and aircraft identification when data are inserted into transponder registers 05, 06,
09 and 08 {HEX}, respectively. This determination shall be made individually for each squitter type. When extended squitters
are broadcast, transmission rates shall be as indicated in the following paragraphs. Acquisition squitters shall be reported in
addition to extended squitters unless the acquisition squitter is inhibited (2.1.5.4). Acquisition squitters shall always be reported
if position or velocity extended squitters are not reported.

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 a squitter type stops for 60 seconds, broadcast of that extended squitter type will be
discontinued until data insertion is resumed.

Note 2.— After timeout (3. 1.2.8.6.6), this squitter type may contain an ME field of all zeroes.

31.2.8.6.42 Airborne position squitter rate. Airborne position squitter transmissions shall be emitted when the aircraft
is airborne (3.1.2.8.6.7) at random intervals that are uniformly distributed over the range from 0.4 t0 0.6 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.

3.1.2.8.6.4.3 Surface position squitter rate. Surface position squitter transmissions shall be emitted when the aircraft is
on the surface (3.1.2.8.6.7) 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 fransmission rates are specified in 3.1.2.8.64.7.

3.12.8.6.4.4 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.
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3.1.2.8.6.4.5 Airborne velocity squitter rate. Airborne velocity squitter transmissions shall be emitted when the aircraft is
airborne (3.1.2.8.6.7) 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.

3.1.2.8.6.4.6 Event-driven squiiter rate. The event-driven squitter shall be transmitted once, each time that GICB register
0A {HEX]} is loaded, while observing the delay conditions specified in 3.1.2.8.6.4.7. The maximum transmission rate for the
event-driven squitter shall be limited by the transponder to twice per second. If a message is inserted in the event-driven register
and cannot be transmitted due to rate limiting, it shall be held and transmitted when the rate limiting condition has cleared. If a
new message is received before transmission is permitted, it shall overwrite the earlier message.

Note.— The squitter transmission rate and the duration of squitter transmissions is application-dependent. Choices made

Jor each application must take into account interference considerations (Manual of the Secondary Surveillance Radar (SSR)
Systems (Doc 9684), Chapter 8 refers).

3.1.2.8.6.4.7 Delayed transmission. Extended squitter transmission shall be delayed in the following circumstances:
a) if the transponder is in a transaction cycle (3.1.2.4.1);
b) if an acquisition or another type of extended squitter is in process; or
c) if a mutual suppression interface is active.
The delayed squitter shall be transmitted as soon as the transponder becomes available.

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 airborne (3.1.2.8.6.7), the transponder shall transmit each type of extended squitter alternately from the two
antennas; and

b) when on the surface (3.1.2.8.6.7), the transponder shall transmit extended squitters under control of SAS
(3.1.2.6.1.4.1 D).

In the absence of any SAS commands, use of the top antenna only shall be the default condition.
3.1.2.8.6.6 Register time-out. The transponder shall clear all 56-bits of the airborne position, surface position, squitter
status and airborne velocity information transponder registers 05, 06, 07 and 09 {HEX} if these registers are not updated within

two seconds of the previous update. This time-out shall be determined separately for each of these registers.

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

Note 2.— These registers are cleared to prevent the reporting of outdated position, velocity and squitter rate information.
3.1.2.8.6.7 Airborne/surface state determination. Aircraft with an automatic means of determining on-the-ground
conditions shall use this input to select whether to report the airborne or surface message types. Aircraft without such means
shall report the airborne type messages, except as specified in Table 3-A. Use of this table shall only be applicable to aircraft
that are equipped to provide data for radio altitude AND, as a minimum, airspeed OR ground speed. Otherwise, aircraft in the

specified categories that are only equipped to provide data for airspeed and ground speed shall broadcast the surface format if:

airspeed <50 knots AND ground speed <50 knots.
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Aircraft with or without such automatic on-the-ground determination shall use position message types as commanded by
control codes in TCS (3.1.2.6.1.4.1 f)). After time-out of the TCS commands, control of airborne/surface determination shall
revert to the means described above.

Note '.— Use of this technique may result in the surface position format being transmitted when the air-ground status in
the CA fields indicates “airborne or on the ground”.

Note T'— Extended squitter ground stations determine aircraft airborne or surface status by monitoring aircraft position,
altitude and ground speed. Aircraft determined to be on the ground that are not reporting the surface position message type will
be commanded to report the surface format via TCS (3.1.2.6.1.4.1 f)). The normal return to the airborne position message type
is via a ground command to report the airborne message type. To guard against loss of communications after take-off,
commands to report the surface position message type automatically time-out.

3.1.2.8.6.8 Squitter status reporting. A GICB request (3.1.2.6.11.2) containing RR equals 16 and DI equals 7 and RRS
equals 7 shall cause the resulting reply to contain the squitter status report in its MB field.

3.1.2.8.6.8.1 TRS, transmission rate subfield in MB. The transponder shall report the capability of the aircraft to
automatically determine its surface squitter rate and its current squitter rate in this 2-bit (33, 34) subfield of MB.

Coding

0 signifies no capability to automatically determine surface squitter rate
1 signifies that the high surface squitter rate has been selected

2 signifies that the low surface squitter rate has been selected

3 unassigned

Note 1.— High and low squitter rate is determined on board the aircraft.

Note 2.— The low rate is used when the aircraft is stationary and the high rate is used when the aircrafi is moving. For
details of how “moving” is determined, see the data format of register 075 in the Technical Provisions for Mode S Services and
Extended Squitter (Doc 9871).

airborne position extended squitter in this 1-bit (35) subfield of MB when the reply contains the contents of transponder
register 07 {HEX}.

Coding

0 signifies that barometric altitude shall be reported in the ACS (3.1.2.8.6.3.1.2) of transponder
register 05 {HEX}.

1 signifies that navigation-derived altitude shall be reported in the ACS (3.1.2.8.6.3.1.2) of

transponder register 05 {HEX}.

Note.— Details of the contents of transponder registers 05 {HEX} and 07 {HEX} are shown in the Technical Provisions for
Mode S Services and Extended Squitter (Doc 9871).

3.1.2.8.6.9 Surface squitter rate control. Surface squitter rate shall be determined as follows:
a) once per second the contents of the TRS shall be read. If the value of TRS is 0 or 1, the transponder shall transmit

surface squitters at the high rate. If the value of TRS is 2, the transponder shall transmit surface squitters at the low
rate;
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b) the squitter rate determined via TRS shall be subject to being overridden by commands received via RCS
(3.1.2.6.1.4.1 £)). RCS code 1 shall cause the transponder to squitter at the high rate for 60 seconds. RCS code 2 shall
cause the transponder to squitter at the low rate for 60 seconds. These commands shall be able to be refreshed for a
new 60 second period before time-out of the prior period; and

c) after time-out and in the absence of RCS codes | and 2, control shall return to TRS.

3.1.2.8.6.10 Latitude/longitude coding using compact position reporting (CPR). Mode S extended squitter shall use
compact position reporting (CPR) to encode latitude and longitude efficiently into messages.

Note~— The method used to encode/decode CPR is specified in the Technical Provisions for Mode S Services and
Extended Squitter (Doc 9871).

3.1.2.8.6.11 Data insertion. When the transponder determines that it is time to emit an airborne position squitter, it shall
insert the current value of the barometric altitude (unless inhibited by the ATS subfield, 3.1.2.8.6.8.2) and surveillance status
into the appropriate fields 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.

3.1.2.8.7 EXTENDED SQUITTER/SUPPLEMENTARY, DOWNLINK FORMAT 18

10010 CF:3 Pl:24

Note 1.— This format supports the broadcast of extended squitter ADS-B messages by non-transponder devices, i.e. they
are not incorporated into a Mode S transponder. A separate format is used to clearly identify this non-transponder case to
prevent ACAS 11 or extended squitter ground stations from attempting to interrogate these devices.

Note 2.— This format is also used for ground broadcast of ADS-B related services such as traffic information broadcast
(TIS-B).

Note 3.— The format of the DF = 18 transmission is defined by the value of the CF field.

3.1.28.7.1 ES supplementary format. The format used for ES supplementary shall be a 112-bit downlink format
(DF = 18) containing the following fields:

Field Reference
DF downlink format 3.1.23.2.1.2
CF control field 3.1.2.8.7.2
PI parity/interrogator identifier 3.1.23.2.14

The PI field shall be encoded with II equal to zero.

3.1.2.8.7.2 Control field. This 3-bit (6-8) downlink field in DF = 18 shall be used to define the format of the 112-bit
transmission as follows.

Code 0 = ADS-B ES/NT devices that report the ICAO 24-bit address in the AA field (3.1.2.8.7)
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Code 1 = Reserved for ADS-B for ES/NT devices that use other addressing techniques in the AA field (3.1.2.8.7.3)
Code 2 = Fine format TIS-B message

Code 3 = Coarse format TIS-B message

Code 4 = Reserved for TIS-B management messages

Code 5 = TIS-B messages that relay ADS-B messages that use other addressing techniques in the AA field

Code 6 = ADS-B rebroadcast using the same type codes and message formats as defined for DF = 17 ADS-B messages
Code 7 = Reserved

Note 1.— Administrations may wish to make address assignments for ES/NT devices in addition to the 24-bit addresses
allocated by ICAO (Annex 10, Volume III, Part I, Chapter 9) in order to increase the available number of 24-bit addresses.

Note 2.— These non-ICAO 24-bit addresses are not intended for international use.

3.1.2.8.7.3 ADS-B for extended squitter/non-transponder (ES/NT) devices

10010 CF=0 AA24 ME:56 Pl:24

3.1.2.8.7.3.1 ES/NT format. The format used for ES/NT shall be a 112-bit downlink format (DF = 18) containing the
following fields:

Field Reference
DF downlink format 3.1.2.3.2.1.2
CF control field = 0 312872
AA address, announced 3125222
ME message, extended squitter 3.1.2.8.6.2
P1 parity/interrogator identifier 3.1.23.2.14

The PI field shall be encoded with II equal to zero.

3.1.2.8.7.3.2 ES/NT squitter types

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 for
register 05 {HEX} as defined in 3.1.2.8.6.2 inserted in the ME field.

3.1.2.8.7.3.2.2  Surface position squitter. The surface position type ES/NT shall use format DF = 18 with the format for
register 06 {HEX} as defined in 3.1.2.8.6.2 inserted in the ME field.

3.1.2.8.7.3.2.3  Aircraft identification squitter. The aircraft identification type ES/NT shall use format DF = 18 with the
format for register 08 {HEX} as defined in 3.1.2.8.6.2 inserted in the ME field.

3.1.2.8.7.3.2.4  Adirborne velocity squitter. The airborne velocity type ES/NT shall use format DF = 18 with the format for
register 09 {HEX]} as defined in 3.1.2.8.6.2 inserted in the ME field.

3.1.2.8.7.3.2.5 Event-driven squitter. The event-driven type ES/NT shall use format DF = 18 with the format for register
0A {HEX} as defined in 3.1.2.8.6.2 inserted in the ME field.
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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

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 squitter types stops for 60 seconds, broadcast for this extended squitter type will cease
until data insertion resumes, except for an ES/NT device operating on the surface (as specified for extended squitter Version 1
Jormats in the Technical Provisions for Mode S Services and Extended Squitter (Doc 9871).

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

3.1.2.8.733.2  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 (3.1.2.8.6.7), the non-transponder device shall transmit each type of ES/NT squitter alternately from the
two antennas; and

b) when on the surface (3.1.2.8.6.7), the non-transponder device shall transmit ES/NT squitters using the top antenna.
3.1.2.8.7.3.3.4 Register timeout. The non-transponder device shall clear all 56-bits of the airborne position, surface
position and velocity registers used for these messages if these registers are not updated within two seconds of the previous

update. This timeout shall be determined separately for each of these registers.

Note 1.— The termination of an extended squitter broadcast is specified in the Technical Provisions for Mode S Services
and Extended Squitter (Doc 9871).

Note 2.— These registers are cleared to prevent the reporting of outdated position and velocity information.
3.1.2.8.7.3.3.5  Airborne/surface state determination. Aircraft with an automatic means of determining on-the-ground
condition shall use this input to select whether to report the airborne or surface message types except as specified in

3.1.2.6.10.3.1. Aircraft without such means shall report the airborne type message, except as specified in 3.1.2.8.6.7.

3.1.2.8.7.3.3.6  Surface squitter rate control. Aircraft motion shall be determined once per second. The surface squitter
rate shall be set according to the results of this determination.

Note.— The algorithm to determine aircraft motion is specified in the definition of register 07 5 in the Technical Provisions
for Mode S Services and Extended Squitter (Doc 9871).

3.1.2.8.8 EXTENDED SQUITTER MILITARY APPLICATION, DOWNLINK FORMAT 19

10011 AF:3
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Note.— This format supports the broadcast of extended squitter ADS-B messages in support of military applications. 4
separate format is used to distinguish these extended squitters from the standard ADS-B message set broadcast using DF = 17
or 18.

3.1.2.8.8.1 Military format. The format used for DF = 19 shall be a 112-bit downlink format containing the following
fields:

Field Reference
DF downlink format 3.1.2.3.2.1.2
AF control field 3.1.2.88.2

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 1 12-bit
transmission.

Code 0 to 7 = Reserved

3.1.2.8.9 EXTENDED SQUITTER MAXIMUM TRANSMISSION RATE

3.1.2.8.9.1 The maximum total number of extended squitters (DF = 17, 18 or 19) emitted by any extended squitter
installation shall not exceed 6.2 per second.

3.1.2.9 AIRCRAFT IDENTIFICATION PROTOCOL
3.1.29.1 Aircraft identification reporting. A ground-initiated Comm-B request (3.1.2.6.11.2) containing RR equals 18

and either DI does not equal 7 or DI equals 7 and RRS equals 0 shall cause the resulting reply to contain the aircraft
identification in its MB field.

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

Note.— When the registration marking of the aircraft is used, it is classified as “fixed direct data” (3.1.2.10.5.1.1). When
another type of aircraft identification is used, it is classified as ““variable direct data” (3.1.2.10.5.1.3).

3.1.2.9.1.2 Coding of the AIS subfield. The AIS subfield shall be coded as follows:

33 41 47 53 59 65 71 77 83

BDS Char, 1 Char. 2 Char. 3 Char. 4 Char. 5 Char. 6 Char. 7 Char. 8

40 46 52 58 64 70 76 82 88
Note.— Aircraft identification coding provides up to eight characters.
The BDS code for the aircraft identification message shall be BDS1 equals 2 (33-36) and BDS2 equals 0 (37-40).
Each character shall be coded as a 6-bit subset of the International Alphabet Number 5 (IA-5) as illustrated in Table 3-9. The
character code shall be transmitted with the high order unit (b) first and the reported aircraft identification shall be transmitted

with its left-most character first. Characters shall be coded consecutively without intervening SPACE code. Any unused
character spaces at the end of the subfield shall contain a SPACE character code.
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3.129.1.3  dircraft identification capability report. Transponders which respond to a ground-initiated request for aircraft
identification shall report this capability in the data link capability report (3.1.2.6.10.2.2.2) by setting bit 33 of the MB subfield
to 1.

3.1.2.9.1.4  Change of aircraft identification. If the aircraft identification reported in the AIS 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.

3.1.2.10 ESSENTIAL SYSTEM CHARACTERISTICS OF THE SSR MODE S TRANSPONDER

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 minimum input power level for 90 per cent reply-to-interrogation ratio.
The MTL shall be ~74 dBm +3 dB. 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 input levels 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.

3.1.2.10.1.1  Reply ratio in the presence of interference

Note.— The following paragraphs present measures of the performance of the Mode S transponder in the presence of
interfering Mode A/C interrogation pulses and low-level in-band CW interference.

3.1.2.10.1.1.1  Reply ratio in the presence of an interfering pulse. Given a Mode S interrogation which requires a reply
(3.1.2.4), the reply ratio of a transponder shall be at least 95 per cent in the presence of an interfering Mode A/C interrogation
pulse if the level of the interfering pulse is 6 dB or more below the signal level for Mode S input signal levels between —68 dBm
and —21 dBm and the interfering pulse overlaps the P pulse of the Mode S interrogation anywhere after the sync phase reversal.

Under the same conditions, the reply ratio shall be at least 50 per cent if the interference pulse level is 3 dB or more below the
signal level.

3.1.2.10.1.1.2  Reply ratio in the presence of pulse pair interference. Given an 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 P, — P, 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 P, pulse of the interfering pair occurs no earlier than the P; pulse of the Mode S signal.

3.1.2.10.1.1.3  Reply ratio in the presence of low level asynchronous interference. For all received signals
between —65 dBm and 21 dBm and given a Mode S interrogation that requires a reply according to 3.1.2.4 and if no lockout
condition is in effect, the transponder shall reply correctly with at least 95 per cent reply ratio in the presence of asynchronous
interference. Asynchronous interference shall be taken to be a single Mode A/C interrogation pulse occurring at all repetition
rates up to 10 000 Hz at a level 12 dB or more below the level of the Mode S signal.

Note.— Such pulses may combine with the P; and P, pulses of the Mode S interrogation to form a valid Mode A/C-only
all-call interrogation. The Mode S transponder does not respond to Mode A/C-only all-call interrogations. A preceding pulse
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may also combine with the P, of the Mode S interrogation to form a valid Mode A or Mode C interrogation. However, the P;—
P, pair of the Mode S preamble takes precedence (3.1.2.4.1.1.1). The Mode S decoding process is independent of the
Mode A/Mode C decoding process and the Mode S interrogation is accepted.

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 1030 £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.

3.1.2.10.1.1.5 Spurious response

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

3.1.2.10.2  Transponder peak pulse power. The peak power of each pulse of a reply shall:

a) not be less than 18.5 dBW for aircraft not capable of operating at altitudes exceeding 4 570 m (15 000 ft);

b) not be less than 21.0 dBW for aircraft capable of operating above 4 570 m (15 000 ft);

¢) not be less than 21.0 dBW for aircraft with maximum cruising speed exceeding 324 km/h (175 kt); and

d) notexceed 27.0 dBW.

3.1.2.10.2.1 Inactive state transponder output power. When the transponder is in the inactive state the peak pulse power
at 1 090 MHz plus or minus 3 MHz shall not exceed ~50 dBm. The inactive state is defined to include the entire period between
transmissions less 10-microsecond transition periods preceding the first pulse and following the last pulse of the transmission.

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 necessary to further constrain the inactive state transponder power.

3.1.2.10.2.2  Spurious emission radiation

Recommendation.— CW radiation should not exceed 70 dB below 1 watt.

3.1.2.10.3 SPECIAL CHARACTERISTICS

3.1.2.10.3.1 Mode S side-lobe suppression

Note.— Side-lobe suppression for Mode S formats occurs when a Ps pulse overlays the location of the sync phase reversal
of P, causing the transponder to fail to recognize the interrogation (3.1.2.4.1.1.3).

Given a Mode S interrogation that requires a reply, the transponder shall:

a) at all signal levels between MTL +3 dB and -21 dBm, have a reply ratio of less than 10 per cent if the received
amplitude of Ps exceeds the received amplitude of Ps by 3 dB or more;
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b) at all signal levels between MTL +3 dB and -21 dBm, have a reply ratio of at least 99 per cent if the received
amplitude of P exceeds the received amplitude of P5 by 12 dB or more.

3.12.103.2 Mode S dead time. Dead time shall be defined as the time interval beginning at the end of a reply
transmission and ending when the transponder has regained sensitivity to within 3 dB of MTL, Mode S transponders shall not
have more than 125 microseconds’ dead time.

3.1.2.10.3.3  Mode S receiver desensitization. The transponder’s receiver shall be desensitized according to 3.1.1.7.7.1 on
receipt of any pulse of more than 0.7 microseconds duration.

