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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 [ — 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
IIT 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

ANNEX 10 — VOLUME III

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:

7/11/96
No. 71
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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;

¢) 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;

28/11/02
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(viii)
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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

Adopted
Effective
Amendment Source(s) Subject(s) Applicable

70 Air Navigation Commission, Introduction of new Volume III and SARPs related to the Aeronautical ~ 20 March 1995
Third Meeting of the Mobile-Satellite Service (AMSS) 24 July 1995
Aeronautical Mobile 9 November 1995
Communications Panel
(AMCP)

71 Air Navigation Commission; Addition of specifications for the Mode S subnetwork of ATN; 12 March 1996
SP COM/OPS/95 Divisional addition of material relating to the introduction of 8.33 kHz channel 15 July 1996
Meeting (1995); fifth meeting spacing; changes to material related to the protection of air-ground 7 November 1996
of the Secondary Surveillance communications in the VHF band; addition of technical specifications
Radar Improvements and relating to the RF characteristics for the VHF digital link (VDL).

Collision Avoidance Systems
Panel (SICASP); third meeting
of the Aeronautical Mobile
Communications Panel
(AMCP)

72 Air Navigation Commission; Introduction of SARPs and guidance material for VHF digital link 12 March 1997
fourth meeting of the (VDL); definition for VDL and deletion of obsolete material on 21 July 1997
Aeronautical Mobile air/ground data interchange. 6 November 1997
Communications Panel
(AMCP)

73 Air Navigation Commission; Introduction of material relating to the ATN; changes to specifications 19 March 1998
second meeting of the of the Mode S subnetwork. 20 July 1998
Aeronautical 5 November 1998
Telecommunication Network
Panel (ATNP); sixth meeting of
the Secondary Surveillance
Radar Improvements and
Collision Avoidance Systems
Panel (SICASP)

74 Fifth meeting of the Introduction of: a) specifications for HF data link; and b) changes to 18 March 1999
Aeronautical Mobile the specifications for emergency locator transmitters. 19 July 1999
Communications Panel 4 November 1999
(AMCP); Air Navigation
Commission

75 Sixth meeting of the Changes to the AMSS SARPs introducing a new antenna type, a new 13 March 2000
Aeronautical Mobile voice channel type and enhanced provisions for interoperability 17 July 2000
Communications Panel among AMSS systems; changes to the VDL SARPs to reduce 2 November 2000
(AMCP); Air Navigation potential interference to current VHF voice communication systems
Commission 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.
76 Third meeting of the Aeronautical telecommunication network (ATN) system management, 12 March 2001

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)

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.

(ix)

16 July 2001
1 November 2001

1/11/01
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Adopted
Effective
Amendment Source(s) Subject(s) Applicable

77 Secondary Surveillance Radar Mode S subnetwork (Part I), aircraft addressing system (Part I). 27 February 2002
Improvements and Collision 15 July 2002
Avoidance Systems Panel 28 November 2002
(SICASP)

78 Air Navigation Commission Changes to technical specifications relating to radio frequency 5 March 2003

channels; introduction of registration requirement for ELTs; 14 July 2003
incorporation of VDL Modes 3 and 4 in the table of ATN subnetwork 27 November 2003
priorities (Table 3-3); editorial amendments.

79 Eighth meeting of the Changes to technical specifications relating to high frequency data 23 February 2004
Aeronautical Mobile link (HFDL) to align them with relevant provisions of ITU RR; 12 July 2004
Communications Panel introduction of FM immunity characteristics for VDL Mode 4; 25 November 2004
(AMCP) deletion of the note indicating that VDL Mode 4 SARPs apply to

surveillance applications.
25/11/04 (x)
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INTERNATIONAL STANDARDS AND
RECOMMENDED PRACTICES

PART I — DIGITAL DATA COMMUNICATION SYSTEMS

CHAPTER 1.

Note 1.— All references to “Radio Regulations” are to the
Radio Regulations published by the International Telecom-
munication Union (ITU). Radio Regulations are amended from
time to time by the decisions embodied in the Final Acts of
World Radiocommunication Conferences held normally every
two to three years. Further information on the ITU processes
as they relate to aeronautical radio system frequency use is

- contained in the Handbook on Radio Frequency Spectrum
Requirements for Civil Aviation including statement of
approved ICAO policies (Doc 9718).

Note 2.— This Part of Annex 10 includes Standards and
Recommended Practices for certain forms of equipment for
communication systems. While the Contracting State will
determine the necessity for specific installations in accordance
with the conditions prescribed in the relevant Standard or
Recommended Practice, review of the need for specific
installation and the formulation of ICAO opinion and
recommendations to Contracting States concerned, is carried
out periodically by Council, ordinarily on the basis of
recommendations of Regional Air Navigation Meetings
(Doc 8144, Directives to Regional Air Navigation Meetings
and Rules of Procedure for their Conduct),

Note 3.— This chapter contains general definitions relevant
fo communication systems. Definitions specific to each of the
systems included in this volume are contained in the relevant
chapters.

Note 4.— Material on secondary power supply and
guidance material concerning reliability and availability for
communication systems is contained in Annex 10, Volume I,
2.9 and Volume I, Attachment E, respectively.

Aeronautical  telecommunication network (ATN). An
mnternetwork architecture that allows ground, air-ground
and avionic 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.

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

ANNEX 10 — VOLUME Il

DEFINITIONS

Alircraft earth station (AES). A mobile earth station in the
aeronautical mobile-satellite service located on board an
aircraft (see also “GES").

Bit error rate (BER). The number of bit errors in a sample
divided by the total number of bits in the sample, generally
averaged over many such samples.

Carrier-to-multipath ratio (C/M). The ratio of the carrier
power received directly, i.e. without reflection, to the
multipath power, i.e. carrier power received via reflection.

Carrier-to-noise density ratio (C/N,). The ratio of the total
carrier power to the average noise power in a 1 Hz
bandwidth, usually expressed in dBHz.

Channel rate. The rate at which bits are transmitted over the
RF channel. These bits include those bits used for framing
and error correction, as well as the information bits. For
burst transmission, the channel rate refers to the
instantaneous burst rate over the period of the burst.

Channel rate accuracy. This is relative accuracy of the clock
to which the transmitted channel bits are synchronized. For
example, at a channel rate of 1.2 kbits/s, maximum error of
one part in 10° im}_gl‘ies the maximum allowed error in the
clock is 1.2 x 10~ Hz.

Circuit mode. A configuration of the communications network
which gives the appearance to the application of a dedicated
transmission path.

Doppler shift. The frequency shift observed at a receiver due
to any relative motion between transmitter and receiver.

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 trans-
mitting end to (2) the interface between the communication
system and the information user or processor or application
at the receiving end.

End-user. An ultimate source and/or consumer of information.

1/11/01
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Energy per symbol to noise density ratio (E/N,). The ratio of
the average energy transmitted per channel symbol to the
average noise power in a 1 Hz bandwidth, usually
expressed in dB. For A-BPSK and A-QPSK, one channel
symbol refers to one channel bit.

Eguivalent isotropically radiated power (e.i.r.p). The product
of the power supplied to the antenna and the antenna gain
in a given direction relative to an isotropic antenna
(absolute or isotropic gain).

Forward error correction (FEC). The process of adding
redundant information to the transmitted signal in a manner
which allows correction, at the receiver, of errors incurred

" 'in the transmission.

Gain-to-noise temperature ratio. The ratio, usually expressed
in dB/K, of the antenna gain to the noise at the receiver
output of the antenna subsystem. The noise is expressed as
the temperature that a 1 ohm resistor must be raised to
produce the same noise power density.

Ground earth station (GES). An carth station in the fixed
satellite service, or, in some cases, in the aeronautical
mobile-satellite service, located at a specified fixed point on
land to provide a feeder link for the aeronautical mobile-
satellite service.

Note.— This definition is used in the ITU's Radio
Regulations under the term “aeronautical earth station.” The
definition herein as “GES” for use in the SARPs is to clearly
distinguish it from an aircraft earth station (AES), which is a
mobile station on an aircraft.

Mode S subnetwork. A means of performing an interchange of
digital data through the use of secondary surveillance radar
(SSR) Mode S interrogators and transponders in accordance
with defined protocols.

Packet. The basic unit of data transfer among communications
devices within the network layer.

Packet layer protocol (PLP). A protocol to establish and
maintain a connection between peer level entities at the

network layer, and 1o transfer data packets between them. In -
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the context of this standard, the term refers to the protocol
defined by the ISO 8208 standard used in this document.

Point-to-point. Pertaining or relating to the interconnection of
two devices, particularly end-user instruments. A
communication path of service intended to connect two
discrete end-users; as distinguished from broadcast or
multipoint service.

Slotted aloha. A random access strategy whereby multiple
users access the same communications channel
independently, but each communication must be confined to
a fixed time slot. The same timing slot structure is known
to all users, but there is no other co-ordination between the
users.

Switched virtual circuit (SVC). The primary circuit
management technique provided within the ISO 8208
protocol. The network resources are dynamically allocated
when needed and released when no longer required.

Time division multiplex (TDM). A channel sharing strategy in
which packets of information from the same source but
with different destinations are sequenced in time on the
same channel.

Time division multiple access (TDMA). A multiple access
scheme based on time-shared use of an RF channel
employing: (1) discrete contiguous time slots as the
fundamental shared resource; and (2) a set of operating
protocols that allows users to interact with a master control
station to mediate access to the channel.

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. ’

VHF digital link (VDL). A constituent mobile subnetwork of
the acronautical telecommunication network (ATN),
operating in the aeronautical mobile VHF frequency band.
In addition, the VDL may provide non-ATN functions such
as, for instance, digitized voice.
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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
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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.

ANNEX 10 — VOLUME III
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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.

4A

Annex 10 — Aeronautical Telecommunications

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.%

* All figures are located at the end of this chapter.
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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;

¢) 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

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

g

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:
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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;

¢) 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.

4C
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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.

34 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).

34.2 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.

3.43 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.

346 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.

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

349 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.

34.17 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.

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

3.426 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 107 per message.

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

3429 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.

3.430 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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3.431 The ATN shall be capable of establishing, main-
taining, releasing and aborting peer-to-peer application associ-
ations for the exchange of directory information.

3432 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.

3434 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:
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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
¢) 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;

¢) 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;

¢) downstream clearance; and

d) ground forward.

Note.— The technical provisions for the CPDLC

application are defined in Doc 9705, Sub-volume II.
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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

(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
(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;

¢) 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 II1.

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
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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
include the:

The upper layer communications service shall

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 1V.

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.

3.6.22 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 1V, 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;

¢) 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.

27/11/03
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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.

3921 ATS messages shall
masquerade, modification and replay.

be protected from

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.

41
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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.

4]
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Table 3-2. Mapping of ATN communication priorities
Corresponding protocol priority
Transport layer | Network layer
Message categories ATN application priority 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 11 3
communications
High-priority administrative and State/Government 12 2
communications
Normal-priority administrative communications 13 1
Low-priority administrative communications and 14 0
aeronautical passenger communications
Note.— The network layer priorities shown in the table apply only to connectionless network priority and do
not apply to subnetwork priority.

4K
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Table 3-3. Mapping of ATN network priority to mobile subnetwork priority

Volume II1

Corresponding mobile subnetwork priority (see Note 4)

communications and
aeronautical passenger
communications

VDL
ATN network VDL VDL Mode 4 SSR
Message categories layer priority AMSS Mode 2 Mode 3 (see Note 5) Mode S HFDL
Network/systems 14 14 see Note 1 3 high high 14
management
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 11 11 see Note 1 2 high high 11
messages
Normal-priority flight safety 10 11 see Note 1 2 high high 11
messages
Meteorological 9 8 see Note 1 1 medium low 8
communications
Flight regularity 8 7 see Note 1 1 medium low 7
communications
Aeronautical information 7 6 see Note 1 0 medium low 6
service messages
Network/systems 6 5 see Note 1 0 medium low 5
administration
Aeronautical administrative 5 5 not allowed | not allowed | not allowed | not allowed | not allowed
messages
<unassigned> 4 unassigned unassigned unassigned unassigned unassigned unassigned
Urgent-priority 3 3 not allowed | not allowed | not allowed | not allowed | not allowed
administrative and U.N.
Charter communications
High-priority administrative 2 2 not allowed | not allowed | not allowed | not allowed | not allowed
and State/Government
communications
Normal-priority 1 1 not allowed | not allowed | not allowed | not allowed | not allowed
administrative
communications
Low-priority administrative 0 0 not allowed | not allowed | not allowed | not allowed | not allowed

priority.

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

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).

27/11/03
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FIGURE FOR CHAPTER 3

End system (ES) End system (ES)
Application process ATN end-to-end Application process
Application Application
entity ATN communication entity
L, services end-to-end o
Upper layers Upper layers

comr::rnvli((::aetlons ATN Internet communications comr::rnvli((::aetlons
service end-to-end

A

Inter.net. Intermediate Intermediate Inter.net.
communications system (IS) system (IS) communications
service service
Subnetwork Subnetwork Subnetwork

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.

Figure 3-1. Conceptual model of the ATN
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CHAPTER 4.  AERONAUTICAL
MOBILE-SATELLITE SERVICE

4.1 DEFINITIONS AND DESCRIPTIONS
OF CHANNEL TYPES; GENERAL;
SYSTEM CAFPABILITIES

4.1.1 Definitions and descriptions
of channel types

4.1.1.1 DEFINITIONS

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

Aviation-BPSK (A-BPSK). The particular form of binary phase
shift keyed modulation which is used in AMSS for channel
rates of 2.4, 1.2 and 0.6 kbits/s. A-BPSK is a modulation
technique which maps a “0” to a phase shift of —-90° and “1”
to a phase shift of +90°. The phase-encoded A-BPSK data
stream is then filtered with a filter which satisfies the
amplitude and phase versus frequency limits defined by
Tables Al-1 and A1-2 in Appendix 1 to Chapter 4.

Aviation-QPSK (A-QPSK). The particular form of offset
quaternary phase shift keyed modulation which is used in
AMSS for channel rates greater than 2 400 bits/s. A-QPSK
is a modulation technique which maps a “0” into a 0
degrees and “1” into a 180 degrees, or “0” into 90 degrees
and “1” into 270 degrees, alternating between the two
options on successive bits. The encoded A-QPSK data
stream 1is then filtered such that the modulated spectrurn
meets the amplitude mask of Table Al-3 and the phase
mask defined in Table A1-2 in Appendix 1 to Chapter 4.

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.

Cyclic redundancy check. The last two bytes of each signal
unit form a cyclic redundancy check of the whole signal
unit as follows. The check bits for error detection are
calculated from the first 10 octets of a standard length
signal unit, or from the first 17 octets of an extended length
signal unit or from the first 4 octets of the burst identifier,
using the following generator polynomial:

16

x16 4 x12

X0 +1

Note.— See CCITT (Red Book) Recommendation X235,
Section 2.2.7 for the method of calculation and the bit order.

Direct link service (DLS). A data communications service
which makes no attempt to automatically correct errors,
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detected or undetected, at the link layer of the air-ground
communications path. (Error control may be effected by
end-user systems.)

Epoch. A span of time related to the beginning and end, or
lifetime, of an event or a sequence of associated events.

Frame. A structured, repeating time-segment of a
communication link architecture that provides for time-
predictable communication activities between its beginning
and end.

Global beam. Satellite antenna directivity whose main lobe
encompasses the entire earth’s surface that is within line-of-
sight view of the satellite.

Inifial signal unit (ISU). The first of the series of signal units
followed by SSUs.

Link interface control information (LICI). The control
information exchanged between the link layer and any of its
service users as part of the link interface data unit (LIDU).

Link interface data unit (LIDU). The total information
transferred in a single interaction across the interface
between the link layer and a link service user. Each LIDU
contains link interface control information (LICI) and may
also contain a single link service data unit (LSDU).

Link service data unit (LSDU). A pant of the link interface
data unit (LIDU) and is the same as the subnetwork
protocol data unit (SNPDU).

Lone signal unit (LSU). A single signal unit comprising the
total message.

Near-geostationary orbits. Satellites operating in near-
geostationary orbits have an orbit period of 24 hours with
an inclination of up to five degrees from the equatorial
plane.

Network co-ordination station (NCS). The entity of the over-all
AMS(R)S system that has functional responsibilities to: co-
ordinate communications traffic and satellite connectivity
within its satellite region; and provide inter-system co-
ordination with adjacent satellite regions served by other
satellites.

P channel synchronization. The state of the P channel
demodulator when the P channel unique word is reliably
detected.
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P channel degradation/floss. A declaration that is made when
the P channel bit error rate tises above 10~ over an
averaging period of 3 minutes, or more than 10 short-term
interruptions (loss of P channel synchronization for less
than 10 seconds) are experienced in any 3-minute period; or
when the P channel synchronization is lost for more than
10 seconds.

Q number, Q level, O precedence. A definition of the trans-
mission precedence of a message or signalling sequence,
using numbers from 0 to 15 (with 15 transmitted first).

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.

Satellite region. A geographically defined sub-area within the
view of a satellite within which services can be provided by
that satellite.

Satellite service area. A geographically defined sub-area
within the view of a satellite within which services are
provided by that satellite. Note that a satellite service area
might be sub-divided in terms of operational characteristics,
conditions, or limitations for a variety of reasons.

Signal unit (SU). A time-ordered, contiguous set of data octets
used for signalling and control, and for user packet data
transmissions. Standard-length SUs are 96 bits (12 octets)
used in P, T and C channels. R channel SUs are 152 bits
(19 octets), and the T channel uses a header SU of 48 bits
(6 octets).

Spot beam. Satellite antenna directivity whose main lobe
encompasses significantly less than the earth’s surface that
is within line-of-sight view of the satellite. May be
designed so as to improve system resource efficiency with
respect to geographical distribution of user earth stations.

Subsequent signal unit (SSU). In a series of SUs, the signal
unit(s) following the initial signal unit.

Superframe. A recurring, time-structured set of data trans-
mission frames, which also includes a superframe marker
(see also the definition of “frame”).

4.1.1.2 DESCRIPTION OF
CHANNEL TYPES

4.1.1.21 P channel. Packet mode time division
multiplex(TDM) channel transmitted continuously from the
aeronautical ground earth station (GES) in the to-aircraft
direction to carry signalling and user data. A P channel being
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No. 74

- . Yolume HI .

nsed for system management functions is designated P
while a P channel being used for other functions is designated
by P4 The functional designations P,,. and Py do not
necessarily apply to separate physical channels.

4.1.1.2.2 R channel. Random access (slotted Aloha)
channel, used in the from-aircraft direction to carry signalling
and user data. An R channel being used for system manage-
ment functions is designated Rg,,., while an R channel being
used for other functions is designated R;. The functional
designations R, and Ry do not necessarily apply to separate
physical channels.

4.1.1.2.3 T channel. Reservation time division multiple
access (TDMA) channel, used in the from-aircraft direction
only. The receiving GES reserves time slots for transmissions
requested by aircraft earth stations (AESs) according to
message length. The sending AES transmits the message in the
reserved time slots according to priority.

4.1.1.24 C channel. Circuit-mode single channel per
carrier (SCPC) channel, used in both to-aircraft and from-
aircraft directions. This channel is time division multiplexed to
provide a primary channel for voice or data traffic and a sub-
band channel for signalling, supervision and data messages.
The use of the channel is controlled by assignment and release
signalling at the start and end of each transaction.

4.1.2 General

4.1.2.1 When aeronautical mobile-satellite service
(AMSS), using near-geostationary orbiting satellites, is
installed and maintained in operation as an aid to air traffic
services, it shall conform with the provisions of 4.1 to 4.10.

4.1.2.2 Requirements for mandatory carriage of AMSS
equipment including the level of system capability shall be
made on the basis of regional air navigation agreements which
specify the airspace of operation and the implementation time-
scales for the carriage of equipment.

4.1.2.3 The agreements indicated in 4.1.2.2 shall provide
at least two years’ notice of mandatory carriage of airborne
systems.

4.1.24 Recommendation.— Civil aviation authorities
should co-ordinate, with national authorities and service
providers, those implementation aspects of AMSS which will
permit its world-wide interoperability and optimum use, as
appropriate.

Note.— Provisions on the allocation and assignment of 24-
bit aircraft addresses for use by the AMSS are contained in
Chapter 9.
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4.1.3 System capabilities

Note.— A system providing aeronautical mobile-satellite
service (AMSS) comprises the AES, the satellite and the GES.
A Level I (2, 3 or 4) system consists of an AES with Level 1
(2, 3 or 4) capability with one or more satellites and one or
more GESs having the capabilities to operate compatibly with
all capabilities of the AES. Multiple service providers of such
systems may coexist. A basic level of interoperability among
different systems is provided,

4.1.3.1 Scope. A level of system capability shall include
the performance of the AES, the satellite and the GES. All
AESs, as a minimum, shall have a Level 1 capability and shall
continuously monitor the P channel after log-on to the GES.
Each GES shall provide at all imes when operating AMS(R)S,
a Level 1 capability as a minimum.

4.13.1.1 There shall be a P channel and an R channel
Pgme and Ry, capability which perform system management
functions for each satellite service area.

4.1.3.1.2 For the case where there is one transmit channel
unit shared between the R and T channels, R channel
transmissions shall be delayed, whenever necessary, to avoid
interrupting a T channel transmission.

4132 Level 1. An AES with Level 1 capability shall
have the capabilities for:

a) receiving and processing data on one P channel at
channel rates of 0.6 and 1.2 kbits/s; and

b) processing and transmitting data on one R channel and
on one T channel at channel rates of 0.6 and 1.2 kbits/s.

Simultaneous transmission on the R channel and the T channel
shall not be required.

4.13.2.1 An AES with Level 1 capability shall receive
and process continuously the assigned P channel once logged
on with the GES to enable receipt of AES-addressed messages
and respond to GES commands.

4.1.3.2.2 Recommendation.— An AES with Level ]
capability should have the capabilities described in 4.1.3.2 for
the additional channel rate of 2.4 kbits/s.

Note— An AES with Level 1 capability provides basic
packet mode data communications based on the open system
interconnection model to support aviation  safety
communications. An AES with Level 1 capability requires one
receive channel and one transmit channel.

4.1.3.3 Level 2. An AES with Level 2 capability shall
have the capabilities for:

a) receiving and processing data on one P channel at
channel rates of 0.6 and 10.5 kbits/s; and
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b) processing and transmitting data on one R channel and
on one T channel at channel rates of 0.6 and 10.5 kbits/s.

Simultaneous transmission on the R channel and the T channel
shall not be required. Simultaneous reception on more than
one P channel shall not be required.

4,1.3.3.1 Recommendation.— An AES with Level 2
capability should have the capabilities described in 4.1.3.3 a)
for the additional channel rate of 4.8 kbits/s.

4.1.3.4 Level 3. An AES with Level 3 capability shall
provide the capabilities for:

a) an AES with Level 2 capability; and

b) recetving, processing and transmitting  digital
information on one C channel at a channel rate of 8.4 or
21.0 kbits/s.

Simultaneous operation of the C channel with either the R
channel or the T channet shali not be required.

4.1.3.4.1 Recommendation.— Level 3 channel capability
should be provided at channel rates of 5.25, 6.0 and 10.5
kbits/s.

Note.— An AES with Level 3 capability provides digitized
voice capability on a C channel in addition to the Level 2
packet mode dara capability. Pre-emption requirements are
described in Sections 4.8 and 4.9. Two receive channels and
one transmit channel are required.

4.1.3.5 Level 4. An AES with Level 4 capability shall
provide the capabilities for:

a) an AES with Level 3 capability;

b) simultaneous operation of a C channel with the R
channel; and

c) simultaneous operation of the C channel with the T
channel.

Simultaneous operation of the three channels (C, R and T)
shall not be required.

4.1.3.5.1 Recommendation.— Level 4 channel capability
should be provided at channel rates of 5.25, 6.0 and 10.5
kbits/s.

Note.— An AES with Level 4 capability provides digitized
voice capability on a C channel simultaneously with packet
mode data capability on the R channel or the T channel. Two
receive channels and two transmit channels are required.

4.1.3.5.2 Recommendation.— A Level 4 AES should be
capable of simultaneous R and T channel transmissions
whenever the C channel is not in use.

21100
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4.2 BROADBAND RF
CHARACTERISTICS

4.2.1 Frequency bands
4.2.1.1 USE OF AMS(R)S BANDS

Note.— Categories of messages, and their relative priorities
within the aeronautical mobile (R) service, are given in
Annex 10, Volume II, 5.1.8. These categories and priorities are
equally valid for the aeronautical mobile-satellite (R) service
{see ITU Radio Regulations Article S44).

4.2.1.1.1 Every aircraft earth station and ground earth
station shall be designed to ensure that messages defined in
Annex 10, Volume II, 5.1.8 are not delayed by the transmission
and/or reception of other types of messages employing
frequencies within the bands stated in 4.2.1.2 and 4.2.1.3 or
other frequencies to which the station can tune. Message types
not defined in Annex 10, Volume II, 5.1.8 shall be terminated
if necessary, and without warning, to allow Ammex 10,
Volume II, 5.1.8 type messages to be transmitted and received.

Note.— See ITU Radio Regulations No. $5.357A.

4.2.1.2 TO-AIRCRAFT

42.1.2.1 The aircraft earth station shall be capable of
receiving in the frequency band 1 544 to 1 555 MHz.

Note.— Use of the band 1544 to ] 545 MHz by mobile
satellite services is limited to distress and safety operations.

4.2.1.2.2 Recommendation.— The aircraft earth station
should be capable of receiving in the frequency band 1 555 to
1559 MHz.

Note— The band 1 555 to 1 559 MHz may be protected and
utilized by some States for national and international AMS(R)S
purposes.

4.2.1.2.3 Recommendation.— The aircraft earth station
should also be capable of receiving in the frequency band
1525 to 1 544 MHz.

Note.— The band 1 525 10 1 544 MHz may be used to com-
municate for purposes of distress and public correspondence
with stations of the maritime mobile-satellite service in
accordance with ITU Radio Regulations Article S41.

4.2.1.3 FROM-AIRCRAFT

4.2.1.3.1 The aircraft carth station shall be capable of
transmitting in the frequency band 1 645.5 to 1 656.5 MUz.
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Note.— Use of the band 1 645.5 1o 1 646.5 MHz by mobile-
satellite services is limited to distress and safety operations.

4.2.1.3.2 Recommendation.— The aircraft earth station
should be capable of transmitting in the frequency band
1656.5 to 1 660.5 MHz.

Note.— The band 1 656.5 to 1 660.5 MHz may be protected
and utilized by some States for national and international
AMS(R)S purposes.

4.2.1.3.3 Recommendation.— The aircraft earth station
should also be capable of transmitting in the frequency band
1626.5 to 16455 MH:.

Note.— The band 1 626.5 to 1 645.5 MHz may be used to
communicate for purposes of distress and public correspon-
dence with stations of the maritime mobile-satellite service in
accordance with ITU Radio Regulations Article S41.

4.2.1.4 TUNING INCREMENTS

4.2.1.4.1 Channels shall be allocated throughout the
bands in increments of 2.5 kHz, for the to- and from-aircraft
transmission path. :

4.2.1.4.2 Channel assignment and tuning of the aircraft
earth station shall be achieved under contro] from the GES.

4.2.1.5 CHANNEL NUMBERING

42.151 The channel number (Ct) shall be defined with
respect to the centre frequency on the to-aircraft transmission
path by the formula:

frequency of transmission (MHz) — 1 510.0
0.0025

Ct =

4.2.1.5.2 The channel number (Cf) shall be defined with
respect to the centre frequency on the from-aircraft
transmission path by the formula:

frequency of transmission (MHz) ~ 1 611.5

Cf =
! 0.0025

4.2.2 Frequency accuracy

The frequency of transmission from the aircrafi earth station,
as would be received at the satellite. shall not vary from the
nominal channel frequency by more than +383 Hz due to all
causcs.
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Note.— The frequency of transmissions received by a
subsonic aircraft should not vary from the nominal channel
frequency by more than +2.18 kHz due to all causes.

4.2.3 Aircraft earth stations
RF characteristics

Note.— The following requirements apply over the entire
transmit and receive frequency bands.

4,2.3.1 GENERAL ANTENNA
CHARACTERISTICS

4.23.1.1 Reference coverage volume. Antenna systems
shall be installed to meet performance requirements for trans-
mitting and receiving over a coverage volume of 360 degrees
of azimuth and from 5 to 90 degrees in elevation from a
horizontal plane for aircraft in straight and leve] flight.

4.2.3.1.1.1 Recommendation.— To the maximum extent
possible, antenna systems should be installed to meet perform-
ance requirements for transmitting and receiving over a
coverage volume of 360 degrees in azimuth and from 5 to 90
degrees in elevation from a horizontal plane for aircraft
attitudes of +20/-5 degrees of pitch and +25 degrees of roll.

4.2.3.1.2 Polarization. The polarization shall be
right-hand circular for both receiving and transmitting, in
accordance with the definition of ITU Radio Regulations No.
S51.154.

