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FOREWORD

Historical background

Standards and Recommended Practices for Aeronautical Tele-
communications 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 III — 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 Annex 10, Volume III
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 Aero-
nautical Information Service, in addition to the obligation of
States under Article 38 of the Convention.

Promulgation of information. The establishment and with-
drawal 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 import-
ant 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:

1.— 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:
ANNEX 10 — VOLUME III (vii) 5/11/957/11/96
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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.

c) 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;

c) 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 is 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 III

Amendment Source(s) Subject(s)

Adopted
Effective

Applicable

70 Air Navigation Commission, 
Third Meeting of the 
Aeronautical Mobile 
Communications Panel 
(AMCP)

Introduction of new Volume III and SARPs related to the Aeronautical 
Mobile-Satellite Service (AMSS)

20 March 1995
24 July 1995

9 November 1995

71 Air Navigation Commission; 
SP COM/OPS/95 Divisional 
Meeting (1995); fifth meeting 
of the Secondary Surveillance 
Radar Improvements and 
Collision Avoidance Systems 
Panel (SICASP); third meeting 
of the Aeronautical Mobile 
Communications Panel 
(AMCP)

Addition of specifications for the Mode S subnetwork of ATN; 
addition of material relating to the introduction of 8.33 kHz channel 
spacing; changes to material related to the protection of air-ground 
communications in the VHF band; addition of technical specifications 
relating to the RF characteristics for the VHF digital link (VDL).

12 March 1996
15 July 1996

7 November 1996

72 Air Navigation Commission; 
fourth meeting of the 
Aeronautical Mobile 
Communications Panel 
(AMCP)

Introduction of SARPs and guidance material for VHF digital link 
(VDL); definition for VDL and deletion of obsolete material on 
air/ground data interchange.

12 March 1997
21 July 1997

6 November 1997

73 Air Navigation Commission; 
second meeting of the 
Aeronautical 
Telecommunication Network 
Panel (ATNP); sixth meeting of 
the Secondary Surveillance 
Radar Improvements and 
Collision Avoidance Systems 
Panel (SICASP)

Introduction of material relating to the ATN; changes to specifications 
of the Mode S subnetwork.

19 March 1998
20 July 1998

5 November 1998

74 Fifth meeting of the 
Aeronautical Mobile 
Communications Panel 
(AMCP); Air Navigation 
Commission

Introduction of: a) specifications for HF data link; and b) changes to 
the specifications for emergency locator transmitters.

18 March 1999
19 July 1999

4 November 1999

75 Sixth meeting of the 
Aeronautical Mobile 
Communications Panel 
(AMCP); Air Navigation 
Commission

Changes to the AMSS SARPs introducing a new antenna type, a new 
voice channel type and enhanced provisions for interoperability 
among AMSS systems; changes to the VDL SARPs to reduce 
potential interference to current VHF voice communication systems 
caused by VDL transmitters; changes to the VHF voice communi- 
cation SARPs to enhance immunity to interference from VDL 
transmitters on board the same aircraft.

13 March 2000
17 July 2000

2 November 2000

76 Third meeting of the 
Aeronautical Telecommuni-
cation Network Panel (ATNP); 
seventh meeting of the 
Aeronautical Mobile 
Communications Panel 
(AMCP); the Secretariat 
assisted by the ATS Voice 
Switching and Signalling Study 
Group (AVSSSG)

Aeronautical telecommunication network (ATN) system management, 
security and directory services; removal of detailed material relating 
to CIDIN; integrated voice and data link system (VDL Mode 3); data 
link satisfying surveillance applications (VDL Mode 4); deletion of all 
the provisions for VDL Mode 1; removal of the detailed technical 
specifications for VDL Mode 2; aeronautical speech circuits; update 
of references to the ITU Radio Regulations.

12 March 2001
16 July 2001

1 November 2001
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5/11/95 (x)

77 Secondary Surveillance Radar 
Improvements and Collision 
Avoidance Systems Panel 
(SICASP)

Mode S subnetwork (Part I), aircraft addressing system (Part I). 27 February 2002
15 July 2002
28 November 2002

78 Air Navigation Commission Changes to technical specifications relating to radio frequency 
channels; introduction of registration requirement for ELTs;  
incorporation of VDL Modes 3 and 4 in the table of ATN subnetwork 
priorities (Table 3-3); editorial amendments.

5 March 2003
14 July 2003
27 November 2003

79 Eighth meeting of the 
Aeronautical Mobile 
Communications Panel 
(AMCP)

Changes to technical specifications relating to high frequency data 
link (HFDL) to align them with relevant provisions of ITU RR; 
introduction of FM immunity characteristics for VDL Mode 4; 
deletion of the note indicating that VDL Mode 4 SARPs apply to 
surveillance applications.

23 February 2004
12 July 2004
25 November 2004

Amendment Source(s) Subject(s)

Adopted
Effective

Applicable
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CHAPTER 3. AERONAUTICAL
TELECOMMUNICATION NETWORK

3.1 DEFINITIONS

Note 1.— The following definitions were taken from
ISO/IEC 7498-1, Information technology — Open Systems
Interconnection — Basic Reference Model (Reference: ITU-T
Rec. X.200 (1994)) and from ICAO Doc 9705 — Manual of
Technical Provisions for the Aeronautical Telecommunication
Network (ATN).

Note 2.— ICAO Doc 9705 has evolved through multiple
editions. Each sub-volume of that document indicates the
evolution of the provisions between successive editions.

Note 3.— Sub-volume I of ICAO Doc 9705 provides a
cross-reference chart between versions (i.e. embedded software
capabilities) and editions (i.e. technical provisions).

Accounting management. An ATN systems management
facility to monitor users for use of network resources and to
limit the use of those resources.

ADS application. An ATN application that provides ADS data
from the aircraft to the ATS unit(s) for surveillance
purposes.

Aeronautical administrative communication (AAC). Communi-
cation used by aeronautical operating agencies related to the
business aspects of operating their flights and transport
services. This communication is used for a variety of purposes,
such as flight and ground transportation, bookings, deployment
of crew and aircraft or any other logistical purposes that
maintain or enhance the efficiency of over-all flight operation.

Aeronautical operational control (AOC). Communication
required for the exercise of authority over the initiation,
continuation, diversion or termination of flight for safety,
regularity and efficiency reasons.

Aeronautical passenger communication (APC). Communi-
cation relating to the non-safety voice and data services to
passengers and crew members for personal communication.

AIDC application. An ATN application dedicated to
exchanges between ATS units (ATSUs) of air traffic control
(ATC) information in support of flight notification, flight
coordination, transfer of control, transfer of communi-
cation, transfer of surveillance data and transfer of general
data.

Air traffic service. A generic term meaning variously, flight
information service, alerting service, air traffic advisory

service, air traffic control service (area control service,
approach control service or aerodrome control service).

Application. The ultimate use of an information system, as
distinguished from the system itself.

Application entity (AE). Part of an application process that is
concerned with communication within the OSI environ-
ment. The aspects of an application process that need to be
taken into account for the purposes of OSI are represented
by one or more AEs.

Application information. Refers to the application names (e.g.
AE qualifiers such as ADS and CPC), version numbers, and
addresses (the long or short TSAP, as required) of each
application.

ATIS application. A FIS application that supports the D-ATIS.

ATN directory services (DIR). A service which provides the
capability for an application entity or user in the ATN
community to query a distributed directory data base and
retrieve addressing, security and technical capabilities
information relating to other users or entities within the
ATN community.

ATN security services. A set of information security
provisions allowing the receiving end system or
intermediate system to unambiguously identify (i.e.
authenticate) the source of the received information and to
verify the integrity of that information.

ATN systems management (SM). A collection of facilities to
control, coordinate and monitor the resources which allow
communications to take place in the ATN environment.
These facilities include fault management, accounting
management, configuration management, performance
management and security management.

ATSC class. The ATSC class parameter enables the ATSC user
to specify the quality of service expected for the offered
data. The ATSC class value is specified in terms of ATN
end-to-end transit delay at 95 per cent probability.

ATS communications (ATSC). Communication related to air
traffic services including air traffic control, aeronautical and
meteorological information, position reporting and services
related to safety and regularity of flight. This communi-
cation involves one or more air traffic service adminis-
trations. This term is used for purposes of address
administration.
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ATS interfacility data communication (AIDC). Automated
data exchange between air traffic services units, particularly
in regard to co-ordination and transfer of flights.

ATS message handling services (ATSMHS). Procedures used
to exchange ATS messages over the ATN such that the
conveyance of an ATS message is in general not correlated
with the conveyance of another ATS message by the service
provider.

ATS unit (ATSU). A generic term meaning variously, air
traffic control unit, flight information centre or air traffic
services reporting office.

Authentication. A process used to ensure the identity of a
person/user/network entity.

Authorized path. A communication path that the adminis-
trator(s) of the routing domain(s) has pre-defined as
suitable for a given traffic type and category.

Automatic dependent surveillance (ADS). A surveillance
technique in which aircraft automatically provide, via a data
link, data derived from on-board navigation and position-
fixing systems, including aircraft identification, four-
dimensional position, and additional data as appropriate.

Automatic terminal information service (ATIS). The
automatic provision of current, routine information to
arriving and departing aircraft throughout 24 hours or a
specified portion thereof.

Data link-automatic terminal information service (D-ATIS).
The provision of ATIS via data link.

Voice-automatic terminal information service (Voice-ATIS).
The provision of ATIS by means of continuous and
repetitive voice broadcasts.

Configuration management. An ATN systems management
facility for managers to change the configuration of remote
elements.

Context management (CM) application. An ATN application
that provides a log-on service allowing initial aircraft
introduction into the ATN and a directory of all other data
link applications on the aircraft. It also includes function-
ality to forward addresses between ATS units.

Note.— Context management is a recognized OSI
presentation layer term. The OSI use and the ATN use have
nothing in common.

Context management (CM) server. An ATS facility that is
capable of providing application information relating to
other ATSUs to requesting aircraft or ATSUs.

Controller pilot data link communication (CPDLC). A means
of communication between controller and pilot, using data
link for ATC communications.

CPDLC application. An ATN application that provides a
means of ATC data communication between controlling,
receiving or downstream ATS units and the aircraft, using
air-ground and ground-ground subnetworks, and which is
consistent with the ICAO phraseology for the current ATC
voice communication. 

Data integrity. The probability that data has not been altered
or destroyed.

D-METAR. The symbol used to designate data link aviation
weather report service.

End system (ES). A system that contains the OSI seven layers
and contains one or more end user application processes.

End-to-end. Pertaining or relating to an entire communication
path, typically from (1) the interface between the infor-
mation source and the communication system at the
transmitting end to (2) the interface between the communi-
cation system and the information user or processor or
application at the receiving end.

Entity. An active element in any layer which can be either a
software entity (such as a process) or a hardware entity
(such as an intelligent I/O chip).

Fault management. An ATN systems management facility to
detect, isolate and correct problems.

FIS application. An ATN application that provides to aircraft
information and advice useful for the safe and efficient
conduct of flights.

Flight information service (FIS). A service provided for the
purpose of giving advice and information useful for the safe
and efficient conduct of flights.

Inter-centre communications (ICC). ICC is data communi-
cation between ATS units to support ATS, such as notifi-
cation, coordination, transfer of control, flight planning,
airspace management and air traffic flow management.

Intermediate system (IS). A system which performs relaying
and routing functions and comprises the lowest three layers
of the OSI reference model.

Internet communications service. The internet communi-
cations service is an internetwork architecture which allows
ground, air-to-ground and avionics data subnetworks to
interoperate by adopting common interface services and
protocols based on the ISO/OSI reference model.

METAR application. A FIS application that supports the
D-METAR.
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Open systems interconnection (OSI) reference model. A
model providing a standard approach to network design
introducing modularity by dividing the complex set of
functions into seven more manageable, self-contained,
functional layers. By convention these are usually depicted
as a vertical stack.

Note.— The OSI reference model is defined by ISO/IEC
7498-1.

Performance management. An ATN systems management
facility to monitor and evaluate the performance of the
systems.

Security management. An ATN systems management facility
for access control, authentication and data integrity.

Subnetwork. An actual implementation of a data network that
employs a homogeneous protocol and addressing plan and
is under control of a single authority.

System level requirement. The system level requirement is a
high-level technical requirement that has been derived from
operational requirements, technological constraints and
regulatory constraints (administrative and institutional). The
system level requirements are the basis for the functional
requirements and lower-level requirements.

Transit delay. In packet data systems, the elapsed time
between a request to transmit an assembled data packet and
an indication at the receiving end that the corresponding
packet has been received and is ready to be used or
forwarded.

Upper layers (UL) communications service. A term pertaining
to the session, presentation and application layers of the
OSI reference model.

3.2 INTRODUCTION

3.2.1 The aeronautical telecommunication network (ATN)
comprises application entities and communication services
which allow ground, air-to-ground and avionics data
subnetworks to interoperate by adopting common interface
services and protocols based on the International Organization
for Standardization (ISO) open systems interconnection (OSI)
reference model. The conceptual model of the ATN is shown
in Figure 3-1.*

3.2.2 The ATN and the associated application processes
have been designed in support of the communications,
navigation, surveillance and air traffic management
(CNS/ATM) systems. The ATN:

a) is specifically and exclusively intended to provide data
communications services to air traffic service provider
organizations and aircraft operating agencies supporting
the following types of communications traffic:

1) air traffic services communication (ATSC);

2) aeronautical operational control (AOC);

3) aeronautical administrative communication (AAC);
and

4) aeronautical passenger communication (APC);

b) provides, in a manner transparent to the user, a reliable
end-to-end communications service essential to support
the provision of safe and efficient air traffic services,
between:

1) airborne systems and ground systems; and

2) multiple ground systems;

c) provides a data communication service which is capable
of meeting the security and safety requirements of the
users;

d) is based on internationally recognized data communi-
cations standards which will facilitate the development
of compliant systems and encourage the competitive
provision of network services;

e) accommodates differing types/categories/classes of service
(including preferred/selected air-ground subnetwork)
required by the various applications;

f) defines an architecture that enables the integration of
public and private subnetworks, both air-ground and
ground-ground. This allows the use of existing/planned
infrastructure and network technologies, as well as
giving implementors the freedom to scale the network to
meet the increasing needs of the users; and

g) efficiently uses the bandwidth limited air-ground sub-
networks and consequently reduces the associated costs.

3.2.3 The ATN applications presently defined have been
developed to provide aeronautical communication, surveil-
lance, and information services. These applications are
intended to support the following air traffic management
services:* All figures are located at the end of this chapter.
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a) air traffic services (ATS);

1) air traffic control service;

2) flight information service (FIS); and

3) alerting service.

b) air traffic flow management (ATFM); and

c) airspace management.

3.2.4 This chapter contains broad and general provisions
for the ATN. The detailed technical provisions are found in
Doc 9705. The remainder of this chapter is organized to
address the following requirements and functions:

a) general;

b) system level requirements;

c) ATN applications requirements;

d) ATN communications service requirements;

e) ATN naming and addressing;

f) ATN systems management requirements; and

g) ATN security requirements.

3.3 GENERAL

3.3.1 The aeronautical telecommunication network (ATN)
shall provide data communication services and application
entities in support of:

a) the delivery of air traffic services (ATS) to aircraft;

b) the exchange of ATS information between ATS units;
and

c) other applications such as aeronautical operational
control (AOC) and aeronautical administrative communi-
cation (AAC).

Note 1.— Provisions have been made to accommodate the
exchange of information such as weather, flight plans, notices
to airmen and dynamic real time air traffic flow management
between aircraft operating agencies’ ground-based systems
and ATS units.

Note 2.— Provisions have also been made to accommodate
aeronautical passenger communication (APC).

3.3.2 When the ATN is used in support of air traffic
services, it shall conform with the provisions of this chapter.

3.3.3 Requirements for use of the ATN shall be made on
the basis of regional air navigation agreements.

3.3.4 Recommendation.— Civil aviation authorities
should co-ordinate, with national authorities and aeronautical
industry, those implementation aspects of the ATN which will
permit its world-wide safety, interoperability and efficient use,
as appropriate.

3.4 SYSTEM LEVEL REQUIREMENTS

Note.— The system level requirements are high-level
technical requirements that have been derived from oper-
ational requirements, technological constraints and regulatory
constraints (administrative and institutional). These system
level requirements are the basis for the functional require-
ments and lower-level requirements.

3.4.1 The ATN shall use International Organization for
Standardization (ISO) communication standards for open
systems interconnection (OSI).

3.4.2 The ATN shall provide a means to facilitate
migration to future versions of application entities and/or the
communication services.

Note.— It is an objective that the evolution towards future
versions facilitates the backward compatibility with previous
versions.

3.4.3 The ATN shall enable the transition of existing
AFTN/CIDIN users and systems into the ATN architecture.

Note.— The transition from the AFTN or from the CIDIN to
the ATN is handled by AFTN/AMHS and CIDIN/AMHS
gateways respectively, which are defined in Doc 9705,
Sub-volume III.

3.4.4 The ATN shall make provisions whereby only the
controlling ATS unit may provide ATC instructions to aircraft
operating in its airspace.

Note.— This is achieved through the current and next data
authority aspects of the controller-pilot data link communi-
cations (CPDLC) application entity.

3.4.5 The ATN shall accommodate routing based on a
pre-defined routing policy.

3.4.6 The ATN shall provide means to define data
communications that can be carried only over authorized paths
for the traffic type and category specified by the user.

3.4.7 The ATN shall offer ATSC classes in accordance
with the criteria in Table 3-1.*

* All tables are located at the end of this chapter.
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Note 1.— When an ATSC class is specified by an ATN
application, packets will be forwarded in the ATN internet
communications service on a best effort basis. Best effort basis
means that when a route is available of the requested ATSC
class, the packet is forwarded on that route. When no such
route is available, the packet will be forwarded on the first
known route of the ATSC class higher than that requested, or
if there is no such route, first known route of the ATSC class
lower than that requested.

Note 2.— The ATN communications service will not inform
application entities if the requested ATSC class was not
achieved. It is the responsibility of the application entity to
determine the actual transit delay achieved by local means
such as time stamping.

3.4.8 The ATN shall operate in accordance with the
communication priorities defined in Table 3-2 and Table 3-3.

3.4.9 The ATN shall enable exchange of application
information when one or more authorized paths exist.

3.4.10 The ATN shall notify the appropriate application
processes when no authorized path exists.

3.4.11 The ATN shall provide means to unambiguously
address all ATN end and intermediate systems.

3.4.12 The ATN shall enable the recipient of a message to
identify the originator of that message.

3.4.13 The ATN addressing and naming plans shall allow
States and organizations to assign addresses and names within
their own administrative domains.

3.4.14 The ATN shall support data communications to
fixed and mobile systems.

3.4.15 The ATN shall accommodate ATN mobile sub-
networks as defined in this Annex.

3.4.16 The ATN shall make provisions for the efficient
use of limited bandwidth subnetworks.

3.4.17 The ATN shall enable an aircraft intermediate
system to be connected to a ground intermediate system via
concurrent mobile subnetworks.

3.4.18 The ATN shall enable an aircraft intermediate
system to be connected to multiple ground intermediate systems.

3.4.19 The ATN shall enable the exchange of address
information between application entities.

3.4.20 The ATN shall support the context management
(CM) application when any of the other air-ground appli-
cations are supported.

3.4.21 The ATN shall be capable of establishing, main-
taining, releasing and aborting peer-to-peer application
associations for the context management (CM) application.

3.4.22 The ATN shall be capable of establishing, main-
taining, releasing and aborting peer-to-peer application
associations for the automatic dependent surveillance (ADS)
application.

3.4.23 The ATN shall be capable of establishing, main-
taining, releasing and aborting peer-to-peer application associ-
ations for the controller-pilot data link communications
(CPDLC) application.

3.4.24 The ATN shall be capable of establishing, main-
taining, releasing and aborting peer-to-peer application
associations for the automatic terminal information service
(ATIS) application.

3.4.25 The ATN shall be capable of establishing, main-
taining, releasing and aborting application associations for the
ATS message handling services (ATSMHS) application.

3.4.26 The ATN shall be capable of establishing, main-
taining, releasing and aborting peer-to-peer application associ-
ations for the ATS interfacility data communication (AIDC)
application.

3.4.27 Where the absolute time of day is used within the
ATN, it shall be accurate to within 1 second of coordinated
universal time (UTC).

Note.— A time accuracy value may result in
synchronization errors of up to two times the stated accuracy
value.

3.4.28 The end system shall make provisions to ensure
that the probability of not detecting a 255-octet message being
mis-delivered, non-delivered or corrupted by the internet com-
munication service is less than or equal to 10–8 per message.

Note.— It is assumed that ATN subnetworks will ensure
data integrity consistent with this system level requirement.

3.4.29 ATN end systems supporting ATN security
services shall be capable of authenticating the identity of peer
end systems, authenticating the source of application messages
and ensuring the data integrity of the application messages.

Note.— Application messages in this context include
messages related to ATS, systems management and directory
services.

3.4.30 ATN ground and air-ground boundary intermediate
systems supporting ATN security services shall be capable of
authenticating the identity of peer boundary intermediate
systems, authenticating the source of routing information and
ensuring the data integrity of routing information. 
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3.4.31 The ATN shall be capable of establishing, main-
taining, releasing and aborting peer-to-peer application associ-
ations for the exchange of directory information.

3.4.32 ATN systems supporting ATN systems
management shall facilitate enhanced continuity of ATN
operations, including the monitoring and maintenance of the
quality of the communications service.

3.4.33 The ATN shall be capable of establishing, main-
taining, releasing and aborting peer-to-peer application associ-
ations for the systems management (SM) application.

3.4.34 The ATN shall be capable of establishing,
maintaining, releasing and aborting peer-to-peer application
associations for the aviation routine weather report service
(METAR) application.

3.5 ATN APPLICATIONS REQUIREMENTS

Note 1.— Implementation of ATN application(s) within a
State or region does not imply implementation of all of the
ATN applications defined below.

Note 2.— The implementation of pre-defined subsets of the
ATN application technical provisions are allowed as detailed
in Doc 9705.

3.5.1 System applications

Note.— System applications provide services that are
necessary for operation of the ATN air-ground applications,
ground-ground applications and/or ATN communication
services.

3.5.1.1 CONTEXT MANAGEMENT (CM)
APPLICATION

Note.— The CM application provides the capability for an
aircraft to log on with an ATS ground system; in some
instances the ground system will request the aircraft to contact
a specific ground system. Once an appropriate connection is
established, CM provides for the exchange of information on
each supported ATN application including the network address
of each, as appropriate. For ATN systems supporting security
services, CM also obtains and exchanges key and key usage
information. CM also provides the capability to update log-on
information and the capability for an ATS ground system to
forward log-on information to another ATS ground system. The
registration function of the CM allows the sharing of
information with other applications on the ground or on the
aircraft.

3.5.1.1.1 The ATN shall be capable of supporting the
following CM application functions:

a) log-on;

b) contact;

c) update;

d) CM server query;

e) CM server update;

f) ground forwarding; and

g) registration.

Note.— The technical provisions for the CM application
are defined in Doc 9705, Sub-volume II.

3.5.1.2 ATN DIRECTORY SERVICES (DIR)

3.5.1.2.1 The ATN shall be capable of supporting the
following DIR application functions:

a) directory bind;

b) directory information retrieval; and

c) directory information change.

Note 1.— The ATN Directory Service provides a capability
for an application or user to query a distributed directory data
base and to retrieve addressing, security and technical
capabilities information. Directory Service provides a
capability to special, authorized users to add, delete and
modify parts of the directory data base for which they are
responsible. The Directory Service is offered over the ATN to
all applications and users complying with the technical
provisions of Doc 9705, Sub-volume VII .

Note 2.— Directory bind is the function of establishing an
association between two directory components that support
other directory functions. Directory bind sets up the appli-
cation contexts and underlying communications connections
for use in other directory functions.

3.5.1.3 OTHER SYSTEM APPLICATIONS

(to be developed)

3.5.2 Air-ground applications 

Note.— The ground components of air-ground applications
include functionality to support the forwarding of the contents
of air-to-ground messages along ground-ground communi-
cations paths.
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3.5.2.1 AUTOMATIC DEPENDENT

SURVEILLANCE (ADS) APPLICATION

Note.— The ADS application comprises an airborne and
ground component. The airborne ADS application component
is capable of automatically providing, via the ATN
communications service, to the ground component data
derived from on-board navigation systems (e.g. aircraft
identification, four-dimensional position, intent, and
additional data as appropriate). The ADS application provides
service based on contracts established between its air and
ground components (i.e. demand contract, periodic contract,
event contract and emergency contract) and between two ADS
ground components (i.e. forward contract).

3.5.2.1.1 The ATN shall be capable of supporting the
following ADS application functions:

a) demand contracts;

b) periodic contracts;

c) event contracts;

d) emergency contracts; and

e) forward contracts.

Note.— The technical provisions for the ADS application
are defined in Doc 9705, Sub-volume II.

3.5.2.2 CONTROLLER-PILOT DATA LINK

COMMUNICATIONS (CPDLC) APPLICATION

Note.— The CPDLC application, comprising an airborne
and ground component, provides capability for data link
communications between ATS units and aircraft under their
control and/or aircraft about to come under their control. The
CPDLC application has the capability to establish, manage,
and terminate CPDLC dialogues for controller-pilot message
exchange and for ground message forwarding. 

3.5.2.2.1 The ATN shall be capable of supporting the
following CPDLC application functions:

a) controller-pilot message exchange;

b) transfer of data authority;

c) downstream clearance; and

d) ground forward.

Note.— The technical provisions for the CPDLC
application are defined in Doc 9705, Sub-volume II.

3.5.2.3 FLIGHT INFORMATION SERVICE (FIS)
APPLICATIONS

Note.— FIS applications provide flight information services
to airspace users from ground FIS systems.

3.5.2.3.1 AUTOMATIC TERMINAL INFORMATION SERVICE 
3.5.2.3.1 (ATIS) APPLICATION

3.5.2.3.1.1 The ATN shall be capable of supporting the
following ATIS application functions:

a) aircraft-initiated FIS demand contracts;

b) aircraft-initiated FIS update contracts; and

c) both an aircraft- and ground-initiated FIS cancellation of
contracts.

Note.— The technical provisions for the ATIS application
are defined in Doc 9705, Sub-volume II.

3.5.2.3.2 AVIATION ROUTINE WEATHER REPORT SERVICE 
3.5.2.3.2 (METAR) APPLICATION

3.5.2.3.2.1 The ATN shall be capable of supporting the
METAR application function for aircraft-initiated FIS demand
contracts.

Note.— The technical provisions for the METAR
application are defined in Doc 9705, Sub-volume II.

3.5.2.3.3 OTHER FIS APPLICATIONS

(to be developed)

3.5.2.4 OTHER AIR-GROUND APPLICATIONS

(to be developed)

3.5.3 Ground-ground applications

Note.— Ground-ground applications are defined as those
ATN applications resident in ground-based systems which
solely exchange information with peer applications also
resident in ground-based systems.

3.5.3.1 INTER-CENTRE COMMUNICATIONS (ICC)

Note.— The inter-centre communications applications set
enables the exchange of information between air traffic service
units.
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3.5.3.1.1 ATS INTERFACILITY DATA COMMUNICATION (AIDC)

Note.— AIDC is an ATN application that is used by two air
traffic service units to enable the exchange of ATS information
for active flights related to flight notification, flight
coordination, transfer of control, surveillance data and free
(i.e. unstructured) text data.

3.5.3.1.1.1 The ATN shall be capable of supporting the
following AIDC application functions:

a) flight notification;

b) flight coordination;

c) transfer of control;

d) transfer of communications;

e) transfer of surveillance data; and

f) transfer of general data.

Note.— The technical provisions for the AIDC application
are defined in Doc 9705, Sub-volume III.

3.5.3.2 ATS MESSAGE HANDLING SERVICES

 (ATSMHS) APPLICATION

Note.— The ATS message handling services (ATSMHS)
application comprises a main function named the ATS message
service function. The ATS message service function enables
ATS messages to be exchanged between service users through
the provision of generic message services. The ATSMHS
application includes the definition of AFTN/ATN and
CIDIN/ATN gateways.

3.5.3.2.1 The ATN shall be capable of supporting the ATS
message service of the ATS message handling services
application (ATSMHS).

Note.— The technical provisions for the ATSMHS
application are defined in Doc 9705, Sub-volume III.

3.5.3.3 OTHER GROUND-GROUND APPLICATIONS

(to be developed)

3.6 ATN COMMUNICATION SERVICE 
REQUIREMENTS

Note.— The ATN communication service requirements
define the requirements for layers 3 through 6, as well as part
of layer 7, of the OSI reference model. These services take
information produced by one of the individual ATN
applications and perform the end-to-end communication

service using standard protocols. These communication
service requirements are divided into two parts. The upper
layer communications service defines the standards for layers
5 through 7. The Internet communications service defines
standards for layers 3 and 4. The requirements for layers 1
and 2 are outside the scope of ATN SARPs.

3.6.1 Upper layer communications service

3.6.1.1 The upper layer communications service shall
include the:

a) session layer;

b) presentation layer;

c) application entity structure;

d) association control service element (ACSE);

e) security application service object (ASO), for ATN
systems supporting security services; and

f) control function (CF).

Note 1.— The technical provisions for the upper layer
communications service for all ATN applications, except the
ATS message service function of the ATSMHS application, are
defined in Doc 9705, Sub-volume IV.

Note 2.— The technical provisions for the upper layer
communications service for the ATS message service function
of the ATSMHS application are defined in Doc 9705,
Sub-volume III.

3.6.2 ATN Internet
communications service

Note.— The ATN Internet communications service
requirements are applicable to the end system and
intermediate system functional entities which together provide
the ATN Internet communications service. The ATN Internet
communications service is provided to its user (i.e. the upper
layers) via the transport layer service interface.

3.6.2.1 An ATN end system (ES) shall be capable of
supporting the ATN Internet including the:

a) transport layer; and

b) network layer.

3.6.2.2 An ATN intermediate system (IS) shall support
the ATN network layer provisions as appropriate to the class of
ATN IS under consideration.
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Note.— A number of different classes of ATN intermediate
systems for which network layer profiles are defined are
contained in Doc 9705, Sub-volume V.

3.7 ATN NAMING AND ADDRESSING 
REQUIREMENTS

Note.— The ATN naming and addressing scheme supports
the principles of unambiguous identification of information
objects and global address standardization.

3.7.1 The ATN shall provide provisions for application
entity naming.

3.7.2 The ATN shall provide provisions for network and
transport addressing.

Note.— The technical provisions for ATN application entity
naming are defined in Doc 9705, Sub-volume IV, the provisions
for network and transport addressing are defined in
Sub-volume V, and the provisions for registration services are
defined in Sub-volume IX of the same document.

3.8 ATN SYSTEMS MANAGEMENT 
REQUIREMENTS

Note 1.— The ATN systems management (SM) application
provides the capability for an SM manager to exchange
information with an SM agent and/or another SM manager.

Note 2.— Support for the ATN SM services technical
provisions may be required on a State or regional basis.

3.8.1 The ATN shall be capable of supporting the
following systems management application functions:

a) fault management;

b) configuration management;

c) accounting management;

d) performance management; and

e) security management.

Note.— The technical provisions for ATN Systems
Management are defined in Doc 9705, Sub-volume VI.

3.8.1.1 ATN end systems and intermediate systems that
support the ATN systems management application and SM
managers shall support access to managed objects.

Note.— The SM application managed object definitions and
access provisions are defined in Doc 9705, Sub-volume VI.

3.9 ATN SECURITY REQUIREMENTS

3.9.1 The security of the ATN shall be achieved based on
a combination of technical provisions, local physical security
measures, and procedural security measures.

Note 1.— The technical provisions for ATN security are
defined in Doc 9705, and the physical and procedural security
measures are defined in Annex 17 and the Security Manual.

Note 2.— Support for the ATN security services technical
provisions may be required on a State or regional basis.

3.9.1.1 Recommendation.— The following physical and
procedural techniques should be used to provide security for
ATN end systems, intermediate systems, network managers,
directory servers and subnetworks:

a) restricted physical access to ATN end systems,
intermediate systems, SM workstations, directory
servers and subnetwork switches, network managers,
and other essential network sub-systems;

b) restricted user access to ATN end systems, intermediate
systems, directory servers and SM workstations to only
authorized personnel; and

c) non-use, or restricted use, of remote access to ATN
ground end system, intermediate systems and SM
workstations.

3.9.2 ATN security policy

Note.— Communication monitoring and third party traffic
analysis do not constitute safety hazards and are not
considered security threats for the ATSC. However, some ATS
and/or non-ATS users and applications may have local, or
organizational, policies wherein communication monitoring
and third party traffic analysis would be considered security
threats based on other concerns, such as economic
considerations. 

3.9.2.1 ATS messages shall be protected from
masquerade, modification and replay.

Note 1. — This means that for data messages exchanged
among ATN entities there will be a high level of assurance that
a message comes from where it claims, has not been tampered
with, and is not a repeat of an obsolete message.

Note 2. — The level of protection may vary by the type of
security threat and by the level of ATN security service
selected by the user or application process.

3.9.2.2 A request for protection of ATS messages shall be
honoured.
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Note.— A request for non-use of protection may be
honoured. This means that the use of security is the default
and negotiation to non-use is based on local policy.

3.9.2.3 The ATN services that support messages to and
from the aircraft shall be protected against denial of service
attacks to a level of probability consistent with the required
application service availability as determined by local policies.

Note 1.— The term “denial of service” describes a
condition where legitimate access to information or other ATN
resources is deliberately impeded.

Note 2.— This may mean having alternative communi-
cations paths available in case one path is subject to denial of
service.
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TABLES FOR CHAPTER 3

Table 3-1. Transit delays for ATSC Classes

Maximum one-way ATN
end-to-end transit delay at
95% probability (seconds) ATSC Class

Reserved A

4.5 B

7.2 C

13.5 D

18 E

27 F

50 G

100 H

No value specified no preference

Note 1.— The value for the ATN end-to-end transit delay represents
approximately 90% of the value for the total end-to-end transit delay between the
ultimate users of the system.

Note 2.— The 95% probability is based on the availability of a route
conforming to the requested ATSC class.
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Table 3-2. Mapping of ATN communication priorities

Corresponding protocol priority

Message categories ATN application
Transport layer 

priority
Network layer 

priority

Network/systems management SM 0 14

Distress communications 1 13

Urgent communications 2 12

High-priority flight safety messages CPDLC, ADS 3 11

Normal-priority flight safety messages AIDC, ATIS 4 10

Meteorological communications METAR 5 9

Flight regularity communications CM, ATSMHS 6 8

Aeronautical information service messages 7 7

Network/systems administration SM, DIR 8 6

Aeronautical administrative messages 9 5

<unassigned> 10 4

Urgent-priority administrative and U.N. Charter 
communications 

11 3

High-priority administrative and State/Government 
communications

12 2

Normal-priority administrative communications 13 1

Low-priority administrative communications and 
aeronautical passenger communications

14 0

Note.— The network layer priorities shown in the table apply only to connectionless network priority and do
not apply to subnetwork priority.
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Table 3-3. Mapping of ATN network priority to mobile subnetwork priority

Message categories
ATN network
layer priority

Corresponding mobile subnetwork priority (see Note 4)

AMSS
VDL

Mode 2
VDL 

Mode 3

VDL 
Mode 4 

(see Note 5)
SSR

Mode S HFDL

Network/systems
management

14 14 see Note 1 3 high high 14

Distress communications 13 14 see Note 1 2 high high 14

Urgent communications 12 14 see Note 1 2 high high 14

High-priority flight safety
messages

11 11 see Note 1 2 high high 11

Normal-priority flight safety
messages

10 11 see Note 1 2 high high 11

Meteorological
communications

9 8 see Note 1 1 medium low 8

Flight regularity
communications

8 7 see Note 1 1 medium low 7

Aeronautical information
service messages 

7 6 see Note 1 0 medium low 6

Network/systems
administration

6 5 see Note 1 0 medium low 5

Aeronautical administrative
messages

5 5 not allowed not allowed not allowed not allowed not allowed

<unassigned> 4 unassigned unassigned unassigned unassigned unassigned unassigned

Urgent-priority
administrative and U.N.
Charter communications 

3 3 not allowed not allowed not allowed not allowed not allowed

High-priority administrative
and State/Government
communications

2 2 not allowed not allowed not allowed not allowed not allowed

Normal-priority
administrative
 communications

1 1 not allowed not allowed not allowed not allowed not allowed

Low-priority administrative
communications and
aeronautical passenger
communications

0 0 not allowed not allowed not allowed not allowed not allowed

Note 1.— VDL Mode 2 has no specific subnetwork priority mechanisms.
Note 2.— The AMSS SARPs specify mapping of message categories to subnetwork priority without explicitly referencing ATN network layer

priority.
Note 3.—The term “not allowed” means that only communications related to safety and regularity of flight are authorized to pass over this

subnetwork as defined in the subnetwork SARPs.
Note 4.— Only those mobile subnetworks are listed for which subnetwork SARPs exist and for which explicit support is provided by the

ATN boundary  intermediate system (BIS) technical provisions. 
Note 5.— The VDL Mode 4 subnetwork provides support for surveillance applications (e.g. ADS).
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FIGURE FOR CHAPTER 3

Figure 3-1. Conceptual model of the ATN

Note 1.— Shading indicates elements outside the scope of these SARPs. User requirements define the interface between the
application entity and the user and ensure the functionality and interoperability of the ATN.

Note 2.— The figure represents a simplified model of the ATN and does not depict all of its capabilities (e.g. the store and forward
capability which is provided for ATS message handling service).

Note 3.— Various end-to-end points have been defined within the ATN to specify certain end-to-end performance requirements. It
may be necessary, however, to define different end-to-end points to facilitate the qualification of implementations to those performance
requirements. In such cases, the end-to-end points should be clearly defined and correlated with the end-to-end points shown in the
figure.

Note 4.— An IS is a conceptual representation of functionality and does not correspond precisely to a router. A router which
implements the system management application requires the protocols of an end system and when using the system management
application is also acting as an end system.

Application process

End system (ES)

Application
entity

Upper layers
communications

service

Internet
communications

service

ATN end-to-end

ATN communication
services end-to-end

ATN Internet communications
service end-to-end

Intermediate
system (IS)

Intermediate
system (IS)

Application process

Application
entity

Upper layers
communications

service

Internet
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service

Subnetwork SubnetworkSubnetwork

End system (ES)
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CHAPTER 5. SSR MODE S AIR-GROUND DATA LINK

Note.— The SSR Mode S air-ground data link is also referred
to as the Mode S subnetwork in the context of the aeronautical
telecommunication network (ATN).

5.1 DEFINITIONS RELATING TO THE
MODE S SUBNETWORK

Air-initiated protocol. A procedure initiated by a Mode S
aircraft installation for delivering a standard length or
extended length downlink message to the ground.

Aircraft. The term aircraft may be used to refer to Mode S
emitters (e.g. aircraft/vehicles), where appropriate.

Aircraft data circuit-terminating equipment (ADCE). An
aircraft specific data circuit-terminating equipment that is
associated with an airborne data link processor (ADLP). It
operates a protocol unique to Mode S data link for data
transfer between air and ground.

Aircraft data link processor (ADLP). An aircraft-resident
processor that is specific to a particular air-ground data link
(e.g. Mode S) and which provides channel management,
and segments and/or reassembles messages for transfer. It is
connected to one side of aircraft elements common to all
data link systems and on the other side to the air-ground
link itself.

Aircraft address. A unique combination of 24 bits available
for assignment to an aircraft for the purpose of air-ground
communications, navigation and surveillance.

Aircraft/vehicle. May be used to describe either a machine or
device capable of atmospheric flight, or a vehicle on the
airport surface movement area (i.e. runways and taxiways).

BDS Comm-B Data Selector. The 8-bit BDS code determines
the register whose contents are to be transferred in the MB
field of a Comm-B reply. It is expressed in two groups of
4 bits each, BDS1 (most significant 4 bits) and BDS2 (least
significant 4 bits).

Broadcast. The protocol within the Mode S system that
permits uplink messages to be sent to all aircraft in
coverage area, and downlink messages to be made available
to all interrogators that have the aircraft wishing to send the
message under surveillance.

Capability report. Information identifying whether the
transponder has a data link capability as reported in the

capability (CA) field of an all-call reply or squitter
transmission (see “data link capability report”).

Close-out. A command from a Mode S interrogator that
terminates a Mode S link layer communication transaction.

Cluster of interrogators. Two or more interrogators with the
same interrogator identifier (II) code, operating coopera-
tively to ensure that there is no interference to the required
surveillance and data link performance of each of the
interrogators, in areas of common coverage.

Comm-A. A 112-bit interrogation containing the 56-bit MA
message field. This field is used by the uplink standard
length message (SLM) and broadcast protocols.

Comm-B. A 112-bit reply containing the 56-bit MB message
field. This field is used by the downlink SLM, ground-
initiated and broadcast protocols.

Comm-C. A 112-bit interrogation containing the 80-bit MC
message field. This field is used by the uplink extended
length message (ELM) protocol.

Comm-D. A 112-bit reply containing the 80-bit MD message
field. This field is used by the downlink ELM protocol.

Connection. A logical association between peer-level entities
in a communication system.

Data link capability report. Information in a Comm-B reply
identifying the complete Mode S communications capabili-
ties of the aircraft installation.

Downlink. A term referring to the transmission of data from an
aircraft to the ground. Mode S air-to-ground signals are
transmitted on the 1 090 MHz reply frequency channel.

Extended length message (ELM). A series of Comm-C
interrogations (uplink ELM) transmitted without the
requirement for intervening replies, or a series of Comm-D
replies (downlink ELM) transmitted without intervening
interrogations.

Uplink ELM (UELM). A term referring to extended length
uplink communication by means of 112-bit Mode S
Comm-C interrogations, each containing the 80-bit
Comm-C message field (MC).

Downlink ELM (DELM). A term referring to extended
length downlink communication by means of 112-bit
Mode S Comm-D replies, each containing the 80-bit
Comm-D message field (MD).
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Frame. The basic unit of transfer at the link level. In the
context of Mode S subnetwork, a frame can include from
one to four Comm-A or Comm-B segments, from two to
sixteen Comm-C segments, or from one to sixteen Comm-
D segments.

General formatter/manager (GFM). The aircraft function
responsible for formatting messages to be inserted in the
transponder registers. It is also responsible for detecting and
handling error conditions such as the loss of input data. 

Ground data circuit-terminating equipment (GDCE). A
ground specific data circuit-terminating equipment
associated with a ground data link processor (GDLP). It
operates a protocol unique to Mode S data link for data
transfer between air and ground.

Ground data link processor (GDLP). A ground-resident
processor that is specific to a particular air-ground data link
(e.g. Mode S), and which provides channel management,
and segments and/or reassembles messages for transfer. It is
connected on one side (by means of its DCE) to ground
elements common to all data link systems, and on the other
side to the air-ground link itself.

Ground-initiated Comm-B (GICB). The ground-initiated
Comm-B protocol allows the interrogator to extract
Comm-B replies containing data from a defined source in
the MB field.

Ground-initiated protocol. A procedure initiated by a Mode S
interrogator for delivering standard length or extended
length messages to a Mode S aircraft installation.

Mode S air-initiated Comm-B (AICB) protocol. A procedure
initiated by a Mode S transponder for transmitting a single
Comm-B segment from the aircraft installation.

Mode S broadcast protocols. Procedures allowing standard
length uplink or downlink messages to be received by
more than one transponder or ground interrogator
respectively.

Mode S ground-initiated Comm-B (GICB) protocol. A
procedure initiated by a Mode S interrogator for eliciting a
single Comm-B segment from a Mode S aircraft instal-
lation, incorporating the contents of one of 255 Comm-B
registers within the Mode S transponder.

Mode S multisite-directed protocol. A procedure to ensure
that extraction and close-out of a downlink standard length
or extended length message is affected only by the
particular Mode S interrogator selected by the aircraft.

Mode S packet. A packet conforming to the Mode S sub-
network standard, designed to minimize the bandwidth

required from the air-ground link. ISO 8208 packets may be
transformed into Mode S packets and vice-versa.

Mode S specific protocol (MSP). A protocol that provides
restricted datagram service within the Mode S subnetwork.

Mode S specific services. A set of communication services
provided by the Mode S system which are not available
from other air-ground subnetworks, and therefore not
interoperable.

Mode S specific services entity (SSE). An entity resident
within an XDLP to provide access to the Mode S specific
services.

Packet. The basic unit of data transfer among communication
devices within the network layer, (e.g. an ISO 8208 packet
or a Mode S packet).

Required navigation performance (RNP). A statement of the
navigation performance accuracy necessary for operation
within a defined airspace.

Segment. A portion of a message that can be accommodated
within a single MA/MB field in the case of a standard
length message, or MC/MD field in the case of an extended
length message. This term is also applied to the Mode S
transmissions containing these fields.

Standard length message (SLM). An exchange of digital data
using selectively addressed Comm-A interrogations and/or
Comm-B replies (see “Comm-A” and “Comm-B”).

Subnetwork. An actual implementation of a data network that
employs a homogeneous protocol and addressing plan, and
is under the control of a single authority.

Subnetwork management entity (SNME). An entity resident
within a GDLP that performs subnetwork management and
communicates with peer entities in intermediate or end-
systems.

Timeout. The cancellation of a transaction after one of the
participating entities has failed to provide a required
response within a pre-defined period of time.

Uplink. A term referring to the transmission of data from the
ground to an aircraft. Mode S ground-to-air signals are
transmitted on the 1 030 MHz interrogation frequency
channel.

XDCE. A general term referring to both the ADCE and the
GDCE.

XDLP. A general term referring to both the ADLP and the
GDLP.
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5.2 MODE S SUBNETWORK
CHARACTERISTICS

5.2.1 General provisions

Note 1.— Reference ISO document. When the term “ISO
8208” is referred to in this standard, it means the ISO
Standard “Information technology — Data communications —
X.25 Packet Layer Protocol for Data Terminal Equipment,
Reference Number ISO/IEC 8208: 1990(E)”.

Note 2.— The overall architecture of the Mode S
subnetwork is presented in the diagram on the following page.

Note 3.— The processing splits into three different paths. The
first consists of the processing of switched virtual circuits
(SVCs), the second consists of the processing of Mode S specific
services, and the third consists of the processing of subnetwork
management information. SVCs utilize the reformatting process
and the ADCE or GDCE function. Mode S specific services
utilize the Mode S specific services entity (SSE) function.

5.2.1.1 Message categories. The Mode S subnetwork
shall only carry aeronautical communications classified under
categories of flight safety and flight regularity as specified in
Annex 10, Volume II, Chapter 5, 5.1.8.4 and 5.1.8.6.

5.2.1.2 Signals in space. The signal-in-space character-
istics of the Mode S subnetwork shall conform to the
provisions contained in Annex 10, Volume IV, Chapter 3,
3.1.2.

5.2.1.3 Code and byte independency. The Mode S sub-
network shall be capable of code and byte independent
transmission of digital data.

5.2.1.4 Data transfer. Data shall be conveyed over the
Mode S data link in segments using either standard length
message (SLM) protocols or extended length message (ELM)
protocols as defined in 3.1.2.6.11 and 3.1.2.7 of Annex 10,
Volume IV.

Note 1.— An SLM segment is the contents of one 56-bit MA
or MB field. An ELM segment is the contents of one 80-bit MC
or MD field.

Note 2.— An SLM frame is the contents of up to four linked
MA or MB fields. An ELM frame is the contents of 2 to 16 MC
or 1 to 16 MD fields.

5.2.1.5 Bit numbering. In the description of the data
exchange fields, the bits shall be numbered in the order of
their transmission, beginning with bit 1. Bit numbers shall
continue through the second and higher segments of multi-
segment frames. 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) (3.1.2.3.1.3 of Annex 10,
Volume IV).

5.2.1.6 Unassigned bits. When the length of the data is
not sufficient to occupy all bit positions within a message field
or subfield, the unassigned bit positions shall be set to 0.

5.2.2 Frames

5.2.2.1 UPLINK FRAMES

5.2.2.1.1 SLM frame. An uplink SLM frame shall be
composed of up to four selectively addressed Comm-A
segments.

Note.— Each Comm-A segment (MA field) received by the
ADLP is accompanied by the first 32 bits of the interrogation
that delivered the segment (3.1.2.10.5.2.1.1 of Annex 10,
Volume IV). Within these 32 bits is the 16-bit special
designator (SD) field (3.1.2.6.1.4 of Annex 10, Volume IV).

5.2.2.1.1.1 SD field. When the designator identification
(DI) field (bits 14-16) has a code value of 1 or 7, the special
designator (SD) field (bits 17-32) of each Comm-A
interrogation shall be used to obtain the interrogator identifier
subfield (IIS, bits 17-20) and the linked Comm-A subfield
(LAS, bits 30-32). The action to be taken shall depend on the
value of LAS. The contents of LAS and IIS shall be retained
and shall be associated with the Comm-A message segment for
use in assembling the frame as indicated below. All fields
other than the LAS field shall be as defined in 3.1.2 of
Annex 10, Volume IV.

Note.— The SD field structure is shown in Figure 5-1*.

5.2.2.1.1.2 LAS coding. The 3-bit LAS subfield shall be
coded as follows:

LAS MEANING

0 single segment
1 linked, 1st segment
2 linked, 2nd but not final segment
3 linked, 3rd but not final segment
4 linked, 4th and final segment
5 linked, 2nd and final segment
6 linked, 3rd and final segment
7 unassigned

5.2.2.1.1.3 Single segment SLM frame. If LAS = 0, the
data in the MA field shall be considered a complete frame and
shall be made available for further processing.

* All tables and figures are located at the end of this chapter.
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Functional elements of the Mode S subnetwork

Key

                 : physical (RF) connection

                 : peer level association

                 : interfaces

Notes:

1.  Relevant Mode S subnetwork SARPs paragraph numbers are given in parenthesis.
2.  The ADLP/transponder interface is also specified in Annex 10, Volume IV, 3.1.
3.  A GDLP may be interfaced to more than one Mode S interrogator.
4.  DTEs may be directly associated with end-systems.
5.  ATN router access to end-systems may be made via other intermediate systems.
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5.2.2.1.1.4 Multiple segment SLM frame. The ADLP shall
accept and assemble linked 56-bit Comm-A segments
associated with all sixteen possible interrogator identifier (II)
codes. Correct linking of Comm-A segments shall be achieved
by requiring that all Comm-A segments have the same value
of IIS. If LAS = 1 through 6, the frame shall consist of two to
four Comm-A segments as specified in the following
paragraphs.

5.2.2.1.1.4.1 Initial segment. If LAS = 1, the MA field
shall be assembled as the initial segment of an SLM frame.
The initial segment shall be stored until all segments of the
frame have been received or the frame is cancelled.

5.2.2.1.1.4.2 Intermediate segment. If LAS = 2 or 3, the
MA field shall be assembled in numerical order as an
intermediate segment of the SLM frame. It shall be associated
with previous segments containing the same value of IIS.

5.2.2.1.1.4.3 Final segment. If LAS = 4, 5 or 6, the MA
field shall be assembled as the final segment of the SLM
frame. It shall be associated with previous segments containing
the same value of IIS.

5.2.2.1.1.4.4 Frame completion. The frame shall be
considered complete and shall be made available for further
processing as soon as all segments of the frame have been
received.

5.2.2.1.1.4.5 Frame cancellation. An incomplete SLM
frame shall be cancelled if one or more of the following
conditions apply:

a) a new initial segment (LAS = 1) is received with the
same value of IIS. In this case, the new initial segment
shall be retained as the initial segment of a new SLM
frame; 

b) the sequence of received LAS codes (after the
elimination of duplicates) is not contained in the
following list:

1) LAS = 0
2) LAS = 1,5
3) LAS = 1,2,6
4) LAS = 1,6,2
5) LAS = 1,2,3,4
6) LAS = 1,3,2,4
7) LAS = 1,2,4,3
8) LAS = 1,3,4,2
9) LAS = 1,4,2,3

10) LAS = 1,4,3,2

c) Tc seconds have elapsed since the last Comm-A
segment with the same value of IIS was received
(Table 5-1).

5.2.2.1.1.4.6 Segment cancellation. A received segment
for an SLM frame shall be discarded if it is an intermediate or
final segment and no initial segment has been received with the
same value of IIS.

5.2.2.1.1.4.7 Segment duplication. If a received segment
duplicates a currently received segment number with the same
value of IIS, the new segment shall replace the currently
received segment.

Note.— The action of the Mode S subnetwork protocols
may result in the duplicate delivery of Comm-A segments.

5.2.2.1.2 ELM frame. An uplink ELM frame shall consist
of from 20 to 160 bytes and shall be transferred from the
interrogator to the transponder using the protocol defined
in 3.1.2.7 of Annex 10, Volume IV. The first 4 bits of each
uplink ELM segment (MC field) shall contain the interrogator
identifier (II) code of the Mode S interrogator transmitting the
ELM. The ADLP shall check the II code of each segment of
a completed uplink ELM. If all of the segments contain the
same II code, the II code in each segment shall be deleted and
the remaining message bits retained as user data for further
processing. If all of the segments do not contain the same II
code, the entire uplink ELM shall be discarded.

Note.— An uplink ELM frame consists of two to sixteen
associated Comm-C segments, each of which contains the 4-bit
II code. Therefore, the capacity for packet transfer is 19 to 152
bytes per uplink ELM frame.

5.2.2.2 DOWNLINK FRAMES

5.2.2.2.1 SLM frame. A downlink SLM frame shall be
composed of up to 4 Comm-B segments. The MB field of the
first Comm-B segment of the frame shall contain a 2-bit linked
Comm-B subfield (LBS, bits 1 and 2 of the MB field). This
subfield shall be used to control linking of up to four Comm-
B segments.

Note.— The LBS uses the first 2-bit positions in the first
segment of a multi or single segment downlink SLM frame.
Hence, 54 bits are available for Mode S packet data in the first
segment of a downlink SLM frame. The remaining segments of
the downlink SLM frame, if any, have 56 bits available.

5.2.2.2.1.1 LBS coding. Linking shall be indicated by the
coding of the LBS subfield of the MB field of the initial
Comm-B segment of the SLM frame.

The coding of LBS shall be as follows:

LBS MEANING

0 single segment
1 initial segment of a two-segment SLM frame
2 initial segment of a three-segment SLM frame
3 initial segment of a four-segment SLM frame
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5.2.2.2.1.2 Linking protocol

5.2.2.2.1.2.1 In the Comm-B protocol, the initial segment
shall be transmitted using the air-initiated or multisite-directed
protocols. The LBS field of the initial segment shall indicate
to the ground the number of additional segments to be
transferred (if any). Before the transmission of the initial
segment to the transponder, the remaining segments of the
SLM frame (if any) shall be transferred to the transponder for
transmission to the interrogator using the ground-initiated
Comm-B protocol. These segments shall be accompanied by
control codes that cause the segments to be inserted in ground-
initiated Comm-B registers 2, 3 or 4, associated respectively
with the second, third, or fourth segment of the frame.

5.2.2.2.1.2.2 Close-out of the air-initiated segment that
initiated the protocol shall not be performed until all segments
have been successfully transferred.

Note.— The linking procedure including the use of the
ground-initiated Comm-B protocol is performed by the ADLP.

5.2.2.2.1.3 Directing SLM frames. If the SLM frame is to
be multisite-directed, the ADLP shall determine the II code of
the Mode S interrogator or cluster of interrogators (5.2.8.1.3)
that shall receive the SLM frame.

5.2.2.2.2 ELM FRAME

Note.— A downlink ELM consists of one to sixteen
associated Comm-D segments.

5.2.2.2.2.1 Procedure. Downlink ELM frames shall be
used to deliver messages greater than or equal to 28 bytes and
shall be formed using the protocol defined in 3.1.2.7 of
Annex 10, Volume IV.

5.2.2.2.2.2 Directing ELM frames. If the ELM frame is to
be multisite-directed, the ADLP shall determine the II code of
the Mode S interrogator or cluster of interrogators (5.2.8.1.3)
that shall receive the ELM frame.

5.2.2.3 XDLP frame processing. Frame processing shall
be performed on all Mode S packets (except for the MSP
packet) as specified in 5.2.2.3 to 5.2.2.5. Frame processing for
Mode S specific services shall be performed as specified in
5.2.7.

5.2.2.3.1 Packet length. All packets (including a group of
packets multiplexed into a single frame) shall be transferred in
a frame consisting of the smallest number of segments needed
to accommodate the packet. The user data field shall be an
integral multiple of bytes in length. A 4-bit parameter (LV)
shall be provided in the Mode S DATA, CALL REQUEST,
CALL ACCEPT, CLEAR REQUEST and INTERRUPT
packet headers so that during unpacking no additional bytes
are added to the user data field. The LV field shall define the
number of full bytes used in the last segment of a frame.

During LV calculations, the 4-bit II code in the last segment of
an uplink ELM message shall be (1) ignored for uplink ELM
frames with an odd number of Comm-C segments and (2)
counted for uplink ELM frames with an even number of
Comm-C segments. The value contained in the LV field shall
be ignored if the packet is multiplexed.

Note.— A specific length field is used to define the length
of each element of a multiplexed packet. Therefore the LV field
value is not used. LV field error handling is described in
Tables 5-16 and 5-19.

5.2.2.3.2 Multiplexing. When multiplexing multiple
Mode S packets into single SLM on ELM frame, the following
procedures shall be used. Multiplexing of the packets within
the ADLP shall not be applied to packets associated with
SVCs of different priorities.

Note.— Multiplexing is not performed on MSP packets.

5.2.2.3.2.1 Multiplexing optimization

Recommendation.— When multiple packets are awaiting
transfer to the same XDLP, they should be multiplexed into a
single frame in order to optimize throughput, provided that
packets associated with SVCs of different priorities are not
multiplexed together.

5.2.2.3.2.2 Structure. The structure of the multiplexed
packets shall be as follows: 

Note.— A number in the field signifies the field length in
bits; “v” signifies that the field is of variable length.

5.2.2.3.2.2.1 Multiplexing header. The header for the
multiplexed packets shall be as follows:

Where,

Data packet type (DP) = 0

MSP packet type (MP) = 1

Supervisory packet (SP) = 3

Supervisory type (ST) = 2

Note.— See Figure 5-23 for a definition for the field
structure used in the multiplexing header.

5.2.2.3.2.2.2 Length. This field shall contain the length of
the following packet in bytes. Any error detected in a

HEADER:6 or 8 LENGTH:8 1ST PACKET:v LENGTH:8 2ND PACKET:v

DP:1 MP:1 SP:2 ST:2 FILL2:0 or 2
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multiplexed DATA packet, such as inconsistency between
length as indicated in the LENGTH field and the length of the
frame hosting that packet, shall result in the discarding of the
packet unless the error can be determined to be limited to the
LENGTH field, in which case a REJECT packet with the
expected PS value can be sent.

Recommendation.— For multiplex packets it is recom-
mended that, if the entire packet cannot be de-multiplexed,
then the first constituent packet be treated as a format error,
and the remainder be discarded.

5.2.2.3.2.3 Termination. The end of a frame containing a
sequence of multiplexed packets shall be determined by one of
the following events:

a) a length field of all zeros; or

b) less than eight bits left in the frame.

5.2.2.3.3 MODE S CHANNEL SEQUENCE PRESERVATION

5.2.2.3.3.1 Application. In the event that multiple Mode S
frames from the same SVC are awaiting transfer to the same
XDLP, the following procedure shall be used.