3.1.2.10.3.3.1 Recovery from desensitization, Recovery from desensitization shall begin at the trailing edge of each pulse
of a received signal and shall occur at the rate prescribed in 3.1.1.7.7.2, provided that no reply or data transfer is made in
response to the received signal,

3.1.2.103.4 Recovery after Mode § interrogations that do not elicit replies
3.1.2.10.3.4.1 Recovery after a single Mode S interrogation

3.1.2.103.4.1.1 The transponder shall recover sensitivity to within 3 dB of MTL no later than 128 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.

3.1.2.1034.12 Recommendation.— 7e Iransponder should recover Sensitivity to within 3 dB of MTL no later than
45 microseconds after receiprt of the sync phase reversal Jollowing a Mode S interrogation that is not accepted (3.1.2.4.1.2) or
that is accepted but requires no reply.

3.1.2.103.4.1.3 All Mode S transponders installed 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.

3.1.2.10.34.2 Recovery after a Mode S Comm-C interrogation. A Mode S transponder with Comm-C capability shall
recover sensitivity to within 3 dB of MTL no later than 45 microseconds after receipt of the sync phase reversal following
acceptance of a Comm-C interrogation for which no reply is required.

3.1.2.103.5  Unwanted Mode S replies. Mode § transponders shall not generate unwanted Mode S replies more often
than once in 10 seconds. Installation in the aircraft shall be made in such a manner that this standard shall be achieved when al]
possible interfering equipments installed in the same aircraft are operating at maximum interference levels.

3.1.2.103.5.1  Unwanted Mode S replies 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 and at signal levels of -60 dBm or less, and in the absence of
valid interrogation signals, Mode S transponders shall not generate unwanted Mode S replies more often than once per
10 seconds.
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.

3.1.2.103.6.1 Mode S reply rate limiting. Reply rate limiting is not required for the Mode S formats of a transponder, If

such limiting is incorporated for circuit protection, it shall permit the minimum reply rates required in 3.1.2.10.3.7.2 and
3.1.2.10.3.7.3.
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3.1.2.10.3.6.2 Modes A and C reply rate limiting. Reply rate limiting for Modes A and C shall be effected according to
3.1.1.7.9.1. The prescribed sensitivity reduction (3.1.1.7.9.2) shall not affect the Mode S performance of the transponder.

31.2.10.3.7 Minimum reply rate capability, Modes 4, Cand§

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.

31.2.10.3.7.2 Minimum reply rate capability, Modes 4 and C. The minimum reply rate capability for Modes A and C
shall be in accordance with 3.1.1.7.9.

3.1.2.10.3.7.3  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:

50 Mode S replies in any 1-second interval

18 Mode S replies in a 100-millisecond interval
8 Mode S replies in a 25-millisecond interval

4 Mode S replies in a 1.6-millisecond interval

In addition to any downlink ELM transmissions, a level 2, 3 or 4 transponder shall be able to generate as long replies at least:

16 of 50 Mode S replies in any 1-second interval

6 of 18 Mode S replies in a 100-millisecond interval
4 of 8 Mode S replies in a 25-millisecond interval

2 of 4 Mode S replies in a 1.6-millisecond interval

In addition to downlink ELM transmissions, a level 5 transponder shall be able to generate as long replies at least:

24 of 50 Mode S replies in any 1-second interval

9 of 18 Mode S replies in a 100-millisecond interval
6 of 8 Mode S replies in a 25-millisecond interval

2 of 4 Mode S replies in a 1.6-millisecond interval

In addition, a transponder within an ACAS installation shall be able to generate as ACAS coordination replies at least 3 of 50
Mode S replies in any 1-second interval.

3.1.2.103.7.4 Minimum Mode S ELM peak reply rate

Note 1.— When a downlink ELM is initialized (3.1.2.7.7.1 ), the Mode S transponder announces the length (in segments) of
the waiting message. The transponder must be able to transmit this number of segments, plus an additional margin to make up
for missed replies, during the beam dwell of the ground interrogator.

At least once every second a Mode S transponder equipped for ELM downlink operation shall be capable of transmitting in a
25_millisecond interval, at least 25 per cent more segments than have been announced in the initialization (3.1.2.7.7.1). The
minimum length downlink ELM capability for level 4 and 5 transponders shall be as specified in 3.1.2.10.5.2.2.2.

Note 2.— A transponder capable of processing the maximum length downlink ELM (16 segments) is therefore required
10 be able to transmit 20 long replies under the above conditions. Level 4 transponders may be built which process less than
the maximum message length. These transponders cannot initialize a message length that exceeds their transmitter
capability. For example, a transponder that can transmit at most 10 long replies under the above conditions can never
announce a message of more than 8 segments.
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3.1.2.10.3.8 Reply delay and jitter

Note.— After an interrogation has been accepted and if a reply is required, this reply transmission begins after a Sixed
delay needed to carry out the protocols. Different values Jor this delay are assigned for Modes A and C, for Mode S and Jfor
Modes 4/C/S all-cqi] replies.

3.1.2.10.3.8.1 Reply delay and Jitter for Modes A and C The reply delay and jitter for Modes A and C transactions shall
be as prescribed in 3.1.1.7.10.

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 P;. The jitter of the reply delay shall not exceed 0.08 microsecond, peak (99.9
percentile).

3.1.2.10.3.8.3 Reply delay and jitter Jor Modes A/C/S all call For all input signal levels between MTL +3 4B 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 0.5 microseconds
after the leading edge of the Py pulse of the interrogation (3.1.2.1.5.1.1). Jitter shall not exceed 0.1 microsecond, peak
(99.9 percentile).

Note— A peak Jitter of 0.1 microsecond is consistent with the jitter prescribed in 3.1.1.7 10,

3.1.2.1039 T imers. Duration and features of timers shall be as shown in Table 3-10.

3.1.2.10.3.10 Inhibition of replies. Replies to Mode A/C/S all-call and Mode S-only all-call interrogations shall always
be inhibited when the aircraft declares the on-the-ground state. It shal] not be possible to inhibit replies to discretely addressed
Mode S interrogations regardless of whether the aircraft is airborne or on the ground.

3.1.2.10.3.10.1 Recommendation.— Aircraft should provide means to determine the on-the-ground state automatically
and provide that information to the transponder.

3.1.2.10.3.10.2 Recommendation.— Mode A/C replies should be inhibited when the aircraft is on the ground to prevent
Interference when in close proximity to an interrogator or other aircraft.

Note.— For additiona] information on Squitter inhibition see the Manual of the Secondary Surveillance Radar (SSR)
Systems (Doc 9684).
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3.1.2.10.4.1 Radiation pattern. The radiation pattern of Mode S 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.

3.1.2.10.4.2 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.

3.1.2.104.2.1 Recommendation.— The horizontal distance between the top and bottom antennas should not be greater
than 7.6 m (25 f1).

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 0f3.1.2.10.4.5.

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
P, pulse and the P» pulse of a Mode S interrogation preamble meet the requirements for a Mode S interrogation as defined in
3 1.2.1 and if the P, pulse and the P; pulse of a Mode A, Mode C or intermode interrogation meet the requirements for Mode A
and Mode C interrogations as defined in 3.1.1.

Note— Transponders equipped for diversity operation may optionally have the capability to evaluate additional
characteristics of the received pulses of the interrogations in making a diversity channel selection. The transponder may as an
option evaluate a complete Mode S interrogation simultaneously received on both channels to determine individually for each

channel if the interrogation meets the requirements for Mode S interrogation acceptance as defined in 3.1.2.4.1.2.3.

3.1.2.10.4.3.1 [If the two channels simultaneously receive at least a Py — P, pulse pair that meets the requirements for a
Mode S interrogation, Or a P, — P; pulse pair that meets the requirements for a Mode A or Mode C interrogation, of if the two
channels simultaneously accepta complete interrogation, the antenna at which the signal strength is greater shall be selected for
the reception of the remainder (if any) of the interrogation and for the transmission of the reply.

3.1.2.10.4.3.2 If only one channel receives a pulse pair that meets the requirements for an interrogation, or 1f only one
channel accepts an interrogation, the antenna associated with that channel shall be selected regardless of received signal
strength.

3.1.2.10.4.3.3 Selection threshold. 1f 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 Jess than 3 dB.

3.1.2.10.4.3.4 Received signal delay tolerance. 1f an interrogation is received at one antenna 0.125 microsecond or
Jess 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.

3.1.2.10.4.4 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.

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

between 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
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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.

3.1.2.10.5 DATA PROCESSING AND INTERFACES

3.1.2.10.5.1 Direct data. 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 flight identification (3.1.2.9.1. ).

3.1.2.10.5.1.2  Interfaces for fixed direct data

Recommendation.— Interfaces from the transponder to the aircraft should be designed such that the values of the fixed
direct data become a function of the aircraft installation rather than of the transponder configuration.

Note.— The intent of this recommendation is to encourage an interface technique which permits transponder exchange
without manipulation of the transponder itself for setting the fixed direct data.

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);

¢) the on-the-ground condition (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  Interfaces for variable direct data. A means shall be provided for the Mode A identity code, the SPI
condition and, for transponders of Level 2 and above, the aircraft identification to be inserted by the pilot via a variable data
interface.

Interfaces shall be included to accept the pressure-altitude and on-the-ground coding.

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

3.1.2.10.5.2 Indirect data

Note— Indirect data are those which pass through the transponder in either direction but which do not affect the
surveillance function.
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If origins and/or destinations of indirect data are not within the transponder’s enclosure, interfaces shall be used for the
necessary connections.

3.1.2.10.5.2.1 The function of interfaces

Note.— Indirect data interfaces for standard transactions serve interrogations which require a reply and the broadcast
function. Indirect data interfaces for ELM serve that system and require buffering and protocol circuitry within the transponder.
Interface ports can be separate for each direction and for each service or can be combined in any manner.

3.1.2.10.5.2.1.1 Uplink standard length transaction interface. The uplink standard length transaction interface shall
transfer all bits of accepted interrogations, (with the possible exception of the AP field), except for UF =0, 11 or 16.

Note.— AP can also be transferred to aid in integrity implementation.

3.1.2.10.5.2.1.2 Downlink standard length transaction interface. A transponder which transmits information originating
in a peripheral device shall be able to receive bits or bit patterns for insertion at appropriate locations within the transmission.
These locations shall not include those into which bit patterns generated internally by the transponder are inserted, nor the AP
field of the reply.

A transponder which transmits information using the Comm-B format shall have immediate access to requested data in the
sense that the transponder shall respond to an interrogation with data requested by that interrogation.

Note.— This requirement may be met in two ways:
a) the transponder may have provisions for internal data and protocol buffering;

b) the transponder may employ a “real time"” interface which operates such that uplink data leave the transponder
before the corresponding reply is generated and downlink data enter the transponder in time to be incorporated in the reply.

3.1.2.10.5.2.1.3  Extended length message interface

Note.— The ELM interface extracts from, and enters into, the transponder the data exchanged between air and ground by
means of the ELM protocol (3.1.2.7).

3.1.2.10.5.2.2 Indirect data transaction rates

3.12.10.5.2.2.1 Standard length transactions. A transponder equipped for information transfer to and from external
devices shall be capable of processing the data of at least as many replies as prescribed for minimum reply rates in
3.1.2.10.3.7.2 and uplink data from interrogations being delivered at a rate of at least:

50 long interrogations in any 1-second interval

18 long interrogations in a 100-millisecond interval
8 long interrogations in a 25-millisecond interval

4 long interrogations in a 1.6-millisecond interval.

Note 1.— A transponder capable of reply rates higher than the minimum of 3.1.2.10.3.7.2 need not accept long
interrogations after reaching the uplink data processing limits above.

Note 2.— The Mode S reply is the sole means of acknowledging receipt of the data content of a Mode S interrogation.
Thus, if the transponder is capable of replving to an interrogation, the Mode S installation must be capable of accepting the
data contained in that interrogation regardless of the timing between it and other accepted interrogations. Overlapping
Mode S beams from several interrogators could lead to the requirement for considerable data processing and buffering. The
minimum described here reduces data processing to a realistic level and the non-acceptance provision provides for
notification to the interrogator that data will temporarily not be accepted.
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3.1.2.10.5.2.2.2  Extended length transactions. Level 3 (2.1.5.1.3) and level 4 (2.1.5.1.4) transponders shall be able to
transfer data from at least four complete sixteen segment uplink ELMs (3.1.2.7.4) in any four second interval. A level 5
transponder (2.1.5.1.5) shall be able to transfer the data from at least four complete sixteen segment uplink ELMs in any one
second interval and shall be capable of accepting at least two complete sixteen segment uplink ELMs with the same II code in
a 250 millisecond interval. A level 4 transponder shall be able to transmit at least one four-segment downlink ELM (3.1.2.7.7
and 3.1.2.10.3.7.3) in any one second interval. A level 5 transponder shall be able to transmit at least one sixteen segment
downlink ELM in any one second interval.

3.1.2.10.5.2.2.2.1 Recommendation.— Level 3 and level 4 transponders should be able to accept at least two complete
sixteen segment uplink ELMs in a 250 millisecond interval.

3.1.2.10.5.2.3  Data formats for standard length transactions and required downlink aircraft parameters (DAPs)
3.1.2.10.5.2.3.1 All level 2 and above transponders shall support the following registers:

— the capability reports (3.1.2.6.10.2);

— the aircraft identification protocol register 20 {HEX} (3.1.2.9); and

— for ACAS-equipped aircraft, the active resolution advisory register 30 {HEX} (4.3.8.4.2.2).

3.1.2.10.5.2.3.2  Where required, DAPs shall be supported by the registers listed in Table 3-11. The formats and
minimum update rates of transponder registers shall be implemented consistently to ensure interoperability.

3.1.2.10.5.2.3.3  The downlink standard length transaction interface shall deliver downlink aircraft parameters (DAPs) to
the transponder which makes them available to the ground. Each DAP shall be packed into the Comm-B format (‘MB’ field)
and can be extracted using either the ground-initiated Comm-B (GICB) protocol, or using MSP downlink channel 3 via the
dataflash application.

Note.— The formats and update rates of each register and the dataflash application are specified in the Technical
Provisions for Mode S Services and Extended Squitter (Doc 9871).

3.1.2.10.5.3  Integrity of data content transfer. A transponder which employs data interfaces shall include sufficient
protection to ensure error rates of less than one error in 10° messages and less than one undetected error in 107 112-bit
transmissions in both directions between the antenna and each interface port.

3.1.2.10.5.4  Message cancellation. The downlink standard length transaction interface and the extended length message
interface shall include the capability to cancel a message sent to the transponder for delivery to the ground, but whose delivery
cycle has not been completed (i.e. a closeout has not been accomplished by a ground interrogator).

Note.— One example of the need for this capability is to cancel a message if delivery is attempted when the aircraft is not
within coverage of a Mode S ground station. The message must then be cancelled to prevent it from being read and interpreted

as a current message when the aircraft re-enters Mode S airspace.

3.1.2.10.5.5  Air-directed messages. The transfer of this type of message requires all of the actions indicated in
3.1.2.10.5.4 plus the transfer to the transponder of the interrogator identifier of the site that is to receive the message.

3.1.2.11 ESSENTIAL SYSTEM CHARACTERISTICS OF THE GROUND INTERROGATOR

Note.— To ensure that Mode § interrogator action is not detrimental to Mode A/C interrogators, performance limits exist
Jor Mode § interrogators.
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3.12.11.1 Interrogation repetition rates. Mode S interrogators shall use the lowest practicable interrogation repetition
rates for all interrogation modes.

Note— Accurate azimuth data at low interrogation rates can be obtained with monopulse techniques.
3.12.11.1.1 All-call interrogation repetition rate. The interrogation repetition rate for the Mode A/C/S all-call, used for

acquisition, shall be less than 250 per second. This rate shall also apply to the paired Mode S-only and Mode A/C-only all-call
interrogations used for acquisition in the multisite mode.

3.1.2.11.1.2 Interrogation repetition rate to a single aircraft

3.1.2.11.1.2.1 Interrogations requiring a reply. Mode S interrogations requiring a reply shall not be transmitted to a
single aircraft at intervals shorter than 400 microseconds.

3.12.11.1.2.2 Uplink ELM interrogations. The minimum time between the beginning of successive Comm-C
interrogations shall be 50 microseconds.

3.12.11.1.3 Transmission rate for selective interrogations
312.11.1.3.1 For all Mode S interrogators, the transmission rate for selective interrogations shall be:
a) less than 2 400 per second averaged over a 40-millisecond interval; and
b) less than 480 into any 3-degree sector averaged over a 1-second interval.

3.12.11.1.3.2 Additionally, for 2 Mode S interrogator that has overlapping coverage with the sidelobes of any other
Mode S interrogator, the transmission rate for selective interrogations shall be:

a) less than 1 200 per second averaged over a 4-second interval; and
b) less than 1 800 per second averaged over a 1-second interval.

Note.— Typical minimum distance to ensure sidelobe separation between interrogators is 35 km.

3.1.2.11.2 INTERROGATOR-EFFECTIVE RADIATED POWER

Recommendation.— The effective radiated power of all interrogation pulses should be minimized as described
in3.1182.

31.2.113 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 oulput power may be necessary.
3.1.2.11.3.1 Spurious emission radiation

Recommendation.— CW radiation should not exceed 76 dB below I watt.
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3.1.2.11.4 Tolerances on transmitted signals. In order that the signal-in-space be received by the transponder as
described in 3.1.2.1, the tolerances on the transmitted signal shall be as summarized in Table 3-12.

3.1.2.11.5 SPURIOUS RESPONSE

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

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.

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

3.1.2.11.7 MOBILE INTERROGATORS

Recommendation.— Mobile interrogators should acquire, whenever possible, Mode S aircraft through the reception of
squitters.