4.2.3.1.3 Antenna switching. Aircraft earth stations that
require more than one antenna shall be capable of switching
from one antenna to another in the same antenna sub-system
$0 as to introduce a signal interruption of not more than 40 ms.

Note.— 4.2.3.2, 4.2.3.2 bis and 4.2.3.3 outline the require-
ments for high gain, intermediate gain and low gain antennas
only. This does not preclude the future introduction of other
gain antennas; however, some of the considerations which
must be made before such an introduction are described in the
guidance material contained in Attachment A to Part 1 of
Annex 10, Volume IIL

4.2.3.2 LOW GAIN ANTENNA
SUB-SYSTEMS

4.2.32.1 Gain-to-noise temperature ratio. Receiving sub-
systéems employing low gain antennas shall achieve a gain-to-
noise temperature ratio (G/T) of not less than —26 dB/K over
not less than 85 per cent of the reference coverage volume
defined in 4.2.3.1.1; and not less than —31 dB/K over the
remaining 15 per cent of the reference coverage volume. The
only exception to this is the region greater than 70 degrees in
elevation from the horizontal plane where the G/T shall be not
less than —28 dB/K.

Annex 10 — Aeronautical Telecommunications

4.2.3.2.2 Axial ratio. The axial ratio shall be less than
6 dB for elevation angles of 45 to 90 degrees and less than
20dB for elevation angles of 5 to 45 degrees or the AES
antenna shall have sufficient gain to compensate for additional
polarization loss in excess of that caused by the axial ratios.
The condition for including the compensation shall assume the
satellite axial ratio to be 2.5 dB, with major axes of the
polarization ellipses orthogonal.

4,2.3.2.3 Recommendation.— To the maximum extent
possible, the G/T should be not less than —26 dB/K and the
axial ratio should be less than 6 dB over 100 per cent of the
reference coverage volume.

4.2.3.2 bis INTERMEDIATE GAIN ANTENNA
SUB-SYSTEMS

See paragraph 4.2.3.6.

4.2.3.3 HIGH GAIN ANTENNA
SUB-SYSTEMS

4.23.3.1 Gain-to-noise temperature rdtio. Receiving sub-
systems employing high gain antennas shall achieve a gain-to-
noise temperature ratio (G/T) of not less than —13 dB/K over
not less than 75 per cent of the reference coverage volume and
shall be not less than —25 dB/K over the remaining 25 per cent
of the reference coverage volume defined in 4.2.3.1.1.

4.2.3.3.2 Axial ratio. The axial ratio shall be less than
6 dB over the 75 per cent of the reference coverage volume
referred to in 4.2.3.3.1 where the G/T must exceed ~13 dB/K
or the AES antenna shall have sufficient gain to compensate
for additional polarization loss in excess of that caused by this
axial ratio. The condition for including the compensation shall
assume the satellite axial ratio to be 2.5 dB, with the major
axes of the polarization ellipses orthogonal.

4.2.3.3.3 Recommendation.— To the maximum extent
possible, the G/T should be not less than —13 dB/K and the
axial ratio should be less than 6 dB over 100 per cent of the
reference coverage volume.

4.2.3.3.4 Discrimination. The antenna gain pattern for
both transmit and receive functions shall discriminate by not
less than 13 dB between the directions of wanted and
unwanted satellites spaced 45 degrees or greater in longitude
over not less than 75 per cent of the reference coverage volume
defined in 4.2.3.1.1.

423341 Recommendation— The antenna gain
pattern for both transmit and receive functions should
discriminate by not less than 13 dB between the directions of
wanted and unwanted satellites spaced 45 degrees or greater
in longitude over 100 per cent of the reference coverage
volume defined in 4.2.3.1.1.
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4.2.3.3.5 Phase discontinuity. Beam steering transitions
between adjacent beam positions of a switched beam antenna
shall not cause RF phase transitions greater than 12 degrees in
the transmitted signal for 99 per cent of all possible adjacent
beam combinations.

4.2.3.3.5.1 Recommendation.— Beam steering tran-
sitions between adjacent beam positions of a switched beam
antenna should not cause RF phase transitions greater than
12 degrees in the transmitted signal for 100 per cent of all
possible adjacent beam combinations.

Note.— This requirement only applies to individual array
performance in the case of multiple array antennas.

4.2.34 RECEIVER
REQUIREMENTS

4.2.3.4.1 Receiver spurious and linearity performance.
The required performance defined in 4.4.2.3 and 4.4.54
shall be achieved when the receiving antenna is illuminated
in the direction of maximum gain by a power flux density of
—100 dBW/m? distributed across the 1525 to 1559 MHz
band.

4.23.4.2 Receiver out-of-band performance. The required
performance defined in 4.4.2.3 and 4.4.5.4 shall be achieved in
the presence of out-of-band interference at levels typical of
normal operating conditions.

4.2.3.43 Received phase noise. The design of the receiver
and the demodulators shall be such as to ensure full
compliance with the performance requirements whenever the
received signal phase noise characteristic does not exceed the
mask defined in Table 4-1.*

4.2.3.4.4 Capture range. The receiver shall be capable of
acquiring and maintaining lock to signals with a frequency
offset from nominal of up to +2.180 kHz at carrier-to-noise
levels as shown in Table 4-2,

4.2.3.4.5 Receiver Doppler rate. The receiver shall be
capable of acquiring and maintaining performance per 4.3.3
with a rate of change of frequency of 30 Hz per second.

4.23.5 TRANSMITTER
REQUIREMENTS

4.23.5.1 EIRP LIMITS

4.2.3.5.1.1 For low gain antenna operation, the minimum
value of EIRP per carrier in the direction of the satellite, when
commanded to the maximum setting, shall be 13.5 dBW. The
EIRP radiated in any direction shall not exceed 22.8 dBW.

4.2.3.5.1.1 bis For intermediate gain antenna operation,
the minimum value of EIRP per carrier in the direction of the
satellite, when commanded to the maximum setting, shall be
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12.5 dBW. The EIRP radiated in any direction shall not exceed
34.8 dBW at the maximum setting.

4.2.3.5.1.2 For high gain antenna operation, the minimum
value of EIRP per carrier in the direction of the satellite, when
commanded to the maximum setting, shall be 25.5 dBW, The
EIRP radiated in any direction shall not exceed 34.8 dBW at
the maximum setting.

4.2.3.5.1.3 At settings less than the maximum setting, the
EIRP per carnier radiated in any direction shall not exceed the
EIRP radiated toward the wanted satellite by more than 5 dB.

4.23.5.14 For multicarrier operation, the maximum
allowable operating EIRP shall be the level at which:

a) the total intermodulation product contribution from
active sources is the maximum permitted in 4.2.3.5.7
(in-band intermodulation products), or

b) the gain-to-noise temperature ratio is the minimum
permitted in 4.2.3.2.1 or 4.2.3.3.1, as applicable.

42352 EIRP control. The EIRP per carrier in the
direction of the wanted satellite shall be adjustable over a
range of 15 dB in steps of 1 dB by command from the GES.

42353 Recommendation.— The minimum EIRP of the
power control range should be a function of the channel rate
and the satellite beam characteristics to minimize the
interference potential.

4.2.3.5.4 Carrier-off level. The EIRP in any direction,
summed across the 1 626.5 to 1 660.5 MHz band, when all
carriers are commanded off shall be —24.5 dBW or less.

4.2.3.5.5 Log-on EIRP. When logging on to a GES, the
EIRP of the AES shall be at least 12.5 dBW.

4.2.3.5.6 In-band spurious EIRP. When transmitting a
modulated carrier at any level up to the maximum allowable
operating EIRP, the composite radiated in-band spurious and
noise EIRP (excluding intermodulation products) referenced to
a 4 kHz band shall not exceed —55 dBc. This requirement shall
not apply to the frequency band on either side of the carder
centre frequency which is described in 4.3.2.1.

4.2.3.5.7 INTERMODULATION PRODUCTS

4,23.5.7.1 For multicarrier AES, the radiated inter-
modulation products shall not canse harmful interference to
satellite navigation receiver operation where such receiver is
operated on the same aircraft when transmitting two equal
carriers with a total power equal to the maximum allowable
operating EIRP of the AES.

* All tables are located at the end of this chapter.
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4.2.3.5.7.2 The AES transceiver shall not transmit on a
newly assigned frequency that would produce a fifth-order
intermodulation product at a frequency below 1 610.0 MHz.

4.2.3.5.1.3 TFrequency management fechniques shall be
used to preclude 5th and lower order intermodulation products
below 1 610 MHz being radiated by the AES.

423.5.8 Out-of-band EIRP density levels. When
transmitting a carrier at any level up to the maximum power
Ievel as described in 4.2.3.5.1, the out-of-band EIRP including
spurious, harmonics and noise generated by the AES in any
direction shall not exceed the levels shown in Table 4-3.

4.2.3.5.8.1 Recommendation-— The EIRP density
should not exceed ~140 dBc/l1 MHz from 1 605 to 1 610 MHz.

4.23.5.9 Phase noise. The phase noise induced on a
modulated carrier shall have a power spectral density not
exceeding the envelope defined in Table 4-4.

4.2.3.5.10 Transmitter Doppler rate. The maximum rate
of change of the frequency of the transmitted signal when
compensated for aircraft acceleration in the direction of the
satellite shall not exceed 15 Hz per second. The Doppler
adjustment resolution shall not exceed 10 Hz and the
associated frequency changes shall be made without
introducing phase discontinuity into the transmitted signal.

4.23.5.11 AMSS transmissions shall not cause harmful
interference to satellite navigation receiver operation where
such receiver is operated on the same aircraft as the AES.

4.2.3.6 INTERMEDIATE GAIN ANTENNA
SUB-SYSTEMS

4.2.3.6.1 Gain-to-noise temperature ratio. Receiving
sub-systemns employing intermediate gain antennas shall
achieve a gain-to-noise temperature ratio (G/T) of not less
than —19 dB/K over not less than 85 per cent of the reference
coverage volume defined in 4.2.3.1.1. The only exception
to this is the region greater than 70 degrees in elevation
from the horizontal plane where the G/T shall be not less
than 21 dB/K.

4.23.6.2 Axial ratio. The axial ratio shall be less than
6dB over 85 per cent of the reference coverage volume
referred to in 4.2.3.1.1 where the G/T must exceed -19 dB/K
or the AES antenna shall have sufficient gain to compensate
for the additional polarization loss in excess of that caused by
this axial ratio. The condition for including the compensation
shall assume the satellite axial ratio to be 2.5 dB, with the
major axes of the polarization ellipses orthogonal.

4.23.6.3 Recommendation.— The G/T should be not
less than —19 dB/K and the axial ratio should be less than
6 dB over 100 per cent of the reference coverage volume.

11
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4.2.3.6.4 Discrimination. The antenna gain pattern for
both transmit and receive functions shall discriminate by not
less than 7 dB between the directions of wanted and unwanted
satellites spaced 80 degrees or greater in longitude over not
less than 85 per cent of the reference coverage volume defined
in 4.2.3.1.1.

4.23.6.5 Recommendation.— The antenna gain pattern
Jor both transmit and receive functions should discriminate by
not less than 7 dB between the directions of wanted and
unwanted satellites spaced 80 degrees or greater in longitude
over 100 per cent of the reference coverage volume defined
in4.2.3.1.1.

4.2.3.6.6 Phase discontinuity. Beam steering transitions
between adjacent beam positions of a switched beam antenna
shall not cause RF phase transitions greater than 30 degrees in
the phase of the receive and transmit signal for 99 per cent of
all possible adjacent beam combinations.

42367 Recommendation.— Beam steering transitions
between adjacent beam positions of a switched beam antenna
should not cause RF phase transitions greater than 30 degrees
in the received and transmitted signal for 100 per cent of all
possible adjacent beam combinations.

4.3 RF CHANNEL
CHARACTERISTICS

4.3.1 Modulation

43.1.1 Modulation for channel rates 2.4 kbits/s and
below. For channel rates of 2.4, 1.2 and 0.6 kbits/s, the
modulation shall be aviation binary phase shift keying
(A-BPSK).

4.3.1.2 Modulation for channel rates above 2.4 kbits/s.
For channel rates above 2.4 kbits/s the modulation shall be
aviation quadrature phase shift keying (A-QPSK).

4.3.2 Radiated power spectral density. The following
bounds on radiated power spectral density shall apply in any
direction normalized to the peak spectral density in that
direction. The bounds shall apply to a single carrier and shall
be centred at the carrier frequency. The lower bound shall not
apply when the AES is transmitting the unmodulated preamble
at the beginning of a burst.

4.32.1 From-aircraft. The power spectrum radiated by the
AES shall fail within the mask defined by Table 4-5.

4322 To-aircraft. The power spectrum received by the
AES shall be within the mask defined by Table 4-6 for
A-BPSK and, Table 4-7 and Table 4-7A for A-QPSK.

2/11/00
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4.3.3 Demodulator performance. Where the channel rates
are implemented as defined in 4.1, the bit error rate (BER)
performance of the channel demodulators after descrambling
shall be equal to or better than that shown in Table 4-8. This
performance shall be attained under the following conditions:

a) in the presence of two adjacent interfering carriers on
either side of the wanted carrier at a level of 5 dB higher
than the wanted carrier with a frequency uncertainty
from the nominal carrier spacing as specified and for the
AES demodulator, with the AES operating up to its
maximum allowable operating EIRP;

b) while receiving a signal transmitted with the maximum

phase noise characteristics described in 4.2.3.5.9;

c) during 12° RF phase discontinuities occurring at the rate
of one per second; and

d) under Rician channel conditions for fading bandwidths

of 20, 60 and 100 Hz with a carrier to multipath ratio of

7 dB for systems using a low gain antenna or low and

high gain antennas; or 10 dB for systems using only a

high gain antenna.

Note.— Bit error performance objectives for AMS(R)S
radio link are contained in ITU-R Recommendation M.1037.

4.3.4 Acquisition performance

4.3.4.1 Time ro acquire superframe synchronization. The
period from the command to the antenna to acquire the
satellite to superframe synchronization shall not exceed 16
seconds.

Note.— This assumes the AES is within the sarellite service
area of that P channel.

4.3.42 Recommendation.— The period from the
command to the antenna to acquire the satellite 10 superframe
synchronization should be as small as possible.

4.3.4.3 C CHANNEL AES DEMODULATOR ACQUISITION

4.3.43.1 (CHANNEL RATE OF 21.0 KBITS/S

4.3.4.3.1.1 Frame lock. The probability of failing to
achieve frame lock on the first unique word following the burst
preamble shall be less than one in 10* at an E/N, of 1.2 dB
in a Gaussian channel, including conditions of 4.3.3 a) and b),
and with a maximum burst-to-burst frequency uncertainty of
30 Hz and maximom channel rate accuracy deviation
of 4.4.5.1.

43.43.1.2 False frame lock. The probability of false
frame lock shall be less than one in 10° for an E/N, of 0 dB
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in a Gaussian channel, including conditions of 4.3.3 a) and b),
and with a maximum burst-to-burst frequency uncertainty of
+30 Hz and maximum channel rate accuracy deviation
of 44.5.1.

4.3.43.1.3 Reacquisition of frame lock. Upon the loss of
frame lock, it shall be acquired within 3.0 seconds for 99 per
cent of the time, at an E.//N; of 0 dB in a Gaussian channel,
including conditions of 4.3.3 a) and b), and with a maximum
burst-to-burst frequency uncertainty of +30 Hz and maximum
channel rate accuracy deviation of 4.4.5.1.

43432 (CHANNEL RATE OF 8.4 KBITS/S

43.4.3.2.1 Frame lock. The probability of failing to
achieve frame lock on the first unique word shall be less than
one in 10° at an EJN; of 4.1 dB in a Gaussian channel,
including conditions of 4.3.3 a) and b), and with a maximum
burst-to-burst frequency uncertainty of +30 Hz and maximum
channel rate accuracy deviation of 4.4.5.1.

43.4.3.22 False frame lock. The probability of false
frame lock shall be less than one in 10* for an E/N, of 4.1 dB
in a Gaussian channel, including conditions of 4.3.3 a) and b),
and with a maximum burst-to-burst frequency uncertainty of
+30 Hz and maximum channel rate accuracy deviation of
4.45.1.

4.3.43.2.3 Reacquisition of frame lock. Upon the loss of
frame lock, it shall be acquired within 0.5 seconds at an E/N,
of 4.1 dB, in 90 per cent of all cases, in a Gaussian channel,
including conditions of 4.3.3 a) and b), and with a maximum
burst-to-burst frequency uncertainty of +30 Hz and maximum
channel rate accuracy deviation of 4.4.5.1.

4.3.4.4 C CHANNEL GES
DEMODULATOR ACQUISITION

4.3.44.1 Channel rate of 21.0 kbits/s. In a Gaussian
channel, and under the conditions of 4.3.3 a) and b), with a
frequency offset of +600 Hz, and a clock frequency offset of
+0.5 Hz, the probability of failing to achieve frame lock on the
first unique word shall be less than 1 in 10° at an EyN; of
1.7 dB. The probability of false frame lock shall be less than
1in 103 at an Ei/Ng of 1.7 dB. Should frame lock be lost, it
shall be reacquired within 3.0 seconds, for 99 per cent of the
time, at an E/Ng of 1.7 dB.

4.3.4.4.1 bis  Channel rate of 8.4 kbits/s. In a Gaussian
channel, and under the conditions of 4.3.3 a) and b), with a
frequency offset of +600 Hz, and a clock frequency offset of
+0.5 Hz, the probability of failing to achieve frame lock on the
first unique word shail be less than 1 in 10° at an E/N, of
4.4 dB. The probability of false frame lock shall be less than
1in 10* at an E/Nj of 4.4 dB. Should frame lock be lost, it
shall be reacquired within 0.5 seconds, 90 per cent of the time,
at an E/N, of 4.4 dB.
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4.3.44.2 Other C channel rates. The probability of the
GES demodulator failing to achieve frame lock within 0.75
seconds of the start of C channel transmission shall be less
than one in 102

4.3.4.43 Recommendation.— The GES demodulator
should achieve C channel frame lock as soon as possible after
the start of C channel rransmission.

4.4 CHANNEL FORMAT TYPES
AND RATES

4.4.1 General

4.41.1 Aircraft sjstem-timing reference  point. The
reference timing point for signals generated and received by
the AES shall be at the antenna.

4.4.1.2 Channel rates. The channel rates as applicable t©
the system capability levels defined in 4.1.3 shall be as shown
in Table 4-9.

4.4.1.3 Signal wunits (§Us). All information to be
transmitted over the P, R, T and sub-band C channels shall be
in the format of signal units. For the P, T and sub-band C
channel each signal unit shall consist of 96 bits. For the R
channel each signal unit shall consist of 152 bits. The signal
unit formats shall be as specified in Appendix 2.

4.4.1.3.1 Cyclic redundancy check (CRC). The last twa
bytes of each SU shall form a CRC of the SU. Any received
SU which fails the CRC shall be discarded.

4.4.1.3.2 Signal gualiry estimation. The AES shall make
information such as P channel degradation/loss and C channel
bit error rate available to the AES management functions and
GES management functions as appropriate.

4.4.2 P channel

4421 Channel rate accuracy. The channe] rate error
shall not exceed one part in 105,

4.4.2.2 FRAME FORMAT

4.422.1 General characteristics. All P channel frames
shall be either 500 ms, or a multiple of 500 ms to provide
simple derivation of an 8-second superframe which shall be
used for R chamnel and T chaonel slot allocation. Each P
channel frame shall consist of five fields identified as: format
identifier, superframe boundary marker, dummy field (for data
rates greater than 2.4 kbits/s), information field and unique
word, as shown in Figure 4-1* for channel rates of 2.4 kbits/s
and less, and in Figure 4-2 for channel rates greater than
2.4 kbits/s.
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44222 Format identifier This field shall consist of the 4
bits: 0001. Other values for this field are reserved for future use.

44223 Superframe boundary marker This field shall

consist of 12 bits. :

— 4 Dbits to indicate the start of a new superframe
1111 for frame O in a superframe of 8 seconds
0000 for all remaining frames in the superframe

— 4 bits to indicate frame of superframe
0000,0001,0010,0011 at 0.6 kbits/s
0000,0001.....,0111 at 1.2 kbits/s
0000,0001,.....1111 at 2.4 kbits/s and above

— 4 bits which repeat the previous 4 bits.

4.4.2.2.4 Dummy field. For channel rates above 2.4 kbits/s
this field shall be:

16 bits for 4.8 kbits/s
178 bits for 10.5 kbits/s

The dummy field shall consist of the sequence 0001 repeated
until the required number of bits is obtained.

Note.— The dummy field is included to make each frame
0.5 seconds long. There is no dummy field required for data
rates of 2.4 kbits/s and below.

4.4.2.2.5 Information field. The information field shall
contain multiple signal units which are scrambled, coded and
interleaved, in that order. The number of bits in the
information field shall be as indicated in Table 4-10.

Note.— The number of bits in the information field is
dependent on the data rate and the number of interleaver
blocks in the field.

4.4.225.1 Scrambling. A scrambler with a 15-stage
generator register shall be used tor data scrarnbling before FEC
coding. The polynomial for the generator register of the
scrambler and the descrambler shall be 1 + X + X', The
scrambler and descrambler shall be clocked at the informatjon
rate with the first scrambled bit output before the first shift. In
the absence of programming commands, the shift register shall
be initialized to 1101 0010 1011 001 (leftmost bit in shift
register stage 1) at the beginning of the information field of
each frame. The scrambler and descrambler functions shall be
as illustrated in Figure 4-3. The scrambler shall be re-initialized
at the beginning of the infarmation field of each frame.

Note.— The concept of a scrambler is explained in ITU-R
Recommendation 5.446-4, Annex 1. Section 4.3.1 Method 1.

442252 Forward error correction (FEC). The Standard
in 4.4.5.3.3.5.2 shall apply.

Note.— There are no flush bits on the P channel.

* All figures are located at the end of this chapter.
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442253 Interleaving. All P channels shall employ
block interleaving. The column depth (number of rows) of the
interleaver shall be 64 transmission bits, while the number of
columns shall depend on the transmission rate as shown in
Table 4-11. At the transmitter, the output of the convolutional
encoder shall be written into the 64-bit columns until the
prescribed number of columns are full. The rows shall then be
permuted using the algorithm Row; = (Row; * 27) modulo 64.
The content of the interleaver shall then be transmitted row by
row as shown in Figure 4-4. At the receiver, the soft decision
data from the demodulator shall be written into the interleaver
row by row, and when it is full the interleaver rows shall be
permuted using the converse algorithm Row; = (Row; * 19)
modulo 64. The soft decision data shall then be read column
by column into the FEC decoder, '

44226 Unigue word. With A-BPSK each P channel
frame shall end with the 32-bit unique word 1110 0001 0101
1010 1110 1000 1001 0011, with the leftmost bit transmitted
first. With A-QPSK, the unique word shall be the A-BPSK
unique word repeated in each of the in-phase and quadrature
channels.

4.423 Performance. The over-all physical layer shall be
configured and operated such that the average bit error rate is
1075 or less after descrambling.

443 R channel

4431 Channel rate accuracy. The channel rate error
shall not exceed one part in 2R, where R is the channel rate,
and one part in 10

4.43.2 Burst timing. The beginning of each R channel
burst shall occur within +300 ps of the beginning of an R
channel slot defined by the received P channel superframe. As
shown in Figure 4-5, each P channel superframe shall define
8, 16, 32 and 64 random access slots for R channel data rates
of 0.6, 1.2, 2.4 and 10.5 kbits/s, respectively.

4.43.3 BURST FORMAT

4.43.3.1 General characteristics. Each R channel burst
shall consist of three fields: the preamble, the unique word and
the information field as shown in Figure 4-6.

4.43.3.2 Preamble. The preamble for the R channel shall
consist of an unmodulated carrier portion followed by a
modulated portion. The length of these depend on the data rate
as shown in Table 4-12. The unmodulated portion of the
A-BPSK preamble shall be a signal of constant phase and the
modulated portion shall consist of alternating “0” and *1”
input to a standard A-BPSK modulator. The first bit of the
modulated portion shall be a “0” and shall give a —90 degree
‘phase change relative to the phase of the unmodulated signal.
The unmodulated portion of the A-QPSK preamble shall be a
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signal of constant phase corresponding to the output of an
ideal A-QPSK modulator with all “0”s at its input. The
modulated portion shall consist of alternating “0” and *“1”
(commencing with a “0” in the first bit) on the I channel and
continuous “0”’s on the Q channel.

Note.— It is intended that the unmodulated portion of the
preamble be used for carrier acquisition and the modulated
portion for clock acquisition.

4.43.33 Unique word. The Standard in 4.4.2.2.6 shall
apply. :

4.4.3.3.4 Information field The information field of each
R channel burst shall consist of 160 bits and shall contain an
extended signal unit plus 8 flush bits prior to convolutional
encoding, where an extended SU shall have 152 bits and a
Flush field shall be 0000 0000. The information field shall be
scrambled, coded and interleaved, in that order.

4.4.33.4.1 Scrambling. The Standard in 4.4.2.2.5.1 shall
apply, except that the flush bits are not scrambled.

4.43.3.42 Forward error correction (FEC) coding. The
Standard in 4.4.5.3.3.5.2 shall apply, except that the encoder is
re-initialized to the all Os state at the beginning of the
information field of each burst.

4.43.3.4.3 Interleaving. All R channels shall employ
block interleaving. The number of rows in the interleaver shall
be 64 transmission bits, while the number of columns shall be
5. Row interchanging in the interleaver shall be performed in
accordance with 4.4.2.2.5.3,

4.43.4  Performance. The Standard in 4.4.2.3 shall apply.

44.4 T channel

4.4.4.1 Channel rate accuracy. The channel rate error
shall not exceed one part in 2R, where R is the channel rate,
and one part in 10%,

4.4.4.2 Timing relative to P channel. The beginning of
each T channel burst shall occur within +300us of the
beginning of the assigned T channel slot defined by the
received P channel superframe. As shown in Figure 4-7, each
P channel superframe shall be divided into 16 nominal frames
with 64 T channel slots in each frame. The shortest guard time
between the T channel bursts of two different aircraft is under
control of the GES and shall be 5 slots.

4443 BURST STRUCTURE
44431 General characteristics. Bach T channe) burst

shall consist of three fields: the preamble, the unique word and
the information field as shown in Figure 4-8.
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4.44.3.2 Preamble. The Standard in 4.4.3.3.2 shall apply.

4.4.4.3.3 Unique word. The Standard in 4.4.2.2.6 shall
apply.

4.44.3.4 [nformation field. The information field of each
T channel burst shall consist of a burst identifier, n SUs and 16
flush bits prior to convolutional encoding, as follows.

Burst identifier — this field has 48 bits which shall identify
the originating aircraft and the destination GES,

n SUs — from 2 to 31 standard length signal units of 96
bits each, and

Flush — a field of 16 bits (all 0s) to flush out the
convolutional encoder.

The information field coded and

interleaved, in that order.

shall be scrambled,

4.44.34.1 Scrambling. The Standard in 4.4.2.2.5.1 shall
apply, except that the scrambler shall be re-initialized at the
beginning of the information field of each burst.

4.44.3.4.2 Forward error correction (FEC) coding. The
Standard in 4.4.5.3.3.5.2 shall apply, except that the
convolutional encoder shall be initialized to the all Os state at
the beginning of the information field of each burst.

4.443.43 Interleaving. All T channels shall employ
block interleaving. The number of rows in the interleaver shall
be 64 transmission bits, while the number of columns shall
depend on the data rate as shown in Table 4-13. At the
transmitter the output of the convolutional encoder shall be
written into the 64-bit columns, until the specified number of
columns are full. The interleaver row interchange algorithm
shall be in accordance with 4.4.2.2.5.3.

4.4.4.4 Performance. The Standard in 4.4.2.3 shall apply.

4.4.5 C channel

4.45.1 Channel rate accuracy. The channel rate error
shall not exceed one part in 2R, where R is the channel rate,
and one part in 10*,

4.4.5.2 'TRANSMISSION FORMATS

4.4.5.2.1 Preamble. The burst preamble for all the C
channel rates, except the 8.4 kbits/s channel, shall consist of an
unmodulated carrier portion followed by a modulated portion.
The length of these shall depend on the channel rate as shown
in Table 4-14 as applicable to the system capability levels
defined in 4.1.3. The prearmble shall be as described in the text
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of 4.4.3.3.2 and in Table 4-14. The §.4 kbits/s C channel shall
not have a preamble.

4.452.2 POSTAMBLE

4.4.52.2.1 84 kbits/s C channel. The postamble of the C
channel shall consist of alternating “1”s and “0”s
(commencing with “1”) on the I channel and the Q channel.
The length of the 8.4 kbits/s C channel postamble shall be
equivalent to 104 bits,

44.522.2 All other C channels. The postamble of all
other C channels shall consist of continuous “0”s on the I
channel, and alternating “0” and “1” (commencing with “0™)
on the Q chanvel. The length of the postamble shall be
equivalent to a single interleaver block for channels with
interleaving, and 96 bits for channels without interleaving.