5.2.2.3.3.2 Procedure

Note 1.— SLM and ELM transactions can occur
independently.

Note 2.— Uplink and downlink transactions can occur
independently.

5.2.2.3.3.2.1 SLM frames. SLM frames awaiting transfer
shall be transmitted in the order received.

5.2.2.3.3.2.2 ELM frames. ELM frames awaiting transfer
shall be transmitted in the order received.

5.2.2.4 GDLP FRAME PROCESSING

5.2.2.4.1 GENERAL PROVISIONS

5.2.2.4.1.1 The GDLP shall determine the data link
capability of the ADLP/transponder installation from the data
link capability report (5.2.9) before performing any data link
activity with that ADLP.

5.2.2.4.1.2 GDLP frame processing shall provide to the
interrogator all data for the uplink transmission that are not
provided directly by the interrogator.

5.2.2.4.2 Delivery status. GDLP frame processing shall
accept an indication from the interrogator function that a
specified uplink frame that was previously transferred to the
interrogator has been successfully delivered over the ground-
to-air link.

5.2.2.4.3 Aircraft address. GDLP frame processing shall
receive from the interrogator along with the data in each
downlink SLM or ELM frame, the 24-bit address of the
aircraft that transmitted the frame. GDLP frame processing
shall be capable of transferring to the interrogator the 24-bit
address of the aircraft that is to receive an uplink SLM or ELM
frame.

5.2.2.4.4 Mode S protocol type identification. GDLP
frame processing shall indicate to the interrogator the protocol
to be used to transfer the frame: standard length message
protocol, extended length message protocol or broadcast
protocol.

5.2.2.4.5 Frame determination. A Mode S packet
(including multiplexed packets but excluding MSP packets)
intended for uplink and less than or equal to 28 bytes shall be
sent as an SLM frame. A Mode S packet greater than 28 bytes
shall be sent as an uplink ELM frame for transponders with
ELM capability, using M-bit processing as necessary
(5.2.5.1.4.1). If the transponder does not have ELM capability,
packets greater than 28 bytes shall be sent using the M-bit or
S-bit (5.2.5.1.4.2) assembly procedures as necessary and
multiple SLM frames.

Note.— The Mode S DATA, CALL REQUEST, CALL
ACCEPT, CLEAR REQUEST and INTERRUPT packets are the
only Mode S packets that use M-bit or S-bit sequencing.

5.2.2.5 ADLP FRAME PROCESSING

5.2.2.5.1 General provisions. With the possible exception
of the last 24 bits (address/parity), ADLP frame processing
shall accept from the transponder the entire content of both 56-
bit and 112-bit received uplink transmissions, excluding all-
call and ACAS interrogations. ADLP frame processing shall
provide to the transponder all data for the downlink
transmission that is not provided directly by the transponder
(5.2.3.3).

5.2.2.5.2 Delivery status. ADLP frame processing shall
accept an indication from the transponder that a specified
downlink frame that was previously transferred to the
transponder has been closed out.

5.2.2.5.3 Interrogator identifier. ADLP frame processing
shall accept from the transponder, along with the data in each
uplink SLM and ELM, the interrogator identifier (II) code of
the interrogator that transmitted the frame. ADLP frame
processing shall transfer to the transponder the II code of the
interrogator or cluster of interrogators that shall receive a
multisite-directed frame.

5.2.2.5.4 Mode S protocol type identification. ADLP
frame processing shall indicate to the transponder the protocol
to be used to transfer the frame: ground-initiated, air-initiated,
broadcast, multisite-directed, standard length or extended
length.
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5.2.2.5.5 Frame cancellation. ADLP frame processing
shall be capable of cancelling downlink frames previously
transferred to the transponder for transmission but for which a
close-out has not been indicated. If more than one frame is
stored within the transponder, the cancellation procedure shall
be capable of cancelling the stored frames selectively.

5.2.2.5.6 Frame determination. A Mode S packet
(including multiplexed packets but excluding MSP packets)
intended for downlink and less than or equal to 222 bits shall
be sent as an SLM frame. A Mode S packet greater than 222
bits shall be sent as a downlink ELM frame for transponders
with ELM capability using M-bit processing as necessary
(5.2.5.1.4.1). When M-bit processing is used, all ELM frames
containing M = 1 shall contain the maximum number of ELM
segments that the transponder is capable of transmitting in
response to one requesting interrogation (UF = 24) (5.2.9.1). If
the transponder does not have ELM capability, packets greater
than 222 bits shall be sent using the M-bit or S-bit (5.2.5.1.4.2)
assembly procedures and multiple SLM frames.

Note.— The maximum length of a downlink SLM frame is
222 bits. This is equal to 28 bytes (7 bytes for 4 Comm-B
segments) minus the 2-bit linked Comm-B subfield
(5.2.2.2.1.1).

5.2.2.6 PRIORITY MANAGEMENT

5.2.2.6.1 ADLP priority management. Frames shall be
transferred from the ADLP to the transponder in the following
order of priority (highest first):

a) Mode S specific services;

b) search requests (5.2.8.1);

c) frames containing only high priority SVC packets; and

d) frames containing only low priority SVC packets.

5.2.2.6.2 GDLP PRIORITY MANAGEMENT

Recommendation.— Uplink frames should be transferred
in the following order of priority (highest first):

a) Mode S specific services;

b) frames containing at least one Mode S ROUTE
packet (5.2.8.1);

c) frames containing at least one high priority SVC
packet; and

d) frames containing only low priority SVC packets.

5.2.3 Data exchange interfaces

5.2.3.1 THE DTE ISO 8208 INTERFACE

5.2.3.1.1 General provisions. The interface between the
XDLP and the DTE(s) shall conform to ISO 8208 packet layer
protocol (PLP). The XDLP shall support the procedures of the
DTE as specified in ISO 8208. As such, the XDLP shall
contain a DCE (5.2.4).

5.2.3.1.2 Physical and link layer requirements for the
DTE/DCE interface. The requirements are: 

a) the interface shall be code and byte independent and
shall not impose restrictions on the sequence, order, or
pattern of the bits transferred within a packet; and

b) the interface shall support the transfer of variable length
network layer packets.

5.2.3.1.3 DTE ADDRESS

5.2.3.1.3.1 Ground DTE address. The ground DTE
address shall have a total length of 3 binary coded decimal
(BCD) digits, as follows:

X0X1X2

X0 shall be the most significant digit. Ground DTE addresses
shall be decimal numbers in the range of 0 through 255 coded
in BCD. Assignment of the DTE address shall be a local issue.
All DTEs connected to GDLPs having overlapping coverage
shall have unique addresses. GDLPs which have a flying time
less than Tr (Table 5-1) between their coverage areas shall be
regarded as having overlapping coverage.

5.2.3.1.3.2 Mobile DTE address. The mobile DTE address
shall have a total length of 10 BCD digits, as follows:

X0X1X2X3X4X5X6X7X8X9

X0 shall be the most significant digit. The digits X0 to X7 shall
contain the octal representation of the aircraft address coded in
BCD. The digits X8X9 shall identify a sub-address for specific
DTEs on board an aircraft. This sub-address shall be a decimal
number in the range of 0 and 15 coded in BCD. The following
sub-address assignments shall be used:

00 ATN router

01 to 15 Unassigned

5.2.3.1.3.3 Illegal DTE addresses. DTE addresses
outside of the defined ranges or not conforming to the formats
for the ground and mobile DTE addresses specified in
5.2.3.1.3.1 and 5.2.3.1.3.2 shall be defined to be illegal DTE
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addresses. The detection of an illegal DTE address in a CALL
REQUEST packet shall lead to a rejection of the call as
specified in 5.2.5.1.5.

5.2.3.1.4 PACKET LAYER PROTOCOL REQUIREMENTS 
5.2.3.1.4 OF THE DTE/DCE INTERFACE

5.2.3.1.4.1 Capabilities. The interface between the DTE
and the DCE shall conform to ISO 8208 with the following
capabilities:

a) expedited data delivery, i.e. the use of INTERRUPT
packets with a user data field of up to 32 bytes; 

b) priority facility (with two levels, 5.2.5.2.1.1.6);

c) fast select (5.2.5.2.1.1.13, 5.2.5.2.1.1.16); and 

d) called/calling address extension facility, if required by
local conditions (i.e. the XDLP is connected to the DTE
via a network protocol that is unable to contain the
Mode S address as defined).

Other ISO 8208 facilities and the D-bit and the Q-bit shall not
be invoked for transfer over the Mode S packet layer protocol.

5.2.3.1.4.2 Parameter values. The timer and counter
parameters for the DTE/DCE interface shall conform to the
default ISO 8208 values.

5.2.3.2 MODE S SPECIFIC

SERVICES INTERFACE

Note.— Mode S specific services consist of the broadcast
Comm-A and Comm-B, GICB and MSP.

5.2.3.2.1 ADLP

5.2.3.2.1.1 General provisions. The ADLP shall support
the accessing of Mode S specific services through the
provision of one or more separate ADLP interfaces for this
purpose.

5.2.3.2.1.2 Functional capability. Message and control
coding via this interface shall support all of the capabilities
specified in 5.2.7.1.

5.2.3.2.2 GDLP

5.2.3.2.2.1 General provisions. The GDLP shall support
the accessing of Mode S specific services through the
provision of a separate GDLP interface for this purpose and/or
by providing access to these services through the DTE/DCE
interface.

5.2.3.2.2.2 Functional capability. Message and control
coding via this interface shall support all of the capabilities
specified in 5.2.7.2.

5.2.3.3 ADLP/TRANSPONDER INTERFACE

5.2.3.3.1 TRANSPONDER TO ADLP

5.2.3.3.1.1 The ADLP shall accept an indication of
protocol type from the transponder in connection with data
transferred from the transponder to the ADLP. This shall
include the following types of protocols:

a) surveillance interrogation;

b) Comm-A interrogation;

c) Comm-A broadcast interrogation; and

d) uplink ELM.

The ADLP shall also accept the II code of the interrogator
used to transmit the surveillance, Comm-A or uplink ELM.

Note.— Transponders will not output all-call and ACAS
information on this interface.

5.2.3.3.1.2 The ADLP shall accept control information
from the transponder indicating the status of downlink
transfers. This shall include:

a) Comm-B close-out;

b) Comm-B broadcast timeout; and

c) downlink ELM close-out.

5.2.3.3.1.3 The ADLP shall have access to current
information defining the communication capability of the
Mode S transponder with which it is operating. This
information shall be used to generate the data link capability
report (5.2.9).

5.2.3.3.2 ADLP TO TRANSPONDER

5.2.3.3.2.1 The ADLP shall provide an indication of
protocol type to the transponder in connection with data
transferred from the ADLP to the transponder. This shall
include the following types of protocols:

a) ground-initiated Comm-B;

b) air-initiated Comm-B;

c) multisite-directed Comm-B;

d) Comm-B broadcast;

e) downlink ELM; and

f) multisite-directed downlink ELM.
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The ADLP shall also provide the II code for transfer of a
multisite-directed Comm-B or downlink ELM and the
Comm-B data selector (BDS) code (3.1.2.6.11.2 of Annex 10,
Volume IV) for a ground-initiated Comm-B.

5.2.3.3.2.2 The ADLP shall be able to perform frame
cancellation as specified in 5.2.2.5.5.

5.2.3.4 GDLP/MODE S INTERROGATOR INTERFACE

5.2.3.4.1 INTERROGATOR TO GDLP

5.2.3.4.1.1 The GDLP shall accept an indication of
protocol type from the interrogator in connection with data
transferred from the interrogator to the GDLP. This shall
include the following types of protocols:

a) ground-initiated Comm-B;

b) air-initiated Comm-B;

c) air-initiated Comm-B broadcast; and

d) downlink ELM.

The GDLP shall also accept the BDS code used to identify the
ground-initiated Comm-B segment.

5.2.3.4.1.2 The GDLP shall accept control information
from the interrogator indicating the status of uplink transfers
and the status of the addressed Mode S aircraft.

5.2.3.4.2 GDLP to interrogator. The GDLP shall provide
an indication of protocol type to the interrogator in connection
with data transferred from the GDLP to the interrogator. This
shall include the following types of protocols:

a) Comm-A interrogation;

b) Comm-A broadcast interrogation;

c) uplink ELM; and

d) ground-initiated Comm-B request.

The GDLP shall also provide the BDS code for the ground-
initiated Comm-B protocol.

5.2.4 DCE operation

Note.— The DCE process within the XDLP acts as a peer
process to the DTE. The DCE supports the operations of the
DTE with the capability specified in 5.2.3.1.4. The following
requirements do not specify format definitions and flow control
on the DTE/DCE interface. The specifications and definitions
in ISO 8208 apply for these cases.

5.2.4.1 State transitions. The DCE shall operate as a
state machine. Upon entering a state, the DCE shall perform
the actions specified in Table 5-2. State transitions and
additional action(s) shall be as specified in Table 5-3 through
Table 5-12.

Note.— The next state transition (if any) that occurs when
the DCE receives a packet from the DTE is specified by
Table 5-3 through Table 5-8. These tables are organized
according to the hierarchy illustrated in Figure 5-2. The same
transitions are defined in Table 5-9 through Table 5-12 when
the DCE receives a packet from the XDCE (via the
reformatting process).

5.2.4.2 DISPOSITION OF PACKETS

5.2.4.2.1 Upon receipt of a packet from the DTE, the
packet shall be forwarded or not forwarded to the XDCE (via
the reformatting process) according to the parenthetical
instructions contained in Tables 5-3 to 5-8. If no parenthetical
instruction is listed or if the parenthetical instruction indicates
“do not forward”, the packet shall be discarded.

5.2.4.2.2 Upon receipt of a packet from the XDCE (via
the reformatting process), the packet shall be forwarded or not
forwarded to the DTE according to the parenthetical
instructions contained in Tables 5-9 to 5-12. If no parenthetical
instruction is listed or if the parenthetical instruction indicates
“do not forward”, the packet shall be discarded.

5.2.5 Mode S packet layer processing

5.2.5.1 GENERAL REQUIREMENTS

5.2.5.1.1 BUFFER REQUIREMENTS

5.2.5.1.1.1 ADLP buffer requirements

5.2.5.1.1.1.1 The following requirements apply to the
entire ADLP and shall be interpreted as necessary for each of
the main processes (DCE, reformatting, ADCE, frame
processing and SSE).

5.2.5.1.1.1.2 The ADLP shall be capable of maintaining
sufficient buffer space for fifteen SVCs:

a) maintain sufficient buffer space to hold fifteen Mode S
subnetwork packets of 152 bytes each in the uplink
direction per SVC for a transponder with uplink ELM
capability or 28 bytes otherwise;

b) maintain sufficient buffer space to hold fifteen Mode S
subnetwork packets of 160 bytes each in the downlink
direction per SVC for a transponder with downlink ELM
capability or 28 bytes otherwise;
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c) maintain sufficient buffer space for two Mode S
subnetwork INTERRUPT packets of 35 bytes each,
(user data field plus control information), one in each
direction, for each SVC;

d) maintain sufficient resequencing buffer space for storing
thirty-one Mode S subnetwork packets of 152 bytes each
in the uplink direction per SVC for a transponder with
uplink ELM capability or 28 bytes otherwise; and

e) maintain sufficient buffer space for the temporary
storage of at least one Mode S packet of 160 bytes
undergoing M-bit or S-bit processing in each direction
per SVC.

5.2.5.1.1.1.3 The ADLP shall be capable of maintaining a
buffer of 1 600 bytes in each direction to be shared among all
MSPs.

5.2.5.1.1.2 GDLP buffer requirements

5.2.5.1.1.2.1 Recommendation.— The GDLP should be
capable of maintaining sufficient buffer space for an average
of 4 SVCs for each Mode S aircraft in the coverage area of the
interrogators connected to it, assuming all aircraft have ELM
capability.

Note.— Additional buffer space may be required if DTEs
associated with end-systems are supported.

5.2.5.1.2 CHANNEL NUMBER POOLS

5.2.5.1.2.1 The XDLP shall maintain several SVC
channel number pools; the DTE/DCE (ISO 8208) interface
uses one set. Its organization, structure and use shall be as
defined in the ISO 8208 standard. The other channel pools
shall be used on the ADCE/GDCE interface.

5.2.5.1.2.2 The GDLP shall manage a pool of temporary
channel numbers in the range of 1 to 3, for each ground
DTE/ADLP pair. Mode S CALL REQUEST packets generated
by the GDLP shall contain the ground DTE address and a
temporary channel number allocated from the pool of that
ground DTE. The GDLP shall not reuse a temporary channel
number allocated to an SVC that is still in the CALL
REQUEST state.

Note 1.— The use of temporary channel numbers allows the
GDLP to have up to three call requests in process at the same
time for a particular ground DTE and ADLP combination. It
also allows the GDLP or ADLP to clear a channel before the
permanent channel number is assigned.

Note 2.— The ADLP may be in contact with multiple
ground DTEs at any one time. All the ground DTEs use
temporary channel numbers ranging from 1 to 3.

5.2.5.1.2.3 The ADLP shall use the ground DTE address
to distinguish the temporary channel numbers used by the
various ground DTEs. The ADLP shall assign a permanent
channel number (in the range of 1 to 15) to all SVCs and shall
inform the GDLP of the assigned number by including it in the
Mode S CALL REQUEST by ADLP or Mode S CALL
ACCEPT by ADLP packets. The temporary channel number
shall be included in the Mode S CALL ACCEPT by ADLP
together with the permanent channel number in order to define
the association of these channel numbers. The ADLP shall
continue to associate the temporary channel number with the
permanent channel number of an SVC until the SVC is
returned to the READY (p1) state, or else, while in the DATA
TRANSFER (p4) state, a Mode S CALL REQUEST by GDLP
packet is received bearing the same temporary channel
number. A non-zero permanent channel number in the Mode S
CLEAR REQUEST by ADLP, CLEAR REQUEST by GDLP,
CLEAR CONFIRMATION by ADLP or CLEAR
CONFIRMATION by GDLP packet shall indicate that the
permanent channel number shall be used and the temporary
channel number shall be ignored. In the event that an XDLP is
required to send one of these packets in the absence of a
permanent channel number, the permanent channel number
shall be set to zero, which shall indicate to the peer XDLP that
the temporary channel number is to be used.

Note.— The use of a zero permanent channel number
allows the ADLP to clear an SVC when no permanent channel
number is available, and allows the GDLP to do likewise
before it has been informed of the permanent channel number.

5.2.5.1.2.4 The channel number used by the DTE/DCE
interface and that used by the ADCE/GDCE interface shall be
assigned independently. The reformatting process shall
maintain an association table between the DTE/DCE and the
ADCE/GDCE channel numbers.

5.2.5.1.3 Receive ready and receive not ready conditions.
The ISO 8208 interface and the ADCE/GDCE interface
management procedures shall be independent operations since
each system must be able to respond to separate receive ready
and receive not ready indications.

5.2.5.1.4 PROCESSING OF M-BIT AND S-BIT SEQUENCES

Note.— M-bit processing applies to the sequencing of the
DATA packet. S-bit processing applies to the sequencing of
Mode S CALL REQUEST, CALL ACCEPT, CLEAR REQUEST
and INTERRUPT packets.

5.2.5.1.4.1 M-bit processing

Note.— The packet size used on the DTE/DCE interface can
be different from that used on the ADCE/GDCE interface.

5.2.5.1.4.1.1 M-bit processing shall be used when
DATA packets are reformatted (5.2.5.2). M-bit processing
shall utilize the specifications contained in the ISO 8208
5-11 28/11/02
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standard. The M-bit sequence processing shall apply on a per
channel basis. The M-bit set to 1 shall indicate that a user data
field continues in the subsequent DATA packet. Subsequent
packets in an M-bit sequence shall use the same header format
(i.e. the packet format excluding the user data field).

5.2.5.1.4.1.2 If the packet size for the XDCE (5.2.6.4.2)
interface is larger than that used on the DTE/DCE interface,
packets shall be combined to the extent possible as dictated by
the M-bit, when transmitting a Mode S DATA packet. If the
packet size is smaller on the XDCE interface than that defined
on the DTE/DCE interface, packets shall be fragmented to fit
into the smaller Mode S packet using M-bit assembly.

5.2.5.1.4.1.3 A packet shall be combined with subsequent
packets if the packet is filled and more packets exist in the
M-bit sequence (M-bit = 1). A packet smaller than the
maximum packet size defined for this SVC (partial packet)
shall only be allowed when the M-bit indicates the end of an
M-bit sequence. A received packet smaller than the maximum
packet size with M-bit equal to 1 shall cause a reset to be
generated as specified in ISO 8208 and the remainder of the
sequence should be discarded.

5.2.5.1.4.1.4 Recommendation.— In order to decrease
delivery delay, reformatting should be performed on the
partial receipt of an M-bit sequence, rather than delay
reformatting until the complete M-bit sequence is received.

5.2.5.1.4.2 S-bit processing. S-bit processing shall apply
only to Mode S CALL REQUEST, CALL ACCEPT, CLEAR
REQUEST and INTERRUPT packets. This processing shall be
performed as specified for M-bit processing (5.2.5.1.4.1)
except that the packets associated with any S-bit sequence
whose reassembly is not completed in Tq seconds (Tables 5-1
and 5-13) shall be discarded (5.2.6.3.6, 5.2.6.4.5.2 and
5.2.6.9), and receipt of a packet shorter than the maximum
packet size with S = 1 shall cause the entire S-bit sequence to
be treated as a format error in accordance with Table 5-16.

5.2.5.1.5 MODE S SUBNETWORK ERROR PROCESSING 
5.2.5.1.5 FOR ISO 8208 PACKETS

5.2.5.1.5.1 D-bit. If the XDLP receives a DATA packet
with the D-bit set to 1, the XDLP shall send a RESET
REQUEST packet to the originating DTE containing a cause
code (CC) = 133 and a diagnostic code (DC) = 166. If the
D-bit is set to 1 in a CALL REQUEST packet, the D-bit shall
be ignored by the XDLP. The D-bit of the corresponding
CALL ACCEPT packet shall always be set to 0. The use of CC
is optional.

5.2.5.1.5.2 Q-bit. If the XDLP receives a DATA packet
with the Q-bit set to 1, the XDLP shall send a RESET
REQUEST packet to the originating DTE containing
CC = 133 and DC = 83. The use of CC is optional.

5.2.5.1.5.3 Invalid priority. If the XDLP receives a call
request with a connection priority value equal to 2 through
254, the XDLP shall clear the virtual circuit using DC = 66
and CC = 131. The use of CC is optional.

5.2.5.1.5.4 Unsupported facility. If the XDLP receives a
call request with a request for a facility that it cannot support,
the XDLP shall clear the virtual circuit using DC = 65 and
CC = 131. The use of CC is optional.

5.2.5.1.5.5 Illegal calling DTE address. If the XDLP
receives a call request with an illegal calling DTE address
(5.2.3.1.3.3), the XDLP shall clear the virtual circuit using
DC = 68 and CC = 141. The use of CC is optional.

5.2.5.1.5.6 Illegal called DTE address. If the XDLP
receives a call request with an illegal called DTE address
(5.2.3.1.3.3), the XDLP shall clear the virtual circuit using
DC = 67 and CC = 141. The use of CC is optional.

5.2.5.2 REFORMATTING PROCESS

Note.— The reformatting process is divided into two
subprocesses: uplink formatting and downlink formatting. For
the ADLP, the uplink process reformats Mode S packets into
ISO 8208 packets and the downlink process reformats ISO
8208 packets into Mode S packets. For the GDLP, the uplink
process reformats ISO 8208 packets into Mode S packets and
the downlink process reformats Mode S packets into ISO 8208
packets.

5.2.5.2.1 CALL REQUEST BY ADLP

5.2.5.2.1.1 Translation into Mode S packets

5.2.5.2.1.1.1 Translated packet format. Reception by the
ADLP reformatting process of an ISO 8208 CALL REQUEST
packet from the local DCE shall result in the generation of
corresponding Mode S CALL REQUEST by ADLP packet(s)
(as determined by S-bit processing (5.2.5.1.4.2)) as follows:

5.2.5.2.1.1.2 Data packet type (DP). This field shall be set
to 0.

5.2.5.2.1.1.3 MSP packet type (MP). This field shall be
set to 1.

5.2.5.2.1.1.4 Supervisory packet (SP). This field shall be
set to 1.

DP:1 MP:1 SP:2 ST:2 FILL2:0 or 2 P:1 FILL:1 SN:6

CH:4 AM:4 AG:8 S:1 FS:2 F:1 LV:4 UD:v
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5.2.5.2.1.1.5 Supervisory type (ST). This field shall be
set to 0.

5.2.5.2.1.1.6 Priority (P). This field shall be set to 0 for a
low priority SVC and to 1 for a high priority SVC. The value
for this field shall be obtained from the data transfer field of
the priority facility of the ISO 8208 packet, and shall be set to
0 if the ISO 8208 packet does not contain the priority facility
or if a priority of 255 is specified. The other fields of the
priority facility shall be ignored.

5.2.5.2.1.1.7 Sequence number (SN). For a particular
SVC, each packet shall be numbered (5.2.6.9.4).

5.2.5.2.1.1.8 Channel number (CH). The channel number
shall be chosen from the pool of SVC channel numbers
available to the ADLP. The pool shall consist of 15 values
from 1 through 15. The highest available channel number shall
be chosen from the pool. An available channel shall be defined
as one in state p1. The correspondence between the channel
number used by the Mode S subnetwork and the number used
by the DTE/DCE interface shall be maintained while the
channel is active.

Note.— Also refer to 5.2.5.1.2 on channel pool
management.

5.2.5.2.1.1.9 Address, mobile (AM). This address shall be
the mobile DTE sub-address (5.2.3.1.3.2) in the range of 0 to
15. The address shall be extracted from the two least
significant digits of the calling DTE address contained in the
ISO 8208 packet and converted to binary representation.

Note.— The 24-bit aircraft address is transferred within the
Mode S link layer.

5.2.5.2.1.1.10 Address, ground (AG). This address shall
be the ground DTE address (5.2.3.1.3.1) in the range of 0 to
255. The address shall be extracted from the called DTE
address contained in the ISO 8208 packet and converted to
binary representation.

5.2.5.2.1.1.11 Fill field. The fill field shall be used to
align subsequent data fields on byte boundaries. When
indicated as “FILL:n”, the fill field shall be set to a length of
“n” bits. When indicated as “FILL1: 0 or 6”, the fill field shall
be set to a length of 6 bits for a non-multiplexed packet in a
downlink SLM frame and 0 bit for all other cases. When
indicated as “FILL2: 0 or 2”, the fill field shall be set to a
length of 0 bit for a non-multiplexed packet in a downlink
SLM frame or for a multiplexing header and 2 bits for all other
cases.

5.2.5.2.1.1.12 S field (S). A value of 1 shall indicate that
the packet is part of an S-bit sequence with more packets in the
sequence to follow. A value of 0 shall indicate that the
sequence ends with this packet. This field shall be set as
specified in 5.2.5.1.4.2.

5.2.5.2.1.1.13 FS field (FS). A value of 0 shall indicate
that the packet does not contain fast select data. A value of 2
or 3 shall indicate that the packet contains fast select data. A
value of 2 shall indicate normal fast select operation. A value
of 3 shall indicate fast select with restricted response. An FS
value of 1 shall be undefined.

5.2.5.2.1.1.14 First packet flag (F). This field shall be set
to 0 in the first packet of an S-bit sequence and in a packet that
is not part of an S-bit sequence. Otherwise it shall be set to 1.

5.2.5.2.1.1.15 User data length (LV). This field shall
indicate the number of full bytes used in the last SLM or ELM
segment as defined in 5.2.2.3.1.

5.2.5.2.1.1.16 User data field (UD). This field shall only
be present if optional CALL REQUEST user data (maximum
16 bytes) or fast select user data (maximum 128 bytes) is
contained in the ISO 8208 packet. The user data field shall be
transferred from ISO 8208 packet unchanged using S-bit
processing as specified in 5.2.5.1.4.2.

5.2.5.2.1.2 Translation into ISO 8208 packets

5.2.5.2.1.2.1 Translation. Reception by the GDLP
reformat-ting process of a Mode S CALL REQUEST by
ADLP packet (or an S-bit sequence of packets) from the
GDCE shall result in the generation of a corresponding ISO
8208 CALL REQUEST packet to the local DCE. The
translation from the Mode S packet to the ISO 8208 packet
shall be the inverse of the processing defined in 5.2.5.2.1.1
with the exceptions as specified in the following paragraph.

5.2.5.2.1.2.2 Called DTE, calling DTE address and length
fields. The calling DTE address shall be composed of the
aircraft address and the value contained in the AM field of the
Mode S packet, converted to BCD (5.2.3.1.3.2). The called
DTE address shall be the ground DTE address contained in the
AG field of the Mode S packet, converted to BCD. The length
field shall be as defined in ISO 8208.

5.2.5.2.2 CALL REQUEST BY GDLP

5.2.5.2.2.1 Translation into Mode S packets

5.2.5.2.2.1.1 General. Reception by the GDLP reformat-
ting process of an ISO 8208 CALL REQUEST packet from
the local DCE shall result in the generation of corresponding
Mode S CALL REQUEST by GDLP packet(s) (as determined
by S-bit processing (5.2.5.1.4.2)) as follows:

Fields shown in the packet format and not specified in the
following paragraphs shall be set as specified in 5.2.5.2.1.

DP:1 MP:1 SP:2 ST:2 FILL:2 P:1 FILL:1 SN:6

FILL:2 TC:2 AM:4 AG:8 S:1 FS:2 F:1 LV:4 UD:v
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5.2.5.2.2.1.2 Data packet type (DP). This field shall be set
to 0.

5.2.5.2.2.1.3 MSP packet type (MP). This field shall be
set to 1.

5.2.5.2.2.1.4 Supervisory packet (SP). This field shall be
set to 1.

5.2.5.2.2.1.5 Supervisory type (ST). This field shall be set
to 0.

5.2.5.2.2.1.6 Temporary channel number field (TC). This
field shall be used to distinguish multiple call requests from a
GDLP. The ADLP reformatting process, upon receipt of a
temporary channel number, shall assign a channel number
from those presently in the READY state, p1.

5.2.5.2.2.1.7 Address, ground (AG). This address shall be
the ground DTE address (5.2.3.1.3.1) in the range of 0 to 255.
The address shall be extracted from the calling DTE address
contained in the ISO 8208 packet and converted to binary
representation.

5.2.5.2.2.1.8 Address, mobile (AM). This address shall be
the mobile DTE sub-address (5.2.3.1.3.2) in the range of 0 to
15. The address shall be extracted from the two least
significant digits of the called DTE address contained in the
ISO 8208 packet and converted to binary representation.

5.2.5.2.2.2 Translation into ISO 8208 packets

5.2.5.2.2.2.1 Translation. Reception by the ADLP reformat-
ting process of a Mode S CALL REQUEST by GDLP packet (or
an S-bit sequence of packets) from the ADCE shall result in the
generation of a corresponding ISO 8208 CALL REQUEST
packet to the local DCE. The translation from the Mode S packet
to the ISO 8208 packet shall be the inverse of the processing
defined in 5.2.5.2.2.1 with the exceptions as specified in the
following paragraph.

5.2.5.2.2.2.2 Called DTE, calling DTE address and length
fields. The called DTE address shall be composed of the
aircraft address and the value contained in the AM field of the
Mode S packet, converted to BCD (5.2.3.1.3.2). The calling
DTE address shall be the ground DTE address contained in the
AG field of the Mode S packet, converted to BCD. The length
field shall be as defined in ISO 8208.

5.2.5.2.3 CALL ACCEPT BY ADLP

5.2.5.2.3.1 Translation into Mode S packets

5.2.5.2.3.1.1 Translated packet format. Reception by the
ADLP reformatting process of an ISO 8208 CALL ACCEPT
packet from the local DCE shall result in the generation of

corresponding Mode S CALL ACCEPT by ADLP packet(s)
(as determined by S-bit processing (5.2.5.1.4.2)) as follows:

Fields shown in the packet format and not specified in the
following paragraphs shall be set as specified in 5.2.5.2.1.

5.2.5.2.3.1.2 Data packet type (DP). This field shall be set
to 0.

5.2.5.2.3.1.3 MSP packet type (MP). This field shall be
set to 1.

5.2.5.2.3.1.4 Supervisory packet (SP). This field shall be
set to 1.

5.2.5.2.3.1.5 Supervisory type (ST). This field shall be set
to 1.

5.2.5.2.3.1.6 Temporary channel number (TC). The TC
value in the originating Mode S CALL REQUEST by GDLP
packet shall be returned to the GDLP along with the channel
number (CH) assigned by the ADLP.

5.2.5.2.3.1.7 Channel number (CH). The field shall be set
equal to the channel number assigned by the ADLP as
determined during the CALL REQUEST procedures for the
Mode S connection.

5.2.5.2.3.1.8 Address, mobile and address, ground. The
AM and AG values in the originating Mode S CALL
REQUEST by GDLP packet shall be returned in these fields.
When present, DTE addresses in the ISO 8208 CALL
ACCEPT packet shall be ignored.

5.2.5.2.3.2 Translation into ISO 8208 packets

5.2.5.2.3.2.1 Translation. Reception by the GDLP reformat-
ting process of a Mode S CALL ACCEPT by ADLP packet (or
an S-bit sequence of packets) from the GDCE shall result in the
generation of a corresponding ISO 8208 CALL ACCEPT packet
to the local DCE. The translation from the Mode S packet to the
ISO 8208 packet shall be the inverse of the processing defined in
5.2.5.2.3.1 with the exceptions as specified in the following
paragraph.

5.2.5.2.3.2.2 Called DTE, calling DTE address and length
fields. Where present, the called DTE address shall be
composed of the aircraft address and the value contained in the
AM field of the Mode S packet, converted to BCD
(5.2.3.1.3.2). Where present, the calling DTE address shall be
the ground DTE address contained in the AG field of the
Mode S packet, converted to BCD. The length field shall be
as defined in ISO 8208.

DP:1 MP:1 SP:2 ST:2 FILL2:0 or 2 TC:2 SN:6

CH:4 AM:4 AG:8 S:1 FILL:2 F:1 LV:4 UD:v
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Note.— The called and calling DTE addresses are optional
in the corresponding ISO 8208 packet and are not required for
correct operation of the Mode S subnetwork.

5.2.5.2.4 CALL ACCEPT BY GDLP

5.2.5.2.4.1 Translation into Mode S packets

5.2.5.2.4.1.1 Translated packet format. Reception by the
GDLP reformatting process of an ISO 8208 CALL ACCEPT
packet from the local DCE shall result in the generation of
corresponding Mode S CALL ACCEPT by GDLP packet(s)
(as determined by S-bit processing (5.2.5.1.4.2)) as follows:

Fields shown in the packet format and not specified in the
following paragraphs shall be set as specified in 5.2.5.2.1.

5.2.5.2.4.1.2 Data packet type (DP). This field shall be set
to 0.

5.2.5.2.4.1.3 MSP packet type (MP). This field shall be
set to 1.

5.2.5.2.4.1.4 Supervisory packet (SP). This field shall be
set to 1.

5.2.5.2.4.1.5 Supervisory type (ST). This field shall be set
to 1.

5.2.5.2.4.1.6 Address, mobile and address, ground. The
AM and AG values in the originating Mode S CALL
REQUEST by ADLP packet shall be returned in these fields.
When present, DTE addresses in the ISO 8208 CALL
ACCEPT packet shall be ignored.

5.2.5.2.4.2 Translation into ISO 8208 packets

5.2.5.2.4.2.1 Translation. Reception by the ADLP reformat-
ting process of a Mode S CALL ACCEPT by GDLP packet (or
an S-bit sequence of packets) from the ADCE shall result in the
generation of a corresponding ISO 8208 CALL ACCEPT packet
to the local DCE. The translation from the Mode S packet to the
ISO 8208 packet shall be the inverse of the processing defined in
5.2.5.2.4.1 with the exceptions as specified in the following
paragraph.

5.2.5.2.4.2.2 Called DTE, calling DTE address and length
fields. Where present, the calling DTE address shall be
composed of the aircraft address and the value contained in
the AM field of the Mode S packet, converted to BCD
(5.2.3.1.3.2). Where present, the called DTE address shall be
the ground DTE address contained in the AG field of the

Mode S packet, converted to BCD. The length field shall be as
defined in ISO 8208.

Note.— The called and calling DTE addresses are optional
in the corresponding ISO 8208 packet and are not required for
correct operation of the Mode S subnetwork.

5.2.5.2.5 CLEAR REQUEST BY ADLP

5.2.5.2.5.1 Translation into Mode S packets

5.2.5.2.5.1.1 Translated packet format. Reception by the
ADLP reformatting process of an ISO 8208 CLEAR
REQUEST packet from the local DCE shall result in the
generation of a corresponding Mode S CLEAR REQUEST by
ADLP packet(s) (as determined by S-bit processing
(5.2.5.1.4.2)) as follows:

Fields shown in the packet format and not specified in the
following paragraphs shall be set as specified in 5.2.5.2.1 and
5.2.5.2.2.

5.2.5.2.5.1.2 Data packet type (DP). This field shall be set
to 0.

5.2.5.2.5.1.3 MSP packet type (MP). This field shall be
set to 1.

5.2.5.2.5.1.4 Supervisory packet (SP). This field shall be
set to 1.

5.2.5.2.5.1.5 Channel number (CH): If a channel number
has been allocated during the call acceptance phase, then CH
shall be set to that value, otherwise it shall be set to zero.

5.2.5.2.5.1.6 Temporary channel (TC): If a channel
number has been allocated during the call acceptance phase,
then TC shall be set to zero, otherwise it shall be set to the
value used in the CALL REQUEST by GDLP.

5.2.5.2.5.1.7 Supervisory type (ST). This field shall be set
to 2.

5.2.5.2.5.1.8 Address, ground or address, mobile. The AG
and AM values in the originating Mode S CALL REQUEST
by ADLP or CALL REQUEST by GDLP packets shall be
returned in these fields. When present, DTE addresses in the
ISO 8208 CLEAR REQUEST packet shall be ignored.

5.2.5.2.5.1.9 Clearing cause (CC) and diagnostic code
(DC) fields. These fields shall be transferred without modifica-
tion from the ISO 8208 packet to the Mode S packet when the

DP:1 MP:1 SP:2 ST:2 FILL:2 FILL:2 SN:6 CH:4

AM:4 AG:8 S:1 FILL:2 F:1 LV:4 UD:v

DP:1 MP:1 SP:2 ST:2 FILL2:0 or 2 TC:2 SN:6 CH:4 AM:4

AG:8 CC:8 DC:8 S:1 FILL:2 F:1 LV:4 UD:v
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DTE has initiated the clear procedure. If the XDLP has
initiated the clear procedure, the clearing cause field and
diagnostic field shall be as defined in the state tables for the
DCE and XDCE (see also 5.2.6.3.3). The coding and
definition of these fields shall be as specified in ISO 8208.

5.2.5.2.5.2 Translation into ISO 8208 packets

5.2.5.2.5.2.1 Translation. Reception by the GDLP reformat-
ting process of a Mode S CLEAR REQUEST by ADLP packet
(or an S-bit sequence of packets) from the local GDCE shall
result in the generation of a corresponding ISO 8208 CLEAR
REQUEST packet to the local DCE. The translation from the
Mode S packet to the ISO 8208 packet shall be the inverse of the
processing defined in 5.2.5.2.5.1 with the exceptions specified in
the following paragraphs.

5.2.5.2.5.2.2 Called DTE, calling DTE and length fields.
These fields shall be omitted in the ISO 8208 CLEAR
REQUEST packet.

5.2.5.2.5.2.3 Clearing Cause Field. This field shall be set
taking account of 5.2.6.3.3.

5.2.5.2.6 CLEAR REQUEST BY GDLP

5.2.5.2.6.1 Translation into Mode S packets

5.2.5.2.6.1.1 Translated packet format. Reception by the
GDLP reformatting process of an ISO 8208 CLEAR
REQUEST packet from the local DCE shall result in the
generation of corresponding Mode S CLEAR REQUEST by
GDLP packet(s) (as determined by S-bit processing
(5.2.5.1.4.2)) as follows:

Fields shown in the packet format and not specified in the
following paragraphs shall be set as specified in 5.2.5.2.1,
5.2.5.2.2 and 5.2.5.2.5.

5.2.5.2.6.1.2 Data packet type (DP). This field shall be set
to 0.

5.2.5.2.6.1.3 MSP packet type (MP). This field shall be
set to 1.

5.2.5.2.6.1.4 Supervisory packet (SP). This field shall be
set to 1.

5.2.5.2.6.1.5 Channel number (CH): If a channel number
has been allocated during the call acceptance phase, then CH
shall be set to that value, otherwise it shall be set to zero.

5.2.5.2.6.1.6 Temporary channel (TC): If a channel
number has been allocated during the call acceptance phase,
then TC shall be set to zero, otherwise it shall be set to the
value used in the CALL REQUEST by GDLP.

5.2.5.2.6.1.7 Supervisory type (ST). This field shall be set
to 2.

5.2.5.2.6.2 Translation into ISO 8208 packets

5.2.5.2.6.2.1 Translation. Reception by the ADLP
reformatting process of a Mode S CLEAR REQUEST by
GDLP packet (or an S-bit sequence of packets) from the local
ADCE shall result in the generation of a corresponding ISO
8208 CLEAR REQUEST packet to the local DCE. The trans-
lation from the Mode S packet to the ISO 8208 packet shall be
the inverse of the processing defined in 5.2.5.2.6.1.

5.2.5.2.6.2.2 Called DTE, calling DTE and length fields.
These fields shall be omitted in the ISO 8208 CLEAR
REQUEST packet.

5.2.5.2.7 DATA

5.2.5.2.7.1 Translation into Mode S packets

5.2.5.2.7.1.1 Translated packet format. Reception by the
XDLP reformatting process of ISO 8208 DATA packet(s) from
the local DCE shall result in the generation of corresponding
Mode S DATA packet(s) as determined by M-bit processing
(5.2.5.1.4.1), as follows:

5.2.5.2.7.1.2 Data packet type (DP). This field shall be set
to 1.

5.2.5.2.7.1.3 M field (M). A value of 1 shall indicate that
the packet is part of an M-bit sequence with more packets in
the sequence to follow. A value of 0 shall indicate that the
sequence ends with this packet. The appropriate value shall be
placed in the M-bit field of the Mode S packet.

Note.— See 5.2.5.1.4 and ISO 8208 for a complete
explanation.

5.2.5.2.7.1.4 Sequence number (SN). The sequence
number field shall be set as specified in 5.2.5.2.1.1.7.

5.2.5.2.7.1.5 Packet send sequence number (PS). The
packet send sequence number field shall be set as specified in
5.2.6.4.4.

5.2.5.2.7.1.6 Packet receive sequence number (PR). The
packet receive sequence number field shall be set as specified
in 5.2.6.4.4.

DP:1 MP:1 SP:2 ST:2 FILL:2 TC:2 SN:6 CH:4 AM:4

AG:8 CC:8 DC:8 S:1 FILL:2 F:1 LV:4 UD:v

DP:1 M:1 SN:6 FILL1:0 or 6 PS:4

PR:4 CH:4 LV:4 UD:v
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5.2.5.2.7.1.7 Channel number (CH). The channel number
field shall contain the Mode S channel number that corres-
ponds to the incoming ISO 8208 DATA packet channel
number.

5.2.5.2.7.1.8 User data length (LV). This field shall
indicate the number of full bytes used in the last SLM or ELM
segment as defined in 5.2.2.3.1.

5.2.5.2.7.1.9 Fill (FILL1). This field shall be set as
specified in 5.2.5.2.1.1.11.

5.2.5.2.7.1.10 User data (UD). The user data shall be
transferred from the ISO 8208 packet to the Mode S packet
utilizing the M-bit packet assembly processing as required.

5.2.5.2.7.2 Translation into ISO 8208 packets. Reception
by the XDLP reformatting process of Mode S DATA packet(s)
from the local XDCE shall result in the generation of
corresponding ISO 8208 DATA packet(s) to the local DCE.
The translation from Mode S packet(s) to the ISO 8208
packet(s) shall be the inverse of the processing defined in
5.2.5.2.7.1.

5.2.5.2.8 INTERRUPT

5.2.5.2.8.1 Translation into Mode S packets

5.2.5.2.8.1.1 Translated packet format. Reception by the
XDLP reformatting process of an ISO 8208 INTERRUPT
packet from the local DCE shall result in the generation of
corresponding Mode S INTERRUPT packet(s) (as determined
by S-bit processing (5.2.5.1.4.2)) as follows:

Fields shown in the packet format and not specified in the
following paragraphs shall be set as specified in 5.2.5.2.1.

5.2.5.2.8.1.2 Data packet type (DP). This field shall be set
to 0.

5.2.5.2.8.1.3 MSP packet type (MP). This field shall be
set to 1.

5.2.5.2.8.1.4 Supervisory packet (SP). This field shall be
set to 3.

5.2.5.2.8.1.5 Supervisory type (ST). This field shall be set
to 1.

5.2.5.2.8.1.6 User data length (LV). This field shall be set
as specified in 5.2.2.3.1.

5.2.5.2.8.1.7 User data (UD). The user data shall be
transferred from the ISO 8208 packet to the Mode S packet
using the S-bit packet reassembly processing as required. The
maximum size of the user data field for an INTERRUPT
packet shall be 32 bytes.

5.2.5.2.8.2 Translation into ISO 8208 packets. Reception
by the XDLP reformatting process of Mode S INTERRUPT
packet(s) from the local XDCE shall result in the generation
of a corresponding ISO 8208 INTERRUPT packet to the local
DCE. The translation from the Mode S packet(s) to the ISO
8208 packet shall be the inverse of the processing defined in
5.2.5.2.8.1.

5.2.5.2.9 INTERRUPT CONFIRMATION

5.2.5.2.9.1 Translation into Mode S packets

5.2.5.2.9.1.1 Translated packet format. Reception by the
XDLP reformatting process of an ISO 8208 INTERRUPT
CONFIRMATION packet from the local DCE shall result in
the generation of a corresponding Mode S INTERRUPT
CONFIRMATION packet as follows:

Fields shown in the packet format and not specified in the
following paragraphs shall be set as specified in 5.2.5.2.1.

5.2.5.2.9.1.2 Data packet type (DP). This field shall be set
to 0.

5.2.5.2.9.1.3 MSP packet type (MP). This field shall be
set to 1.

5.2.5.2.9.1.4 Supervisory packet (SP). This field shall be
set to 3.

5.2.5.2.9.1.5 Supervisory type (ST). This field shall be set
to 3.

5.2.5.2.9.1.6 Supervisory subset (SS). This field shall be
set to 0.

5.2.5.2.9.2 Translation into ISO 8208 packets. Reception
by the XDLP reformatting process of a Mode S INTERRUPT
CONFIRMATION packet from the local XDCE shall result in
the generation of a corresponding ISO 8208 INTERRUPT
CONFIRMATION packet to the local DCE. The translation
from the Mode S packet to the ISO 8208 packet shall be the
inverse of the processing defined in 5.2.5.2.9.1.

DP:1 MP:1 SP:2 ST:2 FILL2:0 or 2 S:1

F:1 SN:6 CH:4 LV:4 UD:v

DP:1 MP:1 SP:2 ST:2 SS:2

FILL2:0 or 2 SN:6 CH:4 FILL:4
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5.2.5.2.10 RESET REQUEST

5.2.5.2.10.1 Translation into Mode S packets

5.2.5.2.10.1.1 Translated packet format. Reception by the
XDLP reformatting process of an ISO 8208 RESET
REQUEST packet from the local DCE shall result in the
generation of a corresponding Mode S RESET REQUEST
packet as follows:

Fields shown in the packet format and not specified in the
following paragraphs shall be set as specified in 5.2.5.2.1.

5.2.5.2.10.1.2 Data packet type (DP). This field shall be
set to 0.

5.2.5.2.10.1.3 MSP packet type (MP). This field shall be
set to 1.

5.2.5.2.10.1.4 Supervisory packet (SP). This field shall be
set to 2.

5.2.5.2.10.1.5 Supervisory type (ST). This field shall be
set to 2.

5.2.5.2.10.1.6 Reset cause code (RC) and diagnostic
code (DC). The reset cause and diagnostic codes used in the
Mode S RESET REQUEST packet shall be as specified in
the ISO 8208 packet when the reset procedure is initiated by
the DTE. If the reset procedure originates with the DCE, the
DCE state tables shall specify the diagnostic fields coding. In
this case, bit 8 of the reset cause field shall be set to 0.

5.2.5.2.10.2 Translation into ISO 8208 packets. Reception
by the XDLP reformatting process of a Mode S RESET packet
from the local XDCE shall result in the generation of a
corresponding ISO 8208 RESET packet to the local DCE. The
translation from the Mode S packet to the ISO 8208 packet
shall be the inverse of the processing defined in 5.2.5.2.10.1.

5.2.5.2.11 ISO 8208 RESTART REQUEST to Mode S
CLEAR REQUEST. The receipt of an ISO 8208 RESTART
REQUEST from the local DCE shall result in the reformatting
process generating a Mode S CLEAR REQUEST by ADLP or
Mode S CLEAR REQUEST by GDLP for all SVCs associated
with the requesting DTE. The fields of the Mode S CLEAR
REQUEST packets shall be set as specified in 5.2.5.2.5 and
5.2.5.2.6.

Note.— There are no restart states in the Mode S packet
layer protocol.

5.2.5.3 PACKETS LOCAL TO THE

MODE S SUBNETWORK

Note.— Packets defined in this section do not result in the
generation of an ISO 8208 packet.

5.2.5.3.1 MODE S RECEIVE READY

5.2.5.3.1.1 Packet format. The Mode S RECEIVE
READY packet arriving from an XDLP is not related to the
control of the DTE/DCE interface and shall not cause the
generation of an ISO 8208 packet. The format of the packet
shall be as follows:

Fields shown in the packet format and not specified in the
following paragraphs shall be set as specified in 5.2.5.2.1. The
packet shall be processed as specified in 5.2.6.5.

5.2.5.3.1.2 Data packet type (DP). This field shall be set
to 0.

5.2.5.3.1.3 MSP packet type (MP). This field shall be set
to 1.

5.2.5.3.1.4 Supervisory packet (SP). This field shall be set
to 2.

5.2.5.3.1.5 Supervisory type (ST). This field shall be set
to 0.

5.2.5.3.1.6 Packet receive sequence number (PR). This
field shall be set as specified in 5.2.6.4.4.

5.2.5.3.2 MODE S RECEIVE NOT READY

5.2.5.3.2.1 Packet format. The Mode S RECEIVE NOT
READY packet arriving from an XDLP is not related to the
control of the DTE/DCE interface and shall not cause the
generation of an ISO 8208 packet. The format of the packet
shall be as follows:

Fields shown in the packet format and not specified in the
following paragraphs shall be set as specified in 5.2.5.2.1. The
packet shall be processed as specified in 5.2.6.6.

5.2.5.3.2.2 Data packet type (DP). This field shall be set
to 0.

DP:1 MP:1 SP:2 ST:2 FILL2:0 or 2 FILL:2

SN:6 CH:4 FILL:4 RC:8 DC:8

DP:1 MP:1 SP:2 ST:2 FILL2:0 or 2

FILL:2 SN:6 CH:4 PR:4

DP:1 MP:1 SP:2 ST:2 FILL2:0 or 2

FILL:2 SN:6 CH:4 PR:4
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5.2.5.3.2.3 MSP packet type (MP). This field shall be set
to 1.

5.2.5.3.2.4 Supervisory packet (SP). This field shall be set
to 2.

5.2.5.3.2.5 Supervisory type (ST). This field shall be set
to 1.

5.2.5.3.2.6 Packet receive sequence number (PR). This
field shall be set as specified in 5.2.6.4.4.

5.2.5.3.3 MODE S ROUTE

5.2.5.3.3.1 Packet format. The format for the packet shall
be as follows:

Fields shown in the packet format and not specified in the
following paragraphs shall be set as specified in 5.2.5.2.1. The
packet shall only be generated by the GDLP. It shall be
processed by the ADLP as specified in 5.2.8.1.2 and shall have
a maximum size as specified in 5.2.6.4.2.1.

5.2.5.3.3.2 Data packet type (DP). This field shall be set
to 0.

5.2.5.3.3.3 MSP packet type (MP). This field shall be set
to 1.

5.2.5.3.3.4 Supervisory packet (SP). This field shall be set
to 3.

5.2.5.3.3.5 Supervisory type (ST). This field shall be set
to 0.

5.2.5.3.3.6 Option flag (OF). This field shall indicate the
presence of the optional data length (ODL) and optional data
(OD) fields. OF shall be set to 1 if ODL and OD are present.
Otherwise it shall be set to 0.

5.2.5.3.3.7 Initialization bit (IN). This field shall indicate
the requirement for subnetwork initialization. It shall be set by
the GDLP as specified in 5.2.8.1.2 d).

Note.— Initialization causes the clearing of any open SVCs
associated with the DTE addresses contained in the ROUTE
packet. This is needed to assure that all channels are closed at
acquisition and for initialization following recovery after a
GDLP failure.

5.2.5.3.3.8 Route table length (RTL). This field shall
indicate the size of the route table, expressed in bytes.

5.2.5.3.3.9 Route table (RT)

5.2.5.3.3.9.1 Contents. This table shall consist of a
variable number of entries each containing information
specifying the addition or deletion of entries in the II code-
DTE cross-reference table (5.2.8.1.1).

5.2.5.3.3.9.2 Entries. Each entry in the route table shall
consist of the II code, a list of up to 8 ground DTE addresses,
and a flag indicating whether the resulting II code-DTE pairs
shall be added or deleted from the II code-DTE cross-
reference table. A route table entry shall be coded as follows:

5.2.5.3.3.9.3 Interrogator identifier (II). This field shall
contain the 4-bit II code.

5.2.5.3.3.9.4 Add/delete flag (AD). This field shall
indicate whether the II code-DTE pairs shall be added
(AD = 1) or deleted (AD = 0) from the II code-DTE cross-
reference table.

5.2.5.3.3.9.5 Number of DTE addresses (ND). This field
shall be expressed in binary in the range from 0 to 7 and shall
indicate the number of DTE addresses present in DAL minus 1
(in order to allow from 1 to 8 DTE addresses).

5.2.5.3.3.9.6 DTE address list (DAL). This list shall
consist of up to 8 DTE addresses, expressed in 8-bit binary
representation.

5.2.5.3.3.10 Optional data length (ODL). This field shall
contain the length in bytes of the following OD field.

5.2.5.3.3.11 Optional data (OD). This variable length
field shall contain optional data.

5.2.5.3.4 MODE S CLEAR CONFIRMATION BY ADLP

5.2.5.3.4.1 Packet format. The format for this packet shall
be as follows:

Fields shown in the packet format and not specified in the
following paragraphs shall be set as specified in 5.2.5.2.1 and
5.2.5.2.5. This packet shall be processed as specified in
5.2.6.3.

5.2.5.3.4.2 Data packet type (DP). This field shall be set
to 0.

DP:1 MP:1 SP:2 ST:2 OF:1 IN:1

RTL:8 RT:v ODL:0 or 8 OD:v

II:4 AD:1 ND:3 DAL:v

DP:1 MP:1 SP:2 ST:2 FILL2:0 or 2

TC:2 SN:6 CH:4 AM:4 AG:8
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5.2.5.3.4.3 MSP packet type (MP). This field shall be set
to 1.

5.2.5.3.4.4 Supervisory packet (SP). This field shall be set
to 1.

5.2.5.3.4.5 Channel number (CH): If a channel number
has been allocated during the call acceptance phase, then CH
shall be set to that value, otherwise it shall be set to zero.

5.2.5.3.4.6 Temporary channel (TC): If a channel number
has been allocated during the call acceptance phase, then TC
shall be set to zero, otherwise it shall be set to the value used
in the CALL REQUEST by GDLP.

5.2.5.3.4.7 Supervisory type (ST). This field shall be set
to 3.

5.2.5.3.5 MODE S CLEAR CONFIRMATION BY GDLP

5.2.5.3.5.1 Packet format. The format for this packet shall
be as follows:

Fields shown in the packet format and not specified in the
following paragraphs shall be set as specified in 5.2.5.2.1 and
5.2.5.2.6. This packet shall be processed as specified in
5.2.6.3.

5.2.5.3.5.2 Data packet type (DP). This field shall be set
to 0.

5.2.5.3.5.3 MSP packet type (MP). This field shall be set
to 1.

5.2.5.3.5.4 Supervisory packet (SP). This field shall be set
to 1.

5.2.5.3.5.5 Channel number (CH): If a channel number
has been allocated during the call acceptance phase, then CH
shall be set to that value, otherwise it shall be set to zero.

5.2.5.3.5.6 Temporary channel (TC): If a channel number
has been allocated during the call acceptance phase, then TC
shall be set to zero, otherwise it shall be set to the value used
in the CALL REQUEST by GDLP.

5.2.5.3.5.7 Supervisory type (ST). This field shall be set
to 3.

5.2.5.3.6 MODE S RESET CONFIRMATION

5.2.5.3.6.1 Packet format. The format for this packet shall
be as follows:

Fields shown in the packet format and not specified in the
following paragraphs shall be set as specified in 5.2.5.2.1. This
packet shall be processed as specified in Table 5-14.

5.2.5.3.6.2 Data packet type (DP). This field shall be set
to 0.

5.2.5.3.6.3 MSP packet type (MP). This field shall be set
to 1.

5.2.5.3.6.4 Supervisory packet (SP). This field shall be set
to 2.

5.2.5.3.6.5 Supervisory type (ST). This field shall be set
to 3.

5.2.5.3.7 MODE S REJECT

5.2.5.3.7.1 Packet format. The format for this packet shall
be as follows:

Fields shown in the packet format and not specified in the
following paragraphs shall be set as specified in 5.2.5.2.1. This
packet shall be processed as specified in 5.2.6.8.

5.2.5.3.7.2 Data packet type (DP). This field shall be set
to 0.

5.2.5.3.7.3 MSP packet type (MP). This field shall be set
to 1.

5.2.5.3.7.4 Supervisory packet (SP). This field shall be set
to 3.

5.2.5.3.7.5 Supervisory type (ST). This field shall be set to
3.

5.2.5.3.7.6 Supervisory subset (SS). This field shall be set
to 1.

5.2.5.3.7.7 Packet receive sequence number (PR). This
field shall be set as specified in 5.2.6.4.4.

5.2.6 XDCE operation

Note.— The ADCE process within the ADLP acts as a peer
process to the GDCE process in the GDLP.

DP:1 MP:1 SP:2 ST:2 FILL:2

TC:2 SN:6 CH:4 AM:4 AG:8

DP:1 MP:1 SP:2 ST:2 FILL2:0 or 2

FILL:2 SN:6 CH:4 FILL:4

DP:1 MP:1 SP:2 ST:2 SS:2

FILL2:0 or 2 SN:6 CH:4 PR:4
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5.2.6.1 State transitions. The XDCE shall operate as a
state machine. Upon entering a state, the XDCE shall perform
the actions specified in Table 5-14. State transition and
additional action(s) shall be as specified in Table 5-15 through
Table 5-22.

Note 1.— The next state transition (if any) that occurs when
the XDCE receives a packet from the peer XDCE is specified
by Table 5-15 through Table 5-19. The same transitions are
defined in Table 5-20 through Table 5-22 when the XDCE
receives a packet from the DCE (via the reformatting process).

Note 2.— The XDCE state hierarchy is the same as for the
DCE as presented in Figure 5-2, except that states r2, r3 and
p5 are omitted.