Note.— Passive squitter acquisition reduces channel loading and can be accomplished without the need 'for coordination.
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Table 3-1. Pulse shapes — Mode S and intermode interrogations

Duration (Rise time) (Decay time)
Pulse Duration tolerance Min. Max. Min. Max.
Py, P,, Py, Ps 0.8 +0.1 0.05 0.1 0.05 0.2
P, (short) 0.8 +0.1 0.05 0.1 0.05 0.2
P4 (long) 1.6 +0.1 0.05 0.1 0.05 0.2
Pg (short) 16.25 +0.25 0.05 0.1 0.05 0.2
Pg (long) 30.25 +0.25 0.05 0.1 0.05 0.2

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 0.05 0.2

Table 3-3. Field definitions

Field Format 41
Designator Function UF DF Reference
AA Address announced 11,17, 18 3.1.252.22
AC Altitude code 4,20 3.1.2.6.54
AF Application field 19 3,1.2.8.8.2
AP Address/parity All 0,4,5, 16, 3.1.2.3.2.13
20, 21,24
AQ Acquisition 0 3.1.2.8.1.1
CA Capability 11,17 3.1.25.2.2.1
CcC Cross-link capability 0 3.1.2.8.23
CF Control field 18 3.1.2.8.7.2
CL Code label 11 3.1.2.52.1.3
DF Downlink format All 3.1.23.2.1.2
DI Designator identification 4,5, 3.1.2.6.1.3
20,21
DR Downlink request 4,5, 3.1.2.65.2
20, 21
DS Data selector 0 3.1.2.8.1.3
FS Flight status 4,5, 3.1.2.6.5.1
20,21
IC Interrogator code 11 3.1.252.1.2
ID Identity 5,21 3.1.2.6.7.1
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Field Format
Designator Function UF DF Reference
KE Control, ELM 24 3.1.2.7.3.1
MA Message, Comm-A 20,21 3.1.2.6.2.1
MB Message, Comm-B 20,21 3.1.2.6.6.1
MC Message, Comm-C 24 3.1.2.7.1.3
MD Message, Comm-D 24 3.1.2.7.33
ME Message, extended squitter 17,18 3.1.2.8.6.2
MU Message, ACAS 16 438423
MV Message, ACAS 16 3.1.2.8.3.1,
438424
NC Number of C-segment 24 3.1.27.1.2
ND Number of D-segment 24 312732
PC Protocol 4,5, 3.1.2.6.1.1
20,21
PI Parity/interrogator identifier 11, 17,18 3.1.232.14
PR Probability of reply 11 3.1.2.5.2.1.1
RC Reply control 24 3.1.2.7.1.1
RI Reply information 0 3.1.2.82.2
RL Reply length 0 3.1.2.8.1.2
RR Reply request 4,5, 3.1.2.6.1.2
20,21
SD Special designator 4,5, 3.1.2.6.14
20, 21
UF Uplink format All 3.1.23.2.11
UM Utility message 4,5, 3.1.2.6.53
20, 21
VS Vertical status 0 3.1.2.82.1
Table 3-4. Subfield definitions
Subfield
Designator Function Field Reference
ACS Altitude code subfield ME 3.1.28.6.3.1.2
AIS Aircraft identification subfield MB 3.1.29.11
ATS Altitude type subfield MB 3.1.2.8.6.8.2
BDS 1 Comm-B data selector subfield 1 MB 3.1.2.6.11.2.1
BDS 2 Comm-B data selector subfield 2 MB 3.1.2.6.11.2.1
IDS Identifier designator subfield UM 3.1.2.653.1
1S Interrogator identifier subfield SD 3.1.2.6.14.1 a)
UM 3.1.2.6.53.1
LOS Lockout subfield SD 3.1.2.6.14.1d)
LSS Lockout surveillance subfield SD 3.1.2.6.14.1 g)
MBS Multisite Comm-B subfield SD 3.1.2.6.14.1¢)
MES Multisite ELM subfield SD 3.1.2.6.1.4.1¢)
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Subfield
Designator Function Field Reference
RCS Rate control subfield SD 3.1.2.6.14.1 10
RRS Reply request subfield SD 3.1.2.6.14.1 e) and g)
RSS Reservation status subfield SD 3.1.2.6.14.1¢)
SAS Surface antenna subfield SD 3.1.2.6.14.1 10
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 1dentifier subfield SD 3.1.2.6.14.1 g)
SRS Segment request subfield MC 3.1.2.7.7.2.1
SSS Surveillance status subfield ME 3.1.2.8.63.1.1
TAS Transmission acknowledgement MD 3.12.74.2.6
subfield
TCS Type control subfield SD 3.1.2.6.14.1%
T™MS Tactical message subfield SD 3.1.2.6.14.1d)
TRS Transmission rate subfield MB 3.1.2.8.6.8.1
Table 3-5. Interrogation — reply protocol summary
Interrogation Reply
UF Special conditions DF
0 RL (3.1.2.8.1.2) equals 0 0
RL (3.1.2.8.1.2) equals 1 16
4 RR (3.1.2.6.1.2) less than 16 4
RR (3.1.2.6.1.2) equal to or greater than 16 20
5 RR (3.1.2.6.1.2) less than 16 5
RR (3.1.2.6.1.2) equal to or greater than 16 21
11 Transponder locked out to interrogator code, IC (3.1.2.5.2.1.2) No reply
Stochastic reply test fails (3.1.2.5.4) No reply
Otherwise 11
20 RR (3.1.2.6.1.2) less than 16 4
RR (3.1.2.6.1.2) equal to or greater than 16 20
AP contains broadcast address (3.1.2.4.1.2.3.1.3) No reply
21 RR (3.1.2.6.1.2) less than 16 5
RR (3.1.2.6.1.2) equal to or greater than 16 21
AP contains broadcast address (3.1.2.4.1.2.3.1.3) No reply
24 RC(3.1.2.7.1.1)equals O or 1 No reply
RC (3.1.2.7.1.1) equals 2 or 3 24
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Table 3-1.  Table for register 104
Comm-B N
Subfields of register 10, MB bits bits
Continuation flag 9 41
ACAS capability 16 and 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 (8CS) 34 66
Surveillance identifier code capability (SIC) 35 67
Common usage GICB capability report 36 68 ‘{
@atus of DTE sub-addresses 0 to 15 41-56 73-88 :}

Table 3-7. Validation of on-the-ground status

Determination of airborne status

-

AV category

Ground
speed

Airspeed

Radio
altitude

No information

No change to on-the-ground status

Weight < 15 500 Ibs (7 031 kg)

No change to on-the-ground status

Weight >15 500 Ibs (7 031 kg)

>100 knots |or or

>100 knots

>50 feet

High performance (>5 g acceleration and >400 knots)

>100 knots )or >100 knots |or |>50 feet

Rotorcraft

No change to on-the-ground status

Lol

Table 3-A,  Surface format br
means of on-the-gro

oadcast without an automatic
und determination

—
ADS-B Emitter Category set "4 "
Coding ‘ Meaning ‘ Ground Speed Airspeed Radio Alritude T
0 No ADS-B emitter category information

Always report airborne position message (3.1.2.8.6.3.1)

1

Light (<15 500 Ibs or 7 031 kg)

Always report airborne position message (3.1.2.8.6.3.1)

2 Small (15 500 to 75 000 Ibs or 7 031 to 34 019 kg) < 100 knots and <100 knots and <50 feet
3 —;Zarge (75 000 Ibs to 300 000 Ibs or 34 019 to 136 078 kg) } <100 knots | and ' <100 knots and <50 feet "
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17 4 High-vortex aircraft <100 knots and <100 knots and <50 feet T
5 Heavy (> 300 000 Ibs or 136 078 kg) <100 knots and <100 knots and <50 feet
6 High performance <100 knots and <100 knots and <50 feet
(>5g acceleration and >400 knots)
7 Rotorcraft Always report airborne position message (3.1.2.8.6.3.1) J
ADS-B Emitter Category Set “B”
Coding Meaning Ground Speed Airspeed Radio Altitude
0 No ADS-B emitter category information Always report aitborne position message (3.1.2.8.6.3.1)
1 Glider/sailplane Always report airborne position message (3.1.2.8.63.1)
2 Lighter-than-air Always report airborne position message (3.1.2.8.6.3.1)
3 Parachutist/skydiver Always report airborne position message (3.1.2.8.6.3.1)
4 Ultra-light/hang-glider/paraglider Always report airborne position message (3.1.2.8.6.3.1) |
S Reserved Reserved
6 Unmanned aerial vehicle Always report airborne position message (3.1.2.8.6.3.1)
7 Space/trans-atmospheric vehicle <100 knots and <100 knots and <50 feet
ADS-B Emitter Category Set “C”
Coding Meaning
0 No ADS-B emitter category information Always report airborne position message (3.1.2.8.63.1)
1 Surface vehicle — emergency vehicle Always report surface position message (3.1.2.8.6.3.2)
2 Surface vehicle - service vehicle Always report surface position message (3.1.2.8.63.2)
3 Fixed ground or tethered obstruction Always report airborne position message (3.1.2.8.6.3.1)
4-7 Reserved Reserved
ADS-B Emitter Category Set “D”
Coding Meaning
0 No ADS-B emitter category information Always report airborne position message (3.1.2.8.6.3.1)
_J —7 | Reserved Reserved J
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Table 3-10. Timer characteristics

Timer Duration  Tolerance

Name Number Reference Symbol s s Resettable
Non-selective lock-out 1 3.1.2.69.2 Tp 18 +1 no
Temporary alert 1 3.1.2.6.10.1.1.2 Tc 18 +1 no
SPI 1 3.1.2.6.10.1.3 T, 18 +1 no
Reservations B, C, D 3* 3.1.2.6.113.1 Tr 18 +1 yes
Multisite lockout 78 3.1.2.69.1 T 18 +1 no

* As required

Table 3-11. DAPs registers

40 {HEX} Selected vertical MCP/FCU selected
EMS selected altitude 14-26

intention altitude
Barometric pressure
setting minus 800 mb
MCP/FCU mode bits
Target altitude source bits | 54-56
Track and turn report
True track angle
Track angle rate

True airspeed 46-56

50 {HEX)}

60 {HEX} Heading and speed Magnetic heading

report i i
Indicated airspeed 13-23

Barometric altitude rate

Inertial vertical velocity
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Table 3-12. Transmitted signal tolerances
Reference Function Tolerance
3.1.2.14.1 p

ulse duration Py, Py, Py, Py, Ps +0.09 microsecond

Pulse duration Py +0.20 microsecond
3.1.14 Pulse duration P, — P +0.18 microsecond

Pulse duration P -pP, +0.10 microsecond
3121513 Pulse duration Pi-P, +0.04 microsecond
3121524 Pulse duration P, - P, +0.04 microsecond

Pulse duration P, — sync phase reversa) +0.04 microsecond

Pulse duration Py — sync phase reversal +0.04 microsecond

Pulse duration Py — sync phase reversal +0.05 microsecond
3.1.15 Pulse amplitude P Py +0.5dB
3.1.2.1.514 Pulse amplitude P, P;+0.5dB
3.1.2.1.52.5 Pulse amplitude P, Equal to or greater than P,-0.25dB
3.1.2.14.1 Pulse rise times 0.05 microsecond minimum,

0.1 microsecond maximum

3.1.2.1.4.1 Pulse decay times 0.05 microsecond minimum,

0.2 microsecond maximum

3-79 22/11/07



Annex 10 — Aeronautical Telecommunications Volume IV

FIGURES FOR CHAPTER 3

Pulse interval —_—p!

Pulse Pulse
risetime  decay time duration

Definitions

Phase reversal. A 180-degree change in the phase of the radio frequency carrier.

Phase reversal duration. The time between the 10-degree and 170-degree points of a phase reversal.

Pulse amplitude A. The peak voltage amplitude of the pulse envelope.

Pulse decay time. The time between 0.9A and 0.1A on the trailing edge of the pulse envelope.

Pulse duration. The time interval between 0.5A points on leading and trailing edges of the pulse envelope.

Pulse interval. The time interval between the 0.5A point on the leading edge of the first pulse and the 0.5A point on
the leading edge of the second pulse.

Pulse rise time. The time between 0.1A and 0.9A on the leading edge of the pulse envelope.

Time intervals. The intervals are referenced to:

a) the 0.5A point on the leading edge of a pulse;
b) the 0.5A pointon the trailing edge of a pulse; of

¢) the 90-degree point of a phase reversal.

Transponder sensitivity and power reference point. The antenna end of the transmission line of the transponder.

Note.— The 90-degree point of a phase reversal can be approximated by the minimun amplitude point on the
envelope amplitude transient associated with the phase reversal and the phase reversal duration can be approximated by
the time between the 0.84 points of the envelope amplitude transient.

Phase reversal
duration

Figure 3-1. Definitions of secondary surveillance radar waveform shapes,
intervals and the reference point for sensitivity and power
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Carrier I 0dB
frequency |
7
4 MHZ\/ I K\/4 MHz
-6dB
6 MHz
-11dB
-15dB
«—ple—>
10 MHz § 10 MHz
l -19dB

<€—20 MHZ—-PL——ZO MHz —

| -31d8

[ €—— 30 MHz ———-J(—SO MHz ———»f

l
I -38dB
€—————— 40 MHz > 40 MHz >
—43d8B
< 50 MHz >|< 50 MHz >
| 47 dB
< 60 MHz =i< 60 MHz »
»!
-50 dB

Figure 3-2. Required spectrum limits for interrogator transmitter
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T s R M Y
Interrogation Py e Py P
=,
0.8 p; ;8 p; ) *Hs '
4— 2.0 pys—»] * Mode A/C/S all-call: 1.6 ps

SLS control
transmission

——
1

i
'
)
1
1

Mode A/C-only all-call: 0.8 ps

0.8 us

Figure 3-3.

Intermode interrogation pulse sequence

— 2.0 ys —Pe——2.75 us —» > [«—0.25 us
— e 0.5 s Quard
interval
Ps
Interrogation P P, i ’
A
Sync phase ‘
reversal First chip Last chip
0.4 ps —»] <————
SLS control Py

transmission

—»{ }4—— 0.8 us

Figure 3-4. Mode S interrogation pulse sequence
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Carrier
frequency

Figure 3-5, Required spectrum limits

for transponder transmitter

Note.— This Jigure shoy

S the spectrum centred on the carrier frequency and will therefore shift in its entirety plus or
minus | MH= along with the carrier frequency.
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Preamble , Data block \
\4_.-——————-——’ 8.0 us e 56 or 112 Us ..__-—l-————>
i .2__\_@11.%1.?.1}.41__.,,f_,--.LN;J_.L_B.m_%

0 ’ 1 1 H

40108 4t 1410813014
HIN B H __1{

porl 1 |
0.0 0510 35 45
Time (ps)

Example.— Reply data block
corresponding 10 bit sequence
0010 ....001

Figure 3-6. Mode S reply
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Format

No. v

o [oooo | 3R 4 [ aad .18 [ AP24_ ] ...Shortairai suveilance (ACAS)
v ] e T T s

2 w0 | e T T e

s Lot 10 T s T TR ] Resened

4 L 00100 f PC:3 | RR:5 [ DI3 I SD:16 i AP:24 1 .. Surveillance, altitude request
5 [_ootof [ Pc3_ | RRS | DI:3 | sDA6 | AP24 | ... Surveilance, identify request
o [oonio [T s T a0 ] esend

T L T e T T T R e

o oo T e T TR et

o (o [T T TR s

0 oo 1T e T T e

1t [ owtt | R4 ic:4 CLs [T [ AP24 | ...ModeS only allcal

[ ] T G T T T T

o ] e T e s

o om0 ] e T e et

s [ ] e T T T e

16 10000 |3 ] R 4 ] aat 13W ... Long air-air surveillance (ACAS)
LTI I TR T ] e

o o T T T e s

o [ ] e T T T s i e
20 | 1010 [ PC3 | RR5 | D3 | sode | WA | AP24 | ...Comm-A,altitude request
2t [ wotor [ P3| RRS | Dia | soie | MAS6 | AP24 | .. CommA identfy request
2 [ ] e T e ] vasensd oy e
mo o T e T T e

2 [ 1] RC:2 NC:4 MC:80 | AP24 ... Comm-C (ELM)

NOTES:

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

2 [ B -I\} N -I denotes unassigned coding space with N available bits. These shall be coded as ZERO:s for transmission.

3. For uplink formats (UF) 0 to 23 the format number cotresponds to the binary code in the first five bits of the interrogation. Format number 24 is defined as the format
beginning with “11" in the first two bit positions while the following three bits vary with the interrogation content.

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 PC, RR, Dl and SD fields do not apply to a Comm-A broadcast interrogation.

Figure 3-7. Summary of Mode S interrogation or uplink formats
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Format
No. OF
o [ooo00 | wvst | T Ra [ 2 AC13 | AP24 | ...Shortairair surveillance (ACAS)

1 00001 | .. 27 L p:24 ... Reserved
2 oo | ey [ P4 ] Reseed
s [own | aess [ Pa | . Resees

4 [ oo | Fs3__| DRS | ume [ ACHS | AP24 | ... Surveillance, aliitude reply

o0
]
o
3
=
S
el
-n
w
w
j=
Ped
o
<
=
&
(]
=
=)
>
o
NS
®
L

... Surveillance, identify reply

... Reserved

o
[=3
I=3
=
e
=

1
'
¢
v
1
1
'
'
¢
1
1
'
'
¢
1
1
'
¢
s
'
'
'
‘
1
N
~
o
=
=
@
'
1
'
'
'
'
'
'
1
'
'
)
1
'
'
'
1
1
'
'
v
'
'
v
Rl
n>
=

7 oot | s L P ] Resened
8 mooo | T derss T P24 | ...Reserved

9 01001 270r 83 P24 ... Reserved

o [own ] e [ pas ] Resened
1 [ oo ] CA3 AA24 [ Pi2d | ... Alcall reply
o o | e T T e ] Resenes

3 oot | . 4 L P:24 ... Reserved
W [ewe ] e T L pae ] Resenved
s [ome | L[ Pt ] Resered

—

18 vsi |7 T R4 |2 [ Acas [ mvse | AP ] ... Long air-air surveillance (ACAS)
17 [0 [ cas | AA24 | ME:56 [ P24 | ... Extended squitter

1 [ 10010 | CF3 | AA24 | ME:56 [ PL24 | ..Extended squitterinon transponder
o T R LTI T T L vy e ster

20 [ dow0 | Fs3 | ORS | uMs [ ACGHS [ MBS6 | AP24 | ..Comm-B,altitude reply

21 ... Comm-B, identify reply

22 .. Reserved for military use

23 .. Reserved

2 ... Comm-D (ELM)

NOTES:

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

P:24 denotes a 24-bit field reserved for parity information.
| E—

2. [ N 1 denotes unassigned coding space with N available bits. These shall be coded as ZEROs for transmission.

_______ |

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
beginning with “11” in the first two bit positions while the following three bits may vary with the reply content.

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.

