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Implementing Standards

SLCAIS -039 Digital Data Communication Systems
1. GENERAL:

1.1 Introduction

A. Requirements contained in this document are based on the amendment 90 of ICAO
Annex 10i Volume Il Part IfiDigital Data Communication Systems

B. The requirements contained in this document are applicable to Aeronadutical
Telecommunication Service Providensd Service providers of Aeronautical Aids far
Communication Navigation and Surveillance (CNS) in Sri Lanka.

C. This document supersedes the Implementing Standard 039 Revision 00 issued by the
Director General of Civil Aviation and IS 039 Revision 00 is khaltreated as null
and void.

D. It may be amended from time to time and the amendments will be reflected with a
vertical line on the right side of the text
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1. CHAPTER 01- DEFINITIONS
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This chapter contains general definitions relevant to communication systems. Defin
specific to each othe systems included in thdocumentare contained in the relevan
chapters.

Aeronautical administrative communicationAAC) i Communications necessary for th
exchange of aeronauticatiministrative messages.

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

Aeronautical telecommunication network (ATN) A global internetwork architecture tha
allows ground, akground andavionic data subnetworks to exchange digital data for

safety of air navigation and fdhe regular, efficient andconomic operation of air traffic
services.

Aircraft addressi A unique combination of twentfour bits available for assignment to a
aircraft for the purpose of airgroucdmmunications, navigation and surveillance.

Aircraft earth station (AES)i A mobile earth station in the aeronautical molsigellite
service located on board an aircfafs e e al so AGESO0) .

Air traffic servicei A generic term meaning variously, flight information service, alerting
service, air atraffic advisory serviceair traffic control service(area control service,
approach control service oagodrome control service).

Automatic dependent surveillanag@ contract (ADSC) T A means by which the terms of a
ADS-C agreement will bexchanged between the ground system and the aircraft, via 3
link, specifying under what conditions ABS reportswould be initiated, and what dat
would be contained in the reports.

Automatic terminal information service (ATIS) The automatic provien of current, routine
information to arriving anddeparting aircraft throughout 24 hours or a specified por
thereof.Data link-automatic terminal information service {BTIS). The provision of ATIS
via data link.Voiceautomatic terminal informatioservice (VoicéATIS). The provision of
ATIS by means of continuous angpetitive voice broadcasts.

Bit error rate (BER)1 The number of bit errors in a sample divided by the total numbe
bits in the sample, generallyeraged over many such samples.

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

Carrier-to-noise density ratio (C/No) The ratio of the total carrigpower to the average
noise power in a 1 Hz bandwidtlsually expressed in dBHz.

Channel ratei The rate at which bits are transmitted over the RF channel. These bits ir
those bits used for framing aredror correction, as well as the information bits. For by
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transmission, the channel rate refers to the instantaneousratgrstver the period of the
burst.

Channel rate accuracy This is relative accuracy of the clock to which the tra
Controller plot data link communications (CPDLC) A means of communicationsmitted

channel bits are synchronized. Fexample, at a channel rate of 1.2 kbits/s, maximum errg
one part in 106 implies the maximum allowed error indbek is £1.2 x 168 Hz.

1%

r of

Circuit modei A configuration of the communications network which gives the appearance

to the application of a dedicate@nsmission path.
between controller and pilot, using dét&k for ATC communications.

Data link flight information services (BFIS) i The provision of FIS via data link.

Doppler shifti The frequency shift observed at a receiver due to any relative motion between

transmitter and receiver.

End-to-end i Pertaining or relating to an entire communication path, typically from (1)
interface between the informatisource and the communication system at the transmi
end to (2) the interface between the communication systemthendéformation user of
processor or application at the receiving end.

End-useri An ultimate source and/@onsumer of information.
Energy per symbol to noise density ratio (E®) i The ratio of the average energ
transmitted per channel symbol to theerage noise power in a 1 Hz bandwidth, usus
expressed in dB. For-BPSK and AQPSK, one channel symb@fers to one channel bit.