5.2.6.2 DISPOSITION OF PACKETS

5.2.6.2.1 Upon receipt of a packet from the peer XDCE,
the packet shall be forwarded or not forwarded to the DCE (via
the reformatting process) according to the parenthetical
instructions contained in Tables 5-15 to 5-19. If no
parenthetical instruction is listed or if the parenthetical
instruction indicates “do not forward” the packet shall be
discarded.

5.2.6.2.2 Upon receipt of a packet from the DCE (via the
reformatting process), the packet shall be forwarded or not
forwarded to the peer XDCE according to the parenthetical
instructions contained in Tables 5-20 to 5-22. If no paren-
thetical instruction is listed or if the parenthetical instruction
indicates “do not forward” the packet shall be discarded.

5.2.6.3 SVC CALL SETUP AND

CLEAR PROCEDURE

5.2.6.3.1 Setup procedures. Upon receipt of a CALL
REQUEST from the DCE or peer XDCE, the XDLP shall
determine if sufficient resources exist to operate the SVC. This
shall include: sufficient buffer space (refer to 5.2.5.1.1 for
buffer requirements) and an available p1 state SVC. Upon
acceptance of the CALL REQUEST from the DCE (via the
reformatting process), the Mode S CALL REQUEST packet
shall be forwarded to frame processing. Upon acceptance of a
Mode S CALL REQUEST from the peer XDCE (via frame
processing), the Mode S CALL REQUEST shall be sent to the
reformatting process.

5.2.6.3.2 Aborting a call request. If the DTE and/or the
peer XDCE abort a call before they have received a CALL
ACCEPT packet, they shall indicate this condition by issuing
a CLEAR REQUEST packet. Procedures for handling these
cases shall be as specified in Table 5-16 and Table 5-20.

5.2.6.3.3 VIRTUAL CALL CLEARING

5.2.6.3.3.1 If the XDCE receives a Mode S CALL
REQUEST from the reformatting process that it cannot
support, it shall initiate a Mode S CLEAR REQUEST packet
that is sent to the DCE (via the reformatting process) for
transfer to the DTE (the DCE thus enters the DCE CLEAR
REQUEST to DTE state, p7).

5.2.6.3.3.2 If the XDCE receives a Mode S CALL
REQUEST packet from the peer XDCE (via frame processing)
which it cannot support, it shall enter the state p7.

5.2.6.3.3.3 A means shall be provided to advise the DTE
whether an SVC has been cleared due to the action of the peer
DTE or due to a problem within the subnetwork itself.

5.2.6.3.3.4 Recommendation.— The requirement of
5.2.6.3.3.3 should be satisfied by setting bit 8 of the cause field
to 1 to indicate that the problem originated in the Mode S
subnetwork and not in the DTE. The diagnostic and cause
codes should be set as follows:

a) no channel number available, DC = 71, CC = 133;

b) buffer space not available, DC = 71, CC = 133;

c) DTE not operational, DC = 162, CC = 141; and

d) link failure, DC = 225, CC = 137.

5.2.6.3.3.5 If the ADLP receives a Mode S ROUTE
packet with the IN bit set to ONE, the ADLP shall perform
local initialization by clearing Mode S SVCs associated with
the DTE addresses contained in the ROUTE packet. If the
GDLP receives a search request (Table 5-23) from an ADLP,
the GDLP shall perform local initialization by clearing Mode
S SVCs associated with that ADLP. Local initialization shall
be accomplished by:

a) releasing all allocated resources associated with these
SVCs (including the resequencing buffers);

b) returning these SVCs to the ADCE ready state (p1); and

c) sending Mode S CLEAR REQUEST packets for these
SVCs to the DCE (via the reformatting process) for
transfer to the DTE.

Note.— This action will allow all ISO 8208 SVCs attached
to the Mode S SVCs to be cleared and return to their ready
states (p1).

5.2.6.3.4 Clear confirmation. When the XDCE receives a
Mode S CLEAR CONFIRMATION packet, the remaining
allocated resources to manage the SVC shall be released
(including the resequencing buffers) and the SVC shall be
returned to the p1 state. Mode S CLEAR CONFIRMATION
packets shall not be transferred to the reformatting process.
5-21 28/11/02
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5.2.6.3.5 Clear collision. A clear collision occurs at the
XDCE when it receives a Mode S CLEAR REQUEST packet
from the DCE (via the reformatting process) and then receives
a Mode S CLEAR REQUEST packet from the peer XDCE (or
vice versa). In this event, the XDCE does not expect to receive
a Mode S CLEAR CONFIRMATION packet for this SVC and
shall consider the clearing complete.

5.2.6.3.6 Packet processing. The XDCE shall treat an S-
bit sequence of Mode S CALL REQUEST, CALL ACCEPT
and CLEAR REQUEST packets as a single entity.

5.2.6.4 DATA TRANSFER AND INTERRUPT PROCEDURES

5.2.6.4.1 GENERAL PROVISIONS

5.2.6.4.1.1 Data transfer and interrupt procedures shall
apply independently to each SVC. The contents of the user
data field shall be passed transparently to the DCE or to the
peer XDCE. Data shall be transferred in the order dictated by
the sequence numbers assigned to the data packets.

5.2.6.4.1.2 To transfer DATA packets, the SVC shall be in
a FLOW CONTROL READY state (d1).

5.2.6.4.2 MODE S PACKET SIZE

5.2.6.4.2.1 The maximum size of Mode S packets shall
be 152 bytes in the uplink direction and 160 bytes in the
downlink direction for installations that have full uplink and
downlink ELM capability. The maximum downlink packet size
for level four transponders with less than 16 segment downlink
ELM capability shall be 10 bytes times the maximum number
of downlink ELM segments that the transponder specifies in
its data link capability report. If there is no ELM capability, the
maximum Mode S packet size shall be 28 bytes.

5.2.6.4.2.2 The Mode S subnetwork shall allow packets of
less than the maximum size to be transferred.

5.2.6.4.3 FLOW CONTROL WINDOW SIZE

5.2.6.4.3.1 The flow control window size of the Mode S
subnetwork shall be independent of that used on the DTE/DCE
interface. The Mode S subnetwork window size shall be 15
packets in the uplink and downlink directions.

5.2.6.4.4 SVC FLOW CONTROL

5.2.6.4.4.1 Flow control shall be managed by means of a
sequence number for received packets (PR) and one for
packets that have been sent (PS). A sequence number (PS)
shall be assigned for each Mode S DATA packet generated by
the XDLP for each SVC. The first Mode S DATA packet
transferred by the XDCE to frame processing when the SVC
has just entered the flow control ready state shall be numbered
zero. The first Mode S packet received from the peer XDCE

after an SVC has just entered the flow control ready state shall
be numbered zero. Subsequent packets shall be numbered
consecutively.

5.2.6.4.4.2 A source of Mode S DATA packets (the ADCE
or GDCE) shall not send (without permission from the
receiver) more Mode S DATA packets than would fill the flow
control window. The receiver shall give explicit permission to
send more packets.

5.2.6.4.4.3 The permission information shall be in the
form of the next expected packet sequence number, and shall
be denoted PR. If a receiver wishes to update the window and
it has data to transmit to the sender, a Mode S DATA packet
shall be used for information transfer. If the window must be
updated and no data are to be sent, a Mode S RECEIVE
READY (RR) or Mode S RECEIVE NOT READY (RNR)
packet shall be sent. At this point, the “sliding window” shall
be moved to begin at the new PR value. The XDCE shall now
be authorized to transfer more packets without
acknowledgement up to the window limit.

5.2.6.4.4.4 When the sequence number (PS) of the next
Mode S DATA packet to be sent is in the range
PR < PS < PR + 14 (modulo 16), the sequence number shall
be defined to be “in the window” and the XDCE shall be
authorized to transmit the packet. Otherwise, the sequence
number (PS) of the packet shall be defined to be “outside the
window” and the XDCE shall not transmit the packet to the
peer XDCE.

5.2.6.4.4.5 When the sequence number (PS) of the packet
received is next in sequence and within the window, the XDCE
shall accept this packet. Receipt of a packet with a PS:

a) outside the window; or 

b) out of sequence; or 

c) not equal to 0 for the first data packet after entering
FLOW CONTROL READY state (d1); 

shall be considered an error (5.2.6.8).

5.2.6.4.4.6 The receipt of a Mode S DATA packet with a
valid PS number (i.e. the next PS in sequence) shall cause the
lower window PR to be changed to that PS value plus 1. The
packet receive sequence number (PR) shall be conveyed to the
originating XDLP by a Mode S DATA, RECEIVE READY,
RECEIVE NOT READY, or REJECT packet. A valid PR value
shall be transmitted by the XDCE to the peer XDCE after the
receipt of 8 packets provided that sufficient buffer space exists
to store 15 packets. Incrementing the PR and PS fields shall be
performed using modulo 16 arithmetic.

Note.— The loss of a packet which contains the PR value
may cause the ADLP/GDLP operations for that SVC to cease.
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5.2.6.4.4.7 A copy of a packet shall be retained until the
user data has been successfully transferred. Following success-
ful transfer, the PS value shall be updated.

5.2.6.4.4.8 The PR value for user data shall be updated as
soon as the required buffer space for the window (as
determined by flow control management) is available within
the DCE.

5.2.6.4.4.9 Flow control management shall be provided
between the DCE and XDCE.

5.2.6.4.5 INTERRUPT PROCEDURES FOR SWITCHED

5.2.6.4.5 VIRTUAL CIRCUITS

5.2.6.4.5.1 If user data is to be sent via the Mode S
subnetwork without following the flow control procedures, the
interrupt procedures shall be used. The interrupt procedure
shall have no effect on the normal data packet and flow control
procedures. An interrupt packet shall be delivered to the DTE
(or the transponder or interrogator interface) at or before the
point in the stream of data at which the interrupt was
generated. The processing of a Mode S INTERRUPT packet
shall occur as soon as it is received by the XDCE.

Note.— The use of clear, reset, and restart procedures can
cause interrupt data to be lost.

5.2.6.4.5.2 The XDCE shall treat an S-bit sequence of
Mode S INTERRUPT packets as a single entity.

5.2.6.4.5.3 Interrupt processing shall have precedence
over any other processing for the SVC occurring at the time of
the interrupt.

5.2.6.4.5.4 The reception of a Mode S INTERRUPT
packet before the previous interrupt of the SVC has been
confirmed (by the receipt of a Mode S INTERRUPT
CONFIRMATION packet) shall be defined as an error. The
error results in a reset (see Table 5-18).

5.2.6.5 RECEIVE READY PROCEDURE

5.2.6.5.1 The Mode S RECEIVE READY packet shall be
sent if no Mode S DATA packets (that normally contain the
updated PR value) are available for transmittal and it is
necessary to transfer the latest PR value. It also shall be sent
to terminate a receiver not ready condition.

5.2.6.5.2 Receipt of the Mode S RECEIVE READY
packet by the XDCE shall cause the XDCE to update its value
of PR for the outgoing SVC. It shall not be taken as a demand
for retransmission of packets that have already been
transmitted and are still in the window.

5.2.6.5.3 Upon receipt of the Mode S RECEIVE READY
packet, the XDCE shall go into the ADLP(GDLP) RECEIVE
READY state (g1).

5.2.6.6 RECEIVE NOT READY PROCEDURE

5.2.6.6.1 The Mode S RECEIVE NOT READY packet
shall be used to indicate a temporary inability to accept
additional DATA packets for the given SVC. The Mode S RNR
condition shall be cleared by the receipt of a Mode S RR
packet or a Mode S REJECT packet.

5.2.6.6.2 When the XDCE receives a Mode S RECEIVE
NOT READY packet from the peer XDCE, it shall update its
value of PR for the SVC and stop transmitting Mode S DATA
packets on the SVC to the XDLP. The XDCE shall go into the
ADLP(GDLP) RECEIVE NOT READY state (g2).

5.2.6.6.3 The XDCE shall transmit a Mode S RECEIVE
NOT READY packet to the peer XDCE if it is unable to
receive from the peer XDCE any more Mode S DATA packets
on the indicated SVC. Under these conditions, the XDCE shall
go into the ADCE(GDCE) RECEIVE NOT READY state (f2).

5.2.6.7 RESET PROCEDURE

5.2.6.7.1 When the XDCE receives a Mode S RESET
REQUEST packet from either the peer XDCE or the DCE (via
the reformatting process) or due to an error condition performs
its own reset, the following actions shall be taken:

a) those Mode S DATA packets that have been trans-
mitted to the peer XDCE shall be removed from the
window;

b) those Mode S DATA packets that are not transmitted to
the peer XDCE but are contained in an M-bit sequence
for which some packets have been transmitted shall be
deleted from the queue of DATA packets awaiting
transmission;

c) those Mode S DATA packets received from the peer
XDCE that are part of an incomplete M-bit sequence
shall be discarded;

d) the lower window edge shall be set to 0 and the next
packet sent shall have a sequence number (PS) of 0;

e) any outstanding Mode S INTERRUPT packets to or
from the peer XDCE shall be left unconfirmed; and

f) any Mode S INTERRUPT packet awaiting transfer shall
be discarded;

g) data packets awaiting transfer shall not be discarded
(unless they are part of a partially transferred M-bit
sequence); and

h) the transition to d1 shall also include a transition to i1,
j1, f1 and g1.
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5.2.6.7.2 The reset procedure shall apply to the DATA
TRANSFER state (p4). The error procedure in Table 5-16
shall be followed. In any other state the reset procedure shall
be abandoned.

5.2.6.8 REJECT PROCEDURE

5.2.6.8.1 When the XDCE receives a Mode S DATA
packet from the peer XDCE with incorrect format or whose
packet sequence number (PS) is not within the defined window
(Table 5-19) or is out of sequence, it shall discard the received
packet and send a Mode S REJECT packet to the peer XDCE
via frame processing. The Mode S REJECT packet shall
indicate a value of PR for which retransmission of the Mode
S DATA packets is to begin. The XDCE shall discard
subsequent out-of-sequence Mode S DATA packets whose
receipt occurs while the Mode S REJECT packet response is
still outstanding.

5.2.6.8.2 When the XDCE receives a Mode S REJECT
packet from the peer XDCE, it shall update its lower window
value with the new value of PR and begin to (re)transmit
packets with a sequence number of PR.

5.2.6.8.3 Reject indications shall not be transferred to the
DCE. If the ISO 8208 interface supports the reject procedures,
the reject indications occurring on the ISO 8208 interface shall
not be transferred between the DCE and the XDCE.

5.2.6.9 PACKET RESEQUENCING AND

DUPLICATE SUPPRESSION

Note 1.— If the frames for an SVC include both types
(SLM and ELM), the sequence of packets may be lost due to
the different delivery times. The order may also be lost if
multiple interrogators are used to deliver frames for the same
SVC to a given XDLP. The following procedure will correct for
a limited amount of desequencing.

Note 2.— This process serves as an interface between frame
processing and the XDCE function.

5.2.6.9.1 Resequencing. Resequencing shall be performed
independently for the uplink and downlink transfers of each
Mode S SVC. The following variables and parameters shall be
used:

SNR A 6-bit variable indicating the sequence number of
a received packet on a specific SVC. It is contained
in the SN field of the packet (5.2.5.2.1.1.7).

NESN The next expected sequence number following a
series of consecutive sequence numbers.

HSNR The highest value of SNR in the resequencing
window.

Tq Resequencing timers (see Tables 5-1 and 5-13)
associated with a specific SVC.

All operations involving the sequence number (SN) shall be
performed modulo 64.

5.2.6.9.2 Duplication window. The range of SNR values
between NESN – 32 and NESN – 1 inclusive shall be denoted
the duplication window.

5.2.6.9.3 Resequencing window. The range of SNR values
between NESN + 1 and NESN + 31 inclusive shall be denoted
the resequencing window. Received packets with a sequence
number value in this range shall be stored in the resequencing
window in sequence number order.

5.2.6.9.4 TRANSMISSION FUNCTIONS

5.2.6.9.4.1 For each SVC, the first packet sent to establish
a connection (the first Mode S CALL REQUEST or first
Mode S CALL ACCEPT packet) shall cause the value of the
SN field to be initialized to zero. The value of the SN field
shall be incremented after the transmission (or retransmission)
of each packet.

5.2.6.9.4.2 The maximum number of unacknowledged
sequence numbers shall be 32 consecutive SN numbers.
Should this condition be reached, then it shall be treated as an
error and the channel cleared.

Note.— A limit on the number of unacknowledged packets
is required since the SN field is six bits long and therefore has
a maximum of 64 different values before the values repeat.

5.2.6.9.5 RECEIVE FUNCTIONS

5.2.6.9.5.1 Resequencing. The resequencing algorithm
shall maintain the variables HSNR and NESN for each SVC.
NESN shall be initialized to 0 for all SVCs and shall be reset
to 0 when the SVC re-enters the channel number pool
(5.2.5.1.2).

5.2.6.9.5.2 Processing of packets within the duplication
window. If a packet is received with a sequence number value
within the duplication window, the packet shall be discarded.

5.2.6.9.5.3 Processing of packets within the resequenc-
ing window. If a packet is received with a sequence number
within the resequencing window, it shall be discarded as a
duplicate if a packet with the same sequence number has
already been received and stored in the resequencing window.
Otherwise, the packet shall be stored in the resequencing
window. Then, if no Tq timers are running, HSNR shall be set
to the value of SNR for this packet and a Tq timer shall be
started with its initial value (Tables 5-1 and 5-13). If at least
one Tq timer is running, and SNR is not in the window
between NESN and HSNR + 1 inclusive, a new Tq timer shall
be started and the value of HSNR shall be updated. If at least
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one Tq timer is running, and SNR for this packet is equal to
HSNR + 1, the value of HSNR shall be updated.

5.2.6.9.5.4 Release of packets to the XDCE. If a packet is
received with a sequence number equal to NESN, the following
procedure shall be applied:

a) the packet and any packets already stored in the
resequencing window up to the next missing sequence
number shall be passed to the XDCE;

b) NESN shall be set to 1 + the value of the sequence
number of the last packet passed to the XDCE; and

c) the Tq timer associated with any of the released packets
shall be stopped.

5.2.6.9.6 Tq timer expiration. If a Tq timer expires, the
following procedure shall be applied:

a) NESN shall be incremented until the next missing
sequence number is detected after that of the packet
associated with the Tq timer that has expired;

b) any stored packets with sequence numbers that are no
longer in the resequencing window shall be forwarded to
the XDCE except that an incomplete S-bit sequence
shall be discarded; and

c) the Tq timer associated with any released packets shall
be stopped.

5.2.7 Mode S specific services processing

The data formats and protocols for messages transferred via
Mode S specific services shall be as specified in the Appendix
to this chapter. Mode S specific services shall be processed by
an entity in the XDLP termed the Mode S specific services
entity (SSE).

Note 1.— This section describes the processing of control
and message data received from the Mode S specific services
interface.

Note 2.— Control data consists of information permitting
the determination of, for example, message length, BDS code
used to access the data format for a particular register, and
aircraft address.

5.2.7.1 ADLP PROCESSING

5.2.7.1.1 DOWNLINK PROCESSING

5.2.7.1.1.1 Specific services capability. The ADLP shall
be capable of receiving control and message data from the

Mode S specific services interface(s) and sending delivery
notices to this interface. The control data shall be processed to
determine the protocol type and the length of the message
data. When the message or control data provided at this
interface are erroneous (i.e. incomplete, invalid or
inconsistent), the ADLP shall discard the message and deliver
an error report at the interface.

Note.— The diagnostic content and error reporting mech-
anism are a local issue.

5.2.7.1.1.2 Broadcast processing. The control and message
data shall be used to format the Comm-B broadcast message as
specified in 5.2.7.5 and transferred to the transponder.

5.2.7.1.1.3 GICB processing. The 8-bit BDS code shall be
determined from the control data. The 7-byte register content
shall be extracted from the received message data. The register
content shall be transferred to the transponder, along with an
indication of the specified register number. A request to
address one of the air-initiated Comm-B registers or the
airborne collision avoidance system (ACAS) active resolution
advisories register shall be discarded. The assignment of
registers shall be as specified in Table 5-24.

5.2.7.1.1.4 MSP processing

5.2.7.1.1.4.1 The MSP message length, channel number
(M/CH) (5.2.7.3.1.3) and optionally the interrogator identifier
(II) code shall be determined from the control data. The MSP
message content shall be extracted from the received message
data. If the message length is 26 bytes or less, the SSE shall
format an air-initiated Comm-B message (5.2.7.1.1.4.2) for
transfer to the transponder using the short form MSP packet
(5.2.7.3.1). If the message length is 27 to 159 bytes and the
transponder has adequate downlink ELM capability, the SSE
shall format an ELM message for transfer using the short form
MSP packet. If the message length is 27 to 159 bytes and the
transponder has a limited downlink ELM capability, the SSE
shall format multiple long form MSP packets (5.2.7.3.2) using
ELM messages, as required utilizing the L-bit and M/SN fields
for association of the packets. If the message length is 27 to
159 bytes and the transponder does not have downlink ELM
capability, the SSE shall format multiple long form MSP
packets (5.2.7.3.2) using air initiated Comm-B messages, as
required utilizing the L-bit and M/SN fields for association of
the packets. Different frame types shall never be used in the
delivery of an MSP message. Messages longer than 159 bytes
shall be discarded. The assignment of downlink MSP channel
numbers shall be as specified in Table 5-25.

5.2.7.1.1.4.2 For an MSP, a request to send a packet shall
cause the packet to be multisite-directed to the interrogator
which II code is specified in control data. If no II code is
specified, the packet shall be downlinked using the air-initiated
protocol. A message delivery notice for this packet shall be
provided to the Mode S specific interface when the
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corresponding close-out(s) have been received from the
transponder. If a close-out has not been received from the
transponder in Tz seconds, as specified in Table 5-1, the MSP
packet shall be discarded. This shall include the cancellation in
the transponder of any frames associated with this packet. A
delivery failure notice for this message shall be provided to the
Mode S specific services interface.

5.2.7.1.2 UPLINK PROCESSING

Note.— This section describes the processing of Mode S
specific services messages received from the transponder.

5.2.7.1.2.1 Specific services capability. The ADLP shall
be capable of receiving Mode S specific services messages
from the transponder via frame processing. The ADLP shall be
capable of delivering the messages and the associated control
data at the specific services interface. When the resources
allocated at this interface are insufficient to accommodate the
output data, the ADLP shall discard the message and deliver
an error report at this interface.

Note.— The diagnostic content and the error reporting
mechanism are a local issue.

5.2.7.1.2.2 Broadcast processing. If the received message
is a broadcast Comm-A, as indicated by control data received
over the transponder/ADLP interface, the broadcast ID and
user data (5.2.7.5) shall be forwarded to the Mode S specific
services interface (5.2.3.2.1) along with the control data that
identifies this as a broadcast message. The assignment of
uplink broadcast identifier numbers shall be as specified in
Table 5-23.

5.2.7.1.2.3 MSP processing. If the received message is
an MSP, as indicated by the packet format header (5.2.7.3),
the user data field of the received MSP packet shall be
forwarded to the Mode S specific services interface (5.2.3.2.1)
together with the MSP channel number (M/CH), the IIS
subfield (5.2.2.1.1.1) together with control data that identifies
this as an MSP message. L-bit processing shall be performed
as specified in 5.2.7.4. The assignment of uplink MSP channel
numbers shall be as specified in Table 5-25.

5.2.7.2 GDLP PROCESSING

5.2.7.2.1 UPLINK PROCESSING

5.2.7.2.1.1 Specific services capability. The GDLP shall
be capable of receiving control and message data from the
Mode S specific services interface(s) (5.2.3.2.2) and sending
delivery notices to the interface(s). The control data shall be
processed to determine the protocol type and the length of the
message data.

5.2.7.2.1.2 Broadcast processing. The GDLP shall deter-
mine the interrogator(s), broadcast azimuths and scan times

from the control data and format the broadcast message for
transfer to the interrogator(s) as specified in 5.2.7.5. 

5.2.7.2.1.3 GICB processing. The GDLP shall determine
the register number and the aircraft address from the control
data. The aircraft address and BDS code shall be passed to the
interrogator as a request for a ground-initiated Comm-B.

5.2.7.2.1.4 MSP processing. The GDLP shall extract from
the control data the message length, the MSP channel number
(M/CH) and the aircraft address, and obtain the message
content from the message data. If the message length is 27
bytes or less, the SSE shall format a Comm-A message for
transfer to the interrogator using the short form MSP packet
(5.2.7.3.1). If the message length is 28 to 151 bytes and the
transponder has uplink ELM capability, the SSE shall format
an ELM message for transfer to the interrogator using the short
form MSP packet. If the message length is 28 to 151 bytes and
the transponder does not have uplink ELM capability, the SSE
shall format multiple long form MSP packets (5.2.7.3.2)
utilizing the L-bit and the M/SN fields for association of the
packets. Messages longer than 151 bytes shall be discarded.
The interrogator shall provide a delivery notice to the Mode S
specific services interface(s) indicating successful or
unsuccessful delivery, for each uplinked packet.

5.2.7.2.2 DOWNLINK PROCESSING

5.2.7.2.2.1 Specific services capability. The GDLP shall
be capable of receiving Mode S specific services messages
from the interrogator via frame processing.

5.2.7.2.2.2 Broadcast processing. If the received message
is a broadcast Comm-B, as indicated by the interrogator/GDLP
interface, the GDLP shall:

a) generate control data indicating the presence of a
broadcast message and the 24-bit address of the aircraft
from which the message was received;

b) append the 7-byte MB field of the broadcast Comm-B;
and 

c) forward this data to the Mode S specific services
interface(s) (5.2.3.2.2).

5.2.7.2.2.3 GICB processing. If the received message is a
GICB, as indicated by the interrogator/GDLP interface, the
GDLP shall:

a) generate control data indicating the presence of a GICB
message, the register number and the 24-bit address of
the aircraft from which the message was received;

b) append the 7-byte MB field of the GICB; and 

c) forward this data to the Mode S specific services
interface(s) (5.2.3.2.2).
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5.2.7.2.2.4 MSP processing. If the received message is an
MSP as indicated by the packet format header (5.2.7.3), the
GDLP shall:

a) generate control data indicating the transfer of an MSP,
the length of the message, the MSP channel number
(M/CH) and the 24-bit address of the aircraft from
which the message was received;

b) append the user data field of the received MSP packet;
and

c) forward this data to the Mode S specific services
interface(s) (5.2.3.2.2).

L-bit processing shall be performed as specified in 5.2.7.4.

5.2.7.3 MSP PACKET FORMATS

5.2.7.3.1 Short form MSP packet. The format for this
packet shall be as follows:

5.2.7.3.1.1 Data packet type (DP). This field shall be set
to 0.

5.2.7.3.1.2 MSP packet type (MP). This field shall be set
to 0.

5.2.7.3.1.3 MSP channel number (M/CH). The field shall
be set to the channel number derived from the SSE control
data.

5.2.7.3.1.4 Fill field (FILL1:0 or 6). The fill length shall
be 6 bits for a downlink SLM frame. Otherwise the fill length
shall be 0.

5.2.7.3.1.5 User data (UD). The user data field shall
contain message data received from the Mode S specific
services interface (5.2.3.2.2).

5.2.7.3.2 Long form MSP packet. The format for this
packet shall be as follows:

Fields shown in the packet format and not specified in the
following paragraphs shall be set as specified in 5.2.5.2.1 and
5.2.7.3.1.

5.2.7.3.3 Data packet type (DP). This field shall be set
to 0.

5.2.7.3.3.1 MSP packet type (MP). This field shall be set
to 1.

5.2.7.3.3.2 Supervisory packet (SP). This field shall be set
to 0.

5.2.7.3.3.3 L field (L). A value of 1 shall indicate that the
packet is part of an L-bit sequence with more packets in the
sequence to follow. A value of 0 shall indicate that the
sequence ends with this packet.

5.2.7.3.3.4 MSP sequence number field (M/SN). This field
shall be used to detect duplication in the delivery of L-bit
sequences. The first packet in an L-bit sequence shall be
assigned a sequence number of 0. Subsequent packets shall be
numbered sequentially. A packet received with the same
sequence number as the previously received packet shall be
discarded.

5.2.7.4 L-bit processing. L-bit processing shall be
performed only on the long form MSP packet and shall be
performed as specified for M-bit processing (5.2.5.1.4.1)
except as specified in the following paragraphs.

5.2.7.4.1 Upon receipt of a long form MSP packet, the
XDLP shall construct the user data field by:

a) verifying that the packet order is correct using the M/SN
field (5.2.7.3.2);

b) assuming that the user data field in the MSP packet is
the largest number of integral bytes that is contained
within the frame;

c) associating each user data field in an MSP packet
received with a previous user data field in an MSP
packet that has an L-bit value of 1; and

Note.— Truncation of the user data field is not permitted
as this is treated as an error condition.

d) if an error is detected in the processing of an MSP
packet, the packet shall be discarded.

5.2.7.4.2 In the processing of an L-bit sequence, the
XDLP shall discard any MSP packets that have duplicate
M/SN values. The XDLP shall discard the entire L-bit
sequence if a long form MSP packet is determined to be
missing by use of the M/SN field.

5.2.7.4.3 The packets associated with any L-bit sequence
whose reassembly is not completed in Tm seconds (Tables 5-1
and 5-13) shall be discarded.

5.2.7.5 BROADCAST FORMAT

5.2.7.5.1 Uplink Broadcast. The format of the broadcast
Comm-A shall be as follows: The 83-bit uplink broadcast shall

DP:1 MP:1 M/CH:6 FILL1:0 or 6 UD:v

DP:1 MP:1 SP:2 L:1 M/SN:3 FILL2:0 or 2 M/CH:6 UD:v
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be inserted in an uplink Comm-A frame. The MA field of the
Comm-A frame shall contain the broadcast identifier specified
in Table 5-23 in the first 8 bits, followed by the first 48 user
data bits of the broadcast message. The last 27 user data bits
of the broadcast message shall be placed in the 27 bits
immediately following the UF field of the Comm-A frame.

5.2.7.5.2 Downlink Broadcast. The format of broadcast
Comm-B shall be as follows: The 56-bit downlink broadcast
message shall be inserted in the MB field of the broadcast
Comm-B. The MB field shall contain the broadcast identifier
specified in Table 5-23 in the first 8 bits, followed by the
48 user data bits.

5.2.8 Mode S subnetwork management

5.2.8.1 INTERROGATOR LINK

DETERMINATION FUNCTION

Note.— The ADLP interrogator link determination function
selects the II code of the Mode S interrogator through which a
Mode S subnetwork packet may be routed to the desired
destination ground DTE.

5.2.8.1.1 II code-DTE address correlation. The ADLP
shall construct and manage a Mode S interrogator-data
terminal equipment (DTE) cross-reference table whose entries
are Mode S interrogator identifier (II) codes and ground DTE
addresses associated with the ground ATN routers or other
ground DTEs. Each entry of the II code-DTE cross-reference
table shall consist of the 4-bit Mode S II code and the 8-bit
binary representation of the ground DTE.

Note 1.— Due to the requirement for non-ambiguous
addresses, a DTE address also uniquely identifies a GDLP.

Note 2.— An ATN router may have more than one ground
DTE address.

5.2.8.1.2 Protocol. The following procedures shall be
used:

a) when the GDLP initially detects the presence of an
aircraft, or detects contact with a currently acquired
aircraft through an interrogator with a new II code, the
appropriate fields of the DATA LINK CAPABILITY
report shall be examined to determine if, and to what
level, the aircraft has the capability to participate in a
data exchange. After positive determination of data link
capability, the GDLP shall uplink one or more Mode S
ROUTE packets as specified in 5.2.5.3.3. This infor-
mation shall relate the Mode S II code with the ground
DTE addresses accessible through that interrogator. The
ADLP shall update the II code-DTE cross-reference
table and then discard the Mode S ROUTE packet(s);

b) a II code-DTE cross-reference table entry shall be
deleted when commanded by a Mode S ROUTE packet
or when the ADLP recognizes that the transponder has
not been selectively interrogated by a Mode S interro-
gator with a given II code for Ts seconds by monitoring
the IIS subfield in Mode S surveillance or Comm-A
interrogations (Table 5-1);

c) when the GDLP determines that modification is required
to the Mode S interrogator assignment, it shall transfer
one or more Mode S ROUTE packets to the ADLP. The
update information contained in the Mode S ROUTE
packet shall be used by the ADLP to modify its cross-
reference table. Additions shall be processed before
deletions;

d) when the GDLP sends the initial ROUTE packet after
acquisition of a Mode S data link-equipped air-
craft, the IN bit shall be set to ONE. This value shall
cause the ADLP to perform the procedures as specified
in 5.2.6.3.3.3. Otherwise, the IN bit shall be set to ZERO;

e) when the ADLP is initialized (e.g. after a power-up
procedure), the ADLP shall issue a search request by
sending a broadcast Comm-B message with broadcast
identifier equal to 255 (FF16, as specified in
Table 5-23) and the remaining 6 bytes unused. On
receipt of a search request, a GDLP shall respond with
one or more Mode S ROUTE packets, clear all SVCs
associated with the ADLP, as specified in 5.2.6.3.3,
and discard the search request. This shall cause the
ADLP to initialize the II code-DTE cross-reference
table; and

f) on receipt of an update request (Table 5-23), a GDLP
shall respond with one or more Mode S ROUTE
packets and discard the update request. This shall
cause the ADLP to update the II code-DTE
cross-reference table.

Note.— The update request may be used by the ADLP
under exceptional circumstances (e.g. changeover to standby
unit) to verify the contents of its II code-DTE cross-reference
table.

5.2.8.1.3 PROCEDURES FOR DOWNLINKING 
5.2.8.1.3 MODE S PACKETS

5.2.8.1.3.1 When the ADLP has a packet to downlink,
the following procedures shall apply:

a) CALL REQUEST packet. If the packet to be transferred
is a Mode S CALL REQUEST, the ground DTE address
field shall be examined and shall be associated with a
connected Mode S interrogator using the II code-DTE
cross-reference table. The packet shall be downlinked
using the multisite-directed protocol. A request to
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transfer a packet to a DTE address not in the cross-
reference table shall result in the action specified in
5.2.6.3.3.1.

b) Other SVC packets. For an SVC, a request to send a
packet to a ground DTE shall cause the packet to be
multisite-directed to the last Mode S interrogator used to
successfully transfer (uplink or downlink) a packet to
that DTE, provided that this Mode S interrogator is
currently in the II code-DTE cross-reference table.
Otherwise, an SVC packet shall be downlinked using the
multisite-directed protocol to any other Mode S
interrogator associated with the specified ground DTE
address.

Level 5 transponders shall be permitted to use additional
interrogators for downlink transfer as indicated in the II code-
DTE cross-reference table.

5.2.8.1.3.2 A downlink frame transfer shall be defined to
be successful if its Comm-B or ELM close-out is received
from the transponder within Tz seconds as specified in
Table 5-1. If the attempt is not successful and an SVC packet
is to be sent, the II code-DTE cross-reference table shall be
examined for another entry with the same called ground DTE
address and a different Mode S II code. The procedure shall be
retried using the multisite-directed protocol with the new
Mode S interrogator. If there are no entries for the required
called DTE, or all entries result in a failed attempt, a link
failure shall be declared (5.2.8.3.1).

5.2.8.2 SUPPORT FOR THE DTE(S)

5.2.8.2.1 GDLP connectivity reporting. The GDLP shall
notify the ground DTE(s) of the availability of a Mode S data
link-equipped aircraft (“join event”). The GDLP shall also
inform the ground DTEs when such an aircraft is no longer in
contact via that GDLP (“leave event”). The GDLP shall
provide for notification (on request) of all Mode S data link-
equipped aircraft currently in contact with that GDLP. The
notifications shall provide the ground ATN router with the
subnetwork point of attachment (SNPA) address of the mobile
ATN router, with the position of the aircraft and quality of
service as optional parameters. The SNPA of the mobile ATN
router shall be the DTE address formed by the aircraft address
and a sub-address of 0 (5.2.3.1.3.2).

5.2.8.2.2 ADLP connectivity reporting. The ADLP shall
notify all aircraft DTEs whenever the last remaining entry for
a ground DTE is deleted from the II code-DTE cross-reference
table (5.2.8.1.1). This notification shall include the address of
this DTE.

5.2.8.2.3 Communications requirements. The mechanism
for communication of changes in subnetwork connectivity
shall be a confirmed service, such as the join/leave events that
allow notification of the connectivity status.

5.2.8.3 ERROR PROCEDURES

5.2.8.3.1 Link failure. The failure to deliver a packet to
the referenced XDLP after an attempt has been made to deliver
this packet via all available interrogators shall be declared to
be a link level failure. For an SVC, the XDCE shall enter the
state p1, and release all resources associated with that channel.
This shall include the cancellation in the transponder of any
frames associated with this SVC. A Mode S CLEAR
REQUEST packet shall be sent to the DCE via the
reformatting process and shall be forwarded by the DCE as an
ISO 8208 packet to the local DTE as described in 5.2.6.3.3. On
the aircraft side, the channel shall not be returned to the ADCE
channel pool, i.e. does not return to the state p1, until Tr
seconds after the link failure has been declared (Table 5-1).

5.2.8.3.2 ACTIVE CHANNEL DETERMINATION

5.2.8.3.2.1 Procedure for d1 state. The XDLP shall
monitor the activity of all SVCs, not in a READY state (p1).
If an SVC is in the (XDCE) FLOW CONTROL READY state
(d1) for more than Tx seconds (the active channel timer,
Tables 5-1 and 5-13) without sending a Mode S RR, RNR,
DATA, or REJECT packet, then:

a) if the last packet sent was a Mode S REJECT packet to
which a response has not been received, then the XDLP
shall resend that packet;

b) otherwise, the XDLP shall send a Mode S RR or RNR
packet as appropriate to the peer XDLP.

5.2.8.3.2.2 Procedure for other states. If an XDCE SVC
is in the p2, p3, p6, p7, d2 or d3 state for more than Tx
seconds, the link failure procedure of 5.2.8.3.1 shall be
performed.

5.2.8.3.2.3 Link failure shall be declared if either a failure
to deliver, or a failure to receive, keep-alive packets has
occurred. In which case the channel shall be cleared.

5.2.9 The data link capability
report format

5.2.9.1 This report shall be transferred using the ground-
initiated Comm-B protocol, as specified in 3.1.2.6.10.2 of
Annex 10, Volume IV.

5.2.9.2 Format. The format of the MB field shall be as
follows:

Bit Content

1-8 BDS = 1016

9 Continuation flag
0 = No continuation
1 = Continues in the next register
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10-15 Unassigned

16 Reserved for ACAS

17-23 Mode S Subnetwork Version No.
0 = Mode S subnetwork not available
1 = Version No. 1 (1996)
2 = Version No. 2 (1998)
3 = Version No. 3 (2002)

4-127 = Unassigned

24 Transponder level (2.1.5 of Annex 10, Volume IV)
0 = Level 2-4
1 = Level 5

25 Mode S specific services capability
0 = Not available
1 = Available

26-28 Uplink ELM Average Throughput Capability
0 = No UELM Capability
1 = 16 UELM segments in 1 second
2 = 16 UELM segments in 500 ms
3 = 16 UELM segments in 250 ms
4 = 16 UELM segments in 125 ms
5 = 16 UELM segments in 60 ms
6 = 16 UELM segments in 30 ms
7 = Unassigned

29-32 Downlink ELM: Throughput Capability of
downlink ELM containing the maximum
number of ELM segments that the transponder
can deliver in response to a single requesting
interrogation (UF = 24).

0 = No DELM capability
1 = One 4-segment DELM every second
2 = One 8-segment DELM every second
3 = One 16-segment DELM every second
4 = One 16-segment DELM every 500 ms
5 = One 16-segment DELM every 250 ms
6 = One 16-segment DELM every 125 ms

7-15 = Unassigned

33 Aircraft Identification Capability (Table 5-24)
0 = No aircraft identification capability
1 = Aircraft identification capability

34 Squitter capability subfield

35 Surveillance identifier capability

36 Common usage GICB capability report

37-40 Reserved for ACAS

41-56 Bit array indicating the support status of DTE
sub-address 0 to 15

Bit value 0 = DTE not supported
Bit value 1 = DTE supported

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

5.2.9.3 Protocol. In all cases, the first bit shall be the high
order bit and shall be the first bit transmitted. ADLP frame
processing shall generate the data link capability report at least
once per second and transfer it to the transponder at least once
every second.

5.2.10 System timers

5.2.10.1 The values for timers shall conform to the values
given in Tables 5-1 and 5-13.

5.2.10.2 Tolerance for all timers shall be plus or minus
one percent.

5.2.10.3 Resolution for all timers shall be one second.

5.2.11 System requirements

5.2.11.1 Data integrity. The maximum bit error rates for
data presented at the ADLP/transponder interface or the
GDLP/interrogator interface measured at the local DTE/XDLP
interface (and vice versa) shall not exceed 10-9 for undetected
errors and 10-7 for detected errors.

Note.— The maximum error rate includes all errors
resulting from data transfers across the interfaces and from
XDLP internal operation.

5.2.11.2 TIMING

5.2.11.2.1 ADLP timing. ADLP operations shall not take
longer than 0.25 seconds for regular traffic and 0.125 seconds
for interrupt traffic. This interval shall be defined as follows:

a) Transponders with downlink ELM capability. The time
that the final bit of a 128-byte data packet is presented
to the DCE for downlink transfer to the time that the
final bit of the first encapsulating frame is available for
delivery to the transponder.

b) Transponders with Comm-B capability. The time that the
final bit of a user data field of 24 bytes is presented to
the DCE for downlink transfer to the time that the final
bit of the last of the four Comm-B segments that forms
the frame encapsulating the user data is available for
delivery to the transponder.
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c) Transponders with uplink ELM capability. The time that
the final bit of the last segment of an ELM of 14
Comm-C segments that contains a user data field of
128 bytes is received by the ADLP to the time that the
final bit of the corresponding packet is available for
delivery to the DTE.

d) Transponders with Comm-A capability. The time that the
final bit of the last segment of four linked Comm-A
segments that contains a user data field of 25 bytes is
received by the ADLP to the time that the final bit of the
corresponding packet is available for delivery to the
DTE.

5.2.11.2.2 GDLP TIMING

Recommendation.— The total time delay across the
GDLP, exclusive of transmission delay, should not be greater
than 0.125 seconds.

5.2.11.3 Interface rate. The physical interface between
the ADLP and the transponder shall have a minimum bit rate
of 100 kilobits per second.

5.3 DCE AND XDCE STATE TABLES

5.3.1 State table requirements. The DCE and XDCE shall
function as specified in state Tables 5-3 to 5-22. State Tables
5-15 through 5-22 shall be applied to:

a) ADLP state transitions when the XDCE or XDLP terms
in parenthesis are omitted; and

b) GDLP state transitions when the terms in parenthesis
are used and the XDCE or XDLP preceding them are
omitted.

5.3.2 Diagnostic and cause codes. The table entries for
certain conditions indicate a diagnostic code that shall be
included in the packet generated when entering the state
indicated. The term, “D = ,” shall define the diagnostic code.
When “A = DIAG,” the action taken shall be to generate an
ISO 8208 DIAGNOSTIC packet and transfer it to the DTE; the
diagnostic code indicated shall define the entry in the
diagnostic field of the packet. The cause field shall be set as
specified in 5.2.6.3.3. The reset cause field shall be set as
specified in ISO 8208.

Note 1.— The tables provided below specify state require-
ments in the following order:

5-3 DCE special cases

5-4 DTE effect on DCE restart states

5-5 DTE effect on DCE call setup and clearing states

5-6 DTE effect on DCE reset states

5-7 DTE effect on DCE interrupt transfer states

5-8 DTE effect on DCE flow control transfer states

5-9 XDCE effect on DCE restart states

5-10 XDCE effect on DCE call setup and clearing
states

5-11 XDCE effect on DCE reset states

5-12 XDCE effect on DCE interrupt transfer states

5-15 GDLP (ADLP) effect on ADCE (GDCE) packet
layer ready states

5-16 GDLP (ADLP) effect on ADCE (GDCE) call
setup and clearing states

5-17 GDLP (ADLP) effect on ADCE (GDCE) reset
states

5-18 GDLP (ADLP) effect on ADCE (GDCE) interrupt
transfer states

5-19 GDLP (ADLP) effect on ADCE (GDCE) flow
control transfer states

5-20 DCE effect on ADCE (GDCE) call setup and
clearing states

5-21 DCE effect on ADCE (GDCE) reset states

5-22 DCE effect on ADCE (GDCE) interrupt transfer
states

Note 2.— All tables specify both ADLP and GDLP actions.

Note 3.— Within the Mode S subnetwork, states p6 and d2
are transient states.

Note 4.— References to “notes” in the state tables refer to
table-specific notes that follow each state table.

Note 5.— All diagnostic and cause codes are interpreted as
decimal numbers.

Note 6.— An SVC between an ADCE and a GDCE may be
identified by a temporary and/or permanent channel number,
as defined in 5.2.5.1.2.

5.4 MODE S PACKET FORMATS

5.4.1 Formats. The Mode S packet formats shall be as
specified in Figures 5-3 to 5-22.
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5.4.2 Significance of control fields. The structure of the
format control fields used in Mode S packets shall be as
specified in Figure 5-23. The significance of all control fields
used in these packet formats shall be as follows:

Field

symbol Definition

AG Address, Ground; the 8-bit binary represen-
tation of the ground DTE address (5.2.3.1.3.1)

AM Address, Mobile; the 4-bit binary representa-
tion of the last two BCD digits of the mobile
DTE address (5.2.3.1.3.2)

CC Clearing cause as defined in ISO 8208

CH Channel number (1 to 15)

DC Diagnostic code as defined in ISO 8208

DP Data packet type (Figure 5-23)

F S-bit sequence, first packet flag

FILL Fill field

FILL1 Has a length of 6 bits for a non-multiplexed
packet in a downlink SLM frame; otherwise it
is 0 bit

FILL2 Has a length of 0 bit for a non-multiplexed
packet in a downlink SLM frame and for a
multiplexing header; otherwise it is 2 bits

FS Fast select present

IN Initialization bit

L “More bit” for long-form MSP packets as
specified in 5.2.7.4

LENGTH The length of a multiplexed packet in bytes
expressed as an unsigned binary number

LV User data field length; number of user bytes as
specified in 5.2.2.3.1

M “More bit” for SVC DATA packets as specified
in 5.2.5.1.4.1

M/CH MSP channel number

MP MSP packet type (Figure 5-23)

M/SN Sequence number; the sequence number for
the long form MSP packet

OD Optional data

ODL Optional data length

OF Option flag

P Priority field

PR Packet receive sequence number

PS Packet send sequence number

RC Resetting cause code as defined in ISO 8208

RT Route table as defined in 5.2.5.3.3.8

RTL Route table length expressed in bytes

S “More bit” for CALL REQUEST, CALL
ACCEPT, CLEAR REQUEST and
INTERRUPT packets as specified in
5.2.5.1.4.2

SN Sequence number; the sequence number for
this packet type

SP Supervisory packet (Figure 5-23)

SS Supervisory subset number (Figure 5-23)

ST Supervisory type (Figure 5-23)

TC Temporary channel number (1 to 3)

UD User data field

FIRST
PACKET

The contents of the first of the multiplexed
packets

LAST
PACKET

The contents of the last of the multiplexed
packets
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TABLES FOR CHAPTER 5

Table 5-1. ADLP Mode S subnetwork timers

Table 5-2. DCE actions at state transition

Timer name Timer label Nominal value Reference

Channel retirement
Active channel-ADLP
Interrogator interrogation
Interrogator link
Link frame cancellation
L-bit delivery-ADLP
Packet resequencing and S-bit delivery

Tr
Tx
Ts
Tz
Tc
Tm
Tq

600 s
420 s

60 s
30 s
60 s

120 s
60 s

5.2.8.3.1
5.2.8.3.2
5.2.8.1.2
5.2.7.1.1.4.2, 5.2.8.1.3.2
5.2.2.1.1.4.5
5.2.7.4.3
5.2.6.9

DCE state State definition Action that shall be taken when entering the state

r1 PACKET LEVEL READY Return all SVCs to the p1 state (see p1 state explanation).

r2 DTE RESTART REQUEST Return each SVC to the p1 state (see p1 state explanation). Issue a RESTART 
CONFIRMATION to the DTE. 

r3 DCE RESTART REQUEST Issue a RESTART REQUEST to the DTE. Unless entered via the r2 state, send a 
RESTART REQUEST to the reformatting process.

p1 READY Release all resources assigned to SVC. Break the correspondence between the DTE/DCE 
SVC and the ADCE/GDCE SVC (the ADCE/GDCE SVC may not yet be in the p1 state).

p2 DTE CALL REQUEST Determine if sufficient resources exist to support request; if so, allocate resources and 
forward CALL REQUEST packet to reformatting process; if not, enter DCE CLEAR 
REQUEST to DTE state (p7). Determination of resources and allocation is as defined in 
ISO 8208.

p3 DCE CALL REQUEST Determine if sufficient resources exist to support request; if so allocate resources and 
forward CALL REQUEST packet to DTE; if not, send a CLEAR REQUEST packet to 
the reformatting process. Determination of resources and allocation is as defined in 
ISO 8208. 

p4 DATA TRANSFER No action.

p5 CALL COLLISION Reassign outgoing call to another SVC (the DTE in its call collision state ignores the 
incoming call) and enter the DCE CALL REQUEST state (p3) for that new SVC. Enter 
the p2 state to process the CALL REQUEST from the DTE.

p6 DTE CLEAR REQUEST Release all resources assigned to SVC, send a CLEAR CONFIRMATION packet to the 
DTE and enter p1 state.

p7 DCE CLEAR REQUEST to DTE Forward CLEAR REQUEST packet to DTE.

d1 FLOW CONTROL READY No action.

d2 DTE RESET REQUEST Remove DATA packets transmitted to DTE from window; discard any DATA packets that 
represent partially transmitted M-bit sequences and discard any INTERRUPT packet 
awaiting transfer to the DTE; reset all window counters to 0; set any timers and 
retransmission parameters relating to DATA and INTERRUPT transfer to their initial 
value. Send RESET CONFIRMATION packet to DTE. Return SVC to d1 state.
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Table 5-3. DCE special cases

d3 DCE RESET REQUEST to DTE Remove DATA packets transmitted to DTE from window; discard any DATA packets that 
represent partially transmitted M-bit sequences and discard any INTERRUPT packet 
awaiting transfer to the DTE; reset all window counters to 0; set any timers and 
retransmission parameters relating to DATA and INTERRUPT transfer to their initial 
value. Forward RESET REQUEST packet to DTE.

i1 DTE INTERRUPT READY No action.

i2 DTE INTERRUPT SENT Forward INTERRUPT packet received from DTE to reformatting process.

jl DCE INTERRUPT READY No action.

j2 DCE INTERRUPT SENT Forward INTERRUPT packet received from reformatting process to DTE.

f1 DCE RECEIVE READY No action.

f2 DCE RECEIVE NOT READY No action.

g1 DTE RECEIVE READY No action.

g2 DTE RECEIVE NOT READY No action.

Received from DTE
DCE special cases

Any state

Any packet less than 2 bytes in length (including a valid data link level frame containing no packet) A=DIAG
D=38

Any packet with an invalid general format identifier A=DIAG
D=40

Any packet with a valid general format identifier and an assigned logical channel identifier (includes 
a logical channel identifier of 0)

See Table 5-4

DCE state State definition Action that shall be taken when entering the state
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Table 5-4. DTE effect on DCE restart states

DCE restart states (see Note 5)

Packet received from DTE

PACKET LEVEL 
READY (see Note 1)

r1

DTE RESTART 
REQUEST

r2

DCE RESTART 
REQUEST

r3

Packets having a packet type identifier shorter than 1 byte 
and logical channel identifier not equal to 0

See Table 5-5 A=ERROR
S=r3
D=38

(see Note 4)

A=DISCARD

Any packet, except RESTART, REGISTRATION 
(if supported) with a logical channel identifier of 0

A=DIAG
D=36

A=DIAG
D=36

A=DIAG
D=36

Packet with a packet type identifier which is undefined or 
not supported by DCE

See Table 5-5 A=ERROR
S=r3
D=33

(see Note 4)

A=DISCARD

RESTART REQUEST, RESTART CONFIRMATION, 
or REGISTRATION (if supported) packet with a logical 
channel identifier unequal to 0

See Table 5-5 A=ERROR
S=r3
D=41

(see Note 4)

A=DISCARD

RESTART REQUEST A=NORMAL
(forward)

S=r2

A=DISCARD A=NORMAL
S=p1 or d1
(see Note 2)

RESTART CONFIRMATION A=ERROR
S=r3
D=17

(see Note 6)

A=ERROR
S=r3
D=18

(see Note 4)

A=NORMAL
S=p1 or d1
(see Note 2)

RESTART REQUEST OR RESTART CONFIRMATION 
packet with a format error

A=DIAG
D=38, 39, 81 or 82

A=DISCARD A=ERROR
D=38, 39, 81 or 82

REGISTRATION REQUEST or REGISTRATION 
CONFIRMATION packets (see Note 3)

A=NORMAL A=NORMAL A=NORMAL

REGISTRATION REQUEST or REGISTRATION 
CONFIRMATION packet with a format error 
(see Note 3)

A=DIAG
D=38, 39, 81 or 82

A=ERROR
S=r3

D=38, 39, 81 or 82
(see Note 4)

A=ERROR
D=38, 39, 81 or 82

Call setup, call clearing, DATA, interrupt, flow control, or 
reset packet

See Table 5-5 A=ERROR
S=r3
D=18

A=DISCARD

NOTES:

1. The Mode S subnetwork has no restart states. Receipt of a RESTART REQUEST causes the DCE to respond with a RESTART 
CONFIRMATION. The RESTART REQUEST packet is forwarded to the reformatting process, which issues clear requests for all SVCs 
associated with the DTE. The DCE enters the r3 state only as a result of an error detected on the DTE/DCE interface.

2. The SVC channels are returned to state p1, the permanent virtual circuits (PVC) channels are returned to state d1.
3. The use of the registration facility is optional on the DTE/DCE interface.
4. No action is taken within the Mode S subnetwork.
5. Table entries are defined as follows: A = action to be taken, S = the state to be entered, D = the diagnostic code to be used in packets 

generated as a result of this action, DISCARD indicates that the received packet is to be cleared for the XDLP buffers, and INVALID 
indicates that the packet/state combination cannot occur.

6. The error procedure consists of entering the r3 state, and sending a RESTART REQUEST to the reformatting process.
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Table 5-5. DTE effect on DCE call setup and clearing states

DCE call setup and clearing states (see Note 5)

Packet received from 
DTE

READY
p1

DTE CALL 
REQUEST

p2

DCE CALL 
REQUEST

p3

DATA 
TRANSFER

p4

CALL 
COLLISION

p5
(see Notes 1 

and 4)

DTE CLEAR 
REQUEST

p6

DCE CLEAR 
REQUEST to 

DTE
p7

Packets having a packet 
type identifier shorter 
than 1 byte

A=ERROR
S=p7
D=38

A=ERROR
S=p7
D=38

(see Note 2)

A=ERROR
S=p7
D=38

(see Note 2)

See Table 5-6 A=ERROR
S=p7
D=38

(see Note 2)

A=ERROR
S=p7
D=38

(see Note 2)

A=DISCARD

Packets having a packet 
type identifier which is 
undefined or not 
supported by DCE

A=ERROR
S=p7
D=33

A=ERROR
S=p7
D=33

(see Note 2)

A=ERROR
S=p7
D=33

(see Note 2)

See Table 5-6 A=ERROR
S=p7
D=33

(see Note 2)

A=ERROR
S=p7
D=33

(see Note 2)

A=DISCARD

RESTART REQUEST, 
RESTART 
CONFIRMATION or 
REGISTRATION 
packet with logical 
channel identifier 
unequal to 0

A=ERROR
S=p7
D=41

A=ERROR
S=p7
D=41

(see Note 2)

A=ERROR
S=p7
D=41

(see Note 2)

See Table 5-6 A=ERROR
S=p7
D=41

(see Note 2)

A=ERROR
S=p7
D=41

(see Note 2)

A=DISCARD

CALL REQUEST A=NORMAL
S=p2

(forward)

A=ERROR
S=p7
D=21

(see Note 2)

A=NORMAL
S=p5

A=ERROR
S=p7
D=23

(see Note 2)

A=ERROR
S=p7
D=24

(see Note 2)

A=ERROR
S=p7
D=25

(see Note 2)

A=DISCARD

CALL ACCEPT A=ERROR
S=p7
D=20

A=ERROR
S=p7
D=21

(see Note 2)

A=NORMAL
S=p4

(Forward)
or A=ERROR

S=p7
D=42

(see Notes 2
and 3)

A=ERROR
S=p7
D=23

(see Note 2)

A=ERROR
S=p7
D=24

(see Notes 2 and 
4)

A=ERROR
S=p7
D=25

(see Note 2)

A=DISCARD

CLEAR REQUEST A=NORMAL
S=p6

A=NORMAL
S=p6

(forward)

A=NORMAL
S=p6

(forward)

A=NORMAL
S=p6

(forward)

A=NORMAL
S=p6

(forward)

A=DISCARD A=NORMAL
S=p1

(do not forward)

CLEAR 
CONFIRMATION

A=ERROR
S=p7
D=20

A=ERROR
S=p7
D=21

(see Note 2)

A=ERROR
S=p7
D=22

(see Note 2)

A=ERROR
S=p7
D=23

(see Note 2)

A=ERROR
S=p7
D=24

(see Note 2)

A=ERROR
S=p7
D=25

(see Note 2)

A=NORMAL
S=p1

(do not forward)

DATA, interrupt, flow 
control or reset packets

A=ERROR
S=p7
D=20

A=ERROR
S=p7
D=21

(see Note 2)

A=ERROR
S=p7
D=22

(see Note 2)

See Table 5-6 A=ERROR
S=p7
D=24

(see Note 2)

A=ERROR
S=p7
D=25

(see Note 2)

A=DISCARD

NOTES:

1. On entering the p5 state, the DCE reassigns the outgoing call to the DTE to another channel (no CLEAR REQUEST is issued) and responds to 
incoming DTE call as appropriate with a CLEAR REQUEST or CALL ACCEPT packet.

2. The error procedure consists of performing the actions specified when entering the p7 state (including sending a CLEAR REQUEST packet to the 
DTE) and additionally sending a CLEAR REQUEST packet to the XDCE (via the reformatting process).