Figure 3-8. Summary of Mode S reply or downlink formats
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SSR automatic pressure-altitude transmission code

APPENDIX TO CHAPTER 3

(pulse position assignment)

——
PULSE POSITIONS
RANGE (0 or 1 in a pulse position denotes
absence or presence of a pulse, respectively)
Inc(;:erzte)nts D, Dy A Ay Ay B, B, By C C,
-1000 to -950 0 0 0 0 0 0 0 0 0 1
-950 to -850 0 0 0 0 0 0 0 0 1 1
-850 to  -750 0 0 0 0 0 0 0 0 1 0
~750 to  -650 0 0 0 0 0 0 0 1 1 0
-650 to  -550 0 0 0 0 0 0 0 1 1 1
~550 to  -450 0 0 0 0 0 0 0 1 0 1
-450 to =350 0 0 0 0 0 0 0 1 0 1
-350 to -250 0 0 0 0 0 0 0 1 0 0
=250 to  -150 0 0 0 0 0 0 1 1 0 0
~-150 to -50 0 0 0 0 0 0 1 1 0 1
=50 to 50 0 0 0 0 0 0 1 1 0 1
50 to 150 0 0 0 0 0 0 1 1 1 1
150 to 250 0 0 0 0 0 0 I I 1 0
250 to 350 0 0 0 0 0 0 1 0 1 0
350 to 450 0 0 0 0 0 0 1 0 1 1
450 to 550 0 0 0 0 0 0 1 0 0 1
550 to 650 0 0 4] 0 0 0 1 0 0 1
650 to 750 0 0 0 0 0 0 1 0 0 0
750 to 850 0 0 0 0 0 1 1 0 0 0
850 to 950 0 0 0 0 0 1 1 0 0 1
950 to 1050 0 0 0 0 0 I 1 0 0 1
1050 to 1150 0 0 0 0 0 1 1 0 1 1
1150 to 1250 0 0 0 0 0 1 1 0 1 0
1250 to 1350 0 0 0 0 0 1 1 1 1 0
1350 to 1450 0 0 0 0 0 1 1 1 1 1
1450 to 1550 0 0 0 0 0 1 1 1 0 1
1550 to 1650 0 0 0 0 0 1 I 1 0 !
1650 to 1750 0 0 0 0 0 1 1 1 0 0
1750 to 1850 0 0 0 0 0 I 0 I 0 0 1
1850 to 1950 0 0 0 0 0 1 4} 1 0 1 1
1950 to 2050 0 0 0 0 0 1 0 1 0 1 0
2050 to 2150 0 0 0 0 0 I 0 1 1 1 0
2150 to 2250 0 0 0 0 0 1 0 1 I 0 0
2250 to 2350 0 0 0 0 0 1 0 0 1 0 0
2350 to 2450 0 0 0 0 0 1 0 0 1 I 0
2450 to 2550 0 0 0 0 0 1 0 0 0 1 0
2550 to 2650 0 0 0 0 0 1 0 0 0 1 I
2650 to 2750 0 0 0 0 0 1 0 0 0 0 1

3
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L PULSE POSITIONS
RANGE (0 or 1 in a pulse position denotes
absence or presence of a pulse, respectively)
’7
Inc(;e::)nts D> Dy Ay Ay A, B, B2 B, C C, Cy

2750 to 2850 0 0 0 0 1 1 0 0 0 0 1
2850 to 2950 0 0 0 0 1 1 0 0 0 1 1
2950 to 3050 0 0 0 0 1 1 0 0 0 1 0
3050 to 3150 0 0 0 0 1 1 0 0 1 1 0
3150 to 3250 0 0 0 0 1 1 0 0 I 0 0
3250 to 3350 0 0 0 0 1 1 0 1 1 0 0
3350 to 3450 0 0 0 0 1 1 0 1 1 1 0
3450 to 3550 0 0 0 0 1 1 0 1 0 1 0
3550 to 3650 0 0 0 0 1 1 0 1 0 1 1
3650 to 3750 0 0 0 0 1 1 0 1 0 0 1
3750 to 3850 0 0 0 0 1 1 1 1 0 0 1
3850 to 3950 0 0 0 0 1 1 1 1 0 1 1
3950 to 4050 0 0 0 0 1 1 1 1 0 1 0
4050 to 4150 0 0 0 0 I 1 1 1 1 1 0
4150 to 4250 0 0 0 0 1 1 1 1 1 0 0

h 4250 to 4350 0 0 0 0 1 1 1 0 1 0 0
4350 to 4450 0 0 0 0 1 1 1 0 1 1 0
4450 to 4550 0 0 0 0 1 1 1 0 0 1 0
4550 to 4650 0 0 0 0 1 1 1 0 0 1 1
4650 to 4750 0 0 0 0 1 1 I 0 0 0 1
4750 to 4850 0 0 0 0 1 0 1 0 0 0 1
4850 to 4950 0 0 0 0 1 0 1 0 0 1 1
4950 to 5050 0 0 0 0 1 0 1 0 0 I 0
5050 to 5150 0 0 0 0 I 0 1 0 1 1 0
5150 to 5250 0 0 0 0 i 0 1 0 1 0 0
5250 to 5350 0 0 0 0 t 0 1 1 1 0 0
5350 to 5450 0 0 0 0 i 0 1 1 1 1 0
5450 to 5550 0 0 0 0 i 0 1 1 0 1 0
5550 to 5650 0 0 0 0 1 0 1 1 0 1 1
5650 to 5750 0 0 0 0 1 0 1 1 0 0 1

FS 750 to 5850 0 0 0 0 1 0 0 i 0 0 1
5850 to 5950 0 0 0 0 | 0 0 1 0 1 1
5950 to 6050 0 0 0 0 1 0 0 1 0 1 0
6050 to 6150 0 0 0 0 1 0 0 1 1 I 0
6150 to 6250 0 0 0 0 1 0 0 1 1 0 0
6250 to 6350 0 0 0 0 1 0 0 0 1 0 0
6350 to 6450 0 0 0 0 1 0 0 0 1 1 0
6450 to 6550 0 0 0 0 1 0 0 0 0 1 0

i 6550 to 6650 0 0 0 0 1 0 0 0 0 1 1

F 6650 to 6750 0 0 0 0 1 0 0 0 0 0 o
6750 to 6850 0 0 0 1 1 0 0 0 0 0 i
6850 to 6950 0 0 0 1 1 0 0 0 0 1 1
6950 to 7050 0 0 0 1 1 0 0 0 0 1 0
7050 to 7150 0 0 0 1 1 0 0 0 i 1 0
7150 to 7250 0 0 0 1 ] 0 0 0 1 0 0
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PULSE POSITIONS

|

RANGE (0 or 1 in a pulse position denotes
absence or presence of a pulse, respectively)

Inc(r;;z;nts ‘D, Dy Ay A; Ay B) B: B, C G Gy
7250 to 7350 0 0 0 1 ) 0 0 1 1 0 0
7350 to 7450 0 0 0 1 1 0 0 1 1 i 0
7450 to 7550 0 0 0 1 1 0 0 1 0 1 0
7550 to 7650 0 0 0 i 1 0 0 1 0 1 1
7650 to 7 750 0 0 0 1 1 0 0 1 0 0 1
7750 to 7 850 0 0 0 1 1 0 1 1 0 0 1
7850 to 7950 0 0 0 i 1 0 1 1 0 1 1
7950 to 8 050 0 0 0 1 1 0 1 1 0 1 0
8050 to 8150 0 0 0 1 I 0 1 1 1 1 0
8150 to 8250 0 0 0 1 1 0 1 1 1 0 0
8250 to 8350 0 0 0 1 1 0 1 0 1 0 0
8350 to 8450 0 0 0 I 1 0 1 0 1 1 0
8450 to 8550 0 0 0 1 1 0 1 0 0 1 0
8550 to 8 650 0 0 0 t 1 0 1 0 0 1 1
8650 to 8 750 0 0 0 1 1 0 1 0 0 0 1
8750 to 8 850 0 0 0 1 1 1 1 0 0 0 1
8850 to 8950 0 0 0 1 1 1 1 0 0 1 1
8950 to 9050 0 0 0 1 1 1 1 0 0 I 0
9050 to 9150 0 0 0 1 1 1 1 0 1 1 0
9150 to 9250 0 0 0 1 { 1 1 0 1 0 0
9250 to 9350 0 0 0 1 1 1 1 1 1 0 0
9350 to 9450 0 0 0 1 1 1 1 1 1 1 0
9450 to 9550 0 0 0 1 1 1 1 1 0 1 0
9550 to 9 650 0 0 0 1 1 1 I 1 0 1 1
9650 to 9750 0 0 0 1 1 I 1 1 0 0 1
9750 to 9 850 0 0 0 I 1 1 0 1 0 0 1
9850 to 9950 0 0 0 I 1 1 0 1 0 [ I
9950 1o 10 050 0 0 0 1 1 1 0 1 0 1 0
10050 to 10 150 0 0 0 1 1 1 0 1 1 1 0
10150 to 10 250 0 0 0 1 1 1 0 1 1 0 0
10250 to 10 350 0 0 0 1 1 1 0 0 1 0 0

10350 to 10 450 0 0 0 1 1 1 0 0 1 1 0
10450 to 10 550 0 0 0 1 1 1 0 0 0 1 0
10550 to 10 650 0 0 0 1 1 1 0 0 0 1 1
10650 to 10 750 0 0 0 1 1 1 0 0 0 0 1
10750 to 10 850 0 0 0 1 0 I 0 0 0 0 1
10850 to 10 950 0 0 0 1 0 1 0 0 0 1 1
10950 to 11050 0 0 0 1 0 1 0 0 0 1 0
11050 to 11150 0 0 0 1 0 1 0 0 1 1 0
11150  to 11250 0 0 0 1 0 1 0 0 1 0 0
11250 o 11350 0 0 0 1 0 1 0 1 1 0 0
11350 to 11450 0 0 0 1 0 1 0 1 1 1 0
11450 to 11550 0 0 0 1 0 1 0 1 0 1 0
11550 to 11650 0 0 0 1 0 1 0 1 0 1 1
11650 to 11750 0 0 0 1 0 1 0 1 0 0 1

22/11/07



Annex 10 — Aeronautical Telecommunications

Volume IV

22/11/07

]

PULSE POSITIONS

RANGE (0 or I in a pulse position denotes
absence or presence of a pulse, respectively)
Increments D D, A As Ay B, B, B, c C c
(Feet)

11750 to 11850 0 0 0 1 0 1 1 1 0 0 1
11850 to 11950 0 0 0 1 0 1 1 1 0 1 1
11950 to 12 050 0 0 0 1 0 1 1 1 0 I 0
12050 to 12 150 0 0 0 1 0 1 1 1 1 1 0
12150 to 12250 0 0 0 1 0 1 1 1 1 0 0
12250 to 12 350 0 0 0 1 0 1 1 0 1 0 0
12350 to 12 450 0 0 0 1 0 1 1 0 1 1 0
12450 to 12 550 0 0 0 1 0 1 i 0 0 1 0
12550 to 12 650 0 0 0 i 0 1 1 0 0 1 1
12650 to 12750 0 0 0 1 0 1 1 0 0 0 1
12750  to 12 850 0 0 0 1 0 0 i 0 0 0 1
12850 to 12 950 0 0 0 1 0 0 1 0 0 1 1
12950 to 13 050 0 0 0 1 0 0 1 0 0 1 0
13050 to 13 150 0 0 0 1 0 0 1 0 1 1 0
13150 to 13 250 0 0 0 1 0 0 1 0 1 0 0
13250 to 13350 0 0 0 1 0 0 1 1 1 0 0
13350 to 13450 0 0 0 1 0 0 1 1 1 1 0
13450 to 13550 0 0 0 1 0 0 1 1 0 1 0
13550 to 13 650 0 0 0 1 0 0 1 1 0 1 I
13650 to 13 750 0 0 0 1 0 0 1 1 0 0 1
13750 to 13 850 0 0 0 1 0 0 0 1 0 0 1
13850 to 13 950 0 0 0 1 0 0 0 1 0 1 1
13950 to 14 050 0 0 0 1 0 0 0 1 0 1 0
14050 to 14 150 0 0 0 1 0 0 0 1 1 1 0
14150 to 14 250 0 0 0 1 0 0 0 1 1 0 0
14250 to 14 350 0 0 0 1 0 0 0 0 1 0 0
14350 1o 14 450 0 0 0 1 0 0 0 0 1 1 0
14450 to 14 550 0 0 0 1 0 0 0 0 0 1 0
14550 to 14 650 0 0 0 1 0 0 0 0 0 1 1
14650 to 14 750 0 0 0 1 0 0 0 0 0 0 1
14750 to 14 850 0 0 1 1 0 0 0 0 0 0 1
14850 to 14 950 0 0 i 1 0 0 0 0 0 1 1
14950  to 15 050 0 0 1 1 0 0 0 0 0 1 0
15050 to 15150 0 0 1 1 0 0 0 0 1 1 0
15150 to 15250 0 0 1 1 0 0 0 0 1 0 0
15250 to 15350 0 0 1 1 0 0 0 1 1 0 0
15350  to 15450 0 0 1 1 0 0 0 1 1 1 0
15450 to 15550 0 0 1 1 0 0 0 1 0 1 0
15550 to 15 650 0 0 1 1 0 0 0 1 0 1 1
15650 to 15750 0 0 1 1 0 0 0 1 0 0 1
15750 to 15850 0 0 1 1 0 0 1 i 0 0 1
15850 to 15950 0 0 1 1 0 0 1 ! 0 1 1
15950 to 16 050 0 0 1 1 0 0 1 1 0 1 0
16050 to 16 150 0 0 1 i 0 0 1 1 1 1 0
16 150 to 16 250 0 0 1 1 0 0 1 1 1 0 0
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PULSE POSITIONS
RANGE (0 or 1 in a pulse position denotes
absence or presence of a pulse, respectively)

In(:(l;:elzms D Dy A, As Ay B B: Bs C G Cy
16250 to 16 350 0 0 1 1 0 0 1 0 1 0 0
16350 to 16 450 0 0 I 1 0 0 1 0 1 1 0
16450 to 16 550 0 0 1 1 0 0 1 0 0 1 0
16550 to 16 650 0 0 1 1 0 0 1 0 0 1 1
16650 to 16 750 0 0 1 1 0 0 1 0 0 0 1
16750 to 16 850 0 0 1 1 0 1 1 0 0 0 1
16 850 to 16 950 0 0 i 1 0 1 1 0 0 1 1
16950  to 17 050 0 0 1 i 0 1 I 0 0 1 0
17050 to 17 150 0 0 1 1 0 1 1 0 1 l 0
17150 to 17 250 0 0 1 1 0 1 1 0 1 0 0
17250 to 17 350 0 0 I 1 0 1 1 1 1 0 0
17350 to 17450 0 0 1 I 0 1 1 1 1 I 0
17450 to 17 550 0 0 1 1 0 1 1 1 0 1 0
17550 to 17 650 0 0 1 I 0 1 1 1 0 1 1
17650 to 17 750 0 0 1 1 0 1 I 1 0 0 I
17750 to 17 850 0 0 1 1 0 1 0 1 0 0 1
17850 to 17 950 0 0 1 1 0 1 0 1 0 1 1
17950 to 18 050 0 0 1 1 0 1 0 1 0 1 0
18050 to 18150 0 0 1 1 0 1 0 1 1 1 0
18150 to 18 250 0 0 i 1 0 1 0 1 i 0 0
18250 to 18 350 0 0 I 1 0 1 0 0 1 0 0
18350 to 18 450 0 0 1 1 0 1 0 0 1 1 0
18450 to 18 550 0 0 1 1 0 1 0 0 0 1 0
18550 to 18 650 0 0 1 1 0 1 0 0 0 1 1
18650 to 18 750 0 0 1 1 0 1 0 0 0 0 1
18750 to 18 850 0 0 1 1 1 1 0 0 0 0 1
18850 to 18950 0 0 1 1 1 1 0 0 0 1 1
18950 to 19 050 0 0 1 1 1 1 0 0 [t} 1 0
19050 to 19 150 0 0 1 1 1 1 0 0 1 1 0
19150 1o 19250 0 0 1 1 1 1 0 0 1 0 0
19250 to 19350 0 0 1 1 1 1 0 1 1 0 0
19350 to 19 450 0 0 1 1 1 1 0 1 1 1 0
19450 to 19 550 0 0 1 1 1 1 0 1 0 1 0
19550 to 19 650 0 0 1 1 1 1 0 1 0 1 1
19650 to 19 750 0 0 1 1 1 1 0 I 0 0 1
19750 to 19 850 0 0 1 1 1 1 1 1 0 0 1
19850 to 19 950 0 0 1 1 1 1 1 1 0 1 1
19950 to 20050 0 0 1 1 1 1 1 1 0 1 0
20050 to 20150 0 0 1 ! 1 1 1 1 1 1 0
20150  to 20250 0 0 1 1 1 1 1 1 1 0 0
20250  to 20 350 0 0 1 1 1 1 1 0 1 0 0
20350 to 20450 0 0 1 1 1 1 1 0 1 1 0
20450 to 20 550 0 0 1 1 1 I 1 0 0 1 0
20550  to 20650 0 0 1 1 1 1 1 0 0 1 1

L 20650 to 20750 0 0 1 1 I 1 I 0 0 0 1

22/11/07



Annex 10 — Aeronautical Telecommunications

Volume IV

22/11/07

-

PULSE POSITIONS
RANGE (0 or 1 in a pulse position denotes
absence or presence of a pulse, respectively)

s D, D, A A A B B B | G G G
20750 to 20 850 0 0 1 1 1 0 1 0 0 0 1
20850 to 20950 0 0 1 1 1 0 1 0 0 1 1
20950 to 21 050 0 0 1 1 1 0 1 0 0 1 0
21050 to 21150 0 0 1 1 1 0 1 0 1 1 0
21150 to 21250 0 0 1 1 1 0 1 0 1 0 0
21250  to 21350 0 0 1 1 1 0 1 1 I 0 0
21350 to 21450 0 0 1 1 1 0 1 1 1 1 0
21450 to 21550 0 0 1 1 1 0 1 1 0 1 0
21550 to 21 650 0 0 1 1 1 0 1 1 0 1 1
21650 to 21750 0 0 1 1 1 0 1 1 0 0 1
21750 to 21850 0 0 1 1 1 0 0 1 0 0 1
21850 to 21950 0 0 1 1 1 0 0 1 0 1 1
21950 to 22 050 0 0 1 1 1 0 0 1 0 i 0
22050 to 22 150 0 0 1 1 1 0 0 1 1 1 0
22150 to 22250 0 0 1 1 ! 0 0 1 1 0 0
22250 to 22 350 0 0 1 1 1 0 0 0 1 0 0
22350 to 22 450 0 0 1 1 1 0 0 0 1 1 0
22450 to 22550 0 0 1 1 1 0 0 0 0 1 0
22550 to 22650 0 0 1 1 1 0 0 0 0 I 1
22650 to 22750 0 0 1 1 1 0 0 0 0 0 1
22750 to 22850 0 0 1 0 1 0 0 0 0 0 1
22850 to 22950 0 0 1 0 1 0 0 0 0 1 1
22950 to 23 050 0 0 1 0 1 0 0 0 0 1 0
23050  to 23150 0 0 1 0 1 0 0 0 1 1 0
23150 to 23250 0 0 1 0 1 0 0 0 1 0 0
23250 to 23350 0 0 1 0 1 0 0 1 1 0 0
23350 to 23 450 0 0 1 0 1 0 0 1 1 ! 0
23450 to 23 550 0 0 1 0 1 0 0 1 0 1 0
23550 to 23 650 0 0 1 0 1 0 0 1 0 1 1
23650 to 23750 0 0 1 0 1 0 0 1 0 0 1
23750  to 23 850 0 0 1 0 1 0 1 1 0 0 1
23850 to 23950 0 0 1 0 1 0 1 1 0 1 1
23950 to 24 050 0 0 1 0 1 0 1 1 0 I 0
24050 to 24 150 0 0 1 0 1 0 1 1 1 1 0
24150 to 24250 0 0 1 0 1 0 1 1 1 0 0
24250 to 24 350 0 0 1 0 1 0 1 0 1 0 0
24350 to 24 450 0 0 1 0 1 0 1 0 1 1 0
24450 to 24 550 0 0 1 0 1 0 1 0 0 1 0
24550 to 24 650 0 0 1 0 1 0 I 0 0 1 1
24 650 to 24750 0 0 1 0 1 0 1 0 0 0 1
24750 to 24 850 0 0 I 0 1 1 1 0 0 0 1
24850 to 24 950 0 0 1 0 1 1 1 0 0 1 1
24950 to 25050 0 0 1 0 1 1 | 0 0 1 0
25050 to 25150 0 0 1 0 1 1 1 0 I 1 0
25150 to 25250 0 0 1 0 1 1 1 0 1 0 0
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PULSE POSITIONS
RANGE (0 or 1 in a pulse position denotes
absence or presence of a pulse, respectively)