44,523 TO-AIRCRAFT

445231 84 kbits/s C channel. The C channel shall
operate in burst mode in the to-aircraft direction. In this mode,
the C channel shall consist of a series of contignous frames
followed by a postamble. Each frame shall consist of two
fields: the unique word and the information field as in Figure
4-9 bis. Each frame shall be 500 ms long.

445232 All other C channels. All other C channels
shall operate in burst mode in the to-aircraft direction. In this
mode, the C channel burst shall consist of a preamble followed
by a series of contiguous frames followed by a postamble.
Each frame shall consist of three fields: the unique word, a
dummy field and the information field, as in Figures 4-9 and
4-10. Each frame shall be 500 ms long.

4.4.5.2.4 FROM-AIRCRAFT

445241 84 kbits/s C channel. The C channel shall
operate in continuous mode in the from-aircraft direction. In
this mode, the C channel shall consist of two fields: the unique
word and the information field as in Figure 4-9 bis. Each
frame shall be 500 ms long.

445242 Al other C channels. All other C channels
shall operate in continuous mode in the from-aircraft direction.
Each transmission shall begin with the preamble described in
4.4.5.2.1. In this mode, the C channe] frame shall consist of
three fields: the unique word, a duommy field and the
information field as in Figures 4-9 and 4-10. Each frame shall
be 500 ms long.

Note.— In the P. R and T channels the information field
refers to the information bits after forward error correction
coding. With the C channel the information field may or may
not include coding depending upon the particular C channel

type.
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4453 FRAME FORMAT

4.4.5.3.1 UNIQUE WORD

4.4.53.1.1 8.4 kbits/s C channel. The unique word shall
consist of two 52-bit sequences on the I and Q channels of the
A-QPSK signal:

I 10101011 0011 0111 0110 1001 0011 1000 1011 1100
1010 0011 0000

Q 0000 1100 0101 0011 1101 0001 1100 1001 0110 1110
1100 1101 0101

with the leftmost bit transmitted first.

4453.1.2 All other C channels. The unique word shall
consist of two identical 44-bit sequences on the I and Q
channels of the A-QPSK signal; 0100 0010 1101 1010 1111
0011 0100 1011 1011 0001 0001, with the leftmost bit
transmitted first.

44532 Dummy field Where the channel rates are
implemented as defined in Table 4-9, and as illustrated in
Figures 4-9, 4-9 bis and 4.10, the number of bits in the dummy
field shall be:

— 62 at 10.5 kbits/s;
— 44 at 21,0 kbits/s;
— 37 at 5.25 kbits/s;
— 32 at 6.0 kbits/s; and
— 0 at 8.4 kbits/s.

The dummy bits for the 5.25, 6.0, 10.5 and 21.0 Kkbits/s
channels shall consist of the sequence 0101 1010 0011 1100
repeated until the required number of bits is obtained. For the
8.4 kbits/s C channel there is a single dummy bit d3 added
after FEC encoding. The value of bit d3 is set to 1, as shown
in Figure 4-9 bis. '

44533 INFORMATION FIELD FOR
CODED CHANNELS

4.453.3.1 At the channel rate of 8.4 kbits/s this field
shall contain 4 096 bits which shall be subdivided into 16

interleaver blocks of 256 bits each. At the channel rate of

21.0 kbits/s this field shall contain 10 368 bits which shall be
subdivided into 27 interleaver blocks of 384 bits each.

4.45.3.3.2 Recommendation— At the recommended
channel rate of 6.0 kbits/s this field should contain 2 880 bits
which are subdivided into 15 interleaver blocks of 192 bits
each.

4.4.5.3.3.3 Information field structure including sub-band
data. Prior to scrambling, FEC encoding and interleaving, the
information field shall consist of a fill-in field followed by 25
alternating sub-band data and transparent data (voice) sub-
fields as shown in Figure 4-9 or 4-9 bis, as appropriate.
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4,453.3.3,1 At a channel rate of 21.0 kbits/s the fill-in
field shall consist of 84 zeros, each subfield shall contain 12
sub-band data bits and 192 primary bits, and the last 12 bits of
the 25th sub-band data subfield shall be filled with zeros.

4.4.5.3.3.3.2 Recommendation.— At the recommended
channel rate of 6.0 kbits/s the fill-in field should consist of 40-
zeros, each subfield should contain 8 sub-band data bits and
48 primary bits, and the last 8 bits of the 25th sub-band data
subfield should be filled with zeros.

4.4.5.3.3.3.3 At a channel rate of 8.4 kbits/s the fill-in
field shall consist of a single reference bit with a value set to
1, and each subfield shall contain 12 sub-band data bits and 96-
primary bits.

4.4.5.3.34 Scrambling. The Standard in 4.4.2.2.5.1 shall
apply.

4.4.53.3.5 Forward error correction (FEC) coding

4.45.3.3.5.1 8.4 kbits/s C channel. The FEC consists of a
punctured rate 2/3 convolutional coding of constraint length
k=7 and a soft decision Viterbi decoder. The generator
polynomials for this code shall be:

GL 1+ X2+ X2+ X5+ X6
G2 1+ X+ X2+ %34+ X6

The input/output relationship of the encoder is three output
bits for every two input bits; the fourth bit of every four
transmitted bits is dropped. The sequence is:

Input bit 1 2
Output sequence Gl G2 Gl

4.4.5.3.3.5.2  Other C channel rates. The information field
shall use rate %2 forward error correction coding. The FEC
coding shall be implemented with a constraint length 7 rate %
convolutional encoder. The output sequence of the encoded
symbols shall be G1, G2 (as defined in 4.4.5.3.3.5.1 and as
shown in Figure 4-3). The convolutional encoder shall not be
initialized between frames,

4.4.5.3.3.6 Interleaving

4,4.53.3.6,1 The number of rows in the interleaver shall
be 64 transmission bits. At the channel rate of 8.4 kbits/s
the number of columns shall be 4. At the channel rate of
21.0 kbits/s the number of columns shall be 6.

4.4.5.3.3.6.2 Recommendation.— Ar the recommended
channel rate of 6.0 kbits/s the number of rows in the
interleaver should be 64 transmission bits and the interleaver
columns should be 3.

44.533.63 At the transmitter the output of the
convolutional encoder shall be written into the 64-bit columns,
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until the specified number of columns are full. The rows shall
then be permuted wsing the algorithm described in 4.4.2.2.5.3.

4.45.3.4 Information field for uncoded channels. Where
the channel rates are implemented as defined in 4.1, at the
channel rate of 10.5 kbits/s this field shall contain 5 100 bits
and at the recommended channel rate of 5.25 kbits/s this field
shall contain 2 500 bits.

4.4.53.4.1 Information field structure including sub-band
data. Prior to scrambling this field shall be divided into 25
alternating sub-band data and primary fields as shown in
Figure 4-10. Where the channel rates are implemented as
defined in 4.1.3, at the channel rate of 10.5 kbits/s each
subfield shall contain 12 sub-band data bits and 192 primary
bits; the last 12 bits of the 25th sub-band data subfield shall be
filled with zeros. Where the channel rates are implemented as
defined in 4.1.3, at the channel rate of 5.25 kbits/s each
subfield shall contain 4 sub-band data bits and 96 primary bits;
the last 4 bits of the 25th sub-band data subfield shall be filled
with zeros.

Note.— Interleaving is not applicable at the channel rates
of 10.5 and 5.25 kbits/s because the data is not forward error
correction coded at these rates.

4.4.5.4 Performance. The C channel physical layer shall
be configured and operated such that the average bit error rate
is 107 or less after descrambling.

Note.— GES measurements of received BER permit GES
commands to the AES for adjustment of the AES transmitted
power. The GES also receives performance data measurement

results made by the AES to enable GES output power
adjustments.

4.5 LINK LAYER P CHANNEL
AND R CHANNEL PROTOCOLS
4.5.1 General
Note.— The AMSS protocols are defined in terms of the OSI
layered reference model. Section 4.5 defines the functional
requirements of the link layer for P and R channels to transfer

user data and signalling between the AES and the GES.

4.5.1.1 -For each AES and GES, the link layer shall
interface to the following:

a) the subnetwork layer;
b) the AES/GES management;
¢) the circuit-mode services;

d) the physical layer.
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4.5.1.2 The term link service user when used with respect
to the link layer in 4.5 shall include items a), b) and ¢) in the
list above.

452 Link interface data
unit (LIDU)

4.5.2.1 The link interface data unit (LIDU) shall be the
total information unit transferred across the interface between
the link service user and the link layer in a single interaction.
Each LIDU shall comprise link interface control information
(LICI) and, if required, one LSDU.

4.5.2.2 The LIDU exchanged between the link layer and
the subnetwork layer shall contain an LSDU and LICI, except
that the transmission status indication LIDU (Table 4-25)
passed by the link layer to the subnetwork layer at the
transmitting end shall contain only LICI. The LIDU exchanged
between the link layer and the AES/GES management and
between the link layer and the circuit-mode services shall
contain only LICL

4,5.2.3 LINK INTERFACE CONTROL
INFORMATION (LICI)

4.5.23.1 The LICI parameters exchanged between the
link layer and the subnetwork layer shall be 4s defined in Table
4-11.

4.5.2.3.2 The LICI parameters exchanged between the
link layer and the circuit-mode services shall be as defined in
Table 4-38.

4.5.233 The LICI parameters exchanged between the
link layer and the AES and GES management functions shall
be as defined in 4.9.2.1.2 and Table 4-45, respectively.

4.5.2.4 LINK SERVICE DATA
UNIT (LSDU)

Note.— The link service data unit (LSDU) is a part of an
LIDU whose identity is preserved between the two link service
users communicating with each other.

4.5.24.1 The link service data unit (LSDU) shall contain
link service user data and shall be extracted from the LIDU
received from the subnetwork layer.

4.5.2.4.2 LINK SERVICE DATA
UNIT FORMAT

The LSDU format shall be the same as the format of satellite
subnetwork protocol data units (SNPDUSs) in the SSND sub-
layer described in 4.7.
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4.5.3 Link protocol data
unit (LPDU)

4.5.3.1 The link protocol data units (LPDUs) shall be the
signal units (SUs) described in 4.5.3.2.
4.5.3.2 SIGNAL UNIT (SU)

453.2.1
R channels:

There shall be two lengths of SUs for the P and

a) 96 bits (12 octets): standard length SUs for P channel;
b) 152 bits (19 octets): extended length SUs for R channel.

~ 453.2.2 Each SU shall contain control information, and
may include user data depending upon the SU type.

4.5.3.2.3 LIDU-T0-SU SET MAPPING

4.5.3.2.3.1 Each LIDU received by the link layer, before
being transmitted to the peer link layer, shall be mapped into
an SU set. Each SU set shall comprise either a single signal
unit called a “lone signal unit” (L.SU) or more than one signal
unit of which the first shall be an “initial signal unit” (ISU)
and those that follow shall be ‘subsequent signal units”
(S5Us).

'4.5.3.2.3.2 For LIDU comprised of
LSDU and LICI

4.53.2.3.2.1 For the P channel, an LSDU of length 2, 3 or
4 octets shall be mapped into standard length LSUs of Figures
A2-37, A2-39 and A2-40 in Appendix 2 to Chapter 4,
respectively. An LSDU of length greater than 4 octets, shall
result in an ISU followed by a maximum of 63 SSUs. For an
LSDU of length greater than 4 octets, the first two octets of the
LSDU shall be mapped into the 2-octet user data field of an
ISU (Appendix 2 to Chapter 4, Figure A2-37). The remaining
octets shall be mapped into the 8-octet user data fields of
subsequent SSUs (Appendix 2 to Chapter 4, Figure A2-38)
ordered by sequence numbers (Appendix 3 to Chapter 4,
Item 59). The number of SSUs shall depend upon the number
of octets in the LSDU. The control information in each SU of
the SU set shall be mapped from the information contained in
the LICI and the information generated by the internal link
layer protocol processes.

Note.— Each ISU contains information indicating the
number of octets in the user data field of the last SSU of the
SU set.

4.5.3.23.2.2 For the R channel, an LSDU shall map into
a maximum of 3 extended length SUs, with the ISU of the SU
set containing the first 11-octets (Appendix 2 to Chapter 4,
Figure A2-44) of the LSDU in its user data field. The
remaining octets shall be mapped into the 11-octet user data
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field of SSUs ordered by sequence indicator (Appendix 3 to
Chapter 4, Item 58). The control information in each SU of the
SU set shall be mapped from the information contained in the
LICI and the information generated by the internal link layer
protocol processes.

4.53.2.3.3 For LIDU comprised of
LICI only

For an LIDU containing LICI only, the SU set shall be
generated by mapping the information contained in the LICI
and generated by the internal link layer protocol processes into
the fields of the control information of the appropriate SU.

4.53.2.4 SU SET-T0-LIDU MAPPING

453241 At the receiving end, an SU set shall be
reassembled into an LIDU before being passed to the link
service user.

4.5.3.2.4.2 For an SU set with SU(s) containing user data,
the resulting LIDU shall contain LSDU and LICI. The LSDU
shall be reassembled by combining the user data field of each
SU of the received complete SU set. The LICI shall be
generated from the control information in the SUs.

4.53.243 For an SU set with SU(s) containing no user
data, the resulting LIDU shail contain only LICI. The LICI
shall be generated from the control information in the received
SUs.

4.5.3.3 SIGNAL UNIT FORMAT

4.5.3.3.1 The formats of all SUs transmitted on the P and
the R channels shall be as shown in Appendix 2 to Chapter 4.
The signal unit field mapping and the transmission order of the
bits shall be as shown in Figure A2-1. The signal unit field
coding and definitions shall be as described in Appendix 3 to
Chapter 4.

4.5.3.3.2 SUs not recognized by the receiving link layer
shall be ignored.

Note.— SUs not specified in Appendix 2 to Chapter 4 may
be in use under mutual agreement between an AMSS service
provider and an AMSS user for non-safety services.

4.54 LIDU routing

The receiving link layer (in either the GES or the AES) shall
use the message type parameter in the LICI to route the LIDU
to the appropriate link service user. The transmitting link layer
(in the GES and the AES) shall use the routing parameter in
the LICI received from the circuit-mode services (Table 4-38)
to route the SU set corresponding to an LIDU, for transmission
on the sub-band C channel or the R/P channels.
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4.5.5 Precedence (Q number)

Each SU of the SU set generated from an LIDU shall be
assigned a precedence (Q number) by the link layer according
to the precedence parameter passed to it in the LICI by the link
service user. Each link layer signalling SU shall be assigned a
Q number according to its message type. A Q number shall be
in the range from 0 (lowest precedence) to 15 (highest
precedence).

4.5.6 DLS and RLS services

4.5.6.1 The link layer shall provide two distinct types of
services, designated as direct link service (DLS) and reliable
link service (RLS).

4.3.6.2 DLS shall be a link-layer service in which the SUs
shall be transmitted to the peer link layer without making any
provision for identification and retransmission of any lost SUs.

Note.— DLS is only available to AES/GES management
Sunctions and circuit-mode services.

4.5.6.3 RLS shall be a link-layer service that provides for
the identification and retransmission of any lost SUs.

4.5.7 P channel protocol

Note.— In this subsection, the use of the terms “AES” and
“GES" refer to the link layer functions for the P channel
protocol within the AES and the GES.

4,5.7.1 GENERAL

The link layer functions for the P channel shall be as defined
in 4.5.7.2 and 4.5.7.3.

4.5.7.2 GROUND EARTH STATION (GES)

4.5,7.2.1 Upon receipt of an LIDU, the GES shall assign
an available (not currently assigned to an LIDU with the same
Q number) reference number to it whenever this can be done
in accordance with 4.5.7.2.2; however, the GES shall not
assign a reference number to LIDUs received from the circujt-
mode services and to system table broadcast LIDUs received
from the GES management. If a reference number cannot be
assigned to an LIDU, the LIDU shall be stored until one is
assigned to it.

Note.— The circuit-mode LIDUs are assigned application
reference numbers by the circuit-mode services.
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4.5.7.2.2 At any Q precedence level, each assignment of
a reference number to an LIDU destined to a particular AES
shall be to the oldest LIDU among all the LIDUs without a
reference number at that Q level destined to this AES. The
GES shall not assign a reference number to an RLS LIDU if
there is a reference number currently assigned to another
LIDU with the same Q number and addressed to the same
AES. Two consecutive reference number assignments for
LIDUs of the same Q number shall not be made with the same
reference number except for two DLS LIDUs which are
mapped into LSUs. In the case of RLS, the reference number
assigned by the GES shall not be equal to the last assigned
reference number to an RLS LIDU with the same Q number
and addressed to the same AES.

4.5.7.2.3 TFor DLS, the reference number shall be released
immediately after it is assigned. For RLS, the reference
number shall be released after the GES sends a transmission
status indication LIDU (Table 4-25) to the link service user in
the GES. The GES shall not reassign a released reference
number until all the reference numbers that were available
before its release have been assigned, in accordance with
4.5.7.2.2, the only exception to that shall be for a reference
number that was assigned to a DLS LIDU mapping into an
LSU, which may be immediately reassigned to another DLS
LIDU mapping into an LSU,

4.5.7.2.4 After the assignment of a reference number to
the LIDU or upon receipt of circuit-mode LIDU, an SU set
shall be generated according to 4.5.3.2.3, Among alt the SUs
awaiting transmissjon, the oldest of the SUs with the highest
Q number shall always be transmitied first. The ISU or the
RTX SU of an SU set shall be transmitted before the $SUs,
and the SSUs shall be transmitted in the descending order of
their sequence numbers (Appendix 3 to Chapter 4, Item 59).
After the transmission of the complete SU set, the GES shall
do the following:

4.5.7.2.41 ForRLS:

a) If a P channel acknowledgement (PACK) SU (Appen-
dix 2 to Chapter 4, Figure A2-49) indicating no error in
the SU set is received from the AES, the GES shall send
a transmission status indication LIDU indicating success
(Table 4-25) to the link service user in the GES.

b) If a PACK SU (Appendix 2 to Chapter 4, Figure A2-49)
indicating missing SUs in the SU set is received from
the AES and if another PACK SU of the PACK SU set
is not received within tG2 seconds (Appendix 4 to
Chapter 4) from the time the last PACK SU of the PACK
SU set was received, or if no more PACK SUs
identifying missing SUs are expected, the GES shall
transmit a retransmission SU set. The retransmission SU
set shall comprise a retransmission header (RTX) SU
(Appendix 2 to Chapter 4, Figure A2-41) followed by
the missing SUs identified in the received PACK SUs of
the PACK SU set. The GES shall then proceed as in
4.5.7.2.4.1; however, if a PACK SU indicating missing
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SUs in the SU set is received from the AES before the
complete retransmission SU set has been transmitted,
the GES shall discard the received PACK SU.

¢) If a PACK SU (Appendix 2 to Chapter 4, Figure A2-49)

requesting a complete retransmission of the SU set is
received from the AES, the GES shall retransmit the
entire SU set as a sequence of an ISU and SSUs. The
GES shall then proceed as in 4.5.7.2.4.1

d) If no PACK SU associated with the SU set is received
from the AES within tG1 seconds (Appendix 4 to
Chapter 4) from the time the last SSU of the SU set
(original or retransmitted) was transmitted, the GES
shall transmit a request for acknowledgement (RQA) SU
(Appendix 2 to Chapter 4, Figure A2-27) to the AES.
The GES shall transmit the RQA SU every tG1 seconds
from the time the last RQA SU was sent, until a
response is received from the AES, or until the number
of times the RQA SU was sent equals five. If tGl
seconds elapse after the fifth retransmission of the RQA
SU without receiving any corresponding PACK SU from
the AES, the GES shall send a transmission status
indication LIDU indicating failure (Table 4-25) to the
link service user in the GES and shall cease processing
that SU set; otherwise, the GES shall proceed as in
4.5.7.2.4.1.

457242 If a PACK SU identifying an SU set which is
not present in the GES is received from an AES, the GES shall
discard the received PACK SU.

4.5.7.2.5 If there are no SUs (data or signalling) to be
transmitted, the GES shall transmit an AES system table
broadcast SU (Appendix 2 to Chapter 4, Figures A2-30 to
A2-34), if one has been generated from an LIDU received
from the GES management; otherwise, the GES shall transmit
a fill-in SU (Appendix 2 to Chapter 4, Figure A2-42).

45773 AIRCRAFT EARTH
STATION (AES)

4.5.7.3.1 Upon receipt of an SU set comprised of an LSU,
the AES shall form an LIDU according to 4.5.3.2.4 and pass
it to the appropriate link service user in the AES. For an LSU
using RLS, the AES shall then send a PACK SU indicating no
error to the GES. The AES shall command the selection of an
R channel frequency and then shall resend that PACK SU if an
RQA SU identifying this SU set is received before another SU
set for this AES with the same Q number.

4.5.7.3.2 Upon receipt of SUs comprising an SU set, the
AES shall reassociate the received SUs into an SU set
according to their reference numbers, Q numbers and sequence
numbers (Appendix 3 to Chapter 4, Items 43, 46 and 59,
respectively). For such an SU set, if an SSU is received
without its corresponding ISU or RTX SU having been
received, the AES shall discard the SSU.
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45.7.3.3 For an SU set comprised of multiple SUs,
following receipt of an ISU the AES shall determine whether
or not any more SSUs corresponding to the SU set headed by
the ISU are expected from the GES in accordance with the
following criterion:

No more SSUs corresponding to the SU set are expected if
either the last SSU in the SU set, or an SU of lower Q
number than the one awaiting completion, or an SU with
the same Q number as the one awaiting completion but with
a different reference number, or an AES system table
broadcast SU, or a fill-in SU, is received.

Note.— To apply this criterion, the AES considers all
received SUs independently of their AES ID.

4,5.7.3.3.1 When an SU set with the same Q number and
AES ID as an SU set awaiting completion but with a different
reference number is received from the GES, the AES -shall
discard the incomplete SU set awaiting completion.

4.5.7.3.3.2 The AES shall discard the received SU set if
the received SU set (complete or incomplete) has the same Q
number, and reference number as the last SU set that has been
completed and reassembled into an LIDU at that Q number.

4,5.7.3.4 If no more SUs corresponding to the SU set are
expected, the AES shall determine whether or not there are any
missing SUs in the received SU set. The AES shall then do the
following:

4.5.7.34.1 For DLS:

a) If there are no missing SUs, the AES shall reassemble
the SUs into an LIDU according to 4.5.3.2.4 and pass
the LIDU to the appropriate link service user in the
AES.

b) If there are any missing SUs, the AES shall discard the
incomplete 5U set.

45.7.3.42 ForRLS:

a) If there are no missing SUs in the SU set, the AES shall
reassemble the SU set into an LIDU according to
subsection 4.5.3.2.4 and forward it to the appropriate
link service user. The AES shall then send a PACK SU
indicating no errors to the GES. If subsequently an RQA.
SU requesting acknowledgement for that same SU set is
received, the AES shall command the selection of an R
channel frequency and then shall retransmit that PACK
SU.

b) If the number of missing SUs is less than 43, the AES
shall send to the GES one or more PACK SUs
comprising the PACK SU set, .identifying the missing
SUs and requesting their retransmission.

Note— A PACK SU indicating errors can identify as
many as three missing SUs.
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c) If more than 42 SUs in an SU set are missing, the AES
shall send to the GES a PACK SU set comprised of one
PACK SU requesting retransmission of the entire SU set,

4.5.73.42.1 After sending a PACK SU set requesting
partial or complete retransmission to the GES, the AES shall
then do the following;

a) If an RQA SU is received from the GES within tAl
seconds (Appendix 4 to Chapter 4) from the time the
PACK SU set was transmitted to the GES, the AES shall
command the selection of an R channel frequency and
then shall retransmit the last PACK SU set to the GES
and shall proceed as in 4.5.7.3.4.2.1. If an RQA SU is
received from the GES before the complete PACK SU
set has been transmitted, the AES shall discard the RQA
SU.

b) Upon receipt of SUs headed by an RTX SU or an ISU
from the GES, the AES shall determine whether or not
any more SUs corresponding to the retransmitted SU set
are expected in accordance with the criterion described
in 4.5.7.3.3. The AES shall then determine whether or
oot the incomplete SU set identified in the RTX SU is
present in the AES. If the incomplete SU set is not
present in the AES, the AES shall discard the received
SU set headed by RTX SU; otherwise, the AES shall
insert the received SUs headed by RTX SU into the
mcomplete SU set. After inserting the received
retransmitted SUs into the incomplete SU set and
discarding any duplicated SUs (as required), the AES
shall determine whether or not the resultant SU set is
complete. The AES then shall do the following:

1} If the SU set is complete, the AES shall send a PACK
SU indicating no error to the GES. Then the AES
shall reassemble the complete SU set into an LIDU
according to 4.5.3.2.4 and shall pass it to the
appropriate  link service user in the AES. If
subsequently, an RQA SU requesting ac-
knowledgement for that same SU set is received
before another SU set for this AES with the same Q
number, the AES shall command the selection of an
R channel frequency and then shall retransmit that
PACK SU.

2) If the SU set is not complete, the AES shall send to
the GES one or more PACK SUs comprising a PACK
SU set, in accordance with 4.5.7.3.4.2 b) and ¢). The
AES shall then proceed as in 4.5.7.3.4.2.1.

¢) If no response is received from the GES within tAl
seconds (Appendix 4 to Chapter 4) from the time the
complete PACK SU set requesting retransmissions was
sent, the AES shall command the selection of an R
channel frequency and then shall send the PACK SU set
again to the GES identifying the missing SUs. The AES
shall retransmit the PACK SU set every tAl seconds
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(Appendix 4 to Chapter 4), from the time the last PACK
SU set was sent, until a corresponding retransmitted SU
set is received from the GES, or until the number of
times the PACK SU set, identifying the same missing
SUs, was sent equals five. If tA1 seconds elapse after the
fifth retransmission of the PACK SU set without
receiving any retransmitted SUs from the GES, the AES
shall discard the incomplete SU set.

4.5.73.5 The AES shall respond to a request for
acknowledgement (RQA) SU received from the GES by
sending a PACK SU requesting the retransmission of the entire
SU set if the RQA SU identifies an SU set not received at the
AES.

4.573.6 The AES link layer shall pass the revision
number of the system table broadcast to the AES management
upon receipt of the first SU of a system table broadcast
sequence received on the satellite/beam-identifying Py
channel. The broadcast LIDU corresponding to a series of a
complete or partial broadcast sequence (see 4.10.4.5.2.2) shall
be assembled and passed to the AES management after all the
expected SUs of the series have been received, or after an SU
of another series with a revision number equal to or greater
than the series awaiting completion is received.

4.5.8 R channel protocol

Note.— In 4.5.8, the use of the terms “AES” and “GES”
refers to the link layer functions for the R channel protocol
within the AES and the GES.

4.5.8.1 GENERAL
4.5.8.1.1 The link layer functions associated with the R
channel] protocol shall be as defined in 4.5.8.2 and 4.5.8.3.

4.5.8.2 AIRCRAFT EARTH STATION (AES)

4.5.8.2.1 Upon receipt of an LIDU for RLS, the AES
shall assign a reference number (Appendix 3 to Chapter 4,
Irem 46) to it if there is no reference number currently
assigned to an LIDU for RLS with the same Q number as the
received LIDU. Upon receipt of an LIDU for DLS, the AES
shall assign an available (not currently assigned to an LIDU
with the same Q number) reference number to it; however, the
AES shall not assign a reference number to LIDUs received
from the circuit-mode services. If a reference number is not
assigned to an LIDU, the LIDU shall be stored until one is
assigned to it. Each assignment of a reference number shall be
to the oldest received LIDU without a reference number. Two
consecutive reference number assignments for LIDUs of the
same Q number shall not be made with the same reference
number, except for two LIDUs which are mapped into DLS
LSU.

211700
No. 75



Annex 10 — Aeronautical Telecommunications

Note— Circuit-mode services LIDUs are assigned
application reference numbers by the circuit-mode services.

4.5.8.2.2 TFor DLS, the reference number shall be released
immediately after it is assigned. For RLS, the reference
number shall be released after the AES sends a transmission
status indication LIDU (Table 4-25) to the link service user in
the AES. The AES shall not reassign a released reference
number until all the reference numbers that were available
before its release have been assigned; the only exception to
that is for a reference number that was assigned to a DLS
LIDU mapping into an LSU, which may be immediately
reassigned to another DLS LIDU mapping into an LSU.

4,5.8.2.3 After the assignment of a reference number to
an LIDU or upon the receipt of a circuit-mode services LIDU,
an SU set shall be generated according to 4.5.3.2.3. Among all
the SUs awaiting transmission, the oldest SU of the SUs
with the highest Q number shall always be transmitted first.
The SUs of an SU set shall be transmitted in the ascending
order of their sequence indicators (Appendix 3 to Chapter 4,
Item 58).