3. The use of the fast select facility with a restriction on the response prohibits the DTE from sending a CALL ACCEPT packet.
4. The DTE in the event of a call collision must discard the CALL REQUEST packet received from the DCE.
5. Table entries are defined as follows: A = action to be taken, S = the state to be entered, D = the diagnostic code to be used in packets generated as 

a result of this action, DISCARD indicates that the received packet is to be cleared from the XDLP buffers, and INVALID indicates that the 
packet/state combination cannot occur.
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Table 5-6. DTE effect on DCE reset states

DCE reset states (see Note 2)

Packet received from DTE

FLOW CONTROL 
READY

d1

RESET REQUEST 
by DTE

d2

DCE RESET REQUEST 
to DTE

d3

Packet with a packet type identifier shorter than 1 byte A=ERROR
S=d3
D=38

(see Note 1)

A=ERROR
S=d3
D=38

(see Note 1)

A=DISCARD

Packet with a packet type identifier which is undefined or 
not supported by DCE

A=ERROR
S=d3
D=33

(see Note 1)

A=ERROR
S=d3
D=33

(see Note 1)

A=DISCARD

RESTART REQUEST, RESTART CONFIRMATION, or 
REGISTRATION (if supported) packet with logical 
channel identifier unequal to 0

A=ERROR
S=d3
D=41

(see Note 1)

A=ERROR
S=d3
D=41

(see Note 1)

A=DISCARD

RESET
REQUEST

A=NORMAL
S=d2

(forward)

A=DISCARD A=NORMAL
S=d1

(do not forward)

RESET CONFIRMATION A=ERROR
S=d3
D=27

(see Note 1)

A=ERROR
S=d3
D=28

(see Note 1)

A=NORMAL
S=d1

(do not forward)

INTERRUPT packet See Table 5-7 A=ERROR
S=d3
D=28

(see Note 1)

A=DISCARD

INTERRUPT CONFIRMATION packet See Table 5-7 A=ERROR
S=d3
D=28

(see Note 1)

A=DISCARD

DATA or flow control packet See Table 5-8 A=ERROR
S=d3
D=28

(see Note 1)

A=DISCARD

REJECT supported but not subscribed to A=ERROR
S=d3
D=37

(see Note 1)

A=ERROR
S=d3
D=37

(see Note 1)

A=DISCARD

NOTES:

1. The error procedure consists of performing the specified actions when entering the d3 state (which includes forwarding a RESET REQUEST 
packet to the DTE) and sending a RESET REQUEST packet to the XDCE (via the formatting function).

2. Table entries are defined as follows: A = action to be taken, S = the state to be entered, D = the diagnostic code to be used in packets 
generated as a result of this action, DISCARD indicates that the received packet is to be cleared for the XDLP buffers, and INVALID 
indicates that the packet/state combination cannot occur.
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Table 5-7. DTE effect on DCE interrupt transfer states

DTE/DCE interrupt transfer states (see Note 2)

Packet received from DTE
DTE INTERRUPT READY

i1
DTE INTERRUPT SENT

i2

INTERRUPT
(see Note 1)

A=NORMAL
S=i2

(forward)

A=ERROR
S=d3
D=44

(see Note 3)

DTE/DCE interrupt transfer states (see Note 2)

Packet received from DTE
DCE INTERRUPT READY

j1
DCE INTERRUPT SENT

j2

INTERRUPT CONFIRMATION
(see Note 1)

A=ERROR
S=d3
D=43

(see Note 3)

A=NORMAL
S=j1

(forward)

NOTES:

1. If the packet has a format error, then the error procedure applies (see Note 3). Interrupt packets with user data greater than 32 bytes should 
be treated as a format error.

2. Table entries are defined as follows: A = action to be taken, S = the state to be entered, D = the diagnostic code to be used in packets 
generated as a result of this action, DISCARD indicates that the received packet is to be cleared from the XDLP buffers, and INVALID 
indicates that the packet/state combination cannot occur.

3. The error procedure consists of performing the specified actions when entering the d3 state (which includes forwarding a RESET REQUEST 
packet to the DTE) and sending a RESET REQUEST packet to the XDCE (via the reformatting process).
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Table 5-8. DTE effect on DCE flow control transfer states

DCE flow control transfer states (see Notes 2 and 3)

Packet received from DTE
DCE RECEIVE READY

f1
DCE RECEIVE NOT READY

f2

DATA packet with less than 4 bytes
when using modulo 128 numbering

A=ERROR
S=d3
D=38

(see Note 4)

A=DISCARD

DATA packet with invalid PR A=ERROR
S=d3
D=2

(see Note 4)

A=ERROR
S=d3
D=2

(see Note 4)

DATA packet with valid PR but invalid 
PS or user data field with improper 
format

A=ERROR
S=d3

D=1 (invalid PS)
D=39 (UD > max negotiated length)

D=82 (UD unaligned)
(see Note 4)

A=DISCARD
(process PR data)

DATA packet with valid PR with M-bit 
set to 1 when the user data field is 
partially full

A=ERROR
S=d3

D=165
(see Note 4)

A=DISCARD
(process PR data)

DATA packet with valid PR, PS and user 
data field format

A=NORMAL
(forward)

A=DISCARD
(process PR data)

DCE flow control transfer states (see Notes 2 and 3)

Packet received from DTE
DTE RECEIVE READY

g1
DTE RECEIVE NOT READY

g2

RR, RNR, or REJECT packet with less 
than 3 bytes when using
modulo 128 numbering (see Note 1)

A=DISCARD A=DISCARD

RR, RNR, or REJECT packet with an 
invalid PR

A=ERROR
S=d3
D=2

(see Note 4)

A=ERROR
S=d3
D=2

(see Note 4)

RR packet with a valid PR A=NORMAL A=NORMAL
S=g1

RNR packet with a valid PR A=NORMAL
S=g2

A=NORMAL

REJECT packet with a valid PR A=NORMAL A=NORMAL
S=g1

NOTES:

1. The reject procedures are not required.
2. The RR, RNR and REJECT procedures are a local DTE/DCE matter and the corresponding packets are not forwarded to the XDCE.
3. Table entries are defined as follows: A = action to be taken, S = the state to be entered, D = the diagnostic code to be used in packets generated 

as a result of this action, DISCARD indicates that the received packet is to be cleared from the XDLP buffers, and INVALID indicates that 
the packet/state combination cannot occur.

4. The error procedure consists of performing the specified actions when entering the d3 state (which includes forwarding a RESET REQUEST 
packet to the DTE) and sending a RESET REQUEST packet to the XDCE (via the reformatting process).
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Table 5-9. XDCE effect on DCE restart states

Table 5-10. XDCE effect on DCE call setup and clearing states

DCE restart states (see Note)

Packet received from XDCE

PACKET LEVEL 
READY

r1

DTE RESTART REQUEST
r2

DCE RESTART REQUEST
r3

CALL REQUEST See Table 5-10 Send CLEAR REQUEST to 
reformatting process with

D=244

Send CLEAR REQUEST to 
reformatting process with

D=244

CALL ACCEPT, CLEAR REQUEST, DATA, 
INTERRUPT, INTERRUPT CONFIRMATION, RESET 
REQUEST

See Table 5-10 A=DISCARD A=DISCARD

Note.— Table entries are defined as follows: A = action to be taken, S = the state to be entered, D = the diagnostic code to be used in 
packets generated as a result of this action, DISCARD indicates that the received packet is to be cleared from the XDLP buffers, and INVALID 
indicates that the packet/state combination cannot occur.

DCE call setup and clearing states (see Note)

Packet received 
from XDCE

READY
p1

DTE CALL 
REQUEST

p2

DCE CALL 
REQUEST

p3

DATA 
TRANSFER

p4

CALL 
COLLISION

p5

DTE CLEAR 
REQUEST

p6

DCE CLEAR 
REQUEST to 

DTE
p7

CALL REQUEST A=NORMAL
S=p3

(forward)

INVALID INVALID INVALID INVALID INVALID INVALID

CALL ACCEPT A=DISCARD A=NORMAL
S=p4

(forward)

INVALID INVALID INVALID A=DISCARD A=DISCARD

CLEAR REQUEST A=DISCARD A=NORMAL
S=p7

(forward)

A=NORMAL
S=p7

(forward)

A=NORMAL
S=p7

(forward)

INVALID A=DISCARD A=DISCARD

DATA, 
INTERRUPT, 
INTERRUPT 
CONFIRMATION, 
or RESET 
REQUEST

A=DISCARD INVALID INVALID See Table 5-11 INVALID A=DISCARD A=DISCARD

Note.— Table entries are defined as follows: A = action to be taken, S = the state to be entered, D = the diagnostic code to be used in 
packets generated as a result of this action, DISCARD indicates that the received packet is to be cleared from the XDLP buffers, and INVALID 
indicates that the packet/state combination cannot occur.
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Table 5-11. XDCE effect on DCE reset states

DCE reset states (see Note)

Packet received from XDCE

FLOW CONTROL 
READY

d1
DTE RESET REQUEST

d2

DCE RESET
REQUEST to DTE

d3

RESET REQUEST A=NORMAL
S=d3

(forward)

A=NORMAL
S=d1

(forward)

A=DISCARD

INTERRUPT See Table 5-12 A=DISCARD A=DISCARD

INTERRUPT CONFIRMATION See Table 5-12 A=DISCARD INVALID

DATA A=NORMAL
(forward)

A=DISCARD A=DISCARD

Note.— Table entries are defined as follows: A = action to be taken, S = the state to be entered, D = the diagnostic code to be used in packets 
generated as a result of this action, DISCARD indicates that the received packet is to be cleared from the XDLP buffers, and INVALID indicates 
that the packet/state combination cannot occur.
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Table 5-12. XDCE effect on DCE interrupt transfer states

Table 5-13. GDLP Mode S subnetwork timers

Packet received from XDCE

DCE interrupt transfer states (see Note)

DTE INTERRUPT READY
i1

DTE INTERRUPT SENT
i2

INTERRUPT CONFIRMATION INVALID A=NORMAL
S=i1

(forward)

DCE interrupt transfer states (see Note)

Packet received from XDCE
DCE INTERRUPT READY

j1
DCE INTERRUPT SENT

j2

INTERRUPT A=NORMAL
S=j2

(forward)

INVALID

Note.— Table entries are defined as follows: A = action to be taken, S = the state to be entered, D = the diagnostic code to be used in packets 
generated as a result of this action, DISCARD indicates that the received packet is to be cleared from the XDLP buffers, and INVALID indicates 
that the packet/state combination cannot occur.

Timer name Timer label Nominal value Reference

Active channel-GDLP
L-bit delivery-GDLP
Packet resequencing and S-bit delivery

Tx
Tm
Tq

300 s
120 s
60 s

5.2.8.3.2
5.2.7.4.3
5.2.6.9
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Table 5-14. XDCE actions at state transition

XDCE state State definition Action that shall be taken when entering the state

r1 PACKET LEVEL READY Return all SVCs to the p1 state.

p1 READY Release all resources assigned to the SVC. Break the correspondence between the 
ADCE/GDCE SVC and the DTE/DCE SVC (the DTE/DCE SVC may not yet be in a p1 
state).

p2 GDLP(ADLP) CALL REQUEST Determine if sufficient resources exist to support request; if so allocate resources and 
forward Mode S CALL REQUEST packet to reformatting process; if not, enter 
ADCE(GDCE) CLEAR REQUEST to GDLP(ADLP) state (p7).

p3 ADCE(GDCE) CALL REQUEST Determine if sufficient resources exist to support request; if so, allocate resources and 
forward Mode S CALL REQUEST packet to frame processing; if not, send Mode S 
CLEAR REQUEST to reformatting process and go to state p1. Do not forward the Mode 
S CALL REQUEST to the peer XDCE.

p4 DATA TRANSFER No action.

p6 GDLP(ADLP) CLEAR REQUEST Release all resources, send a Mode S CLEAR CONFIRMATlON packet to the peer 
XDCE and enter the p1 state.

p7 ADCE(GDCE) CLEAR REQUEST to 
GDLP(ADLP)

Forward Mode S CLEAR REQUEST packet to the peer XDCE via frame processing.

d1 FLOW CONTROL READY No action.

d2 GDLP(ADLP) RESET REQUEST Remove Mode S DATA packets transmitted to peer XDCE from window; discard any 
DATA packets that represent partially transmitted M-bit sequences and discard any Mode 
S INTERRUPT packets awaiting transfer to the peer XDCE; reset all flow control 
window counters to 0 (5.2.6.7.1). Send Mode S RESET CONFIRMATION packet to the 
peer XDCE. Return SVC to d1 state. Forward Mode S RESET REQUEST packet to 
reformatting process.

d3 ADCE(GDCE) RESET REQUEST to 
GDLP(ADLP)

Remove Mode S DATA packets transmitted to peer XDCE from window; discard any 
DATA packets that represent partially transmitted M-bit sequences and discard any Mode 
S INTERRUPT packets awaiting transfer to the peer XDCE; reset all flow control 
window counters to 0 (5.2.6.7.1). Forward Mode S RESET REQUEST packet to peer 
XDCE via frame processing. 

i1 GDLP(ADLP) INTERRUPT READY No action.

i2 GDLP(ADLP) INTERRUPT SENT Forward Mode S INTERRUPT packet received from peer XDCE to the reformatting 
process.

j1 ADCE(GDCE) INTERRUPT READY No action.

j2 ADCE(GDCE) INTERRUPT SENT Forward Mode S INTERRUPT packet received from the reformatting process.

f1 ADCE(GDCE) RECEIVE READY No action.

f2 ADCE(GDCE) RECEIVE NOT 
READY

No action.

g1 GDLP(ADLP) RECEIVE READY No action.

g2 GDLP(ADLP) RECEIVE NOT 
READY

No action.
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Table 5-15. GDLP (ADLP) effect on ADCE (GDCE) packet layer ready states

Packet received from GDLP (ADLP)
(see Note 2)

ADCE (GDCE) states
(see Notes 1 and 3)

PACKET LEVEL READY
r1

CH=0 with no TC present (see Note 4) or
CH=0 in a CALL ACCEPT by ADLP packet

A=DISCARD

Unassigned packet header A=DISCARD

Call setup, call clearing, DATA, interrupt, flow control, or reset See Table 5-16

NOTES:

1. The XDCE state is not necessarily the same state as the DTE/DCE interface.
2. All packets from the peer XDLP have been checked for duplication before evaluation as represented by this table.
3. Table entries are defined as follows: A = action to be taken, S = the state to be entered, D = the diagnostic code to be used in packets 

generated as a result of this action, DISCARD indicates that the received packet is to be cleared from the XDLP buffers, and INVALID 
indicates that the packet/state combination cannot occur.

4. Where CH=0 and a valid TC is present in a CLEAR REQUEST by ADLP or GDLP packet or a CLEAR CONFIRMATION by ADLP or 
GDLP packet, it is handled as described in 5.2.5.1.2.3 and Table 5-16.
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Table 5-16. GDLP (ADLP) effect on ADCE (GDCE) call setup and clearing states

Packet received from 
GDLP (ADLP)
(see Note 2)

ADCE (GDCE) call setup and clearing States
(See Notes 1, 7 and 8)

READY
p1

GDLP (ADLP) 
CALL 

REQUEST
p2

ADCE (GDCE) 
CALL

REQUEST
p3

DATA
TRANSFER

p4

GDLP (ADLP) 
CLEAR 

REQUEST
p6

ADCE (GDCE) 
CLEAR

REQUEST to
GDLP (ADLP)

p7

Format error
(see Note 3)

A=ERROR
(see Note 10)

S=p7
D=33

(see Note 9)

A=ERROR
S=p7
D=33

(see Note 6)

A=ERROR
S=p7
D=33

(see Notes 6 & 9)

See Table 5-17 A=ERROR
S=p7
D=25

(see Note 6)

A=DISCARD

CALL REQUEST A=NORMAL
(5.2.6.3.1)

S=p2
(forward request to 

DCE)

A=ERROR
S=p7
D=21

(see Note 6)

Not applicable
(see Note 4)

Not applicable
(see Note 4)

A=ERROR
S=p7
D=25

(see Note 6)

A=DISCARD

CALL ACCEPT A=ERROR
S=p7
D=20

(see Note 10)

A=ERROR
S=p7
D=21

(see Note 6)

A=NORMAL
(5.2.6.3.1)

S=p4 (forward
to DCE), or
A=ERROR

S=p7
D=42

(see Note 6)

A=ERROR
S=p7
D=23

(see Note 6)

A=ERROR
S=p7
D=25

(see Note 6)

A=DISCARD

CLEAR REQUEST A=NORMAL
(5.2.6.3.3)

S=p6
(do not forward)

A=NORMAL
(5.2.6.3.3)

S=p6
(forward to DCE)

A=NORMAL
(5.2.6.3.3)

S=p6
(forward to DCE)

A=NORMAL
(5.2.6.3.3)

S=p6
(forward to DCE)

A=DISCARD A=NORMAL
(5.2.6.3.3)

S=p1
(do not forward) 

CLEAR 
CONFIRMATION

A=ERROR
S=p7
D=20

(see Note 10)

A=ERROR
S=p7
D=21

(see Note 6)

A=ERROR
S=p7
D=22

(see Note 6)

A=ERROR
S=p7
D=23

(see Note 6)

A=ERROR
S=p7
D=25

(see Note 6)

A=NORMAL
(5.2.6.3.3)

S=p1
(do not forward)

DATA, interrupt, flow 
control or reset packets

A=ERROR
S=p7
D=20

(see Note 10)

A=ERROR
S=p7
D=21

(see Notes 6 & 9)

A=ERROR
S=p7
D=22

(see Notes 5 & 6)

See Table 5-17 A=ERROR
S=p7
D=25

(see Note 6)

A=DISCARD

NOTES:

1. The XDCE is not necessarily in the same state as the DTE/DCE interface.
2. All packets from the peer XDLP have been checked for duplication before evaluation as represented by this table.
3. A format error may result from an S-bit sequence having a first or intermediate packet shorter than the maximum length, or else from an invalid LV 

field in a CALL REQUEST, CALL ACCEPT, CLEAR REQUEST or INTERRUPT packet. There are no other detectable Mode S format errors.
4. The ADCE assigns all channel numbers used between the ADLP and GDLP, hence call collisions are not possible. When a CALL REQUEST by 

GDLP packet is received bearing a temporary channel number associated with an SVC in the p4 state, the association of the temporary to permanent 
channel number is broken (5.2.5.1.2.3).

5. Not applicable to the GDLP.
6. The error procedure consists of performing the actions specified when entering the p7 state (including sending a CLEAR REQUEST packet to the 

peer XDLP) and additionally sending a CLEAR REQUEST packet to the DCE (via the reformatting process).
7. Table entries are defined as follows: A = action to be taken, S = the state to be entered, D = the diagnostic code to be used in packets generated as 

a result of this action, DISCARD indicates that the received packet is to be cleared from the XDLP buffers, and INVALID indicates that the 
packet/state combination cannot occur.

8. The number in parentheses below an “A = NORMAL” table entry is the paragraph number in this document that defines the actions to be taken to 
perform normal processing on the received packet. If no paragraph number is referenced, the normal processing is defined in the table entry.

9. An error condition is declared and transfer to the p7 state is possible only if the ground DTE address is known unambiguously. Otherwise the action 
is to discard the packet.

10. The error procedure consists of performing the action when entering the p7 state (including sending a CLEAR REQUEST packet to the XDLP) but 
without sending a CLEAR REQUEST packet to the local DCE.
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Table 5-17. GDLP (ADLP) effect on ADCE (GDCE) reset states

Packet received from GDLP (ADLP)
(see Note 2)

ADCE (GDCE) reset states (see Notes 1, 4 and 5)

FLOW CONTROL
READY

d1

GDLP (ADLP) RESET
REQUEST

d2

ADCE (GDCE) RESET REQUEST
to GDLP (ADLP)

d3

RESET
REQUEST

A=NORMAL
(5.2.6.7)

S=d2
(forward to DCE)

A=DISCARD A=NORMAL
(5.2.6.7)

S=d1
(do not forward)

RESET CONFIRMATION A=ERROR
S=d3
D=27

(see Note 3)

A=ERROR
S=d3
D=28

(see Note 3)

A=NORMAL
(5.2.6.7)

S=d1
(do not forward)

INTERRUPT See Table 5-18 A=ERROR
S=d3
D=28

(see Note 3)

A=DISCARD

INTERRUPT CONFIRMATION See Table 5-18 A=ERROR
S=d3
D=28

(see Note 3)

A=DISCARD

DATA or flow control packet See Table 5-19 A=ERROR
S=d3
D=28

(see Note 3)

A=DISCARD

Format error (see Note 6) A=ERROR
S=d3
D=33

(see Note 3)

A=ERROR
S=d3
D=33

(see Note 3)

A=DISCARD

NOTES:

1. The XDCE is not necessarily in the same state as the DTE/DCE interface.
2. All packets from the peer XDLP have been checked for duplication before evaluation as represented by this table.
3. The error procedure consists of performing the specified actions when entering the d3 state (which includes forwarding a RESET REQUEST 

packet to the peer XDLP) and sending a RESET REQUEST packet to the DCE (via the formatting function).
4. Table entries are defined as follows: A = action to be taken, S = the state to be entered, D = the diagnostic code to be used in packets 

generated as a result of this action, DISCARD indicates that the received packet is to be cleared for the XDLP buffers, and INVALID 
indicates that the packet/state combination cannot occur.

5. The number in parentheses below an “A = NORMAL” table entry is the paragraph number in this document that defines the actions to be 
taken to perform normal processing on the received packet. If no paragraph number is referenced, the normal processing is defined in the 
table entry.

6. A format error may result from an S-bit sequence having a first or intermediate packet shorter than the maximum length, or else from an 
invalid LV field in a CALL REQUEST, CALL ACCEPT, CLEAR REQUEST, or INTERRUPT packet. There are no other detectable Mode 
S format errors.
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Table 5-18. GDLP (ADLP) effect on ADCE (GDCE) interrupt transfer states

Packet received from GDLP (ADLP)
(see Note 2)

ADCE/GDCE interrupt transfer states
(see Notes 1, 3 & 4)

GDLP (ADLP) INTERRUPT
READY

i1

GDLP (ADLP) INTERRUPT
SENT

i2

INTERRUPT
(see Note 6)

A=NORMAL
(5.2.6.4.5)

S=i2
(forward to DCE)

A=ERROR
S=d3
D=44

(see Note 5)

ADCE (GDCE) interrupt transfer states
(see Notes 1, 3 & 4)

Packet received from GDLP (ADLP)
(see Note 2)

ADCE (GDCE) INTERRUPT 
READY

j1

ADCE (GDCE) INTERRUPT SENT
j2

INTERRUPT CONFIRMATION A=ERROR
S=d3
D=43

(see Note 5)

A=NORMAL
(5.2.6.4.5)

S=j1
(forward confirmation to DCE)

NOTES:

1. The XDCE is not necessarily in the same state as the DTE/DCE interface.
2. All packets from the peer XDLP have been checked for duplication before evaluation as represented by this table.
3. Table entries are defined as follows: A = action to be taken, S = the state to be entered, D = the diagnostic code to be used in packets 

generated as a result of this action, DISCARD indicates that the received packet is to be cleared for the XDLP buffers, and INVALID 
indicates that the packet/state combination cannot occur.

4. The number in parentheses below an “A = NORMAL” table entry is the paragraph number in this document that defines the actions to be 
taken to perform normal processing on the received packet. If no paragraph number is referenced, the normal processing is defined in the 
table entry.

5. The error procedure consists of performing the specified actions when entering the d3 state (which includes forwarding a RESET REQUEST 
packet to the peer XDLP) and sending a RESET REQUEST packet to the DCE (via the reformatting process).

6. User data length for INTERRUPT packets greater than 32 bytes, or an out of sequence INTERRUPT packet, are considered as errors.
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Table 5-19. GDLP (ADLP) effect on ADCE (GDCE) flow control transfer states

Packet received from GDLP (ADLP)
(see Note 2)

ADCE (GDCE) flow control transfer states
(see Notes 1, 6 and 7)

ADCE (GDCE)
RECEIVE READY

f1

ADCE (GDCE)
RECEIVE NOT READY

f2

DATA packet with invalid PR
(see Note 3)

A=ERROR
S=d3
D=2

(see Note 8)

A=ERROR
S=d3
D=2

(see Note 8)

DATA packet with valid PR, invalid PS or LV 
subfield
(see Notes 4 & 5)

A=DISCARD,
but process the PR value and

send REJECT packet containing the
expected PS value (see Note 5)

A=DISCARD, but process the PR value
and send REJECT packet

containing the expected PS
value when busy condition ends

DATA packet with valid PR, PS and LV subfield A=NORMAL
(5.2.6.4.4)
(forward)

A=PROCESS, if possible; or
A=DISCARD, but process the
PR value and send REJECT

containing the expected PS value when 
busy condition ends

Packet received from GDLP (ADLP)
(see Note 2)

ADCE (GDCE) flow control transfer states
(see Notes 1, 6 and 7)

GDLP (ADLP)
RECEIVE READY

g1

GDLP (ADLP)
RECEIVE NOT READY

g2

RR, RNR, REJECT packet with invalid PR
(see Note 3)

A=ERROR
S=d3
D=2

(see Note 8)

A=ERROR
S=d3
D=2

(see Note 8)

RR with valid PR field
(see Note 9)

A=NORMAL
(5.2.6.5)

A=NORMAL
(5.2.6.6)

S=g1

RNR with valid PR value
(see Note 9)

A=NORMAL
(5.2.6.5)

S=g2

A=NORMAL
(5.2.6.6)

REJECT with valid PR
(see Note 9)

A=NORMAL
(5.2.6.5)

A=NORMAL
(5.2.6.6)

S=g1
NOTES:

1. The XDCE is not necessarily in the same state as the DTE/DCE interface.
2. All packets from the peer XDLP have been checked for duplication before evaluation as represented by this table.
3. An invalid PR value is one which is less than the PR value (modulo 16) of the last packet sent by the peer XDLP, or greater than the PS 

value of the next data packet to be transmitted by the XDLP.
4. An invalid PS value is one which is different from the next expected value for PS.
5. An invalid LV subfield is one which represents a value that is too large for the size of the segment received. In the event of an LV field 

error which gives rise to a loss of confidence in the correctness of the other fields in the packet, the packet is discarded without any further 
action.

6. Table entries are defined as follows: A = action to be taken, S = the state to be entered, D = the diagnostic code to be used in packets 
generated as a result of this action, DISCARD indicates that the received packet is to be cleared from the XDLP buffers, and INVALID 
indicates that the packet/state combination cannot occur.
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Table 5-20. DCE effect on ADCE (GDCE) call setup and clearing states

7. The number in parentheses below an “A = NORMAL” table entry is the paragraph number in this document that defines the actions to be 
taken to perform normal processing on the received packet. If no paragraph number is referenced, the normal processing is defined in the 
table entry.

8. The error procedure consists of performing the specified actions when entering the d3 state (which includes forwarding a RESET 
REQUEST packet to the peer XDLP) and sending a RESET REQUEST packet to the DCE (via the reformatting process).

9. RR, RNR, and REJECT packets have no end-to-end significance and are not forwarded to the DCE. 
10. The receipt of a packet smaller than the maximum packet size with M-bit = 1 shall cause a reset to be generated and the remainder of the 

sequence shall be discarded.

Packet received 
from DCE
(see Notes 2 & 4)

ADCE (GDCE) call setup and clearing states (see Notes 1, 7 and 8)

READY
p1

GDLP (ADLP)
CALL

REQUEST
p2

ADCE (GDCE)
CALL

REQUEST
p3

DATA
TRANSFER

p4

GDLP 
(ADLP) 
CLEAR

REQUEST
p6

ADCE 
(GDCE)
to GDLP 
(ADLP) 
CLEAR

REQUEST
p7

CALL REQUEST
(see Note 6)

A=NORMAL
(5.2.6.3.1)

S=p3
(forward)

INVALID
(see Note 5)

INVALID
(see Note 3)

INVALID
(see Note 3)

INVALID
(see Note 3)

INVALID
(see Note 3)

CALL ACCEPT
(see Note 4)

A=DISCARD A=NORMAL
S=P4

(forward)

INVALID
(see Note 3)

INVALID
(see Note 3)

A=DISCARD A=DISCARD

CLEAR REQUEST
(see Note 4)

A=DISCARD A=NORMAL
(5.2.6.3.3)

S=p7
(forward)

A=NORMAL
(5.2.6.3.3)

S=p7
(forward)

A=NORMAL
(5.2.6.3.3)

S=p7
(forward)

A=DISCARD A=DISCARD

DATA, INTERRUPT 
or RESET packets
(see Note 4)

A=DISCARD INVALID
(see Note 3)

INVALID
(see Note 3)

See Table
 5-21

A=DISCARD A=DISCARD

NOTES:

1. The XDCE is not necessarily in the same state as the DTE/DCE interface.
2. This is the DTE packet received via the DCE after all DTE/DCE processing has occurred. Procedures local to the DTE/DCE interface (such 

as RR, RNR, and REJECT if in effect), do not affect the XDCE directly. All error procedures as documented in ISO 8208 have been 
performed. Hence certain packets are rejected by the interface and are not represented in this table.

3. The DCE in its protocol operation with the DTE will detect this error condition, hence the erroneous packet can be said never to “reach” 
the XDCE; see also Note 2.

4. The channel number for the DTE/DCE need not be the same channel number used for the ADCE/GDCE; a packet from the DTE which 
contains a channel number is associated with an air/ground channel by means of a previously established cross-reference table. If none exists 
then the DTE/DCE channel by definition references an air/ground channel in the p1 state.

5. The ADCE assigns all channel numbers used between the ADLP and GDLP; hence call collisions (denoted p5 ISO 8208) are not possible; 
see also Note 4.

6. A CALL REQUEST from the DTE can never be associated with an XDCE channel number which is not in the p1 state.
7. Table entries are defined as follows: A = action to be taken, S = the state to be entered, D = the diagnostic code to be used in packets 

generated as a result of this action, DISCARD indicates that the received packet is to be cleared from the XDLP buffers, and INVALID 
indicates that the packet/state combination cannot occur.

8. The number in parentheses below an “A = NORMAL” table entry is the paragraph number in this document that defines the actions to be 
taken to perform normal processing on the received packet. If no paragraph number is referenced, the normal processing is defined in the 
table entry.
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Table 5-21. DCE effect on ADCE (GDCE) reset states

Packet received from DCE

ADCE (GDCE) reset states
(see Notes 1, 4 and 5)

FLOW CONTROL 
READY

d1

GDLP (ADLP)
RESET REQUEST

d2

ADCE (GDCE)
RESET

REQUEST
to GDLP (ADLP)

d3

RESET REQUEST A=NORMAL
(5.2.6.7)

S=d3
(forward)

A=NORMAL
(5.2.6.7)

S=d1
(forward)

A=DISCARD

RESET CONFIRMATION INVALID
(see Note 3)

INVALID
(see Note 3)

INVALID
(see Note 3)

INTERRUPT See Table 5-22 A=DISCARD Hold interrupt until Mode S 
reset complete

INTERRUPT CONFIRMATION See Table 5-22 A=DISCARD INVALID
(see Note 3)

DATA (see Note 2) A=NORMAL
(5.2.6.4)
(forward)

A=DISCARD Hold data until Mode S 
reset complete

NOTES:

1. The XDCE is not necessarily in the same state as the DTE/DCE interface.
2. This is the DTE packet received via the DCE after all DTE/DCE processing has occurred. Procedures local to the DTE/DCE interface (such 

as RR, RNR, and REJECT if in effect), do not affect the XDCE directly. All error procedures as documented in ISO 8208 have been 
performed. Hence certain packets are rejected by the interface and are not represented in this table.

3. The DCE in its protocol operation with the DTE will detect this error condition, hence the erroneous packet can be said never to “reach” 
the XDCE; see also Note 2.

4. Table entries are defined as follows: A = action to be taken, S = the state to be entered, D = the diagnostic code to be used in packets 
generated as a result of this action, DISCARD indicates that the received packet is to be cleared from the XDLP buffers, and INVALID 
indicates that the packet/state combination cannot occur.

5. The number in parentheses below an “A = NORMAL” table entry is the paragraph number in this document that defines the actions to be 
taken to perform normal processing on the received packet. If no paragraph number is referenced, the normal processing is defined in the 
table entry.
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Table 5-22. DCE effect on ADCE (GDCE) interrupt transfer states

Packet received from DCE
(see Note 2)

ADCE (GDCE) interrupt transfer state
(see Notes 1, 4 and 5)

GDLP (ADLP)
INTERRUPT READY

i1

GDLP (ADLP)
INTERRUPT SENT

i2

INTERRUPT CONFIRMATION INVALID
(See Note 3)

A=NORMAL
(5.2.6.4.5)

S=i1
(forward)

ADCE (GDCE) interrupt transfer states
(see Notes 1, 4 and 5)

Packet received from DCE
(see Note 2)

ADCE (GDCE)
INTERRUPT READY

j1

ADCE (GDCE)
INTERRUPT SENT

j2

INTERRUPT A=NORMAL
(5.2.6.4.5)

S=j2
(forward)

INVALID
(see Note 3)

NOTES:

1. The XDCE is not necessarily in the same state as the DTE/DCE interface.
2. This is the DTE packet received via the DCE after all DTE/DCE processing has occurred. Procedures local to the DTE/DCE interface (such 

as RR, RNR, and REJECT if in effect), do not affect the XDCE directly. All error procedures as documented in ISO 8208 have been 
performed. Hence certain packets are rejected by the interface and are not represented in this state.

3. The DCE in its protocol operation with the DTE will detect this error condition, hence the erroneous packet can be said never to “reach” 
the XDCE; see also Note 2.

4. Table entries are defined as follows: A = action to be taken, S = the state to be entered, D = the diagnostic code to be used in packets 
generated as a result of this action, DISCARD indicates that the received packet is to be cleared from the XDLP buffers, and INVALID 
indicates that the packet/state combination cannot occur.

5. The number in parentheses below an “A = NORMAL” table entry is the paragraph number in this document that defines the actions to be 
taken to perform normal processing on the received packet. If no paragraph number is referenced, the normal processing is defined in the 
table entry.
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Table 5-23. Broadcast identifier number assignments

Uplink broadcast
identifier Assignment

0016
0116
3016
3116
3216

Others

Not valid
Reserved (differential GNSS correction)
Not valid
Reserved for ACAS (RA broadcast)
Reserved for ACAS (ACAS broadcast)
Unassigned

Downlink broadcast
identifier Assignment

0016
0216
1016
2016
FE16
FF16

Others

Not valid
Reserved (traffic information service)
Data link capability report
Aircraft identification
Update request
Search request
Unassigned
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Table 5-24. Register number assignments

Register Number Assignment

0016 Not valid

0116 Unassigned

0216 Linked Comm-B, segment 2

0316 Linked Comm-B, segment 3

0416 Linked Comm-B, segment 4

0516 Extended squitter airborne position

0616 Extended squitter surface position

0716 Extended squitter status

0816 Extended squitter identification and type

0916 Extended squitter airborne velocity

0A16 Extended squitter event-driven information

0B16 Air/air information 1 (aircraft state)

0C16 Air/air information 2 (aircraft intent)

0D16-0E16 Reserved (other air-air information)

0F16 Reserved (ACAS)

1016 Data link capability report

1116-1616 Extension to data link capability report

1716 Common usage GICB capability report

1816-1F16 Mode S specific services capability reports

2016 Aircraft identification

2116 Aircraft registration number

2216 Antenna positions

2316 Reserved (antenna position)

2416 Reserved (static aircraft parameter)

2516 Aircraft type

2616-2F16 Unassigned

3016 ACAS active resolution advisory (RA)

3116-3F16 Unassigned

4016 Aircraft intention

4116 Next waypoint identifier

4216 Next waypoint position

4316 Next waypoint information

4416 Meteorological routine air report

4516 Meteorological hazard report

4616 Flight management system Mode 1

4716 Flight management system Mode 2

4816 VHF channel report

4916-4F16 Unassigned

5016 Track and turn report

5116 Position report coarse
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Table 5-25. MSP channel number assignments

5216 Position report fine

5316 Air referenced state vector

5416 Waypoint 1

5516 Waypoint 2

5616 Waypoint 3

5716-5E16 Unassigned

5F16 Quasi-static parameter monitoring

6016 Heading and speed report

6116 Extended squitter emergency/priority status

6216 Current trajectory change point

6316 Next trajectory change point

6416 Aircraft operational coordination message

6516 Aircraft operational status

6616-6F16 Reserved for extended squitter

7016-7516 Reserved for future downlink parameters

7616-E016 Unassigned

E116-E216 Reserved for Mode S byte

E316-F016 Unassigned

F116-F216 Military applications

F316-FF16 Unassigned

Uplink channel 
number Assignment

0
1
2
3
4
5
6
7

8-63

Not valid
Reserved (specific services management)
Reserved (traffic information service)
Reserved (ground-to-air alert)
Reserved (ground derived position)
ACAS sensitivity level control
Reserved (ground-to-air service request)
Reserved (air-to-ground service response)
Unassigned

Downlink channel 
number Assignment

0
1
2
3
4
5
6
7

8-63

Not valid
Reserved (specific services management)
Unassigned
Reserved (data flash)
Reserved (position request)
Unassigned
Reserved (ground-to-air service response)
Reserved (air-to-ground service request)
Unassigned

Register Number Assignment
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FIGURES FOR CHAPTER 5

Figure 5-1. The SD field structure

Figure 5-2. DCE substate hierarchy

For DI = 1

TMS

17 21 23 26 27  29 30

IIS MBS MES LOS RSS SPARE LAS

20 22 25 28 32

For DI = 7

TMS

17 21 25 26 27  29 30

IIS RRS SPARE LOS SPARE SPARE LAS

20 24 28 32

Note.— States r1, p4 and d1 (shown circled) are states that provide access to the
lower levels of the DCE substate hierarchy.

Interrupt and control states

Data transfer states

Call setup and clearing states

Ready and restart states r1 r2 r3

p1 p2 p3 p4 p5 p6 p7

d1 d2 d3

f 2f 1 g1 g2 i1 i2 j1 j2
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Figure 5-3. CALL REQUEST by ADLP packet

Figure 5-4. CALL REQUEST by GDLP packet

Figure 5-5. CALL ACCEPT by ADLP packet

1 2 3 4 5 6 7 8

DP=0 MP=1 SP=1 ST=0 FILL2

P FILL SN

CH LAM

AG

S FS F LV

UD

1 2 3 4 5 6 7 8

DP=0 MP=1 SP=1 ST=0 FILL

P FILL SN

FILL TC AM

AG

S FS F LV

UD

1 2 3 4 5 6 7 8

DP=0 MP=1 SP=1 ST=1 FILL2

TC SN

CH AM

AG

S FILL F LV

UD
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Figure 5-6. CALL ACCEPT by GDLP packet

Figure 5-7. CLEAR REQUEST by ADLP packet

Figure 5-8. CLEAR REQUEST by GDLP packet

1 2 3 4 5 6 7 8

DP=0 MP=1 SP=1 ST=1 FILL

FILL SN

CH AM

AG

S FILL F LV

UD

1 2 3 4 5 6 7 8

DP=0 MP=1 SP=1 ST=2 FILL2

TC SN

CH AM

AG

CC

DC

S FILL F LV

UD

1 2 3 4 5 6 7 8

DP=0 MP=1 SP=1 ST=2 FILL

TC SN

CH AM

AG

CC

DC

S FILL F LV

UD
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Figure 5-9. CLEAR CONFIRMATION by ADLP packet

Figure 5-10. CLEAR CONFIRMATION by GDLP packet

Figure 5-11. DATA packet

Figure 5-12. INTERRUPT packet

1 2 3 4 5 6 7 8

DP=0 MP=1 SP=1 ST=3 FILL2

TC SN

CH AM

AG

1 2 3 4 5 6 7 8

DP=0 MP=1 SP=1 ST=3 FILL

TC SN

CH AM

AG

1 2 3 4 5 6 7 8

DP=1 M SN

FILL1

PS PR

CH LV

UD

1 2 3 4 5 6 7 8

DP=0 MP=1 SP=3 ST=1 FILL2

S F SN

CH LV

UD
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Figure 5-13. INTERRUPT CONFIRMATION packet

Figure 5-14. REJECT packet

Figure 5-15. RECEIVE READY packet

Figure 5-16. RECEIVE NOT READY packet

Figure 5-17. RESET REQUEST packet

1 2 3 4 5 6 7 8

DP=0 MP=1 SP=3 ST=3 SS=0

FILL2 SN

CH FILL

1 2 3 4 5 6 7 8

DP=0 MP=1 SP=3 ST=3 SS=1

FILL2 SN

CH PR

1 2 3 4 5 6 7 8

DP=0 MP=1 SP=2 ST=0 FILL2

FILL SN

CH PR

1 2 3 4 5 6 7 8

DP=0 MP=1 SP=2 ST=1 FILL2

FILL SN

CH PR

1 2 3 4 5 6 7 8

DP=0 MP=1 SP=2 ST=2 FILL2

FILL SN

CH FILL

RC

DC
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Figure 5-18. RESET CONFIRMATION packet

Figure 5-19. ROUTE packet

Figure 5-20. MULTIPLEX packet

1 2 3 4 5 6 7 8

DP=0 MP=1 SP=2 ST=3 FILL2

FILL SN

CH FILL

1 2 3 4 5 6 7 8

DP=0 MP=1 SP=3 ST=0 OF IN

RTL

RT

ODL

OD

1 2 3 4 5 6 7 8

DP=0 MP=1 SP=3 ST=2 FILL2

LENGTH

FIRST PACKET

LENGTH

LAST PACKET

LENGTH = 0
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Figure 5-21. SHORT FORM MSP packet

Figure 5-22. LONG FORM MSP packet

1 2 3 4 5 6 7 8

DP=0 MP=0 M/CH

FILL1

UD

1 2 3 4 5 6 7 8

DP=0 MP=1 SP=0 L M/SN

FILL2 M/CH

UD
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LEGEND:

DP = DATA packet type

MP = MSP packet type 

SP = SUPERVISORY packet

ST = SUPERVISORY type

SS = SUPERVISORY subset

Figure 5-23. Control fields used in MODE S packets

DP[1] 1 • DATA PACKET

MP[1] 0 • SHORT MSP

0 SP[2] 0 • LONG MSP

1 ST[2] 0 • CALL REQUEST

1 • CALL ACCEPT

1

2 • CLEAR REQUEST

3 • CLEAR CONFIRMATION

ST[2] 0 • RECEIVE READY

1 • RECEIVE NOT READY

2

2 • RESET REQUEST

3 • RESET CONFIRMATION

ST[2] 0 • ROUTE

1 • INTERRUPT

3

2 • MULTIPLEX

  SS[2] 0 • INTERRUPT CONFIRMATION

1 • REJECT

3

2 • UNASSIGNED

3 • UNASSIGNED
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APPENDIX TO CHAPTER 5. DATA FORMATS AND CONTROL PARAMETERS
FOR COMMUNICATIONS VIA MODE S SPECIFIC SERVICES

TECHNICAL SUPPORT FOR SSR MODE S AIR-GROUND DATA LINK

This appendix defines data formats and control parameters that shall be used for communications using Mode S specific services. 

Appendix 1 is arranged in the following manner:

Section 1 List of acronyms

Section 2 Data formats for transponder registers

Section 3 Formats for Mode S specific protocols (MSP)

Section 4 Mode S broadcast protocols

Note.— Guidance material on possible data sources, the use of control parameters, and the protocols involved is given in the
Manual on Mode S Specific Services (Doc 9688).

1. LIST OF ACRONYMS

ACAS Airborne collision avoidance system
ADLP Airborne data link processor
ADS-B Automatic dependent surveillance-broadcast
ATN Aeronautical telecommunication network
ATS Air traffic service
A/V Aircraft/vehicle
BDS Comm-B data selector
CPR Compact position reporting
ELM Extended length message
GDLP Ground data link processor
GICB Ground-initiated Comm-B
GFM General formatter/manager
GNSS Global navigation satellite system
II Interrogator identifier
MA Message, Comm-A
MB Message, Comm-B
MC Message, Comm-C
MD Message, Comm-D
MSP Mode S specific protocol
NUCP Navigational uncertainty category — position
NUCR Navigational uncertainty category — rate
RNP Required navigation performance
SI Surveillance identifier
SLM Standard length message
SPI Special position identification 
SSR Secondary surveillance radar
TIS Traffic information service
UTC Coordinated universal time
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2. DATA FORMATS FOR TRANSPONDER REGISTERS

2.1 REGISTER ALLOCATION

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

Register No. Assignment Minimum update rate

0016 Not valid N/A

0116 Unassigned N/A

0216 Linked Comm-B, segment 2 N/A

0316 Linked Comm-B, segment 3 N/A

0416 Linked Comm-B, segment 4 N/A

0516 Extended squitter airborne position 0.2 s

0616 Extended squitter surface position 0.2 s

0716 Extended squitter status 1.0 s

0816 Extended squitter identification and type 15.0 s

0916 Extended squitter airborne velocity 0.2 s

0A16 Extended squitter event-driven information variable

0B16 Air/air information 1 (aircraft state) 1.0 s

0C16 Air/air information 2 (aircraft intent) 1.0 s

0D16-0E16 Reserved for air/air state information To be determined

0F16 Reserved for ACAS To be determined

1016 Data link capability report <4.0 s (see 2.1.3)

1116-1616 Reserved for extension to data link capability reports 5.0 s

1716 Common usage GICB capability report 5.0 s

1816-1F16 Mode S specific services capability reports 5.0 s

2016 Aircraft identification 5.0 s

2116 Aircraft and airline registration markings 15.0 s

2216 Antenna positions 15.0 s

2316 Reserved for antenna position 15.0 s

2416 Reserved for aircraft parameters 15.0 s

2516 Aircraft type 15.0 s

2616-2F16 Unassigned N/A

3016 ACAS active resolution advisory see ACAS SARPs 
(4.3.8.4.2.2)

3116-3F16 Unassigned N/A

4016 Aircraft intention 1.0 s

4116 Next waypoint identifier 1.0 s

4216 Next waypoint position 1.0 s
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2.1.1 The details of the data to be entered into the assigned registers shall be as defined in the following pages of this section.
The above table specifies the minimum update rates at which the appropriate transponder register(s) shall be reloaded with valid
data. If the defined update rate is not maintained, the status bit (if provided) shall indicate that the data in that field are invalid.

2.1.2 The time between the availability of the data at the SSE and the time that the data are processed and appear in the relevant
transponder register shall be less than the minimum update rate specified in the table above.

2.1.3 Recommendation.—The time between the availability of data at the SSE and the time that the data are processed and
appears in the relevant transponder register should be as short as possible.

4316 Next waypoint information 0.5 s

4416 Meteorological routine air report 1.0 s

4516 Meteorological hazard report 1.0 s

4616 Reserved for flight management system Mode 1 To be determined

4716 Reserved for flight management system Mode 2 To be determined

4816 VHF channel report 5.0 s

4916-4F16 Unassigned N/A

5016 Track and turn report 1.0 s

5116 Position report coarse 0.5 s

5216 Position report fine 0.5 s

5316 Air-referenced state vector 0.5 s

5416 Waypoint 1 5.0 s

5516 Waypoint 2 5.0 s

5616 Waypoint 3 5.0 s

5716-5E16 Unassigned N/A

5F16 Quasi-static parameter monitoring 0.5 s

6016 Heading and speed report 1.0 s

6116 Extended squitter emergency/priority status 1.0 s

6216 Current trajectory change point 1.7 s

6316 Next trajectory change point 1.7 s

6416 Aircraft operational coordination message 2.0 s or 5.0 s (2.3.10.1)

6516 Aircraft operational status 1.7 s

6616-6F16 Reserved for extended squitter N/A

7016-7516 Reserved for future aircraft downlink parameters N/A

7616-E016 Unassigned N/A

E116-E216 Reserved for Mode S byte N/A

E316-F016 Unassigned N/A

F116-F216 Military applications 15 s

F316-FF16 Unassigned N/A

Register No. Assignment Minimum update rate
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2.1.4 The register number shall be equivalent to the Comm-B data selector (BDS) value used to address that register,
(see 3.1.2.6.11.2.1 of Annex 10, Volume IV). Register 0A16 shall not be used for GICB or ACAS cross-link read-out. The data link
capability report (register number 1016) shall be updated within one second of the data changing and at least every four seconds
thereafter.

2.2 GENERAL CONVENTIONS ON DATA FORMATS

2.2.1 VALIDITY OF DATA

The bit patterns contained in the 56-bit transponder registers shall be considered as valid application data only if:

1) the data link capability report is contained in register number 1016. This is indicated by bit 25 of the data link capability report
contained in register number 1016 being set to “ONE”.

2) the GICB service corresponding to the application is shown as “supported” by the corresponding bit in the GICB capability
report register numbers 1716 to 1C16 being set to “ONE”.

Note 1.— The intent of the capability bits in register number 1716 is to indicate that useful data are contained in the
corresponding transponder register. For this reason, each bit for a register is cleared if data becomes unavailable (2.5.4.1) and
set again when data insertion into the register resumes.

Note 2.— A bit set in register numbers 1816 to 1C16 indicates that the application using this register has been installed on
the aircraft. These bits are not cleared to reflect the real-time loss of an application, as is done for register number 1716 (2.5.4.2).

3) the data value is valid at the time of extraction. This is indicated by a data field status bit (if provided). When this status bit
is set to “ONE”, the data field(s) which follow, up to the next status bit, are valid. When this status bit is set to “ZERO”, the
data field(s) are invalid.

2.2.2 REPRESENTATION OF NUMERICAL DATA

Numerical data shall be represented as follows:

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

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

3) In all cases where a status bit is used it shall be set to “ONE” to indicate VALID and to “ZERO” to indicate INVALID.

Note.— This facilitates partial loading of the registers.

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

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

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

Note.— Tables are numbered Table 2-X where “X” is the decimal equivalent of the BDS code to which the format applies.

2.2.3 RESERVED FIELDS

Unless specified in this Annex, these bit fields shall be reserved for future allocation by ICAO.
5-6628/11/02
No. 77



Part I Annex 10 — Aeronautical Telecommunications
2.3 EXTENDED SQUITTER FORMATS

This section defines the formats and coding that shall be used for extended squitter ADS-B messages. When the extended squitter
capability is implemented as an extended squitter/non-transponder device (ES/NT, Annex 10, Volume IV, 3.1.2.8.7), the convention
for register numbering shall not apply. The data content and the transmit times shall be the same as specified for the transponder
case.

2.3.1 FORMAT TYPE CODES

The format type code shall differentiate the Mode S extended squitter messages into several classes as specified in the following
table:

“TYPE” Subfield Code Definitions (DF = 17 or 18)

Type
code Format

Horizontal protection limit,
(HPL)

95% Containment radius, 
µ and v, on horizontal and

vertical position error
Altitude type

(2.3.2.4) NUC_P

0 No position information Baro altitude or
no altitude information 0

1 Identification (Category Set D) Not applicable

2 Identification (Category Set C) Not applicable

3 Identification (Category Set B) Not applicable

4 Identification (Category Set A) Not applicable

5 Surface position HPL < 7.5 m µ < 3 m No altitude information 9

6 Surface position HPL < 25 m 3 m < µ < 10 m No altitude information 8

7 Surface position HPL < 185.2 m 
(0.1 NM)

10 m < µ < 92.6 m 
(0.05 NM)

No altitude information 7

8 Surface position HPL > 185.2 m 
(0.1 NM)

(0.05 NM) 92.6 m < µ No altitude information 6

9 Airborne position HPL < 7.5 m µ < 3 m Baro altitude 9

10 Airborne position 7.5 m < HPL < 25 m 3 m < µ < 10 m Baro altitude 8

11 Airborne position 25 m < HPL < 185.2 m
(0.1 NM)

10 m < µ < 92.6 m 
(0.05 NM)

Baro altitude 7

12 Airborne position 185.2 m (0.1 NM) < HPL 
< 370.4 m (0.2 NM)

92.6 m (0.05 NM) < µ 
< 185.2 m (0.1 NM)

Baro altitude 6

13 Airborne position 380.4 m (0.2 NM) < HPL 
< 92.6 m (0.5 NM)

185.2 m (0.1 NM) < µ 
< 463 m (0.25 NM)

Baro altitude 5

14 Airborne position 26 m (0.5 NM) < HPL 
< 185.2 m (1.0 NM)

463 m (0.25 NM) < µ 
< 92.6 m (0.5 NM)

Baro altitude 4

15 Airborne position 185.2 m (1.0 NM) < HPL 
< 370.4 m (2.0 NM)

92.6 m (0.5 NM) < µ 
< 185.2 km (1.0 NM)

Baro altitude 3

16 Airborne position 7.704 km (2.0 NM) < HPL 
< 18.52 km (10 NM)

1.852 km (1.0 NM) < µ 
< 9.26 km (5.0 NM)

Baro altitude 2

17 Airborne position 18.52 km (10 NM) < HPL 
< 37.04 km (20 NM)

9.26 km (5.0 NM) < µ 
< 18.52 km (10.0 NM)

Baro altitude 1

18 Airborne position HPL > 37.04 km (20 NM) 8.52 km (10.0 NM) < µ Baro altitude 0

19 Airborne velocity Not applicable Not applicable Difference between “Baro 
altitude” and “GNSS 
height (HAE) or GNSS 
altitude (MSL)”
(2.3.5.7)

N/A

20 Airborne position HPL < 7.5 m µ < 3 m and v < 4 m GNSS height (HAE) 9

21 Airborne position HPL < 25 m µ < 10 m and v < 15 m GNSS height (HAE) 8
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The 95 per cent containment limit, µ, on horizontal position error shall be derived from, HFOM (horizontal figure of merit).
Likewise, the 95 per cent containment limit, v, on vertical position error shall be derived from, VFOM (vertical figure of merit).
The horizontal protection level (HPL) shall be derived from AHIL (autonomous horizontal integrity limit).

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

2.3.2 AIRBORNE POSITION FORMAT

The airborne position squitter format shall be formatted as specified in the definition of BDS 0,5. Additional details are specified
in the following paragraphs.

2.3.2.1 COMPACT POSITION REPORTING (CPR) FORMAT (F)

In order to achieve coding that is unambiguous worldwide, CPR shall use two format types, known as even and odd. This 1-bit
field (bit 22) shall be used to define the CPR format type. F = 0 shall denote an even format coding, while F = 1 shall denote an
odd format coding (2.6.7).

2.3.2.2 TIME SYNCHRONIZATION (T)

This 1-bit field (bit 21) shall indicate whether or not the time of applicability of the message is synchronized with UTC time. T = 0
shall denote that the time is not synchronized to UTC. T = 1 shall denote that the time of applicability is synchronized to UTC time.
Synchronization shall only be used for airborne position messages having the top two horizontal position precision categories
(format types codes 9, 10, 20 and 21).

When T = 1, the time of validity in the airborne position message format shall be encoded in the 1-bit F field which, in addition to
CPR format type, indicates the 0.2 second time tick for UTC time of position validity. The F bit shall alternate between 0 and 1 for
successive 0.2 second time ticks, beginning with F = 0 when the time of applicability is an exact even-numbered UTC second.

2.3.2.3 LATITUDE/LONGITUDE

The latitude/longitude field in the airborne position message shall be a 34-bit field containing the latitude and longitude of the
aircraft airborne position. The latitude and longitude shall each occupy 17 bits. The airborne latitude and longitude encodings shall
contain the high-order 17 bits of the 19-bit CPR-encoded values defined in 2.6.

Note.— The unambiguous range for the local decoding of airborne messages is 666 km (360 NM). The positional accuracy
maintained by the airborne CPR encoding is approximately 5.1 metres. The latitude/longitude encoding is also a function of the
CPR format value (the “F” bit) described above.

22 Airborne position HPL > 25 m µ > 10 m or v > 15 m GNSS height (HAE) Reserved

23 Reserved for test purposes

24 Reserved for surface system status

25 - 27 Reserved

28 Extended squitter aircraft status

29 Current/next trajectory change point

30 Aircraft operational coordination

31 Aircraft operational status

“TYPE” Subfield Code Definitions (DF = 17 or 18)

Type
code Format

Horizontal protection limit,
(HPL)

95% Containment radius, 
µ and v, on horizontal and

vertical position error
Altitude type

(2.3.2.4) NUC_P
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2.3.2.3.1 Extrapolating position (when T = 1)

If T is set to one, airborne position messages with format type codes 9, 10, 20 and 21 shall have times of applicability which are
exact 0.2 s UTC epochs. In that case, the F bit shall be 0 if the time of applicability is an even-numbered 0.2 s UTC epoch, or 1
if the time of applicability is an odd-numbered 0.2 s UTC epoch.

Note.— In such a case, an “even-numbered 0.2 s epoch” means an epoch which occurs an even number of 200-ms time intervals
after an even-numbered UTC second. An “odd-numbered 0.2 s epoch” means an epoch which occurs an odd number of 200-ms
time intervals after an even-numbered UTC second. Examples of even-numbered 0.2 s UTC epochs are 12.0 s, 12.4 s, 12.8 s, 13.2 s,
13.6 s, etc. Examples of odd-numbered UTC epochs are 12.2 s, 12.6 s, 13.0 s, 13.4 s, 13.8 s, etc.

The CPR-encoded latitude and longitude that are loaded into the airborne position register shall comprise an estimate of the
aircraft/vehicle (A/V) position at the time of applicability of that latitude and longitude, which is an exact 0.2 s UTC epoch. The
register shall be loaded no earlier than 150 ms before the time of applicability of the data being loaded, and no later than 50 ms
before the time of applicability of that data.

This timing shall ensure that the receiving ADS-B system may recover the time of applicability of the data in the airborne position
message, as follows:

1) If F = 0, the time of applicability shall be the nearest even-numbered 0.2 s UTC epoch to the time that the airborne position
message is received.

2) If F = 1, the time of applicability shall be the nearest odd-numbered 0.2 s UTC epoch to the time that the airborne position
message is received.

Recommendation.— If the airborne position register is updated at its minimum (every 200 ms), that register should be loaded
100 ms before the time of applicability. The register should then be reloaded, with data applicable at the next subsequent 0.2 s
UTC epoch, 100 ms before that next subsequent 0.2 s epoch. 

Note 1.— In this way, the time of transmission of an airborne position message would never differ by more than 100 ms from
the time of applicability of the data in that message. By specifying “100 ms ± 50 ms” rather than 100 ms exactly, some tolerance
is allowed for variations in implementation.

Note 2.— The position may be estimated by extrapolating the position from the time of validity of the fix (included in the position
fix) to the time of applicability of the data in the register (which, if T = 1, is an exact 0.2 s UTC time tick). This may be done by
a simple linear extrapolation using the velocity provided with the position fix and the time difference between the position fix
validity time and the time of applicability of the transmitted data. Alternatively, other methods of estimating the position, such as
alpha-beta trackers or Kalman filters, may be used.

Every 200 ms, the contents of the position registers shall be updated by estimating the A/V position at the next subsequent 0.2 s
UTC epoch. This process shall continue with new position fixes as they become available from the source of navigation data.

2.3.2.3.2 Extrapolating position (when T = 0)

T shall be set to zero if the time of applicability of the data being loaded into the position register is not synchronized to any
particular UTC epoch. In that case, the position register shall be reloaded with position data at intervals that are no more than
200 ms apart. The position being loaded into the register shall have a time of applicability that is never more than 200 ms different
from any time during which the register holds that data.

Note.— This may be accomplished by loading the airborne position register at intervals that are, on average, no more than
200 ms apart, with data for which the time of applicability is between the time the register is loaded and the time that it is loaded
again. (Shorter intervals than 200 ms are permitted, but not required.)

If T = 0, receiving ADS-B equipment shall accept airborne position messages as being current as of the time of receipt. The
transmitting ADS-B equipment shall reload the airborne position register with updated estimates of the A/V position, at intervals
that are no more than 200 ms apart. The process shall continue with new position reports as they become available.
5-69 28/11/02
No. 77



Annex 10 — Aeronautical Telecommunications Volume III
2.3.2.3.3 Timeout when new position data are unavailable

In the event that the navigation input ceases, the extrapolation described in 2.3.2.3.1 and 2.3.2.3.2 shall be limited to no more than
two seconds. At the end of this timeout of two seconds, all fields of the airborne position register, except the altitude field, shall
be cleared (set to zero). When the appropriate register fields are cleared, the zero type code field shall serve to notify ADS-B
receiving equipment that the data in the latitude and longitude fields are invalid.