S D D A A A B B B | C G G
25250  to 25350 0 0 1 0 1 1 1 1 1 0 0
25350 to 25450 0 0 1 0 1 1 1 1 1 1 0
25450  to 25550 0 0 1 0 1 1 1 1 0 1 0
25550 to 25650 0 0 1 0 1 1 1 1 0 1 1
25650 to 25750 0 0 1 0 1 1 1 1 0 0 1
25750 to 25850 0 0 1 0 1 1 0 1 0 0 1
25850 to 25950 0 0 I 0 1 1 0 1 0 1 1
25950 to 26 050 0 0 1 0 1 1 0 1 0 1 0
26050 to 26 150 0 0 1 0 1 1 0 1 1 1 0
26150  to 26 250 0 0 1 0 1 1 0 1 1 0 0
26250 to 26 350 0 0 1 0 1 1 0 0 1 0 0
26350 to 26 450 0 0 1 0 1 1 0 0 1 i 0
26450 to 26 550 0 0 1 0 I 1 0 0 0 1 0
26550 to 26 650 0 0 1 0 1 i 0 0 0 1 1
26 650 to 26 750 0 0 1 0 1 1 0 0 0 0 1
26750 to 26 850 0 0 1 0 0 1 0 0 0 0 1
26850 to 26 950 0 0 1 0 0 1 0 0 0 1 1
26950 to 27 050 0 0 1 0 0 1 0 0 0 1 0
27050 1o 27 150 0 0 i 0 0 1 0 0 I 1 0
27150  to 27250 0 0 1 0 0 1 0 0 1 0 0
27250 to 27 350 0 0 1 0 0 1 0 1 1 0 0
27350 to 27 450 0 0 1 0 0 1 0 1 1 1 0
27450 to 27550 0 0 1 0 0 1 0 1 0 I 0
27550 to 27 650 0 0 1 0 0 I 0 1 0 1 1
27650 to 27 750 0 0 1 0 0 1 0 1 0 0 1
27750  to 27 850 0 0 1 0 0 i 1 1 0 0 1
27850 to 27950 0 0 1 0 0 1 1 1 0 1 1
27950 to 28050 0 0 1 0 0 1 1 I 0 1 0
28050 to 28150 0 0 1 0 0 1 1 1 1 I 0
28150 to 28250 0 0 1 0 0 1 1 1 1 0 0
28250 to 28 350 0 0 1 0 0 1 1 0 1 0 0
28350 to 28450 0 0 1 0 0 1 1 0 I 1 0
28450 1o 28 550 0 0 1 0 0 1 1 0 0 1 0
28550 to 28 650 0 0 1 0 0 1 1 0 0 1 1
28650  to 28750 0 0 1 0 0 1 1 0 0 0 1
28750  to 28 850 0 0 1 0 0 0 1 0 0 0 1
28850 to 28 950 0 0 1 0 0 0 1 0 0 1 1
28950 to 29050 0 0 1 0 0 0 1 0 0 i 0
29050 to 29150 0 0 1 0 0 0 1 0 1 1 0
29150  to 29250 0 0 1 0 0 0 1 0 1 0 0
29250 o 29350 0 0 I 0 0 0 1 1 I 0 0
29350 to 29 450 0 0 1 0 0 0 1 1 1 1 0
29450 to 29550 0 0 1 0 0 0 1 1 0 1 0
29550 1o 29650 0 0 1 0 0 0 1 1 0 1 1
29650 to 29750 0 0 1 0 0 0 1 1 0 0 1
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PULSE POSITIONS
RANGE (0 or 1 in a pulse position denotes
absence or presence of a pulse, respectively)
Increments D D, A As A, B, B. B, c s c,
(Feet)

29750 to 29 850 0 0 1 0 0 0 0 1 0 0 1
29850 to 29950 0 0 1 0 0 0 0 1 0 1 1
29950 to 30050 0 0 1 0 0 0 0 1 0 1 0
30050 to 30150 0 0 1 0 0 0 0 I I 1 0
30150 to 30250 0 0 I 0 0 0 0 1 1 0 0
30250 to 30350 0 0 1 0 0 0 0 0 1 0 0
30350 to 30450 0 0 1 0 0 0 0 0 1 1 0
30450 to 30550 0 0 1 0 0 0 0 0 0 1 0,
30550 to 30 650 - 0 0 1 0 0 0 0 0 0 1 1
30650 to 30750 0 0 1 0 0 0 0 0 0 0 1
30750  to 30850 0 1 I 0 0 0 0 0 0 0 1
30850 to 30950 0 1 1 0 0 0 0 0 0 1 1
30950 to 31050 0 1 I 0 0 0 0 0 0 1 0
31050 to 31150 0 1 1 0 0 0 0 0 1 1 0
31150 to 31250 0 1 1 0 0 0 0 0 1 0 0
31250 to 31350 0 1 1 0 0 0 0 1 1 0 0
31350 to 31450 0 1 1 0 0 0 0 1 1 1 0
31450 to 31550 0 1 1 0 0 0 0 1 0 1 0
31550 to 31 650 0 1 i 0 0 0 0 1 0 1 1
31650 to 31750 0 1 1 0 0 0 0 1 0 0 1
31750  to 31850 0 1 I 0 0 0 1 1 0 0 1
31850 to 31950 0 1 1 0 0 0 1 1 0 -1 1
31950 to 32050 0 1 1 0 0 0 1 1 0 1 0
32050 to 32150 0 1 1 0 0 0 1 1 1 1 0
32156 to 32250 0 I 1 0 0 0 1 1 1 0 0
32250 to 32350 0 1 1 0 0 0 1 0 I 0 0
32350 to 32450 0 1 1 0 0 0 1 0 1 1, 0
32450 to 32550 0 1 1 0 0 0 1 0 0 1 0
32550 to 32650 0 1 1 0 0 0 1 0 0 1 1
32650 to 32750 0 1 1 0 0 0 1 0 0 0 1
32750 to 32850 0 1 1 0 0 1 1 0 0 0 1
32850 to 32950 0 1 1 0 0 1 1 0 0 1 1
32950  to 33050 0 1 1 0 0 1 1 0 0 I 0
33050 to 33 150 0 1 1 0 0 1 1 0 1 1 0
33150 to 33250 0 1 1 0 0 1 1 0 1 0 0
33250 to 33350 0 1 1 0 0 1 1 1 1 0 0
33350 to 33450 0 1 1 0 0 1 1 1 1 1 0
33450 to 33550 0 1 1 0 0 1 1 I 0 1 0
33550  to 33650 0 1 1 0 0 1 1 1 0 1 1
33650 to 33750 0 1 1 0 0 1 1 1 0 0 1
33750 to 33850 0 1 1 0 0 1 0 I 0 0 1
33850 to 33950 0 1 1 0 0 1 0 1 0 1 1
33950 to 34050 0 1 1 0 0 1 0 1 0 1 0
34050 to 34150 0 1 1 0 0 1 0 1 1 1 0
34150 to 34250 0 1 1 0 0 1 0 1 1 0 0
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PULSE POSITIONS
RANGE (0 or 1 in a pulse position denotes
absence or presence of a pulse, respectively)

I“iﬁzgms D, D A A A B B B | & o ¢
34250 to 34350 0 1 1 0 0 I 0 0 1 0 0
34350 to 34 450 0 1 1 0 0 1 0 0 t 1 0
34450 to 34 550 0 i 1 0 0 1 0 0 0 1 0
34550 to 34 650 0 1 i 0 0 1 0 0 0 1 1
34650 to 34750 0 i 1 0 0 1 0 0 0 0 1
34750 to 34 850 0 1 1 0 i 1 0 0 0 0 1
34850 to 34 950 0 1 1 0 1 1 0 0 0 1 1
34950 to 35050 0 1 1 0 1 I 0 0 0 1 0
35050 to 35150 0 1 1 0 1 1 0 0 1 1 0
35150 to 35250 0 1 1 0 1 1 0 0 1 0 0
35250 to 35350 0 1 1 0 I I 0 1 1 0 0
35350 to 35450 0 i 1 0 1 1 0 1 1 1 0
35450 to 35550 0 1 1 0 I 1 0 1 0 1 0
35550 to 35650 0 1 1 0 1 1 0 1 0 1 1
35650 to 35750 0 1 1 0 1 1 0 1 0 0 1
35750  to 35850 0 1 1 0 1 I 1 1 0 0 1
35850 to 35950 0 1 1 0 1 1 1 1 0 I 1
35950 to 36 050 0 1 1 0 1 1 1 I 0 1 0
36050 to 36 150 0 1 1 0 I i 1 1 i 1 0
36150 to 36250 0 1 1 0 1 1 1 1 1 0 0
36250 to 36 350 0 | 1 0 1 1 1 0 1 0 0
36350 to 36 450 0 1 | 0 1 1 1 0 1 1 0
36450 to 36 550 0 1 1 0 1 ! 1 0 0 1 0
36550 to 36 650 0 1 1 0 1 1 1 0 0 1 1
36650  to 36 750 0 1 1 0 1 1 1 0 0 0 1
36750 to 36 850 0 1 1 0 1 0 1 0 0 0 1
36850 to 36 950 0 1 1 0 1 0 1 0 0 1 1
36950 to 37050 0 1 1 0 1 0 1 0 0 1 0
37050 to 37 150 0 1 1 0 1 0 1 0 I 1 0
37150 to 37250 0 1 1 0 1 0 1 0 1 0 0
37250  to 37350 0 l 1 0 1 0 1 1 1 0 0
37350 to 37450 0 1 1 0 1 0 1 1 1 1 0
37450 to 37550 0 1 l 0 1 0 1 1 0 1 0
37550 to 37 650 0 1 I 0 1 0 I 1 0 1 1
37650 to 37750 0 1 1 0 1 0 1 1 0 0 1
37750 to 37 850 0 1 1 0 1 0 0 1 0 0 1
37850 to 37950 0 i 1 0 1 0 0 1 0 1 !
37950 to 38050 0 1 1 0 1 0 0 1 0 1 0
38050 to 38150 0 1 1 0 1 0 0 1 1 1 0
38150 to 38 250 0 I 1 0 1 0 0 1 I 0 0
38250 o 38350 0 1 1 0 1 0 0 0 1 0 0
38350 to 38 450 0 1 I 0 1 0 0 0 1 1 0
38450 to 38550 0 I 1 0 1 0 0 0 0 ! 0
38550 1o 38650 0 1 1 0 1 0 0 0 0 1 1
38650 to 38750 0 1 1 0 1 0 0 0 0 0 1
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PULSE POSITIONS
RANGE (0 or 1 in a pulse position denotes
absence or presence of a pulse, respectively)
Increments D, D, N A Al B, B, B, c c c,
(Feet)

38750 to 38 850 0 ! 1 1 1 0 0 0 0 0 1
38850 to 38950 0 1 1 1 1 0 0 0 0 1 1
38950 to 39 050 0 1 1 1 1 0 0 0 0 1 0
39050 to 39 150 0 1 1 1 1 0 0 0 1 1 0
39150 to 39 250 0 1 1 1 1 0 0 0 1 0 0
39250 to 39350 0 1 1 1 1 0 0 1 1 0 0
39350 to 39450 0 1 1 1 1 0 0 1 1 1 0
39450 to 39 550 0 1 I 1 1 0 0 1 0 1 0
39550 to 39 650 0 1 1 1 1 0 0 1 0 1 1
39650 to 39750 0 1 1 1 1 0 0 1 0 0 1
39750 to 39 850 0 1 1 1 1 0 1 1 0 0 1
39850 to 39950 0 1 1 1 1 0 1 1 0 1 1
39950 to 40050 0 1 1 1 1 0 1 1 0 1 0
40050 to 40150 0 1 1 1 1 0 1 1 1 I 0
40150 to 40250 0 1 1 1 1 0 1 1 1 0 0
40250 to 40350 0 1 1 1 1 0 1 0 1 0 0
40350 to 40450 0 1 1 1 1 0 1 0 1 1 0
40450 to 40550 0 1 1 1 1 0 1 0 0 1 0
40550 to 40650 0 1 1 1 1 0 1 0 0 I 1
40650 to 40750 0 1 1 1 1 0 1 0 0 0 1
40750 to 40850 0 1 1 1 1 1 1 0 0 0 1
40850 to 40950 0 1 1 1 1 1 1 0 0 1 1
40950 to 41050 0 1 1 1 1 1 1 0 0 1 0
41050 to 41150 0 1 1 1 1 1 1 0 1 1 0
41150 to 41250 0 1 1 1 1 1 1 0 1 0 0
41250 to 41350 0 1 I 1 1 1 1 1 1 0 0
41350 to 41450 0 1 1 1 1 1 1 1 1 1 0
41450 to 41550 0 i 1 1 1 1 1 1 0 1 0
41550 to 41650 0 1 ! 1 1 1 1 1 0 1 I
41650 to 41750 0 1 1 1 1 1 1 1 0 0 1
41750 to 41850 0 1 1 1 1 1 0 1 0 0 1
41850 to 41950 0 1 1 1 1 1 0 1 0 1 1
41950 to 42050 0 1 1 1 1 1 0 1 0 1 0
42050 to 42150 0 1 1 1 1 1 0 1 1 1 0
42150 to 42250 0 1 1 1 1 1 0 1 1 0 0
42250 to 42350 0 1 1 1 1 1 0 0 1 0 0
42350 to 42450 0 i 1 1 1 1 0 0 1 1 0
42450 to 42550 0 1 ! I 1 1 0 0 0 1 0
42550 to 42650 0 1 1 1 1 1 0 0 0 1 1
42650 to 42750 0 1 1 I 1 1 0 0 0 0 1
42750 to 42850 0 1 1 | 0 1 0 0 0 0 1
42850 to 42950 0 1 1 1 0 1 0 0 0 1 1
42950 to 43050 0 1 1 1 0 1 0 0 0 1 0
43050 to 43150 0 1 1 1 0 1 0 0 1 1 0
43150 to 43250 0 1 1 1 0 1 0 0 1 0 0
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45750
45 850
45950
46 050
46 150
46 250
46 350
46 450
46 550
46 650
46 750
46 850
46 950
47 050
47 150
47 250
47 350
47 450
47 550

RANGE

(Feet)

to
to

to

Increments

45 850
45950
46 050
46 150
46 250
46 350
46 450
46 550
46 650
46 750
46 850
46 950
47 050
47 150
47250
47 350
47 450
47550
47650

| 47650 1o 47750

absence or presence of a pulse, respectively)
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47750
47 850
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48 150
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51 850
51950
52050
52 150

to

47 850
47950
48 050
48150
48 250

51 850
51950
52050
52150
52250

Aeronautical Telecommunications

absence or pres

PULSE POSITIONS

(0 or I in a pulse position denotes

ence of a pulse, respectively)
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Annex 10 — Aeronautical Telecommunications

PULSE POSITIONS
RANGE (0 or 1 in a pulse position denotes
absence or presence of a pulse, respectively)

Inc(l;i;nts D, Dy A A Ay B, B B C, G, Cs
52250 to 52350 0 1 0 1 1 1 1 0 1 0 0
52350 to 52450 0 1 0 1 1 1 1 0 1 1 0
52450 to 52550 0 1 0 1 1 1 1 0 0 1 0
52550 to 52650 0 1 0 1 1 1 1 0 0 I 1
52650 to 52750 0 1 0 1 i 1 1 0 0 0 1
52750 to 52850 0 1 0 1 1 0 1 0 0 0 1
52850 to 52950 0 1 0 1 1 0 1 0 0 1 1
52950 to 53050 0 1 0 1 1 0 1 0 0 1 0
53050 to 53150 0 1 0 1 1 0 1 0 1 1 0
53150 to 53250 0 1 0 1 1 0 1 0 1 0 0
53250 to 53350 0 1 0 1 1 0 1 1 1 0 0
53350 to 53450 0 1 0 1 1 0 1 1 1 1 0
53450 to 53550 0 1 0 1 1 0 1 1 0 1 0
53550 to 53650 0 1 0 1 1 0 1 I 0 1 1
53650 to 53750 0 1 0 1 1 0 1 1 0 0 1
53750 to 53850 0 1 0 1 1 0 0 1 0 0 i
53850 to 53950 0 1 0 1 1 0 0 1 0 1 1
53950 to 54050 0 1 0 1 1 0 0 1 0 1 0
54050 to 54150 0 1 0 1 1 0 0 1 1 1 0
54150 to 54250 0 ! 0 i 1 0 0 1 1 0 0
54250 to 54350 0 1 0 1 1 0 0 0 1 0 0
54350 . to 54450 0 1 0 1 1 0 0 0 1 1 0
54450 to 54550 0 1 0 1 1 0 0 0 0 1 0
54550 to 54650 0 1 0 1 1 0 0 0 0 1 1
54650 to 54750 0 1 0 1 1 0 0 0 0 0 1
54750 to 54850 0 1 0 0 1 0 0 0 0 0 1
54850 to 54950 0 1 0 0 1 0 0 0 0 1 1
54950 to 55050 0 1 0 0 1 0 0 0 0 1 0
55050 to 55150 0 1 0 0 1 0 0 0 1 1 0
55150 to 55250 0 I 0 0 1 0 0 0 1 0 0
55250 to 55350 0 1 0 0 1 0 0 1 1 0 0
55350 to 55450 0 1 0 0 I 0 0 1 1 1 0
55450  to 55550 0 1 0 0 1 0 0 1 0 1 0
55550 to 55650 0 I 0 0 1 0 0 1 0 1 1
55650 to 55750 0 1 0 0 1 0 0 1 0 0 1
55750 to 55850 0 1 0 0 1 0 1 1 0 0 1
55850 to 55950 0 ! 0 0 1 0 1 1 0 1 1
55950 to 56050 0 1 0 0 1 0 I 1 0 1 0
56050 to 56150 0 1 0 0 1 0 ! 1 1 I 0
56150  to 56250 0 1 0 0 1 0 1 ! 1 0 0
56250 to 56350 0 I 0 0 1 0 1 0 ! 0 0
56350 to 56450 0 1 0 0 l 0 1 0 1 1 0
56450  to 56550 0 1 0 0 1 0 1 0 0 [ 0
56550  to 56650 0 1 0 0 1 0 1 0 0 1 1
56650 to 356750 0 I 0 0 1 0 1 0 0 0 1
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PULSE POSITIONS
RANGE (0 or 1 in a pulse position denoles
absence or presence of a pulse, respectively)
Increments D, D, A A A, B, B, B, c G s
(Feet)

56750 to 56850 0 ! 0 0 )\ 1 1 0 0 0 1
56850 to 56950 0 1 0 0 1 1 1 0 0 1 i
56950 to 57050 0 1 0 0 1 1 1 0 0 1 0
57050 to 57150 0 1 0 0 1 1 1 0 1 1 0
57150 to 57250 0 1 0 0 1 1 1 0 1 0 0
57250 to 57350 0 1 0 0 1 1 1 1 1 0 0
57350 to 57450 0 1 0 0 1 1 1 1 1 1 0
57450 to 57550 0 1 0 0 1 1 1 1 0 1 0
57550 to 57650 0 1 0 0 1 1 1 1 0 1 1
57650 to 57750 0 1 0 0 1 i 1 1 0 0 1
57750 to 57850 0 1 0 0 1 1 0 1 0 0 1
57850 to 57950 0 1 0 0 1 1 0 1 0 1 1
57950 to 58050 0 1 0 0 1 1 0 1 0 1 0
58050 to 58150 0 1 0 0 1 1 0 1 1 1 0
58150 to 58250 0 1 0 0 1 1 0 1 1 0 0
58250 to 58350 0 1 0 0 1 1 0 0 1 0 0
58350 to 58450 0 1 0 0 1 1 0 0 1 1 0
58450 to 58550 0 1 0 0 1 1 0 0 0 1 0
58550 to 58650 0 1 0 0 1 1 0 0 0 1 1
58650 to 58750 0 1 0 0 1 1 0 0 0 0 1
58750 to 58850 0 1 0 0 0 1 0 0 0 0 1
58850 to 58950 0 1 0 0 0 1 0 0 0 1 1
58950 to 59050 0 1 0 0 0 1 0 0 0 1 0
59050 to 59150 0 1 0 0 0 1 0 0 1 1 0
59150 to 59250 0 1 0 0 0 1 0 0 1 0 0
59250 to 59350 0 1 0 0 0 1 0 1 1 0 0
59350 to 59450 0 1 0 0 0 1 0 1 1 1 0
59450 to 59550 0 1 0 0 0 1 0 1 0 1 0
59550 to 59650 0 i 0 0 0 1 0 1 0 1 1
59650 to 59750 0 1 0 0 0 1 0 1 0 0 1
59750 to 59850 0 1 0 0 0 1 1 1 0 0 1
59850 to 59950 0 1 0 0 0 1 1 1 0 1 1
59950 to 60050 0 1 0 0 0 1 1 1 0 1 0
60050 to 60150 0 1 0 0 0 1 1 1 1 1 0
60150 to 60250 0 1 0 0 0 i 1 1 1 0 0
60250 to 60350 0 1 0 0 0 1 1 0 1 0 0
60350 to 60450 0 1 0 0 0 1 1 0 1 1 0
60450 to 60550 0 1 0 0 0 ! 1 0 0 1 0
60550 to 60650 0 1 0 0 0 1 1 0 0 1 1
60650 to 60750 0 1 0 0 0 1 1 0 0 0 1
60750 to 60850 0 1 0 0 0 0 1 0 0 0 1
60850 to 60950 0 1 0 0 0 0 1 0 0 1 1
60950 to 61050 0 1 0 0 0 0 1 0 0 1 0
61050 to 61150 0 1 0 0 0 0 ! 0 1 1 0
61150 to 61250 0 1 0 0 0 0 1 0 1 0 0 |
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64 850
64 950
65 050
65150
65250
65 350
65450
65 550
65 650