4.5.8.2.4 For RLS. For each transmitted SU set, the AES
shall do the following:

a) Respond to the R channel acknowledgement (RACK)
SUs received from the destination GES as follows:

1) If the RACK SU (Appendix 2 to Chapter 4, Figure
A2-28) indicates that the SU set has béen completely
received at the GES, the AES shall send a
transmission status indication LIDU indicating
success (Table 4-25) to the link service user in the
AES.

2) If the RACK SU (Appendix 2 to Chapter 4, Figure
A2-29) identifies one or more SUs that have not been
received, the AES shall command the selection of an
R channel frequency and retransmit the missing SUs
in the ascending order of their sequence indicators. If
any other RACK SU identifying missing SUs is
received, the AES shall discard it if the transmission
of all missing SUs identified in the previously
received RACK SU is not yet completed. However, if
either:

i) in addition to the first RACK SU, five more
RACK SUs identifying missing SUs are received
before the AES has completely transmitted any of
the identified missing SUs in the first RACK SU,

or

i) the first RACK SU identified two missing SUs,
and one SU has been transmitted, and subsequent
to the transmission five more RACK SUs
identifying missing SUs have been received
without transmitting another SU,

21100
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then, the AES shall send a transmission status
indication LIDU indicating failure (Table 4-25) to the
link service user in the AES and shall cease
processing that SU set. '

Note.— A RACK SU received at the AES would identify at
most two missing SUs from an SU set.

b) If a RACK SU from the destination GES does not arrive
within tA3 seconds (Appendix 4 to Chapter 4) from the
time the last SU in a set (the original SU set or a
retransmitted set of SUs corresponding to the original
SU set) was transmitted, the AES shall command the
selection of an R channel frequency from the available
group of R channel frequencies and shall retransmit the
set of SUs. The AES shall repeat this process until an
acknowledgement from the GES is received, except that
the number of times the same set of SUs was
retransmitted shall not exceed 5. If a RACK SU dogs not
arrive within tA3 seconds after the fifth repetition, the
AES shall send a transmission status indication LIDU
indicating failure (Table 4-25) to the link service user in
the AES and shall cease processing that SU set.

4,5.8.3 GROUND EARTH STATION (GES)

4.5.8.3.1 The GES shall associate the SUs received from
logged-on AESs into sets according to their AES IDs, Q
numbers, reference numbers and sequence indicators
(Appendix 3 to Chapter 4, Item 58).

458.3.2 ForRRLS

4.5.8.3.2.1 After an SU of an SU set has been received by
the GES without completing the set, the GES shall send a
RACK 5U identifying the remaining missing SUs to the AES
if any of the following is true:.

a) if the received SU is either the last SU of the SU set or
the last SU of the missing SUs of the SU set;

b) if a period of tG4 seconds (Appendix 4 to Chapter 4)
elapses without another SU (DLS or RLS) from the
same AES having been received; or

¢) if the GES subsequently receives from the same AES an
SU with a lower Q number or an SU, indicating DLS, of
the same Q number but different reference number.

If after sending a RACK SU, identifying the missing SUs, the
GES receives no SU in response within tG3 seconds, it shall
retransmit the RACK SU to the AES, except that, instead of
sending the RACK SU, the GES shall discard the SU set if a
total of 6 identical RACK SUs have been sent and no missing
SU was received within tG3 seconds since the last RACK SU
was transmitted. The GES shall also discard an incomplete
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SU set if an SU indicating RLS and having the same Q number
but different reference number than the SUs of the set, is
received from the same AES.

4.5.8.3.22 Whenever a complete SU set has been
received, the GES shall reassemble an LIDU according to
4.5.3.2.4, shall pass it to the appropriate link service user, and
shall send a RACK SU indicating no error to the AES.

4.5.8.3.2.3 After an LIDU has been formed the GES shall
discard all SU sets with the same Q number and reference
number subsequently received from the same AES until at
least one SU with the same Q number and a different reference
number has been received from the same AES, and shall
retransmit, for each discarded SU set, a RACK SU indicating
no error to the AES.

4.5.8.3.24 Whenever two or more SUs of the same Q
number and reference number and sequence indicator have
been received from the same AES before the corresponding
LIDU has been formed, all but one shall be discarded.

4.5.8.33 FOR DLS

After an SU of an SU set has been received by the GES
without completing the set, if any of the following is true, the
GES shall discard the received SUs:

a) if the received SU is the last SU in the set;

b) if a period of tG4 seconds (Appendix 4 to Chapter 4)
clapses without another SU (DLS or RLS) from the
same AES having been received; or

¢) if the GES subsequently receives from the same AES an
SU with a lower Q number or an SU of the same Q
number but different reference number.

If and when the SU set becomes complete, the GES shall
reassemble the set into an LIDU according to 4.5.3.2.4 and
shall pass it to the appropriate link service user. However, if
the SUs of the complete SU set specify a different GES ID and
the SU set corresponds to a circuit-mode services LIDU, the
GES shall send the SU set to the GES whose ID is specified.

4.6 LINK LAYER T CHANNEL AND SUB-BAND
| C CHANNEL PROTOCOLS

4.6.1 General

. 4.6.1.1 The link layer functions for T and sub-band C
channels to transfer user data and signalling shall be as defined
in this section.

4.6.1.2 The P and R channels, described in 4.5, shall be
used to set up T and sub-band C channels as described in 4.6.5
and 4.6.6, respectively.
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4.6.2 Link interface data unit (LIDU)

4,6.2.1 The LIDU exchanged between the link layer and
the subnetwork layer for transmission on the T channel shall
contain link interface control information (LICI) and link
service data unit (LSDU), except that the transmission status
indication LIDU (Table 4-25) passed by the link layer to the
subnetwork layer at the transmitting end shall contain only
LICL

4.6.2.2 The LIDU exchanged between the link layer and
circuit-mode services and between the link layer and AES/
GES management functions for transmission on the sub-band
C channel shall contain LICT only.

4.6.2.3 LINK INTERFACE CONTROL
INFORMATION (LICT)

4.6.23.1 The LICI parameters exchanged between the
link layer and the subnetwork layer shall be as defined in
Table 4-25.

4.6.2.3.2 The LICI parameters exchanged between the
link layer and circuit-mode services shall be as defined in
Table 4-38. The LICI parameters exchanged between the link
layer and subnetwork management functions shall be as
defined in Tables 4-44 and 4-45.

4.6.2.4 LINK SERVICE DATA UNIT (LSDU)

The link service data unit (LSDU) shall contain link service
user data and shall be extracted from the LIDU received from
the subnetwork layer.

4.6.3 Signal unit (SU)

4.63.1 There shall be two lengths of SUs for the T
channel and one length for the sub-band C channel:

a) 48 bits (6 octets): burst identifier lone signal unit (LSU)
(Appendix 2 to Chapter 4, Figure A2-43) for T channel.

b) 96 bits (12 octets): standard length SUs for T and
sub-band C channels,

4.6.3.2 Each SU of the SU set corresponding to an LIDU
received from the satellite subnetwork layer shall contain
control information and user data. The SUs of the SU set
corresponding to an LIDU received from the circuit-mode
services and AES/GES management shall contain only control
information.

2/11/00
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4.6.3.3 LIDU-TO-SU SET MAPPING
4.6.3.3.1 For LIDU COMPRISED OF LSDU AND LICI

An LIDU shall be mapped into an SU set. Each SU set shall
comprise an “initial signal unit” (ISU) followed by a
maximum of 63 “subsequent signal units” (SSUs). The first
two octets of the LSDU shall be mapped into the 2-octet user
data field of the ISU (Appendix 2 to Chapter 4, Figure A2-37).
The remaining octets shall be mapped into the 8-octets user
data fields of the SSUs ordered by sequence numbers
(Appendix 3 to Chapter 4, Item 59). The number of SSUs shall
depend upon the number of octets in the LSDU. The control
information in each SU of the SU set shall be mapped from the
information contained in the LICI and the information
generated by the internal link layer protocol processes.

4.6.3.3.2 FOR LIDU COMPRISED OF LICI

For an LIDU containing LICI only, the SU set shall be
generated by mapping the information contained in the LICI
and generated by the internal link layer processes into the
fields of the control information of the appropriate SU.

4.6.3.4 SU SET—TOjLI])U MAPPING

4.63.4.1 An SU set shall be mapped into an LIDU before
being passed to the link service user.

4.6.3.4.2 For an SU set with SU(s) containing user data,
the resulting LIDU shall contain LSDU and LICI. The LSDU
of the resulting LIDU shall be reassembled by combining the
.user data field of each SU of the received complete SU set.
The associated LICI shall be generated from the control
information in the SUs.

4.6.3.43 For an SU set with SU(s) containing no user
data, the resulting LIDU shall contain only LICI. The LICI
shall be generated from the control information in the received
SUs.

4.6.3.5 SIGNAL UNIT FORMAT

4.6.3.5.1 The formats for all SUs transmitted on the T and
sub-band C channels shall be as shown in Appendix 2 to
Chapter 4. The signal unit field mapping and the transmission
order of the bits shall be as shown in Figure A2-1. The signal
unit field coding and definitions shall be as described in
Appendix 3 to Chapter 4.

4.63.5.2 SUs not recognized by the feceiving link layer
shall be ignored.

Note.— SUs not specified in Appendix 2 to Chapter 4 may
be in use under mutual agreement between an AMSS service
provider and an AMSS user for non-safety services.
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4.6.4 T channel
transmission protocol

Note.— In 4.6.4, the use of the terms “AES” and “GES”
refer to the link layer functions for the T channel transmission
protocol within the AES and the GES.

4.6.4.1 GENERAL
The link layer functions for the T channel transmission
protocol shall be as defined in 4.6.4.2 and 4.6.4.3.

4.6.4.2 AIRCRAFT EARTH STATION (AES)

4.6.42.1 Upon receiving an LIDU, the AES shall
generate an SU set according to 4.6.3.3.1.

Note.— LIDUs are assigned reference numbers by the T
channel reservation protocol.

4.6.4,2,2 SU transmission. SUs shall be transmitted on the
T channel in burst reservations. Among all the SUs awaiting
transmission, the oldest SU of the SUs with the highest Q
number shall always be transmitted first. The ISU or the RTX
SU of an SU set shall always be transmitted before the SSUs,
and the S8Us shall be transmitted in the descending order of
their sequence numbers (Appendix 3 to Chapter 4, Item 59). A
burst identifier SU (Appendix 2 to Chapter 4, Figure A2-43)
shall be transmitted at the beginning of each burst (as specitied
in 4.4.4.3.4). Whenever, during a burst transmission, there is
no SU available for transmission, a fill-in SU (Appendix 2 to
Chapter 4, Figure A2-42) shall be transmitted. However, if no
SUs are available at the start of a burst reservation, the AES
shall inhibit the transmission of the corresponding burst.

4,64.23 For RLS. For each transmitted SU set the AES
shall do the following:

a) tespond to each T channel acknowledgement (TACK)
SU sent by the destination GES via the P channel in
response to the SU set as follows:

1) when the TACK SU (Appendix 2 to Chapter 4,
Figure A2-29) indicates that the SU set has been
completely received at the GES, the AES shall send
a transmission status indication LIDU indicating
success (Table 4-25) to the link service user;

2) when the TACK SU (Appendix 2 to Chapter 4,

Figure A2-29) indicates that the entire SU set has

been lost, the AES shall retransmit the entire original

SU set;

3) when the TACK SU (Appendix 2 to Chapter 4,

Figure A2-29) indicates missing SUs at the GES, if

no more TACK SUs indicating more missing SUs of

the same SU set are expected, or if one or more



- PartI

TACK SUs are expected but none is received within
tA5 seconds (Appendix 4 to Chapter 4) from the time
the previous TACK SU was received, the AES shall
retransmit the missing SUs as indicated in the
received TACK SUs. A retransmission header (RTX)
SU (Appendix 2 to Chapter 4, Figure A2-41) shall be
transmitted before any retransmitted SU. Then, if any
further TACK SU indicating missing SUs associated
with the same SU set is received before the entire
retransmission SU set has been retransmitted, the
AES shall discard the received TACK SU.

However, the AES shall not transmit the same set, either
the original SU set or a retransmission SU set, more than
three times. If, after the third transmission, the AES
receives a TACK SU that would result in a fourth
transmission of the same SU set, the AES shall send a
transmission statws indication LIDU indicating the
failure to the link service user and shall cease processing
that SU set.

b) If an acknowledgement, associated with the SU set, is
not received from the destination GES within tA4A
seconds (Appendix 4 to Chapter 4) from the time the last
SU in the set (either the original SU set or a
retransmission set of SUs corresponding to the original
SU set) was transmitted or, as specified in 4.6.5.2.6 b),
discarded, the AES shall transmit a request for
acknowledgement (RQA) SU (Appendix 2 to Chapter 4,
Figure A2-48). Thereafter, the AES shall command the
selection of an R channel frequency and then shall
retransmit the RQA SU every tA4B seconds (Appen-
dix 4 to Chapter 4) from the time the previous RQA SU
was transmitted, until a corresponding TACK SU is
received. However, if a corresponding TACK SU is not
received within tA4B seconds from the time the fifth
RQA SU was transmitted, the AES shall send a
transmission status indication LIDU indicating failure
(Table 4-25) to the link service user in the AES and shall
cease processing that SU set.

4.6.4.3 GROUND EARTH STATION (GES)

4.6.4.3.1 The GES shall reassociate and reorder the SUs
received from a logged-on AES according to their AES IDs,
Q numbers, reference numbers and sequence numbers, defined
in Appendix 3 to Chapter 4. A received SSU shall be discarded
if the corresponding ISU or RTX SU has not been received.

Note.— The AES ID associated with a T channel burst
could be determined either from the burst ID SU, if received,
or any other SU, within the same burst, that contains an AES
ID field.

4.6.4.3.2 Following the receipt of an ISU, the GES shall
determine whether or not any more 88Us corresponding to the
SU set headed by the received ISU are expected from the AES
according to the following criterion:
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No more SSUs corresponding to the SU set are expected if
either the last SSU of the set, or an SU from the same AES
but with a lower Q number, or an SU from the same AES
with the same Q number but with a different reference
mumber, or a fill-in SU with the same AES ID, is received.

4.6.4.3.3 When no more SUs corresponding to an SU set
are expected, the GES shall determine whether or not there are
any missing SUs in the received SU set. The GES then shall
do the following:

a) if the SU set is complete, send a T channel ac-
knowledgement (TACK) SU (Appendix 2 to Chapter 4,
Figure A2-29) indicating that no SUs are missing,
assemble an LIDU from the SU set according to 4.6.3.4,
and pass it to the appropriate link service user;

b) if the SU set is incomplete, transmit one or more TACK

SUs identifying the missing SUs to the AES, according

to the following:

1) if more than 42 or less than 4 SUs of the SU set are
missing, only one TACK SU (Appendix 2 to Chap-
ter 4, Figure A2-29) shall be sent. In the first case the
TACK SU shall indicate a rtequest for the
retransmission of the entire SU set, while in the
second case it shall indicate a request for
retransmission of all missing SUs;

2) otherwise, a maximum of 14 TACK SUs (Appen-

- dix 2 to Chapter 4, Figure A2-29) indicating all

missing SUs shall be sent to the AES.

4.6.4.3.3.1 If the received SU set is a retransmission of an
SU set awaiting completion at the GES, the GES shall use
these sets to form a new SU set that is as complete as possible
prior to sending an acknowledgement as given in 4.6.4.3.3 a)
and b).

4.6.43,3.2 For each completed SU set, the GES shall
discard all subsequent SU sets (complete or incomplete) with
the same Q number, AES ID and reference number, until an
SU set with the same Q number, AES ID and the paired
reference number (according to the pairing scheme given in
4.6.5.2.2) is received.

4.6.43.4 TFollowing the reception of an RTX SU
(Appendix 2 to Chapter 4, Figure A2-41), the GES shall
determine, according to the criterion described in 4.6.4.3.2,
whether or not any more SUs corresponding to the
retransmission set, headed by the received RTX SU, are
expected from the AES. When no more SUs are still expected,
the GES shall insert the retransmitted SUs into the appropriate
(incomplete) SU set and shall acknowledge as specified in
4.6.4.3.3.

4.6.43.5 The GES shall respond to a request for
acknowledgement (RQA) SU received from the AES by
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retransmitting the latest previously sent set of TACK SUs
corresponding to the SU set indicated in the RQA SU. If the
RQA SU identifies an SU set awaiting completion at the GES
and for which no TACK SU has been transmitted, the GES
shall send a TACK SU requesting the retransmissions of the
missing SUs. If the RQA SU identifies an SU set not received
at the GES, the GES shall send a TACK SU requesting the
retransmission of the entire SU set.

4.6.4.3.6 If the GES receives an ISU with the same AES
ID and Q number as those of an SU set awaiting completion
and with a reference number equal to the reference number
paired with the reference number of the SU set according to
the pairing scheme given in 4.6.5.2.2, the GES shall discard
the awaiting SU set.

4.6.5 T channel reservation protocol

Note.— In 4.6.5, the use of the terms “AES” and “GES”
refer to the link layer functions for the T channel reservation
protocol within the AES and the GES.

46.5.1 GENERAL
The link layer functions for the T channel reservation protocol
shall be as defined in 4.6.5.2 and 4.6.5.3.

4.6.5.2 AIRCRAFT EARTH STATION (AES)

4.6.5.2.1 Upon receipt of an LIDU containing an LSDU
exceeding 33 octets, the AES shall route the LIDU to the T
channe] protocol.

Note.— An LIDU containing an LSDU of 33 octets or
less may be routed to R channel protocol or T channel
protocol.

4.6.5.2.2 Before passing the LIDU to the T channel
transmission protocol, the AES shall assign an available (not
currently assigned) reference number (Appendix 3 to Chap-
ter 4, Item 46) to it. If a reference number is not assigned to
an LIDU, the LIDU shall be stored until one is assigned to it.
Each assignment of a reference number shall be to the oldest
received LIDU without a reference number. The reference
numbers for assignment to T channel LIDUs shall be defined
in pairs as (0,1); (2,3); (4,5); (6,7); (8,9); (10,11); (12,13);
(14,15). Once released, a reference number from a pair shall
not be reassigned until the other number from the pair has
been assigned and released. The AES shall not assign a
reference number from a pair whose other number has just
been released until a reference number from each pair that was
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available for assignment before the release has been assigned.
The assigned reference number shall be used by both the T
channel] transmission protocol and the T channel reservation
protocol. ‘

4.6.52.3 To request a reservation for the transmission of
an SU set, the AES shall send a reservation request (REQ) SU
to the GES indicating the reference number, Q number and the
length of the SU set to be transmitted.

4.6.5.24 The AES shall transmit a REQ SU on the R
channel (Appendix 2 to Chapter 4, Figure A2-47) or on the T

* channel (Appendix 2 to Chapter 4, Figure A2-7) to the GES in
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accordance with the following criterion:

The T channel shall be used if the AES is currently
transmitting a T channel burst and there is enough room to
accommodate the REQ SU or if there is a T channel burst
due to start in the next 8-second time window; otherwise,
the R channel shal] be used.

4.6.5.2.5 When the T channel is used for transmitting a
REQ SU to the GES, the requested length shall be increased
by one SU.

4.6.52.6 After sending a REQ SU to the GES, the AES
shall do the following:

a) If the T channel was used for a REQ SU transmission,
and neither a corresponding reservation (RES) SU
(Appendix 2 to Chapter 4, Figure A2-23) nor a
corresponding reservation forthcoming (RFC) SU
(Appendix 2 to Chapter 4, Figure A2-24) is received
from the GES within tA6 seconds (Appendix 4 to
Chapter 4) from the time the REQ SU was sent on the
T channel, the AES shall send the REQ SU again on the
T or R channel, in accordance with 4.6.5.2.4, with the
requested transmission length equal to the length last
requested or incremented by one if T channel is used.
The AES shall then proceed as in 4.6.5.2.6.

b) If the R channel was used for the REQ SU transmission,
and neither a corresponding RES SU nor a
corresponding RFC SU is received from the GES within
tA7 seconds (Appendix 4 to Chapter 4) from the time
the REQ SU was sent on the R channel, the AES shall
command the selection of an R channel frequency and
send the REQ SU again on the T or R channel, in
accordance with 4.6.5.2.4, with the requested trans-
mission length equal to the length last requested or
incremented by one if the T channel is used. The AES
shall then proceed as in 4.6.5.2.6. However, if tA7
seconds elapse after the fifth consecutive transmission of
a REQ SU on the R channel without receiving any
corresponding RES SU or RFC SU from the GES, the
AES shall abort the reservation procedure for the
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corresponding LIDU and shall discard the number of
SUs specified in the last transmitted REQ SU. If an ISU
is amongst the SUs discarded, the AES shall then
discard the complete SU set headed by the discarded
ISU even if this shall result in discarding more SUs than
the number of SUs specified in the REQ SU. The AES
shall then send a transmission status indication LIDU
(Table 4-25) indicating failure to the appropriate link
service user in the AES corresponding to that
completely discarded SU set. If an RTX SU is amongst
the SUs discarded, the AES shall discard the complete
SU set headed by the RTX SU. If a REQ SU is amongst
the SUs discarded, the AES shall retransmit the REQ SU
again on the R channel or the T channel in accordance
with 4.6.5.2.4.

¢) If a RES SU corresponding to a REQ SU is received
from the GES, the AES shall pass the reservation
information in the RES SU to the T channel trans-
mission protocol. The starting frame number in the T
channel burst reservation shall refer to either the current
frame number or one of the 15 frames following the

current frame number.

d) If an RFC SU corresponding to a REQ SU is received
from the GES, the AES shall compute tA8§ (Appendix 4
to Chapter 4), according to the delay specified in the
RFC SU for the expected RES SU to arrive. The AES
then shall do the following:

1) If no RES SU or RFC SU corresponding to that RFC
SU set is received from the GES within tA8 seconds
from the time the RFC SU was received, the AES
shall send a REQ SU to the GES on the T or R
channel in accordance with 4.6.5.2.4 with the
requested length equal to the length associated with
the corresponding RFC SU or incremented by one if
the T channel is used and the AES shall then proceed
as in 4.6.5.2.6.

2) If an RFC SU associated with the previously received
RFC SU is received from the GES, the AES shall
update the corresponding tA8 according to the new
delay specified in the RFC SU.

3) If a RES SU comesponding to that RFC SU is
received from the GES within tA8 seconds from the
time the RFC SU was received, the AES shall pass
the reservation information in the RES SU to the T
channel transmission protocol in the AES.

4.6.5.2.7 After the T channel transmission protocol in the
AES receives a TACK SU set requesting the retransmission of
missing SUs, the AES shall compute tA8, according to the
delay specified in the TACK SU for the expected RES SU to
arrive. The AES then shall do the following:
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a) If no RES SU or RFC SU corresponding to that TACK
SU set is received from the GES within tA8 seconds
from the time the complete SU set was received, the
AES shall send a REQ SU to the GES on the T or R
channe] in accordance with 4.6.5.2.4 with the requested
length equal to the number of missing SUs identified in
the TACK SU set plus on if the R channel is used or
incremented by one more if the T channe] is used and
the AES shall then proceed as in 4.6.5.2.6.

b) If an RFC SU associated with the previously received
TACK SU set is received from the GES, the AES shall
update the corresponding tA8 according to the new
delay specified in the RFC SU.

¢) If a RES SU is received from the GES within tA8
seconds from the time the complete TACK SU set was
received, the AES shall pass the reservation information
in the RES SU to the T channel transmission protocol in
the AES.

Note.— The RFC flag field (Appendix 3 to Chapter 4,
Item 50) in the RES or RFC SU to distinguish between the RES
or RFC SUs associated with REQ SUs and those associated
with TACK SUs or RFC SUs.

4,6.5.2.8 If a RES SU is received from the GES which
does not correspond to any REQ SU sent by the AES or to
RFC SU or TACK SU received by the AES, the AES shall pass
the reservation information in the RES SU to the T channel
transmission protocol.

4.6.5.2.9 If the AES is not able to transmit a T channel
burst in the assigned T channel burst reservation, the AES shall
send a REQ SU to the GES requesting a reservation for the not
transmitted burst.

4.6.5.2.10 When an AES terminates communications with
a GES as the result of a handover procedure (4.9), both the
AES and the GES shall release all link layer resources which
were allocated for data communication between them.

4.6.5.2.11 The reference number assigned to an LIDU
shall be released when either all the expected reservations
associated with the SU set corresponding to the LIDU have
been received at the AES or the reservation procedure
corresponding to that LIDU has been aborted, and after a
transmission status indication LIDU (Table 4-25) indicating
success or failure has been sent to the link service user in the
AES.

4.6.5.3 GROUND EARTH STATION (GES)

4.6.5.3.1 Upon receipt of a REQ SU from the AES, the
GES shall assign one or more burst reservations to the AES for
the SU set identified in the REQ SU. When the GES transmits
a TACK SU set indicating error to the AES, the GES shall
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assign one or more burst reservations for retransmission of the
partial SU set comprised of an RTX SU followed by the
missing SUs or retransmission of the complete SU set.

Note.— A TACK SU indicating error contains a field
defining the preset delay to the forthcoming RES SU.

4.6.5.3.2 The GES shall send a RES SU to the AES at a
time such that there is a subsequent maximum delay of 8
seconds before the intended SU set transmission time. If the
start of the assigned reservation is outside the 8-second time
window from the time the reservation was made, the GES shall
send an RFC SU to the AES indicating the delay and then shall
send the RES SU once the actual time is within 8 seconds of
the scheduled reservation time. If a reservation associated with
a TACK SU set indicating errors or RFC SU previously
transmitted cannot be made within the delay specified in the
TACK SU set or the RFC SU, the GES shall send an RFC SU
to the AES before the delay period has elapsed. The RFC SU
shall indicate a new delay to reservation. The GES shall send
a RES SU to the AES early enough so that it arrives in time
for the AES to begin sending an SU set at the start of burst
reservation.

46533 The GES shall not assign overlapping
reservations on the same T channel. The interval between the
end of one reservation and the beginning of the next
reservation shall be suofficient to assure that the T channel
bursts reserved by the GES do not overlap. A long SU set shall
be assigned multiple bursts separated by intervals. The interval
between the multiple burst reservations or between individual
reservations for different SU sets shall be such as to allow for
the transmission of at least one R channel burst every 8
seconds. The T channel burst length shall be chosen to allow
the R channel and T channel transmissions to meet the
performance requirements in 4.7. The length of each burst
reservation shall be sufficient to accommodate the burst
identifier SU which heads each T channel burst and the total
reservation length shall be at least one SU longer than the
requested one. The GES shall make reservations such that any
given AES shall not be required to transmit at any time on
more than one T channel belonging to the group of T channels
assigned to the AES. .

4.6.6 Sub-band C channel
to-aircraft protocol

Note.— In this subsection, the use of the terms “AES” and
“GES" refers to the link layer functions for the sub-band C
channel to-aircraft protocol within the GES and the AES.

4.6.6.1 GENERAL

The link layer functions for an individual sub-band C channel
in the to-aircraft direction shall be as specified in 4.6.6.2 and
4.6.6.3.
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. 4,6.6.2 GROUND EARTH STATION (GES)

4.6.6.2.1 Upon receipt of an LIDU from the circuit-mode
link service user (Table 4-38) or the GES management (Table

. 4-45), the GES shall generate an SU set from the LIDU. Each
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SU set shall comprise either a single signal unit called a “lone
signal unit (LSU)” or more than one signal unit of which the
first shall be an “initial signal unit (ISU)” and those that follow
shall be “subsequent signal units (85Us)”. The SU set shall be
generated by mapping the information contained in the LICI
and generated by the internal link layer protocol processes into
the fields of the control information of the appropriate SU.

4.6.6.2.2 Among all the SUs awaiting transmission, the
oldest of the SUs with the highest Q number shall always be
transmitted first. The SUs of an SU set comprised of multiple
SUs shall be transmitted in the descending order of their
sequence numbers (Appendix 3 to Chapter 4, Item 59).

Note.— The sub-band C channel link layer in the GES does
not assign a reference number to the LIDU received from the
circuit-mode link service user. Instead an application reference
number is assigned by the circuit-mode services and is passed
to the link layer in the LICI.

4.6,6.2.3 If there are no SUs to be transmitted, the
GES shall transmit fill-in SUs (Appendix 2 to Chapter 4,
Figure A2-42).

4,6.6.3 AIRCRAFT EARTH STATION (AES)

4.6.6.3.1 For an SU set comprised of an LSU, the AES
shall form an LIDU containing only LICI and pass the LIDU
to the appropriate link service user in the AES. The LICI shall
be generated from the control information in the received 1L.SU.