2.3.2.4 ALTITUDE

This 12-bit field shall provide the aircraft altitude. Depending on the type code, this field shall contain either:

1) Barometric altitude encoded in 25 or 100 foot increments (as indicated by the Q bit) or, 

2) GNSS height above ellipsoid (HAE).

“Baro-Altitude” shall be interpreted as barometric pressure altitude, relative to a standard pressure of 1013.25 hectopascals (29.92
in Hg). It shall not be interpreted as baro corrected altitude.

Format type code 20 to 22 shall be reserved for the reporting of GNSS height (HAE) which represents the height above the surface
of the WGS-84 ellipsoid and may be used when baro altitude is not available.

Note.— GNSS altitude (MSL) is not accurate enough for use in the position report.

2.3.2.5 SINGLE ANTENNA FLAG (SAF)

This 1-bit field shall indicate the type of antenna system that is being used to transmit extended squitters. SAF = 1 shall signify a
single transmit antenna. SAF = 0 shall signify a dual transmit antenna system.

At any time that the diversity configuration cannot guarantee that both antenna channels are functional, then the single antenna
subfield shall be set to ONE.

2.3.2.6 SURVEILLANCE STATUS

The surveillance status field in the airborne position message format shall encode information from the aircraft’s Mode A code and
SPI condition indication as specified in Annex 10, Volume IV, 3.1.2.8.6.3.1.1.

2.3.3 SURFACE POSITION FORMAT

The surface position squitter shall be formatted as specified in the definition of register number 0616 in the following paragraphs.

2.3.3.1 MOVEMENT

This 7-bit field shall provide information on the ground speed of the aircraft. A non-linear scale shall be used as defined in the
following table where speeds are given in km/h (kt).

Encoding Meaning Quantization

0 no information available

1 aircraft stopped (ground speed < 0.2315 km/h (0.125 kt))

2-8 0.2315 km/h (0.125 kt) < ground speed < 1.852 km/h (1 kt) (in 0.2315 km/h (0.125 kt) steps)

9-12 1.852 km/h (1 kt) < ground speed < 3.704 km/h (2 kt) (in 0.463 km/h (0.25 kt) steps)
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2.3.3.2 GROUND TRACK (TRUE)

2.3.3.2.1 Ground track status

This 1-bit field shall define the validity of the ground track value. Coding for this field shall be as follows: 0 = invalid and 1 = valid.

2.3.3.2.2 Ground track value

This 7-bit (14-20) field shall define the direction (in degrees clockwise from true north) of aircraft motion on the surface. The
ground track shall be encoded as an unsigned angular weighted binary numeral, with an MSB of 180 degrees and an LSB of
360/128 degrees, with zero indicating true north. The data in the field shall be rounded to the nearest multiple of 360/128 degrees. 

2.3.3.3 COMPACT POSITION REPORTING (CPR) FORMAT (F)

The 1-bit (22) CPR format field for the surface position message shall be encoded as specified for the airborne message. That is,
F = 0 shall denote an even format coding, while F = 1 shall denote an odd format coding (2.6.7).

2.3.3.4 TIME SYNCHRONIZATION (T)

This 1-bit field (21) shall indicate whether or not the time of applicability of the message is synchronized with UTC time. T = 0
shall denote that the time is not synchronized to UTC. T = 1 shall denote that time of applicability is synchronized to UTC time.
Synchronization shall only be used for surface position messages having the top two horizontal position precision categories (format
type codes 5 and 6).

When T = 1, the time of validity in the surface message format shall be encoded in the 1-bit F field which (in addition to CPR
format type) indicates the 0.2 second time tick for UTC time of position validity. The F bit shall alternate between 0 and 1 for
successive 0.2 second time ticks, beginning with F = 0 when the time of applicability is an exact even-numbered UTC second.

2.3.3.5 LATITUDE/LONGITUDE

The latitude/longitude field in the surface message shall be a 34-bit field containing the latitude and longitude coding of the
aircraft’s surface position. The latitude (Y) and longitude (X) shall each occupy 17 bits. The surface latitude and longitude encodings
shall contain the low-order 17 bits of the 19-bit CPR-encoded values defined in 2.6.

Note.— The unambiguous range for local decoding of surface messages is 166.5 km (90 NM). The positional accuracy
maintained by the surface CPR encoding is approximately 1.25 metres. The latitude/longitude encoding is also a function of the
CPR format value (the “F” bit) described above.

13-38 3.704 km/h (2 kt) < ground speed < 27.78 km/h (15 kt) (in 0.926 km/h (0.5 kt) steps)

39-93 27.78 km/h (15 kt) < ground speed < 129.64 km/h (70 kt) (in 1.852 km/h (1.0 kt) steps)

94-108 129.64 km/h (70 kt) < ground speed < 185.2 km/h (100 kt) (in 3.704 km/h (2.0 kt) steps)

109-123 185.2 km/h (100 kt) < ground speed < 324.1 km/h (175 kt) (in 9.26 km/h (5.0 kt) steps)

124 ground speed > 324.1 km/h (175 kt)

125 Reserved

126 Reserved

127 Reserved

Encoding Meaning Quantization
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2.3.3.5.1 Extrapolating position (when T = 1)

This extrapolation shall conform to 2.3.2.3.1 (substitute “surface” for “airborne” where appropriate).

2.3.3.5.2 Extrapolating position (when T = 0)

This extrapolation shall conform to 2.3.2.3.2 (substitute “surface” for “airborne” where appropriate).

2.3.3.5.3 Timeout when new position data are unavailable

This timeout shall conform to 2.3.2.3.3 (substitute “surface” for “airborne” where appropriate).

2.3.4 IDENTIFICATION AND CATEGORY FORMAT

The identification and category squitter shall be formatted as specified in the definition of BDS 0,8.

2.3.5 AIRBORNE VELOCITY FORMAT

The airborne velocity squitter shall be formatted as specified in the definition of register number 0916 and in the following
paragraphs.

2.3.5.1 SUBTYPES 1 AND 2

Subtypes 1 and 2 of the airborne velocity format shall be used when the transmitting aircraft’s velocity over ground is known.
Subtype 1 shall be used at subsonic velocities while subtype 2 shall be used when the velocity exceeds 1 022 kt.

This message shall not be broadcast if the only valid data are the intent change flag and the IFR capability flag (2.3.5.3, 2.3.5.4).
After initialization, the broadcast shall be suppressed by loading register 0916 with all zeros and then discontinuing the updating of
the register until data input is available again.

The supersonic version of the velocity coding shall be used if either the east-west OR north-south velocities exceed 1 022 kt. A
switch to the normal velocity coding shall be made if both the east-west AND north-south velocities drop below 1 000 kt.

2.3.5.2 SUBTYPES 3 AND 4

Subtypes 3 and 4 of the airborne velocity format shall be used when the transmitting aircraft’s velocity over ground is not known.
These subtypes substitute airspeed and heading for the velocity over ground. Subtype 3 shall be used at subsonic velocities, while
subtype 4 shall be used when the velocity exceeds 1 022 kt.

This message shall not be broadcast if the only valid data are the intent change flag and the IFR capability flag (2.3.5.3, 2.3.5.4).
After initialization, broadcast shall be suppressed by loading register 0916 with all zeros and then discontinuing the updating of the
register until data input is available again.

The supersonic version of the velocity coding shall be used if the airspeed exceeds 1 022 kt. A switch to the normal velocity
coding shall be made if the airspeed drops below 1 000 kt.

2.3.5.3 INTENT CHANGE FLAG IN AIRBORNE VELOCITY MESSAGES

An intent change event shall be triggered 4 seconds after the detection of new information being inserted in registers 4,0 to 4,2.
The code shall remain set for 18 ± 1 second following an intent change.
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Intent change flag coding:
0 = no change in intent
1 = intent change

Note 1.— Register 4316 is not included since it contains dynamic data which will be continuously changing.

Note 2.— A four-second delay is required to provide for settling time for intent data derived from manually set devices.

2.3.5.4 IFR CAPABILITY FLAG (IFR) IN AIRBORNE VELOCITY MESSAGES

The IFR capability flag shall be a 1-bit (bit 10) subfield in the subtypes 1, 2, 3 and 4 airborne velocity messages. IFR = 1 shall
signify that the transmitting aircraft has a capability for applications requiring ADS-B equipage class A1 or above. Otherwise, IFR
shall be set to 0.

2.3.5.5 MAGNETIC HEADING IN AIRBORNE VELOCITY MESSAGES

2.3.5.5.1 Magnetic heading status

This 1-bit field shall define the availability of the magnetic heading value. Coding for this field shall be: 0 = not available and
1 = available.

2.3.5.6 MAGNETIC HEADING VALUE

This 10-bit field shall contain the aircraft magnetic heading (in degrees clockwise from magnetic north) when velocity over ground
is not available. The magnetic heading shall be encoded as an unsigned angular weighted binary numeral with an MSB of 180
degrees and an LSB of 360/1 024 degrees, with zero indicating magnetic north. The data in the field shall be rounded to the nearest
multiple of 360/1 024 degrees.

2.3.5.7 DIFFERENCE FROM BARO ALTITUDE IN AIRBORNE VELOCITY MESSAGES

This 8-bit field shall contain the signed difference between barometric and GNSS altitude. (Coding for this field shall be as
indicated in Tables 2-9a and 2-9b.) 

The difference between baro altitude and GNSS height above ellipsoid (HAE) shall be used if available. If GNSS HAE is not
available, GNSS altitude (MSL) shall be used when airborne position is being reported using format type codes 11 through 18.

If airborne position is being reported using format type code 9 or 10, only GNSS (HAE) shall be used. For format type code 9 or
10, if GNSS (HAE) is not available, the field shall be coded with all zeros. The basis for the baro altitude difference (either GNSS
(HAE) or GNSS altitude MSL) shall be used consistently for the reported difference.

2.3.6 STATUS REGISTER FORMAT

The status register shall be formatted as specified in the definition of register number 0716 and in the following paragraphs.

2.3.6.1 PURPOSE

Unlike the other extended squitter registers, the contents of this register shall not be broadcast. The purpose of this register shall
be to serve as an interface between the transponder function and the general formatter/manager function (GFM, 2.5). The two fields
defined for this format shall be the transmission rate subfield and the altitude type subfield.
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2.3.6.2 TRANSMISSION RATE SUBFIELD (TRS)

This field is only used for a transponder implementation of extended squitter.

The TRS shall be used to notify the transponder of the aircraft motion status while on the surface. If the aircraft is moving, the
surface position squitter shall be broadcast at a rate of twice per second, and identity squitters at a rate of once per 5 seconds. If
the aircraft is stationary, the surface position squitter shall be broadcast at a rate of once per 5 seconds and the identity squitter at
a rate of once per 10 seconds.

The algorithm specified in the definition of register number 0716 shall be used by the GFM (2.5) to determine motion status and
the appropriate code shall be set in the TRS subfield. The transponder shall examine the TRS subfield to determine which rate to
use when it is broadcasting surface squitters.

2.3.6.3 ALTITUDE TYPE SUBFIELD (ATS)

This field shall only be used for a transponder implementation of extended squitter.

The transponder shall load the altitude field of the airborne position squitter from the same digital source as used for addressed
replies.

Note.— This is done to minimize the possibility that the altitude in the squitter is different from the altitude that would be
obtained by direct interrogation. 

If the GFM (2.5) inserts GNSS height (HAE) into the airborne position squitter, it shall instruct the transponder not to insert the
baro altitude into the altitude field. The ATS subfield shall be set to ONE for this purpose.

2.3.7 EVENT-DRIVEN PROTOCOL

The event-driven protocol register shall be as specified in the definition of register numbers 0A16 in 2.5.5 and in the following
paragraphs.

2.3.7.1 PURPOSE

The event-driven protocol shall be used as a flexible means to support the broadcast of messages beyond those defined for position,
velocity, and identification.

Note.— These typically will be messages that are broadcast regularly for a period of time based on the occurrence of an event.
An example is the broadcast of emergency/priority status every second during a declared aircraft emergency. A second example is
the periodic broadcast of intent information for the duration of the operational condition.

2.3.8 EMERGENCY/PRIORITY STATUS

The emergency/priority status squitter shall be formatted as specified in the definition of register number 6116 and in the following
paragraphs.

2.3.8.1 TRANSMISSION RATE

This message shall be broadcast once per second for the duration of the emergency.

2.3.8.2 MESSAGE DELIVERY

Message delivery shall be accomplished using the event-driven protocol (2.3.7). The broadcast of this message shall take priority
over the event-driven protocol broadcast of all other message types, as specified in 2.5.5.3.
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2.3.9 CURRENT/NEXT TRAJECTORY CHANGE POINT (TCP/TCP+1)

The current/next trajectory change point (TCP) squitter shall be formatted as specified in the definition of register numbers 6216
and 6316 and in the following paragraphs.

2.3.9.1 TRANSMISSION RATE

This message shall be broadcast once per 1.7 seconds for the duration of the operation.

2.3.9.2 MESSAGE DELIVERY

Message delivery shall be accomplished using the event-driven protocol (2.3.7).

2.3.9.3 TRAJECTORY POINT/LEG TYPE

This 4-bit (7-10) subfield shall be used to identify the type of TCP for which data are being provided in the message. The TCP
type subfield shall be encoded as follows:

If the trajectory point/leg can be classified in more than one of the categories identified in the table above, then the type having
the largest encoded value shall be used.

2.3.9.4 TCP DATA VALID

This 1-bit (11) subfield shall be used to indicate the validity of the TCP/TCP+1 message. A value of ONE shall indicate a valid
message. A value of ZERO shall indicate an invalid message.

Encoding Meaning

0000 No specific trajectory change point description information

0001 “Straight” (geodesic) course to a “fly by” waypoint

0010 “Straight” (geodesic) course to a “fly over” waypoint

0011 “Straight” (geodesic) course to a “speed change” waypoint

0100 “Straight” (geodesic) course to a “vertical speed change” waypoint

0101 Arc course to a “fly by” waypoint

0110 Arc course to a “fly over” waypoint

0111 Arc course to a “speed change” waypoint

1000 Arc course to a “vertical speed change” waypoint

1001 Holding pattern to a holding fix

1010 Course FROM the waypoint, termination point unknown

1011 Reserved for future use

1100 Reserved for future use

1101 Reserved for future use

1110 Reserved for future use

1111 Reserved for future use
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2.3.9.5 TCP FORMAT

This 1-bit (12) subfield shall indicate whether the TCP is specified as position and time (4D), or position only (3D). A value ZERO
shall indicate a 4D TCP. A value ONE shall indicate a 3D TCP. The 3D TCP/TCP+1 format shall be used if the distance to the
TCP/TCP+1 is greater than 160 NM from the current position of the aircraft transmitting the TCP/TCP+1 message.

2.3.9.6 TCP/TCP + 1 ALTITUDE

This 10-bit subfield (13-22) shall be used to provide the binary encoded altitude of the current TCP/TCP+1 message. The altitude
subfield shall be encoded as follows:

2.3.9.7 TCP/TCP + 1 LATITUDE

2.3.9.7.1 4D TCP latitude

This 14-bit (23-36) subfield shall be used to provide the airborne CPR encoded latitude for the 4D TCP or TCP + 1 message.

Encoding of the 4D TCP/TCP + 1 latitude data shall be accomplished as specified in 2.6.3.

2.3.9.7.2 3D TCP latitude

This 17-bit (23-39) subfield shall be used to provide the angular weighted binary encoded latitude for the 3D TCP or TCP + 1
message. The latitude shall be encoded as a 17-bit two’s complement signed binary numeral in which the LSB (bit 39) has a weight
of 2-17 times 360 degrees. North latitudes shall have a positive sign, and south latitudes shall have a negative sign.

2.3.9.8 TCP/TCP + 1 LONGITUDE

2.3.9.8.1 4D TCP/TCP + 1 longitude

This 14-bit (37-50) subfield shall be used to provide the airborne CPR encoded longitude for the 4D TCP or TCP + 1 message.

Encoding of the 4D TCP/TCP +1 longitude data shall be accomplished as specified in 2.6.3.

TCP/TCP + 1 ALTITUDE

Coding
(binary)

Coding
(decimal)

Meaning
(TCP altitude in feet)

00 0000 0000 0 No TCP altitude information available

00 0000 0001 1 TCP altitude is ZERO

00 0000 0010 2 TCP altitude = 128 feet

00 0000 0011 3 TCP altitude = 256 feet

*** *** ***

11 1111 1110 1022 TCP altitude = 130 688 feet

11 1111 1111 1023 TCP altitude > 130 752 feet
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2.3.9.8.2 3D TCP/TCP + 1 longitude

This 17-bit (40-56) subfield shall be used to provide the angular weighted binary encoded longitude for the 3D TCP or TCP + 1
message. The field shall be encoded as a 17-bit two’s complement signed binary numeral, in which the LSB (bit 56) has a weight
of 2-17 times 360 degrees. The prime (Greenwich) meridian shall be defined as zero longitude. Longitudes to the east of Greenwich
shall be positive, and those to the west of Greenwich shall be negative.

2.3.9.9 TCP/TCP + 1 TIME-TO-GO (TTG)

This 6-bit (51-56) subfield shall be used to provide the binary encoded time-to-go to the TCP or TCP + 1 message. The TCP time-
to-go subfield shall be encoded as follows:

2.3.10 AIRCRAFT OPERATIONAL COORDINATION MESSAGE

The aircraft operational coordination message squitter shall be formatted as specified in the definition of register number 6416 and
in the following paragraphs.

2.3.10.1 TRANSMISSION RATE

This message shall be broadcast once per 5 seconds for the duration of the operation, except that it shall be broadcast once per
2 seconds for 30 seconds when the message content changes.

2.3.10.2 MESSAGE DELIVERY

Message delivery shall be accomplished using the event-driven protocol (2.3.7).

2.3.10.3 PAIRED ADDRESS

This 24-bit (9-32) subfield shall be used to provide the ICAO 24-bit address of the aircraft that the ADS-B transmitting aircraft is
paired with when participating in coordinated operations with another aircraft. 

2.3.10.4 RUNWAY THRESHOLD SPEED

This 5-bit subfield (33-37) shall be used to provide the runway threshold speed of the aircraft. Encoding of the subfield shall be
as follows:

TCP/TCP + 1 time-to-go (TTG)

Coding
(binary)

Coding
(decimal)

Meaning
(TCP/TCP + 1 time-to-go in minutes)

00 0000 0 No TCP time-to-go information available

00 0001 1 TCP time-to-go is ZERO

00 0010 2 TCP time-to-go = 0.25 minutes

00 0011 3 TCP time-to-go = 0.50 minutes

*** *** ***

11 1110 62 TCP time-to-go = 15.25 minutes

11 1111 63 TCP time-to-go > 15.375 minutes
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Note.— The encoding shown in the table represents positive magnitude data only.

2.3.10.5 ROLL ANGLE SIGN

This 1-bit (38) subfield shall be used to provide the direction or sign of the roll angle of the aircraft. Encoding of the subfield shall
be as follows:

2.3.10.6 ROLL ANGLE

This 5-bit subfield (39-43) shall be used to provide the roll angle of the aircraft. Encoding of the subfield shall be as follows: 

Note.— The encoding shown in the table represents positive magnitude data only. The direction is given completely by the roll
angle sign bit.

RUNWAY THRESHOLD SPEED

Coding
(binary)

Coding
(decimal)

Meaning
(Runway threshold speed in knots)

0 0000 0 No runway threshold speed information available

0 0001 1 Runway threshold speed < 100 knots

0 0010 2 Runway threshold speed = 100 knots

0 0011 3 Runway threshold speed = 105 knots

0 0100 4 Runway threshold speed = 110 knots

*** *** ***

1 1110 30 Runway threshold speed = 240 knots

1 1111 31 Runway threshold speed > 242.5 knots

ROLL ANGLE SIGN BIT

Coding Meaning

0 Roll angle is +, i.e. right wing down

1 Roll angle is –, i.e. left wing down

ROLL ANGLE

Coding
(binary)

Coding
(decimal)

Meaning
(Roll angle in degrees)

0 0000 0 No roll angle information available

0 0001 1 Roll angle is ZERO

0 0010 2 Roll angle = 1.0 degree

0 0011 3 Roll angle = 2.0 degrees

*** *** ***

1 1110 30 Roll angle = 29.0 degrees

1 1111 31 Roll angle > 29.5 degrees
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2.3.10.7 GO-AROUND

This 2-bit (44-45) subfield shall be used to indicate the condition when the aircraft is executing a go-around. Encoding of the
subfield shall be as follows:

2.3.10.8 ENGINE-OUT

This 2-bit (46-47) subfield shall be used to indicate an engine-out condition on the aircraft. Encoding of the subfield shall be as
follows:

2.3.11 AIRCRAFT OPERATIONAL STATUS

The aircraft operational status message squitter shall be formatted as specified in the definition of register number 6416 and in the
following paragraphs.

2.3.11.1 TRANSMISSION RATE

This message shall be broadcast once per 1.7 seconds for the duration of the operation.

2.3.11.2 MESSAGE DELIVERY

Message delivery shall be accomplished using the event-driven protocol (2.3.7).

2.3.11.3 EN-ROUTE OPERATIONAL CAPABILITIES (CC-4)

This 4-bit (9-12) subfield shall be used to indicate en-route operational capabilities of the ADS-B transmitting system to other
aircraft as specified by the following encoding.

GO-AROUND SUBFIELD

Coding Meaning

0 No information

1 Aircraft IS NOT executing a “go-around”

2 Aircraft IS executing a “go-around”

3 Reserved

ENGINE-OUT SUBFIELD

Coding Meaning

0 No information

1 Aircraft IS NOT experiencing an engine-out condition

2 Aircraft IS experiencing an engine-out condition

3 Reserved
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2.3.11.4 TERMINAL AREA OPERATIONAL CAPABILITIES (CC-3)

This 4-bit (13-16) subfield shall be used to indicate terminal area operational capabilities of the ADS-B transmitting system to other
aircraft as specified by the following encoding. 

CC-4 ENCODING: EN-ROUTE OPERATIONAL CAPABILITIES

CC-4 CODING

Bit 9, 10 Bit 11, 12 MEANING

0 0 0 0 Reserved
0 1 Reserved
1 0 Reserved
1 1 Reserved

0 1 0 0 Reserved
0 1 Reserved
1 0 Reserved
1 1 Reserved

1 0 0 0 Reserved
0 1 Reserved
1 0 Reserved
1 1 Reserved

1 1 0 0 Reserved
0 1 Reserved
1 0 Reserved
1 1 Reserved

CC-3 ENCODING: TERMINAL AREA OPERATIONAL CAPABILITIES

CC-3 CODING 

Bit 13, 14 Bit 15, 16 MEANING

0 0 0 0 Reserved
0 1 Reserved
1 0 Reserved
1 1 Reserved

0 1 0 0 Reserved
0 1 Reserved
1 0 Reserved
1 1 Reserved

1 0 0 0 Reserved
0 1 Reserved
1 0 Reserved
1 1 Reserved

1 1 0 0 Reserved
0 1 Reserved
1 0 Reserved
1 1 Reserved
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2.3.11.5 APPROACH AND LANDING OPERATIONAL CAPABILITIES (CC-2)

This 4-bit (17-20) subfield shall be used to indicate approach and landing operational capabilities of the ADS-B transmitting system
to other aircraft as specified by the following encoding. 

2.3.11.6 SURFACE OPERATIONAL CAPABILITIES (CC-1)

This 4-bit (21-24) subfield shall be used to indicate surface operational capabilities of the ADS-B transmitting system to other
aircraft as specified by the following encoding. 

CC-2 ENCODING: APPROACH AND LANDING OPERATIONAL CAPABILITIES

CC-2 CODING

Bit 17, 18 Bit 19, 20 MEANING

0 0 0 0 Reserved
0 1 Reserved
1 0 Reserved
1 1 Reserved

0 1 0 0 Reserved
0 1 Reserved
1 0 Reserved
1 1 Reserved

1 0 0 0 Reserved
0 1 Reserved
1 0 Reserved
1 1 Reserved

1 1 0 0 Reserved
0 1 Reserved
1 0 Reserved
1 1 Reserved

CC-1 ENCODING: SURFACE OPERATIONAL CAPABILITIES

CC-1 CODING

Bit 21, 22 Bit 23, 24 MEANING

0 0 0 0 Reserved
0 1 Reserved
1 0 Reserved
1 1 Reserved

0 1 0 0 Reserved
0 1 Reserved
1 0 Reserved
1 1 Reserved

1 0 0 0 Reserved
0 1 Reserved
1 0 Reserved
1 1 Reserved
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2.3.11.7 EN-ROUTE OPERATIONAL CAPABILITY STATUS (OM-4)

This 4-bit (25-28) subfield shall be used to indicate the en-route operational capability status of the ADS-B transmitting system to
other aircraft as specified by the following encoding. 

2.3.11.8 TERMINAL AREA OPERATIONAL CAPABILITY STATUS (OM-3)

This 4-bit (29-32) subfield shall be used to indicate the terminal area operational capability status of the ADS-B transmitting system
to other aircraft as specified by the following encoding. 

1 1 0 0 Reserved
0 1 Reserved
1 0 Reserved
1 1 Reserved

OM-4 ENCODING: EN-ROUTE OPERATIONAL CAPABILITY STATUS

OM-4 CODING

Bit 25, 26 Bit 27, 28 MEANING

0 0 0 0 Reserved
0 1 Reserved
1 0 Reserved
1 1 Reserved

0 1 0 0 Reserved
0 1 Reserved
1 0 Reserved
1 1 Reserved

1 0 0 0 Reserved
0 1 Reserved
1 0 Reserved
1 1 Reserved

1 1 0 0 Reserved
0 1 Reserved
1 0 Reserved
1 1 Reserved

OM-3 ENCODING: TERMINAL AREA OPERATIONAL CAPABILITY STATUS

OM-3 CODING

Bit 29, 30 Bit 31, 32 MEANING

0 0 0 0 Reserved
0 1 Reserved
1 0 Reserved
1 1 Reserved

0 1 0 0 Reserved
0 1 Reserved
1 0 Reserved
1 1 Reserved
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2.3.11.9 APPROACH AND LANDING OPERATIONAL CAPABILITY STATUS (OM-2)

This 4-bit (33-36) subfield shall be used to indicate the approach and landing operational capability status of the ADS-B
transmitting system to other aircraft as specified by the following encoding.

2.3.11.10 SURFACE OPERATIONAL CAPABILITY STATUS (OM-1)

This 4-bit (37-40) subfield shall be used to indicate the surface operational capability status of the ADS-B transmitting system to
other aircraft as specified by the following encoding. 

1 0 0 0 Reserved
0 1 Reserved
1 0 Reserved
1 1 Reserved

1 1 0 0 Reserved
0 1 Reserved
1 0 Reserved
1 1 Reserved

OM-2 ENCODING: APPROACH AND LANDING OPERATIONAL
CAPABILITY STATUS

OM-2 CODING

Bit 33, 34 Bit 35, 36 MEANING

0 0 0 0 Reserved
0 1 Reserved
1 0 Reserved
1 1 Reserved

0 1 0 0 Reserved
0 1 Reserved
1 0 Reserved
1 1 Reserved

1 0 0 0 Reserved
0 1 Reserved
1 0 Reserved
1 1 Reserved

1 1 0 0 Reserved
0 1 Reserved
1 0 Reserved
1 1 Reserved

OM-1 ENCODING: SURFACE OPERATIONAL CAPABILITY STATUS

OM-1 CODING

Bit 37, 38 Bit 39, 40 MEANING

0 0 0 0 Reserved
0 1 Reserved
1 0 Reserved
1 1 Reserved
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2.4 EXTENDED SQUITTER INITIALIZATION AND TIMEOUT

Initialization and timeout functions for extended squitter broadcast shall be performed by the transponder and are specified in
Annex 10, 3.1.2.

Note.— A description of these functions is presented in the following paragraphs to serve as reference material for the section
on the general formatter/manager (GFM) (see 2.5).

2.4.1 INITIATION OF EXTENDED SQUITTER BROADCAST

At power-up initialization, the transponder shall commence operation in a mode in which it broadcasts only acquisition squitters.
The transponder shall initiate the broadcast of extended squitters for airborne position, surface position, airborne velocity and
aircraft identification when data are inserted into register numbers 0516, 0616, 0916 and 0816, respectively. This determination shall
be made individually for each squitter type. The insertion of altitude or surveillance status data into register number 0516 by the
transponder shall not satisfy the minimum requirement for broadcast of the airborne position squitter.

Note.— This suppresses the transmission of extended squitters from aircraft that are unable to report position, velocity or identity
information.

2.4.2 REGISTER TIMEOUT

The transponder shall clear all but the altitude and surveillance status subfields in the airborne position register (register 0516) and
all 56 bits of the surface position, squitter status and airborne velocity registers (register numbers 0616, 0716 and 0916) if these
registers are not updated within two seconds of the previous update. This timeout shall be determined separately for each of these
registers. The insertion of altitude or surveillance status data by the transponder into these registers shall not qualify as a register
update for the purposes of this timeout condition. 

Note 1.— These registers are cleared to prevent the reporting of outdated position, velocity and squitter rate information.

Note 2.— The identification register, 0816, is not cleared since it contains data that rarely changes in flight and is less frequently
updated. The event-driven register, 0A16 or equivalent transmit register, does not need to be cleared since its contents are only
broadcast once each time that the register is loaded (2.5.5).

Note 3.— During a register timeout event, the ME field of the extended squitter may contain all zeros, except for any data
inserted by the transponder.

0 1 0 0 Reserved
0 1 Reserved
1 0 Reserved
1 1 Reserved

1 0 0 0 Reserved
0 1 Reserved
1 0 Reserved
1 1 Reserved

1 1 0 0 Reserved
0 1 Reserved
1 0 Reserved
1 1 Reserved
5-8428/11/02
No. 77



Part I Annex 10 — Aeronautical Telecommunications
2.4.3 TERMINATION OF EXTENDED SQUITTER BROADCAST

If input to the register for a squitter type stops for 60 seconds, broadcast of that extended squitter type shall be discontinued until
data insertion is resumed. The insertion of altitude by the transponder satisfies the minimum requirement for continuing to broadcast
the airborne position squitter.

Note 1.— Until timeout, a squitter type may contain an ME field of all zeros.

Note 2.— Continued transmission for 60 seconds is required so that receiving aircraft will know that the data source for the
message has been lost.

2.5 GENERAL FORMATTER/MANAGER (GFM)

The general formatter/manager (GFM) shall format messages for insertion in the transponder registers.

Note.— In addition to data formatting, there are other tasks that are performed by this function.

2.5.1 NAVIGATION SOURCE SELECTION

The GFM shall be responsible for the selection of the default source for aircraft position and velocity, the commanded altitude
source, and for the reporting of the associated position and altitude errors.

2.5.2 LOSS OF INPUT DATA

The GFM shall be responsible for loading the registers for which it is programmed at the required update rate. If for any reason
data are unavailable for a time equal to twice the update interval or 2 seconds (whichever is greater), the GFM shall zero old data
(on a per field basis) and insert the resulting message into the appropriate register.

For register 0516 and 0616, a loss of position data shall cause the GFM to set the format type code to zero as the means of indicating
“no position data” since all zeros in the latitude/longitude fields is a legal value.

2.5.3 SPECIAL PROCESSING FOR FORMAT TYPE CODE ZERO

2.5.3.1 SIGNIFICANCE OF FORMAT TYPE CODE EQUAL TO ZERO

Format type code 0 shall signify “no position information”. This shall be used when the latitude/longitude information is not
available or invalid and still permit the reporting of baro altitude loaded by the transponder.

Note 1.— The principal use of this message is to provide ACAS the ability to passively receive altitude.

Note 2.— Special handling is required for the airborne and surface position messages because a CPR encoded value of all zeros
in the latitude/longitude field is a valid value.

2.5.3.2 BROADCAST OF FORMAT TYPE CODE EQUAL TO ZERO

Format type code 0 shall only be set by the following events:

1) An extended squitter register monitored by the transponder (register numbers 0516, 0616, 0716 and 0916) has not been loaded
by the GFM for 2 seconds. In this case, the transponder shall clear the entire 56 bits of the register that timed out. In the
case of the airborne position register, the altitude subfield shall only be zeroed if no altitude data are available. Transmission
of the extended squitter that broadcasts the timed out register shall itself stop in 60 seconds. Broadcast of this extended
squitter shall resume when the GFM begins to insert data into the register.
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2) The GFM determines that all navigation sources that can be used for the extended squitter airborne or surface position
message are either missing or invalid. In this case, the GFM shall clear the format type code and all other fields of the
airborne or surface position message and insert this zeroed message in the appropriate register. This shall only be done once
so that the transponder can detect the loss of data insertion and suppress the broadcast of the related squitter.

Note.— In all of the above cases, a format type code of zero contains a message of all zeros. The only exception is the airborne
position format that may contain barometric altitude and surveillance status data as set by the transponder. There is no analogous
case for the other extended squitter message types, since a zero value in any of the fields indicates no information.

2.5.3.3 RECEPTION OF FORMAT TYPE CODE EQUAL TO ZERO

If a squitter with a format type code equal to zero is received, it shall be checked to see if the altitude is present. If the altitude is
not present, the message shall be discarded. An extended squitter containing format type code zero shall only be used to update
the altitude of an aircraft already in track.

2.5.4 TRANSPONDER CAPABILITY REPORTING

The GFM shall be responsible for setting the transponder capability register numbers 1016, and 1816 to 1C16. It shall also clear
individual bits in register number 1716 in the event of a loss of a data source or an application. 

A particular bit shall remain set if at least one field in the corresponding register message is being updated.

2.5.4.1 COMMON USAGE CAPABILITY REPORT (REGISTER NUMBER 1716)

A bit in register number 1716 shall be cleared if there is a loss of corresponding input data (2.5.2) and shall be set when data
insertion into the register resumes. Bit 36 of register 1016 shall be toggled to indicate a change of capability.

2.5.4.2 MODE S SPECIFIC SERVICES CAPABILITY REPORT (REGISTER NUMBERS 1816 to 1C16)

A bit set in one of these registers shall indicate that the service loading the register indicated by that bit has been installed on the
aircraft. In this regard, these bits shall not be cleared to reflect a real time loss of an application, as is done for register 1716.

2.5.4.3 TRANSPONDER MONITORING

As indicated in 2.4, the transponder’s role in this process shall be to serve as a backup in the event of the loss of GFM functionality.
For this reason, the transponder shall:

1) clear the extended squitter registers (0516, 0616, 0716 and 0916) if they have not been updated in 2 seconds.

2) clear all of the registers loaded by the GFM if it detects a loss of GFM capability (e.g. a bus failure). In this case, it would
also clear all of the bits in register number 1716 since a bit in this register means “application installed and operational”.

The transponder shall not clear the other capability register numbers (1816 to 1C16) since they are intended to mean only
“application installed”.

2.5.5 HANDLING OF EVENT-DRIVEN PROTOCOL

The event-driven interface protocol provides a general purpose interface into the transponder function for messages beyond those
that are regularly transmitted all the time (provided input data are available). This protocol shall operate by having the transponder
broadcast a message once each time the event-driven register is loaded by the GFM.

Note.— This gives the GFM complete freedom in setting the update rate (up to a maximum) and duration of broadcast for
applications such as emergency status and intent reporting.
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In addition to formatting, the GFM shall control the timing of message insertion so that it provides the necessary pseudo-random
timing variation and does not exceed the maximum transponder broadcast rate for the event-driven protocol.

2.5.5.1 TRANSPONDER SUPPORT FOR EVENT-DRIVEN MESSAGES

A message shall only be transmitted once by the transponder each time that register number 0A16 is loaded. Transmission shall be
delayed if the transponder is busy at the time of insertion. 

Note 1.— Delay times are short. They are usually a maximum of several milliseconds for the longest transponder transaction. 

The maximum transmission rate for the event-driven protocol 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 2.— The squitter transmission rate and the duration of squitter transmissions are application dependent. The minimum rate
and duration consistent with the needs of the application should be chosen.

2.5.5.2 GFM USE OF EVENT-DRIVEN PROTOCOL

An application that selects the event-driven protocol shall notify the GFM of the format type and required update rate. The GFM
shall then locate the necessary input data for this format type and begin inserting data into register number 0A16 at the required
rate. The GFM shall also insert this message into the register for this format type. This register image shall be maintained to allow
read-out of this information by air-ground or air-air register read-out. When broadcast of a format type ceases, the GFM shall clear
the corresponding register assigned to this message.

The maximum rate that shall be supported by the event-driven protocol is twice per second from one or a collection of applications.
For each event-driven format type being broadcast, the GFM shall retain the time of the last insertion into register number 0A16.
The next insertion shall be scheduled at a random interval that shall be uniformly distributed over the range of the update interval
± 0.1 second (using a time quantization no greater than 15 ms) relative to the previous insertion into register number 0A16 for this
format type.

The GFM shall monitor the number of insertions scheduled in any one second interval. If more than two would occur, it shall add
a delay as necessary to ensure that the limit of two messages per second is observed.

2.5.5.3 EVENT-DRIVEN PRIORITY

If the event-driven message transmission rate must be reduced in order not to exceed the maximum rate specified in 2.5.5.2,
transmission priority shall be assigned as follows:

1) If the emergency/priority status message (2.3.8) is active, it shall be transmitted at the specified rate of once per second. Other
active event-driven messages shall be assigned equal priority for the remaining capacity. 

2) If the emergency/priority status message is not active, transmission priority shall be allocated equally to all active event-
driven messages.

2.5.6 DERIVATION OF MODE FIELD BITS
FOR AIRCRAFT INTENTION PARAMETERS

For aircraft architectures that do not present the GFM with a dedicated status word (containing the mode field definitions
associated with aircraft intention parameters), the GFM shall derive the status from each of the appropriate FCC status words in
order to set the respective bits in each of the mode fields of the register number 4016.
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2.6 LATITUDE/LONGITUDE CODING USINGCOMPACT POSITION REPORTING (CPR)

2.6.1 PRINCIPLE OF THE CPR ALGORITHM

The Mode S extended squitters use compact position reporting (CPR) to encode latitude and longitude efficiently into messages.

Notes.—

1. The resulting messages are compact in the sense that several higher-order bits, which are normally constant for long periods
of time, are not transmitted in every message. For example, in a direct binary representation of latitude, one bit would designate
whether the aircraft is in the northern or southern hemisphere. This bit would remain constant for a long time, possibly the
entire life of the aircraft. To repeatedly transmit this bit in every position message would be inefficient.

2. Because the higher-order bits are not transmitted, it follows that multiple locations on the earth will produce the same encoded
position. If only a single position message were received, the decoding would involve ambiguity as to which of the multiple
solutions is the correct location of the aircraft. The CPR technique includes a provision to enable a receiving system to
unambiguously determine the location of the aircraft. This is done by encoding in two ways that differ slightly. The two formats,
called even-format and odd-format, are each transmitted 50 per cent of the time. Upon reception of both types within a short
period (approximately 10 seconds), the receiving system can unambiguously determine the location of the aircraft.

3. Once this process has been carried out, the higher-order bits are known at the receiving station, so subsequent single message
receptions serve to unambiguously indicate the location of the aircraft as it moves.

4. In certain special cases, a single reception can be decoded into the correct location without an even/odd pair. This decoding is
based on the fact that the multiple locations are spaced by at least 360 NM. In addition to the correct locations, the other
locations are separated by integer multiples of 360 NM to the north and south and also integer multiples of 360 NM to the east
and west. In a special case in which it is known that reception is impossible beyond a range of 180 NM, the nearest solution is
the correct location of the aircraft.

5. The parameter values in the preceding paragraph (360 and 180 NM) apply to the airborne CPR encoding. For aircraft on the
surface, the CPR parameters are smaller by a factor of 4. This encoding yields better resolution but reduces the spacing of the
multiple solutions.

2.6.2 CPR ALGORITHM PARAMETERS
AND INTERNAL FUNCTIONS

The CPR algorithm shall utilize the following parameters whose values are set as follows for the Mode S extended squitter
application:

a) The number of bits used to encode a position coordinate, Nb, is set as follows:

For airborne encoding: Nb = 17

For surface encoding: Nb = 19

For TCP, TCP+1 encoding: Nb = 14.

Note 1.— The Nb parameter determines the encoded position precision (approximately 5 m for the airborne encoding,
1.25 m for the surface encoding, and 41 m for the TCP, TCP+1 encoding).

b) The number of geographic latitude zones between the equator and a pole, denoted NZ, is set to 15.

Note 2.— The NZ parameter determines the unambiguous airborne range for decoding (360 NM). The surface
latitude/longitude encoding omits the high-order 2 bits of the 19-bit CPR encoding, so the effective unambiguous range for
surface position reports is 90 NM.

The CPR algorithm shall define internal functions to be used in the encoding and decoding processes.
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c) The notation floor(x) denotes the floor of x, which is defined as the greatest integer value k such that k < x.

Note 3.— For example, floor(3.8) = 3, while floor(–3.8) = –4.

d) The notation x denotes the absolute value of x, which is defined as the value x when x > 0 and the value –x when x < 0.

e) The notation MOD(x,y) denotes the “modulus” function, which is defined to return the value

MOD(x,y) = x – y ⋅ floor where y ≠ 0.

Note 4.— The value y is always positive in the following CPR algorithms. When x is non-negative, MOD(x,y) is equivalent
to the remainder of x divided by y. When x represents a negative angle, an alternative way to calculate MOD(x,y) is to return
the remainder of (x+360°) divided by y.

For example, MOD(–40°,6°) = MOD(320°,6°) = 2°.

f) The notation NL(x) denotes the “number of longitude zones” function of the latitude angle x. The value returned by NL(x)
is constrained to the range from 1 to 59. NL(x) is defined for most latitudes by the equation,

,

where lat denotes the latitude argument in degrees. For latitudes at or near the N or S pole, where the above formula would
either be undefined or yield NL(lat) = 0, the value returned by the NL( ) function shall be 1. Likewise, at the equator, where
the above formula might otherwise yield NL(lat) = 60, the value returned by the NL( ) function shall be 59.

Note 5.— This equation for NL( ) is impractical for real time implementation. A table of transition latitudes can be pre-
computed using the following equation:

for NL = 2 to 4 ⋅ NZ – 1,

and a table search procedure used to obtain the return value for NL( ). The table value for NL = 1 is 90 degrees.

2.6.3 CPR ENCODING PROCESS

The CPR encoding process shall calculate the encoded position values XZi and YZi for either airborne, surface or TCP, TCP+1
latitude and longitude fields from the global position lat (latitude in degrees), lon (longitude in degrees), and the CPR encoding
type i (0 for even format and 1 for odd format), by performing the following sequence of computations. The CPR encoding for
TCP, TCP+1 shall always use the even format (i = 0), whereas the airborne and surface encoding shall use both even (i = 0) and
odd (i = 1) formats.

a) ∆ lati (the latitude zone size in the N-S direction) is computed from the equation:

YZi (the Y-coordinate within the Zone) is then computed from ∆lati and lat using separate equations:

For airborne encoding: YZi = floor 
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For surface encoding: YZi = floor 

For TCP, TCP+1 encoding: YZ0 = floor 

b) Rlati (the latitude that a receiving ADS-B system will extract from the transmitted message) is then computed from lat, YZi,
and ∆ lati using separate equations:

For airborne encoding: Rlati = ∆ lati ⋅ 

For surface encoding: Rlati = ∆ lati ⋅ 

For TCP, TCP+1 encoding: Rlat0 = ∆ lat0 ⋅ 

c) ∆ loni (the longitude zone size in the E-W direction) is then computed from Rlati using the equation:

d) XZi (the X-coordinate within the Zone) is then computed from lon and ∆ loni using separate equations:

For airborne encoding: XZi = floor 

For surface encoding: XZi = floor 

For TCP, TCP+1 encoding: XZ0 = floor 

e) Finally, limit the values of XZi and YZi to fit in the 17-bit or 14-bit field allotted to each coordinate: 

For airborne encoding: YZi = MOD(YZi, 217),
XZi = MOD(XZi, 217)

For surface encoding: YZi = MOD(YZi, 217),
XZi = MOD(XZi, 217)

For TCP, TCP+1 encoding: YZ0 = MOD(YZ0, 214),
XZ0 = MOD(XZ0, 214)

2.6.4 LOCALLY UNAMBIGUOUS CPR DECODING

The CPR algorithm shall decode a geographic position (latitude, Rlati, and longitude, Rloni,) that is locally unambiguous with
respect to a reference point (lats, lons) known to be within 180 NM of the true airborne position (or within 45 NM for a surface
message).

219 MOD lat ∆lati,( )
∆lati

----------------------------------------- 1
2---+⋅ 

 

214 MOD lat ∆lat0,( )
∆lati

------------------------------------------ 1
2
---+⋅ 

 

YZi

217-------- floor lat
∆lati
------------ 

 + 
 

YZi

219-------- floor lat
∆lati
------------ 

 + 
 

YZi

214-------- floor lat
∆lat0
------------- 

 + 
 

∆loni

360°
NL Rlati( ) i–
--------------------------------- when NL Rlati( ) i 0>–

360°, when NL Rlati( ) i– 0=







=

217 MOD lon ∆loni,( )
∆loni

-------------------------------------------- 1
2
---+⋅ 

 

219 MOD lon ∆loni,( )
∆loni

-------------------------------------------- 1
2
---+⋅ 

 

214 MOD lon ∆lon0,( )
∆lon0

--------------------------------------------- 1
2---+⋅ 

 
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Note.— This reference point may be a previously tracked position that has been confirmed by global decoding (see 2.6.7) or it
may be the own-aircraft position, which would be used for decoding a new tentative position report.

The encoded position coordinates XZi and YZi and the CPR encoding type i (0 for the even encoding and 1 for the odd encoding)
contained in a Mode S extended squitter message shall be decoded by performing the sequence of computations given in 2.6.5 for
the airborne and TCP, TCP+1 format types and in 2.6.6 for the surface format type.

2.6.5 COMPUTATIONS FOR THE
AIRBORNE MESSAGE AND TCP, TCP+1 MESSAGE

The following computations shall be performed to obtain the decoded latitude/longitude for the airborne and TCP, TCP+1 message
formats. For the TCP, TCP+1 format, i shall always be set to 0 (even encoding), whereas the airborne format shall use both even
(i = 0) and odd (i = 1) encoding. For the airborne format, Nb shall equal 17, and for the TCP, TCP+1 format, Nb shall equal 14.

a) ∆ lati is computed from the equation:

b) The latitude zone index number, j, is then computed from the values of lats, ∆ lati and YZi using the equation:

c) The decoded position latitude, Rlati, is then computed from the values of j, ∆lati, and YZi using the equation:

Rlati = ∆ lati ⋅ 

d) ∆ loni (the longitude zone size in the E-W direction) is then computed from Rlati using the equation:

e) The longitude zone coordinate m is then computed from the values of lons, ∆ loni, and XZi using the equation:

f) The decoded position longitude, Rloni, is then computed from the values of m, XZi, and ∆ loni using the equation:

Rloni = ∆ loni ⋅ 

2.6.6 COMPUTATIONS FOR THE SURFACE MESSAGE

The following computations shall be performed to obtain the decoded latitude and longitude for the surface position format.

a) ∆ lati is computed from the equation:

∆lati
360°

4 NZ i–⋅
----------------------=

j floor
lats

∆lati
------------ 

  floor 1
2
---

MOD lats ∆lati,( )
∆lati

-------------------------------------------
YZi

2Nb--------–+ 
 +=

j
YZi

2Nb--------+ 
 

∆loni

360°
NL Rlati( ) i–--------------------------------- w, hen NL Rlati( ) i 0>–

360°, when NL Rlati( ) i– 0=







=

m floor
lons

∆loni
------------- 

  floor 1
2
---

MOD lons ∆loni,( )
∆loni

---------------------------------------------
YZi

2Nb--------–+ 
 +=

m
YZi

2Nb--------+ 
 

∆lati
90°

4 NZ i–⋅
----------------------=
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b) The latitude zone index, j, is then computed from the values of lats, ∆ lati and YZi using the equation:

c) The decoded position latitude, Rlati, is then computed from the values of j, ∆lati, and YZi using the equation:

Rlati = ∆ lati ⋅ 

d) ∆ loni (the longitude zone size, in the E-W direction) is then computed from Rlati using the equation:

e) The longitude zone coordinate m is then computed from the values of lons, ∆ loni, and XZi using the equation:

f) The decoded position longitude, Rloni, is then computed from the values of m, XZi, and ∆ loni using the equation:

Rloni = ∆ loni ⋅ 

2.6.7 GLOBALLY UNAMBIGUOUS AIRBORNE
POSITION DECODING

The CPR algorithm shall utilize one airborne-encoded “even” format reception (denoted XZ0, YZ0), together with one airborne-
encoded “odd” format reception (denoted XZ1, YZ1), to regenerate the global geographic position latitude, Rlat, and longitude, Rlon.
The time between the “even” and “odd” format encoded position reports shall be no longer than 10 seconds.

Note 1.— This algorithm might be used to obtain globally unambiguous position reports for aircraft out of the range of ground
sensors, whose position reports are coming via satellite data links. It might also be applied to ensure that local positions are being
correctly decoded over long ranges from the receiving sensor.

Note 2.— The time difference limit of 10 seconds between the even- and odd-format position reports is determined by the
maximum permitted separation of 3 NM. Positions greater than 3 NM apart cannot be used to solve a unique global position. An
aircraft capable of a speed of 1 850 km/h (1 000 kt) will fly about 5.1 km (2.8 NM) in 10 seconds. Therefore, the CPR algorithm
will be able to unambiguously decode its position over a 10-second delay between position reports.

Given a 17-bit airborne position encoded in the “even” format (XZ0, YZ0) and another encoded in the “odd” format (XZ1, YZ1),
separated by no more than 10 seconds (= 3 NM), the CPR algorithm shall regenerate the geographic position from the encoded
position reports by performing the following sequence of steps:

a) Compute ∆lat0 and ∆lat1 from the equation:

j floor
lats

∆lati
------------ 

  floor 1
2
---

MOD lats ∆lati,( )
∆lati

-------------------------------------------
YZi

217--------–+ 
 +=

j
YZi

217--------+ 
 

∆loni

90°
NL Rlati( ) i–
--------------------------------- w, hen NL Rlati( ) i 0>–

90°, when NL Rlati( ) i– 0=







=

m floor
lons

∆loni
------------- 

  floor 1
2
---

MOD lons ∆loni,( )
∆loni

---------------------------------------------
YZi

217--------–+ 
 +=

m
YZi

217--------+ 
 

∆lati
360°

4 NZ i–⋅
----------------------=
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b) Compute the latitude index:

c) Compute the values of Rlat0 and Rlat1 using the following equation:

Rlati = ∆ lati ⋅ 

Southern hemisphere values of Rlati will fall in the range from 270° to 360°. Subtract 360° from such values, thereby
restoring Rlati to the range from –90° to +90°.

d) If NL(Rlat0) is not equal to NL(Rlat1) then the two positions straddle a transition latitude, thus a solution for global longitude
is not possible. Wait for positions where they are equal.

e) If NL(Rlat0) is equal to NL(Rlat1) then proceed with computation of ∆ loni, according to whether the most recently received
airborne position message was encoded with the even format (i = 0) or the odd format (i = 1) :

where ni = greater of [NL(Rlati) – i] and 1.

f) Compute m, the longitude index:

where NL = NL (Rlati).

g) Compute the global longitude, Rlon0 or Rlon1, according to whether the most recently received airborne position message
was encoded using the even format (that is, with i = 0) or the odd format (i = 1):

Rloni = ∆ loni ⋅ 

where ni = greater of [NL(Rlati) – i] and 1.

2.6.8 CPR DECODING OF RECEIVED POSITION REPORTS

2.6.8.1 OVERVIEW

The techniques described in the preceding paragraphs (locally and globally unambiguous decoding) shall be used together to decode
the latitude/longitude contained in airborne, surface, and TCP or TCP+1 position reports. The process shall begin with globally
unambiguous decoding based upon the receipt of an even and an odd encoded position squitter. Once the globally unambiguous
position is determined, either of two approaches shall be used to support subsequent decoding based upon a single position report,
either even or odd encoding. The two techniques shall be range monitoring and emitter centered local decoding.

j floor
59 YZ0 60 YZ1⋅–⋅

217--------------------------------------------- 1
2
---+ 

 =

MOD j 60 i–,( )
YZi

217--------+ 
 

∆loni
360°

ni
-----------,=

m floor
XZ0 NL 1–( ) XZ1 NL⋅–⋅

217--------------------------------------------------------------- 1
2---+ 

  ,=

MOD m ni,( )
YZi

217--------+ 
  ,
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2.6.8.2 RANGE MONITORING LOCAL DECODING

2.6.8.2.1 Range monitoring technique

In this approach, local decoding for the airborne format (2.6.4) shall be performed based upon the current position of the receiver.
This shall provide the position of a transmitting aircraft that is unambiguous to plus or minus 180 NM.

Note 1.— If the transmitting aircraft is within 180 NM, the local decoding technique will correctly decode the location of the
aircraft. 

The range of the transmitting aircraft shall be checked at detection and tracks shall only be initiated if the range is less than
180 NM. Once initiated, the range of the tracked aircraft shall be checked at each update and the track shall be dropped if the range
becomes equal to or greater than 180 NM.

For the surface format, the same process shall be used except that the transmitting aircraft must be within 45 NM for detection and
tracking.

Note 2.— The range limits are reduced since the ambiguity limit for the surface position reports is one-fourth that of the airborne
case.

2.6.8.2.2 Range monitoring example

2.6.8.2.2.1 Decoding of airborne position

2.6.8.2.2.1.1 Detection. At detection, a globally unambiguous decode shall be performed. If range is greater than 160 NM, the
detection attempt shall be discontinued and the track information discarded. Detection shall be attempted if squitters continue to
be received. If the globally decoded range remains greater than 160 NM, the track information shall continue to be discarded. 

Note.— If the aircraft is approaching, detection will succeed when the range decreases to less than or equal to 160 NM. 

2.6.8.2.2.1.2 Track monitoring. After detection, range shall be monitored during each surveillance update. If range is greater
than 170 NM, the track shall be dropped.

Note.— The use of 160 NM for detection and 170 NM for track drop provides hysteresis that avoids reacquiring a track that
was just dropped due to long range. Thus a track dropped at 170 NM would not be reacquired unless its range dropped to less
than or equal to 160 NM. 

2.6.8.2.2.2 Decoding of surface position. Using the range monitoring technique for decoding squitters in the surface format,
the same process as above shall be used except that the track shall be initiated at 40 NM and dropped at 42.5 NM.

2.6.8.2.3 Emitter centered local decoding

In this approach, the most recent position of the emitter shall be used as the basis for the local decoding.

Note.— This produces an unambiguous decoding at each update, since the transmitting aircraft cannot move more than 360 NM
between position updates.

2.6.8.2.4 Technique application

The range monitoring technique shall only be used for ranges less than or equal to 180 NM, for example in air-to-air applications.
For ground stations (i.e. non-aircraft implementations) that are required to operate at ranges in excess of 180 NM, only the emitter
centred technique can shall be used.

Note.— The emitter centered technique can be used for both airborne receivers and ground stations.
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TABLES FOR SECTION 2

Tables are numbered 2-X where “X” is the decimal equivalent of the BDS code Y,Z where Y is the BDS1 code and Z is the BDS2 
code, used to access the data format for a particular register. The following tables are not included:

2-1
2-2 to 2-4 (Used by the linked Comm-B protocol)
2-13 to 2-14 (Reserved for air/air state information)
2-15 (Reserved for ACAS)
2-17 to 2-22
2-35 (Reserved for antenna position)
2-36 (Reserved for aircraft parameters)
2-38 to 2-47
2-49 to 2-63
2-70 to 2-71
2-73 to 2-79
2-87 to 2-94
2-102 to 2-111 (Reserved for extended squitter)
2-112 to 2-224
2-225 to 2-226 (Reserved for Mode S byte)
2-227 to 2-240
2-243 to 2-255
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Table 2-5. BDS code 0,5 — Extended squitter airborne position

MB FIELD

PURPOSE: To provide accurate airborne position information.

Surveillance status shall be coded as follows:

0 = No condition information
1 = Permanent alert (emergency condition)
2 = Temporary alert (change in Mode A identity code other 

than emergency condition)
3 = SPI condition

Codes 1 and 2 shall take precedence over code 3.

When horizontal position information is unavailable, but altitude 
information is available, the airborne position message shall be 
transmitted with a format type code of zero in bits 1-5 and the 
barometric pressure altitude in bits 9 to 20. If neither horizontal 
position nor barometric altitude information is available, then all 
56 bits of BDS 0,5 shall be zeroed. The zero format type code 
field shall indicate that latitude and longitude information is 
unavailable, while the zero altitude field shall indicate that 
altitude information is unavailable.

1
2 FORMAT TYPE CODE
3 (specified in 2.3.1)
4
5
6 SURVEILLANCE STATUS
7 (specified in 2.3.2.6)
8 SINGLE ANTENNA FLAG (SAF) (specified in 2.3.2.5)
9

10
11
12 ALTITUDE (specified by the format type code)
13
14
15
16
17 This is (1) the altitude code (AC) as specified in

3.1.2.6.5.4 of Annex 10, Volume IV but with the M-bit
removed or (2) the GNSS height (HAE)

18
19
20
21 TIME (T) (specified in 2.3.2.2)
22 CPR FORMAT (F) (specified in 2.3.2.1)
23 MSB
24
25
26
27
28
29 ENCODED LATITUDE
30 (CPR airborne format specified in 2.6.1 to 2.6.5)
31
32
33
34
35
36
37
38
39 LSB
40 MSB
41
42
43
44
45
46 ENCODED LONGITUDE
47 (CPR airborne format specified in 2.6.1 to 2.6.5)
48
49
50
51
52
53
54
55
56 LSB
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Table 2-6. BDS code 0,6 — Extended squitter surface position

MB FIELD

PURPOSE: To provide accurate surface position information.1
2 FORMAT TYPE CODE
3 (specified in 2.2.3.1)
4
5
6
7
8
9 MOVEMENT

10 (specified in 2.3.3.1)
11
12
13 STATUS for ground track: 0 = Invalid, 1 = Valid
14 MSB = 180
15
16 (specified in 2.3.3.2)
17 GROUND TRACK (TRUE)
18
19
20 LSB = 360/128
21 TIME (T) (specified in 2.3.2.2)
22 CPR FORMAT (F) (specified in 2.3.2.1)
23 MSB
24
25
26
27
28
29 ENCODED LATITUDE 17 bits
30 (specified in 2.6.1 to 2.6.4 and 2.6.6)
31
32
33
34
35
36
37
38
39 LSB
40 MSB
41
42
43
44
45
46 ENCODED LONGITUDE 17 bits
47 (specified in 2.6.1 to 2.6.4 and 2.6.6)
48
49
50
51
52
53
54
55
56 LSB
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Table 2-7. BDS code 0,7 — Extended squitter status

MB FIELD

PURPOSE: To provide information on the capability and status 
of the extended squitter rate of the transponder.