RANGE

Increments
(Feet)

64 850
64 950
65 050
65150
65250
65350
65450
65550
65 650
65750

PULSE POSITIONS
(0 or 1 ina pulse position denotes
absence or presence of a pulse, respectively)
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(0 or I in a pulse position denotes
¢ or presence of a pulse, respectively)
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PULSE POSITIONS
RANGE (0 or 1 in a pulse position denotes
absence or presence of a pulse, respectively)

fretements b D A A A B B B |c o o
70250 to 70350 1 1 0 0 1 0 0 0 1 0 0
70350 to 70450 I 1 0 0 1 0 0 0 1 1 0
70450 to 70550 1 1 0 0 1 0 0 0 0 1 0
70550 to 70650 1 1 0 0 1 0 0 0 0 1 I
70650 to 70750 1 1 0 0 1 0 0 0 0 0 1
70750 to 70850 1 1 0 1 1 0 0 0 0 0 1
70850 to 70950 1 1 0 1 1 0 0 0 0 1 1
70950 to 71050 1 1 0 1 1 0 0 0 0 I 0
71050 to 71150 I I 0 1 1 0 0 0 1 1 0
71150 to 71250 1 1 0 I 1 0 0 0 1 0 0
71250 to 71350 1 1 0 1 1 0 0 1 1 0 0
71350 to 71450 1 1 0 I 1 0 0 1 I 1 0
71450 to 71550 I 1 0 1 1 0 0 I 0 1 0
71550 to 71650 I 1 0 1 1 0 0 I 0 1 1
71650 to 71750 1 1 0 1 1 0 0 1 0 0 1
71750 to 71850 1 I 0 1 1 0 1 1 0 0 1
71850 to 71950 1 1 0 1 1 0 1 1 0 1 1
71950 to 72050 1 1 0 | 1 0 1 1 0 1 0
72050 to 72150 1 1 0 1 I 0 I I 1 1 0
72150 to 72250 1 1 0 1 l 0 1 1 1 0 0
72250 to 72350 1 1 0 1 1 0 1 0 1 0 0
72350 to 72450 1 1 0 1 1 0 1 0 1 1 0
72450 to 72550 1 1 0 1 1 0 I 0 0 ! 0
72550 to 72650 1 1 0 1 I 0 1 0 0 1 1
72650 to 72750 1 1 0 1 1 0 1 0 0 0 1
72750 to 72850 1 1 0 1 1 1 1 0 0 0 1
72850 to 72950 1 1 0 1 1 1 1 0 0 1 1
72950 to 73050 1 1 0 1 I 1 1 0 0 1 0
73050 to 73150 1 1 0 1 1 1 1 0 1 1 0
73150  to 73250 1 1 0 1 1 I 1 0 1 0 0
73250 to 73350 I 1 0 1 1 1 1 1 1 0 0
73350 to 73450 1 1 0 I 1 I 1 1 I 1 0
73450 to 73550 1 1 0 1 I 1 1 1 0 ! 0
73550 to 73650 1 1 0 1 1 1 1 1 0 1 1
73650 to 73750 I 1 0 1 1 1 1 1 0 0 1
73750 to 73850 1 1 0 1 1 1 0 1 0 0 I
73850 to 73950 I 1 0 1 I 1 0 1 0 i 1
73950 to 74050 I 1 0 1 1 1 0 1 0 1 0
74050 to 74150 1 1 0 1 I I 0 1 1 1 0
74150 to 74250 1 1 0 1 I I 0 1 I 0 0
74250 to 74350 I 1 0 1 i 1 0 0 1 o 0
74350 to 74450 1 I 0 1 1 1 0 0 ! 1 0
74450 to 74550 1 I 0 I 1 1 0 0 0 l 0
74550  to 74650 1 1 0 I 1 1 0 0 0 ! 1
74650 to 74750 1 I 0 I 1 1 0 0 0 0 1
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PULSE POSITIONS
RANGE (0 or 1 in a pulse position derotes
absence or presence of a pulse, respectively)

I“C(";e“;;“‘s D, D¢ A A A B B B
74750 to 74850 1 1 0 1 0 1 0 0
74850 to 74950 1 1 0 1 0 1 0 0
74950 to 75050 1 1 0 1 0 1 0 0
75050 to 75150 1 1 0 i 0 1 0 0
75150 to 75250 1 1 0 1 0 1 0 0
75250 to 75350 1 1 0 1 0 1 0 1
75350 to 75450 1 1 0 1 0 1 0 1
75450 to 75550 1 1 0 1 0 i 0 i
75550 to 75650 1 1 0 1 0 1 0 1
75650 to 75750 1 1 0 1 0 1 0 1
75750 to 75850 1 I 0 1 0 1 1 1
75850 to 75950 1 1 0 1 0 1 1 1
75950 to 76050 1 1 0 1 0 1 1 1
76050 to 76150 1 1 0 1 0 1 1 I
76150 to 76250 1 1 0 1 0 1 1 1
76250 to 76350 1 1 0 1 0 1 1 0
76350 to 76450 1 1 0 1 0 1 1 0
76450 to 76550 1 1 0 1 0 1 1 0
76 550 to 76 650 1 1 0 1 0 1 1 0
76650 to 76750 1 1 0 1 0 1 1 0
76750 to 76850 1 1 0 1 0 0 1 0
76850 to 76950 1 1 0 1 0 0 1 0
76950 to 77050 1 1 0 1 0 0 1 0
77050 to 77150 1 1 0 1 0 0 1 0
77150 to 77250 1 1 0 1 0 0 1 0
77250 to 77350 1 1 0 1 0 0 i 1
77350 to 77450 1 1 0 1 0 0 1 1
77450 to 77550 1 1 0 1 0 0 1 1
77550 to 77650 1 1 0 1 0 0 1 1
77650 to 77750 I 1 0 i 0 0 1 1
77750 to 77850 1 1 0 1 0 0 0 1
77850 to 77950 1 1 0 1 0 0 0 1
77950 to 78050 1 1 0 1 0 0 0 1
78050 to 78150 1 1 0 1 0 0 0 1
78 150 to 78250 1 1 0 1 0 0 0 1
78250 to 78350 1 1 0 1 0 0 0 0
78350 to 78450 1 1 0 1 0 0 0 0
78450 to 78550 1 1 0 1 0 0 0 0
78550 to 78650 1 1 0 1 0 0 0 0
78650 to 78750 1 1 0 1 0 0 0 0
78750 to 78850 1 1 1 1 0 0 0 0
78850 to 78950 1 1 1 I 0 0 0 0
78950 to 79050 i 1 1 1 0 0 0 0
79050 to 79150 I 1 1 1 0 0 0 0
79150 to 79250 1 1 1 1 0 0 0 0
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PULSE POSITIONS
RANGE (0 or I in a pulse position denotes
absence or presence of a pulse, respectively)

I“C(r;::)ms D D, A A A B B B | C G G
79250 to 79350 1 1 1 I 0 0 0 1 1 0 0
79350 to 79450 1 1 1 1 0 0 0 1 1 1 0
79450 to 79550 1 1 1 1 0 0 0 1 0 1 0
79550 to 79650 1 1 1 1 0 0 0 1 0 1 1
79650 to 79750 1 1 I 1 0 0 0 1 0 0 1
79750 to 79850 1 1 1 I 0 0 1 1 0 0 1
79850 to 79950 1 1 1 1 0 0 1 1 0 1 1
79950 to 80050 1 1 1 1 0 0 1 1 0 1 0
80050 to 80150 1 I 1 I 0 0 1 1 1 1 0
80150 to 80250 1 1 1 1 0 0 1 1 1 0 0
80250 to 80350 1 1 1 I 0 0 1 0 1 0 0
80350 to 80450 1 1 1 1 0 0 1 0 1 1 0
80450 to 80550 1 { 1 1 0 0 1 0 0 1 0
80550 to 80650 1 1 1 1 0 0 1 0 0 1 1
80650 to 80750 1 1 1 1 0 0 1 0 0 0 1
80750 to 80850 [ 1 { 1 0 1 1 0 0 0 1
80850 to 80950 1 i 1 1 0 1 1 0 0 1 1
80950 to 81050 1 1 1 1 0 1 1 0 0 1 0
81050 to 81150 1 1 1 1 0 1 1 0 1 1 0
81150 to 81250 1 1 1 1 0 1 1 0 1 0 0
81250 to 81350 1 1 1 1 0 1 1 1 1 0 0
81350 to 81450 1 1 1 1 0 1 1 1 1 1 0
81450 to 81550 1 1 1 1 0 1 1 1 0 1 0
81550 to 81650 1 1 1 1 0 1 1 1 0 1 1
81650 to 81750 1 I l I 0 1 1 I 0 0 1
81750 to 81850 1 1 1 1 0 I 0 1 0 0 1
81850 to 81950 1 1 1 1 0 1 0 1 0 i 1
81950 to 82050 1 1 1 1 0 1 0 1 0 1 0
82050 to 82150 1 1 1 I 0 1 0 I 1 1 0
82150 to 82250 I 1 ! 1 0 1 0 i 1 0 0
82250 to 82350 1 1 1 1 0 i 0 0 I 0 0
82350 to 82450 1 1 1 1 0 1 0 0 1 I 0
82450 to 82550 1 1 1 1 0 1 0 0 0 1 0
82550 to 82650 1 1 l 1 0 1 0 0 0 1 1
82650 to 82750 1 1 1 1 0 1 0 0 0 0 I
82750 to 828350 | 1 1 1 1 1 0 0 0 0 1
82850 to 82950 1 1 1 I 1 1 0 0 0 1 1
82950 to 83050 1 1 1 1 1 1 0 0 0 1 0
83050 to 83150 1 1 1 1 1 I 0 0 1 1 0
83150 to 83250 i 1 1 1 1 I 0 0 I 0 0
83250 to 83350 l 1 ! 1 1 1 0 1 I 0 0
83350 to 83450 1 1 1 1 1 1 0 1 1 1 0
83450 to 833530 1 1 | 1 1 1 0 1 0 I 0
83550 to 83650 1 1 I 1 1 1 0 I 0 1 1

L 83650 to 83750 1 1 1 1 1 1 0 ! 0 0 I
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PULSE POSITIONS
RANGE (0 or 1 in a pulse position denotes
absence or presence of a pulse, respectively)

Inc(;?;;“‘s D, D A A A B B B | G G G
83750 to 83850 1 1 1 1 1 1 1 1 0 0 1
83850 to 83950 1 1 1 1 1 1 1 1 0 1 1
83950 to 84050 1 1 1 1 1 1 1 1 0 1 0
84050 to 84150 1 1 1 1 1 1 1 1 1 1 0
84150 to 84250 1 1 1 1 1 1 1 1 1 0 0
84250 to 84350 1 1 1 1 1 1 1 0 1 0 0
84350 to 84450 1 1 1 1 1 i 1 0 i 1 0
84450 to 84550 1 1 i 1 1 1 1 0 0 1 0
84550 to 84650 1 1 1 1 1 1 1 0 0 1 1
84650 to 84750 1 1 1 1 1 1 1 0 0 0 1
84750 to 84850 1 1 1 1 1 0 1 0 0 0 1
84850 to 84950 1 1 1 1 1 0 1 0 0 1 1
84950 to 85050 1 1 1 1 1 0 1 0 0 1 0
85050 to 85150 1 1 1 1 1 0 1 0 1 1 0
85150 to 85250 1 1 1 1 1 0 1 0 1 0 0
85250 to 85350 1 1 1 1 1 0 1 1 1 0 0
85350 to 85450 1 1 1 1 1 0 1 1 1 1 0
85450 to 85550 1 1 1 1 1 0 1 1 0 1 0
85550 to 85650 1 1 1 1 1 0 1 1 0 1 1
85650 to 85750 1 1 1 1 1 0 1 1 0 0 1
85750 to 85850 1 1 1 1 1 0 0 1 0 0 1
85850 to 85950 1 1 1 1 1 0 0 1 0 1 1
85950 to 86050 1 1 1 1 1 0 0 1 0 1 0
86050 to 86150 1 1 1 1 1 0 0 1 1 1 0
86150 to 86250 1 1 1 1 1 0 0 1 1 0 0
86250 to 86350 1 1 1 1 1 0 0 0 1 0 0
86350 to 86450 1 1 1 1 I 0 0 0 1 1 0
86450 to 86550 1 1 1 1 1 0 0 0 0 1 0
86550 to 86650 1 1 1 1 1 0 0 0 0 1 1
86650 to 86750 1 1 1 i 1 0 0 0 0 0 1
86750 to 86850 1 1 1 0 1 0 0 0 0 0 1
86850 to 86950 1 1 1 0 1 0 0 0 0 1 1
86950 to 87050 1 1 1 0 1 0 0 0 0 1 0
87050 to 87150 1 1 1 0 1 0 0 0 1 1 0
87150 to 87250 1 1 1 0 1 0 0 0 1 0 0
87250 to 87350 1 1 1 0 1 0 0 1 1 0 0
87350 to 87450 1 1 1 0 1 0 0 1 1 1 0
87450 to 87550 1 1 1 0 1 0 0 1 0 1 0
87550 to 87650 1 1 1 0 1 0 0 1 0 1 1
87650 to 87750 1 1 1 0 1 0 0 1 0 0 1
87750 to 87850 1 1 1 0 1 0 1 1 0 0 1
87850 to 87950 1 1 I 0 1 0 1 1 0 1 1
87950 to 88050 1 1 1 0 1 0 1 1 0 I 0
88050 to 88150 1 1 1 0 1 0 1 1 I 1 0
88150 to 88250 1 1 1 0 1 0 1 1 1 0 0
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PULSE POSITIONS
RANGE (0 or 1 in a pulse position denotes
absence or presence of a pulse, respectively)
eements D D A A A B B B | ¢ &
88250 to 88350 1 1 1 0 1 0 1 0 1 0 0
88350 to 88450 1 1 1 0 1 0 I 0 1 1 0
88450 to 88550 1 1 1 0 1 0 1 0 0 1 0
88550 to 88650 1 1 1 0 1 0 1 0 0 1 1
88650 to 88750 1 1 1 0 1 0 1 0 0 0 1
83750 to 83850 1 1 I 0 1 1 1 0 0 0 1
83850 to 88950 1 1 1 0 1 1 1 0 0 1 1
88950 to 89050 1 1 1 0 1 1 1 0 0 1 0
89050 to 89150 1 I L 0 I 1 1 0 1 1 0
89150 to 89250 t 1 1 0 1 1 1 0 i 0 0
89250 to 89350 1 1 1 0 1 1 1 1 I 0 0
89350 to 89450 1 I 1 0 1 1 1 1 ! 1 0
89450 to 89550 1 t 1 0 1 1 1 1 0 1 0
89550 to 89650 1 1 1 0 l 1 1 1 0 1 1
89650 to 89750 1 1 1 0 I 1 1 1 0 0 1
89750 to 89850 1 1 1 0 1 I 0 1 0 0 1
89850 to 89950 1 1 1 0 t 1 0 1 0 1 1
89950 to 90050 1 1 1 0 1 1 0 1 0 1 0 .
90050 fo 90150 1 1 1 0 1 1 0 1 1 t 0 )
90150 to 90250 i 1 1 0 1 1 0 1 1 0 0
90250 to 90350 1 I 1 0 1 1 0 0 1 0 0
90350 to 90450 I 1 1 0 1 1 0 0 1 I 0
90450 to 90550 1 1 I 0 1 1 0 0 0 1 0
90550  to 90650 1 1 1 0 1 1 0 0 0 1 1
90650 to 90750 1 1 1 0 1 1 0 0 0 0 I
90750 to 90850 I 1 1 0 0 1 0 0 0 0 1
90850 to 90950 1 1 1 0 0 1 0 0 0 1 1
90950 to 91050 1 1 1 ] 0 1 0 0 0 1 0
91050 to 91150 1 1 1 0 0 1 0 0 1 1 0
91150 to 91250 1 1 1 0 0 1 0 0 I 0 0
91250  to 91350 1 I I 0 0 1 0 I 1 0 0
91350 to 91450 1 1 1 0 0 1 0 1 1 1 0
91450 to 91550 1 I 1 0 0 1 0 1 0 1 0
91550 to 91650 I 1 1 0 0 1 0 1 0 1 1
91650 to 91750 1 1 1 0 0 1 0 1 0 0 I
91750 to 91850 1 1 i 0 0 1 1 I 0 0 1
91850 to 91950 1 1 1 0 0 I I 1 0 I 1
91950 to 92050 1 [ 1 0 0 ] 1 1 0 1 0
92050 to 92150 1 1 1 0 0 1 1 1 ! 1 0
92150 to 92250 1 1 1 0 0 I I 1 1 0 0
92250 to 92350 1 I 1 0 0 1 I 0 1 0 0
92350 to 92450 1 1 1 0 0 1 1 0 1 I 0
| 92450 to 92550 1 I 1 0 0 1 1 0 0 I 0 ;
J 92550 to 92650 1 [ 1 0 0 1 I 0 0 1 [ ,\
| 92650 to 92750 1 1 1 0 0 1 1 0 0 0 1 [
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PULSE POSITIONS
RANGE (0 or 1 in a pulse position denotes
absence or presence of a pulse, respectively)
Increments D. D, A A, Al B, B, B, c G c,
(Feet)

92750 to 92850 1 1 1 0 0 0 1 0 0 0 1
92850 to 92950 1 I 1 0 0 0 1 0 0 1 1
92950 to 93050 1 1 1 0 0 0 1 0 0 1 0
93050 to 93150 1 1 1 0 0 0 i 0 1 1 0
93150 to 93250 1 1 1 0 0 0 i 0 1 0 0
93250 to 93350 1 1 1 0 0 0 1 1 1 0 0
93350 to 93450 1 1 1 0 0 0 1 1 1 1 0
93450 to 93550 1 1 1 0 0 0 1 1 0 1 0
93550 to 93650 1 1 1 0 0 0 1 1 0 1 1
93650 to 93750 1 1 1 0 0 0 1 1 0 0 i
93750 to 93850 1 1 1 0 0 0 0 1 0 0 1
93850 to 93950 1 1 1 0 0 0 0 1 0 1 1
93950 to 94050 1 1 1 0 0 0 0 1 0 1 0
94050 to 94150 1 1 1 0 0 0 0 1 1 1 0
94150 to 94250 1 1 1 0 0 0 0 1 1 0 0
94250 to 94350 1 1 1 0 0 0 0 0 1 0 0
94350 to 94450 1 1 1 0 0 0 0 0 1 1 0
94450 to 94550 1 1 1 0 0 0 0 0 0 1 0
94550 to 94650 1 1 1 0 0 0 0 0 0 1 1
94 650 to 94750 1 1 1 0 0 0 0 0 0 0 1
94750 to 94850 1 0 1 0 0 0 0 0 0 0 1
94850 to 94950 1 0 1 0 0 0 0 0 0 1 1
94950 to 95050 1 0 1 0 0 0 0 0 0 1 0
95050 to 95150 1 0 1 0 0 0 0 0 i 1 0
95150 to 95250 1 0 1 0 0 0 0 0 1 0 0
95250 to 95350 1 0 1 0 0 0 0 1 1 0 0
95350 to 95450 1 0 1 0 0 0 0 1 1 1 0
95450 to 95550 1 0 1 0 0 0 0 1 0 1 0
95550 to 95650 1 0 1 0 0 0 0 1 0 1 1
95650 to 95750 1 0 1 0 0 0 0 1 0 0 1
95750 to 95850 1 0 1 0 0 0 1 1 0 0 1
95850 to 95950 1 0 1 0 0 0 1 1 0 1 1
95950 to 96050 1 0 1 0 0 0 1 1 0 1 0
96 050 to 96150 1 0 1 0 0 0 1 1 1 1 0
96150 to 96250 1 0 1 0 0 0 1 1 1 0 0
96250 to 96350 1 0 1 0 0 0 1 0 1 0 0
96350 to 96450 1 0 1 0 0 0 1 0 1 1 0
96450 to 96550 1 0 1 0 0 0 1 0 0 1 0
96550 to 96650 1 0 1 0 0 0 1 0 0 1 1
96 650 to 96750 1 0 1 0 0 0 1 0 0 0 1
96750 to 96850 1 0 1 0 0 1 1 0 0 0 1
96 850 to 96950 1 0 1 0 0 I 1 0 0 1 1
96950 to 97050 I 0 1 0 0 1 1 0 0 1 0
97050 to 97150 1 0 1 0 0 1 1 0 1 1 0
97 150 to 97250 1 0 1 0 0 1 1 0 1 0 0
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PULSE POSITIONS