4.6.6.3.2 For an SU set comprised of multiple SUs, the
AES shall reassociate and reorder the received SUs into an SU
set according to their application reference number (Appen-
dix 3 to Chapter 4, Item 4), sequence numbers (Appendix 3 to
Chapter 4, Item 59) and Q numbers (Appendix 3 to Chapter 4,
Item 43). Following receipt of an ISU, the AES shall
determine whether or not any more SSUs corresponding to the
SU set headed by the ISU are expected from the GES in
accordance with the following criterion:

No more SSUs corresponding to the SU set are expected if
either the last SSU in the SU set or a fill-in SU is received,
or if the channel is released.

If an ISU or an LSU with a Q number equal to the Q number
of the SU set awaiting completion is received, the AES shall
discard the incomplete SU set awaiting completion.

46.6321 If no more SUs corresponding to a
transmission of an SU set are expected, the AES shall
determine whether or not there are any missing SUs. The AES

shall then do the following:



a) if there are no missing SUs, the AES shall reassemble
the SUs into an LIDU according to 4.6.3.4.3 and pass
the LIDU to the appropriate link service user in the
AES;

b) if there are any missing SUs, the AES shall not generate

an LIDU from the received incomplete SU set; instead,

the AES shall store the received SUs until the other
missing SUs are received in a retransmission of the SU
set, or until the channel is released.

4.6.6.3.3 C channel crosstalk detection. If a received SU
or SU set contains an AES ID or application reference number
which differs from that which prevailed when the C channel
was established, the AES shall command the AES man-
agement to inhibit transmission on the C channel frequency
and command the AES circuit-mode services to terminate the
call.

4.6.7 Sub-band C channel
from-aircraft protocol

Note.— In 4.6.7, the use of the terms “AES” and “GES”
refers to the link layer funciions for the sub-band C channel
Jrom-aircraft protocol within the AES and the GES.

4.6.7.1 GENERAL

The link layer functions for an individual sub-band C channel
in the from-aircraft direction shall be as defined in 4.6.7.2 and
4.6.7.3.,

4.6.7.2 AIRCRAFT EARTH STATION (AES)

4.6.7.2.1 Upon receipt of an LIDU from the circuit-mode
link service user (Table 4-38) or the AES management
(Table 4-44), the AES link layer shall generate the
cotresponding SU set according to 4.6.6.2.1.

4.6.7.2.2 Among all the SUs awaiting transmission, the
oldest of the SUs with highest Q number shall always be
transmitted first. The SUs of an SU set comprised of multiple
SUs shall be transmitted in the descending order of their
sequence numbers (Appendix 3 to Chapter 4, Item 59).

Note.— The sub-band C channel link layer in the AES does
not assign a reference number to the LIDU received from the
circuit-mode link service user. Instead an application reference
number is assigned by the circuit-mode services and is passed
to the link layer in the LICI.

4.6.72.3 If there are no SUs to be transmitted, the
AES shall transmit fill-in SUs (Appendix 2 to Chapter 4,
Figure A2-42).
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4.6.7.3 GROUND EARTH
STATION (GES)

4.6.7.3.1 For an SU set comprised of an LSU, the GES
shall form an LIDU according to 4.6.6.3.1 and pass the LIDU
to the appropriate link services user in the GES.

4.6.7.3.2 For an SU set comprised of multiple SUs, the
GES shall reassociate and reorder the received SUs into an SU
set according to their application reference number (Appen-
dix 3 to Chapter 4, Item 4), sequence numbers (Appendix 3 to
Chapter 4, Item 59) and Q numbers (Appendix 3 to Chapter 4,
Item 43). Following receipt of an ISU, the GES shall
determine whether or not any more SSUs corresponding to the
SU set headed by the ISU are expected from the AES in
accordance with the following criterion:

No more SSUs corresponding to the SU set are expected if
either the last SSU in the SU set or a fill-in SU is received,
or if the channel is released.

If an ISU or an LSU with a Q number equal to the Q number
of the SU set awaiting completion is received, the GES shall
discard the incomplete SU set awaiting completion.

4.6.732.1 If no more SUs corresponding to a
transmission of an SU set are expected, the GES shall
determine whether or not there are any missing SUs. The GES
shall then do the following:

a) if there are no missing SUs, the GES shall reassemble the
SUs into an LIDU according to 4.6.3.4.3 and pass the
LIDU to the appropriate link service user in the GES;

b) if there are any missing SUs, the GES shall not generate
an LIDU from the received incomplete SU set; instead,
the GES shall store the received SUs until the other
missing SUs are received in a retransmission of the SU
sel, or until the channel is released.

4.7 SATELLITE SUBNETWORK
LAYER

4.7.1 General provisions

4.7.1.1 ARCHITECTURE

4.7.1.1.1 The satellite subnetwork layer (SSNL) in the
AES and GES shall provide connection-oriented packet data
service by establishing subnetwork connections (SNCs)
between subnetwork service (SNS) users. Both of the SSNL in
the AES and GES shall contain the following three functions:

a) satellite subnetwork dependent (SSND) function;
b) subnetwork access (SNAc) function; and
¢) interworking (TW) function.
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The SSND function shall perform the SSND protocol
(SSNDP) between each pair of AES and GES by exchanging
subnetwork protocol data units (SNPDUS). It shall perform the
SSNDP aircraft (SSNDPA) function in the AES and the
SSNDP ground (SSNDPG) function in the GES. At a
minimum, the SNAc function shall perform the ISO 8208
protocol between the AES or GES and the attached routers by
exchanging ISO 8208 packets. It shall perform the ISO 8208
DCE function in the AES and the GES. The IW function
(TWF) shall provide the necessary harmonization functions
between the SSND and the SNAc functions. Figure 4-11
shows the SSND, IW and SNAc functions and the ATN
satellite subnetwork protocol architecture.

4.7.1.1.2 The term DCE when used shall mean ISO 8208
DCE.

4.7.1.1.3 The SSNL shall interface with the link layer and
the AES/GES management.

4,7.1.2 SERVICES

The SSNL shall provide the following services:

a) transparency of transferred information — provide for
the transparent transfer of octet aligned SSNL user data
and/ or control information; and

b) quality of service selection — make available to SNS
users a means to request and to agree to the quality of
service for the transfer of SSNL user data.

4.7.2 Packet data performance

4.7.2.1 DEEINITIONS

4.7.2.1.1 The terms used with respect to packet data
performance are based on the definitions in ISO 8348 (first
edition). In applying these definitions to the AMSS
subnetwork layer, the word “network™ and its abbreviation “N”
in ISO 8348 are replaced by the word “subnetwork” and its
abbreviation “SN”, respectively, wherever they appear
Additional definitions are provided as follows.

47.2.1.2 Data transfer delay (95 percentile). The 95th
percentile of the statistical distribution of delays for which
transit delay is the average.

4,7.2.1.2 bis Data transit delay. In accordance with
ISO 8348, the average value of the statistical distribution of
data delays.

4.7.2.1.3 Subnetwork service data wunit (SNSDU). An
amount of subnetwork user data, the identity of which is
preserved from one end of a subnetwork connection to the
other.
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Note.— Subnetwork performance depends on a number of
factors, including the level of communication traffic. The
performance values given here apply during peak busy hours.

4.7.2.2 SPEED-OF-SERVICE

4.7.2.2.1 CONNECTION ESTABLISHMENT DELAY

Note.— Connection establishment delay, as defined in ISO
8348, includes  a component, attributable to the called
subnetwork service user, which is the time between the
SN-CONNECT indication and the SN-CONNECT response.
This user component is due to actions outside the boundaries
of the satellite subnetwork and is therefore excluded from the
AMSS specifications.

4.7.2.2.1.1 Connection establishment delay shall not exceed
the following maximum values:

Maximum connection

Minimum channel established delay
rate in use by AES (95 percentile)
(bits/s) (seconds)
600 70
1200 45
2 400 25 -
4 800 25
10 500 25

4.7.2.2.2 DATA TRANSIT DELAY

Note.— In accordance with ISO 8348, data transit delay
values are based on a fixed SNSDU length of 128 octets. Data
transit delays are defined as average values. (4.7.2.1.2 and
4.7.2.1.2 bis refer)

472221 Data transit delay shall not exceed the
following maximum values:

Maximum data transit delay (seconds)
Minimum To-aircraft From-aircraft
channel rate Highest  Lowest Highest
in use by AES priority  priority priority
(bits/s) service  service service
600 12 40 40
1 200 8 25 30
2400 5 12 15
4 800 4 7 13
10 500 4 5 13

Note.— In any particular AES, lower priority from-aircraft
traffic may be subject to additional delay, depending on the
amount and rate of from-aircraft traffic loading.
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47223 DATA TRANSFER DELAY (95 PERCENTILE)

Note.— In accordance with 1SO 8348, 95 per cent data
transfer delay values are based on a fixed SNSDU length of
128 octets. 95 per cent data transfer delay is defined in
4.7.2.1.2,

Data transfer delay (95 percentile) shall not exceed the
following maximum values:

Maximum data transfer delay

(95 percentile)
(seconds)
To-aircraft From-aircraft
Minirmum

channel rate Highest Lowest Highest
in use by AES priority  priority priority
(bits/s) service service service

600 15 110 80

1 200 9 60 65

2 400 6 30 35

4 800 5 20 30

10 500 4 10 30

Note.— In any particular AES, lower priority from-aircraft
traffic may be subject to additional delay, depending on the
amount and rate of from-aircraft traffic loading.

4,72.2.4 CONNECTION RELEASE DELAY

The connection release delay (95 percentile) shall not exceed
30 seconds.

4.7.2,3 RELIABILITY OF SERVICE
4,7.2.3.1 RESIDUAL ERROR RATE

The residual error rate in the from-aircraft direction shall not
exceed 10% per SNSDU. The residual error rate in the to-
aircraft direction shall not exceed 107 per SNSDU.

Note.— Residual error rate includes the probability of
undetected error, the probability of losing an SNSDU, and the
probability of duplicating an SNSDU.

4,7.2.3.2 (CONNECTION RESILIENCE

4,7.2.3.2.1 The probability of an SNC provider-invoked
SNC release shall not exceed 1074 over any one-hour interval.

Note.— Connection release resulting from either GES-to-
GES handover or AES log-off or VC pre-emption are excluded
Jfrom this specification.
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4.7.2.3.2.2 The probability of an SNC provider-invoked
reset shall not exceed 10! over any one-hour interval.

4.7.3 Satellite subnetwork-dependent
protocol services and operations

4.7.3.1 GENERAL PROVISIONS

Since the functional differences between the SSNDPA and
SSNDPG are minimal, their operations shall be described in
terms of SSNDPX where X shall stand for either A or G.
Where differences do occur, the SSNDPA and SSNDPG
functions shall be described individually.

473.2 SATELLITE SUBNETWORK-DEPENDENT
PROTOCOL ENTITIES

Note.— At least one pair of SSNDPA and SSNDPG entities
exists between each pair of AES and GES. Figure 4-12 shows
two pairs of SSNDPA and SSNDPG entities between.two AESs
and a GES.

4.73.2.1 The SSNDPX defined in this section shall
pertain to each SSNDPX entity.

4.7.3.3 LOGICAL CHANNELS

Note.— The connections between SSNDPAs and SSNDPGs
are established through logical channels. Up to 255 logical
channels may be established between each pair of SSNDFPX
entities. Each logical channel is identified by its own logical
channel number (LCN) ranging from 1 through 255. LCN 0 is
reserved.

47331 For a npew ground-to-air  comnection
establishment, the SSNDPG shall allocate a logical channel
number in the range 1 to 127, by choosing the lowest
pumbered logical channel in the ready state in that range. For
a new air-to-ground connection setup, the SSNDPA shall
allocate a logical channel number in the range 128 to 255, by
choosing the highest numbered logical channel in the ready
state in that range.

4,73.4 QOPERATIONS

The SSNDPX virtual call (VC) service shall proceed through
three distinct phases:

a) connection establishment;
b) data transfer; and
c) connection release.
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Note.— The SSNDPX is specified in terms of locally
originated, or remotely originated operations. Locally
originated specifies the procedure at the SSNDPX for handling
operations originating from a local SNS user, while remotely
originated specifies the procedure at the SSNDPX for handling
operations originating from a remote SNS user,

4.7.3.5 CONNECTION ESTABLISHMENT

Note.— Up to 128 octets of user data may be transferred
during connection establishment.

4.7.3.5.1 The connection establishment procedure shall
apply independently to each establishment request.

473.5.2 User data shall be transparently forwarded in
both directions.

4.7.3.5.3 LOCALLY ORIGINATED
4.7.3.5.3.1 Normal operation

4.73.53.1.1 When the SSNDPX receives a call request
packet from the TWF, it shall allocate a logical channel which
is in the ready state, forward the call request packet to the
remote SSNDPX by means of a connection request SNPDU
and place the logical channel into the IWF call request state.

4.73.53.1.2 If the call is accepted at the remote
SSNDPX, a connection confirm SNPDU is received. The
SSNDPX shall then place the logical channel in the data
transfer/flow control state (flow control ready/no remote or
local interrupt pending) and forward a call connected packet to
the IWE. The call connected packet shall use defanlt values (if
any) for the facilities which are not transmitted over the
satellite subnetwork, according to the SNPDU to packet
mapping rules defined in 4.7.3.16.

4.73.5.3.1.3 If the SSNDPX does not receive either a
connection confirm or connection released SNPDU from the
remote SSNDPX before the timer (see tN1, Table 4-18)
expires, it shall initiate a connection release procedure.

4.7.3.5.3.2 Other operation

If resources are not available, or a requested facility value is
not allowed, then the originating SSNDPX shall send a clear
indication packet to the IWF,

4.7.3.5.4 REMOTELY ORIGINATED
4.7.3.5.4.1 Normal operation

4.73.54.1.1 When the SSNDPX receives a connection
request SNPDU from the remote SSNDPX, it shall place the
logical channel selected in the incoming call state. The
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SSNDPX shall forward an incoming call packet to the IWF
using default values for any facilities which are not transmitted
over the satellite subnetwork (see 4.7.3.16).

4.73.54.1.2 When the SSNDPX receives a call accepted
packet from the IWEF, it shall forward a connection confirm
SNPDU to the remote SSNDPX and place the logical channel
in the data transfer/flow control state (flow control ready/no
remote or local interrupt pending) when it receives from the
interfacing link layer the information that the connection
confirm SNPDU has been processed (receipt of fail/success
LIDU).

473.5.42 Other operation

4.7.3.5.4.2.1 1If the receiving SSNDPX cannot support the
request, then it shall transmit a connection released SNPDU to
the originating SSNDPX.

4.7.3.54.2.2 If a selected facility value is not allowed,
then the receiving SSNDPX shall initiate a connection release
procedure.

4.7.3.6 CONNECTION RELEASE

Note.— A subnerwork connection may be released at any
time by any party once the logical channel is in the data
transfer, IWF call request, or incoming call states. The
connection released SNPDU may contain user data (128
octets maximum) provided by the IWFE. '

4,7.3.6.1 User data shall be transparently forwarded in
both directions.

47.3.6.2 The SSNDPX shall guarantee in-sequence
transmission between data/ interrupt SNPDUs already
forwarded to the link layer and a subsequently transmitted
connection released or connection release complete SNPDU.

4,73.6.3 LOCALLY ORIGINATED

'4.7.3.6.3.1 When the SSNDPX receives a clear request
packet from the IWE, it shall place the logical channel in the
local clear request state, generate a connection released
SNPDU, and forward it to the remote SSNDPX. The only
SNPDUs it shall then accept, are a connection released
SNPDU or a connection release complete SNPDU. It shall
discard all other SNPDUs. The SSNDPX shall also consider
the receipt of any packet other than a clear request packet as
an error, and shall discard it.

47.3.6.3.2 When the SSNDPX reccives a connection
release complete after the connection released has been
successfully sent, it shall return the logical channel to the
ready state. If the SSNDPX receives a connection released
SNPDU from the remote SSNDPX, it shall not expect to
receive a connection release complete SNPDU.
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4.7.3.6.3.3 If the SSNDPX does not receive a response
from the remote SSNDPX before the associated timer
(see N6, Table 4-18) expires, it shall return the logical channel
to the ready state.

473.6.4 REMOTELY ORIGINATED

When the SSNDPX receives a connectton released SNPDU, it
shall enter the remote clear request state, and forward a clear
indication packet to the IWE It shall also construct a
connection release complete SNPDU, send it to the remote
SSNDPX, and return the logical channel to the ready state.

4.7.3.6.5 SSNDPX ORIGINATED

If the SSNDPX entity needs to disconnect a connection, it
shall place the logical channel in the local clear request state,
send a clear indication packet to the TWF and transmit a
connection released SNPDU to the remote SSNDPX. It
expects to receive as a response from the remote SSNDPX a
connection release complete SNPDU or connection released
SNPDU, and shall return the logical channel to the ready state
when the expected response is received or timing sapervision
expires (see (N6, Table 4-20).

4.7.3.7 DATA TRANSFER

47371 The data transfer procedure shall apply
independently to each logical channel which is in the data
transfer/flow control state.

4,7.3.7.2 DATA TRANSFER PROCEDURE

4.73.7.2.1 Data shall be forwarded transparently and in
sequence between the SNS users.

4.7.3.7.2.2 An M-bit SNPDU sequence shall consist of a
sequence of one or more data SNPDUs. Each data SNPDU
except the last one, shall contain the maximum 503 octets of
vser data and its M-bit shall be set to 1. The user data field of
the last SNPDU which belongs to the sequence may have less
than the maxitnum length and shall have its M-bit set to 0.

4.7.3.7.23 Locally originated

4.7.3.7.23.1 An M-bit packet sequence received from the
IWF shall be forwarded as an M-bit SNPDU sequence to the
remote SSNDPX.

4.7.3.7.2.3.2 Upon receipt from the IWF of one or more
data packets belonging to one M-bit packet sequence, the
SSNDPX shall generate one or more data SNPDUS, using the
M-bit to indicate a following data SNPDU of the same
sequence of data SNPDUs and shall forward them to the
remote SSNDPX.
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Note.— The number of data SNPDUs needed in the
sequence depends on the amount of user data in the data
packets which belong to the M-bit packet sequence.

4.7.3.7.2.3.3 The SSNDPX shall also assign an SNPDU
number to each data SNPDU. SNPDU numbers shall be
consecutive over a given connection. The sequence numbering
of data SNPDUs shall be performed modulo 256 and the
SNPDU numbers shall cycle through the entire range from 0
through 255. The first data SNPDU to be transmitted over the
satellite link, when the logical channel has just entered the
flow control ready state, shall have an SNPDU number equal
to 0.

4.73.7.2.4 Remotely originated

473.7.24,1 An M-bit SNPDU sequence received from
the remote SSNDPX shall be forwarded as an M-bit packet
sequence to the TWE.

4.7.3.7.2.4.2 Upon receipt of an M-bit SNPDU sequence,
the SSNDPX shall generate an M-bit packet sequence, using
the M-bit to indicate a following packet of the same sequence
as required and forward it to the IWFE.

Note.— The number of data packets needed in the M-bit
packet sequence depends on the amount of user data in the
M-bit SNPDU sequence and the packet size.

4.7.3.7.2.4.3 If a data SNPDU is received which contains
less than the maximum size and with M-bit = 1 and D-bit = 0,
then the SSNDPX shall initiate a reset procedure
(see 4.7.3.8.2.1). :

4.73.7.3 FLOW CONTROL

47.3.1.3.1 Flow control shall be provided within the
SSNDPFX to prevent the overflow of data buffers.

4.7.3.7.32 To interrupt the flow of data, the receiving
SSNDPX shall generate a flow control SNPDU with its flow
control reason field set to suspend and transmit it to the remote
SSNDPX. The SNPDU number in the flow control (suspend)
SNPDU shall be set to the SNPDU number of the last received
and accepted data SNPDU. If there are any out-of-sequence
data SNPDUs in the SSNDPG, the SNPDU number in the flow
control SNPDU with its reason field set to suspend shall be set
to the SNPDU number of the SNPDU received and accepted
before the out-of-sequence SNPDU. When subsequently the
receiving SNDPX is able to resume the data transfer, it shall
transmit a flow control SNPDU with its flow control reason
field set to resume.

4.7.3.7.3.3 When the SSNDPX receives a flow control
SNPDU with its flow control field set to suspend, it shall stop
transmitting data SNPDUs on the indicated logical channel. If
the SNPDU number in the flow control (suspend) SNPDU is
other than that of the last data SNPDU transmitted and the data
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SNPDU with SNPDU number equal to the SNPDU number in
the flow control (suspend) SNPDU plus one modulo 256 is no
longer in the data buffer, the SSNDPX shall initiate a reset of
the logical channel. When the SSNDPX receives a flow
control SNPDU with its control field set to resume, it shall
restart transmitting data SNPDUs on the indicated logical
channel. The first (re)transmitted data SNPDU shall have iis
SNPDU number equal to the SNPDU number of the
previously received flow control SNPDU (suspend) plus one
modulo 256, unless a reset procedure has been invoked.

4,7.3.7.3.4 If the receiving SSNDPX is not able to resume
data transfer before the associated timer (see tN7 in Table 4-18
and Table 4-20) expires, it shall initiate a reset of the logical
channel.

4.7.3.7.4 EXPEDITED DATA TRANSFER

Note.— The expedited data transfer allows an SSNDPX to
transmit user data contained in an interrupt packet to the
remote SSNDPX, bypassing any flow control that may have
been applied by subnetwork layer entities.

4.73.7.4.1 The expedited data transfer procedure shall
apply independently to each logical channel which is in the
data transfer state and shall not be initiated when a release or
reset procedure is in process.

4.73.7.4.2 Only one interrupt SNPDU at a time, with a
maximum uvser data length of 32 octets, shall be permitted in
each direction.

4.7.3.7.4.3 Locally originated

4.7.3.7.4.3.1 When the originating SSNDPX receives an
intermapt packet from the IWF and provided there is no
pre-existing interrupt SNPDU awaiting interrupt confirm
SNPDU, the SSNDPX shall then generate an interrupt SNPDU
and forward it to the remote SSNDPX, and await an interrupt
confirm SNPDU; otherwise, the SSNDPX shall discard the
interrupt packet.

4.73.74.3.2 Upon receipt of an interrupt confirm
SNPDU, the SSNDPX shall generate an intermpt confirmation
packet and forward it to the IWE

4737433 If the SSNDPX does not receive the
interrupt confirm SNPDU before the associated timer (see tN4
in Table 4-18 and Table 4-20) expires, it shall initiate a reset
of the logical channel.

4.7.3.7.4.4 Remotely originated

4.73.744.1 When the SSNDPX receives an interrupt
SNPDU, it shall forward an interrupt packet to the IWE.

4713.744.2 When the SSNDPX receives an interrupt
confirmation packet from the IWE, it shall construct an

interrupt confirm SNPDU, and send it to the remote SSNPDX.

2/11/00
No. 75

34

- Volume III. . . ..

4.7.3.8 CONNECTION RESET

4.7.3.8.1 When the SSNDPX detects an error in the
SSNDPX operation for which its action is to reset the virtual
circuit (see Table 4-24), then it shall place the logical channel
into the local reset state, carry out the reset procedure and
transmit a teset SNPDU to the remote SSNDPX.

Note.— The cause and diagnostic codes indicate whether
the reset should be carried out within the satellite subnetwork
alone or should be extended to the IWF,

4.7.3.8.2 RESET ACTION

During the reset process, the following actions shall be taken
by the SSNDPX with respect to its data transfer operation:

a) the SNPDUs which have not yet been passed to the link
layer shall be discarded; ’

b) the SNPDUs that have been received prior to
receiving/transmitting a reset SNPDU but which do not
constitute an M-bit SNPDU sequence shall be flushed
from the reassembly area;

c) the expected {data) SNPDU number shall be reset to 0
and subsequently transmitted data SNPDUs shall be
numbered starting from 0; and

d) any outstanding interrupt SNPDU to or from the remote
SSNDPX remains unconfirmed and tN4 is stopped.

473.8.3 RESET PROCEDURES

4.7.3.83.1 The reset procedures shall apply only to
logical channels that are in the data transfer state.

4,7.3.8.3.2 The SSNDPX shall guarantee in sequence
transmission between datafinterrupt SNPDUs already for-
warded to the link layer and a subsequently transmitted reset
or reset confirm SNPDU.

4.7.3.8.3.3 Locally/SSNDFX originated

4.7.3.8.3.3.1 When the originating SSNDPX receives a
reset request packet from the IWF or when it has detected an
error for which its action is to reset the SVC, it shall place the
logical channel into the local reset state, execute the reset
action, transmit a reset SNPDU to the remote SSNDPX, and
start a timer tN3 (see Table 4-18). If required by the error
procedures in 4.7.3.9, the SSNDPX shall forward a reset
indication packet to the IWF,

4.7.3.83.32 Upon receipt of the reset confirm SNPDU
from the remote SSNDPX, it shall return the logical channel
to the data transfer/flow control state.
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4.73.83.3.3 If the SSNDPX does not receive a response
from the SSNDPX before the associated timer (see tN3 in
Table 4-18) expires, it shall initiate a comnection release
procedure.

4.7.3.8.3.4 Remotely originated

4.7.3.8.3.4.1 When the SSNDPX receives a reset SNPDU,
it shall place the logical channel into the remote reset state,
execute the reset action and transmit a reset indication packet
to the IWF as required (sce Table 4-24),

4.7.3.8.34.2 The SSNDPX shall transmit a reset confirm
SNPDU to its remote SSNDPX and shall return the logical
channel to the data transfer state when it has received from the
link layer the information that the reset confirm SNPDU has
been successfully transmitted.

4.7.3.8.3.5 Simultaneous reset

If the SSNDPX sends a reset SNPDU and subsequently
receives a reset SNPDU it shall:

a) not send a reset confirm SNPDU; and

b) not expect to receive a reset confirm SNPDU.

4.7.3.9 ERROR PROCEDURES

Note.— Errors which are recognized by the SSNDFX may
be the result of the following events:

— channel degradation or loss of synchronization
— AES log-off

— a GES-to-GES handover

— link congestion

— an uncorrected transmission error

— a remote SSNDPX protocol error

— a protocol error in the IWF/SSNDPX interface
procedure
4.7.39.1 When an error as noted in Tables 4-22 to 4-24 is

detected, the SSNDPX shall initiate either reset or release of
the relevant connection.

4.7.3.9.2 Errors shall be notified to the IWF by means of
cause and diagnostic parameters within the relevant packet.
Errors shall be notified to the remote SSNDPX by using the
corresponding fields of the SNPDUS, i.e. reset or release cause
and diagnostic code.

4.73.9.3 The coding of the canse fields which are
generated by the SSNDPX and passed to the remote SSNDPX
shall be as defined in Table 4-16.

4.73.9.4 The coding of the corresponding SSNDPX
generated diagnostic code field shall be as defined in
Table 4-17.
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4.7.3.9.5 LOG-ON/LOG-OFF

Note.— The procedures for log-on and log-off are covered
in 4.7.6.

4.7.3.9.6 ORIGINATING SSNDPX ERROR RECOVERY

4.73.9.6.1 Transmission erfor resulfing from the loss or
delay of SNPDUs shall be detected either by time-out when a
response is expected or by the fail LIDU reported by the link
layer.

4.7.3.9.6.2 The actions the SSNDPX follows upon time-
out shall be as summarized in Table 4-18.

4.7.3.9.6.3 The actions the SSNDPX shall follow when it
is informed by the link layer that the transmission of an
SNPDU has failed shall be as summarized in Table 4-19.
Receipt of a fail (data/interrupt) LIDU while the relevant LCN
is either in local/fremote reset state or local/remote clear
request state, shall not cause the SSND sub-layer entity to
generate a (further) connection reset.

4,73.9.7 PROTOCOL ERROR

Note— Two types of protocol error may occur at the
SSNDPX. These are:

a) a syntactical error which occurs when a received
SNPDU does not conform to the format specifications
over the satellite subnetwork; and

b) a logical error which occurs when the SSNDPX receives
from its peer entity an SNPDU that is not an acceptable
input to the current state of the logical channel.

4.7.3.9.7.1 When the SSNDPX detects a protocol error, it
shall respond as indicated in Tables 4-21 to 4-24. These tables
are depicted for each logical channel state.

4.7.3.9.8 QUT-OF-SEQUENCE DATA
SNPDU PROCEDURE

473.9.8.1 The SSNDPX shall process received data
SNPDUs in proper sequence, according to SNPDU number to
construct data packets to be forwarded to the IWE The
SSNDPX shall discard duplicate SNPDUs.

Note.— The receiving link layer at the GES may deliver
SNPDUs to the SSNDPG in altered sequence. The SSNDPG
assembles data SNPDUs in proper sequence before forwarding
them to the IWE.
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4.73.9.8.2 SSNDPG actions for
out-of-sequence data SNPDUs

A data SNPDU shall be defined as out of sequence if and only
if its SNPDU number does not immediately follow the
SNPDU number of the last received data SNPDU that has been
used in creating the last data packet.

Note.— SNPDU numbers are incremented modulo 256.
Thus, SNPDU number 0 follows SNPDU number 255.