Transmission rate subfield (TRS) shall be coded as 
follows:

0 = No capability to determine surface squitter rate
1 = High surface squitter rate selected
2 = Low surface squitter rate selected
3 = Reserved

Altitude type subfield (ATS) shall be coded as follows:

0 = Barometric altitude
1 = GNSS height (HAE)

Aircraft determination of surface squitter rate:

For aircraft that have the capability to automatically determine 
their surface squitter rate, the method used to switch between 
the high and low transmission rates shall be as follows:

a) Switching from high to low rate: Aircraft shall switch from 
high to low rate when the on-board navigation unit reports 
that the aircraft’s position has not changed more than 
10 metres in a 30 second sampling interval. The algorithm 
used to control the squitter rate shall save the aircraft’s 
position at the time that low rate is selected.

b) Switching from low to high rate: Aircraft shall switch from low 
to high rate as soon as the aircraft’s position has changed 
by 10 metres or more since the low rate was selected

For transponder-based implementations, the automatically 
selected transmission rate shall be subject to being overridden 
by commands received from ground control.

1 TRANSMISSION RATE
2 SUBFIELD (TRS)
3 ALTITUDE TYPE SUBFIELD (ATS)
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30 RESERVED
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
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Table 2-8. BDS code 0,8 — Extended squitter aircraft identification and category

MB FIELD

PURPOSE: To provide aircraft identification and category.

Note.— Since there is no internationally agreed criteria for 
wake vortex categorization, code 4 (set “A”) should be 
interpreted as indicating a medium category aircraft exhibiting 
higher than typical wake vortex characteristics.

Format type shall be coded as follows:

1 = Identification, aircraft category set D
2 = Identification, aircraft category set C
3 = Identification, aircraft category set B
4 = Identification, aircraft category set A

Aircraft/vehicle category shall be coded as follows:

Set A

0 = No aircraft category information
1 = Light (<15 500 lbs or 7 031 kg)
2 = Medium 1 (15 500 to 75 000 lbs or 7 031 to 34 019 kg)
3 = Medium 2 (75 000 to 300 000 lbs or 34 019 to 136 078 kg)
4 = High vortex aircraft
5 = Heavy (>300 000 lbs or 136 078 kg)
6 = High performance (>5 g acceleration) and high speed 

(> 400 kt)
7 = Rotorcraft

Set B

0 = No aircraft category information
1 = Glider/sailplane
2 = Lighter-than-air
3 = Parachutist/skydiver
4 = Ultralight/hang-glider/paraglider
5 = Reserved
6 = Unmanned aerial vehicle
7 = Space/transatmospheric vehicle

Set C

0 = No aircraft category information
1 = Surface vehicle – emergency vehicle
2 = Surface vehicle – service vehicle
3 = Fixed ground or tethered obstruction
4 - 7 = Reserved

Set D: Reserved

Aircraft identification coding shall be:

As specified in Table 2-32.

1
2 FORMAT TYPE CODE
3 (specified in 2.2.3.1)
4
5
6 AIRCRAFT CATEGORY
7
8
9 MSB

10
11 CHARACTER 1
12
13
14
15 MSB
16
17 CHARACTER 2
18
19
20
21 MSB
22
23 CHARACTER 3
24
25
26
27 MSB
28
29 CHARACTER 4
30
31
32
33 MSB
34
35 CHARACTER 5
36
37
38
39 MSB
40
41 CHARACTER 6
42
43
44
45 MSB
46
47 CHARACTER 7
48
49
50
51 MSB
52
53 CHARACTER 8
54
55
56
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Table 2-9a. BDS code 0,9 — Extended squitter airborne velocity
(Subtypes 1 and 2: velocity over ground)

MB FIELD

1 MSB 1
2 0
3 FORMAT TYPE CODE = 19 0
4 1
5 LSB 1
6 SUBTYPE 1 0 SUBTYPE 2 0
7 0 1
8 1 0
9 INTENT CHANGE FLAG (specified in 2.3.5.3)

10 IFR CAPABILITY FLAG
11 NAVIGATION UNCERTAINTY
12 CATEGORY – VELOCITY
13 (NUCR)
14 DIRECTION BIT for E-W velocity: 0 = East, 1 = West
15 EAST-WEST VELOCITY 
16 NORMAL: LSB = 1 knot SUPERSONIC: LSB = 4 knots
17 All zeros = no velocity information All zeros = no velocity information
18 Value Velocity Value Velocity
19 1 0 kt 1 0 kt
20 2 1 kt 2 4 kt
21 3 2 kt 3 8 kt
22 – – – –
23 1 022 1 021 kt 1 022 4 084 kt
24 1 023 >1 021.5 kt 1 023 >4 086 kt
25 DIRECTION BIT for N-S Velocity, 0 = North, 1 = South
26 NORTH-SOUTH VELOCITY 
27 NORMAL: LSB = 1 knot SUPERSONIC: LSB = 4 knots
28 All zeros = no velocity information All zeros = no velocity information
29 Value Velocity Value Velocity
30 1 0 kt 1 0 kt
31 2 1 kt 2 4 kt
32 3 2 kt 3 8 kt
33 – – – –
34 1 022 1 021 kt 1 022 4 084 kt
35 1 023 >1 021.5 kt 1 023 >4 086 kt
36 SOURCE BIT for vertical rate: 0 = GNSS, 1 = Baro
37 SIGN BIT for vertical rate: 0 = Up, 1 = Down 
38 VERTICAL RATE
39 All zeros = no vertical rate information; LSB = 64 ft/min
40 Value Vertical rate
41 1 0 ft/min
42 2 64 ft/min
43 –
44 510 32 576 ft/min
45 511 >32 608 ft/min
46
47 RESERVED FOR TURN INDICATOR
48
49 GNSS ALT. SIGN BIT: 0 = Above baro alt, 1 = Below baro alt
50 GNSS ALT. DIFFERENCE FROM BARO. ALT.
51 All zeros = no information; LSB = 25 ft
52 Value Difference
53 1 0 ft
54 2 25 ft
55 – –
56 126 3 125 ft

127 >3 137.5 ft

PURPOSE: To provide additional state information 
for both normal and supersonic flight.

Subtype shall be coded as follows: 

IFR capability shall be coded as follows:

0 = Transmitting aircraft has no capability for 
ADS-B-based conflict detection or higher 
level applications.

1 = Transmitting aircraft has capability for 
ADS-B-based conflict detection and higher 
level applications.

NUC shall be coded as follows:

Code Velocity Type

0 Reserved

1 Ground
Speed

Normal

2 Supersonic

3 Airspeed,
Heading

Normal

4 Supersonic

5 Reserved

6 Reserved

7 Reserved

NUCR

Horizontal
Velocity

Error (95%)

Vertical
Velocity Error

(95%)

0 Unknown Unknown

1 <10 m/s <15.2 m/s (50 fps)

2 <3 m/s <4.6 m/s (15 fps)

3 <1 m/s <1.5 m/s (5 fps)

4 <0.3 m/s <0.46 m/s (1.5 fps)
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Table 2-9b. BDS code 0,9 — Extended squitter airborne velocity
(Subtypes 3 and 4: airspeed and heading)

MB FIELD

1 MSB 1
2 0
3 FORMAT TYPE CODE = 19 0
4 1
5 LSB 1
6 SUBTYPE 3 0 SUBTYPE 4 1
7 1 0
8 1 0
9 INTENT CHANGE FLAG (specified in 2.3.5.3)

10 IFR CAPABILITY FLAG
11 NAVIGATION UNCERTAINTY
12 CATEGORY – VELOCITY
13 (NUCR)
14 STATUS BIT – 0 = Magnetic heading not available, 1 = available
15 MSB = 180°
16
17
18 MAGNETIC HEADING (specified in 2.3.5.5)
19
20
21
22
23
24 LSB = 360/1 024°
25 AIRSPEED TYPE: 0 = IAS, 1 = TAS
26 AIRSPEED 
27 NORMAL: LSB = 1 knot SUPERSONIC: LSB = 4 knots
28 All zeros = no velocity information All zeros = no velocity information
29 Value Velocity Value Velocity
30 1 0 kt 1 0 kt
31 2 1 kt 2 4 kt
32 3 2 kt 3 8 kt
33 – – – –
34 1 022 1 021 kt 1 022 4 084 kt
35 1 023 >1 021.5 kt 1 023 >4 086 kt
36 SOURCE BIT FOR VERTICAL RATE: 0 = GNSS, 1 = Baro
37 SIGN BIT FOR VERTICAL RATE: 0 = Up, 1 = Down 
38 VERTICAL RATE 
39 All zeros = no vertical rate information; LSB = 64 ft/min
40 Value Vertical rate
41 1 0 ft/min
42 2 64 ft/min
43 – –
44 510 32 576 ft/min
45 511 >32 608 ft/min
46
47 RESERVED FOR TURN INDICATOR 
48
49 DIFFERENCE SIGN BIT (0 = Above baro alt, 1 = Below baro alt)
50 GEOMETRIC HEIGHT DIFFERENCE FROM BARO. ALT. 
51 All zeros = no information; LSB = 25 ft
52 Value Difference
53 1 0ft
54 2 25 ft
55 – –
56 126 3 125 ft

127 >3 137.5 ft

PURPOSE: To provide additional state information 
for both normal and supersonic flight based on 
airspeed and heading.

This format shall only be used if velocity over 
ground is not available.

Subtype shall be coded as follows:

IFR capability shall be coded as follows:

0 = Transmitting aircraft has no capability for 
ADS-B-based conflict detection or higher 
level applications.

1 = Transmitting aircraft has capability for 
ADS-B-based conflict detection and higher 
level applications.

Code Velocity Type

0 Reserved

1 Ground
speed

Normal

2 Supersonic

3 Airspeed,
heading

Normal

4 Supersonic

5 Reserved

6 Reserved

7 Reserved
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Table 2-10. BDS code 0,A — Extended squitter event-driven information

MB FIELD

PURPOSE: To provide a flexible means to squitter messages 
other than position, velocity and identification.

1) A message inserted in this register (or an equivalent 
transmit buffer) shall be broadcast once by the transponder 
at the earliest opportunity.

2) Formats for messages using this protocol shall be specified 
in BDS 6,1 to 6,F.

3) The GFM (2.5) shall be responsible for ensuring pseudo-
random timing and for observing the maximum transmission 
rate for this register of 2 per second (2.5.5.1).

4) Read-out (if required) of this register shall be accomplished 
by extracting the contents of the appropriate BDS register 
6,1 to 6,F.

Note.— The data in this register is not intended for 
extraction using the GICB or ACAS cross-link protocols.

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
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Table 2-11. BDS code 0,B — Air/air state information 1 (aircraft state)

MB FIELD

PURPOSE: To report threat aircraft state information in order to 
improve the ability of ACAS to evaluate the threat and select a 
resolution manoeuvre.

1 STATUS
2 MSB = 1 024 kt
3
4
5
6 TRUE AIR SPEED
7
8
9 Range = [0-,2 047 kt]

10
11
12 LSB = 1,0 kt
13 SWITCH (0 = Magnetic heading, 1 = True heading)
14 STATUS
15 SIGN
16 MSB = 90 degrees
17
18 HEADING
19
20
21 Range = [–180, + 179]
22
23
24 LSB = 360/1 024 degrees
25 STATUS
26 SIGN
27 MSB = 90 degrees
28
29
30
31
32 TRUE TRACK ANGLE
33
34
35 Range = [–180, +179]
36
37
38
39
40 LSB = 360/32 768 degrees
41 MSB = 1 024 kt
42
43
44
45
46 GROUND SPEED
47
48
49 Range = [0, 2 047]
50
51
52
53
54
55 LSB = 1/16 kt
56 RESERVED
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Table 2-12. BDS code 0,C — Air/air state information 2 (aircraft intent)

MB FIELD

PURPOSE: To provide threat aircraft intent information in order 
to improve the ability of ACAS to evaluate the threat and select 
a resolution manoeuvre.

1 STATUS
2 MSB = 51 200 ft
3
4
5 LEVEL OFF ALTITUDE
6
7 Range = [0, 102 375]
8
9

10
11
12
13 LSB = 16 ft
14 STATUS
15 SIGN
16 MSB = 90 degrees
17
18
19 NEXT COURSE (TRUE GROUND TRACK)
20 Range = [+179, –180]
21
22
23
24 LSB = 360/1 024 degrees
25 STATUS
26 MSB = 128 seconds
27
28
29 TIME TO NEXT WAYPOINT
30 All ones = time exceeds 254 seconds
31
32 Range = [0, 254]
33
34 LSB = 1 second
35 STATUS
36 SIGN
37 MSB 8 192 ft/min
38
39 VERTICAL VELOCITY (UP IS POSITIVE)
40
41
42 Range = [+16 352, –16 352]
43
44 LSB = 32 ft/min
45 STATUS
46 SIGN
47 MSB = 45 degrees
48
49 ROLL ANGLE
50 Range = [+89, –89]
51
52
53 LSB = 360/256 degrees
54 MIL INTERCEPT BIT (0 = no intercept; 1 = intercept)
55
56 RESERVED
5-10428/11/02
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Table 2-16. BDS code 1,0 — Data link capability report

MB FIELD

PURPOSE: To report the data link capability of the Mode S 
transponder/data link installation.

The coding of this register shall conform to:

1) Annex 10, Volume III, 5.2.9.

2) When bit 25 is set to 1, it shall indicate that at least one 
Mode S specific service is supported and the particular 
capability reports shall be checked.

Note.— Registers accessed by BDS codes 0,2; 0,3; 0,4; 1,0; 
2,0 and 3,0 do not affect the setting of bit 25.

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

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

5) The squitter capability subfield (SCS) shall be interpreted as 
follows:

0 = squitter registers are not updated
1 = squitter registers are being updated

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

0 = no surveillance identifier code capability
1 = surveillance identifier code capability

7) Bit 36 shall be toggled each time the common usage GICB 
capability report (BDS code 1,7) changes. To avoid the 
generation of too many broadcast capability report changes, 
BDS code 1,7 shall be sampled at approximately one minute 
intervals to check for changes.

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

9) In order to determine the extent of any continuation of the 
data link capability report (into those registers reserved for 
this purpose: BDS 1,1 to BDS 1,6), bit 9 shall be reserved 
as a ‘continuation flag’ to indicate if the subsequent register 
shall be extracted. For example: upon detection of bit 9 = 1 
in BDS 1,0 then BDS 1,1 shall be extracted. If bit 9 = 1 in 
BDS 1,1 then BDS 1,2 shall be extracted, and so on (up to 
BDS 1,5). Note that if bit 9 = 1 in BDS 1,6 then this shall be 
considered as an error condition.

1
2
3
4 BDS code 1,0
5
6
7
8
9 Continuation flag (see 9)

10
11
12 RESERVED
13
14
15
16 Reserved for ACAS
17
18
19
20 Mode S subnetwork version number
21
22
23
24 Transponder enhanced protocol indicator (see 4)
25 Mode S specific services capability (see 2)
26
27 Uplink ELM capability
28
29
30 Downlink ELM capability
31
32
33 Aircraft identification capability
34 Squitter capability subfield (SCS) (see 5)
35 Surveillance identifier (SI) (see 6)
36 Common usage GICB capability report (see 7)
37
38 RESERVED FOR ACAS
39
40
41 MSB
42
43
44
45
46
47 Bit array indicating the support status of DTE
48 subaddresses 0 to 15 (see 3 and 8)
49
50
51
52
53
54
55
56 LSB
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Table 2-23. BDS code 1,7 — Common usage GICB capability report

MB FIELD

PURPOSE: To indicate common usage GICB services currently 
supported.

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

2) Registers 1,8 to 1,C shall be independent of register 1,7

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

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

1 0,5 Extended squitter airborne position
2 0,6 Extended squitter ground position
3 0,7 Extended squitter status
4 0,8 Extended squitter type and identification
5 0,9 Extended squitter airborne velocity information
6 0,A Extended squitter event-driven information
7 2,0 Aircraft identification
8 2,1 Aircraft registration number
9 4,0 Aircraft intention

10 4,1 Next waypoint identifier
11 4,2 Next way-out position
12 4,3 Next way-out information
13 4,4 Meteorological routine report
14 4,5 Meteorological hazard report
15 4,8 VHF channel report
16 5,0 Track and turn report
17 5,1 Position coarse
18 5,2 Position fine
19 5,3 Air-referenced state vector
20 5,4 Waypoint 1
21 5,5 Waypoint 2
22 5,6 Waypoint 3
23 5,F Quasi-static parameter monitoring
24 6,0 Heading and speed report
25 Reserved for aircraft capability
26 Reserved for aircraft capability
27 E,1 Reserved for Mode S byte
28 E,2 Reserved for Mode S byte
29
30
31
32
33
34
35
36
37
38
39
40
41
42 RESERVED
43
44
45
46
47
48
49
50
51
52
53
54
55
56
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Tables 2-24 to 2-28. BDS codes 1,8 to 1,C — Mode S specific services GICB capability reports

MB FIELD

PURPOSE: To indicate GICB services that are installed.

Each bit position shall indicate that the GICB service that it 
represents has been implemented in the aircraft installation 
when set to 1.

Starting from the LSB, each bit position shall represent the 
register number, in accordance with the following table:

The 25 most significant bits of BDS 1,C shall not be used.

1 MSB
2
3
4
5
6
7
8
9

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

BDS code Capability installed for
BDS 1,8 
BDS 1,9
BDS 1,A
BDS 1,B
BDS 1,C

BDS 0,1 to 3,8
BDS 3,9 to 7,0
BDS 7,1 to A,8
BDS A,9 to E,0
BDS E,1 to F,F
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Tables 2-29 to 2-31. BDS codes 1,D to 1,F — Mode S specific services MSP capability reports

MB FIELD

PURPOSE: To indicate MSP services that are installed and 
require a service.

Each bit shall indicate that the MSP it represents requires 
service when set to 1.

Starting from the MSB, each bit position shall represent the 
MSP channel number for both uplink and downlink channel 
fields, in accordance with the following table:

1) In BDS 1,F the least significant bits of both uplink and 
downlink channel fields shall not be used.

2) The conditions for setting the capability bits shall be as 
defined in the specification of the corresponding service, see 
section 3.

1 MSB
2
3
4
5
6
7
8
9

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

BDS code MSP channels
BDS 1,D
BDS 1,E
BDS 1,F

1 to 28 up and down
29 to 56 up and down
57 to 63 up and down
5-10828/11/02
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Table 2-32. BDS code 2,0 — Aircraft identification

MB FIELD

PURPOSE: To report aircraft identification to the ground.

1) Annex 10, Volume IV, 3.1.2.9.

2) The character coding to be used shall be identical to that 
defined in Table 3-6 of Chapter 3, Annex 10, Volume IV.

3) This data may be input to the transponder from sources 
other than the Mode S ADLP.

4) This format shall be used by the extended squitter 
application.

5) Capability to support this register shall be indicated by 
setting bit 33 in BDS 1,0 and the relevant bits in BDS 1,7 
and 1,8.

6) The aircraft identification shall be that employed in the flight 
plan. When no flight plan is available the registration 
marking of the aircraft shall be used.

1
2
3
4 BDS code 2,0
5
6
7
8
9 MSB

10
11 CHARACTER 1
12
13
14 LSB
15 MSB
16
17 CHARACTER 2
18
19
20 LSB
21 MSB
22
23 CHARACTER 3
24
25
26 LSB
27 MSB
28
29
30 CHARACTER 4
31
32 LSB
33 MSB
34
35 CHARACTER 5
36
37
38 LSB
39 MSB
40
41 CHARACTER 6
42
43
44 LSB
45 MSB
46
47 CHARACTER 7
48
49
50 LSB
51 MSB
52
53 CHARACTER 8
54
55
56 LSB
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Table 2-33. BDS code 2,1 — Aircraft and airline registration markings

MB FIELD

PURPOSE: To permit ground systems to identify the aircraft 
without the necessity of compiling and maintaining continuously 
updated data banks.

The character coding shall be as defined in Table 3-6 of 
Chapter 3, Annex 10, Volume IV.

1 STATUS
2 MSB
3
4 CHARACTER 1
5
6
7 LSB
8 MSB
9

10 CHARACTER 2
11
12
13 LSB
14 MSB
15
16 CHARACTER 3
17
18
19 LSB
20 MSB
21
22 CHARACTER 4 AIRCRAFT
23 REGISTRATION
24 NUMBER
25 LSB
26 MSB
27
28 CHARACTER 5
29
30
31 LSB
32 MSB
33
34 CHARACTER 6
35
36
37 LSB
38 MSB
39
40 CHARACTER 7
41
42
43 LSB
44 STATUS
45 MSB
46
47 CHARACTER 1
48
49
50 LSB ICAO AIRLINE
51 MSB REGISTRATION
52 MARKING
53 CHARACTER 2
54
55
56 LSB
5-11028/11/02
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Table 2-34. BDS code 2,2 — Antenna positions

MB FIELD

PURPOSE: To provide information on the position of Mode S 
and GNSS antennas on the aircraft in order to make very 
accurate measurements of aircraft position possible.

1) The antenna type field shall be interpreted as follows:

0 = Invalid
1 = Mode S bottom antenna
2 = Mode S top antenna
3 = GNSS antenna
4 to 7 = Reserved

2) The X position field shall be the distance in metres along the 
aircraft centre line measured from the nose of the aircraft. 
The field shall be interpreted as invalid if the value is 0 and 
the value of 63 shall mean that the antenna position is 63 
metres or more from the nose.

3) The Z position field shall be the distance in metres of the 
antenna from the ground, measured with the aircraft 
unloaded and on the ground. The field shall be interpreted 
as invalid if the value is 0 and the value 31 shall mean that 
the antenna position is 31 metres or more from the ground.

1
2 ANTENNA TYPE
3
4 MSB = 32 m
5
6 X POSITION
7 Range = [1,63] ANTENNA 1
8
9 LSB = 1 m

10 MSB = 16 m
11
12 Z POSITION
13 Range = [1,31]
14 LSB = 1 m
15
16 ANTENNA TYPE
17
18 MSB = 32 m
19
20 X POSITION
21 Range = [1, 63] ANTENNA 2
22
23 LSB = 1 m
24 MSB = 16 m
25
26 Z POSITION
27 Range = [1, 31]
28 LSB = 1 m
29
30 ANTENNA TYPE
31
32 MSB = 32 m
33
34 X POSITION
35 Range = [1, 63] ANTENNA 3
36
37 LSB = 1 m
38 MSB = 16 m
39
40 Z POSITION
41 Range = [1, 31]
42 LSB = 1 m
43
44 ANTENNA TYPE
45
46 MSB = 32 m
47
48 X POSITION
49 Range = [1, 63] ANTENNA 4
50
51 LSB = 1 m
52 MSB = 16 m
53
54 Z POSITION
55 Range = [1, 31]
56 LSB = 1 m
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Table 2-37. BDS code 2,5 — Aircraft type

MB FIELD

PURPOSE: To provide information on aircraft type.

1) Subfield coding

The coding shall be as in Doc 8643 — Aircraft Type 
Designators. All the subfields that contain characters shall 
be encoded using the 6-bit subset of 1A-5 as specified in 
Table 3-6 of Annex 10, Volume IV.

2) Model designation

Coding shall consist of four characters as specified in 
Doc 8643. The fifth character shall be reserved for future 
expansion and shall contain all zeros until it is specified. 
2222 in the first four characters shall mean that the 
designator is not specified.

3) Number of engines

This subfield shall be encoded as a binary number where 
number 7 means 7 or more engines.

1 MSB
2
3 AIRCRAFT TYPE
4
5
6 LSB
7 MSB
8 NUMBER OF ENGINES
9 LSB

10 MSB
11
12 ENGINE TYPE
13
14
15 LSB
16 MSB
17
18 CHARACTER 1
19
20
21 LSB
22 MSB
23
24 CHARACTER 2
25
26
27 LSB
28 MSB
29
30 CHARACTER 3 MODEL
31 DESIGNATION
32
33 LSB
34 MSB
35
36
37 CHARACTER 4
38
39 LSB
40 MSB
41
42 CHARACTER 5
43
44
45 LSB
46 MSB
47
48 WAKE TURBULENCE
49 CATEGORY
50
51 LSB
52
53
54 RESERVED
55
56
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Table 2-48. BDS code 3,0 — ACAS active resolution advisory

MB FIELD

PURPOSE: To report resolution advisories (RAs) generated by 
ACAS equipment. The coding of this register shall conform to:

1) Annex 10, Volume IV, 4.3.8.4.2.2.

2) Bit 27 shall mean RA terminated when set to 1.

1
2
3
4 BDS code 3,0
5
6
7
8
9

10
11
12
13
14
15 ACTIVE RESOLUTION ADVISORIES
16
17
18
19
20
21
22
23
24 RACs RECORD
25
26
27 RA TERMINATED
28 MULTIPLE THREAT ENCOUNTER
29 THREAT-TYPE INDICATOR
30
31
32
33
34
35
36
37
38
39
40
41
42
43 THREAT IDENTITY DATA
44
45
46
47
48
49
50
51
52
53
54
55
56
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Table 2-64 BDS 4,0 — Selected Vertical Intention

MB FIELD

PURPOSE: To provide ready access to information about the 
pilot’s current vertical intentions, in order to improve the 
effectiveness of conflict probes and to provide additional tactical 
information to controllers.

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

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

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

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

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

When the barometric pressure setting is less than 800 mb or 
greater than 1 209.5 mb, the status bit for this field (bit 27) 
shall be set to indicate invalid data.

5) Bits 48 to 56 shall indicate the status of the values provided 
in bits 1 to 26 as follows:

Bit 48 shall indicate whether the mode bits (49, 50 and 51) 
are actively being populated:

0 = No mode information provided
1 = Mode information deliberately provided

Bits 49, 50 and 51:

0 = Not active
1 = Active

Bit 54 shall indicate whether the target altitude source bits 
(55 and 56) are actively being populated.

0 = No source information provided
1 = Source information deliberately provided

Bits 55 and 56, shall indicate target altitude source:

00 = Unknown
01 = Aircraft altitude
10 = FCU/MCP selected altitude
11 = FMS selected altitude

1 STATUS
2 MSB = 32 768 ft
3
4 MCP/FCU SELECTED ALTITUDE
5
6
7
8 Range = 0 to 65 520 ft (Resolution)
9

10
11
12
13 LSB = 16 ft (Resolution)
14 STATUS
15 MSB = 32 768 ft
16
17 FMS SELECTED
18 ALTITUDE
19
20
21 Range = 0 to 65 520 ft
22
23
24
25
26 LSB = 16 ft (Resolution)
27 STATUS
28 MSB = 204.8 mb
29
30
31
32
33
34 Range = 0 to 409.5 mb
35
36
37
38
39 BAROMETRIC

PRESSURE SETTING
MINUS 800 mb

40 LSB = 0.1 mb (Resolution)
41
42
43
44 RESERVED
45
46
47
48 STATUS OF MCP/FCU MODE BITS
49 VNAV MODE
50 ALT HOLD MODE
51 APPROACH MODE
52 RESERVED53
54 STATUS OF TARGET ALT SOURCE BITS
55 TARGET ALTITUDE SOURCE
56 TARGET ALTITUDE SOURCE
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Tables 2-65 to 2-67. BDS codes 4,1 to 4,3 — Next waypoint details

PURPOSE: To provide ready access to details about the next waypoint on an aircraft’s route, without the need to establish a data 
link dialogue with the flight management system. This will assist with short- and medium-term tactical control. Register BDS code 4,1 
contains 9 characters in the compressed 6-bit character form giving the waypoint name.

BDS code 4,1 MB FIELD BDS code 4,2 MB FIELD BDS code 4,3 MB FIELD
1 STATUS 1 STATUS 1 STATUS
2 MSB 2 SIGN 2 SIGN
3 3 MSB = 90 degrees 3 MSB = 90 degrees
4 CHARACTER 1 4 4 BEARING TO WAYPOINT
5 5 5
6 6 6
7 LSB 7 7
8 MSB 8 WAYPOINT 8
9 9 LATITUDE 9

10 CHARACTER 2 10 10 Range = [–180, +180]
11 11 11
12 12 12 LSB = 360/2 048 degrees
13 LSB 13 13 STATUS
14 MSB 14 Range = [–180, +180] 14 MSB = 204.8 min
15 15 15
16 CHARACTER 3 16 16
17 17 17
18 18 18 TIME TO GO
19 LSB 19 19
20 MSB 20 LSB = 90/131 072 degrees 20
21 21 STATUS 21
22 CHARACTER 4 22 SIGN 22
23 23 MSB = 90 degrees 23 Range = [0,409.6]
24 24 24
25 LSB 25 25 LSB = 0.1 min
26 MSB 26 26 STATUS
27 27 27 MSB = 3 276.8 NM
28 CHARACTER 5 28 WAYPOINT 28
29 29 LONGITUDE 29
30 30 30
31 LSB 31 31
32 MSB 32 32
33 33 33 DISTANCE TO GO
34 CHARACTER 6 34 34
35 35 35
36 36 Range = [–180, +180] 36
37 LSB 37 37
38 MSB 38 38 Range = [0, 6 553.6]
39 39 39
40 CHARACTER 7 40 LSB = 90/131 072 degrees 40
41 41 STATUS 41
42 42 SIGN 42 LSB = 0.1 NM
43 LSB 43 MSB = 65 536 ft 43
44 MSB 44 44
45 45 45
46 CHARACTER 8 46 WAYPOINT 46
47 47 CROSSING 47
48 48 ALTITUDE 48
49 LSB 49 49
50 MSB 50 50 RESERVED
51 51 51
52 CHARACTER 9 52 Range = [0, 131 068] 52
53 53 53
54 54 54
55 LSB 55 55
56 RESERVED 56 LSB = 8 ft 56
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Table 2-68. BDS code 4,4 — Meteorological routine air report

MB FIELD

PURPOSE: To allow meteorological data to be collected by 
ground systems.

FOM/SOURCE coding:

The decimal value of the binary coded (figure of merit) 
FOM/SOURCE parameter shall be interpreted as follows:

0 = Invalid
1 = INS
2 = GNSS
3 = DME/DME
4 = VOR/DME
5 to 15 = Reserved

1) The interpretation of the two bits assigned to TURBULENCE 
shall be as shown in the table for BDS code 4,5.

Note.— The average static pressure is not a requirement of 
ICAO Annex 3.

1
2 FOM/SOURCE
3
4
5 STATUS (wind speed and direction)
6 MSB = 256 kt
7
8
9 WIND SPEED

10
11
12 Range = [0, 512]
13
14 LSB = 1 kt
15 SIGN
16 MSB = 90 degrees
17
18 WIND DIRECTION (True)
19
20
21 Range = [–180, +180]
22
23 LSB = 180/256 degrees
24 STATUS
25 SIGN
26 MSB = 64°C
27
28
29 STATIC AIR TEMPERATURE
30
31
32 Range = [–128, +128]
33
34 LSB = 0.25°
35 STATUS
36 MSB = 1 024 hPa
37
38
39
40 AVERAGE STATIC PRESSURE
41
42
43 Range = [0,2 048]
44
45
46 LSB = 1 hPa
47 STATUS
48 TURBULENCE (see 1)
49
50 STATUS
51 MSB = 100%
52
53 Range = [0, 100]
54 HUMIDITY
55
56 LSB = 100/64%
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Table 2-69. BDS code 4,5 — Meteorological hazard report

MB FIELD

PURPOSE: To provide reports on the severity of meteorological 
hazards, in particular for low flight.

Hazard coding:

The interpretation of the two bits assigned to each hazard shall 
be as defined in the table below:

The definition of the terms LIGHT, MODERATE and SEVERE 
shall be those defined in the PANS-ATM (Doc 4444), where 
applicable.

1 STATUS
2 TURBULENCE
3
4 STATUS
5 WIND SHEAR
6
7 STATUS
8 MICROBURST
9

10 STATUS
11 ICING
12
13 STATUS
14 WAKE VORTEX
15
16 STATUS
17 SIGN
18 MSB = 64°C
19 STATIC AIR TEMPERATURE
20
21
22 Range = [–128, +128]
23
24
25
26 LSB = 0.25°C
27 STATUS
28 MSB = 1 024 hPa
29
30
31
32 AVERAGE STATIC PRESSURE
33
34
35
36 Range = [0, 2 048]
37
38 LSB = 1 hPa
39 STATUS
40 MSB = 32 768 ft
41
42
43 RADIO HEIGHT
44
45
46
47 Range = [0, 65 528]
48
49
50
51 LSB = 16 ft
52
53
54 RESERVED
55
56

Bit 1 Bit 2
0 0 NIL

0 1 LIGHT

1 0 MODERATE

1 1 SEVERE
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Table 2-72. BDS code 4,8 — VHF channel report

MB FIELD
PURPOSE: To allow the ATC system to monitor the settings of the VHF 
communications channel and to determine the manner in which each 
channel is being monitored by the aircrew.

Channel report coding:
Each VHF communications channel shall be determined from the 15-bit 
positive binary number, N in kHz, according to the formula.
Channel (MHz ) = Base + N × 0.001 (MHz)
where Base = 118.000 MHz
Notes.—
1) The use of binary to define the channel improves the coding 

efficiency.
2) This coding is compatible with analogue channels on 25 kHz, 

8.33 kHz channel spacing and VDL as described below.
3) VDL has a full four bits allocated such that the active status of each 

of its four multiplex channels can be ascertained.

25 kHz VDL: Mode 3

25 kHz analogue

8.33 kHz analogue

Audio status coding:

Each pair of audio status bits shall be used to describe the aircrew 
monitoring of that audio channel according to the following table:

1
2
3
4
5
6
7 VHF 1
8
9

10
11
12
13
14
15
16 STATUS
17 VHF 1
18 AUDIO STATUS
19
20
21
22
23
24
25
26 VHF 2
27
28
29
30
31
32
33
34 STATUS
35 VHF 2
36 AUDIO STATUS
37
38
39
40
41
42
43 VHF 3
44
45
46
47
48
49
50
51
52 STATUS
53 VHF 3
54 AUDIO STATUS
55 121.5 MHz
56 AUDIO STATUS

Bit
16 Status
15 MSB (12 800 kHz)

... range 118.000 to 143.575
136.975 (military uses)

6 LSB (25 kHz)
5
4 4 × channel active flags
3
2
1 VDL indicator = 1

Bit
16 Status
15 MSB (12 800 kHz)

... range 118.000 to 143.575
136.975 (military uses)

6 LSB (25 kHz)
5 unused
4 unused
3 unused
2 8.33 indicator = 0
1 VDL indicator = 0

Bit
16 Status
15 MSB (17 066 kHz)

... range 118.000 to 152.112
136.975 (military uses)

4 LSB
(17 066/2 048 kHz)

3 unused
2 8.33 indicator = 1
1 VDL indicator = 0

Bit 1 Bit 2
0 0 UNKNOWN
0 1 NOBODY
1 0 HEADPHONES ONLY
1 1 LOUDSPEAKER
5-11828/11/02
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Table 2-80. BDS code 5,0 — Track and turn report

MB FIELD

PURPOSE: To provide track and turn data to the ground 
systems.

1) The maximum acceptable data age at time of transmission 
to the ground shall be 1 second for all parameters.

2) The register update rate shall be sufficient to ensure that the 
maximum acceptable data age of all parameters is not 
exceeded in normal operations.

3) If maximum acceptable data age is exceeded for any 
parameter, then the status bit for that parameter shall be 
actively set to 0 by the GFM.

Note.— This applies if any parameter becomes 
unavailable due to abnormal operations.

4) If the value of a parameter from the data source exceeds the 
range allowable in the register definition, the maximum 
allowable value in the correct positive or negative sense 
shall be used instead.

Note.— This requires active intervention by the GFM.

5) The data entered into this register shall, whenever possible, 
be derived from the sources that are controlling the aircraft.

6) If any parameter is not available on an aircraft, all bits 
corresponding to that parameter shall be actively set to 0 by 
the BDS servicing process.

7) The LSB of all fields shall be obtained by rounding.

1 STATUS
2 SIGN 1 = Left (left wing down)
3 MSB = 45 degrees
4
5 ROLL ANGLE
6
7
8 Range = [–90, +90]
9

10
11 LSB = 45/256 degrees
12 STATUS
13 SIGN 1 = West (e.g. 315° = –45°)
14 MSB = 90 degrees
15
16
17 TRUE TRACK ANGLE
18
19
20 Range = [–180, +180]
21
22
23 LSB = 90/512 degrees
24 STATUS
25 MSB = 1 024 kt
26
27
28 GROUND SPEED
29
30
31 Range = [0, 2 046]
32
33
34 LSB = 1 024/512 kt
35 STATUS
36 SIGN 1 = Minus
37 MSB = 8 degrees/second
38
39 TRACK ANGLE RATE
40
41
42 Range = [–16, +16]
43
44
45 LSB = 8/256 degrees/second
46 STATUS
47 MSB = 1 024 kt
48
49 TRUE AIRSPEED
50
51
52 Range = [0, 2 046]
53
54
55
56 LSB = 1 023/512 kt
5-119 28/11/02
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Table 2-81. BDS code 5,1 — Position report coarse

MB FIELD

PURPOSE: To provide a three-dimensional report of aircraft 
position.

1) The single status bit (bit 1) shall be set to 0 if any of the 
three parameters are invalid and is identical to the status bit 
in BDS 5,2.

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

3) The source of the information in this register shall be 
the same as that indicated in the FOM/SOURCE field of 
BDS 5,2.

1 STATUS (see 1)
2 SIGN
3 MSB = 90 degrees
4
5
6
7
8
9 LATITUDE

10
11
12
13
14 Range = [–180, +180]
15 (see 2)
16
17
18
19
20
21 LSB = 360/1 048 576 degrees
22 SIGN
23 MSB = 90 degrees
24
25
26
27
28 LONGITUDE
29
30
31
32
33
34 Range = [–180, +180]
35
36
37
38
39
40
41 LSB = 360/1 048 576 degrees
42 SIGN
43 MSB = 65 536 ft
44
45
46
47 PRESSURE
48 ALTITUDE
49
50 Range = [–1 000, +126 752]
51
52
53
54
55
56 LSB = 8 ft
5-12028/11/02
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Table 2-82. BDS code 5,2 — Position report fine

MB FIELD
PURPOSE: To provide a high-precision three-dimensional 
report on aircraft position when used in conjunction with 
BDS 5,1. Information on the source of the data is included.

FOM/SOURCE coding:

The decimal value of the binary-coded (figure of merit) 
FOM/SOURCE parameter shall be interpreted as follows:

0 = Loss of navigational capability
1 = RNP 20 (e.g. INS data) pressure altitude
2 = RNP 5 (e.g. VOR/DME) pressure altitude
3 = RNP 1 (e.g. DME/DME or GNSS) pressure altitude
4 = Reserved for differential GNSS (circular position 

error (CPE) 10 m) pressure altitude
5 = Reserved for differential GNSS (CPE 2.5 m) 

pressure altitude
6-10 = Reserved
11 = RNP 1 (e.g. DME/DME or GNSS) GNSS height
12 = Reserved for differential GNSS (CPE 10 m) height
13 = Reserved for differential GNSS (CPE 2.5 m) height
14-15 = Reserved

Note.— RNP signifies required navigation performance. 
Suitable RNP categories have not yet been defined for values 
below 1; therefore, CPE is used.

1) The single status bit (bit 1) shall be set to 0 if any of the 
three parameters are invalid and is identical to the status bit 
in BDS 5,1.

2) The LATITUDE (fine) and LONGITUDE (fine) parameters 
are in 2’s complement coding so they shall be interpreted in 
conjunction with the corresponding parameters in BDS 5,1.

Note.— When GNSS height is contained in bits 42 to 56, the 
pressure altitude can be obtained from BDS 5,1.

1 STATUS (see 1)
2 FOM/SOURCE
3
4
5
6 MSB = 90/128 degrees
7
8
9

10
11 LATITUDE FINE
12
13
14
15
16 Range = [0, 180/128]
17
18
19
20
21
22
23 LSB = 90/16 777 216 degrees
24 MSB = 90/128 degrees
25
26
27
28 LONGITUDE FINE
29
30
31 Range = [0, 180/128]
32
33
34
35
36
37
38
39
40
41 LSB = 90/16 777 216 degrees
42 SIGN
43 MSB = 65 536 ft
44
45
46
47 PRESSURE
48 ALTITUDE
49 or
50 GNSS HEIGHT (HAE)
51 Range = [–1 000, 126 752]
52
53
54
55
56 LSB = 8 ft
5-121 28/11/02
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Table 2-83. BDS code 5,3 — Air-referenced state vector

MB FIELD

PURPOSE: To provide the ATC system with the current 
measured values of magnetic heading IAS/Mach, altitude rate 
and TAS.

1 STATUS
2 SIGN
3 MSB = 90 degrees
4
5 MAGNETIC HEADING
6
7
8 Range = [–180, +180]
9

10
11
12 LSB = 90/512 degrees
13 STATUS
14 MSB = 512 kt
15
16
17 INDICATED AIRSPEED (IAS)
18
19
20 Range = [0, 1 024]
21
22
23 LSB = 1 kt
24 STATUS
25 MSB = Mach 2.048
26
27 MACH NUMBER
28
29
30 Range = [0, 4.096]
31
32
33 LSB = Mach 0.008
34 STATUS
35 MSB = 1 024 kt
36
37
38
39 TRUE AIRSPEED (TAS)
40
41
42
43 Range = [0, 2 048]
44
45
46 LSB = 0,5 kt
47 STATUS
48 SIGN
49 MSB = 8 192 ft/min
50 ALTITUDE RATE
51
52
53 Range = [–16 384, +16 384]
54
55
56 LSB = 64 ft/min
5-12228/11/02
No. 77



Part I Annex 10 — Aeronautical Telecommunications
Table 2-84 to 2-86. BDS codes 5,4 to 5,6 — Waypoints 1, 2 and 3

MB FIELD

PURPOSE: To provide information on the next three waypoints. 
BDS 5,4 contains details of the next waypoint, BDS 5,5 
contains details of the next waypoint plus 1, and BDS 5,6 
contains details of the next waypoint plus 2.

1) The single status bit (bit 1) shall be set to 0 if any of the 
parameters are invalid.

2) The estimated time or flight level shall be calculated from the 
trajectory scheduled in the FMS.

Note.— More detailed information on the next waypoint is 
given in BDS 4,1 to 4,3.

3) When the waypoint identity has only three characters, two 
leading 0 characters shall be added (e.g. CDN becomes 
00CDN).

4) Estimated time is in minutes and a value of all ones shall be 
used to indicate that the waypoint referred to is more than 
one hour away.

1 STATUS (see 1)
2 MSB
3
4 CHARACTER 1
5
6
7 LSB
8 MSB
9

10 CHARACTER 2
11
12
13 LSB
14 MSB
15
16 CHARACTER 3
17
18
19 LSB
20 MSB
21
22 CHARACTER 4
23
24
25 LSB
26 MSB
27
28 CHARACTER 5
29
30
31 LSB
32 MSB = 30 min
33
34
35 ESTIMATED TIME OF ARRIVAL
36 (NORMAL FLIGHT)
37
38 Range = [0, 59]
39
40 LSB = 60/512 min
41 MSB = 320
42
43 ESTIMATED FLIGHT LEVEL
44 (NORMAL FLIGHT)
45 Range = [0, 640]
46 LSB = 10
47 MSB = 30 min
48
49
50 TIME TO GO
51 (DIRECT ROUTE)
52
53 Range = [0, 59]
54
55 LSB = 60/512 min
56 RESERVED
5-123 28/11/02
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Table 2-95. BDS code 5,F — Quasi-static parameter monitoring

MB FIELD

PURPOSE: To permit the monitoring of changes in parameters 
that do not normally change very frequently, i.e. those expected 
to be stable for 5 minutes or more by accessing a single 
register.

Parameter monitor coding:

The changing of each parameter shall be monitored by 2 bits. 
The value 00 shall indicate that no valid data are available on 
this parameter. The decimal value for this 2-bit field shall be 
cycled through 1,2 and 3, each step indicating a change in the 
monitored parameter.

The meteorological hazards subfield shall report changes to 
turbulence, wind shear, wake vortex, icing and microburst, as in 
register number 4516.

1 SELECTED ALTITUDE
2
3 SELECTED HEADING
4
5 SELECTED SPEED
6
7 SELECTED MACH NUMBER
8
9 SELECTED ALTITUDE RATE

10
11 SELECTED FLIGHT PATH ANGLE
12
13 NEXT WAYPOINT
14
15 FMS HORIZONTAL MODE
16
17 FMS VERTICAL MODE
18
19 VHF CHANNEL REPORT
20
21 METEOROLOGICAL HAZARDS
22
23 TARGET ALTITUDE24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40 RESERVED
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
5-12428/11/02
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Table 2-96. BDS code 6,0 — Heading and speed report

MB FIELD

PURPOSE: To provide heading and speed data to ground 
systems.

1) The maximum acceptable data age at time of transmission 
to the ground shall be 1 second for all parameters.

2) The register update rate shall be sufficient to ensure that the 
maximum acceptable data age of all parameters is not 
exceeded in normal operations.

3) If maximum acceptable data age is exceeded for any 
parameter, then the status bit for that parameter shall be 
actively set to 0 by the GFM.

4) If the value of a parameter from the data source exceeds the 
range allowable in the register definition, the maximum 
allowable value in the correct positive or negative sense 
shall be used instead.

Note.— This requires active intervention by the GFM.

5) The data entered into this register shall, whenever possible, 
be derived from the sources that are controlling the aircraft.

6) All parameters shall be required except for inertial vertical 
velocity which shall be supplied only by aircraft with a 
suitable inertial source. If inertial vertical velocity is not 
available, bits 46 to 56 inclusive shall be actively set to 0 by 
the GFM.

7) The LSB of all fields shall be obtained by rounding.

1 STATUS
2 SIGN 1 = West (e.g. 315° = –45°)
3 MSB = 90 degrees
4
5
6 MAGNETIC HEADING
7
8
9 Range = [–180, +180]

10
11
12 LSB = 90/512 degrees
13 STATUS
14 MSB = 512 kt
15
16
17 INDICATED AIRSPEED
18
19
20 Range = [0, 1 023]
21
22
23 LSB = 512/512 = 1 kt
24 STATUS
25 MSB = 2.048
26
27 MACH
28
29
30 Range = [0, 4.096]
31
32
33
34 LSB = 2.048/512
35 STATUS
36 SIGN 1 = Below
37 MSB = 8 192 ft/min
38
39 BAROMETRIC ALTITUDE
40 RATE
41
42 Range = [–16 384, +16 352]
43
44
45 LSB = 8 192/256 = 32 ft/min
46 STATUS
47 SIGN 1 = Below
48 MSB = 8 192 ft/min
49
50 INERTIAL VERTICAL
51 VELOCITY
52
53 Range = [–16 384, +16 352]
54
55
56 LSB = 8 192/256 = 32 ft/min
5-125 28/11/02
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Table 2-97. BDS code 6,1 — Emergency/priority status

MB FIELD

PURPOSE: To provide additional information on aircraft status.

Subtype shall be coded as follows:

0 = No information
1 = Emergency/priority status
2 to 7 = Reserved

Emergency/priority status shall be coded as follows:

1) Message delivery shall be accomplished once per second 
using the event-driven protocol.

2) Termination of emergency state shall be detected by coding 
in the surveillance status field of the airborne position 
message.

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

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

Value Meaning

0 No emergency

1 General emergency

2 Lifeguard/Medical

3 Minimum fuel

4 No communications

5 Unlawful interference

6 Reserved

7 Reserved
5-12628/11/02
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5-127 28/11/02
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Table 2-98/99. BDS codes 6,2/6,3 — Current/next trajectory change point (TCP/TCP+1)

MB FIELD

1
2
3 FORMAT TYPE CODE = 29
4
5
6 TCP Type (0 = current, 1 = next)
7 TRAJECTORY POINT/LEG TYPE
8
9 (See 2.3.9.3)

10
11 TCP DATA VALID (0 = invalid, 1 = valid)
12 TCP Format (0 = 4D TCP) TCP Format (1 = 3D TCP)
13 MSB MSB
14 TCP/TCP+1 TCP/TCP+1 
15 ALTITUDE ALTITUDE
16
17 (See 2.3.9.6) (See 2.3.9.6)
18
19
20
21
22 LSB LSB
23 MSB = 180 degrees MSB = 180 degrees
24 TCP/TCP+1 TCP/TCP+1
25 LATITUDE LATITUDE 
26 (CPR even format coding) (Angular weighted binary coding)
27 (See 2.3.9.7.1) (See 2.3.9.7.2)
28
29
30
31
32
33
34
35
36 LSB
37 MSB
38 TCP/TCP+1
39 LONGITUDE LSB = 2–17 x 360 degrees
40 (CPR even format coding) MSB = 180 degrees
41 TCP/TCP+1
42 (See 2.3.9.8.1) LONGITUDE 
43 (Angular weighted binary coding)
44 (See 2.3.9.8.2)
45
46
47
48
49
50 LSB
51 MSB
52 TCP/TCP+1
53 TIME-TO-GO (TTG)
54
55 (See 2.3.9.9)
56 LSB LSB = 2–17 x 360 degrees

PURPOSE: To provide aircraft intent as defined by the 
current or next trajectory change point.

1) Message delivery shall be accomplished using the 
event-driven protocol.
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Table 2-100. BDS code 6,4 — Aircraft operational coordination message

MB FIELD

PURPOSE: To provide the current state of the various aircraft 
parameters required to support operational applications, 
particularly those involving paired aircraft.

1) Message delivery shall be accomplished using the 
event-driven protocol.

1
2
3 FORMAT TYPE CODE = 30
4
5
6
7 SUBTYPE CODE = 0
8
9 MSB

10
11
12
13
14
15 PAIRED ADDRESS
16
17 (specified in 2.3.10.3)
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32 LSB
33 MSB
34 RUNWAY THRESHOLD SPEED
35
36 (specified in 2.3.10.4)
37 LSB
38 ROLL ANGLE SIGN BIT (specified in 2.3.10.5)
39 MSB
40 ROLL ANGLE
41 (specified in 2.3.10.6)
42
43 LSB
44 GO-AROUND (specified in 2.3.10.7)
45
46 ENGINE-OUT (specified in 2.3.10.8)
47
48
49
50 RESERVED
51
52
53
54
55
56
5-12828/11/02
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Table 2-101. BDS code 6,5 — Aircraft operational status

MB FIELD

PURPOSE: To provide the capability class and current 
operational mode of ATC-related applications on board the 
aircraft.

1) Message delivery shall be accomplished using the 
event-driven protocol.

1 MSB
2
3 FORMAT TYPE CODE = 31
4
5 LSB
6 MSB
7 SUBTYPE CODE = 0
8 LSB
9 MSB

10 EN-ROUTE OPERATIONAL CAPABILITIES (CC-4)
11 (specified in 2.3.11.3)
12 LSB
13 MSB
14 TERMINAL AREA OPERATIONAL CAPABILITIES
15 (CC-3)
16 LSB (specified in 2.3.11.4)
17 MSB
18 APPROACH/LANDING OPERATIONAL
19 CAPABILITIES (CC-2)
20 LSB (specified in 2.3.11.5)
21 MSB
22 SURFACE OPERATIONAL CAPABILITIES (CC-1)
23 (specified in 2.3.11.6)
24 LSB
25 MSB
26 EN-ROUTE OPERATIONAL CAPABILITY
27 STATUS (OM-4)
28 LSB (specified in 2.3.11.7)
29 MSB
30 TERMINAL AREA OPERATIONAL CAPABILITY
31 STATUS (OM-3)
32 LSB (specified in 2.3.11.8)
33 MSB
34 APPROACH/LANDING OPERATIONAL
35 CAPABILITY STATUS (OM-2)
36 LSB (specified in 2.3.11.9)
37 MSB
38 SURFACE OPERATIONAL CAPABILITY
39 STATUS (OM-1) 
40 LSB (specified in 2.3.11.10)
41
42
43
44
45
46
47 RESERVED
48
49
50
51
52
53
54
55
56
5-129 28/11/02
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Table 2-241. BDS code F,1 — Military applications

MB FIELD

PURPOSE: To provide data in support of military applications.

1) The character field shall be used to indicate whether 2 
characters or 4 characters are used in the Mode 1 code. 
The logic shall be as follows:

0 = 2 octal codes
(A1-A4 and B1-B4)

1 = 4 octal codes
(A1-A4, B1-B4, C1-C4 and D1-D4)

2) The status fields shall be used to indicate whether the data 
are available or unavailable. The logic shall be as follows: 

0 = Unavailable
1 = Available

1 STATUS
2 Character Field (see 1)
3 C1
4 A1
5 C2
6 A2
7 C4
8 A4 MODE 1 CODE
9 X

10 B1
11 D1
12 B2
13 D2
14 B4
15 D4
16 STATUS
17 C1
18 A1
19 C2
20 A2
21 C4
22 A4 MODE 2 CODE
23 X
24 B1
25 D1
26 B2
27 D2
28 B4
29 D4
30
31
32
33
34
35
36
37
38
39
40
41
42 RESERVED
43
44
45
46
47
48
49
50
51
52
53
54
55
56
5-13028/11/02
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Table 2-242. BDS code F,2 — Military applications

MB FIELD

PURPOSE. This register is used for military applications 
involving DF=19. Its purpose is to provide data in support of 
military applications.

‘TYPE CODE’ shall be encoded as follows:

0 = Mode code information
1 – 31 = Unassigned

1) The character field shall be used to indicate whether 2 
characters or 4 characters are used in the Mode 1 code. 
The logic shall be as follows: 

0 = 2 octal codes 
(A1-A4 and B1-B4) 

1 = 4 octal codes 
(A1-A4, B1-B4, C1-C4, and D1-D4) 

2) The status fields shall be used to indicate whether the data 
are available or unavailable. The logic shall be as follows: 

0 = Unavailable
1 = Available

1
2
3 TYPE CODE = 0
4
5
6 STATUS
7 Character Field (see 1)
8 C1
9 A1

10 C2
11 A2
12 C4
13 A4
14 X MODE 1 CODE
15 B1
16 D1
17 B2
18 D2
19 B4
20 D4
21 STATUS
22 C1
23 A1
24 C2
25 A2
26 C4
27 A4
28 X MODE 2 CODE
29 B1
30 D1
31 B2
32 D2
33 B4
34 D4
35 STATUS
36 C1
37 A1
38 C2
39 A2
40 C4
41 A4 
42 X MODE A CODE
43 B1
44 D1
45 B2
46 D2
47 B4
48 D4
49
50
51
52
53 RESERVED
54
55
56
5-131 28/11/02
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3. FORMATS FOR MODE S SPECIFIC PROTOCOLS (MSP)

3.1 MSP CHANNEL NUMBER ALLOCATIONS

The details of protocols and data transfers shall be as specified in the following paragraphs.

Note.— Some MSP channel numbers have been assigned (see Chapter 5, Table 5-25). 

3.2 UPLINK MSP CHANNELS

The following sections are numbered 3.2.X, where ‘X’ is the decimal equivalent of the uplink MSP channel number. This shall be
done to allow definitions of the hitherto undefined formats to be inserted without affecting the paragraph numbers.

For MSP packet formats refer to Chapter 5.

3.2.1 UPLINK MSP CHANNEL 1

(Reserved for specific services management)

The description of this channel has not yet been developed.

3.2.2 UPLINK MSP CHANNEL 2

(Traffic information service (TIS))

3.2.2.1 PURPOSE

The TIS shall have the capability to generate automatic alert information on any aircraft that carries an operating transponder (Mode
A/C or Mode S) or aircraft that are under primary radar tracking integrated with the SSR system.

Note.— The traffic information service (TIS) is intended to improve the safety and efficiency of “see and avoid” flight by
providing the pilot with an automatic display of nearby traffic and warnings of any potentially threatening traffic conditions. The
TIS is functionally equivalent to ACAS I, providing traffic advisories but no resolution advisory information. By utilizing the
surveillance database maintained by Mode S ground interrogators and its data link, the TIS can provide airborne traffic alerting
with a minimum airborne equipage requirement. The TIS is provided without any ATC involvement.

3.2.2.2 TIS UPLINK MESSAGE FORMATS

All TIS uplink messages shall be structured as shown below. Each TIS uplink message shall be 56 bits. TIS traffic data messages
shall consist of one or more short-form MSP packets. There shall be three types of TIS uplink messages as follows:

1) “Keep-alive”

2) “Goodbye”

3) “Traffic data”

Header
Message

type
Traffic
block 1

Traffic
block 2 

8 bits 6 bits 21 bits 21 bits
5-13228/11/02
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Note.— The formats of TIS downlink messages are defined in section 4 of this appendix under broadcast identifier 0216.

3.2.2.2.1 Message header

The 8-bit header shall be present in all TIS messages. The message header for TIS shall have the value 02 (hexadecimal), since all
TIS messages utilize the short-form MSP protocol and TIS is assigned MSP channel 2.

3.2.2.2.2 Message type

The 6-bit message type field shall be used to differentiate the different types of uplink messages:

In the case of “first segment” traffic data messages, the 6-bit message type field shall contain the Mode S interrogator-derived
tracked own-heading of the aircraft receiving the TIS message. This heading shall be quantized in 6 degree increments and shall
be expressed with reference to magnetic north at the interrogator. The own-heading value in traffic data messages shall be provided
to permit display heading correction on board the TIS-equipped aircraft by using an airborne heading sensor.

Note.— Such a heading correction may be necessary when the aircraft is manoeuvring or crabbing due to wind.

Since there may be several TIS traffic data messages to a given aircraft during a given scan, TIS processing shall be able to group
the TIS traffic data uplinks together correctly. The “first”, “intermediate”, and “final” segment type values shall provide the
necessary information to perform this grouping process. The mechanism for this shall be as specified below. Buffer space for at
least 4 TIS traffic data messages (eight aircraft) shall be provided.

3.2.2.2.2.1 Keep-alive message

The TIS keep-alive message shall contain the message header and the message type fields as described above. The message type
field shall be set to 63 decimal. The remaining bits of the message shall be unused.

3.2.2.2.2.2 Goodbye message

The TIS goodbye message shall contain the message header and the message type fields as described above. The message type field
shall be set to 62 decimal. The remaining bits of the message shall be unused.

3.2.2.2.3 Traffic information block

Each TIS traffic data message shall contain two 21-bit traffic information blocks whose structure is shown below. The six fields in
a traffic information block shall describe one TIS alert aircraft. One TIS traffic data message shall be able to define one or two
alert aircraft.

Note.— A number ‘n’ of TIS traffic data messages may be uplinked in a given scan to convey information on up to 2n alert
aircraft.

Message type value TIS message uplink type

0 to 59 Traffic data, first segment (own-heading)
60 Traffic data, intermediate segment(s)
61 Traffic data, final segment
62 Goodbye
63 Keep-alive

Traffic bearing Traffic range Relative altitude Altitude rate Traffic heading Traffic status

6 bits 4 bits 5 bits 2 bits 3 bits 1 bit
5-133 28/11/02
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3.2.2.2.3.1 Traffic bearing

The 6-bit traffic bearing field shall contain the bearing angle from the own-aircraft heading to the alert aircraft, quantized in 6
degree increments. The valid range for the traffic bearing field shall be 0 to 59 (with the exception described below).

Note.— Since this bearing angle is defined by TIS with respect to its measured own-aircraft heading, corrections from an
airborne heading source can be applied.

If there is only one alert aircraft in a given TIS traffic data message, the traffic bearing field in the unused traffic information block
shall be set to the value 63 (a bearing angle greater than 360 degrees) and the remainder of the bits in the traffic information block
shall be ignored. This shall be termed as a “null alert” block.

3.2.2.2.3.2 Traffic range

The 4-bit traffic range field shall contain the distance between own-aircraft and the alert aircraft. A non-linear range encoding shall
be used to minimize the number of bits required for this field as follows:

3.2.2.2.3.3 Relative altitude

The 5-bit relative altitude field shall contain the difference in altitude between the own-aircraft and the alert aircraft. A non-linear
encoding shall be used to minimize the number of bits required for this field. A special encoding value shall be used to indicate
that the alert aircraft has no reported altitude. By convention, a positive value in the relative altitude field shall indicate that the
alert aircraft is above the own-aircraft.