RANGE (0 or 1 in a pulse position denotes
absence or presence of a pulse, respectively)

I““‘(jffcf’;;ms D, D A A A B B B | G & G
97250 to 97350 1 0 1 0 0 t 1 1 1 0 0
97350 to 97450 1 0 1 0 0 1 1 1 1 1 0
97450 to 97550 1 0 1 0 0 1 1 1 0 1 0
97550 to 97650 1 0 1 0 0 1 1 1 0 1 1
97650 to 97750 1 0 1 0 0 1 1 1 0 0 1
97750 to 97850 1 0 1 0 0 1 0 1 0 0 1
97850 to 97950 1 0 1 0 0 I 0 1 0 1 1
97950 to 98050 i 0 1 0 0 1 0 1 0 1 0
98050 to 98150 1 0 1 0 0 1 0 1 1 1 0
98 150 to 98250 1 0 1 0 0 1 0 1 1 0 0
98250 to 98350 t 0 1 0 0 1 0 0 t 0 0
98350 to 98450 1 0 1 0 0 1 0 0 1 1 0
98450 to 98550 1 0 1 0 0 i 0 0 0 1 0
98550 to 98650 1 0 1 0 0 1 0 0 0 1 i
98650 to 98750 1 0 1 0 0 1 0 0 0 0 1
98750 to 98850 1 0 1 0 1 1 0 0 0 0 1
98850 to 98950 1 0 ! 0 1 1 0 0 0 1 1
98950 to 99050 1 0 1 0 1 1 0 0 0 1 0
99050 to 99150 1 0 1 0 1 1 0 0 1 1 0
99150 to 99250 1 0 1 0 1 1 0 0 1 0 0
99250 to 99350 1 0 1 0 1 1 0 l 1 0 0
99350 to 99450 1 0 1 0 1 l 0 1 1 1 0
99450 to 99550 1 0 1 0 1 1 0 1 0 1 0
99550 to 99650 1 0 1 0 1 1 0 1 0 1 1
99650 to 99750 1 0 1 0 1 1 0 1 0 0 1
99750 to 99850 1 0 1 0 I 1 1 I 0 0 1
99850 to 99950 1 0 1 0 1 1 1 1 0 1 1
99950 to 100050 1 0 1 0 1 1 1 I 0 1 0
100050 to 100150 1 0 1 0 1 1 I 1 I 1 0
100 150 to 100250 1 0 1 0 1 1 1 1 1 0 0
100250 to 100350 1 0 1 0 1 1 1 0 1 0 0
100350 to 100450 1 0 1 0 I 1 1 0 1 1 0
100450 to 100550 1 0 1 0 1 1 1 0 0 1 0
100550 to 100650 1 0 I 0 1 1 1 0 0 ! 1
100 650  to 100 750 1 0 1 0 1 1 1 0 0 0 1
100750  to 100850 1 0 1 0 1 0 1 0 0 0 I
100850  to 100950 1 0 1 0 1 0 1 0 0 1 1
100950  to 101050 I 0 1 0 1 0 ! 0 0 1 0
101050 to 101150 1 0 1 0 I 0 1 0 1 1 0
101 150  to 101250 1 0 1 0 1 0 1 0 1 0 0
101250  to 101350 1 0 1 0 1 0 1 I 1 0 0

101350 to 101450 1 0 I 0 1 0 1 1 1 I 0
101450 to 101550 1 0 1 0 1 0 1 1 0 1 0
101550 to 101650 1 0 1 0 i 0 1 1 0 I I
101 650 to 101750 1 0 1 0 1 0 1 1 0 0 1
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PULSE POSITIONS
RANGE (0 or 1 in a pulse position denotes
absence or presence of a pulse, respectively)

I“C(rzfzf)ms D, D, A A A, B B B | GO &G G
101750 to 101850 1 0 1 0 1 0 0 I 0 0 1
101 850 to 101950 1 0 1 0 1 0 0 1 0 1 1
101950 to 102050 1 0 1 0 1 0 0 1 0 1 0
102050 to 102150 1 0 I 0 1 0 0 1 1 1 0
102150  to 102250 1 0 1 0 1 0 0 I 1 0 0
102250 to 102350 1 0 1 0 1 0 0 0 1 0 0
102350 to 102450 1 0 1 0 1 0 0 0 1 1 0
102450 to 102550 1 0 I 0 1 0 0 0 0 1 0
102 550 to 102 650 1 0 1 0 1 0 0 0 0 1 1
102650 to 102750 1 0 1 0 1 0 0 0 0 0 1
102750 to 1023850 1 0 1 1 1 0 0 0 0 0 1
102850 to 102950 1 0 1 1 1 0 0 0 0 1 1
102950 to 103050 1 0 1 I 1 0 0 0 0 1 0
103050 to 103150 1 0 1 1 1 0 0 0 1 1 0
103 150 to 103250 I 0 1 1 1 0 0 0 1 0 0
103250 to 103350 1 0 1 1 1 0 0 1 1 0 0
103350 to 103450 1 0 1 1 1 0 0 1 1 1 0
103450 to 103550 1 0 1 1 I 0 0 I 0 1 0
103550 to 103650 1 0 1 1 1 0 0 1 0 1 1
103650 to 103750 1 0 1 1 1 0 0 1 0 0 1
103750 to 103 850 1 0 1 1 1 0 1 I 0 0 1
103850 to 103950 1 0 1 1 1 0 1 1 0 1 1
103950 to 104050 1 0 1 1 1 0 1 1 0 1 0
104 050 to 104 150 1 0 1 1 1 0 1 1 1 1 0
104 150  to 104250 1 0 1 1 1 0 1 1 1 0 0
104 250 to 104350 1 0 1 1 1 0 1 0 1 0 0
104350 to 104450 1 0 1 1 1 0 1 0 I 1 0
104450 to 104550 i 0 1 1 1 0 1 0 0 1 0
104550 to 104 650 1 0 1 1 1 0 1 0 0 1 i
104650 to 104 750 1 0 1 1 1 0 1 0 0 0 1
104750 to 104850 1 0 1 I 1 1 I 0 0 0 1
104 850 to 104950 1 0 1 1 1 1 1 0 0 1 1
104950 to 105050 1 0 1 1 1 1 1 0 0 1 0
105050 to 105150 1 0 I i I 1 i 0 I i 0
105150 to 105250 1 0 1 1 1 1 1 0 1 0 0
105250 to 105350 1 0 I 1 1 1 1 1 1 0 0
105350 to 105450 1 0 1 1 1 1 1 1 1 1 0
105450 to 105550 1 0 I 1 I 1 1 1 0 1 0
105550 to 105650 1 0 1 1 1 1 1 1 0 1 1
105650 to 105750 1 0 1 1 1 1 1 1 0 0 1
105750 to 105850 1 0 1 1 1 1 0 1 0 0 1
105850 to 105950 1 0 1 1 1 1 0 I 0 1 1
105950 to 106050 1 0 1 1 1 1 0 1 0 [ 0
106 050 to 106150 1 0 1 1 1 I 0 1 1 1 0
106 150  to 106 250 1 0 1 1 1 1 0 1 1 0 0




Chapter 3

Annex 10 — Aeronautical T. elecommunications
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RANGE (0 or 1 in a pulse position denotes
absence or presence of a pulse, respectively)
Inc(‘;;f)“‘s b D A A A B B B | & o o
106250 to 106350 1 0 1 1 1 1 0 0 1 0 0
106350 to 106450 1 0 1 1 1 1 0 0 1 1 0
106450 to 106 550 1 0 1 1 1 1 0 0 0 1 0
106 550  to 106 650 1 0 1 1 1 I 0 0 0 1 1
106 650 to 106 750 1 0 1 1 1 1 0 0 0 0 1
106 750 to 106 850 1 0 1 1 0 1 0 0 0 0 1
106 850 to 106950 1 0 1 I 0 1 0 0 0 l 1
106 950 to 107050 1 0 1 1 0 1 0 0 0 1 0
107050 to 107150 I 0 1 1 0 I 0 0 1 1 0
107150  to 107250 1 0 1 1 0 I 0 0 1 0 0
107250 to 107350 1 0 1 1 0 1 0 1 1 0 0
107350  to 107450 1 0 1 1 0 1 0 1 1 1 0
107450 to 107550 1 0 1 1 0 1 0 1 0 1 0
167550 to 107650 1 0 1 1 0 1 0 1 0 1 1
107650 to 107 750 1 0 1 1 0 1 0 1 0 0 I
107750  to 107 850 1 0 1 1 0 1 1 I 0 0 1
107850 to 107950 1 0 1 1 0 1 1 1 0 1 1
107950 to 108050 1 0 1 1 0 1 1 1 0 1 0
108050 to 108 150 1 0 1 1 0 1 1 1 1 1 0
108150 to 108250 1 0 i 1 0 1 1 1 1 0 0
108250 two 108350 1 0 1 1 0 1 1 0 1 0 0
108350 to 108450 1 0 1 1 0 l 1 0 1 1 0
108450 to 108550 1 0 1 1 0 1 1 0 0 1 0
108 550 to 108 650 1 0 1 1 0 1 1 0 4] 1 1
108650 to 108 750 1 0 1 1 0 1 1 0 0 0 1
108 750 to 108 850 1 0 1 1 0 0 1 0 0 0 1
108 850 to 108950 1 0 1 1 0 0 1 0 0 1 1
108950 to 109 050 1 0 1 1 0 0 1 0 0 1 0
109050 to 109150 1 0 1 1 0 0 1 0 1 1 0
109150 to 109250 1 0 1 1 0 0 1 0 1 0 0
109250 to 109350 1 0 1 1 0 0 1 1 I 0 0
109350 to 109450 1 0 1 1 0 0 I 1 1 1 0
109450 to 109550 ! 0 1 1 0 0 1 1 0 1 0
109550  to 109650 1 0 1 l 0 0 ! 1 0 1 1
109650 to 109 750 1 0 1 ! 0 0 1 1 0 0 1
109750 to 109850 1 0 1 1 0 0 0 I 0 0 1
109850 to 109950 1 0 1 1 0 0 0 1 0 I I
109950 to 110050 I 0 1 1 0 0 0 1 0 1 0 |
110050  to 110150 1 0 1 1 0 0 0 ! I 1 0 f
10150 to 110250 1 0 1 1 0 0 0 ! 1 0 0 !
‘ 110250  to 110350 1 0 1 ! 0 0 0 0 1 0 0 |
i 110350 to 110450 1 0 | ! 0 0 0 4} 1 1 0
| 110450 0 110550 1 0 I 1 0 0 0 0 0 ! o |
| 110550 to 110650 1 0 1 1 0 0 0 0 0 1 1
Ll 10650 w0 110750 1 0 1 1 0 1} 0 0 0 0 IJ
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PULSE POSITIONS
RANGE (0 or 1 in a pulse position denotes
absence or presence of a pulse, respectively)
Increments D, D, A As A, B, B, B, c C c,
(Feet)

110750 to 110850 1 0 0 i 0 0 0 0 0 0 1
110850 to 110950 1 0 0 I 0 0 0 0 0 1 i
110950 to 111050 1 0 0 i 0 0 0 0 0 1 0
111050 to 111150 i 0 0 1 0 0 0 0 1 1 0
111150 to 111250 1 0 0 1 0 0 0 0 1 0 0
111250 to 111350 1 0 0 1 0 0 0 1 1 0 0
111350 to 111450 1 0 0 1 0 0 0 1 1 1 0
111450 to 111550 i 0 0 1 0 0 0 1 0 1 0
111550 to 111650 1 0 0 1 0 0 0 1 0 1 1
111650 to 111750 1 0 0 1 0 0 0 1 0 0 1
111750 to 111850 1 0 0 1 0 0 1 1 0 0 1
111850 to 111950 1 0 0 1 0 0 1 1 0 1 1
111950 to 112050 1 0 0 1 0 0 1 i 0 1 0
112050 to 112150 1 0 0 1 0 0 1 1 1 1 0
112150 to 112250 1 0 0 1 0 0 1 1 1 0 0
112250 to 112350 1 0 0 1 0 0 1 0 1 0 0
112350 to 112450 1 0 0 1 0 0 1 0 1 1 0
112450 to 112550 1 0 0 1 0 0 1 0 0 1 0
112550 to 112650 1 0 0 1 0 0 1 0 0 1 1
112650 to 112750 1 0 0 1 0 0 1 0 0 0 1
112750 to 112850 1 0 0 1 0 1 1 0 0 0 1
112850 to 112950 i 0 0 1 0 1 1 0 0 1 1
112950 to 113050 1 0 0 1 0 1 1 0 0 I 0
113050 to 113150 1 0 0 1 0 1 1 0 1 I 0
113150 to 113250 1 0 0 1 0 1 1 0 1 0 0
113250 to 113330 1 0 0 1 0 1 1 I 1 0 0
113350 to 113450 1 0 0 1 0 1 1 1 1 1 0
113450 to 113550 1 0 0 1 0 1 1 1 0 1 0
113550 to 113650 1 0 0 1 0 1 i 1 0 1 1
113650 to 113750 1 0 0 1 0 1 1 1 0 0 1
113750  to 113850 1 0 0 1 0 1 0 I 0 0 1
113850 to 113950 1 0 0 1 0 1 0 1 0 1 1
113950 to 114050 1 0 0 1 0 1 0 1 0 1 0
114050 to 114150 1 0 0 1 0 1 0 1 1 1 0
114150 to 114250 1 0 0 1 0 1 0 1 1 0 0
114250 to 114350 1 0 0 1 0 1 0 0 1 0 0
114350 to 114450 1 0 0 1 0 1 0 0 1 1 0
114450 to 114550 1 0 0 1 0 1 0 0 0 1 0
114550 to 114650 1 0 0 1 0 1 0 0 0 1 1
114650 to 114750 1 0 0 1 0 1 0 0 0 0 1
114750 o 114850 I 0 0 1 1 1 0 0 0 0 1
114850 to 114950 1 0 0 1 1 1 0 0 0 1 1
114950 to 115050 1 0 0 1 1 1 0 0 0 1 0
115050 to 115150 1 0 0 1 1 1 0 0 1 1 0
115150 to 115250 1 0 0 1 1 1 0 0 I 0 0
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PULSE POSITIONS

RANGE (0 or 1 in a pulse position denotes
absence or presence of a pulse, respectively)

Inc(;a::)m Dp D, A A A B B B | & o G
115250 to 115350 1 0 0 1 1 1 0 1 I 0 0
115350 to 115450 1 0 0 1 1 1 0 1 1 1 0
115450 to 115550 1 0 0 1 1 1 0 1 0 1 0
115550 to 115650 1 0 0 1 1 1 0 1 0 1 1
115650 to 115750 1 0 0 1 1 1 0 1 0 0 1
15750 to 115850 1 0 0 1 1 1 1 1 0 0 1
115850 to 115950 1 0 0 1 1 1 1 1 0 1 1
115950 to 116050 1 0 0 1 1 1 1 1 0 1 0
116050 to 116150 1 0 0 1 1 1 i 1 1 1 0
116 150 to 116250 1 0 0 1 1 1 1 1 1 0 0
116250 to 116350 1 0 0 1 1 1 1 0 1 0 0
116350 to 116450 i 0 0 1 1 1 1 0 1 1 0
116450 to 116550 1 0 0 1 1 1 1 0 0 [ 0
116 550  to 116 650 i 0 0 1 1 1 1 0 0 1 1
116 650 to 116 750 1 0 0 1 1 1 1 0 0 0 1
116750 to 116850 1 0 0 1 1 0 1 0 0 0 1
116850 to 116950 1 0 0 1 I 0 i 0 0 1 1
116950 to 117050 1 0 0 1 1 0 1 0 0 1 0
117050 to 117150 1 0 0 1 1 0 1 0 1 1 0
117150 to 117250 1 0 0 1 1 0 1 0 1 0 0
117250 to 117350 1 0 0 1 1 0 1 1 1 0 0
117350 to 117450 1 0 0 1 1 0 1 1 1 1 0
117450 to 117550 1 0 0 1 1 0 ! 1 0 1 0
117550 to 117650 1 0 0 1 1 0 1 1 0 1 1
117650 to 117750 l 0 0 1 1 0 1 1 0 0 1
117750 to 117850 1 0 0 1 l 0 0 1 0 0 1
117850 to 117950 1 0 0 1 1 0 0 1 0 l 1
117950 to 118050 1 0 0 1 1 0 0 1 0 1 0
118050 to 118150 1 0 0 1 1 0 0 1 1 1 0
118150 to 118250 1 0 0 ! 1 0 0 1 1 0 0
118250 to 118350 i 0 0 1 1 0 0 0 1 0 0
118350 to 118450 1 0 0 1 1 0 0 0 1 1 0
118450 to 118550 i 0 0 1 1 0 0 0 0 1 0
118550 to 118650 1 0 0 1 1 0 0 0 0 I 1
118650 to 118750 1 0 0 1 1 0 0 0 0 0 l
118750 to 118850 1 0 0 0 1 0 0 0 0 0 i
118850 to 118950 1 0 0 0 1 0 0 0 0 1 {
18950 to 119050 i 0 0 0 1 0 0 0 0 1 0
119050 to 119150 1 0 0 0 1 0 0 0 1 1 0
119150 to 119250 1 0 0 0 1 0 0 0 1 0 0
119250 to 119350 1 0 0 0 1 0 0 1 1 0 0
119350 to 119450 1 0 0 0 1 0 0 1 1 1 0
119450 to 119550 1 0 0 0 1 0 0 1 0 1 0
119550 to 119650 i 0 0 0 1 0 0 1 0 1 1
119650 to 119750 1 0 0 0 1 0 0 1 0 0 1
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RANGE (0 or I in a pulse position denotes
absence or presence of a pulse, respectively)
Increments D, Ds Ay As Ay B, B. B. G C, Cy
(Feet) 2