4.7.3.9.8.2.1 If an out-of-sequence data SNPDU is not a
duplicate, the SSNDPG shall store the out-of-sequence data
SNPDU. If no more storage is available, the SSNDPG shall
place the logical channel in the reset state and extend the reset
to the IWE.

4.73.9.8.2.2 Stored data SNPDUs shall be processed to
create data packets whenevert this can be done without creating
an out-of-sequence condition. Data packets shall be forwarded
to the IWF as soon as possible.

4.73.9.83 SSNDPA actions for
out-of-sequence SNPDUs

If a data SNPDU is received which is not a duplicate but has
an SNPDU number not immediately following the SNPDU
number of the data SNPDU last received, the SSNDPA shall
initiate a reset of the connection.

4,7.3.10 SNPDU FORMATS

4.7.3.10.1 GENERAL SNPDU FORMAT

4.73.10.1.1 .An SNPDU shall consist of at least two
octets. Octet 1 shall contain the D- and M-bits and the SNPDU
type identifier field. Octet 2 shall contain the logical channel
number field; depending on the particular SNPDU type,
additional octets may be required. The general SNPDU format
shall be as defined in Figure 4-13.

4.7.3.10.1.2 The D- and M-bits shall be bits 7 and 8,
respectively, in octet 1.

4.7.3.10.1.3 The M-bit shall be used in an M-bit SNPDU
sequence consisting of a sequence of data SNPDUs; it shall be
set to 0 in all other SNPDUs.

Note— The D-bit may be used for end-to-end
acknowledgement (receipt confirmation).

4.7.3.10.1.4 The SNPDU type identifier field shall be bits
1-6 in octet 1. The coding of the SNPDU type identifier field
shall be as defined in Table 4-15.

4.7.3.10.1.5 Octet 2 shall contain the logical channel
number field.
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Note.— In the following sections, fields are defined in the
order they may appear in the relevant SNPDU.

4,7.3.10.2 CONNECTION REQUEST SNPDU

4.73.10.2.1 The format of connection request SNPDU
shall be as defined in Figure 4-14.

473.10.2.2 SNPDU type identifier field

4,7.3.10.2.2.1
indicator bits:

Bits 1, 2, 3 and 6 shall be the following

a) bit 1, facilities field present;

b) bit 2, called NSAP address present;

¢) bit 3, calling NSAP address present; and

d) bit 6, fast select with restriction on response.

4,7.3.10.2.22 Bits 1, 2 and 3 shall be set to 1 if the
corresponding fields are present in the connection request
SNPDU; otherwise, they shall be set to 0. Bit 6 shall be set to
1 if fast select with restriction on response applies; otherwise,
it shall be set to O.

4.73,10.2.3 DTE address length field

Octet 3 shall consist of the calling- and called-DTE address
length fields. Bits 8 to 5 shall specify the length of the calling-
DTE address in semi-octets. Bits 4 to 1 shall specify the length
of the called-DTE address in semi-octets. Each address-length
field shall be binary-coded, where bit 5 or 1 shall be the low-
order bit of the indicator.

4.7.3.10.2.4 Calling- and called-DTE fields

4.7.3.10.2.4.1 When indicated by the DTE addresses
length field, the octets following the DTE addresses length
field shall contain the called-DTE address followed by the
calling-DTE address.

41.3.10.2.42 Each digit of an address shall be coded in
a semi-octet in binary-coded decimal, where bit 5 or bit 1 shall
be the low-order bit of the digit.

473.10.2.43 Startting from the high-order digit, a DTE
address shall be coded in consecutive octets, with two digits
per octet. In each octet, the higher-order digit shall be coded
in bits 8 to 5. When the-total number of digits in the called-
plus calling-DTE fields is odd, the combined fields shall be
rounded up to an integral number of octets by inserting zeros
in bits 4 to 1 of the last octet of the combined fields.
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4.73.10.2.5 Called- and calling-NSAP
address fields

When indicated by the called- and calling-NSAP address
present indicator bits, the octets following the calling- and
called-DTE fields shall contain the called-NSAP address ficld,
then the calling-NSAP address field.

4.73.10.2.6  Facility field length field

When indicated by the facilities field present indicator bit, the
next octet shall contain the length of the facilities field in
octets. The facility field length field shall be binary-coded,
where bit 1 shall be the low-order bit of the field.

4.73.10.2.7 Facilities field
‘When indicated by the facilities field present indicator bit, the

octets following the facility field length field shall contain the
codes and parameters for the facilities.

4.7.3.10.2.8 Call user data field

The next octets shall be used to carry the call user data, if any.
If fast select facility is not used, not more than 16 octets of
data shall be present. If fast select facility is used, not more
than 128 octets of data shall be present.

4.7.3.10.3 CONNECTION CONFIRM SNPDU

4.7.3.10.3.1 The format of the connection confirm
SNPDU shall be as specified in Figure 4-15.

4.73.10.3.2  SNPDU type identifier field

4.7.3.10.3.2.1
bits:

Bits 1 and 2 shall be the following indicator

a) bit 1: facilities field present; and
b) bit 2: NSAP address present.

4.7.3.10.3.2.2 These bits shall be set to 1 if the cor-
responding fields are present; otherwise, they shall be set to O.

4.7.3.20.3.3 Called-NSAP address field

When indicated by the NSAP address present indicator bit, the
octets following the logical channel number field shall consist
of the called-NSAP address.

4.73.10.3.4 Facility length field

When indicated by the facilities field present indicator bit, the
next octet shall contain the length of the facilities tield in
octets. The facility length indicator shall be binary-coded,
where bit 1 shall be the low-order bit of the field.
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4.7.3.10.3.5 Facilities field
When indicated by the facilities field present indicator bit, the

octets following the facilities field shall contain the codes and
parameters for the facilities.

4.7.3.10.3.6 Called user data field

The next octets shall be used to carry the called user data, if
any. If fast select facility is used, not more than 128 octets of
data shall be present,

4.7.3.10.4 CONNECTION RELEASED SNPDU

4.7.3.10.4.1 The connection released SNPDU format shall
be as defined in Figure 4-16.

4,73.104.2 SNPDU nype identifier field

4,7.3.10.4.2.1
indicator bit.

Bit 2 shall be the NSAP address present

4,7.3.10.4.2.2 This bit shall be set to 1 if the called-NSAP
address field is present; otherwise, it shall be set to 0.

4.73.10.4.3 Called-NSAP address field

This field shall have the same coding as 4.7.3.10.3.3.

4.7.3.10.4.4 Clearing cause field

4.7.3.10.4.4.1 The next octet shall be the clearing cause
field. It shall contain the clearing cause for the release of the
connection.

47.3.10.4.4.2 The coding of the clearing cause which
may be generated by the SSNDPX shall be as given in
Table 4-16.

4.7.3.10.4.5 Diagnostic code field

The octet following the clearing cause ficld shall be the
diagnostic code field. It shall contain additional information on
the reason for the release of the connection. The coding of the
diagnostic code field shall be dependent on the clearing cause
as in Table 4-16. The diagnostic code field codings when
connection release has been initiated by the SSNDPX shall be
as defined in Table 4-17.

4.7.3.104.6 Clear user data field

The field following the diagnostic code field shall be the user
data field. If present, this ficld shall contain not more than 128
octets of user data.

211/00
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4.73.10.5 CONNECTION RELEASE
COMPLETE SNPDU

The connection release complete SNPDU format shall be as
defined in Figure 4-17.
4.7.3.10.6  DATA SNPDU

4,7.3.10.6.1
in Figure 4-18.

The data SNPDU format shall be as defined

4.73.10.6.2 M-bit
The M-bit shall be set to 1 if the SNPDU is not the last in an

M-bit sequence of data SNPDUs; otherwise, it shall be set
to 0.

4.71.3.10.6.3 SNPDU number field

Qctet 3 shall contain the 8-bit SNPDU number.

4.13.10.6.4 User data field

The field following the SNPDU number field shall contain
the user data. This field shall contain up to a maximum of
503 octets.

473107 INTERRUPT DATA SNPDU

4.7.3.10.7.1 The interrupt data SNPDU format shall be as
defined in Figure 4-19.

4.7.3.10.7.2 Interrupt user data field
The field following the logical channel number field shall be

the interrupt user data field. This field shall contain up to a
maximum of 32 octets.

4.7.3.10.8 INTERRUPT CONFIRM SNPDU
The interrupt confirm SNPDU format shall be as defined in
Figure 4-20.

4.7.3.10.9 RESEr SNPDU

4.7.3.,10.9.1 The reset SNPDU format shall be as defined
in Figure 4-21.

4.7.3.10.9.2 Resetting cause

Octet 3 shall be the resetting cause field and shall contain the
reason for the reset. When the reset has been initiated by the
SSNDPX, the coding of the resetting cause field in a reset
SNPDU shall be as given in Table 4-16.
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4.7.3.10.9.3 Diagnostic code

4.73.10.9.3.1 Octet 4 shall be the diagnostic code field -
and shall contain additional information on the reason for the
reset. The coding of the diagnostic code field shall be
dependent on the resetting cause as given in Table 4-16. The
diagnostic code field codings when the reset has been initiated
by the SSNDPX shall be as defined in Table 4-17.

4.7.3.10.9.3.2 If the resetting cause field indicates “IWF
originated”, the diagnostic code field shall have been passed

unchanged from the IWF as a result of its having initiated a
Tesetting procedure.

4.7.3.10.10 RESET CONFIRM SNPDU
The reset confirm SNPDU format shall be as defined in
Figure 4-22.

4.7.3.10.11 FLOW CONTROL (SUSPEND) SNPDU

4.7.3.10.11.1 The flow control (suspend) SNPDU format
shall be as defined in Figure 4-23.

4.7.3.10.11.2 Flow control reason field

Octet 3 shall contain the flow control reason field. This field
shall be set to 11001001 (suspend).

4.73.10.11.3 SNPDU number field

Octet 4 shall contain the 8-bit SNPDU number of the last
in-sequence received and accepted data SNPDU.

4.7.3.10.12 FLOW CONTROL (RESUME) SNPDU

4.7.3.10.12.1 The flow control (resume) SNPDU format
shall be as defined in Figure 4-24.

4.73.10.12.2  Flow control field

Octet 3 shall contain the flow control reason field. This field
shall be set to 11001011 (resume) to resume transmission from
the peer.

4,7.3.10.13 CONNECTION REQUEST/CONFIRM
SNPDU FACILITIES FIELD

4.7.3.10.13.1 The facilities field shall be present only
when the facility field present indicator bit is set to one in the
connection request, and connection confirm SNPDUS.

47310132 The facilities field shall contain one facility
element for each facility or group of facilities requested. The
first octet of each facility element shall be the facility code
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field, which shall indicate the code for the facility or facilities
requested. The remaining octets of a facility element shall
contain the facility parameter field.

4.7.3.10.13.3 Recommended facilities

Recommendation.— The following facilities should be
supported by the SSNDPX:

a) throughput class negotiation;
b) transit delay selection and indication; and
¢) fast select.

4.73.10.13.4 Throughput class negotiation (TCN)
Jacility format

The format of the throughput class negotiation (TCN) facility
ficld shall be as defined in Figure 4-25.

4.73.10.13.5 Transit delay selection and indication
(TDSAI) facility format

The format of the transit delay selection and indication facility
field shall be as defined in Figure 4-26.

4.7.3.10.13.6  Fast select facility format

The fast select facility format shall be as defined in
Figure 4-27.

4.7.3.10.13.7 Expedited data negotiation

The expedited data negotiation facility format shall be as
defined in Figure 4-28.

4.7.3.10.14 DIAGNOSTIC CODES

When connection release/reset is initiated by the SSNDPX, the

coding of the diagnostic code field in the connection released
and reset SNPDUSs shall be as defined in Table 4-17.

4.7.3.11 TIMER VALUES

The timer values shall be as defined in Table 4-20.

4.7.3.12 STATE DIAGRAMS
State diagrams for the following states shall be given below:

a) The state diagram for connection establishment/release
of a logical channel shall be as defined in Figure 4-29.

b) The state diagram for reset and flow contro] states
within the data transfer state shall be as defined in
Figure 4-30.
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4.7.3.13 STATE TABLES

47.3.13.1 Action taken in any state of the SSNDPX shall
be given by Tables 4-21 to 4-24,

4.7.3.13.2 The following conventions shall be used in the
state tables:

a) action taken, which could be:
— normal, as defined in 4.7.3.5 to 4.7.3.8;

— discard the received SNPDU and take no subsequent
action as a result of receiving that SNPDU;

— error, as defined in the table;

b) D = the diagnostic code contained in the diagnostic code
field of the appropriate SNPDU (connection released, or
reset) issued upon the detection of the indicated error.

4.7.3.14 SATELLITE SUBNETWORK
DEPENDENT TO LINK LAYER
INTERFACE FUNCTIONS

4.7.3.14.1 The interface functions to the link layer shall
include the following:

a) generation and reception of link interface data units
(LIDUs);

b) routing of received SNPDUSs according to connection;

¢) selection of further SNPDUS for transmission according
to a cyclic order of selecting among the logical channels
at a given Q number and giving precedence to interrupt
SNPDUs over data SNPDUS of the same Q number; and

d) routing of local acknowledgement (success/fail) for RLS
transmission status indication LIDUs.

4.7.3.14.2 The LIDUs passed between the SSNDPX and
the link layer shall include the LIDUs defined in Table 4-25.

4.7.3.15 PACKET TO SNPDU
MAPPING RULES

4.7.3.15.1 The rules for mapping the ISO 8208 packet
fields into the corresponding fields in SNPDU shall be as
specified in this section.

4.7.3.15.2 DTE ADDRESSES

4,7.3.15.2.1 The called-DTE address and the calling-DTE
address fields in the ISO 8208 call request packet shall be
directly mapped into the called-DTE address and the calling-
DTE address fields in the connection request SNPDU.
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4.73.15.2.2 The calling- and called-DTE addresses in the
ISO 8208 call accepted packet shall not be transmitted across
the satellite link.

4,7.3.15.3 NSAP ADDRESS

4,73.15.3.1 The called address extension and the calling
address extension parameter fields in the ISO 8208 call request
packet shall be directly mapped into the called NSAP address
and the calling NSAP address fields in the connection request
SNPDU.

4.7.3.15.3.2 If the called address extension parameter in
either the ISO 8208 call accepted packet or clear request
packet is equal to the called NSAP address of the
corresponding connection request SNPDU, then the called
address extension shall not be transmitted across the satellite
link; otherwise, it shall be directly mapped into the relevant
SNPDU. '

4,7.3.15.4 SUBNETWORK CONNECTION PRIORITY

4.73.15.4.1 The target value for the priority of data on a
connection in the ISO 8208 call request packet shall be
mapped to the LIDU Q number passed to the link layer as
defined in Table 4-26. This value shall be used as long as the
connection setup procedure has not been completed.

4.7.3.15.4.2 The selected value for the priority of data on
a comnection in the ISO 8208 call accepted packet shall be
mapped to the LIDU Q number passed to the link layer as
defined in Table 4-26. This value shall be used for the
remainder of the SNC.

4.7.3.15.4.3 If an invalid priority value is provided in the
call request or call accepted packet, the SSNDPX shall reject
the call. The diagnostic code in the clear indication packet
shall be set to “connection rejection — requested quality of
service not available — (permanent condition)”.

4.7.3.15.4.4 If priority of data on a connection is not
indicated in the call request packet, a default value (SNC
priority = 0) shall be used.

4,7.3.15.5 THROUGHPUT CLASS NEGOTIATION

4.7.3.15.5.1 The throughput class negotiation shall apply
independently for each direction of transfer.

4,73.15.5.2 Throughput

The throughput subparameter shall be defined as one of the
values (unspecified, 75, 150, 300, 600, 1200, 2400, 4 800,
9 600, 19 200, 48 000, 64 000 bits/s).
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4.7.3.15.6 TRANSIT DELAY

4.7.3.15.6.1 The negotiated transit delay shall apply to
both directions of transfer. ‘

4.13.15.6.2 Aircraft-originated connection
establishment

4.7.3.15.6.2.1 The SSNDPA shall map directly the transit
delay selection and indication (TDSAI) facility in the call
request packet to the same facility in the connection request
SNPDU.

4.73.15.6.2.2 If the SSNDPG receives a call accepted
packet from the IWF in response to an incoming call packet
with TDSAI facility, it shall forward the same facility in the
connection confirm SNPDU to the SSNDPA.

4.13.15.6.3 Ground-originated connection
establishment .

If the SSNDPG receives a call request packet with the TDSAT
facility from the TWF, the SSNDPG shall forward to the
SSNDPA a mean value for the satellite subnetwork transit
delay of a data SNPDU of 131 octets in the connection request
SNPDU.

4.7.3.15.7 FAST SELECT

The fast select facility shall be treated as follows:

a) a call request packet without the fast select facility shall
be mapped to a connection request with no restriction on
response SNPDU with the fast select (use not permitted)
facility;

b) a call request packet with the fast select facility

indicating fast select requested with no restriction on

response shall be mapped to a connection request with
no restriction on response SNPDU without the fast
select (use not permitted) facility; and

¢) a call request packet with the fast select facility

indicating fast select request with restriction on response

shall be mapped to a connection request with restriction
on response SNPDU without the fast select (use not
permitted) facility.

4.7.3.15.8 [EXPEDITED DATA NEGOTIATION

The expedited data negotiation facility in the call request or
call accepted packet shall not be mapped to the corresponding
connection request or connection confirm SNPDU unless the
facility parameter is set to “no use of expedited data”.
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4.7.3.15.9 CAUSE AND DIAGNOSTIC CODES

4,7.3.159.1 Clearing cause, resetting cause and
diagnostic code fields shall be transferred without modification
from the packets to the corresponding SNPDUs.

4.7.3.15.9.2 If the SSNDPX has initiated the clear or reset
procedure, then the clearing cause, the resetting cause and the
diagnostic code fields shall be set as defined in Tables 4-16
and 4-17. '

4.7.3.15.10 DATA

4.7.3.15.10.1 If the user data field in the data packets of
an M-bit packet sequence is less than the defanlt data SNPDU
maximum user data field length, then these fields shall be
concatenated to form an M-bit SNPDU sequence.

4.7.3.15.10.2 If the user data field in the data packets of
an M-bit packet sequence is greater than the default data
SNPDU maximum user data field length, then these fields
shall be segmented to form an M-bit SNPDU sequence.

4.7.3.16 SNPDU TO PACKET
MAPPING RULES

4.7.3.16.1 This section shall specify the rules for mapping
the SNPDU fields into the comesponding fields in ISO 8208
packet.

4.7.3.16.2 DTE ADDRESS

4.73.16.2.1 The called DTE address and the calling DTE
address fields in the connection request SNPDU shall be
directly mapped into the called DTE address and the calling
DTE address fields in the incoming call packet.

4,73.16.22 Both the calling and called DTE address
fields shall be regenerated when forwarding a call connected
packet, if they were present in the corresponding call request
packet.

4.7.3.16.3 NSAP ADDRESS

4.7.3.16.3.1 The called NSAP address and the calling
"NSAP address fields in the connection request SNPDU shall
be directly mapped into the called address extension and
calling address extension parameter fields in the incoming call
packet.

4.73.16.3.2 The called NSAP address field in the
connection confirm or connection reieased SNPDU shall be
mapped into the called address extension field in the call
connected or clear indication packet.
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47.3.16.4 PRIORITY

The Q number associated with the connection request and
connection confirm SNPDUs shall be mapped into the target
and selected values of the priority of data on a connection field
in the priority facility in the ISO 8208 incoming call and call
connected packets.

4.7.3.16.5 THROUGHPUT CLASS NEGOTIATION

4.7.3.16.5.1 The throughput class negotiation shall apply
independently for each direction of transfer.

4.7.3.16.5.2 Throughput

The throughput sub-parameter shall be defined as one of the
values (unspecified, 75, 150, 300, 600, 1200, 2 400, 4 800,
9 600, 19 200, 48 000, 64 000 bits/s).

4.7.3.16.6 TRANSIT DELAY

4.7.3.16.6.1 The negotiated transit delay shall apply to
both directions of transfer.

4.1.3.16.6.2 Aircraft-originated connection establishment

4.7.3.16.6.2.1 If the SSNDPG receives a connection
request SNPDU from an SSNDPA with TDSAI facility, the
SSNDPG shall forward to the IWF a mean value for satellite
subnetwork transit delay of a data SNPDU of 131 octets in the
incoming call packet.

4.73.16.6.2.2 The SSNDPA shall map directly the
TDSAI facility in the connection confirm SNPDU to the same
facility in the call connected packet.

4.7.3.16.6.3 Ground-originated connection establishment

473.16.63.1 The SSNDPA shall map directly the
TDSALI facility in the connection request SNPDU to the same
facility in the incoming call packet.

4.7.3.16.6.3.2 If the SSNDPG receives a connection
confirm SNPDU from the SSNDPA in response to a
comnection request SNPDU with TDSAI facility, it shall
forward the same facility in the call connected packet to the
IWE

4.7.3,16.7 FAST SELECT
The fast select facility shall be treated as follows:

a) a connection request with no restriction on response
SNPDU with the fast select (use not permitted) facility
shall be mapped into an incoming call packet without
the fast select facility;

211/00
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b) a connection request with no restriction on response
SNPDU without the fast select (use not permitted)
facility shall be mapped into an incoming call packet
with the fast select facility with the *no restriction on
response” parameter;

¢) a connection request with restriction on response
SNPDU without the fast select (use not permitted)
facility shall be mapped into an incoming call packet
with the fast select facility with the “restriction on
response” parameter.

47.3.16.8 EXPEDITED DATA NEGOTIATION

If the expedited data negotiation facility is not present in the
connection request or connection confirm SNPDU, this facility
with its parameter set to “use of expedited data” shall be added
to the corresponding incoming call or call connected packet;
otherwise, this facility shall be mapped to the corresponding
packet.

4.7.3.16.9 (CAUSE AND DIAGNOSTIC CODES

Clearing cause, resetting cause and diagnostic code fields shall
be transferred without modification from the SNPDUs to the
corresponding packets.

4.73.16.10 DATA

4.7.3.16.10.1 If the user data field in the data SNPDUs of
an M-bit SNPDU sequence is less than the default data packet
maximum user data field length, then these fields shall be
concatenated to form an M-bit packet sequence.

4.7.3.16.10.2 If the user data field in the data SNPDUs of
an M-bit SNPDU sequence is greater than the defaunlt data
packet maximum user data field length, then these fields shall
be segmented to form an M-bit packet sequence.

4.7.3.17 CAPACITY

The SSNDPA shall support at least eight simultaneous,
independent logical channels.

4.74 1SO 8208 DCE
protocol operations

4.7.4.1 GENERAL PROVISIONS

4.74.1.1 The protocol between the ISO 8208 DCE and
the ISO 8208 DTE shall comply with the ISO 8208 second
edition.
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4.74.1.2 PACKET LAYER ENTITY
Note.— Within the ISO 8208 DCE there may be more than
one DCE/DTE interface, e.g. a GES may be connected to more
than one ground ATN router. One such entity exists in the DCE
for each DCE/DTE interface. Deciding which entity to use to
reach a particular destination is a function performed external

to the protocol described here. The protocol defined in 4.7.4
pertains to each packet layer entity in the DCE.

4.7.4.2 CONFORMANCE REQUIREMENTS
4.74.2.1 SUPPORTED SERVICES AND CAPABILITIES
The following services and capabilities shall be supported:
a) virtual call service;
b) a user data field of up to 128 octets in data packets; and

c) expedited data delivery, i.e. the use of interrupt packets
with a user data field of up to 32 octets.

4.74.2.2 SUPPORTED FACILITIES
The following facilities shall be supported:

a) calling address extension and called address extension;
and

b) priority.
Note.— The target and lowest acceptable values for the
priority to gain a connection and keep a connection, and the

lowest acceptable value for data on a connection, need not be
supported.

47423 RECOMMENDED FACILITIES

Recommendation.— The following facilities should be
supported:

a) throughput class negotiation;
b) transit delay selection and indication,
c) fast select;

d) fast select acceptance.

4743 OPERATIONS
4.7.4.3.1 EXTERNAL INTERACTIONS

Note— The initiation of certain DCE procedures is
directed by elements outside the ISO 8208 DCE. Likewise, the
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occurrence of certain ISO 8208 DCE events are to be reported
appropriately. These external interactions include:

a) requesting of the link layer, transmission of outgoing
packets;

b) receiving, from the link layer, incoming packets;

c) accepting requests from the IWF to initiate certain
ISO 8208 protocol procedures including:

1) originate a virtual call,

2) accept a virtual call,

3) terminate a virtual call,

4) transfer data and interrupt information, and
5) re-initialize a logical channel.

d) reporting to the IWF the occurrence of certain ISO 8208
protocol events including:

1) receipt of an incoming request to set up a virtual call,
2) receipt of the acceptance of a virtual call setup,

3) termination of a virtual call,

4) receipt of data and interrupt information, and

5) re-initialization of a logical channel.

4.7.4.3.1.1 The ISO 8208 DCE shall accept all ISO 8208
packets from the ISO 8208 DTE without failure.

4,7.4.3.2 LOGICAL CHANNELS

Note.— Each virtual call and permanent virtual circuit is
assigned a logical channel identifier which is a number in the
range from 1 through 4 095. For each virtual call, a logical
channel identifier is assigned during the call setup phase from
a range of previously agreed-upon logical channel identifiers.
For each permanent virtual circuit, a logical channel identifier
is assigned in agreement with the DTE. A DCE’s use of logical
channels is agreed upon for a period of time with the DTE.

47433 STATE TRANSITIONS

4.74.3.3.1 The specifications and definitions in ISO 8208
shall apply for format definitions, diagnostic and cause codes,
facility registration protocols (if used), and flow control on the
ISO 8208 interface.
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Note 1.— The ISO 8208 DCE is defined as a state machine.
An ISO 8208 packet received from the DTE can cause state
transitions, as can a packet received from IWE The next state
transition (if any) that occurs when the DCE receives a packet
from the DTE is specified by Tables 4-29 to 4-34. These tables
are organized according to the hierarchy in Figure 4-31.

Note 2.— Upon receiving a packet, the action is classified
as normal or erroneous under the entry “A =". The resulting
state is shown under the entry, “S =".

474332 If a state transition is specified, the action
taken shall be as specified in Tables 4-29 to 4-34.

4.74.3.4 DISPOSITION OF PACKETS

When a packet is received from the DTE, the expressions in
parentheses in Tables 4-29 to 4-34 specify whether the packet
shall be forwarded or not forwarded to the IWF. If no remark
in parentheses is listed or listed as not forwarded, then the
packet shall be discarded. The ISO 8208 DCE shall either
forward or not forward a packet from the IWF to the DTE in
a manner that is compatible with ISO 8208.

4.7.4.3.5 DIAGNOSTIC AND CAUSE CODES

For certain conditions, Tables 4-29 to 4-34 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. In the
cause field of any packet type, bit 8 of the cause field shall
always be set to 0, indicating that the condition was recognized
by the ISO 8208 interface.

Note.— The state Tables 4-29 to 4-34 are defined so that the
SSNDPX and ISO 8208 DCE functions can operate
simultaneously. While asynchronous operation is a suitable
implementation strategy, it is not a requirement for the
SSNDFX and ISO 8208 DCE operations.

4743.6 DCE TIMER

Note.— Under certain circumstances, the DTE must
respond to a packet issued from the DCE within a given time.

4.7.4.3.6.1 Table 4-35 covers these circumstances and the
action that the DCE shall initiate upon the expiration of that
time.
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4.7.4.4 CAPACITY

The AES DCE shall support at least eight simultaneous,
independent logical channels.

47.4.5 VC PRE-EMPTION

A logical channel of the lowest priority and the associated
virtual call shall be cleared as necessary to accept a request for
higher priority service.

Note.— Logical channels and virtual calls have a priority
level of O unless the ISO 8208 priority facility was invoked
during call set up.

4.7.5 Interworking function
4.7.5.1 SSNDPX/IWF INTERFACE

4.7.5.1.1 The ISO 8208 packets exchanged between the
IWF and the SSNDPX shall be as defined in Table 4-36.

4,7.5.1.2 INCOMING CALL
PACKET HANDLING

The IWF shall forward the incoming call packet with the
expedited data negotiation facility and “use of expedited data”
parameter to the appropriate 1SO 8208 DCE entity.

Note.— If the facility parameter is “no use of expedited
data”, the IWF forwards the incoming call packet with or
without this facility.

4.7.5.1.3 CALL CONNECTED
PACKET HANDLING

If the parameter of the expedited data negotiation facility is set
to “use of expedited data” in the call connected packet, the IWF
shall forward this facility and its parameter with the packet to
the appropriate ISO 8208 DCE entity. For each virtual call, the
IWF shall associate the SSNDPX logical channel with the
corresponding ISO 8208 DCE logical channel.

Note.— If the expedited data negotiation facility parameter
is set to “no use of expedited data”, the IWF forwards the call
connected packet with or without this facility.