Relative altitude shall be given by:

Relative altitude = AltitudeAlert aircraft – AltitudeOwn-aircraft

where altitudes are indicated in feet.

The TIS encoding for relative altitude shall be:

Traffic range value (r) Range (in increments of 230 m (0.125 NM))

0 0 < r < 1
1 1 < r < 3
2 3 < r < 5
3 5 < r < 7
4 7 < r < 9
5 9 < r < 11
6 11 < r < 13
7 13 < r < 15
8 15 < r < 18
9 18 < r < 22
10 22 < r < 28
11 28 < r < 36
12 36 < r < 44
13 44 < r < 52
14 52 < r < 56
15 r >56

Relative altitude value (alt) Relative altitude (feet)

0 0 < alt < +100
1 +100 < alt < +200
2 +200 < alt < +300
3 +300 < alt < +400
4 +400 < alt < +500
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3.2.2.2.3.4 Altitude rate

The 2-bit altitude rate field shall indicate whether the alert aircraft is climbing, descending, or level. An altitude rate of 500 ft/min
shall be used as a threshold. The encoding of the TIS altitude rate field shall be:

3.2.2.2.3.5 Traffic heading

The 3-bit traffic heading field shall contain the heading of the alert aircraft quantized to 45 degree increments. This heading shall
be based on the Mode S ground interrogator track for the alert aircraft.

Note.— The coarse quantization of traffic heading is sufficient to aid the pilot receiving the TIS alert message to visually acquire
the traffic alert aircraft.

3.2.2.2.3.6 Traffic status

The 1-bit traffic status field shall identify the type of alert represented by this traffic information block. A status value of “ZERO”
shall indicate a “proximity” alert and a status value of “ONE” shall indicate a “threat” alert.

5 +500 < alt < +600
6 +600 < alt < +700
7 +700 < alt < +800
8 +800 < alt < +900
9 +900 < alt < +1 000
10 +1 000 < alt < +1 500
11 +1 500 < alt < +2 000
12 +2 000 < alt < +2 500
13 +2 500 < alt < +3 000
14 +3 000 < alt < +3 500
15 +3 500 < alt
16 No reported altitude
17 –100 < alt < 0
18 –200 < alt < –100
19 –300 < alt < –200
20 –400 < alt < –300
21 –500 < alt < –400
22 –600 < alt < –500
23 –700 < alt < –600
24 –800 < alt < –700
25 –900 < alt < –800
26 –1 000 < alt < –900
27 –1 500 < alt < –1 000
28 –2 000 < alt < –1 500
29 –2 500 < alt < –2 000
30 –3 000 < alt < –2 500
31 alt < –3 000

Altitude rate field value Altitude rate

0 Unused
1 Climbing (>500 ft/min)
2 Descending (>500 ft/min)
3 Level

Relative altitude value (alt) Relative altitude (feet)
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3.2.2.2.4 Handling multiple TIS alerts

As described above, the traffic data information for a given scan shall consist of one or more TIS traffic data messages. The last
traffic information block of the last TIS uplink message for this scan shall be a null-alert block if there is an odd number of alert
aircraft in this message. The null-alert condition shall be indicated by the value 63 decimal in the traffic bearing field of the traffic
information block.

3.2.2.2.4.1 The TIS traffic information blocks within a given TIS traffic data message shall be arranged with the highest
priority alerts first. All traffic information blocks with the status “threat” shall precede traffic information blocks with the status
“proximity”. Within a status class, the traffic information blocks shall be put in order of increasing traffic range.

Note.— This ordering ensures that the most critical traffic alerts will be at the head of the list of traffic information blocks.
Therefore, TIS will report on the most significant aircraft up to the limit of the number of messages transferable in one scan.

3.2.2.3 TIS TRAFFIC DATA MESSAGES GROUPING MECHANISM

3.2.2.3.1 The mechanism for grouping TIS traffic data messages for a given scan shall be based on the message type field in
each message as described in 3.2.2.2.

3.2.2.3.2 Since the Mode S Comm-A protocol can deliver multiple copies of the same message, the initial step in message
grouping shall be a check to eliminate duplicate messages. This shall be accomplished by a bit comparison of successive messages
received with the same message type.

3.2.2.3.3 After duplicate elimination, the TIS traffic data for a given grouping shall always begin with a “first” segment
message. This message shall contain the own-heading value for the group. Additional TIS traffic data messages in the grouping (if
present) shall be structured as indicated in the table below:

3.2.2.3.4 The receipt of a “first” segment shall start the formation of a message group. Subsequent TIS traffic data uplink
messages shall be added to the group until one of the following conditions occurs:

a) a TIS uplink of type “final” is received (the final is part of the group);

b) a TIS uplink of type “first” segment, “keep-alive”, or “goodbye” is received; or

c) more than 6 seconds have elapsed since the start of the group.

3.2.2.3.5 All the traffic blocks in the TIS traffic data message group (1 to n) shall form the display for the current time. A
new group shall then be initiated by the receipt of another TIS traffic data uplink “first” segment message. TIS traffic data uplink
messages of type “intermediate” or “final” shall be ignored if a new group has not been initiated by receipt of a “first” segment.

3.2.2.4 TIS ESTABLISHMENT/DISCONNECTION PROTOCOLS

The processing required to establish/disconnect TIS with Mode S ground interrogators when coverage boundaries are crossed shall
be based upon information contained in the capability registers within the aircraft’s Mode S transponder as well as two specific
TIS uplink messages.

Number of traffic aircraft Structure of group

1 First
2 First
3 First and final
4 First and final
5 First, 1 intermediate, and final
6 First, 1 intermediate, and final
7 First, 2 intermediates, and final
8 First, 2 intermediates, and final

etc. First, intermediates, and final
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3.2.2.4.1 Mode S capability report

Transponder register 1016 within the Mode S transponder shall contain bits that indicate the level of the aircraft with respect to
Mode S functions. This register shall be read by each Mode S ground interrogator that acquires the aircraft. Bit 25 of this register
shall be set to “ONE” if the aircraft carries any MSP data link services (i.e. TIS). 

Note.— This bit merely indicates the presence of MSP data link services on board the aircraft — it does NOT indicate whether
any of these services are in use by the aircrew at a given time.

3.2.2.4.2 MSP capability report

Transponder registers 1D16 to 1F16 within the Mode S transponder contain bits which indicate the dynamic state of certain MSP
data services on board the aircraft (where defined in applications, e.g. TIS). These registers shall be read by each Mode S ground
interrogator that acquires the aircraft if the Mode S capability report indicates that the aircraft carries MSP data link services. Bit
2 of the MSP capability report register 1D16 shall be set to “ONE” if TIS support is desired; otherwise, the bit shall be set to
“ZERO”. Setting and resetting this bit shall be done in conjunction with the generation of TIS “service connect requests” (TSCR)
and “service disconnect requests” (TSDR) downlink messages as specified in section 4 for downlink broadcast identifier 0216.

3.2.2.4.3 Keep-alive timer

In the absence of TIS traffic data messages, TIS keep-alive messages shall be uplinked by the Mode S ground interrogator. The
TIS airborne processor shall keep a timer that measures the time interval between TIS uplink messages received. The timer shall
be reset each time a TIS uplink message is received. If this “keep-alive” timer reaches 60 seconds (the “keep-alive” time parameter
for TIS), the TIS ground-to-air service shall be declared to have failed and TIS support is no longer available from the Mode S
ground interrogator.

Note.— The data link service processing for TIS must receive periodic uplink messages from the Mode S ground interrogator in
order to ensure that the ground-to-air link is maintained and that the ground TIS support is continuing. 

3.2.2.4.4 TIS principal interrogator identifier (II) code protocol

Each TIS uplink message shall be accompanied by a 4-bit interrogator identifier (II) code that identifies which Mode S ground
interrogator (or interrogators cluster) generated it. At any given moment, only one Mode S ground interrogator shall be declared
as the “principal interrogator” (PI). In areas having overlapping Mode S coverage by interrogators with different II codes, an
“alternate interrogator” (AI) shall also be declared. The TIS protocol for handling II codes shall be as defined below.

Note.— II codes are assigned to Mode S interrogators in such a way that interrogators with overlapping surveillance coverage
that are not clustered cannot have identical II codes. 

3.2.2.4.5 TIS display generation

If TIS messages are received from more than one interrogator at a time, only those TIS messages from the interrogator currently
declared as the PI shall be displayed to the pilot. TIS messages from interrogators other than the PI shall be discarded, except for
the AI processing described below.

3.2.2.4.6 Alternate interrogator (AI) identification

The II code of the most recently received TIS message not from the PI shall be retained as the AI. In the case that no TIS messages
have been received from interrogators other than the PI (as described below), no current AI shall be defined. The AI definition shall
be initialized to the “none state” when TIS is enabled (TSCR) or disabled (TSDR) by the pilot.
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3.2.2.4.7 Principal interrogator (PI) identification

The II code of the first Mode S ground interrogator to respond to the TSCR downlink message with a TIS uplink message becomes
the PI. The PI shall be retained until either:

a) the PI sends a TIS “goodbye” uplink message; or

b) there is a TIS “keep-alive” time-out on the PI.

In either case, the AI (if one is present) shall be promoted to PI and its TIS messages shall now be displayed. A new AI shall now
be identified. If there was no available AI, no PI is now available and the airborne TIS processor shall be in the “no TIS supported”
state. This state shall continue until a TIS message (either traffic or keep-alive) is received from a Mode S ground interrogator.
When such an uplink message is received, the II code contained in the message shall become the PI and the airborne processing
shall resume the display of TIS. The PI definition shall be initialized to the “none” state when TIS is enabled (TSCR) or disabled
(TSDR) by the pilot.

3.2.3 UPLINK MSP CHANNEL 3

(Reserved for ground-to-air alert)

The description of this channel has not yet been developed.

3.2.4 UPLINK MSP CHANNEL 4

(Reserved for ground-derived position)

The description of this channel has not yet been developed.

3.2.5 UPLINK MSP CHANNEL 5

(ACAS sensitivity level control)

The description of this channel has not yet been developed.

3.2.6 UPLINK MSP CHANNEL 6

(Ground-to-air request)

3.2.6.1 PURPOSE

This service shall provide a means of requesting access to services supported by the aircraft. When implemented, bit 6 of the
register accessed by BDS code 1,D shall be set to a 1.

3.2.6.2 FORMAT

The request shall be transferred in an uplink MSP packet with the channel number set to 6 and, in the case of a long form MSP
packet, with SP set to “ZERO”. The first byte of the user data field shall contain a service request (SR) header. The contents and
format of the service request are specified by the application.

3.2.6.3 SR HEADER ASSIGNMENTS

Decimal value of SR

0 Unassigned
1 Dataflash
2 Local system management
3 to 255 Unassigned
5-13828/11/02
No. 77



Part I Annex 10 — Aeronautical Telecommunications
3.2.6.3.1 Dataflash

3.2.6.3.1.1 Dataflash request format

The format of the user data field shall be as specified in Table 3-1. The user data field of the requesting MSP packet shall contain
the decimal value of “ONE” in the first byte (SR header), followed by one or more requests for dataflash services. Each request
shall contain a 2-byte dataflash request header (DH), followed by a 1-byte field to define the minimum time interval permitted
between reports (MT field), a 4-bit field to determine the event criterion (EC field), a 4-bit field to determine stable time (ST field),
and if indicated in EC, a change quanta field (CQ) and a change threshold (CT) field. The 4-bit ST field shall indicate the decimal
value in seconds and how long the changed data has been stable before a message shall be initiated. All zeros in the dataflash header
(DH) shall indicate that there are no more dataflash requests in the packet. When an MSP packet is completely filled with dataflash
requests, or when there is not sufficient room in the packet for another dataflash request header, it shall be assumed that the
dataflash request sequence is complete.

3.2.6.3.1.1.1 All aircraft dataflash equipment and installations shall support 16 dataflash contracts. Aircraft equipment and
installations originally certified after 1 January 2001 shall support 64 dataflash contracts.

Note 1.— A single dataflash contract relates to a single contract number (see 3.2.6.3.1.2.1) for a single register for a particular
II code. Therefore, dataflash services, with different DH values for each II code, can be established simultaneously with the same
aircraft. These may be modified or discontinued independently of each other. 

3.2.6.3.1.1.2 Recommendation.— When a request has been accepted by the aircraft system, a dataflash response should be
triggered immediately regardless of thresholds or event criteria. If no response is received in 30 seconds then a check should be
made that the aircraft is still available on roll call, and if so a new request should be generated. In order to avoid repeated dataflash
requests that produce no response, the number of such requests (N) should be limited (N = 3).

3.2.6.3.1.1.3 When a new contract request is received for a contract already in existence, the old contract shall be discontinued
and replaced immediately by the latest one.

3.2.6.3.1.2 Dataflash header (DH) 16 bits

The 16-bit DH field is divided into four subfields separated by 3 reserved bits (14 through 16) see Table 3-1.

3.2.6.3.1.2.1 Contract number subfield (CNS) 4 bits 
(Bits 9 to 12 of the uplink MSP 6 
user data field when SR = 1)

This subfield shall be interpreted as a contract number permitting 16 different contracts to be associated with the register specified
by the BDS1 and BDS2 codes of this contract request. Contract numbers available are 0 to 15 and shall be associated with the II
code of the contract request.

3.2.6.3.1.2.2 Request data subfield (RDS) 1 bit 
(Bit 13 of the uplink MSP 6 
user data field when SR = 1

This subfield shall indicate whether or not the contents of the register being monitored by the requested contract must be sent in
the MSP packets on downlink channel 3 that are sent each time the criterion for the contract is met. The subfield shall be interpreted
as follows:

RDS = 0 Send only bits 1 to 40 of the user data field on downlink MSP 3 when the contract criterion is met.

RDS = 1 Send bits 1 to 96 of the user data field on downlink MSP 3 when the contract criterion is met.

Note.— RDS only indicates the length of the user data field in downlink MSP3 when responding with a value zero in the CI
field (see 3.3.3.4.3.1).
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3.2.6.3.1.2.3 BDS1 and BDS2 codes 8 bits 
(Bits 17 to 24 of the uplink MSP6 user data field)

BDS1 and BDS2 codes of the register for which the contract is required shall be as specified in Annex 10, Volume IV.

3.2.6.3.1.3 Minimum time (MT) 8 bits

The decimal value of the 8-bit MT field shall represent the minimum time in seconds that shall elapse after a report has been event-
triggered and sent to the transponder, before a new report can be initiated. The report sent to the transponder shall always be the
most current data available.

3.2.6.3.1.4 Event initiation

Event initiation shall be controlled by the two following fields.

3.2.6.3.1.4.1 Event criterion subfield (EC) 4 bits

The EC field shall be the four most significant bits following the MT field. If multiple events occur within a single register being
monitored by a dataflash contract, (e.g. if more than one parameter shows a significant change) only one message shall be triggered.
The decimal value of the EC field shall be interpreted as follows:

0 No report required, discontinue service for the contract specified in the DH field.

1 Report any change.

2 56-bit change field (CQ) follows ST. Only report changes to bits indicated by a “ONE” in CQ.

3 56-bit field CQ follows ST. For each parameter report all status changes and all changes of the parameter greater than the
quantum value indicated in the same units and resolution of the field in CQ corresponding to that parameter. A zero in
the field in CQ corresponding to the parameter indicates that no reports are required.

4 112 bits of CQ plus CT follow ST. The first 56 bits are as for the EC value 3 above. The second 56 bits are the CT field
indicating a threshold value in the field corresponding to the parameter. Report all changes above the threshold where the
value in CQ gives the change quantum.

5 112 bits of CQ plus CT follow ST. Same as for the EC value 4 above except: report all changes below the threshold.

6 112 bits of CQ plus CT follows ST. Same as for EC values 4 and 5 above except: report only when the threshold is crossed
(in either direction).

7 to 14 Not assigned

15 Cancel all contracts for the II code in this request.

3.2.6.3.1.4.2 Stable time field (ST) 4 bits

The ST field shall be the 4 bits following the EC field. The decimal value of ST shall indicate in seconds how long the changed
data have been stable, to within the change quanta specified in the CQ field, before a message shall be initiated. A value of “ZERO”
in this subfield shall indicate that there is no minimum stable time and any change immediately initiates a message. The significance
of the ST shall be dependent on which EC mode is being used. For EC modes 4 and 5, regarding stability whilst above/below a
threshold, if a parameter value remains above/below the defined threshold for greater than the ST time then a dataflash message
shall be generated even if the value does not remain stable to within one quantum. Subsequent quantum changes which are stable
for greater than the ST time shall generate further dataflash messages until the value falls below/rises above the threshold.
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3.2.6.3.1.5 Change fields — change quanta (CQ) and change threshold (CT)

These fields shall be present when indicated in EC. For a transponder register service (i.e. for BDS1 and BDS2 from 1 to 255
inclusive), CQ shall be contained in bits 41 to 96 of the MSP 6 user data field. CT, when required, shall be contained in bits 97 to
152 of the MSP 6 user data field. The quantum value in the CQ field shall be indicated in the same units and resolution as those
specified for the register being monitored. It shall specify the amount by which the parameter must change, from its value at the
initialization of the contract, and thereafter from the value last reported by a dataflash response, in order to trigger a new dataflash
response on downlink MSP channel 3 (see Table 3-1).

3.2.6.3.2 Local system management

The purpose of the local system management is to provide a particular ground-air service request that can be defined locally to
meet particular requirements (such as for ground station “remote setting” of parameters at the far-field monitor).

3.2.7 UPLINK MSP CHANNEL 7

(Reserved for response to air-to-ground service request)

The description of this channel has not yet been developed.

3.2.8 UPLINK MSP CHANNEL 8

(Reserved for trajectory negotiation)

The description of this channel has not yet been developed.

3.2.9 UPLINK MSP CHANNELS 9 TO 63

These channels have not been assigned.

3.3 DOWNLINK MSP CHANNELS

The following sections are numbered 3.3.X, where “X” is the decimal number equivalent to the downlink MSP channel number.
This is done to allow definitions of the hitherto undefined formats to be inserted without affecting paragraph numbers.

3.3.1 DOWNLINK MSP CHANNEL 1

(Reserved for specific services management)

The description of this channel has not yet been developed.

3.3.2 DOWNLINK MSP CHANNEL 2

This channel has not been assigned.

3.3.3 DOWNLINK MSP CHANNEL 3

3.3.3.1 PURPOSE

Dataflash is a service which announces the availability of information from air-to-ground on an event-triggered basis. When
implemented, bit 31 of the register accessed by BDS code 1,D shall be set to a 1.
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Note.— This is an efficient means of downlinking information which changes occasionally and unpredictably. 

3.3.3.2 SERVICE INITIATION AND TERMINATION

3.3.3.2.1 The dataflash service shall be initiated or discontinued by a service request and is received on uplink MSP channel
6 with a decimal value of ONE in the service request (SR) header, which is contained in the first byte of the user data field. This
indicates that the rest of the user data field shall contain a dataflash request. On the receipt of such a request, a dataflash message
from the register concerned with the request shall immediately be made available and announced to the ground regardless of the
setting of the RDS field in the contract request and of any event criteria. The response shall be as follows.

3.3.3.2.2 When the requested register is being serviced, the contract shall be established and an MSP packet as specified in
Table 3-2 shall be announced to the ground on MSP channel 3. The CI field must be set to a value of 1. The message shall be used
by the ground system to confirm that the service has been initiated.

3.3.3.2.3 If the requested register is not being serviced, the contract shall not be established. This shall be indicated by
announcing the MSP packet on downlink MSP channel 3 to the ground containing only bits 1 to 40 as specified in Table 3-2, and
with a value of 2 in the CI field.

3.3.3.2.4 If the maximum number of contracts that can be supported are already established, then the new contract shall be
refused. This shall be indicated by announcing to the ground an MSP packet on downlink channel 3, as specified in Table 3-2, and
with a value of 3 in the CI field.

3.3.3.2.5 In the case of a request from the ground to terminate the service for a particular register, the termination of the service
shall be confirmed by announcing to the ground an MSP packet on downlink channel 3, as shown in Table 3-2, and with a value
of 4 in the CI field.

3.3.3.2.6 In the case of a request from the ground to terminate the service for all contracts to a particular II code, the
termination of the service shall be confirmed by announcing to the ground an MSP packet on downlink channel 3, as shown in
Table 3-2, and with a value of 5 in the CI field.

3.3.3.2.7 When the transponder register service fails for an established contract, the contract shall be terminated by the airborne
application. This will be indicated by announcing to the ground an MSP packet on the downlink channel 3, as shown in Table 3-2,
and with a value of 7 in the CI field. Transponder register service shall be deemed to have failed when any of the parameters
specified to be monitored in the negotiation of the contract are not being updated at the specified minimum rate.

3.3.3.2.8 When a contract is refused due to an invalid value of the EC field in the contract request, this shall be indicated by
announcing to the ground an MSP packet on downlink channel 3, as shown in Table 3-2, and with a value of 15 in the CI field.

3.3.3.2.9 If any message is not extracted from the transponder by a ground interrogator within 30 seconds, the aircraft
subnetwork shall cancel the message and generate a delivery failure notice (i.e. the TZ timer expires), which shall be delivered to
the aircraft MSP service provider. When a delivery failure notice is received the service shall be automatically terminated by the
dataflash function with no indication to the ground system.

Note.— This is to prevent the transponder message queues being blocked when the ground interrogator stops supplying the
message extraction service, either due to a fault or loss of cover. It is the responsibility of the ground application to monitor the
dataflash service taking this into account.

3.3.3.2.10 When the transponder has not been selectively interrogated by a Mode S interrogator with a particular II code for
60 seconds (determined by monitoring the IIS subfield in all accepted Mode S interrogations), all dataflash contracts related to that
II code shall be cancelled with no indication to the ground system.

3.3.3.3 SERVICE PROVISION

On the receipt of a dataflash request, the requested parameters shall be monitored and transferred to the ground using the Mode S
air-initiated protocols directed to the II code that was contained in the requesting interrogation. In order to prevent the flooding of
the transponder with dataflash messages, an upper limit of ten messages in a six-second period shall be imposed. When the limit
of ten messages within a six-second period is reached, further messages shall be queued until they can be sent. Messages queued
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in this way shall respond with a CI field value of 6. If after initiating a dataflash message to the ground, the change criterion is
met again prior to the message being entered into the transponder for announcement, the message is considered stale and shall be
replaced by the most up-to-date information.

3.3.3.4 DOWNLINK MESSAGE STRUCTURE

The information shall be transferred in a downlink MSP packet with the channel number M/CH = 3. The format is shown in
Table 3-2. The first two bytes of the user data (UD) field shall contain a dataflash header (DH) which shall be identical to the DH
field that was contained in the request for service.

3.3.3.4.1 Bits 17 to 31 of UD form the II code contract report (CR) field in which each bit shall indicate that at least one
contract is active with the II code, which the bit represents when it is set to a ONE; otherwise, there are no active contracts with
that II code.

3.3.3.4.2 Bits 32 to 36 of UD are not assigned.

3.3.3.4.3 Bits 37 to 40 of UD form the contract information (CI) field which shall be interpreted as follows:

3.3.3.4.3.1 When the CI field is equal to zero, the response shall be as requested by the RDS field in the dataflash header of
the contract (see 3.2.6.3.1.2.2). When the CI field is not equal to zero, the response shall only contain bits 1 to 40 of the user data
field on downlink MSP 3 (see Table 3-2).

3.3.3.5 DATA EXTRACTION BY MODE S GROUND STATIONS

The dataflash transaction shall be announced as a downlink frame in response to interrogations UF 4, 5, 20, or 21. The transaction
announced shall be either a single segment Comm-B frame or a two segment Comm-B frame, as requested by the contract
negotiations. The air-directed Comm-B first segment shall contain the MSP header, dataflash header, and control information for
that particular contract. In the case of a contract for a single segment response, if the data is required, it is acquired directly by the
ground station extracting the register in question.

3.3.4 DOWNLINK MSP CHANNEL 4

(Reserved for position request)

The description of this channel has not yet been developed.

CI field value Meaning

0 Response to existing contract
1 New contract established
2 New contract not accepted, or existing contract terminated, due to no transponder 

register data service
3 New contract not accepted due to maximum number of contracts already being 

serviced
4 Contract terminated for the DH in this response due to a request from the ground
5 All contracts terminated for the II code that delivered the MSP packet having an 

EC value of 15 that requested this response 
6 Response has been queued due to the limit of six dataflash messages in a 

ten-second period
7 Contract terminated due to failure of the register data service

8 to 14 Unassigned
15 New contract not accepted due to invalid number in EC field of requested uplink 

MSP packet
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3.3.5 DOWNLINK MSP CHANNEL 5

This channel has not been assigned.

3.3.6 DOWNLINK MSP CHANNEL 6

(Reserved for response to ground-to-air service request.) (See Table 3-3.)

The first byte of the user data (UD) field in the downlink MSP channel 6 shall be used to define a response type (RT) field as
follows:

RT = 0 Unassigned

RT = 1 (Reserved)

RT = 2 Local system management

RT = 3 to 255 Unassigned

When implemented, bit 34 of register 1D16 is set to a 1.

Note.— The response to a ground-air service request can be used to transfer information resulting from such a service. 

3.3.7 DOWNLINK MSP CHANNEL 7

(Reserved for air-to-ground request)

The description of this channel has not yet been developed.

3.3.8 DOWNLINK MSP CHANNEL 8

(Reserved for trajectory negotiation)

The description of this channel has not yet been developed.

3.3.9 DOWNLINK MSP CHANNELS 9 TO 63

These channels have not been assigned.
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TABLES FOR SECTION 3

Table 3-1. Request for dataflash monitoring service
Mode S SLM frame containing uplink MSP packet on channel 6 when SR = 1

MSP 6 USER DATA FIELD

Bits 1 to 40 Bits 41 to 96 (if required) Bits 97 to 152 (if required)
DP = 0   (1 BIT)

UPLINK MSP
HEADER
(1 BYTE)

41 97  
MP = 0   (1 BIT) 42 98

43 99
44 100

M/CH = 6  (6 BITS) 45 101
46 102
47 103
48 104

1 49 105
2 50 106
3 51 107
4 SERVICE REQUEST (SR) = 1 52 108
5 53 109
6 54 110
7 55 111
8 56 112
9 CONTRACT

DATAFLASH
HEADER (DH)

57 113
10 NUMBER 58 114
11 SUBFIELD 59 115
12 (CNS) 60 CHANGE

QUANTA
FIELD (CQ)

116 CHANGE
13 REQUEST DATA (RDS) 61 117 THRESHOLD
14 62 118 FIELD (CT)
15 RESERVED 63 119
16 64 120
17 65 121
18 BDS1 66 122
19 CODE 67 123
20 68 124
21 69 125
22 BDS2 70 126
23 CODE 71 127
24 72 128
25 73 129
26 74 130
27 MINIMUM 75 131
28 TIME (MT) 76 132
29 INTERVAL 77 133
30 78 134
31 79 135
32 LSB = 1 second 80 136
33 81 137
34 EVENT 82 138
35 CRITERION (EC) 83 139
36 84 140
37 85 141
38 STABLE TIME (ST) 86 142
39 87 143
40 LSB = 1 second 88 144

89 145
90 146
91 147
92 148
93 149

The last byte of the final MA field 
shall always be unassigned.

94 150
95 151
96 152
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Table 3-2. Dataflash for register monitoring service
Mode S frame containing downlink MSP packet on Channel 3

MSP 3 USER DATA FIELD
Bits 1 to 40 Bits 41 to 96

 LINKED COMM B SUBFIELD (LBS) 41
(2 BITS) 42
 DP = 0   (1 BIT) 43
 MP = 0   (1 BIT) 44

 45
46 See 5.2.7.3 for specification of

M/CH = 3  (6 BITS) 47 MSP packets
MSP 48
HEADER 49

50
51
52

 FILL 1 = 0   (6 BITS) 53
54
55
56

1 CONTRACT 57
2 NUMBER 58
3 SUBFIELD 59
4 (CNS) 60
5 REQUEST DATA (RDS) 61
6 62
7 RESERVED 63
8 DATAFLASH 64 REGISTER
9 HEADER (DH) 65 MESSAGE

10 BDS1 66 CONTENT
11 CODE 67
12 68
13 69
14 BDS2 70
15 CODE 71
16 72
17 II = 1 73
18 II = 2 74
19 II = 3 75
20 II = 4 76
21 II = 5 77
22 II = 6 78
23 II = 7           II CODE 79
24 II = 8         CONTRACT 80
25 II = 9         REPORT (CR) 81
26 II = 10 82
27 II = 11 83
28 II = 12 84
29 II = 13 85
30 II = 14 86
31 II = 15 87
32 88
33 89
34 NOT ASSIGNED 90
35 91
36 92
37 93
38 CONTRACT 94
39 INFORMATION 95
40 (CI) 96
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Table 3-3. Response to ground-to-air service request
Mode S frame containing downlink MSP packet on channel 6

MSP 6 USER DATA FIELD
Bits 1 to 40 Bits 41 to 96

LINKED COMM B SUBFIELD (LBS) 41
(2 BITS) 42 This packet shall always 

be sent as a linked Comm-B. The 
second segment being a direct 
copy of the relevant register.

DP = 0   (1 BIT) 43
MP = 0   (1 BIT) 44

45
46

M/CH = 6  (6 BITS) 47
48

MSP 49
HEADER 50

51
52

FILL 1 = 0  (6 BITS) 53
54
55
56

1 57
2 58
3 59 REGISTER 

MESSAGE 
CONTENT

4 60
5 61
6 62
7 63
8 RESPONSE 64
9 TYPE 65

10 66
11 67
12 68
13 69
14 70
15 71
16 72
17 73
18 74
19 75
20 76
21 77
22 78
23 79
24 80
25 81
26 82
27 83
28 84
29 USER 85
30 DEFINED 86
31 87
32 88
33 89
34 90
35 91
36 92
37 93
38 94
39 95
40 96
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4. MODE S BROADCAST PROTOCOLS

4.1 BROADCAST CHANNEL NUMBER ALLOCATIONS

The broadcast identifiers shall be represented as a two-digit hexadecimal number, e.g. “XX16”

Note.— There are 255 broadcast identifiers available on both the uplink and downlink. Broadcast identifier numbers have been
assigned for some applications (see Chapter 5, Table 5-23).

The data formats for the data link capability report and for aircraft identification together with the assignment of the broadcast
identifiers shall be as defined in Annex 10, Volumes III and IV, respectively.

4.2 UPLINK BROADCAST IDENTIFIERS

The following sections are numbered 4.2.X, where “X” is the decimal equivalent of the uplink broadcast identifier number. This
is done to allow definitions of the hitherto undefined formats to be inserted without affecting the paragraph numbering.

4.2.1 UPLINK BROADCAST IDENTIFIER 0116

(Reserved for differential GNSS correction)

The description of this identifier has not yet been developed.

4.2.2 TO 4.2.47 UPLINK BROADCAST
IDENTIFIERS 0216 to 2F16

These identifiers have not been assigned.

4.2.48 UPLINK BROADCAST IDENTIFIER 3016

(Not valid)

4.2.49 UPLINK BROADCAST IDENTIFIERS 3116

(Reserved for RA broadcast (see Annex 10, Volume IV, 4.3.8.4.2.3.4)).

4.2.50 UPLINK BROADCAST IDENTIFIERS 3216

(Reserved for ACAS (see Annex 10, Volume IV, 4.3.8.4.2.3.3)).

4.2.51 TO 4.2.255 UPLINK BROADCAST
IDENTIFIERS 3316 to FF16

These identifiers have not been assigned.

4.3 DOWNLINK BROADCAST IDENTIFIER

The following sections are numbered 4.3.X, where “X” is the decimal equivalent of the downlink broadcast identifier number. This
is done to allow definitions of the hitherto undefined formats to be inserted without affecting the paragraph numbering.
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4.3.1 DOWNLINK BROADCAST IDENTIFIER 0116

This identifier has not been assigned.

4.3.2 DOWNLINK BROADCAST IDENTIFIER 0216

(Traffic information service)

4.3.2.1 INTRODUCTION

The traffic information service shall be provided by uplinking information on proximate aircraft that may be of interest to
own-aircraft by a Mode S interrogator on uplink MSP channel 2.

Note.— The service and uplink messages are specified in 3.2.2 under “Uplink MSP Channel 2”.

It shall be possible for the aircraft to request to be either connected to or disconnected from the TIS service. These requests shall
be made using the Mode S broadcast protocol using broadcast identifier 0216. These requests shall be the only downlink messages
used by the TIS.

4.3.2.2 TIS DOWNLINK MESSAGES

The TIS airborne data link service shall be able to generate two types of Mode S downlink messages:

a) TIS service connect request (TSCR); and

b) TIS service disconnect request (TSDR).

Both the TSCR and the TSDR shall be sent as Comm-B broadcast messages using the broadcast identifier 0216. 

Note.— The use of the Mode S Comm-B broadcast protocol deals with the case of multiple Mode S interrogators with
overlapping coverage, which are in contact with a given TIS aircraft at the same time.

The format of a TIS downlink message (either TSCR or TSDR) shall be as specified below:

The message header shall be the standard message header for TIS described in uplink MSP channel 2 (see 3.2.2, uplink MSP
channels). The 8-bit data link service identifier numbers (DIN) shall be read and processed sequentially from the TCSR or TSDR
message until either:

a) DIN i = 0; or

b) all bits of the downlink message have been processed.

Note 1.— This structure and protocol for MSP downlink service requests allow for future expansion and use by other MSP data
link services.

Note 2.— The principal and alternate TIS II codes in the TIS process (see 3.2.2, Uplink MSP Channel 2) are set to the “none”
state when either a TSCR or TSDR is generated.

Header DIN 1 DIN 2 DIN 3 DIN 4 DIN 5 DIN 6

8 bits 8 bits 8 bits 8 bits 8 bits 8 bits 8 bits
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4.3.2.2.1 TCSR format

This TIS Comm-B downlink message shall be generated when the pilot requests the initiation of TIS service. The TSCR message
shall be generated at the same time as the MSP capability report bit for TIS is set to “ONE”. A TSCR shall be identified by a DIN
value of 1. The TSCR shall be defined as a Comm-B broadcast message so that any Mode S ground interrogator capable of
supporting TIS can respond to it.

4.3.2.2.2 TSDR format

This TIS Comm-B broadcast downlink message shall be generated when the pilot requests termination of TIS service. The TSDR
message shall be generated at the same time as the MSP capability report bit for TIS is set to “ZERO”. A TDSR shall be identified
by a DIN value of 2. The TDSR shall be defined as a Comm-B broadcast message so that any Mode S interrogator supporting TIS
can respond to it.

4.3.3 TO 4.3.15 DOWNLINK BROADCAST
IDENTIFIERS 0316 to 0F16

These identifiers have not been assigned.

4.3.16 DOWNLINK BROADCAST IDENTIFIER 1016

(Data link capability report)

See Table 2-16.

4.3.17 TO 4.3.31 DOWNLINK BROADCAST
IDENTIFIERS 1116 to 1F16

These identifiers have not been assigned.

4.3.32 DOWNLINK BROADCAST IDENTIFIER 2016

(Aircraft identification)

See Table 2-32.

4.3.33 TO 4.3.253 DOWNLINK BROADCAST
IDENTIFIERS 2116 to FD16

These identifiers have not been assigned.

4.3.254 DOWNLINK BROADCAST IDENTIFIER FE16

(Reserved for update request)

See Chapter 5.

4.3.255 DOWNLINK BROADCAST IDENTIFIER FF16

(Reserved for search request)

See Chapter 5.
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CHAPTER 6. VHF AIR-GROUND DIGITAL LINK (VDL)

6.1 DEFINITIONS AND
SYSTEM CAPABILITIES

Note 1.— The very high frequency (VHF) digital link (VDL)
Mode 2 and the VDL Mode 4 provide data service capabilities.
The VDL Mode 3 provides both voice and data service
capabilities. The data capability is a constituent mobile
subnetwork of the aeronautical telecommunication network
(ATN). In addition, the VDL may provide non-ATN functions.
Standards and Recommended Practices (SARPs) for the VDL
are defined and referenced below.

Note 2.— Additional information on VDL is contained in
the Manuals on VDL Mode 2, VDL Mode 3 and VDL Mode 4
Technical Specifications.

Note 3.— Sections 6.1.2 to 6.8.2 contain Standards and
Recommended Practices for VDL Modes 2 and 3. Section 6.9
contains Standards and Recommended Practices for VDL
Mode 4.

6.1.1 Definitions

Automatic dependent surveillance-broadcast (ADS-B). A
surveillance technique in which aircraft automatically
provide, via a broadcast mode data link, data derived from
on-board navigation and position-fixing systems, including
aircraft identification, four-dimensional position, and
additional data as appropriate.

Broadcast. A transmission of information relating to air navi-
gation that is not addressed to a specific station or stations.

Burst. A time-defined, contiguous set of one or more related
signal units which may convey user information and
protocols, signalling, and any necessary preamble.

Current slot. The slot in which a received transmission begins.

Data circuit-terminating equipment (DCE). A DCE is a net-
work provider equipment used to facilitate communications
between DTEs.

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

Data link service (DLS) sublayer. The sublayer that resides
above the MAC sublayer. For VDL Mode 4, the DLS
sublayer resides above the VSS sublayer. The DLS manages

the transmit queue, creates and destroys DLEs for
connection-oriented communications, provides facilities for
the LME to manage the DLS, and provides facilities for
connectionless communications.

Data terminal equipment (DTE). A DTE is an endpoint of a
subnetwork connection.

Extended Golay Code. An error correction code capable of
correcting multiple bit errors.

Frame. The link layer frame is composed of a sequence of
address, control, FCS and information fields. For VDL
Mode 2, these fields are bracketed by opening and closing
flag sequences, and a frame may or may not include a
variable-length information field.

Gaussian filtered frequency shift keying (GFSK). A
continuous-phase, frequency shift keying technique using
two tones and a Gaussian pulse shape filter.

Global signalling channel (GSC). A channel available on a
world-wide basis which provides for communication
control.

Link. A link connects an aircraft DLE and a ground DLE and
is uniquely specified by the combination of aircraft DLS
address and the ground DLS address. A different
subnetwork entity resides above every link endpoint.

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

Link management entity (LME). A protocol state machine
capable of acquiring, establishing and maintaining a
connection to a single peer system. An LME establishes
data link and subnetwork connections, “hands-off” those
connections, and manages the media access control
sublayer and physical layer. An aircraft LME tracks how
well it can communicate with the ground stations of a
single ground system. An aircraft VME instantiates an
LME for each ground station that it monitors. Similarly, the
ground VME instantiates an LME for each aircraft that it
monitors. An LME is deleted when communication with
the peer system is no longer viable.

M burst. A management channel data block of bits used in
VDL Mode 3. This burst contains signalling information
needed for media access and link status monitoring.
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6.7.2 VDL Mode 3 SNDCF

6.7.2.1 The VDL Mode 3 shall support one or more of the
defined SNDCFs. The first is the standard ISO 8208 SNDCF
as defined in Doc 9705. This is a connection-oriented SNDCF.
The second type of SNDCF supported by VDL Mode 3 is
denoted frame-based SNDCF. The details of this connection-
less oriented SNDCF are contained in the Manual on VDL
Mode 3 Technical Specifications, including network layer
interface, support for broadcast and unicast network packets,
and ATN router support.

Note.— The framed-based SNDCF is termed such because
it uses the VDL Mode 3 frames without the need for an
additional protocol (viz. ISO 8208 SNDCF) to transfer
network packets. The frame-based SNDCF achieves
independence from the network protocol by identifying the
payload of each frame. Upon receipt of a frame, the payload
is examined and control is passed to the protocol identified. 

6.8 VOICE UNIT FOR MODE 3

6.8.1 Services

6.8.1.1 The voice unit shall provide for a simplex,
“push-to-talk” audio and signalling interface between the user
and the VDL. Two separate mutually exclusive voice circuit
types shall be supported:

a) Dedicated circuits: This shall provide service to a
specific user group on an exclusive basis with no
sharing of the circuit with other users outside the group.
Access shall be based on a “listen-before-push-to-talk”
discipline.

b) Demand assigned circuits: This shall provide voice
circuit access which is arbitrated by the ground station
in response to an access request received from the
aircraft station. This type of operation shall allow
dynamic sharing of the channel resource increasing
trunking efficiency.

6.8.1.2 Priority access. The voice unit operation shall
support a priority override access for authorized ground users.

6.8.1.3 Message source identification. The voice unit
operation shall support notification to the user of the source of
a received message (i.e. whether the message originated from
an air or ground station). 

6.8.1.4 Coded squelch. The voice unit shall support a
coded squelch operation that offers some degree of rejection of
undesired co-channel voice messages based on the burst time
of arrival.

6.8.2 Speech encoding, parameters
and procedures

6.8.2.1 The VDL Mode 3 shall use the advanced
multiband excitation (AMBE) 4.8 kbits/s encoding/decoding
algorithm, version number AMBE-ATC-10, developed by
Digital Voice Systems, Incorporated (DVSI) for voice
communications.

Note 1.— Information on technical characteristics of the
4.8 kbits/s AMBE algorithm is contained in AMBE-ATC-10
Low Level Description, obtainable from DVSI.

Note 2.— The 4.8 kbits/s AMBE encoding/decoding
technology described in the document is subject to DVSI
patent rights and copyrights. Manufacturers must enter into a
license agreement with DVSI prior to obtaining a detailed
description of the algorithm before incorporation in equipment
operating in the VDL Mode 3 service. By letter to ICAO dated
29 October 1999, DVSI confirmed its commitment to license
the technology for the manufacture and sale of aeronautical
equipment under reasonable terms and conditions, negotiated
on a non-discriminatory basis.

6.8.2.2 Speech encoding definition, voice unit parameters,
and procedure descriptions for VDL Mode 3 Voice Unit
operation are contained in the Manual on VDL Mode 3
Technical Specifications.

6.9 VDL MODE 4

6.9.1 A Mode 4 station shall conform to the requirements
defined in sections 6.1.2.3, 6.1.4.2, 6.2.1.1, 6.2.3.1, 6.2.4,
6.3.1, 6.3.3.1, 6.3.4, 6.3.5.1, 6.3.5.2, 6.3.5.3, 6.3.5.4.1 and 6.9.

6.9.2 VDL Mode 4 radio channels

6.9.2.1 VDL MODE 4 STATION FREQUENCY RANGE

6.9.2.1.1 Transmitter/receiver tuning range. A VDL
Mode 4 transmitter/receiver shall be capable of tuning to any
of the 25 kHz channels from 117.975 MHz through 137 MHz.
The transmitter shall have a means for the tuning range to be
restricted to a narrower range.

Note.— Operational conditions or certain applications may
require the equipment to be operated in a narrower frequency
range.

6.9.2.1.2 Recommendation.— A VDL Mode 4 transmit-
ter/receiver should be capable of tuning to any of the 25 kHz
channels from 108 to 117.975 MHz.

Note.— The band 108–117.975 MHz may be utilized in
accordance with the relevant provisions of the ITU Radio
Regulations.
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6.9.5.3.3.2 Measurement of channel power. Regardless of
the ability of the demodulator to detect a valid training
sequence, a VDL Mode 4 station shall consider the channel
busy with at least a 95 per cent probability within 1 ms after
on-channel power rises to the equivalent of at least four times
the estimated noise floor for at least 0.5 milliseconds.

6.9.5.3.4 Channel busy to idle detection

6.9.5.3.4.1 A VDL Mode 4 station shall employ the
following means to determine the channel busy to idle
transition.

6.9.5.3.4.2 Measurement of transmission length. When
the training sequence has been detected, the channel busy
state shall be held for a period of time at least equal to
5 milliseconds, and subsequently allowed to transition to the
idle state based on measurement of channel power.

6.9.5.3.4.3 Measurement of channel power. When not
otherwise held in the channel busy state, a VDL Mode 4
station shall consider the channel idle with at least a 95 per
cent probability if on-channel power falls below the equivalent
of twice the estimated noise floor for at least 0.9 milliseconds.

6.9.5.4 RECEIVER/TRANSMITTER INTERACTION

6.9.5.4.1 Receiver to transmitter turnaround time. A VDL
Mode 4 station shall be capable of beginning the transmission
of the transmitter power stabilization sequence within
16 microseconds after terminating the receiver function.

6.9.5.4.2 Frequency change during transmission. The
phase acceleration of the carrier from the start of the
synchronization sequence to the data end flag shall be less than
300 Hz per second.

6.9.5.4.3 Transmitter to receiver turnaround time. A VDL
Mode 4 station shall be capable of receiving and demodulating
with nominal performance an incoming signal within 1 ms
after completing a transmission.

Note.— Nominal performance is defined as a bit error rate
(BER) of 10–4. 

6.9.5.5 PHYSICAL LAYER SYSTEM PARAMETERS

6.9.5.5.1 Parameter P1 (minimum transmission length)

6.9.5.5.1.1 A receiver shall be capable of demodulating a
transmission of minimum length P1 without degradation of
BER.

6.9.5.5.1.2 The value of P1 shall be 19 200 bits.

6.9.5.5.2 Parameter P2 (nominal co-channel interference
performance)

6.9.5.5.2.1 The parameter P2 shall be the nominal
co-channel interference at which a receiver shall be capable of
demodulating without degradation in BER.

6.9.5.5.2.2 The value of P2 shall be 12 dB.

6.9.5.6 FM BROADCAST INTERFERENCE IMMUNITY
PERFORMANCE FOR VDL MODE 4 RECEIVING SYSTEMS

6.9.5.6.1 A VDL Mode 4 station shall conform to the
requirements defined in section 6.3.5.4 when operating in the
band 117.975–137 MHz.

6.9.5.6.2 A VDL Mode 4 station shall conform to the
requirements defined below when operating in the band
108–117.975 MHz.

6.9.5.6.2.1 The VDL Mode 4 receiving system shall meet
the requirements specified in 6.3.5.1 in the presence of
two-signal, third-order intermodulation products caused by
VHF FM broadcast signals having levels in accordance with
the following:

2N1 + N2 + 72 < 0

for VHF FM sound broadcasting signals in the range
107.7–108.0 MHz

and

for VHF FM sound broadcasting signals below 107.7 MHz,

where the frequencies of the two VHF FM sound broadcasting
signals produce, within the receiver, a two-signal, third-order
intermodulation product on the desired VDL Mode 4
frequency.

N1 and N2 are the levels (dBm) of the two VHF FM sound
broadcasting signals at the VDL Mode 4 receiver input.
Neither level shall exceed the desensitization criteria set forth
in 6.9.5.6.2.2.

∆f = 108.1 – f1, where f1 is the frequency of N1, the VHF FM
sound broadcasting signal closer to 108.1 MHz.

Note.— The FM intermodulation immunity requirements
are not applied to a VDL Mode 4 channel operating below
108.1 MHz, and hence frequencies below 108.1 MHz are not
intended for general assignments.

6.9.5.6.2.2 The VDL Mode 4 receiving system shall not
be desensitized in the presence of VHF FM broadcast signals
having levels in accordance with Tables 6-5 and 6-6.

2N1 N2 3 24 20 ∆f
0.4
-------log–

� �
� �
� �

0≤+ +
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6.9.6 Link layer

Note.— Details on link layer functions are contained in the
Manual on VDL Mode 4 Technical Specifications.

6.9.7 Subnetwork layer and SNDCF

Note.— Details on subnetwork layer functions and SNDCF are
contained in the Manual on VDL Mode 4 Technical
Specifications.

6.9.8 ADS-B applications

Note.— Details on ADS-B application functions are contained
in the Manual on VDL Mode 4 Technical Specifications.
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TABLES FOR CHAPTER 6

Table 6-1. Modes 2 and 3 data encoding

Table 6-2. Modes 2 and 3 modulation stability

Table 6-3. Scrambler functions

Table 6-4. Physical services system parameters

Xk Yk Zk ∆φk

0 0 0 0 π / 4

0 0 1 1 π / 4

0 1 1 2 π / 4

0 1 0 3 π / 4

1 1 0 4 π / 4

1 1 1 5 π / 4

1 0 1 6 π / 4

1 0 0 7 π / 4

VDL Mode
Aircraft Modulation

Stability
Ground Modulation

Stability

Mode 2 ± 0.0050 per cent ± 0.0050 per cent

Mode 3 ± 0.0005 per cent ± 0.0002 per cent

Function Data in Data out

scrambling clean data scrambled data

descrambling scrambled data clean data

Symbol Parameter name Mode 2 value

P1 Minimum transmission length   131071 bits
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Table 6-5. VDL Mode 4 operating on frequencies 
between 108.0–111.975 MHz

Table 6-6. VDL Mode 4 operating on frequencies
between 112.0–117.975 MHz

Frequency
(MHz)

Maximum level of unwanted
signal at receiver input (dBm)

88–102 +15
104 +10
106 +5

107.9 –10

Frequency
(MHz)

Maximum level of unwanted
signal at receiver input (dBm)

88–104 +15
106 +10
107 +5

107.9 0

Note.— The relationship is linear between adjacent points
designated by the above frequencies.
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FIGURES FOR CHAPTER 6

Figure 6-1. Transmitter Power Stabilization

Figure 6-2. PN-generator for bit scrambling sequence
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Figure 6-3. Receive to Transmit Turnaround Time
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Appendix to Chapter 6

REFERENCES

1. REFERENCES

References to Standards from the International Organization for Standardization (ISO) are as specified (including date published)
below. These ISO Standards shall apply to the extent specified in the SARPs.

2. NORMATIVE REFERENCES

These SARPs reference the following ISO documents:

3. BACKGROUND REFERENCES

The following documents are listed as reference material.

ISO Title
Date

published

646 Information technology — ISO 7-bit coded character set for 
information interchange

12/91

3309 HDLC Procedures — Frame Structure, Version 3 12/93

4335 HDLC Elements of Procedures, Version 3 12/93

7498 OSI Basic Reference Model, Version 1 11/94

7809 HDLC Procedures — Consolidation of Classes of Procedures, 
Version 1

12/93

8208 Information Processing Systems — Data Communications — 
X.25 Packet Level Protocol for Data Terminal Equipment

3/90
2nd ed.

8885 HDLC Procedures — General Purpose XID Frame 
Information Field Content and Format, Version [1]

12/93

8886.3 OSI Data Link Service Definition, Version 3 6/92

10039 Local Area Networks — MAC Service Definition, Version 1 6/91

Originator Title
Date

published

ITU-R Recommendation S.446.4, Annex I

CCSDS Telemetry Channel Coding, Recommendation for Space Data 
System Standards, Consultative Committee for Space Date 
Systems, CCSDS 101.0-B-3, Blue Book

5/92
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Annex 10 — Aeronautical Telecommunications Volume III
APPENDIX TO CHAPTER 9. A WORLD-WIDE SCHEME FOR
THE ALLOCATION, ASSIGNMENT AND

APPLICATION OF AIRCRAFT ADDRESSES

1. General

1.1 Global communications, navigation and surveillance
systems shall use an individual aircraft address composed of
24 bits. At any one time, no address shall be assigned to more
than one aircraft. The assignment of aircraft addresses requires
a comprehensive scheme providing for a balanced and
expandable distribution of aircraft addresses applicable
world-wide.

2. Description of the scheme

2.1 Table 9-1 provides for blocks of consecutive
addresses available to States for assignment to aircraft. Each
block is defined by a fixed pattern of the first 4, 6, 9, 12 or 14
bits of the 24-bit address. Thus, blocks of different sizes (1 048
576, 262 144, 32 768, 4 096 and 1 024 consecutive addresses
respectively) are made available.

3. Management of the scheme

3.1 The International Civil Aviation Organization
(ICAO) shall administer the scheme so that appropriate
international distribution of aircraft addresses can be
maintained.

4. Allocation of
aircraft addresses

4.1 Blocks of aircraft addresses shall be allocated by
ICAO to the State of Registry or common mark registering
authority. Address allocations to States shall be as shown in
Table 9-1.

4.2 A State of Registry or common mark registering
authority shall notify ICAO when allocation to that State of an
additional block of addresses is required for assignment to
aircraft.

4.3 In the future management of the scheme, advantage
shall be taken of the blocks of aircraft addresses not yet
allocated. These spare blocks shall be distributed on the basis
of the relevant ICAO region:

Addresses starting with bit combination 00100: AFI region

Addresses starting with bit combination 00101: SAM region

Addresses starting with bit combination 0101: EUR and NAT
regions

Addresses starting with bit combination 01100: MID region

Addresses starting with bit combination 01101: ASIA region

Addresses starting with bit combination 1001: NAM and PAC
regions

Addresses starting with bit combination 111011: CAR region

In addition, aircraft addresses starting with bit combinations
1011, 1101 and 1111 have been reserved for future use.

4.4 Any future requirement for additional aircraft
addresses shall be accommodated through co-ordination
between ICAO and the States of Registry or common mark
registering authority concerned. A request for additional
aircraft addresses shall only be made by a registering authority
when at least 75 per cent of the number of addresses already
allocated to that registering authority have been assigned to
aircraft.

4.5 ICAO shall allocate blocks of aircraft addresses to
non-Contracting States upon request.

5. Assignment of
aircraft addresses

5.1 When required for use by suitably equipped aircraft
entered on a national or international register, individual
aircraft addresses within each block shall be assigned to
aircraft by the State of Registry or common mark registering
authority.

5.2 Aircraft addresses shall be assigned to aircraft in
accordance with the following principles:

a) at any one time, no address shall be assigned to more
than one aircraft;

b) only one address shall be assigned to an aircraft,
irrespective of the composition of equipment on board;

c) the address shall not be changed except under
exceptional circumstances and shall not be changed
during flight;
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d) when an aircraft changes its State of Registry, the
previously assigned address shall be relinquished and a
new address shall be assigned by the new registering
authority;

e) the address shall serve only a technical role for
addressing and identification of aircraft and shall not
be used to convey any specific information; and

f) the addresses composed of 24 ZEROs or 24 ONEs
shall not be assigned to aircraft.

6. Application of
aircraft addresses

6.1 The aircraft addresses shall be used in applications
which require the routing of information to or from individual
suitably equipped aircraft.

Note 1.— Examples of such applications are the
aeronautical telecommunication network (ATN), SSR Mode S
and airborne collision avoidance system (ACAS).

Note 2.— This Standard does not preclude assigning the
aircraft addresses for special applications associated with the
general applications defined therein. Examples of such special
applications are the utilization of the 24-bit address in a
pseudo-aeronautical earth station to monitor the aeronautical
mobile-satellite service ground earth station and in the fixed
Mode S transponders (reporting the on-the-ground status as
specified in Annex 10, Volume IV, 3.1.2.6.10.1.2) to monitor
the Mode S ground station operation. Address assignments for
special applications are to be carried out in conformance with
the procedure established by the State to manage the 24-bit
address assignments to aircraft.

6.2 An address consisting of 24 ZEROs shall not be used
for any application.

7. Administration of the temporary 
aircraft address assignments

7.1 Temporary addresses shall be assigned to aircraft in
exceptional circumstances, such as when operators have been
unable to obtain an address from their individual States of
Registry or Common Mark Registering Authority in a timely
manner. ICAO shall assign temporary addresses from the
block ICAO1 shown in Table 9-1.

7.2 When requesting a temporary address, the aircraft
operator shall supply to ICAO: aircraft identification, type and
make of aircraft, name and address of the operator, and an
explanation of the reason for the request.

7.2.1 Upon issuance of the temporary address to the air-
craft operators, ICAO shall inform the State of Registry of the
issuance of the temporary address, reason and duration.

7.3 The aircraft operator shall:

a) inform the State of Registry of the temporary assign-
ment and reiterate the request for a permanent address;
and

b) inform the airframe manufacturer.

7.4 When the permanent aircraft address is obtained from
the State of Registry, the operator shall:

a) inform ICAO without delay;

b) relinquish his/her temporary address; and

c) arrange for encoding of the valid unique address within
180 calendar days.

7.5 If a permanent address is not obtained within one year,
the aircraft operator shall re-apply for a new temporary aircraft
address. Under no circumstances shall a temporary aircraft
address be used by the aircraft operator for over one year.
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Table 9-1. Allocation of aircraft addresses to States

Note.— The left-hand column of the 24-bit address patterns represents the most significant bit (MSB) of the address.