119750 to 119850 1 0 0 0 1 0 1 1 0 0 1
119850 to 119950 1 0 0 0 i 0 1 1 0 1 1
119950 to 120050 1 0 0 0 1 0 1 1 0 1 0
120050 to 120150 1 0 0 0 i 0 1 1 1 1 0
120150 to 120250 1 0 0 0 1 0 1 1 1 0 0
120250 to 120350 1 0 0 0 1 0 1 0 1 0 0
120350 to 120450 1 0 0 0 1 0 1 0 1 1 0
120450 to 120550 1 0 0 0 1 0 1 0 0 1 0
120550 to 120650 1 0 0 0 1 0 1 0 0 1 1
120650 to 120750 1 0 0 0 1 0 1 0 0 0 1
120750 to 120850 1 0 0 0 1 1 1 0 0 0 1
120850 to 120950 1 0 0 0 1 1 1 0 0 1 1
120950 to 121050 1 0 0 0 1 1 1 0 0 1 0
121050 to 121150 1 0 0 0 1 1 1 0 1 1 0
121150 to 121250 1 0 0 0 1 i 1 0 1 0 0
121250 to 121350 1 0 0 0 1 1 1 1 1 0 0
121350 to 121450 1 0 0 0 1 1 i 1 1 1 0
121450 to 121550 1 0 0 0 1 1 1 1 0 1 0
121550 to 121650 1 0 0 0 i 1 1 1 0 1 1
121650 to 121750 1 0 0 0 1 1 1 1 0 0 1
121750 to 121850 1 0 0 0 1 1 0 1 0 0 1
121850 to 121950 1 0 0 0 1 1 0 1 0 1 1
121950 to 122050 1 0 0 0 1 1 0 1 0 1 0
122050 to 122150 1 0 0 0 1 1 0 1 1 1 0
122 150 to 122250 1 0 0 0 1 1 0 1 1 0 0
122250 to 122350 1 0 0 0 1 i 0 0 1 0 0
122350 to 122450 1 0 0 0 1 i 0 0 1 1 0
122450 to 122550 1 0 0 0 1 1 0 0 0 1 0
122550 to 122650 1 0 0 0 1 1 0 0 0 1 1
122650 to 122750 1 0 0 0 1 1 0 0 0 0 1
122750 to 122850 1 0 0 0 0 1 0 (] 0 0 1
122850 to 122950 1 0 0 0 0 1 0 0 0 1 1
122950 to 123050 1 0 0 0 0 1 0 0 0 1 0
123050 to 123150 1 0 0 0 0 1 0 0 1 1 0
123150 to 123250 1 0 0 0 0 1 0 0 1 0 0
123250 to 123350 1 0 0 0 0 1 0 1 1 0 0
123350 to 123450 1 0 0 0 0 1 0 1 1 1 0
123450 to 123550 1 0 0 0 0 1 0 1 0 1 0
123550 to 123650 1 0 0 0 0 1 0 1 0 1 1
123650 to 123750 1 0 0 0 0 1 1] 1 0 0 1
123750 to 123850 1 0 0 0 0 1 1 1 0 0 1
123850 to 123950 1 0 0 0 0 1 1 1 0 1 1
123950 to 124050 1 0 0 0 0 1 1 i 0 1 0
124050 to 124150 i 0 0 0 0 1 1 1 1 1 0
124150 to 124250 1 0 0 0 0 1 1 1 1 0 0 J
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PULSE POSITIONS
RANGE (0 or 1 in a pulse position denotes
absence or presence of a pulse, respectively)

e D, D A A A B B B | C G G
124250 to 124350 1 0 0 0 0 1 1 0 1 0 0
124350 to 124450 1 0 0 0 0 1 1 0 1 1 0
124450 to 124550 1 0 0 0 0 1 1 0 0 1 0
124550 to 124650 1 0 0 0 0 1 1 0 0 1 1
124650 to 124750 1 0 0 0 0 1 1 0 0 0 1
124750  to 124850 1 0 0 0 0 0 1 0 0 0 1
124850 to 124950 1 0 0 0 0 0 1 0 0 1 I
124950 to 125050 1 0 0 0 0 0 1 0 0 1 0
125050 to 125150 1 0 0 0 0 0 l 0 1 1 0
125150 to 125250 1 0 0 0 0 0 1 0 I 0 0
125250 to 125350 1 0 0 0 0 0 1 1 1 0 0
125350 to 125450 1 0 0 0 0 0 1 1 1 1 0
125450 to 125550 1 0 0 0 0 0. 1 1 0 1 0
125550 to 125650 1 0 0 0 0 0 1 1 0 1 1
125650 to 125750 1 0 0 0 0 0 1 1 0 0 1
125750 to 125850 1 0 0 0 0 0 0 I 0 0 1
125850 to 125950 1 0 0 0 0 0 0 1 0 1 1
125950 to 126050 1 0 0 0 0 0 0 1 0 1 0
126050 to 126150 I 0 0 0 0 0 0 1 1 I 0
126 150 to 126 250 1 0 0 0 0 0 0 1 1 0 0
126250 to 126350 1 0 0 0 0 0 0 0 1 0 0
126350 to 126450 1 0 0 0 0 0 0 0 1 1 0
126450 to 126550 1 0 0 0 0 0 0 0 0 1 0
126 550 to 126 650 1 0 0 0 0 0 0 0 0 1 1
126 650 to 126750 1 0 0 0 0 0 0 0 0 0 I
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CHAPTER 4. AIRBORNE COLLISION AVOIDANCE SYSTEM

Note 1.— Guidance material relating to the airborne collision avoidance system is contained in the Attachment.

Note 2.— 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.

4.1 DEFINITIONS RELATING TO
AIRBORNE COLLISION AVOIDANCE SYSTEM

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 1 is not intended for international implementation and standardization by ICAO. Therefore, only ACAS I
characteristics required to ensure compatible operation with other ACAS configurations and interference limiting are defined
ind.2.

ACAS II. An ACAS which provides vertical resolution advisories (RAs) in addition to traffic advisories (TAs).
ACAS ITI. An ACAS which provides vertical and horizontal resolution advisories (RAs) in addition to traffic advisories (TAs).

ACAS broadcast. A long Mode S air-air surveillance interrogation (UF = 16) with the broadcast address.

Active RAC. An RAC s active if it currently constrains the selection of the RA. RACs that have been received within the last
six seconds and have not been explicitly cancelled are active.

Altitude crossing RA. A resolution advisory is altitude crossing if own ACAS aircraft is currently at least 30 m (100 ft) below
or above the threat aircraft for upward or downward sense advisories, respectively.

Climb RA. A positive RA recommending a climb but not an increased climb.

Closest approach. The occurrence of minimum range between own ACAS aircraft and the intruder. Thus range at closest
approach is the smallest range between the two aircraft and time of closest approach is the time at which this occurs.

Coordination. The process by which two ACAS-equipped aircraft select compatible resolution advisories (RAs) by the
exchange of resolution advisory complements (RACs).

Coordination interrogation. A Mode S interrogation (uplink transmission) radiated by ACAS I or III and containing a
resolution message.

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 II or III installation.

Corrective RA. A resolution advisory that advises the pilot to deviate from the current flight path.
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Cycle. The term “cycle” used in this chapter refers to one complete pass through the sequence of functions executed by
ACAS 11 or ACAS III, nominally once a second.

Descend RA. A positive RA recommending a descent but not an increased descent.
Established track. A track generated by ACAS air-air surveillance that is treated as the track of an actual aircraft.

Increased rate RA. A resolution advisory with a strength that recommends increasing the altitude rate to a value exceeding that
recommended by a previous climb or descend RA.

Intruder. An SSR transponder-equipped aircraft within the surveillance range of ACAS for which ACAS has an established
track.

Own aircraft. The aircraft fitted with the ACAS that is the subject of the discourse, which ACAS is to protect against possible
collisions, and which may enter a manoeuvre in response to an ACAS indication.

Positive RA. A resolution advisory that advises the pilot either to climb or to descend (applies to ACAS II).

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
aircraft. The warning time provided against a potential threat is sufficiently small that a traffic advisory (TA) is justified

but not so small that a resolution advisory (RA) would be justified.

Preventive RA. A resolution advisory that advises the pilot to avoid certain deviations from the current flight path but does not
require any change in the current flight path.

RA sense. The sense of an ACAS II RA is “upward” if it requires climb or Jimitation 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 below some threat(s) and above some other threal(s).

Resolution advisory (RA). An indication given to the flight crew recommending:
a) a manoeuvre intended to provide separation from all threats; or
b) a manoeuvre restriction intended to maintain existing separation.

Resolution advisory complement (RAC). Information provided by one ACAS to another via a Mode S interrogation in order to
ensure complementary manoeuvres by restricting the choice of manoeuvres available to the ACAS receiving the RAC.

Resolution advisory complements record (RAC record). A composite of all currently active vertical RACs (VRCs) and
horizontal RACs (HRCs) that have been received by ACAS. This information is provided by one ACAS to another ACAS
or to a Mode S ground station via a Mode S reply.

Resolution advisory strength. The magnitude of the manoeuvre indicated by the RA. An RA may take on several successive
strengths before being cancelled. Once a new RA strength is issued, the previous one automatically becomes void.

Resolution message. The message containing the resolution advisory complement (RAC).

Reversed sense RA. A resolution advisory that has had its sense reversed.
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Sensitivity level (S). An integer defining a set of parameters used by the 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.

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 aircraft. The warning
time provided against a threat is sufficiently small that an RA is justified.

Track. A sequence of at least three measurements representing positions that could reasonably have been occupied by an
aircraft.

Traffic advisory (TA). An indication given to the flight crew that a certain intruder is a potential threat.

Vertical speed limit (VSL) RA. A resolution advisory advising the pilot to avoid a given range of altitude rates. A VSL RA can
be either corrective or preventive.

Warning time. The time interval between potential threat or threat detection and closest approach when neither aircraft
accelerates.

4.2 ACAS I GENERAL PROVISIONS AND CHARACTERISTICS
4.2.1  Functional requirements. ACAS I shall perform the following functions:
a) surveillance of nearby SSR transponder-equipped aircraft; and

b) provide indications to the flight crew identifying the approximate position of nearby aircraft as an aid to visual
acquisition.

Note.-— ACAS 1 is intended to operate using Mode A/C interrogations only. Furthermore, it does not coordinate with other
ACAS. Therefore, a Mode S transponder is not required as a part of an ACAS I installation.

4.2.2  Signal format. The RF characteristics of all ACAS I signals shall conform to the provisions of Chapter 3, 3.1.1.1
through 3.1.1.6 and 3.1.2.1 through 3.1.2.4.
4.2.3 Interference control

4.23.1 Maximum radiated RF power. The effective radiated power of an ACAS T transmission at 0 degree elevation
relative to the longitudinal axis of the aircraft shall not exceed 24 dBW.

4.2.3.2  Unwanted radiated power, When ACAS I is not transmitting an interrogation, the effective radiated power in any
direction shall not exceed —70 dBm.

Note.— This requirement is to ensure that, when not transmitting an intervogation, ACAS I does not radiate RF energy that
could interfere with, or reduce the sensitivity of, the SSR transponder or radio equipment in other nearby aircrafi or ground

Jacilities.

4.23.3  Interference limiting. Each ACAS I interrogator shall control its interrogation rate or power or both in all SSR
modes to minimize interference effects (4.2.3.3.3 and 4.2.3.34).
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Note— These limits are a means of ensuring that all interference effects resulting from these interrogations. together with
the interrogations firom all other ACAS I, ACAS 1] and ACAS 11l interrogators in the vicinity are kept to a low level.

4233.1 Determination of own transponder reply rate. ACAS 1 shall monitor the rate that own transponder replies to
interrogations to ensure that the provisions in 4.2.3.3.3 are met.

42332 Determination of the number of ACAS II and ACAS III interrogators. ACAS 1 shall count the number of
ACAS 11 and ACAS TII interrogators in the vicinity to ensure that the provisions in 4.2.3.3.3 or 4.2.3.3.4 are met. This count
shall be obtained by monitoring ACAS broadcasts (UF = 16), (4.3.7.1.2.4) and shall be updated as the number of distinct ACAS
aircraft addresses received within the previous 20-s period ata nominal frequency of at least 1 Hz.

42333 Mode A/C ACAS I interference limits. The interrogator power shall not exceed the following limits:

Ky
Upper limit for {2 P,(K)}

k=1
T If£, <240 If£,>240
0 250 118
1 250 113
2 250 108
3 250 103
4 250 98
5 250 94
6 250 89
7 250 84
8 250 79
9 250 74
10 245 70
11 228 65
12 210 60
13 193 55
14 175 50
15 158 45
16 144 41
17 126 36
18 109 31
19 91 26
20 74 21
21 60 17
>22 42 12
where:
n, = number of operating ACAS II and ACAS III equipped aircraft near own (based on ACAS broadcasts received
with a transponder receiver threshold of =74 dBm);
{} = average value of the expression within the brackets over last 8 interrogation cycles;
P.k) = peak power radiated from the antenna in all directions of the pulse having the largest amplitude in the group of

pulses comprising a single interrogation during the k&th Mode A/C interrogationina 1 s interrogation cycle. W;
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k = index number for Mode A/C interrogations, k=1, 2...., k,;
k, = number of Mode A/C interrogations transmitted in a 1 s interrogation cycle;
b = Mode A/C reply rate of own transponder.

4.2.33.4 Mode S ACAS I interference limits. An ACAS 1 that uses Mode S interrogations shall not cause greater
interference effects than an ACAS I using Mode A/C interrogations only.

4.3 GENERAL PROVISIONS RELATING TO ACAS II AND ACAS I
Note 1.— The acronvm ACAS is used in this section to indicate either ACAS II or ACAS I11.
Note 2.— Carriage requirements for ACAS equipment are addressed in Annex 6, Part I, Chapter 6.

Note 3.— The term “equipped threat” is used in this section to indicate a threat fitted with ACAS II or ACAS 111,

4.3.1 Functional requirements

4.3.1.1 ACAS functions. ACAS shall perform the following functions:

a) surveillance;

b) generation of TAs;

c) threat detection:

d) generation of RAs;

e) coordination; and

f) communication with ground stations.
The equipment shall execute functions b) through e) on each cycle of operation.

Note.— Certain features of these functions must be standardized to ensure that ACAS units cooperate satisfactorily with
other ACAS units, with Mode S ground stations and with the ATC system. Each of the features that are standardized is

discussed below. Certain other features are given herein as recommendations.

4.3.1.1.1  The duration of a cycle shall not exceed 1.2 s.

4.3.2  Surveillance performance requirements

43.2.1 General surveillance requirements. ACAS shall interrogate SSR Mode A/C and Mode S transponders in other
aircraft and detect the transponder replies. ACAS shall measure the range and relative bearing of responding aircraft. Using
these measurements and information conveyed by transponder replies, 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.
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432.1.1 Track establishment probability. 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:

a) the elevation angles of these aircraft are within 10 degrees relative to the ACAS aircraft pitch plane;

b) the magnitudes of these aircraft’s rates of change of altitude are less than or equal to 51 m/s (10 000 ft/min);

¢) the transponders and antennas of these aircraft meet the Standards of Chapter 3, 3.1.1 and 3.1.2;

d) the closing speeds and directions of these aircraft, the local density of SSR transponder-equipped aircraft and the

number of other ACAS interrogators in the vicinity (as determined by monitoring ACAS broadcasts, 43.7.1.2.4)

satisfy the conditions specified in Table 4-1; and

e¢) the minimum slant range is equal to or greater than 300 m (1 000 ft).

Table 4-1. ACAS design assumptions

Conditions Performance
Quadrant
Forward l Side Back Maxinun traffic density Maximum number
] ] of other ACAS

Maximum closing speed aircraft/ aircraft/ within 56 km Probability
m/s kt m/s kt m/s kt fern” NM (30 NM) of success
260 500 \ 150 300 93 180 0.087 0.30 30 0.9
620 1200 390 750 220 430 0.017 0.06 30 0.9

Note.— Table 4-1 shows the design assumption upon which the development of ACAS was based. Operational experience
and simulation show that ACAS provides adequate surveillance for collision avoidance even when the maximum number of
other ACAS within 56 km (30 NM) is somewhat higher than that shown in Table 4-1. Future ACAS designs will take account of
current and expected ACAS densities.

432.1.1.1 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 is exceeded.

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
(Chapte 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).

432.1.1.3 Recommendation.— ACAS should achieve the required tracking performance when the average SSR Mode
A/C asynchronous reply rate from transponders in the vicinity of the ACAS aircraft is 240 replies per second and when the peak

interrogation rate received by the individual transponders under surveillance is 500 per second.

Note.— The peak interrogation rate mentioned above includes interrogations from all sources.
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43.2.1.2

False track probabilirv. 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 10, For an established Mode S track this probability shal] be less
than 10°°. These limits shall not be exceeded in any traffic environment,

43213 RANGE AND BEARING ACCURACY

4.3.2.1.3.1 Range shall be measured with a resolution of 14.5 m (/128 NM) or better.

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. n addition, such relative bearing information has been found useful in threat detection, where it can indicate
that an intruder is o threat. However, this accuracy is not sufficient as a basis Jor horizontal RAs, nor Is it sufficient for reliable
predictions of horizontal miss distance.

4322 INTERFERENCE CONTROL

43221 Maxinum radiated RF power. The effective radiated power of an ACAS transmission at 0 degree elevation
relative to the longitudinal axis of the aircraft shall not exceed 27 dBW.

432211 Unwanted radiated power. When ACAS is not transmitting an interrogation, the effective radiated power in
any direction shall not exceed —~70 dBm.

43222 Interference limiting. Each ACAS interrogator operating below a pressure-altitude of 5 490 m (18 000 ft) shall
control its interrogation rate or power or both so as to conform with specific inequalities (43.2.2.22).

432222  4c4s interference limiting inequalities, ACAS shall adjust its interrogation rate and interrogation power
such that the following three inequalities remain true, except as provided in 4322221,

;. a
\ p(z)] o 280 11
= rimum 5 1
{;[250 V< minimun n o )
i
> m(i)} <0.01 )
i=1
kl P
{é;z"T(g)} <mir1imum[l fia ,BJ (3)

The variables in these inequalities shall be defined ag follows:

i = number of interrogations (Mode A/C and Mode S) transmitted in a | s interrogation cycle;
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e
i —  index number for Mode A/C and Mode S interrogations. i = 1, AN

a = the minimum of o} calculated as 1/4 [my/nc] subject o the special conditions given below and o, calculated as
Logio [na/ms) / Logro 25, where 11, and n.are defined as the number of operating ACAS Il and ACASI equipped
aircraft (airborne or on the ground) within 11.2 km (6 NM) and 5.6 km (3 NM) respectively, of own ACAS

(based on ACAS surveillance). ACAS aircraft operating at of below a radio altitude of 610 m (2 000 ft) AGL
shall include both airborne and on-ground ACAS Il and ACAS I1I aircraft in the value for n, and 7. Otherwise,
ACAS shall include only airborne ACAS 1l and ACAS 111 aircraft in the value for np and n,. The value ofais
further constrained to a minimum of 0.5 and a maximum of 1.0.

In addition;

IF [(mp< 1) OR (n, > 4nc) OR (1, <4 AND n.<2 AND n,> 25)] THEN o = 1.0,

IF [(n.> 2) AND (> 2 1) AND (n,< 40)] THEN o, = 0.5;

p@) = peak power radiated from the antenna in all directions of the pulse having the largest amplitude in the group of
pulses comprising a single interrogation during the ith interrogation in a 1 s interrogation cycle, W,

m(i) = duration of the mutual suppression interval for own transponder associated with the ith interrogation in a 1
interrogation cycle, s;

B = beam sharpening factor (ratio of 3 dB beam width to beamwidth resulting from interrogation side-lobe
suppression). For ACAS interrogators that employ transmitter side-lobe suppression (SLS), the appropriate
beamwidth shall be the extent in azimuth angle of the Mode A/C replies from one transponder as limited by SLS,
averaged over the transponder population;

{} see 4.2.3.3.3

Pa(]() 1

k "

k' "

na 1t

Note.— RA and ACAS broadcasts (4.3.6.2.1 and 4.3.7.1.2.4) are interrogations.

4322221 Transmissions during Rds. All air-to-air coordination interrogations and RA and ACAS broadcasts shall be
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