4.7.5.1.4 CLEAR INDICATION
PACKET HANDLING

475141 The IWF shall disassociate the SSNDPX
logical channel with the corresponding ISO 8208 DCE logical
channel and forward the packet to the ISO 8208 DCE entity.
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4.7.5.1.5 DATA, INTERRUPT, INTERRUPT
CONFIRMATION AND RESET
INDICATION PACKET HANDLING

4.7.5.1.5.1 Data, interrupt, interrupt confirmation and
reset indication packets shall be forwarded to the appropriate
15O 8208 DCE entity based on the logical channel association
established after the completion of a connection establishment.

4.7.5.2 180 8208 DCEIWF
INTERFACE

4.7.5.2.1 The ISO 8208 packets ekchanged between the
IWF and the ISO 8208 DCE shall be as defined in Table 4-37.

4.75.2.2 CALL REQUEST
' PACKET HANDLING

If the call request packet does not contain the expedited data
negotiation facility, the TWF shall add this facility with its
parameter set to “no use of expedited data” to the packet and
shall forward it to the appropriate SSNDPX entity; otherwise,
the IWF shall forward the call request packet with this facility
and parameter. If the optional called DTE address is invalid,
then the IWF shall return a clear indication packet to the ISO
8208 DCE entity.

4.7,5.2.3 CALL ACCEPTED
PACKET HANDLING

If the call accepted packet does not contain the expedited data
negotiation facility, the IWF shall add this facility with its
parameter set to “no use of expedited data” to the packet and
shall forward it to the appropriate SSNDPX entity; otherwise,
the IWF shall forward the call accepted packet with this
facility and parameter. For each virtual call, the IWF shall
associate the ISO. 8208 DCE logical channel with the
corresponding SSNDPX logical channel.

4.7.5.2.4 CLEAR REQUEST
PACKET HANDLING

The IWF shall disassociate the ISO 8208 DCE logical channel
with the corresponding SSNDPX logical channel and forward
the packet to the SSNDPX entity.

4,7.5.2.5 DATA, INTERRUPT, INTERRUPT
CONFIRMATION AND RESET REQUEST
PACKET HANDLING

Data, interrupt, interrupt confirmation and reset request
packets shall be forwarded to the appropriate SSNDPX entity
based on the logical channel association established after the
completion of a connection establishment.
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4753 (Reserved)

4.7.5.4 IS0 8208 LOGICAL
CHANNEL AND SSNDPX LOGICAL
CHANNEL ASSOCIATION

Note.— ISO 8208 DCE logical channel identifier and the
SSNDPX logical channel number of an SNC need not be
identical.

4.7.5.5 DATA TRANSFER PROCEDURES
4.7.5.5.1 FLOW CONTROL

Flow control shall be applied between the SSNDPX and the
ISO 8208 DCE to prevent storage overflow.

4.7.5.6 CAUSE AND DIAGNOSTIC CODE

475.6.1 The IWF shall replace the cause “local
procedure error” in ISO 8208 packets received from the DCE,
by the cause “remote procedure error” before forwarding them
to the SSNDPX. The IWF shall replace the cause “local link
error” in an SNPDU received from the SSNDPX by the cause
“network congestion” before forwarding them to the DCE. All
other causes shall be transferred without modification.

4.7.5.6.2 Diagnostic codes shall be transferred without
modification.

4.7.6 Management interface
4,7.6.1 AES MANAGEMENT INTERFACE

47.6.1.1 The changes in log-on status conveyed from the
AES management to the SSNL shall be as defined in 4.9.2.1.1.

4.7.6.1.2 When the AES either logs-off or otherwise
terminates communication with a GES, the AES SSNL shall
clear all connections with this GES.

4.7.6.1.3 CONNECTIVITY NOTIFICATION EVENT

4.7.6.1.3.1 The CN function shall be performed by the
CN entity.

4.7.6.1.3.1 bis Joir and leave events

The AES shall provide join and leave event messages to the
aircraft routing function to indicate that the air-ground data
link is either available or not available, respectively. The join
and leave messages shall include sufficient information for the
routing function to determine the address(es) of the DTE(s)
attached to the log-on GES.
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Note.— This may be accomplished, for example, by passing
the GES/satellite ID from the AES to the routing function
containing a lookup table for translation to DTE address(es),
or by passing the DTE address(es) directly from the AES to the
routing function.

476132 {(Reserved)

4.7.6.1.3.3 (Reserved)

4.7.6.2 GES MANAGEMENT INTERFACE

4.7.6.2.1 The changes in log-on status conveyed from the
GES management to the SSNL shall be as defined in 4.10.3.2.

4,7.6.2.2 When the AES logs off from the GES, the SSNL
shall clear all connections associated with the AES, and shall
release all resources associated with these SNCs, In addition,
the GES shall provide to the attached ATN ground routers a
leave event indication referencing the 24-bit ICAO aircraft
identifier.

4.8 CIRCUIT-MODE SERVICES

4.8.1 AMS(R)S circuit-mode
general requirements

Note.— The AMS(R)S circuit-mode service is a
communications service between aircraft and ground facilities
using satellite links as one of the connecting media. The
AMS(R)S circuit-mode service provides a means to establish
and maintain a non-shared switched circuit between aircraft
and ground users on demand. The primary purpose of the
circuit-mode service is to provide for safety voice
communications. A switched circuit is held for the duration of
the call unless automatically pre-empted in order to reassign
resources for a higher priority call attempt. AMS(R)S switched
circuits may be interconnected with one or more terrestrial
communications facilities in tandem with the AMS(R)S
subnetwork. These facilities may include safety circuit-
switched networks or dedicated circuits.

4.8.1.1 AMS(R)S circuit-mode services. Circuit-mode
AMS(R)S communications services shall be provided to
Level 3 and 4 AESs and shall consist of distress, urgency,
flight safety and other messages related to meteorology and
flight regularity.

Note.— Non-AMS(R)S circuit switched voice and data
service for non-safety communications may be supported by
AMS(R)S on a not-to-interfere basis provided that the
provisions of 4.8.3.2 are complied with.

4.8.1.2 QOrder of importance. AMS(R)S services for ATS
communications shall have precedence over non-AMS(R)S
communications.
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4.8.1.3 Non-AMS(R)S communications.
communications shall not interfere
communications.

Non-AMS(R)S
with AMSR)S

4.8.2 Circuit-mode system
architecture

4.8.2.1 AES circuit-mode services shall be able to specify
a particular GES to be used in air-origination calls and shall
not be restricted to its log-on GES. Conversely, a ground
originated call arriving from the terrestrial network of any
GES which has current log-on information of the AES shall be
completed by that GES rather than the GES to which the AES
is logged on.

4.8.2.2 Circuit-mode link layer signalling interface. The
AES and GES circuit-mode service procedures shall use the
AMS(R)S link layer to exchange signalling information. This
information shall be conveyed in circuit-mode — link interface
data units (CM-LIDU). As a link service user, the AMS(R)S
circuit-mode procedures shall use the services of the link layer
interface defined in 4.5 and 4.6. Each CM-LIDU shall be
comprised of specific link interface control information (LICI)
parameters required by the link layer service. The CM-LIDUs
and their relevant LICI parameters are defined in Table 4-38.

4.8.2.3 CIRCUIT-MODE TELEPHONY
INTERWORKING INTERFACE

Note.— Guidance material on the circuit-mode telephony
interworking interface is contained in Attachment A to Part I.

48231 The AES and GES circuitmode service
procedures shall interwork with external ielephony networks
through an interworking interface comprising a standardized
set of interworking telephony events which conform to ITU
CCITT Recommendations Q.601 to Q.608. The set of
interworking telephony events used by the circuit-mode
procedures, and the requirements for mapping parameters
between the events and corresponding CM-LIDUs, shall be as
defined in Tables 4-39 to 4-42.

Note.— Details of ITU -CCITT Recommendations Q.601 to
Q.608 are contained in CCITT Blue Book, Volume VI —
Fascicle VL6.

4.8.2.4 OTHER AES CIRCUIT-MODE
SYSTEM INTERFACES

4.8.2.4.1 AES management interface. The specific
information exchanged between AES circuit-mode services
and AES management shall be as defined in 4.9.
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4.8.24.2 AES voice codec external interface. The AES
external voice interface shall convey bi-directional voice
information in a form compatible with aircraft-specific audio
systems.

4.8.2.5 OTHER GES CIRCUIT-MODE
SYSTEM INTERFACES

4.8.2.5.1 GES management interface. The specific
information exchanged between GES circuit-mode services
and GES management shall be as defined in 4.10.

4.8.2.5.2 Voice codec external interface. The GES
external voice interface shall convey bi-directional voice
information in a form compatible with terrestrial network
audio channels.

4.8.3 AMS(R)S service requirements

4.8.3.1 Connectivity. The AMS(R)S service shall support
the on-demand establishment of switched circuits between any
aircraft within the service area of a GES and the terrestrial
networks serving the GES. The AMS(R)S service shall allow
a circuit switched transaction to be established between an
aircraft and a terrestrial network via a GES other than the GES
to which the aircraft is logged on.

4.8.3.2 Priority and pre-emption. AMS(R)S calls shall
have priority over all non-AMS(R)S calls and shall be capable
of pre-empting non-AMS(R)S calls if required to gain
immediate access to the circuit-mode service. AMS(R)S calls
shall be established and maintained in accordance with the
priority levels defined in Table 4-43. An AMS(R)S call with a
higher service priority than an AMS(R)S call in progress shall
be able to preempt the lower service priority call if necessary
to gain immediate access to circuit-mode service. All
AMSR)S call attempts crossing the interface between a GES
and a terrestrial network shall be identified as to the associated
priority category.

4.8.3.3 Grade-of-service. The GES shall have available
sufficient C channel resources such that an air or ground-
originated call attempt received at the GES shall experience a
probability of blockage within the GES of no more than 0.01.
Available GES C channel resources shall include all pre-
emptable resources (e.g. those in use by non-safety users).

4,84 AMS(R)S performance requirements
4.8.4.1 CALL PROCESSING DELAYS

Note 1.— Guidance material on access delay performance
requirements for the AMS(R)S subnetwork and how they
impact planning of ATS terrestrial networks is contained in
Attachment A to Part 1.
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Note 2.— Figure AS5-la) shows the “access request”
CM-LIDU which is associated with one of the two different
access request SUs shown in Figures A2-45 and A2-46. The
first is the baseline standard, with the second providing
slightly less connection establishment delay.

4.8.4,1.1 AIR-ORIGINATIONS

4.8.4.1.1.1 GES signalling transit delay. The maximum
time delay for a GES to present a call origination event
(FITE 18, see Table 4-42) to the terrestrial network interwork-
ing interface after the first arrival of all AES call information
at the GES link layer shall be 1.0 second (95th percentile).

Note.— AES call information is contained within the
“access request” CM-LIDU received via the R channel and in
the CM-LIDU received via the C channel. Figures A2-45 and
A2-46 show two access request SUs.

4.8.4.1.1.2 GES C channel assignment delay. The maxi-
mum time delay for a GES to enqueue a “C channel
assignment” CM-LIDU for service by the P channel link layer
after an *“access request” CM-LIDU has arrived at the GES
link layer shall be 1.5 seconds (95th percentile).

4.84.1.1.3 AES C channel assignment response delay.
The maximum time delay for an AES to begin transmitting a
C channel carrier after a “C channel assignment” CM-LIDU
has arrived at the AES link layer shall be 1.0 second (95th
percentile),

4.8.4.1.2 GROUND-ORIGINATIONS

4.84.1.2.1 GES C channel assignment delay. The
maximum time delay for a GES to enqueue a “C channel
agsighment” CM-LIDU for service by the P channel link layer
after a call origination event (FITE 18, see Table 4-41) has
arrived at the terrestrial network interworking interface shall
be 1.5 seconds (95th percentile),

4.84.1.2.2 AES C channel assignment response delay.
The maximum time delay for an AES to begin transmitting a
C channel carrier after both a “call announcement” CM-LIDU
and a “C channel assignment” CM-LIDU have arrived at the
AES link layer shall be 1.0 second (95th percentile).

Note.— The AES procedures for ground-originated calls
require an AES to await the successful receipt of both CM-
LIDUs before C channel transmission can begin. These
procedures include error-recovery logic to handle their
potential receipt out of normal order:

4.8.42 TRANSFER DELAY

48421 The total allowable transfer delay within the
AMS(R)S subnetwork on a C channel operating at 21.0 kbits/s
shall be no more than 0.485 second.
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4.8.4.2.2 The maximum transfer delay component that
can be attributed to the AES or GES shall be 0.080 second for
each.

Note 1.— Fixed transfer delay components of 0.285 second
and 0.040 second are allotted to RF propagation delay (worst
case path geometry) and vocoder frame emission delay
respectively. Allocating 0.040 second for vocoder frame
emission delay provides for worst case synchronization where
the first 0.020 second vocoder speech frame is delayed by an
additional C channel interleaver block.

Note 2.— Total transfer delay for the AMS(R)S subnetwork
is defined as the elapsed time commencing at the instant that
speech is presented to the AES or GES and concluding at the
instant that the speech enters the interconnecting network of
the counterpart GES or AES. This delay includes vocoder
processing time, physical layer delay, RF propagation delay
and any other delays within the AMS(R)S subnetwork.

4.8.4.3 MISROUTING

The probability of misrouting caused by internal processing or
signalling errors within the GES shall not exceed 1 in 105.

Note.— Misrouting can occur if the GES misinterprets (1)
the network-ID or ground address digits contained in an
“access request — telephone” CM-LIDU (for air-originations)
or (2) the AES-ID or terminal-ID contained in a FITE 18
received from the interworking interface with the terrestrial
network (for ground-originations).

4.8.5 Circuit-mode voice
encoding/decoding

4.8.5.1 Circuit-mode voice. For circuit-mode voice, the
appropriate voice encoding/decoding algorithm for the AES
and GES shall be used for each C channel as indicated below.

48511 210 kbis/s C channel. A 9.6 Xbitsls
encoding/decoding algorithm (see Appendix 7 to Chapter 4)
shall be used with a 21 kbits/s C channel (see 4.4.5).

" Note.— The voice encoding algorithm is subject to BT
(formerly British Telecom) patent rights and copyrights. BT
has agreed to grant royalty-free non-exclusive licences under
such patent rights and copyrights to all manufacturers of AES
and GES implementations for civil aeronautical mobile
satellite communications only (which include AMSS and
AMS(R)S communications, as provided in Chapter 4). These
manufacturers should enter into a royalty-free licence
agreement with BT Laboratories prior to incorporating the
algorithm in equipments for civil aeronautical mobile satellite
communications.
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48512 84  kbits/ls C channel. A 4.8 Kbits/s
encoding/decoding algorithm shall be used with an 8.4 kbits/s
C channel (see 4.4.5).

Note.— Information on technical characteristics of the
industry standard 4.8 kbits/s encoding/decoding algorithm is
contained in the document “Low Level Description”, version
number 1.5, dated 3 May 1996, and developed by Digital Voice
Systems Inc. (DVSI), United States.

The 4.8 kbits/s encoding/decoding technology described in
the document is subject to DVSI patent rights and copyrights.
Manufacturers must enter into a licence agreement with DVSI
prior to obtaining a detailed description of the algorithm
before incorporation in equipment operating in the AMSS
service. By letter to ICAO dated 10 November 1998, 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.

4.8.6 AMS(R)S circuit-mode procedures

The AMSR)S circuit-mode procedures
following four functional areas:

comprise the

a) For the AES circuit-mode services:

1) AES outgoing logic procedure (for air-originations);

and
ii) AES incoming logic procedure (for ground-
originations).

b) For the GES circuit-mode services:

i) GES outgoing
originations); and

logic procedure (for ground-

ii) GES incoming logic procedure (for air-originations).

4.8.6.1 AMS(R)S CIRCUIT-MODE
PROCEDURES

Note 1.— It is assumed that an AMS(R)S circuit-mode
service procedure will encode or interpret the relevant
parameters of any CM-LIDU being transmitted or received
without specifically stating the exact code values in the
procedures  contained herein. Specific requirements for
parameter encoding can be found in the interworking
telephony events mapping requirements defined in Appendix 5
to Chapter 4.

Note 2.— The term “C channel resources” includes all
required C channel hardware and sufficient transmitter power
to maintain a C channel,
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4.8.6.1.1 AES CIRCUIT-MODE LOGIC

Note.— The requirements for mapping between
interworking telephony events and CM-LIDUs by the AES
outgoing and incoming procedures are defined in Appendix 5
to Chapter 4, Figures A5-1 to A5-11 and A5-12 to AS5-18,
respectively. Circuit-mode configuration parameters (e.g. those
used in 4.8.6.1.1.1) are defined in Appendix 6 to Chapter 4.

4.8.6.1.1.1 AES outgoing circuit-mode procedure. Receipt
of an “AMS(R)S call origination” event (FITE 18) at the
interworking interface shall cause AES circuit-mode services
to assign a unique application reference number to the call.
AES circuit-mode services shall then do the following:

a) if sufficient AES C channel resources are not available
and the blockage is attributable to calls operating at a C
channel priority equal to or greater than the current call
attempt, AES circuit-mode services shall return a “call
unsuccessful — network congestion” event (BITE 12) to
the interworking interface and terminate all activities for
the call; or

b) if sufficient C channel resources are available or if at

least one of the calls causing the blockage is operating

at a C channel priority less than the current call attempt,

AES circuit-mode services shall do the following and

then await a C channel assignment from GES circuit-

mode services:

1) if the call priority is distress/urgency, AES circuit-
mode services shall forward to the link layer nA21
“access request — telephone” CM-LIDUs; or

2) if the call priority is flight safety, AES circuit-mode
services shall forward to the link layer nA22 “access
request — telephone” CM-LIDUs; or

3) if the call priority is regularity/meteorological, the
AES circuit-mode services shall forward to the link
layer nA23 “access request — telephone” CM-
LIDUs.

4.8.6.1.1.1.1 AES circuit-mode services shall do the
following while awaiting a response from GES circuit-mode
services: ‘

a) if a response is not received from GES circuit-mode
services within tA50 seconds after the transmission of
the latest “access request — telephony” CM-LIDU, the
AES shall command the selection of an R channel
frequency and then shall transmit the original quantity of
CM-LIDUs; provided that the total number of
retransmissions of the CM-LIDU series does not exceed
four. If, tA50 seconds after the fourth retransmission of
the CM-LIDU series, no response has been received,
AES circuit-mode services shall return a “call
unsuccessful — line out of service” event (BITE 17) to
the interworking interface and terminate all activities for
the call; or



b) if a “clear forward” event (FITE 22) is received at the

(v

d

)

—

interworking interface, AES circuit-mode services shall
forward to the link layer a “call progress — channel
release” CM-LIDU via the R channel and terminate all
activities for the call; or

if the call attempt is to be pre-empted by a higher
priority call, AES circuit-mode services shall forward a
“clear back” event (BITE 25) to the interworking
interface, forward to the link layer a “call progress —
channel release” CM-LIDU via the R channel, and then
terminate all activities for the call; or

if any of the following responses are received, AES
circuit-mode services shall do the following:

1) if either a “call progress — call attempt result” CM-
LIDU or a “call progress — channel release” CM-
LIDU are received, AES circuit-mode services shail
forward a “clear back” event (BITE 25) or an
appropriate “call unsuccessful” event (BITE 14, 15,
16, 17, or 20) to the interworking interface as
determined by the cause location, cause class, and
cause value parameters received in the CM-LIDU.,
AES circuit-mode services shall then terminate all
activities for the call; or

2

~—

if a “C channel assignment” CM-LIDU is received,
AES circuit-mode services shall request AES
management to allocate C channel resources and
activate a C channel unit on the assigned frequency at
the C channel Q number value as per Table 4-43,

Note.— This is to say that the Q number of the C
channel is inferred from the Q number used in the
initial circuit-mode call signalling at the link layer.

AES circuit-mode services shall then forward to the
link layer a “call information — service address”
CM-LIDU every tA29 seconds indefinitely and
interconnect the C channel audio interface with that
of the calling terminal.

Note.— The call information conveyed by the
“call information — service address” CM-LIDU is
redundant with that conveyed by the “access
request” CM-LIDU, when the access request
procedure used is not the “general access request”
procedure, In this case, this information is used to
maintain compatibility with the circuit continuity test
procedure in use by those GESs which are providing
AMSS services to non-AMS(R)S users; and it will not
be submitted to digit analysis by a GES.

4.8.6.1.1.1.2 If no response is received from GES circuit-
mode services within tA28 seconds after C channel unit
activation, AES circuit-mode services shall forward to the link
layer six “call progress — channel release”” CM-LIDUs via the
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C channel sub-band, return a “call unsuccessful — line out of
service” event (BITE 17) to the interworking interface, and
terminate all activities for the call; otherwise, AES circuit-
mode services shall do the following:

a)

b)

<)

d)

if one or more “call progress — test” CM-LIDUs are
received, AES circuit-mode services shall ignore them;
or

if one or more *“call progress — channel release” CM-
LIDUs are received, or if a “clear forward” event (FITE
22) is received at the interworking interface, then AES
circuit-mode services shall forward to the link layer six
“call progress — channel release” CM-LIDUs via the C
channel sub-band, return an appropriate telephony event
(BTTE 14, 15, 16, 17, 20, or 25) to the interworking
interface, and terminate all activities for the call; or

if a “call progress — comnnect” CM-LIDU is received, or
if the CM-LIDU arrives preceded by either a “call
progress — test” CM-LIDU or a “call progress — call
attempt result” CM-LIDU which was previously
received within tA28 seconds after C channel unit
activation, AES circuit-mode services shall do the
following:

1) ensure that the repetitive transmission of the “call
information — service address” CM-LIDU has
ceased; and

2) forward an “answer” event (BITE 22) to the
interworking interface and forward to the link layer a
positive “telephony acknowledge” CM-LIDU via the
C channel sub-band. If any additional “call progress
— connect” CM-LIDUs are received subsequent to
the initial “call progress — connect” CM-LIDU,

" AES circuit-mode services shall respond to each by
forwarding to the link layer a positive “telephony
acknowledge” CM-LIDU to GES circuit-mode
services; or

Note— At this point the end-to-end call is
established.

if a “call progress — call attempt result” CM-LIDU
(encoded to indicate an “address complete” event) is
received, or if it arrives preceded by a “call progress —
test” CM-LIDU which was previously received within
tA28 seconds after C channel unit activation, AES
circuit-mode services shall do the following:

1) ensure that the repetitive transmission of the “call
information — service address” CM-LIDU has
ceased; and

2) forward an “address complete” event (BITE 5) to the
interworking intertace and forward to the link layer a
positive “telephony acknowledge” CM-LIDU via the
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C channel sub-band. If any additional “call progress
— call attempt result” CM-LIDUs are received
subsequent to the initial “call progress — call
attempt result” CM-LIDU, AES circuit-mode
services shall respond to each by forwarding to the
link layer a positive “telephony acknowledge” CM-
LIDU to GES circuit-mode services; or

e) if C channel resources are pre-empted for a higher

priority call, AES circuit-mode services shall forward to
the link layer six “call progress — channel release” CM-
LIDUs via the C channel sub-band, return a “clear back™
event (BITE 25) to the interworking interface, and
terminate all activities for the call; or

if the C channel sub-band link layer commands the call
be terminated, AES circuit-mode services shall forward
a “clear back” event (BITE 25) to the interworking

interface and terminate all activities for the call.

4.8.6.1.1.2 AES incoming circuit-mode procedure. This
procedure shall be defined by the following interrelated
procedures:

a) AES incoming

circuit-mode call initiation —

48.6.1.1.2.1;

b) AES incoming C channel continuity check —
48.6.1.12.2;

¢) AES incoming aircraft completion — 4.8.6.1.1.2.3; and

d) AES incoming C channel maintenance — 4.8.6.1.1.2.4.

4.8.6.1.1.2.1 AES incoming circuit-mode call initiation.
Upon receipt of either a “call announcement” or “C channel
assignment” CM-LIDU with a unique application reference
number, AES circuit-mode services shall do the following:

a) if a “C channel assignment” was received, AES circuit-

mode services shall forward to the link layer a negative
“telephony acknowledge” CM-LIDU (encoded to
indicate that the “call announcement” CM-LIDU is
missing) via the R channel and do the following:

1) if neither a related “call announcement” CM-LIDU
or a “call progress — channel release” CM-LIDU are
received within tA27 seconds of the transmission of
the latest negative “telephony acknowledge” CM-
LIDU, AES circuit-mode services shall forward to
the link layer the negative “iclephony acknowledge”
CM-LIDU via the R channel and await their arrival
for an additional tA27 seconds; provided that the
total number of repetitions of the “telephony
acknowledge” CM-LIDU does not exceed four. If
neither of the aforementioned CM-LIDUs are
received within tA27 seconds after the fourth
repetition of the “telephony acknowledge” CM-
LIDU, AES circuit-mode services shall forward to
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the link layer a “call progress — call attempt result”
CM-LIDU via the R channel and terminate all
activities for the call; or

2) if a “call progress — channel release” CM-LIDU is
received within tA27 seconds after the latest
transmission of the “telephony acknowledge™ CM-
LIDU, AES circuit-mode services shall terminate all
activities for the call; or

3) if the call attempt is to be preempted for a higher
priority call, AES circuit-mode services shall forward
to the link layer a “call progress — call attempt
result’” CM-LIDU via the R channel and terminate all
activities for the call; or

4) if the related *“call announcement” CM-LIDU is
received within tA27 seconds after the latest
transmission of the “telephony acknowledge” CM-
LIDU, AES circuit-mode services shall do the
following: '

i) if the called terminal is occupied with a call at a
priority higher than or equal to the current call
attempt, or if C channel resources are not
available, AES circuit-mode services shall
forward to the link layer a “call progress — call
attempt result” CM-LIDU via the R channel and
terminate all activities for the call; or

ii) if the called terminal and C channel resources are
both available, AES circuit-mode services shall
request AES management to allocate C channel
resources and activate a C charmel unit on the
assigned frequency at the C channel Q number
value as per Table 4-43.

Note.— This is to say that the O number of the
C channel shall be inferred from the Q number
used in the initial circuit-mode call signalling at
the link layer.

AES circuit-mode services shall then forward to
the link layer a “call progress — test” CM-LIDU
and perform the AES incoming C channel
continuity check procedure in 4.8.6.1.1.2.2; or

b) if a “call announcement” CM-LIDU was received, AES

circuit-mode services shall do the following:

1) if a “call progress — channel release” CM-LIDU is
received within tA25 seconds after receipt of the
“call announcement” CM-LIDU, AES circuit-mode
services shall terminate all activities for the call; or

2) if neither a “C channel assignment” CM-LIDU or a
“call progress — channel release” CM-LIDU are
received within tA25 seconds after receipt of the
“call announcement” CM-LIDU, AES circuit-mode
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services shall forward to the link layer a negative
“telephony acknowledge” CM-LIDU (encoded to
indicate that the “C channel assignment” CM-LIDU
is missing) via the R channel and await their arrival
for an additional tA27 seconds. If neither of the CM-
LIDUs arrive after tA27 seconds, AES circuit-mode
services shall again forward to the link layer the
negative “telephony acknowledge” CM-LIDU and
await an additional tA27 seconds; provided that the
total number of repetitions of the negative “telephony
acknowledge” CM-LIDU does not exceed four. If
neither of the CM-LIDUs are received within tA27
seconds after the fourth repetition of the negative
“telephony acknowledge” CM-LIDU, AES circuit-
mode services shall forward to the link layer a “call
progress — call attempt result” CM-LIDU via the R
channel and terminate all activities for the call; or
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mode services shall forward to the link layer another
“call progress — test” CM-LIDU until any of the
following occur:

1) if neither a “call progress — test” CM-LIDU or a
“call progress — channel release” CM-LIDU are
received within tA41 seconds after activation of the
C channel unit, AES circuit-mode services shall stop
forwarding “call progress — test” CM-LIDUs, shall
then forward to the link layer a “call progress — call
attempt result” CM-LIDU via the R channel and
terminate all activities for the call; or

2) if a “call progress — channel release” CM-LIDU is
received within tA41 seconds after activation of the
C channel unit, AES circuit-mode services shall
terminate all activities for the call; or

3) if the call attempt is to be pre-empted for a higher 3) if the C channel is to be pre-empted for a higher
priority call, AES circuit-mode services shall forward priority call, AES circuit-mode services shall forward
to the link layer a “call progress — call attempt to the link layer a “call progress — call attempt
result” CM-LIDU via the R channel and terminate all result” CM-LIDU via the R channel and terminate all
activities for the call; or activities for the call; or

4) if a “C channel assignment” CM-LIDU is received 4) if a “call progress — test” CM-LIDU is received

within either tA25 seconds after receipt of the “call
announcement” CM-LIDU or tA27 seconds after
receipt of the transmission of the latest negative
“telephony acknowledge” CM-LIDU, AES circuit-
mode services shall do the following:

i) if the called terminal is occupied with a call at a
priority higher than or equal to the current call
attempt, or if C channel resources are not
available, AES circuit-mode services shall
forward to the link layer a “call progress — call
attempt result” CM-LIDU via the R channel and
terminate all activities for the call; or

* i) if the called terminal and C channel resources are
both available, AES circuit-mode services shall
request AES management to allocate the
resources at a C channel Q number value as per
Table 4-43 and activate a C channel unit on the
assigned frequency., AES circuit-mode services
shall then forward to the link layer a “call
progress — test” CM-LIDU and perform the AES
incoming C channel continuity check procedure in
4.8.6.1.1.2.2.

within tA41 seconds after C channel unit activation,
AES circuit-mode services shall enable the circuit
path between the C channel unit and the forward
circuit of the aircraft network. AES circuit-mode
services shall then forward to the link layer a positive
“telephony acknowledge” CM-LIDU via the C
channel sub-band, forward an “AMS(R)S call
origination” event (FITE 18) to the interworking
interface and await completion of the call to the
called terminal as per the AES incoming aircraft
completion procedure defined in 4.8.6.1.1.2.3.