Number of addresses in block
Allocation of blocks of addresses

(a dash represents a bit value equal to 0 or 1)1 024 4 096 32 768 262 144 1 048 576

Afghanistan * 0 1 1 1 0 0 0 0 0 0 0 0 – – – – – – – – – – – –
Albania * 0 1 0 1 0 0 0 0 0 0 0 1 0 0 – – – – – – – – – –
Algeria * 0 0 0 0 1 0 1 0 0 – – – – – – – – – – – – – – –
Angola * 0 0 0 0 1 0 0 1 0 0 0 0 – – – – – – – – – – – –
Antigua and Barbuda * 0 0 0 0 1 1 0 0 1 0 1 0 0 0 – – – – – – – – – –

Argentina * 1 1 1 0 0 0 – – – – – – – – – – – – – – – – – –
Armenia * 0 1 1 0 0 0 0 0 0 0 0 0 0 0 – – – – – – – – – –
Australia * 0 1 1 1 1 1 – – – – – – – – – – – – – – – – – –
Austria * 0 1 0 0 0 1 0 0 0 – – – – – – – – – – – – – – –
Azerbaijan * 0 1 1 0 0 0 0 0 0 0 0 0 1 0 – – – – – – – – – –

Bahamas * 0 0 0 0 1 0 1 0 1 0 0 0 – – – – – – – – – – – –
Bahrain * 1 0 0 0 1 0 0 1 0 1 0 0 – – – – – – – – – – – –
Bangladesh * 0 1 1 1 0 0 0 0 0 0 1 0 – – – – – – – – – – – –
Barbados * 0 0 0 0 1 0 1 0 1 0 1 0 0 0 – – – – – – – – – –
Belarus * 0 1 0 1 0 0 0 1 0 0 0 0 0 0 – – – – – – – – – –

Belgium * 0 1 0 0 0 1 0 0 1 – – – – – – – – – – – – – – –
Belize * 0 0 0 0 1 0 1 0 1 0 1 1 0 0 – – – – – – – – – –
Benin * 0 0 0 0 1 0 0 1 0 1 0 0 0 0 – – – – – – – – – –
Bhutan * 0 1 1 0 1 0 0 0 0 0 0 0 0 0 – – – – – – – – – –
Bolivia * 1 1 1 0 1 0 0 1 0 1 0 0 – – – – – – – – – – – –

Bosnia and Herzegovina * 0 1 0 1 0 0 0 1 0 0 1 1 0 0 – – – – – – – – – –
Botswana * 0 0 0 0 0 0 1 1 0 0 0 0 0 0 – – – – – – – – – –
Brazil * 1 1 1 0 0 1 – – – – – – – – – – – – – – – – – –
Brunei Darussalam * 1 0 0 0 1 0 0 1 0 1 0 1 0 0 – – – – – – – – – –
Bulgaria * 0 1 0 0 0 1 0 1 0 – – – – – – – – – – – – – – –

Burkina Faso * 0 0 0 0 1 0 0 1 1 1 0 0 – – – – – – – – – – – –
Burundi * 0 0 0 0 0 0 1 1 0 0 1 0 – – – – – – – – – – – –
Cambodia * 0 1 1 1 0 0 0 0 1 1 1 0 – – – – – – – – – – – –
Cameroon * 0 0 0 0 0 0 1 1 0 1 0 0 – – – – – – – – – – – –
Canada * 1 1 0 0 0 0 – – – – – – – – – – – – – – – – – –

Cape Verde * 0 0 0 0 1 0 0 1 0 1 1 0 0 0 – – – – – – – – – –
Central African Republic * 0 0 0 0 0 1 1 0 1 1 0 0 – – – – – – – – – – – –
Chad * 0 0 0 0 1 0 0 0 0 1 0 0 – – – – – – – – – – – –
Chile * 1 1 1 0 1 0 0 0 0 0 0 0 – – – – – – – – – – – –
China * 0 1 1 1 1 0 – – – – – – – – – – – – – – – – – –

Colombia * 0 0 0 0 1 0 1 0 1 1 0 0 – – – – – – – – – – – –
Comoros * 0 0 0 0 0 0 1 1 0 1 0 1 0 0 – – – – – – – – – –
Congo * 0 0 0 0 0 0 1 1 0 1 1 0 – – – – – – – – – – – –
Cook Islands * 1 0 0 1 0 0 0 0 0 0 0 1 0 0 – – – – – – – – – –
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Costa Rica * 0 0 0 0 1 0 1 0 1 1 1 0 – – – – – – – – – – – –

Côte d’Ivoire * 0 0 0 0 0 0 1 1 1 0 0 0 – – – – – – – – – – – –
Croatia * 0 1 0 1 0 0 0 0 0 0 0 1 1 1 – – – – – – – – – –
Cuba * 0 0 0 0 1 0 1 1 0 0 0 0 – – – – – – – – – – – –
Cyprus * 0 1 0 0 1 1 0 0 1 0 0 0 0 0 – – – – – – – – – –
Czech Republic * 0 1 0 0 1 0 0 1 1 – – – – – – – – – – – – – – –

Democratic People’s
  Republic of Korea

* 0 1 1 1 0 0 1 0 0 – – – – – – – – – – – – – – –

Democratic Republic of
  the Congo

* 0 0 0 0 1 0 0 0 1 1 0 0 – – – – – – – – – – – –

Denmark * 0 1 0 0 0 1 0 1 1 – – – – – – – – – – – – – – –
Djibouti * 0 0 0 0 1 0 0 1 1 0 0 0 0 0 – – – – – – – – – –
Dominican Republic * 0 0 0 0 1 1 0 0 0 1 0 0 – – – – – – – – – – – –

Ecuador * 1 1 1 0 1 0 0 0 0 1 0 0 – – – – – – – – – – – –
Egypt * 0 0 0 0 0 0 0 1 0 – – – – – – – – – – – – – – –
El Salvador * 0 0 0 0 1 0 1 1 0 0 1 0 – – – – – – – – – – – –
Equatorial Guinea * 0 0 0 0 0 1 0 0 0 0 1 0 – – – – – – – – – – – –
Eritrea * 0 0 1 0 0 0 0 0 0 0 1 0 0 0 – – – – – – – – – –

Estonia * 0 1 0 1 0 0 0 1 0 0 0 1 0 0 – – – – – – – – – –
Ethiopia * 0 0 0 0 0 1 0 0 0 0 0 0 – – – – – – – – – – – –
Fiji * 1 1 0 0 1 0 0 0 1 0 0 0 – – – – – – – – – – – –
Finland * 0 1 0 0 0 1 1 0 0 – – – – – – – – – – – – – – –
France * 0 0 1 1 1 0 – – – – – – – – – – – – – – – – – –

Gabon * 0 0 0 0 0 0 1 1 1 1 1 0 – – – – – – – – – – – –
Gambia * 0 0 0 0 1 0 0 1 1 0 1 0 – – – – – – – – – – – –
Georgia * 0 1 0 1 0 0 0 1 0 1 0 0 0 0 – – – – – – – – – –
Germany * 0 0 1 1 1 1 – – – – – – – – – – – – – – – – – –
Ghana * 0 0 0 0 0 1 0 0 0 1 0 0 – – – – – – – – – – – –

Greece * 0 1 0 0 0 1 1 0 1 – – – – – – – – – – – – – – –
Grenada * 0 0 0 0 1 1 0 0 1 1 0 0 0 0 – – – – – – – – – –
Guatemala * 0 0 0 0 1 0 1 1 0 1 0 0 – – – – – – – – – – – –
Guinea * 0 0 0 0 0 1 0 0 0 1 1 0 – – – – – – – – – – – –
Guinea-Bissau * 0 0 0 0 0 1 0 0 1 0 0 0 0 0 – – – – – – – – – –

Guyana * 0 0 0 0 1 0 1 1 0 1 1 0 – – – – – – – – – – – –
Haiti * 0 0 0 0 1 0 1 1 1 0 0 0 – – – – – – – – – – – –
Honduras * 0 0 0 0 1 0 1 1 1 0 1 0 – – – – – – – – – – – –
Hungary * 0 1 0 0 0 1 1 1 0 – – – – – – – – – – – – – – –
Iceland * 0 1 0 0 1 1 0 0 1 1 0 0 – – – – – – – – – – – –

India * 1 0 0 0 0 0 – – – – – – – – – – – – – – – – – –
Indonesia * 1 0 0 0 1 0 1 0 0 – – – – – – – – – – – – – – –
Iran, Islamic Republic of * 0 1 1 1 0 0 1 1 0 – – – – – – – – – – – – – – –
Iraq * 0 1 1 1 0 0 1 0 1 – – – – – – – – – – – – – – –

Number of addresses in block
Allocation of blocks of addresses

(a dash represents a bit value equal to 0 or 1)1 024 4 096 32 768 262 144 1 048 576
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Ireland * 0 1 0 0 1 1 0 0 1 0 1 0 – – – – – – – – – – – –

Israel * 0 1 1 1 0 0 1 1 1 – – – – – – – – – – – – – – –
Italy * 0 0 1 1 0 0 – – – – – – – – – – – – – – – – – –
Jamaica * 0 0 0 0 1 0 1 1 1 1 1 0 – – – – – – – – – – – –
Japan * 1 0 0 0 0 1 – – – – – – – – – – – – – – – – – –
Jordan * 0 1 1 1 0 1 0 0 0 – – – – – – – – – – – – – – –

Kazakhstan * 0 1 1 0 1 0 0 0 0 0 1 1 0 0 – – – – – – – – – –
Kenya * 0 0 0 0 0 1 0 0 1 1 0 0 – – – – – – – – – – – –
Kiribati * 1 1 0 0 1 0 0 0 1 1 1 0 0 0 – – – – – – – – – –
Kuwait * 0 1 1 1 0 0 0 0 0 1 1 0 – – – – – – – – – – – –
Kyrgyzstan * 0 1 1 0 0 0 0 0 0 0 0 1 0 0 – – – – – – – – – –
Lao People’s Democratic
  Republic

* 0 1 1 1 0 0 0 0 1 0 0 0 – – – – – – – – – – – –

Latvia * 0 1 0 1 0 0 0 0 0 0 1 0 1 1 – – – – – – – – – –
Lebanon * 0 1 1 1 0 1 0 0 1 – – – – – – – – – – – – – – –
Lesotho * 0 0 0 0 0 1 0 0 1 0 1 0 0 0 – – – – – – – – – –
Liberia * 0 0 0 0 0 1 0 1 0 0 0 0 – – – – – – – – – – – –

Libyan Arab Jamahiriya * 0 0 0 0 0 0 0 1 1 – – – – – – – – – – – – – – –
Lithuania * 0 1 0 1 0 0 0 0 0 0 1 1 1 1 – – – – – – – – – –
Luxembourg * 0 1 0 0 1 1 0 1 0 0 0 0 0 0 – – – – – – – – – –
Madagascar * 0 0 0 0 0 1 0 1 0 1 0 0 – – – – – – – – – – – –
Malawi * 0 0 0 0 0 1 0 1 1 0 0 0 – – – – – – – – – – – –

Malaysia * 0 1 1 1 0 1 0 1 0 – – – – – – – – – – – – – – –
Maldives * 0 0 0 0 0 1 0 1 1 0 1 0 0 0 – – – – – – – – – –
Mali * 0 0 0 0 0 1 0 1 1 1 0 0 – – – – – – – – – – – –
Malta * 0 1 0 0 1 1 0 1 0 0 1 0 0 0 – – – – – – – – – –
Marshall Islands * 1 0 0 1 0 0 0 0 0 0 0 0 0 0 – – – – – – – – – –

Mauritania * 0 0 0 0 0 1 0 1 1 1 1 0 0 0 – – – – – – – – – –
Mauritius * 0 0 0 0 0 1 1 0 0 0 0 0 0 0 – – – – – – – – – –
Mexico * 0 0 0 0 1 1 0 1 0 – – – – – – – – – – – – – – –
Micronesia, Federated
  States of

* 0 1 1 0 1 0 0 0 0 0 0 1 0 0 – – – – – – – – – –

Monaco * 0 1 0 0 1 1 0 1 0 1 0 0 0 0 – – – – – – – – – –

Mongolia * 0 1 1 0 1 0 0 0 0 0 1 0 0 0 – – – – – – – – – –
Morocco * 0 0 0 0 0 0 1 0 0 – – – – – – – – – – – – – – –
Mozambique * 0 0 0 0 0 0 0 0 0 1 1 0 – – – – – – – – – – – –
Myanmar * 0 1 1 1 0 0 0 0 0 1 0 0 – – – – – – – – – – – –
Namibia * 0 0 1 0 0 0 0 0 0 0 0 1 0 0 – – – – – – – – – –

Nauru * 1 1 0 0 1 0 0 0 1 0 1 0 0 0 – – – – – – – – – –
Nepal * 0 1 1 1 0 0 0 0 1 0 1 0 – – – – – – – – – – – –
Netherlands, Kingdom
  of the

* 0 1 0 0 1 0 0 0 0 – – – – – – – – – – – – – – –

New Zealand * 1 1 0 0 1 0 0 0 0 – – – – – – – – – – – – – – –

Number of addresses in block
Allocation of blocks of addresses

(a dash represents a bit value equal to 0 or 1)1 024 4 096 32 768 262 144 1 048 576
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Nicaragua * 0 0 0 0 1 1 0 0 0 0 0 0 – – – – – – – – – – – –

Niger * 0 0 0 0 0 1 1 0 0 0 1 0 – – – – – – – – – – – –
Nigeria * 0 0 0 0 0 1 1 0 0 1 0 0 – – – – – – – – – – – –
Norway * 0 1 0 0 0 1 1 1 1 – – – – – – – – – – – – – – –
Oman * 0 1 1 1 0 0 0 0 1 1 0 0 0 0 – – – – – – – – – –
Pakistan * 0 1 1 1 0 1 1 0 0 – – – – – – – – – – – – – – –

Palau * 0 1 1 0 1 0 0 0 0 1 0 0 0 0 – – – – – – – – – –
Panama * 0 0 0 0 1 1 0 0 0 0 1 0 – – – – – – – – – – – –
Papua New Guinea * 1 0 0 0 1 0 0 1 1 0 0 0 – – – – – – – – – – – –
Paraguay * 1 1 1 0 1 0 0 0 1 0 0 0 – – – – – – – – – – – –
Peru * 1 1 1 0 1 0 0 0 1 1 0 0 – – – – – – – – – – – –

Philippines * 0 1 1 1 0 1 0 1 1 – – – – – – – – – – – – – – –
Poland * 0 1 0 0 1 0 0 0 1 – – – – – – – – – – – – – – –
Portugal * 0 1 0 0 1 0 0 1 0 – – – – – – – – – – – – – – –
Qatar * 0 0 0 0 0 1 1 0 1 0 1 0 0 0 – – – – – – – – – –
Republic of Korea * 0 1 1 1 0 0 0 1 1 – – – – – – – – – – – – – – –

Republic of Moldova * 0 1 0 1 0 0 0 0 0 1 0 0 1 1 – – – – – – – – – –
Romania * 0 1 0 0 1 0 1 0 0 – – – – – – – – – – – – – – –
Russian Federation * 0 0 0 1 – – – – – – – – – – – – – – – – – – – –
Rwanda * 0 0 0 0 0 1 1 0 1 1 1 0 – – – – – – – – – – – –
Saint Lucia * 1 1 0 0 1 0 0 0 1 1 0 0 0 0 – – – – – – – – – –

Saint Vincent and
  the Grenadines

* 0 0 0 0 1 0 1 1 1 1 0 0 0 0 – – – – – – – – – –

Samoa * 1 0 0 1 0 0 0 0 0 0 1 0 0 0 – – – – – – – – – –
San Marino * 0 1 0 1 0 0 0 0 0 0 0 0 0 0 – – – – – – – – – –
Sao Tome and Principe * 0 0 0 0 1 0 0 1 1 1 1 0 0 0 – – – – – – – – – –
Saudi Arabia * 0 1 1 1 0 0 0 1 0 – – – – – – – – – – – – – – –

Senegal * 0 0 0 0 0 1 1 1 0 0 0 0 – – – – – – – – – – – –
Seychelles * 0 0 0 0 0 1 1 1 0 1 0 0 0 0 – – – – – – – – – –
Sierra Leone * 0 0 0 0 0 1 1 1 0 1 1 0 0 0 – – – – – – – – – –
Singapore * 0 1 1 1 0 1 1 0 1 – – – – – – – – – – – – – – –
Slovakia * 0 1 0 1 0 0 0 0 0 1 0 1 1 1 – – – – – – – – – –

Slovenia * 0 1 0 1 0 0 0 0 0 1 1 0 1 1 – – – – – – – – – –
Solomon Islands * 1 0 0 0 1 0 0 1 0 1 1 1 0 0 – – – – – – – – – –
Somalia * 0 0 0 0 0 1 1 1 1 0 0 0 – – – – – – – – – – – –
South Africa * 0 0 0 0 0 0 0 0 1 – – – – – – – – – – – – – – –
Spain * 0 0 1 1 0 1 – – – – – – – – – – – – – – – – – –

Sri Lanka * 0 1 1 1 0 1 1 1 0 – – – – – – – – – – – – – – –
Sudan * 0 0 0 0 0 1 1 1 1 1 0 0 – – – – – – – – – – – –
Suriname * 0 0 0 0 1 1 0 0 1 0 0 0 – – – – – – – – – – – –
Swaziland * 0 0 0 0 0 1 1 1 1 0 1 0 0 0 – – – – – – – – – –
Sweden * 0 1 0 0 1 0 1 0 1 – – – – – – – – – – – – – – –

Number of addresses in block
Allocation of blocks of addresses

(a dash represents a bit value equal to 0 or 1)1 024 4 096 32 768 262 144 1 048 576
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Switzerland * 0 1 0 0 1 0 1 1 0 – – – – – – – – – – – – – – –
Syrian Arab Republic * 0 1 1 1 0 1 1 1 1 – – – – – – – – – – – – – – –
Tajikistan * 0 1 0 1 0 0 0 1 0 1 0 1 0 0 – – – – – – – – – –
Thailand * 1 0 0 0 1 0 0 0 0 – – – – – – – – – – – – – – –
The former Yugoslav
  Republic of Macedonia

* 0 1 0 1 0 0 0 1 0 0 1 0 0 0 – – – – – – – – – –

Togo * 0 0 0 0 1 0 0 0 1 0 0 0 – – – – – – – – – – – –
Tonga * 1 1 0 0 1 0 0 0 1 1 0 1 0 0 – – – – – – – – – –
Trinidad and Tobago * 0 0 0 0 1 1 0 0 0 1 1 0 – – – – – – – – – – – –
Tunisia * 0 0 0 0 0 0 1 0 1 – – – – – – – – – – – – – – –
Turkey * 0 1 0 0 1 0 1 1 1 – – – – – – – – – – – – – – –

Turkmenistan * 0 1 1 0 0 0 0 0 0 0 0 1 1 0 – – – – – – – – – –
Uganda * 0 0 0 0 0 1 1 0 1 0 0 0 – – – – – – – – – – – –
Ukraine * 0 1 0 1 0 0 0 0 1 – – – – – – – – – – – – – – –
United Arab Emirates * 1 0 0 0 1 0 0 1 0 1 1 0 – – – – – – – – – – – –
United Kingdom * 0 1 0 0 0 0 – – – – – – – – – – – – – – – – – –

United Republic of
  Tanzania

* 0 0 0 0 1 0 0 0 0 0 0 0 – – – – – – – – – – – –

United States * 1 0 1 0 – – – – – – – – – – – – – – – – – – – –
Uruguay * 1 1 1 0 1 0 0 1 0 0 0 0 – – – – – – – – – – – –
Uzbekistan * 0 1 0 1 0 0 0 0 0 1 1 1 1 1 – – – – – – – – – –
Vanuatu * 1 1 0 0 1 0 0 1 0 0 0 0 0 0 – – – – – – – – – –

Venezuela * 0 0 0 0 1 1 0 1 1 – – – – – – – – – – – – – – –
Viet Nam * 1 0 0 0 1 0 0 0 1 – – – – – – – – – – – – – – –
Yemen * 1 0 0 0 1 0 0 1 0 0 0 0 – – – – – – – – – – – –
Yugoslavia * 0 1 0 0 1 1 0 0 0 – – – – – – – – – – – – – – –
Zambia * 0 0 0 0 1 0 0 0 1 0 1 0 – – – – – – – – – – – –
Zimbabwe * 0 0 0 0 0 0 0 0 0 1 0 0 0 0 – – – – – – – – – –

Other allocations

ICAO1 * 1 1 1 1 0 0 0 0 0 – – – – – – – – – – – – – – –
ICAO2 * 1 0 0 0 1 0 0 1 1 0 0 1 0 0 – – – – – – – – – –
ICAO2 * 1 1 1 1 0 0 0 0 1 0 0 1 0 0 – – – – – – – – – –

1. ICAO administers this block for assigning temporary aircraft addresses as described in section 7.

2. Block allocated for special use in the interest of flight safety.

Number of addresses in block
Allocation of blocks of addresses

(a dash represents a bit value equal to 0 or 1)1 024 4 096 32 768 262 144 1 048 576
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CHAPTER 11. HF DATA LINK

11.1 DEFINITIONS AND
SYSTEM CAPABILITIES

Note.— The following Standards and Recommended
Practices are specific to the high frequency data link (HFDL)
and are in addition to the requirements specified in the ITU
Radio Regulations (Appendix 27). The HFDL is a constituent
mobile subnetwork of the aeronautical telecommunication
network (ATN), operating in the aeronautical mobile (R) high
frequency bands. In addition, the HFDL may provide non-ATN
functions, such as direct link service (DLS). The HFDL system
must enable aircraft to exchange data with ground-based users.

11.1.1 Definitions

Coded chip. A “1” or “0” output of the rate ½ or ¼
convolutional code encoder.

Designated operational coverage (DOC) area. The area in
which a particular service is provided and in which the
service is afforded frequency protection.

Note.— This area may, after proper co-ordination to ensure
frequency protection, extend to areas outside the allotment
areas contained in Appendix S27 to the Radio Regulations.

Direct link service (DLS). A data communications service
which makes no attempt to automatically correct errors,
detected or undetected, at the link layer of the air-ground
communications path. (Error control may be effected by
end-user systems.)

High frequency network protocol data unit (HFNPDU). User
data packet.

Link protocol data unit (LPDU). Data unit which
encapsulates a segment of an HFNPDU.

Media access protocol data unit (MPDU). Data unit which
encapsulates one or more LPDUs.

M-ary phase shift keying (M-PSK) modulation. A digital
phase modulation that causes the phase of the carrier
waveform to take on one of a set of M values.

M-PSK symbol. One of the M possible phase shifts of the
M-PSK modulated carrier representing a group of log2
M coded chips.

Peak envelope power (PEP). The peak power of the
modulated signal supplied by the transmitter to the antenna
transmission line.

Physical layer protocol data unit (PPDU). Data unit passed to
the physical layer for transmission, or decoded by the
physical layer after reception.

Quality of service (QOS). The information relating to data
transfer characteristics used by various communications
protocols to achieve various levels of performance for
network users.

Reliable link service (RLS). A data communications service
provided by the subnetwork which automatically provides
for error control over its link through error detection and
requested retransmission of signal units found to be in
error.

Squitter protocol data unit (SPDU). Data packet which is
broadcast every 32 seconds by an HFDL ground station on
each of its operating frequencies, and which contains link
management information.

11.2 HF DATA LINK SYSTEM

11.2.1 System architecture

The HFDL system shall consist of one or more ground and
aircraft station sub-systems, which implement the HFDL
protocol (see 11.3). The HFDL system shall also include a
ground management sub-system (see 11.4).

11.2.1.1 AIRCRAFT AND GROUND STATION
SUB-SYSTEMS

The HFDL aircraft station sub-system and the HFDL ground
station sub-system shall include the following functions:

a) HF transmission and reception;

b) data modulation and demodulation; and

c) HFDL protocol implementation and frequency selection.

11.2.2 Operational coverage

Frequency assignments for HFDL shall be protected
throughout their designated operational coverage (DOC) area.

Note 1.— Designated operational coverage (DOC) areas
may be different from current MWARAs or RDARAs as defined
in Appendix 27 to the ITU Radio Regulations.
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Note 2.— Additional co-ordination with ITU is required in
cases where DOC areas are not in conformity with the
allotment areas specified in the ITU Radio Regulations.

11.2.3 Requirements for carriage of
HFDL equipment

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

11.2.3.1 NOTICE

The agreement above shall provide advance notice of at least
two years for the mandatory carriage of airborne systems.

11.2.4 Ground station networking

11.2.4.1 Recommendation.— HFDL ground station
sub-systems should interconnect through a common ground
management sub-system.

Note.— This provides a distributed subnetwork, with a
subnetwork point of attachment (SNPA), depending on the
method of implementation, which allows for the maintenance
of virtual circuit connections as aircraft stations transition
between designated operational coverage areas. The
distribution may be multi-regional or world-wide.

11.2.5 Ground station synchronization

Synchronization of HFDL ground station sub-systems shall be
to within ±25 ms of UTC. For any station not operating within
±25 ms of UTC, appropriate notification shall be made to all
aircraft and ground station sub-systems to allow for continued
system operation.

11.2.6 Quality of service

11.2.6.1 RESIDUAL PACKET ERROR RATE

The undetected error rate for a network user packet which
contains between 1 and 128 octets of user data shall be equal
to or less than 1 in 106.

11.2.6.2 SPEED OF SERVICE

Transit and transfer delays for network user packets
(128 octets) with priorities defined in Part I, Chapter 4,

Table 4-26 for message priorities 7 through 14, shall not
exceed the values of Table 11-1.

Table 11-1. Transfer delays

11.3 HF DATA LINK PROTOCOL

The HFDL protocol shall consist of a physical layer, a link
layer, and a subnetwork layer, as specified below. 

Note.— The HFDL protocol is a layered protocol and is
compatible with the open systems interconnection (OSI)
reference model. It permits the HFDL to function as an
aeronautical telecommunication network (ATN)-compatible
subnetwork. The details of the protocol are described in the
Manual on HF Data Link (Doc 9741).

11.3.1 Physical layer RF characteristics

The aircraft and ground stations shall access the physical
medium operating in simplex mode.

11.3.1.1 FREQUENCY BANDS

HFDL installations shall be capable of operating at any single
sideband (SSB) carrier (reference) frequency available to the
aeronautical mobile (R) service in the band 2.8 to 22 MHz,
and in compliance with the relevant provisions of the Radio
Regulations.

11.3.1.2 CHANNELS

Channel utilization shall be in conformity with the table of
carrier (reference) frequencies of Appendix 27 to the ITU
Radio Regulations.

11.3.1.3 TUNING

The equipment shall be capable of operating on integral
multiples of 1 kHz.

Direction Priority Delay

Transit delay
To-aircraft 7 through 14 45 s

From-aircraft 7 through 14 60 s

Transfer delay 
(95 percentile)

To-aircraft 11 through 14
7 through 10

90 s
120 s

From-aircraft 11 through 14
7 through 10

150 s
250 s
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11.3.1.4 SIDEBAND

The sideband used for transmission shall be on the higher side
of its carrier (reference) frequency.

11.3.1.5 MODULATION

HFDL shall employ M-ary phase shift keying (M-PSK) to
modulate the radio frequency carrier at the assigned frequency.
The symbol rate shall be 1 800 symbols per second ±10 parts
per million (i.e. 0.018 symbols per second). The value of M and
the information data rate shall be as specified in Table 11-2.

Table 11-2. Value of M and information data rate

Note.— When M equals the value 2, the data rate may be
300 or 600 bits per second as determined by the channel
coding rate. The value of M may change from one data
transmission to another depending on the data rate selected.
The channel coding rate is described in the Manual on HF
Data Link (Doc 9741).

11.3.1.5.1 M-PSK CARRIER

The M-PSK carrier expressed mathematically shall be defined
as:

s(t) = AΣ(p(t-kT)cos[2πf0t + ϕ(k)]), k = 0, 1 . . . , N-1

where:

N = number of M-PSK symbols in transmitted
physical layer protocol data unit (PPDU)

s(t) = analog waveform or signal at time t
A = peak amplitude
f0 = SSB carrier (reference) + 1 440 Hz
T = M-PSK symbol period (1/1 800 s)
ϕ(k) = phase of kth M-PSK symbol
p(t-kT) = pulse shape of kth M-PSK symbol at time t.

Note.— The number of M-PSK symbols sent, N, defines the
length (duration = NT seconds) of the PPDU. These
parameters are defined in the Manual on HF Data Link
(Doc 9741).

11.3.1.5.2 PULSE SHAPE

The pulse shape, p(t), shall determine the spectral distribution
of the transmitted signal. The Fourier transform of the pulse
shape, P(f), shall be defined by:

P(f) = 1, if 0 < |f | < (1 – b)/2T
P(f) = cos {π(2|f|T – 1 + b)/4b}, if (1 – b)/2T < | f | < (1 + b)/2T
P(f) = 0, if | f | > (1 + b)/2T

where the spectral roll-off parameter, b = 0.31, has been
chosen so that the –20 dB points of the signal are at SSB
carrier (reference) + 290 Hz and SSB carrier (reference) +
2 590 Hz and the peak-to-average power ratio of the waveform
is less than 5 dB.

11.3.1.6 TRANSMITTER STABILITY

The basic frequency stability of the transmitting function shall
be better than:

a) ±20 Hz for HFDL aircraft station sub-systems; and

b) ±10 Hz for HFDL ground station sub-systems.

11.3.1.7 RECEIVER STABILITY

The basic frequency stability of the receiving function shall be
such that, with the transmitting function stability specified in
11.3.1.6, the over-all frequency difference between ground and
airborne functions achieved in service does not exceed 70 Hz.

11.3.1.8 PROTECTION

A 15 dB desired to undesired (D/U) signal ratio shall apply for
the protection of co-channel assignments for HFDL as follows:

a) data versus data;

b) data versus voice; and

c) voice versus data.

11.3.1.9 CLASS OF EMISSION

The class of emission shall be 2K80J2DEN.

11.3.1.10 ASSIGNED FREQUENCY

The HFDL assigned frequency shall be 1 400 Hz higher than
the SSB carrier (reference) frequency.

Note.— By convention, the HFDL assigned frequency is off-
set from the SSB carrier (reference) frequency by 1 400 Hz.
The HFDL M-PSK carrier of the digital modulation is offset
from the SSB carrier (reference) frequency by 1 440 Hz. The
digital modulation is fully contained within the same overall
channel bandwidth as the voice signal and complies with the
provisions of Appendix 27 to the ITU Radio Regulations.

M
Information data rate

(bits per second)

2 300 or 600
4 1 200
8 1 800
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11.3.1.11 EMISSION LIMITS

For HFDL aircraft and ground station transmitters, the peak
envelope power (Pp) of any emission on any discrete
frequency shall be less than the peak envelope power (Pp) of
the transmitter in accordance with the following (see
Figure 11-1):

a) on any frequency between 1.5 kHz and 4.5 kHz lower
than the HFDL assigned frequency, and on any
frequency between 1.5 kHz and 4.5 kHz higher than the
HFDL assigned frequency: at least 30 dB;

b) on any frequency between 4.5 kHz and 7.5 kHz lower
than the HFDL assigned frequency, and on any

frequency between 4.5 kHz and 7.5 kHz higher than the
HFDL assigned frequency: at least 38 dB; and

c) on any frequency lower than 7.5 kHz below the HFDL
assigned frequency and on any frequency higher than
7.5 kHz above the HFDL assigned frequency:

1) HFDL aircraft station transmitters: 43 dB;

2) HFDL ground station transmitters up to and
including 50 W:

[43 + 10 log10 Pp(W)] dB; and

3) HFDL ground station transmitters more than 50 W:
60 dB.

338C

Figure 11-1. Required spectrum limits (in terms of peak power)
for HFDL aircraft and ground station transmitters
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11.3.1.12 POWER

11.3.1.12.1 Ground station installations. The peak
envelope power (Pp) supplied to the antenna transmission line
shall not exceed a maximum value of 6 kW as provided for in
Appendix 27 of the Radio Regulations.

11.3.1.12.2 Aircraft station installations. The peak
envelope power supplied to the antenna transmission line shall
not exceed 400 W, except as provided for in Appendix 27/62
of the Radio Regulations.

11.3.1.13 UNDESIRED SIGNAL REJECTION

For HFDL aircraft and ground station receivers, undesired
input signals shall be attenuated in accordance with the
following:

a) on any frequency between fc and (fc – 300 Hz), or
between (fc + 2 900 Hz) and (fc + 3 300 Hz): at least
35 dB below the peak of the desired signal level; and

b) on any frequency below (fc – 300 Hz), or above (fc +
3 300 Hz): at least 60 dB below the peak of the desired
signal level,

where fc is the carrier (reference) frequency.

11.3.1.14 RECEIVER RESPONSE TO TRANSIENTS

Recommendation.— The receiving function should
recover from an instantaneous increase in RF power at the
antenna terminal of 60 dB within 10 milliseconds. The
receiving function should recover from an instantaneous
decrease in RF power at the antenna terminal of 60 dB within
25 milliseconds.

11.3.2 Physical layer functions

11.3.2.1 FUNCTIONS

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

a) transmitter and receiver control;

b) transmission of data; and

c) reception of data.

11.3.2.2 TRANSMITTER AND RECEIVER CONTROL

The HFDL physical layer shall implement the trans-
mitter/receiver switching and frequency tuning as commanded

by the link layer. The physical layer shall perform transmitter
keying on demand from the link layer to transmit a packet.

11.3.2.2.1 TRANSMITTER TO RECEIVER TURNAROUND TIME

The transmitted power level shall decay at least by 10 dB
within 100 milliseconds after completing a transmission. An
HFDL station sub-system shall be capable of receiving and
demodulating, with nominal performance, an incoming signal
within 200 milliseconds of the start of the subsequent receive
slot.

11.3.2.2.2 RECEIVER TO TRANSMITTER TURNAROUND TIME

An HFDL station sub-system shall provide nominal output
power within plus or minus 1 dB to the antenna transmission
line within 200 milliseconds of the start of the transmit slot.

11.3.2.3 TRANSMISSION OF DATA

Transmission of data shall be accomplished using a time
division multiple access (TDMA) technique. The HFDL data
link ground station sub-systems shall maintain TDMA frame
and slot synchronization for the HFDL system. To ensure that
slot synchronization is maintained, each HF data link
modulator shall begin outputting a pre-key segment at the
beginning of a time slot plus or minus 10 milliseconds. 

11.3.2.3.1 TDMA STRUCTURE

Each TDMA frame shall be 32 seconds. Each TDMA frame
shall be divided into thirteen equal duration slots as follows:

a) the first slot of each TDMA frame shall be reserved for
use by the HFDL ground station sub-system to broadcast
link management data in SPDU packets; and

b) the remaining slots shall be designated either as uplink
slots, downlink slots reserved for specific HFDL aircraft
station sub-systems, or as downlink random access slots
for use by all HFDL aircraft station sub-systems on a
contention basis. These TDMA slots shall be assigned
on a dynamic basis using a combination of reservation,
polling and random access assignments.

11.3.2.3.2 BROADCAST

The HFDL ground station sub-system shall broadcast a
squitter protocol data unit (SPDU) every 32 seconds on each
of its operating frequencies.

Note.— Details on the TDMA frame and slot structures,
pre-key segment, data structures, including the SPDU, are
contained in the Manual on HF Data Link (Doc 9741).
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11.3.2.4 RECEPTION OF DATA

11.3.2.4.1 FREQUENCY SEARCH

Each HFDL aircraft station shall automatically search the
assigned frequencies until it detects an operating frequency.

11.3.2.4.2 RECEPTION OF PPDUS 

The HF data link receiver shall provide the means to detect,
synchronize, demodulate and decode PPDUs modulated
according to the waveform defined in 11.3.1.5, subject to the
following distortion:

a) the 1 440 Hz audio carrier offset by plus or minus
70 Hz;

b) discrete and/or diffuse multipath distortion with up to
5 ms multipath spread;

c) multipath amplitude fading with up to 2 Hz two-sided
RMS Doppler spread and Rayleigh statistics; and

d) additive Gaussian and broadband impulsive noise with
varying amplitude and random arrival times.

Note.— Reference CCIR Report 549-2.

11.3.2.4.3 DECODING OF PPDUS

Upon receipt of the preamble segment the receiver shall:

a) detect the beginning of a burst of data;

b) measure and correct the frequency offset between the
transmitter and receiver due to Doppler shift and
transmitter/receiver frequency offsets;

c) determine the data rate and interleaver settings to use
during data demodulation;

d) achieve M-PSK symbol synchronization; and

e) train the equalizer.

11.3.2.4.4 SYNCHRONIZATION

Each HFDL aircraft station sub-system shall synchronize its
slot timing to that of its corresponding ground station with
respect to the reception time of the last received SPDU.

11.3.2.4.5 SPECIFIED PACKET ERROR RATE PERFORMANCE

The number of HFDL media access protocol data units
(MPDUs) received with one or more bit errors shall not exceed
5 per cent of the total number of MPDUs received, when using
a 1.8 second interleaver and under the signal-in-space
conditions shown in Table 11-3.

Recommendation.— The number of HFDL MPDUs
received with one or more bit errors should not exceed
5 per cent of the total number of MPDUs received, when
using a 1.8 second interleaver under the conditions shown in
Table 11-3a.

11.3.3 Link layer

Note.— Details on link layer functions are contained in the
Manual on HF Data Link (Doc 9741).

The link layer shall provide control functions for the physical
layer, link management and data service protocols.

11.3.3.1 CONTROL FUNCTIONS

The link layer shall pass commands for frequency tuning,
transmitter keying and transmitter/receiver switching to the
physical layer.

11.3.3.2 LINK MANAGEMENT

The link layer shall manage TDMA slot assignments, log-on
and log-off procedures, ground station and aircraft station
TDMA synchronization, and other functions necessary, taking
into account message priority, for the establishment and
maintenance of communications.

11.3.3.3 DATA SERVICE PROTOCOLS

The link layer shall support a reliable link service (RLS)
protocol and a direct link service (DLS) protocol.

11.3.3.3.1 RLS

The RLS protocol shall be used to exchange acknowledged
user data packets between aircraft and ground peer link layers.

11.3.3.3.2 DLS

The DLS protocol shall be used to broadcast unsegmented
uplink high frequency network protocol data units
(HFNPDUs) and other HFNPDUs not requiring automatic
retransmission by the link layer.

11.3.4 Subnetwork layer

Note.— Details on subnetwork layer protocols and services
are contained in the Manual on HF Data Link (Doc 9741).
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11.3.4.1 PACKET DATA

The HFDL subnetwork layer in the HFDL aircraft station
sub-system and HFDL ground station sub-system shall provide
connection-oriented packet data service by establishing
subnetwork connections between subnetwork service users.

11.3.4.2 CONNECTIVITY NOTIFICATION SERVICE

The HFDL subnetwork layer in the HFDL aircraft station
sub-system shall provide the additional connectivity notifi-
cation service by sending connectivity notification event
messages to the attached ATN router.

11.3.4.2.1 CONNECTIVITY NOTIFICATION EVENT MESSAGES

The connectivity notification service shall send connectivity
notification event messages to the attached ATN router
through the subnetwork access function.

11.3.4.3 HFDL SUBNETWORK LAYER FUNCTIONS

The HFDL subnetwork layer in both the HFDL aircraft station
sub-system and HFDL ground station sub-system shall include
the following three functions:

a) HFDL subnetwork dependent (HFSND) function;

b) subnetwork access function; and

c) interworking function.

11.3.4.3.1 HFSND FUNCTION

The HFSND function shall perform the HFSND protocol
between each pair of HFDL aircraft station sub-systems and
HFDL ground station sub-systems by exchanging HFNPDUs.
It shall perform the HFSND protocol aircraft function in the
HFDL aircraft station sub-system and the HFSND protocol
ground function in the HFDL ground station sub-system.

11.3.4.3.2 SUBNETWORK ACCESS FUNCTION

The subnetwork access function shall perform the ISO 8208
protocol between the HFDL aircraft station sub-system or
HFDL ground station sub-system and the attached routers by
exchanging ISO 8208 packets. It shall perform the ISO 8208
DCE function in the HFDL aircraft station sub-system and the
HFDL ground station sub-system. 

11.3.4.3.3 INTERWORKING FUNCTION

The interworking function shall provide the necessary
harmonization functions between the HFSND, the subnetwork
access and the connectivity notification functions.

11.4 GROUND MANAGEMENT
SUB-SYSTEM

Note.— Details on the ground management sub-system
functions and interfaces are contained in the Manual on HF
Data Link (Doc 9741).

11.4.1 Management functions

The ground management sub-system shall perform the
functions necessary to establish and maintain communications
channels between the HFDL ground and aircraft station
sub-systems.

11.4.2 Management/control information exchange

The ground management sub-system shall interface with the
ground station sub-system in order to exchange control
information required for frequency management, system table
management, log status management, channel management,
and quality of service (QOS) data collection.
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Table 11-3. HF signal-in-space conditions

Table 11-3a. HF signal-in-space conditions

Data rate
(bits per second)

Number of
channel paths

Multipath spread 
(milliseconds)

Fading
bandwidth (Hz)

per CCIR
Report 549-2

Frequency
offset
(Hz)

Signal to noise 
ratio (dB)
in a 3 kHz
bandwidth

MPDU size
 (octets)

1 200 1 fixed – – 40 4 256

1 800 2 fading 2 1 40 16 400

1 200 2 fading 2 1 40 11.5 256

1 600 2 fading 2 1 40 8 128

1 300 2 fading 2 1 40 5 64

Data rate
(bits per second)

Number of
channel paths

Multipath spread
(milliseconds)

Fading
bandwidth (Hz)

per CCIR
Report 549-2

Frequency 
offset
(Hz)

Signal to noise
ratio (dB)
in a 3 kHz
bandwidth

MPDU size
 (octets)

1 200 2 fading 4 1 40 13 256

1 200 2 fading 2 2 40 11.5 256
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11.3.2.4 RECEPTION OF DATA

11.3.2.4.1 FREQUENCY SEARCH

Each HFDL aircraft station shall automatically search the
assigned frequencies until it detects an operating frequency.

11.3.2.4.2 RECEPTION OF PPDUS 

The HF data link receiver shall provide the means to detect,
synchronize, demodulate and decode PPDUs modulated
according to the waveform defined in 11.3.1.5, subject to the
following distortion:

a) the 1 440 Hz audio carrier offset by plus or minus
70 Hz;

b) discrete and/or diffuse multipath distortion with up to
5 ms multipath spread;

c) multipath amplitude fading with up to 2 Hz two-sided
RMS Doppler spread and Rayleigh statistics; and

d) additive Gaussian and broadband impulsive noise with
varying amplitude and random arrival times.

Note.— Reference CCIR Report 549-2.

11.3.2.4.3 DECODING OF PPDUS

Upon receipt of the preamble segment the receiver shall:

a) detect the beginning of a burst of data;

b) measure and correct the frequency offset between the
transmitter and receiver due to Doppler shift and
transmitter/receiver frequency offsets;

c) determine the data rate and interleaver settings to use
during data demodulation;

d) achieve M-PSK symbol synchronization; and

e) train the equalizer.

11.3.2.4.4 SYNCHRONIZATION

Each HFDL aircraft station sub-system shall synchronize its
slot timing to that of its corresponding ground station with
respect to the reception time of the last received SPDU.

11.3.2.4.5 SPECIFIED PACKET ERROR RATE PERFORMANCE

The number of HFDL media access protocol data units
(MPDUs) received with one or more bit errors shall not exceed
5 per cent of the total number of MPDUs received, when using
a 1.8 second interleaver and under the signal-in-space
conditions shown in Table 11-3.

Recommendation.— The number of HFDL MPDUs
received with one or more bit errors should not exceed
5 per cent of the total number of MPDUs received, when
using a 1.8 second interleaver under the conditions shown in
Table 11-3a.

11.3.3 Link layer

Note.— Details on link layer functions are contained in the
Manual on HF Data Link (Doc 9741).

The link layer shall provide control functions for the physical
layer, link management and data service protocols.

11.3.3.1 CONTROL FUNCTIONS

The link layer shall pass commands for frequency tuning,
transmitter keying and transmitter/receiver switching to the
physical layer.

11.3.3.2 LINK MANAGEMENT

The link layer shall manage TDMA slot assignments, log-on
and log-off procedures, ground station and aircraft station
TDMA synchronization, and other functions necessary, taking
into account message priority, for the establishment and
maintenance of communications.

11.3.3.3 DATA SERVICE PROTOCOLS

The link layer shall support a reliable link service (RLS)
protocol and a direct link service (DLS) protocol.

11.3.3.3.1 RLS

The RLS protocol shall be used to exchange acknowledged
user data packets between aircraft and ground peer link layers.

11.3.3.3.2 DLS

The DLS protocol shall be used to broadcast unsegmented
uplink high frequency network protocol data units
(HFNPDUs) and other HFNPDUs not requiring automatic
retransmission by the link layer.

11.3.4 Subnetwork layer

Note.— Details on subnetwork layer protocols and services
are contained in the Manual on HF Data Link (Doc 9741).
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11.3.4.1 PACKET DATA

The HFDL subnetwork layer in the HFDL aircraft station
sub-system and HFDL ground station sub-system shall provide
connection-oriented packet data service by establishing
subnetwork connections between subnetwork service users.

11.3.4.2 CONNECTIVITY NOTIFICATION SERVICE

The HFDL subnetwork layer in the HFDL aircraft station
sub-system shall provide the additional connectivity notifi-
cation service by sending connectivity notification event
messages to the attached ATN router.

11.3.4.2.1 CONNECTIVITY NOTIFICATION EVENT MESSAGES

The connectivity notification service shall send connectivity
notification event messages to the attached ATN router
through the subnetwork access function.

11.3.4.3 HFDL SUBNETWORK LAYER FUNCTIONS

The HFDL subnetwork layer in both the HFDL aircraft station
sub-system and HFDL ground station sub-system shall include
the following three functions:

a) HFDL subnetwork dependent (HFSND) function;

b) subnetwork access function; and

c) interworking function.

11.3.4.3.1 HFSND FUNCTION

The HFSND function shall perform the HFSND protocol
between each pair of HFDL aircraft station sub-systems and
HFDL ground station sub-systems by exchanging HFNPDUs.
It shall perform the HFSND protocol aircraft function in the
HFDL aircraft station sub-system and the HFSND protocol
ground function in the HFDL ground station sub-system.

11.3.4.3.2 SUBNETWORK ACCESS FUNCTION

The subnetwork access function shall perform the ISO 8208
protocol between the HFDL aircraft station sub-system or
HFDL ground station sub-system and the attached routers by
exchanging ISO 8208 packets. It shall perform the ISO 8208
DCE function in the HFDL aircraft station sub-system and the
HFDL ground station sub-system. 

11.3.4.3.3 INTERWORKING FUNCTION

The interworking function shall provide the necessary
harmonization functions between the HFSND, the subnetwork
access and the connectivity notification functions.

11.4 GROUND MANAGEMENT
SUB-SYSTEM

Note.— Details on the ground management sub-system
functions and interfaces are contained in the Manual on HF
Data Link (Doc 9741).

11.4.1 Management functions

The ground management sub-system shall perform the
functions necessary to establish and maintain communications
channels between the HFDL ground and aircraft station
sub-systems.

11.4.2 Management/control information exchange

The ground management sub-system shall interface with the
ground station sub-system in order to exchange control
information required for frequency management, system table
management, log status management, channel management,
and quality of service (QOS) data collection.
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CHAPTER 4. AERONAUTICAL SPEECH CIRCUITS

4.1 TECHNICAL PROVISIONS RELATING
TO INTERNATIONAL AERONAUTICAL SPEECH
CIRCUIT SWITCHING AND SIGNALLING FOR

GROUND-GROUND APPLICATIONS

Note.— Guidance material on the implementation of
aeronautical speech circuit switching and signalling for
ground-ground applications is contained in the Manual on Air
Traffic Services (ATS) Ground-Ground Voice Switching and
Signalling (Doc 9804). The material includes explanation of
terms, perfor-mance parameters, guidance on basic call types
and additional functions, references to appropriate ISO/IEC
international standards and ITU-T recommendations,
guidance on the use of signalling systems, details of the
recommended numbering scheme and guidance on migration
to future schemes. 

4.1.1 The use of circuit switching and signalling to
provide speech circuits to interconnect ATS units not
interconnected by dedicated circuits shall be by agreement
between the Administrations concerned.

4.1.2 The application of aeronautical speech circuit
switching and signalling shall be made on the basis of regional
air navigation agreements.

4.1.3 Recommendation.— The ATC communication
requirements defined in Annex 11, Section 6.2 should be met
by implementation of one or more of the following basic three
call types:

a) instantaneous access;

b) direct access; and

c) indirect access.

4.1.4 Recommendation.— In addition to the ability to
make basic telephone calls, the following functions should be
provided in order to meet the requirements set out in Annex 11:

a) means of indicating the calling/called party identity;

b) means of initiating urgent/priority calls; and

c) conference capabilities.

4.1.5 Recommendation.— The characteristics of the
circuits used in aeronautical speech circuit switching and
signalling should conform to appropriate ISO/IEC inter-
national standards and ITU-T recommendations.

4.1.6 Recommendation.— Digital signalling systems
should be used wherever their use can be justified in terms of
any of the following:

a) improved quality of service;

b) improved user facilities; or

c) reduced costs where quality of service is maintained.

4.1.7 Recommendation.— The characteristics of
supervisory tones to be used (such as ringing, busy, number
unobtainable) should conform to appropriate ITU-T
recommendations.

4.1.8 Recommendation.— To take advantage of the
benefits of interconnecting regional and national aeronautical
speech networks, the international aeronautical telephone
network numbering scheme should be used.
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CHAPTER 5. EMERGENCY LOCATOR TRANSMITTER (ELT)
FOR SEARCH AND RESCUE

5.1 GENERAL

5.1.1 Until 1 January 2005, emergency locator transmitters
shall operate either on both 406 MHz and 121.5 MHz or on
121.5 MHz.

Note.— From 1 January 2000, ELTs operating on
121.5 MHz will be required to meet the improved technical
characteristics contained in 5.2.1.8.

5.1.2 All installations of emergency locator transmitters
operating on 406 MHz shall meet the provisions of 5.3.

5.1.3 All installations of emergency locator transmitters
operating on 121.5 MHz shall meet the provisions of 5.2.

5.1.4 From 1 January 2005, emergency locator
transmitters shall operate on 406 MHz and 121.5 MHz
simultaneously.

5.1.5 All emergency locator transmitters installed on or
after 1 January 2002 shall operate simultaneously on 406 MHz
and 121.5 MHz.

5.1.6 The technical characteristics for the 406 MHz
component of an integrated ELT shall be in accordance
with 5.3.

5.1.7 The technical characteristics for the 121.5 MHz
component of an integrated ELT shall be in accordance
with 5.2.

5.1.8 States shall make arrangements for a 406 MHz
ELT register. Register information regarding the ELT shall
be immediately available to search and rescue authorities.
States shall ensure that the register is updated whenever
necessary.

5.1.9 ELT register information shall include the
following:

a) transmitter identification (expressed in the form of an
alphanumerical code of 15 hexadecimal characters);

b) transmitter manufacturer, model and, when available,
manufacturer’s serial number;

c) COSPAS-SARSAT* type approval number;

d) name, address (postal and e-mail) and emergency
telephone number of the owner and operator;

e) name, address (postal and e-mail) and telephone number
of other emergency contacts (two, if possible) to whom
the owner or the operator is known;

f) aircraft manufacturer and type; and

g) colour of the aircraft.

Note 1.— Various coding protocols are available to States.
Depending on the protocol adopted, States may, at their
discretion, include one of the following as supplementary
identification information to be registered:

a) aircraft operating agency designator and operator’s
serial number; or

b) 24-bit aircraft address; or 

c) aircraft nationality and registration marks.

The aircraft operating agency designator is allocated to the
operator by ICAO through the State administration, and the
operator’s serial number is allocated by the operator from the
block 0001 to 4096.

Note 2.— At their discretion, depending on arrangements in
place, States may include other relevant information to be
registered such as the last date of register, battery expiry date
and place of ELT in the aircraft (e.g. “primary ELT” or
“life-raft No. 1”). 

5.2 SPECIFICATION FOR THE 121.5 MHZ
COMPONENT OF EMERGENCY
LOCATOR TRANSMITTER (ELT)

FOR SEARCH AND RESCUE

Note 1.— Information on technical characteristics and
operational performance of 121.5 MHz ELTs is contained in
RTCA Document DO-183 and European Organization for
Civil Aviation Equipment (EUROCAE) Document ED.62.

* COSPAS = Space system for search of vessels in distress;
SARSAT = Search and rescue satellite-aided tracking.
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Note 2.— Technical characteristics of emergency locator
transmitters operating on 121.5 MHz are contained in ITU-R
Recommendation M.690-1. The ITU designation for an ELT is
Emergency Position — Indicating Radio Beacon (EPIRB).

5.2.1 Technical characteristics

5.2.1.1 Emergency locator transmitters (ELT) shall
operate on 121.5 MHz. The frequency tolerance shall not
exceed plus or minus 0.005 per cent.

5.2.1.2 The emission from an ELT under normal
conditions and attitudes of the antenna shall be vertically
polarized and essentially omnidirectional in the horizontal
plane.

5.2.1.3 Over a period of 48 hours of continuous operation,
at an operating temperature of minus 20°C, the peak effective
radiated power (PERP) shall at no time be less than 50 mW.

5.2.1.4 The type of emission shall be A3X. Any other
type of modulation that meets the requirements of 5.2.1.5,
5.2.1.6 and 5.2.1.7 below may be used provided that it will not
prejudice precise location of the beacon by homing equipment.

Note.— Some ELTs are equipped with an optional voice
capability (A3E) in addition to the A3X emission.

5.2.1.5 The carrier shall be amplitude modulated at a
modulation factor of at least 0.85.

5.2.1.6 The modulation applied to the carrier shall have a
minimum duty cycle of 33 per cent.

5.2.1.7 The emission shall have a distinctive audio
characteristic achieved by amplitude modulating the carrier
with an audio frequency sweeping downward over a range of
not less than 700 Hz within the range 1 600 Hz to 300 Hz and
with a sweep repetition rate of between 2 Hz and 4 Hz.

5.2.1.8 After 1 January 2000, the emission shall include a
clearly defined carrier frequency distinct from the modulation
sideband components; in particular, at least 30 per cent of the
power shall be contained at all times within plus or minus
30 Hz of the carrier frequency on 121.5 MHz.

5.3 SPECIFICATION FOR THE 406 MHZ 
COMPONENT OF EMERGENCY
LOCATOR TRANSMITTER (ELT)

FOR SEARCH AND RESCUE

5.3.1 Technical characteristics

Note 1.— Transmission characteristics for 406 MHz
emergency locator transmitters are contained in ITU-R M.633.

Note 2.— Information on technical characteristics and
operational performance of 406 MHz ELTs is contained in
RTCA Document DO-204 and European Organization for
Civil Aviation Equipment (EUROCAE) Document ED-62.

5.3.1.1 Emergency locator transmitters shall operate on
one of the frequency channels assigned for use in the
frequency band 406.0 to 406.1 MHz.

Note.— The COSPAS-SARSAT 406 MHz channel assignment
plan is contained in COSPAS-SARSAT Document C/S T.012.

5.3.1.2 The period between transmissions shall be
50 seconds plus or minus 5 per cent.

5.3.1.3 Over a period of 24 hours of continuous operation
at an operating temperature of –20°C, the transmitter power
output shall be within the limits of 5 W plus or minus 2 dB.

5.3.1.4 The 406 MHz ELT shall be capable of trans-
mitting a digital message.

5.3.2 Transmitter
identification coding

5.3.2.1 Emergency locator transmitters operating on
406 MHz shall be assigned a unique coding for identification
of the transmitter or aircraft on which it is carried.

5.3.2.2 The emergency locator transmitter shall be
coded in accordance with either the aviation user protocol or
one of the serialized user protocols described in Appendix 1
to this chapter, and shall be registered with the appropriate
authority.
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APPENDIX 1 TO CHAPTER 5. EMERGENCY LOCATOR
TRANSMITTER CODING

(see Chapter 5, 5.3.2)

Note.— A detailed description of beacon coding is
contained in ITU-R Recommendation M.633-1. The following
information is specific to emergency locator transmitters used
in aviation.

1. GENERAL

1.1 The emergency locator transmitter (ELT) operating on
406 MHz has the capacity to transmit a programmed digital
message which contains information related to the ELT and/or
the aircraft on which it is carried.

1.2 The ELT shall be uniquely coded in accordance with
1.3 below and be registered with the appropriate authority.

1.3 The ELT digital message shall contain either the
transmitter serial number or one of the following information
elements:

a) aircraft operating agency designator and a serial number
from 0001 to 4096;

b) 24-bit aircraft address;

c) aircraft nationality and registration marks.

1.4 All ELTs shall be designed for co-operation with the
COSPAS-SARSAT* system and be type approved.

Note.— Transmission characteristics of the ELT signal can
be confirmed by making use of the COSPAS-SARSAT Type
Approval Standard (C-S T.007).

2. ELT CODING

2.1 The ELT digital message contains information
relating to the message format, coding protocol, country code
and identification data consisting of one of the information
elements listed in 1.3 above.

2.2 For ELTs with no navigation data provided, the short
message format described in ITU-R Recommendation
M.633-1 shall be used, making use of bits 1 through 112.

2.3 Protected data field

2.3.1 The protected data field consisting of bits 25
through 85 shall be protected by an error correcting code, and
shall be the portion of the message which shall be unique in
every distress ELT.

2.3.2 A message format flag indicated by bit 25 shall be
set to “0” to indicate the short message format or set to “1” to
indicate the long format for ELTs capable of providing
location data.

2.3.3 A protocol flag shall be indicated by bit 26 and shall
be set to “1”.

2.3.4 A country code, which indicates the State where
additional data are available on the aircraft on which the ELT
is carried, shall be contained in bits 27 through 36 which
designate a three-digit decimal country code number expressed
in binary notation.

Note.— Country codes are based on the International
Telecommunication Union (ITU) country codes shown in
Table 4 of Part I, Volume I of the ITU List of Call Signs and
Numerical Identities.

2.3.5 Bits 37 through 39 shall designate one of the user
protocols where values “001” and “011” are used for aviation
as shown in the examples contained in this Appendix.

2.3.6 The ELT digital message shall contain either the
transmitter serial number or an identification of the aircraft or
operator in bits 40 through 83 as shown below. This
information shall be encoded in binary notation with the least
significant bit on the right, or using the modified Baudot code
shown in Table 5-1.

2.3.7 In the serialized user protocol (designated by bits 37
through 39 being “011”) bits 40 through 42 shall indicate type
of beacon where:

— “000” indicates ELT serial number is encoded in bits 44
through 63;

— “001” indicates aircraft operator and a serial number are
encoded in bits 44 through 61 and 62 through 73,
respectively;

* COSPAS = Space system for search of vessels in distress;
SARSAT = Search and rescue satellite-aided tracking.
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— “011” indicates the 24-bit aircraft address is encoded in
bits 44 through 67 and each additional ELT on the same
aircraft is numbered in bits 68 through 73.

Note.— States will ensure that each beacon, coded with the
country code of the State, is uniquely coded and registered in
a data base. Unique coding of serialized coded beacons can be
facilitated by including the COSPAS-SARSAT Type Approval
Certificate Number which is a unique number assigned by
COSPAS-SARSAT for each approved ELT model, as part of the
ELT message.

2.3.8 In the aviation user protocol (designated by bits 37
through 39 being “001”), the aircraft nationality and registration
marking shall be encoded in bits 40 through 81, using the
modified Baudot code shown in Table 5-1 to encode seven
alpha-numeric characters. This data shall be right justified with
the modified Baudot space (“100100”) being used where no
character exists.

2.3.9 Bits 84 and 85 shall indicate any homing transmitter
that may be integrated in the ELT.

Table 5-1. Modified Baudot Code

Letter
Code

MSB LSB Figure
Code

MSB LSB

A 111000 (-)* 011000
B 110011
C 101110
D 110010
E 110000 3 010000
F 110110
G 101011
H 100101
I 101100
J 111010 8 001100
K 111110
L 101001
M 100111
N 100110
O 100011 9 000011
P 101101 0 001101
Q 111101 1 011101
R 101010 4 001010
S 110100
T 100001 5 000001
U 111100 7 011100
V 101111
W 111001 2 011001
X 110111 / 010111
Y 110101 6 010101
Z 110001

( )** 100100

MSB = most significant bit
LSB = least significant bit
* = hyphen
** = space
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EXAMPLES OF CODING

ELT serial number

Aircraft address

Aircraft operator designator and serial number

Aircraft registration marking

Note 1.— 10 bits, all 0s or National use.

Note 2.— COSPAS-SARSAT Type Approval Certificate number in binary notation with the least significant bit on the right, or
National use.

Note 3.— Serial number, in binary notation with the least significant bit on the right, of additional ELTs carried in the same
aircraft or default to 0s when only one ELT is carried.

 25  27              36  37  40  44                                   63  64              73  74              83 85

F 1 COUNTRY 0 1 1 T T T C SERIAL NUMBER DATA
(20 BITS) SEE NOTE 1 SEE NOTE 2 A A

25  27              36  37  40  44                                  67  68           73  74              83 85

F 1 COUNTRY 0 1 1 T T T C
AIRCRAFT ADDRESS

(24 BITS) SEE NOTE 3 SEE NOTE 2 A A

25  27              36  37  40  44                                61  62                73  74              83 85

F 1 COUNTRY 0 1 1 T T T C
OPERATOR 3-LETTER 

DESIGNATOR

SERIAL
NUMBER

1-4096
SEE NOTE 2 A A

25  27              36  37  40                                                                                                           81 83 85

F 1 COUNTRY 0 0 1
AIRCRAFT REGISTRATION MARKING (UP TO
7 ALPHANUMERIC CHARACTERS) (42 BITS) 0 0 A A

T = Beacon type TTT = 000 indicates ELT serial number is encoded;
= 001 indicates operating agency and serial number are encoded;
= 011 indicates 24-bit aircraft address is encoded.

C = Certificate flag bit: 1 = to indicate that COSPAS-SARSAT Type Approval Certificate number is encoded in bits 74
through 83 and

0 = otherwise

F = Format flag: 0 = Short Message
1 = Long Message

A = Auxiliary radio-locating device: 00 = no auxiliary radio-locating device
01 = 121.5 MHz
11 = other auxiliary radio-locating device
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