4.8.6.1.1.2.3 AES incoming aircraft completion. Where
required elsewhere in 4.8, AES circuit-mode services shall do
the following in order to complete a call across the aircraft
network to the called terminal:

a)

b)

if one or more “call progress — test” CM-LIDUs are
received, AES circuit-mode services shall forward to the
link layer a positive “telephony acknowledge”
CM-LIDU via the C channel sub-band; or

if an “answer” event (BITE 22) is not received from the
interworking interface within tA42 seconds after
forwarding the “AMS(R)S call origination” event (FITE

4.8.6.1.1.2.2 AES incoming C channel continuity check.
Where required elsewhere in 4.8, AES circuit-mode services
shall perform a C channel continuity check by doing the
following:

18), AES circuit-mode services shall forward a “clear

forward” event (FITE 22) to the interworking interface,

forward to the link layer six “call progress — channel

release” CM-LIDUs via the C channel sub-band and

terminate all activities for the call; or

a) if neither a “call progress — test” CM-LIDU or a “call
progress — channel release” CM-LIDU are received
within tA26 seconds after the most recent “call progress
— test” CM-LIDU has been forwarded, AES circuit-

if a “call progress — channel release” CM-LIDU is
received within tA42 seconds after forwarding the
“AMS(R)S call origination” event (FITE 18), or if the C
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d)

4.8.6.1.1.2.4 AES incoming C channel maintenance.

channel is to be pre-empted for a higher priority call,
then AES circuit-mode services shall forward a “clear
forward” event (FITE 22) to the interworking interface,
forward to the link layer six “call progress — channel
release” CM-LIDUs via the C channel sub-band and
terminate all activities for the call; or

if an “answer” event (BITE 22) is received from the
interworking interface within tA42 seconds after
forwarding the “AMS(R)S call origination” event (FITE
18), AES circuit-mode services shall forward to the link
layer a “call progress -— connect” CM-LIDU and
perform the AES incoming C channel maintenance
procedure defined in 4.8.6.1.1,2.4.

Where required elsewhere in 4.8, AES circuit-mode services
shall allow the end-to-end connection to continue while doing
the following to maintain a C channel:

a)

b)

c)

d)

if, within tA26 seconds after transmission of the latest
“call progress — connect” CM-LIDU, neither a positive
“telephony acknowledge” CM-LIDU is received or a
“clear back” event (BITE 25) is received from the
interworking interface, AES circuit-mode services shall
again forward to the link layer the “call progress —
connect” CM-LIDU via the C channel sub-band; or

if, within tA30 seconds after transmission of the first
“call progress — connect” CM-LIDU, neither a positive
“telephony acknowledge” CM-LIDU is received or a
“clear back” event (BITE 25) is received from the
interworking interface, AES circuit-mode services shall
stop forwarding the “call progress — connect”
CM-LIDU, forward a “clear forward” event (FITE 22)
to the interworking interface, forward to the link layer
six “call progress — channel release” CM-LIDUs via
the C channel sub-band and terminate all activities for
the call; or

if, within tA30 seconds after transmission of the first
“call progress — connect” CM-LIDU, a “call progress
— channel release” CM-LIDU is received, AES circuit-
mode services shall stop forwarding the “call progress
— connect” CM-LIDU, forward a “clear forward” event
(FITE 22) to the interworking interface, forward to the
link layer six “call progress — channel release” CM-
LIDUs via the C channel sub-band and terminate all
activities for the call; or

if the C channel is to be pre-empted for a higher priority

call, AES circuit-mode services shall forward a “clear
forward” event (FITE 22) to the interworking interface,
forward to the link layer six “call progress — channel
release” CM-LIDUs via the C channel sub-band, and
terminate all activities for the call; or
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e) if one or more positive “telephony acknowledge”

CM-LIDUs are received, AES circuit-mode services
shall stop forwarding the “call progress — connect”
CM-LIDU and do the following while allowing the C
channel to function:

Note.— This is the location in the logic procedure at
which the end-to-end voice channel is ready for use and
the air and ground users can begin conversation.

1) if a “clear back™ event (BITE 25) is received from the
interworking interface, AES circuit-mode services
shall forward to the link layer six “call progress —
channel release” CM-LIDUs via the C channel sub-
band and terminate all activities for the call; or

2

-

if a “call progress — channel release” CM-LIDU is
received, AES circuit-mode services shall forward a
“clear forward” event (FITE 22) to the interworking
interface, forward to the link layer six “call progress
— channel release” CM-LIDUs via the C channel
sub-band and terminate all activities for the call; or

3) if the C channel is to be pre-empted for a higher
priority call, AES circuit-mode services shall forward
a “clear forward” event (FITE 22) to the interworking
interface, forward to the link layer six “call progress
- channel release” CM-LIDUs via the C channel
sub-band and terminate all activities for the call; or

Note.— The above logic transitions monitor for
call clearing via either a normal call clearing action
or an AES-initiated C channel pre-emption.

if the C channel sub-band link layer commands the call
be terminated, AES circuit-mode services shall forward
a “clear forward” event (FITE 22) to the interworking
interface and terminate all activities for the call.

4.8.6.1.2 GES CIRCUIT-MODE LOGIC

Note.— The requirements for mapping between
interworking telephony events and CM-LIDUs by the GES
outgoing and incoming procedures are defined in Appendix 5
to Chapter 4, Figures A5-19 to A5-27 and A5-28 to A5-40,
respectively.

4.8.6.1.2.1 GES outgoing circuit-mode procedure. This
procedure shall be defined by the following interrelated
procedures:

outgoing circunit-mode call initiation —

4.8.6.1.2.1.1;

b) GES outgoing C channel establishment — 4.8.6.1.2.1.2;

continuity check —
486.1.2.1.3;
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d) GES outgoing C channel maintenance — 4.8.6.1.2.1.4;
and

¢) GES outgoing C chanfiel release guard — 4.8.6.1.2.1.5.

4.8.6.1.2.1.1 GES outgoing circuit-mode call initiation.
Receipt of an “AMS(R)S call origination” event (FITE 18) at
the interworking interface shall cause GES circuit-mode
services to assign a unique application reference number to the
call. If the AES is not logged on, GES circuit-mode services
shall forward a “call unsuccessful — send error indication”
event (BITE 20) to the interworking interface and terminate all
activities for the call; otherwise, GES circuit-mode services
shall request GES management to assign C channel resources
to the call at the C channel Q number value as per Table 4-43.

Note.— This is to say that the Q number of the C channel

shall be inferred from the Q number used in the initial circuir-
mode call signalling at the link layer.

GES circuit-mode services shall then do the following:

a) if a “clear forward” event (FITE 22) is received at the
interworking interface, GES circuit-mode services shall
terminate all activities for the call; or

b) if C channel resources are not available, GES circuit-

mode services shall forward a “call unsuccessful —

network congestion” event (BITE 12) to the
interworking interface and terminate all activities for the
call; or

¢) if C channel resources are available, GES circuit-mode
services shall forward to the link layer a “call
announcement” CM-LIDU followed immediately by a
“C channel assignment” CM-LIDU. GES circuit-mode
services shall then request GES management to activate
the previously assigned C channel unit on the assigned
frequency and then establish the C channel as per
4.8.6.1.2.1.2,

4.8.6.1.2.1.2 GES outgoing C channel establishment.
Where required elsewhere in 4.8, GES circuit-mode services
shall do the following to establish a C channel for use in a
ground-origination:

a) if, within tG16 seconds after the latest transmission of
either the “call announcement” or “C channel assign-
ment” CM-LIDUs, a negative “telephony acknowledge”
CM-LIDU is received, GES circuit-mode services shall
again forward to the link layer the missing CM-LIDU
indicated in the received CM-LIDU and await an
additional tG16 seconds; or

b) if nothing is received from AES circuit-mode services

within tG16 seconds after the latest transmission of

either the “call announcement” or “C channel assign-
ment” CM-LIDU, GES circuit-mode services shall again
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forward to the link layer both of the CM-LIDUs and
-await an additional tG16 seconds. If, after the additional
tG16 second period, nothing is received, GES circuit-
mode services shall forward a “call unsuccessful — line
out of service” event (BITE 17) to the interworking
interface and forward to the link layer a “call progress
—— channel] release” CM-LIDU via the P channel. If the
from-aircraft carrier is not present, terminate all
activities for the call; otherwise, if the C channel] from-
aircraft carrier does not terminate within tG23 seconds
after the first “call progress — channel release” CM-
LIDU was forwarded, GES circuit-mode services shall
again forward the CM-LIDU. If the from-aircraft carrier
terminates during either tG23 second period, GES
circuit-mode services shall terminate all activities for the
call. If the from-aircraft carrier does not terminate by the
expiry of the second tG23 second period, GES circuit-
mode services shall terminate all activities for the call;
or

Note.— The status of an unterminated from-aircraft
carrier should be posted to a monitoring function.

c) if a “call progress — call attempt result” CM-LIDU is
received, GES circuit-node services shall forward an
appropriate “call unsuccessful” event (BITES 12, 16, or
17) to the interworking interface. Also, GES circuit-
mode services shall wait tG23 seconds for the C channel
from-aircraft carrier to terminate. If the from-aircraft
carrier is not present, terminate all activities for the call;
otherwise, if the from-aircraft carrier terminates by the
end of the period, GES circuit-mode services shall
terminate all activities for the call. If the from-aircraft
carrier does not terminate within the same period, GES
circuit-mode services shall terminate all activities for the
call at the end of the period; or

Note.— The status of an unterminated from-aircraft
carrier should be posted to a monitoring function.

d) if a “clear forward” event (FITE 22) is received at the
interworking interface, GES circuit-mode services shall
forward to the link layer six ‘“call progress — channel
release” CM-LIDUs via the C channel sub-band
followed by a *‘call progress — channel release”
CM-LIDU via the P channel. GES circuit-mode services
shall then perform the GES outgoing C channel release
guard procedure defined in 4.8.6.1.2.1.5; or
e) if a “call progress — test” CM-LIDU is received, GES
circuit-mode services shall forward to the link layer a
“call progress — test” CM-LIDU and then perform the
GES outgoing C channel continuity check procedure
defined in 4.8.6.1.2.1.3.

4.8.6.1.2.1.3 GES outgoing C channel continuity check.
When checking the circuit continuity of a C channel which is
to be used for a ground-origination, GES circuit-mode services
shall do the following:
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a) if tG34 seconds have elapsed from the time that the first

b

~

“call progress — test” CM-LIDU was sent to AES
circuit-mode services, GES circuit-mode services shall
forward a ‘“‘call unsuccessful — line out of service”
event (BITE 17) to the interworking interface and
forward to the link layer a “call progress — channel
release” CM-LIDU via the P channel. If the from-
aircraft carrier is not present, terminate all activities for
the call; otherwise, if the C channel from-aircraft carrier
does not terminate within tG23 seconds after the fixst
transmission of the “call progress — channel release”
CM-LIDU, GES circuit-mode services shall again
forward the CM-LIDU via the P channel and await an
additional tG23 seconds. If the from-aircraft carrier
terminates during either period, GES circuit-mode
services shall terminate all activities for the call. If the
from-aircraft carrier does not terminate by expiry of the
second period, GES circuit-mode services shall
terminate all activities for the call at the end of the
petiod; or

Note.— The status of an unterminated from-aircraft
carrier should be posted to a monitoring function.

if tG34 seconds have not elapsed since the time that the
first “call progress — test” CM-LIDU was sent to AES
circuit-mode services, GES circuit-mode services shall
do the following while simultaneously forwarding to the
link layer a “call progress — test” CM-LIDU to AES
circuit-rnode services every tG35 seconds:

1) if a “call progress — call attempt result” CM-LIDU
is received, GES circuit-mode services shall stop
forwarding “call progress — test” CM-LIDUs to
AES circuit-mode services. GES circuit-mode
services shall then forward an appropriate “call
unsuccessful” event (BITE 12, 16 or 17) to the
interworking interface and await tG23 seconds for
the C channel from-aircraft carrier to terminate. If the
from-aircraft carrier is not present, terminate all
activities for the call; otherwise, if the from-aircraft
carrier terminates by the end of the period, GES
circuit-mode services shall terminate all activities for
the call. If the from-aircraft carrier does not terminate
by the expiry of this period, GES circuit-mode
services shall terminate all activities for the call at
the end of the period; or

Note.— The status of an unterminated from-
aircraft carrier should be posted to a monitoring

Sfunction.

if a “clear forward™event (FITE 22) is received at the
interworking interface, GES circuit-mode services
shall forward to the link layer six “call progress —
channel release” CM-LIDUs via the C channel sub-
band, stop forwarding “call progress — test” CM-
LIDUs and then perform the GES outgoing C
channel release guard procedure defined in
4.8.6.1.2.1.5; or

2)
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3) if a “call progress ~— channel release” CM-LIDU is
received from AES circuit-mode services, GES
circuit-mode services shall forward a “clear back”
event (BITE 25) to the interworking interface and
stop forwarding “call progress — test” CM-LIDUs,
GES circuit-mode services shall then wait tG23
seconds for the C channel from-aircraft carrier to
terminate. If the from-aircraft carrier is not present,
terminate all activities for the call; otherwise, if the
from-aircraft carrier terminates during the period,
GES circuit-mode  services shall terminate all
activities for the call. If the from-aircraft carrier does
not terminate within this period, GES circuit-mode
services shall terminate all activities for the call at
the end of the period; or

Note.— The status of an unterminated from-
aircraft carrier should be posted to a monitoring
function,

4) if a positive “telephony acknowledge” CM-LIDU is
received, GES circnit-mode  services shall stop
forwarding “call progress — test” CM-LIDUs. GES
circuit-mode services shall then forward an “address
complete” event (BITE 5) to the interworking
interface and perform the GES outgoing C channel
maintenance procedure defined in 4.8.6.1.2.1.4; or

if a “call progress — connect” CM-CIDU is received,
GES circvit-mode services shall stop forwarding
“call progress — test” CM-LIDUs. GES circuit-
mode services shall then forward an “address
complete” event (BITE 5) and an “answer” event
(BITE 22) to the interworking interface, forward to
the link layer a positive “telephony acknowledge”
CM-LIDU via the C channel sub-band, and perform
the GES outgoing C channel maintenance procedure
defined in 4.8.6.1.2.1.4.

5

—

4.8.6.1.2.14 GES outgoing C channel maintenance.
Where required elsewhere in 4.8, GES circuit-mode services
shall enable the circuit path between the forward circuit of the
terrestrial network and the C channel unit, and then do the
following to maintain the C channel:

a)

b)

if a “call progress — connect” CM-LIDU is received,
GES circuit-mode services shall forward to the link
layer a positive “telephony acknowledge” CM-LIDU via
the C channel sub-band. If an identical CM-LIDU was
not received previously during the GES outgoing C
channel  establishment procedure  defined in
4.8.6.1.2.1.2, GES circuit-mode services shall also
forward an “answer” event (BITE 22) to the
interworking interface; or

if a “clear forward” event is received at the interworking
interface, GES circuit-mode services shall forward to the
link layer six “call progress — channel release” CM-
LIDUs via the C channel sub-band. GES circuit-mode
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services shall then perform the GES outgoing C channel
release guard procedure defined in 4.8.6.1.2.1.5; or

if the C channel from-aircraft carrier drops for more
than tG19 seconds, GES circuit-mode services shall
forward a “clear back” event (BITE 25) to the
interworking interface. GES circuit-mode services shall
then forward to the link layer six “call progress —
channel release” CM-LIDUs via the C channel sub-band
and perform the GES outgoing C channel release guard
procedure defined in 4.8.6.1.2.1.5; or

if the C channel is to be pre-empted for a higher priority
call, GES circuit-mode services shall forward a “clear
back” event (BITE 25) to the interworking interface.
GES circuit-mode services shall then forward to the link
layer six “call progress — channel release” CM-LIDUs
via the C channel sub-band and perform the GES
outgoing C channel release guard procedure defined in
4.8.6.1.2.1.5; or

if a “call progress —— channel release” CM-LIDU is
received, GES circuit-mode services shall forward a
“clear back” event (BITE 25) to the interworking
interface and terminate all activities for the call.

4.8.6.1.2.1.5 GES outgoing C channel release guard.
When releasing a C channel which is in use for a ground-
origination, GES circuit-mode services shall do the following
when required elsewhere in 4.8:

a) if the C channel from-aircraft carrier terminates within

b

—

tG17 seconds after the last of the six “call progress —
channel release” CM-LIDUs has been forwarded, GES
circuit-mode services shall terminate all activities for the
call; or

if the C channel from-aircraft carrier does not terminate
within tG17 seconds after the last of the six “call
progress — channel release” CM-LIDUs has been
forwarded, GES circuit-mode services shall forward to
the link layer twelve “call progress — channel release”
CM-LIDUs via the C channel sub-band and one “call
progress — channel release” CM-LIDU via the P
channel. If the from-aircraft carrier is not present,
terminate all activities for the call. Otherwise, if the C
channel from-aircraft carrier terminates within tG18
seconds after the transmission of the “call progress —
channel release” CM-LIDU via the P channel, GES
circuit-mode services shall terminate all activities for the
call. If the C channel from-aircraft carrier does not
terminate within the same tG18 second period, GES
circuit-mode services shall terminate all activities for the
call at the end of the period; or

Note.— The status of an unterminated from-aircraft
carrier should be posted to a monitoring function.
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¢) if a “call progress — channel release” CM-LIDU is

received, GES circuit-mode services shall await the
termination of the C channel from-aircraft carrier. If the
from-aircraft carrier is not present, terminate ail
activities for the call; otherwise, if the C channel from-
aircraft carrier terminates within tG18 seconds after
receipt of the “call progress — channel release”
'CM-LIDU, GES circuit-mode services shall terminate
all activities for the call. If the C channel from-aircraft
carrier does not terminate within this same period, GES
circuit-mode services shall terminate all activities for the
call at the end of the period.

Note.— The status of an unterminated from-aircraft
carrier should be posted to a monitoring function.

4.8.6.1.2.2 GES incoming circuit-mode procedure. This
procedure shall be defined by the following interrelated

procedures:
a) GES incoming circuit-mode call initiation —
4.8.6.1.2.2.1;

b) GES incoming bi-directional setup — 4.8.6.1.2.2.2;

<)

GES incoming C channel establishment — 4.8.6.1.2.2.3;

d) GES incoming terrestrial completion — 4.8.6.1.2.2.4;

¢) GES incoming C channel maintenance — 4.8.6.1.2.2.5;
and

t) GES incoming C channel release guard — 4.8.6.1.2.2.6.

4.8.6.1.22.1 GES incoming circuit-mode call initiation,

Upon receipt from an AES of an “access request — telephone”
CM-LIDU with a unique application reference number, GES
circuit-mode services shall request GES management to assign
C channel resources at the C channel Q number value as per
Table 4-43.

Note.— This is to say that the Q number of the C channel
shall be inferred from the Q number used in the initial circuit-
mode call signalling at the link layer:

GES circuit-mode services shall then do the following:

a)

b)

if a “call progress — channel release” CM-LIDU is
received prior to GES management assigning C channel
resources, GES circuit-mode services shall terminate all
activities for the call; or

if C channel resources are not available, then GES
circuit-mode services shall forward to the link layer a
“call progress — call attempt result” CM-LIDU via the
P channel. GES circuit-mode services shall then await
tG9 seconds for the potential receipt of a repetition of
the original “access request -— telephone” CM-LIDU at
the current application reference number. If such an
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additional CM-LIDU is received from AES circuit-mode
services, GES circuit-mode services shall again forward
the “call progress -— call attempt result” CM-LIDU;
otherwise, GES circuit-mode services shall terminate all
activities for the call after expiry of the initial tG9
second period,

Otherwise, GES circuit-mode services shall forward to the link
layer a “C channel assignment” CM-LIDU. Simultaneously,
GES circuit-mode services shall request GES management to
activate the previously assigned C channel unit. Any redundant
“access request — telephone” CM-LIDUs (with an identical
application reference number) received prior to C channel unit
activation shall be ignored. GES circuit-mode services shall
then perform the GES incoming bi-directional setup procedure
defined in 4.8.6.1.2.2.2. :

Note— Redundant “access request — telephone” CM-
LIDUs might be received, prior to C channel unit activation,
as a result of the series transmission of several such CM-
LIDUs by the AES. The redundant CM-LIDUs can be ignored
without effect.

4.8.6.1.2.2.2 GES incoming bi-directional setup. Where
required elsewhere in 4.8, GES circuit-mode services shall
perform routing analysis of the network-ID specified in the
“access request — telephone” CM-LIDU while simultaneously
performing the following:

Note 1.— Routing analysis is considered to be a GES-
specific procedure wherein the network-ID parameter is used
to identify the specific group of voice .circuits which inter-
connect the GES with the desired terrestrial circuit-switched
voice network.

Note 2.— The logic in this subsection initiates terrestrial
call completion while simultaneously initiating the establish-
ment of the C channel.

a) if an additional “access request — telephone” CM-
LIDU at the current application reference number is
received from AES circuit-mode services within tG11
seconds after the latest “C channel assignment” CM-
LIDU has been forwarded to the link layer, GES circuit-
mode services shall again forward the “C channel
assignment” CM-LIDU to AES circuit-mode services;
or

b) if a “call information — service address” CM-LIDU is
not received within tG11 seconds after the latest “C
channel assignment” CM-LIDU has been forwarded to
the link layer, GES circuit-mode services shall perform
the GES incoming release guard procedure defined in

4.8.6.1.2.2.6; or
¢) if a “call progress — channel release” CM-LIDU is
received, GES circuit-node services shall await the
termination of the C channel from-aircraft carrier. If the
2/11/00
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from-aircraft carrier is not present, terminate all
activities for the call; otherwise, if the C channel from-
aircraft carrier terminates within tG24 seconds after
receipt of the “call progress — channel release”
CM-LIDU, GES circuit-mode services shall terminate
all activities for the call, If the carrier does not terminate
within the same tG24 second period, GES circuit-mode
services shall terminate all activities for the call at the
end of the period; or

Note.— The status of an unterminated from-aircraft
carrier should be posted to a monitoring function.

if a “call information — service address” CM-LIDU is
received within tG11l seconds after C channel unit
activation, GES circuit-mode services shall send *call
progress — test” CM-LIDUs every tG10 seconds
indefinitely; or

d)

e) if routing analysis indicates that completion of the call is
blocked due to congestion in either the GES switching
equipment or the forward circuit group leading to the
terrestrial network, GES circuit-mode services shall stop
forwarding “call progress — test” CM-LIDUs and then
forward to the link layer six “call progress -— channel
release” CM-LIDUs via the C channel sub-band. GES
circuit-mode services shall then perform the GES
incoming release guard procedure defined in
4.8.6.1.2.2.6; or

f) if routing analysis is successful in obtaining a forward
circuit to the terrestrial network, GES circuit-mode
services shall forward an “AMS(R)S call origination”
event (FITE 18) to the interworking interface with the
terrestrial network, If a “call information — service
address” CM-LIDU has already been received, GES
circuit-mode services shall then perform the GES
incoming terrestrial completion procedure defined in
4.8.6.1.2.2.4; otherwise GES circuit-mode services shall
await establishment of the C channel by performing the
GES incoming C channel establishment procedure
defined in 4.8.6.1.2.2.3.

4.8.6.1.2.23 GES incoming C channel establishment.
Where required elsewhere in 4.8, GES circuit-mode services
shall do the following while awaiting the establishment of the
C channel:

Note.—— Within this subsection, it is possible that signalling
events might be received from the terrestrial network.
Therefore, if any telephony interworking events are received at
the interworking interface with the terrestrial network, they
should be held in queue for interpretation by logic specified in
subsequent subsections.

a) if an additional “access request — telephone™ CM-
LIDU at the current application reference number is
received from AES circuit-mode services within tG11
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seconds after the latest “C channel assignment” CM-
LIDU has been forwarded to the link layer, GES circuit-
mode services shall again forward the “C channel
assignment” CM-LIDU to AES circuit-mode services;
or

if a “call progress — channel release” CM-LIDU is
received within tG11 seconds of C channel unit
activation, GES circuit-mode services shall stop
forwarding “call progress — test” CM-LIDUs and
forward a “clear forward” event (FITE 22) to the
interworking interface. (If additional “call progress —
channel release” CM-LIDUs are received, GES circuit-
mode services shall ignore them.) GES circuit-mode
services shall then wait tG24 seconds after receipt of the
“call progress — channel release” CM-LIDU for the C
channel from-aircraft carrier to terminate, If the from-
aircraft carrier is not present, terminate all activities for
the call; otherwise, if the C channel from-aircraft carrier
terminates within the tG24 second period, GES circuit-
mode services shall terminate all activities for the call,
If the C channel from-aircraft carrier does not terminate
within the same period, GES circuit-mode services shall
terminate all activities for the call at the end of the
period; or

Note.— The status of the unterminated from-aircraft
carrier should be posted to a monitoring function.

if a “call information — service address” CM-LIDU is
not received within tG11 seconds after the latest “C
channel assignment” CM-LIDU has been forwarded to
the link layer, GES circuit-mode services shall forward
a “clear forward” event (FITE 22) to the interworking
interface and perform the GES incoming release guard
procedure defined in 4.8.6.1.2.2.6; or

if a “call information — service address” CM-LIDU is
received within tGl1l seconds after C channel unit
activation, GES circuit-mode services shall send “call
progress — test” CM-LIDUs every tGl0 seconds
indefinitely and perform the GES incoming terrestrial
completion procedure defined in 4.8.6.1.2.2.4,

4.8.6.1.2.2.4 GES incoming terrestrial completion. While
GES circuit-mode services is awaiting completion of the call
across the terrestrial network it shall enable the circuit path
between the C channel unit and the forward circuit of the
terrestrial network while simultaneously forwarding to the link
layer a “call progress — test” CM-LIDU every tG10 seconds
indefinitely. It shall also do the following:

Note.— At this point, circuit continuity is established
through the GES between the C channel and the terrestrial
network circuit. Call completion across the terrestrial network
is still under way and call progress tones from that network
may be audible to the on-aircraft party. If the called party
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answers the call attempt, this will be indicated by receipt from
the terrestrial network of an “answer” event (BITE 22) at the
interworking interface.

a)

b)

c)

if the C channel from-aircraft carrier terminates for more
than tG13 seconds, GES circuit-mode services shall
forward a “clear forward” event (FITE 22) to the
interworking interface. After the FITE 22 event has been
forwarded, GES circuit-mode services shall stop
forwarding “call progress — test” CM-LIDUs. GES
circuit-mode services shall then forward to the link layer
six “‘call progress — channel release” CM-LIDUs via
the C channel sub-band. GES circuit-mode services
shall then perform the GES incoming release guard
procedure defined in 4.8.6.1.2.2.6; or

if either a “release incoming side” event (BITE 29) or a
“call unsuccessful” event (BITE 12, 14, 15, 16, 17 or
20) were received from the interworking interface, GES
circuit-mode services shall stop forwarding “call
progress test” CM-LIDUs. GES circuit-mode
services shall then forward to the link layer six “call
progress — channel release” CM-LIDUs via the C
channel sub-band. GES circuit-mode services shall then
perform the GES incoming release guard procedure
defined in 4.8.6.1.2.2.6; or

if a “call progress — channel release” CM-LIDU is
received, GES circuit-mode services shall stop
forwarding “call progress — test” CM-LIDUs and shall
forward a “clear forward” event (FITE 22) to the
interworking interface. (If additional “call progress —
channel release” CM-LIDUs are received, GES circuit-
mode services shall ignore them.) If the from-aircraft
carrier is not present, terminate all activities for the call;
otherwise, if the C channel from-aircraft carrier
terminates within tG14 seconds, GES circuit-mode
services shall terminate all activities for the call. If the
C channe] from-aircraft carrier does not terminate within
the same period, GES circuit-mode services shall
terminate all activities for the call at the end of the
period; or

Note.— The status of an unterminated from-