Equivalent isotropcally radiated power (e.i.r.p.) The product of the power supplied to tf
antenna and the antenna gain igiveen direction relative to an isotropic anterfabsolute or
isotropic gain).

Flight information service (FIS)T A service provided for the purpose of giving advice 3
information useful for the safe amdficient conduct of flights.

Forward error correction (FEC)1 The process of adding redundant information to
transmitted signal in a manner whiallows correction, at the receiver, of errors incurred
the transmission.
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Gain-to-noise temperature rafi The ratio, usually expressed in dB/K, of the antenna gain to

the noise at the receiver outpot the antenna subsystem. The noise is expreasetthe
temperature that a 1 ohm resistor must be raised to produsanti@enoise power density.

Ground earth station (GES) An earth station in the fixed satellite service, or, in some c4d
in the aeronauticamobile-satellite service, located at aesjfied fixed point on land to
provide a feeder link for the aeronautical mobilesatesigevice.

This definition is used in the |1 TUG6s H
stati odneof.i nTitee on herein as 0 &dar§ydistifhgoish it iosm
an aircraft earth station (AES), which isn@bile station on an aircraft.
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Mode S subnetwork A means of performing an interchange of digital data through the

of secondary surveillance rad@8SR) Mode S interrogatoend transponders in accordance

with defined protocols.

use

Point-to-point 1 Pertaining or relating to the interconnection of two devices, particularly end

user instruments. AZommunication path of service intended to connect two discrete
users; as distingshed from broadcast or multiposgrvice.

Slotted alohai A random access strategy whereby multiple users access the
communications channel independently, éath communication must be confined to a fix
time slot. The same timing slot structure known to all users, but thelie no other
coordination between the users.

Time division multiple access (TDMA) A multiple access scheme based on t8hared use
of an RF channel employingl) discrete contiguous time slots as the fundamental sh
resource; and (2) a set of operating protocols that alleess to interact with a master contf
station to mediate access to the channel.

Time division multiplex (TDM)i A channel sharing strategy in which packets of informat
from the same sourcbut with different destinations are sequenced in time on the g
channel.

Transit delayi In packet data systems, the elapsed time between a request to tieams
assembled data packet amindicationat the receiving end that the corresponding packet
been received and is ready to be used or forwarded.

VHF digital link (VDL 7 A constituent mobile subnetwork of the aeronauti
telecommunication network (ATN), operating the aeronautical mobile M~ frequency
band. In addition, the VDL may provide n&TN functions such as, fanstance, digitized
voice.

CHAPTER 02 - AERONAUTICAL TELECOMMUNICATION NETWORK

Detailed technical specifications for ATN/OSI applications are contained ikl&neal on

Detailed TechnicaBpecifications for the Aeronautical Telecommunication Network (AT

using ISO/OSI standards and protocdBoc 9880) and in theManual of Technical
Provisions for the Aeronautical Telecommunication Network (ADYc 9705).

Detailed tebnical specification$or ATN/IPS applications are contained in thl@nual for
the ATN using IPStandards and protocd®oc 9896)

DEFINITIONS

Application entity (AE)i An AE represents a set of ISO/OSI communication capabilitie
a particulamapplication proces&see ISO/IEC 9545 for further details).

ATN security service$ A setof information security provisions allowing the receiving e
system or intermediate systemuimambiguously identify (i.e. authenticate) the source of
receivednformation and to verify the integrity of thaformation.
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ATS interfacility data commuication (AIDC) i Automated data exchange between

traffic services units in support @ight notification, flight coordination, transfer of control

and transfer focommunication.

ATS message handling service (ATSMHEAN ATN application consisting of procedures
used to exchange ATS messagestoreandforward mode over the ATN such that the
conveyance of an ATS message is in general not correlatedheittoneyance of another

ATS message by the service provider.

ATS message handling system (AMHS) The set of computing and communication
resources implemented by A8ganizations to provide the ATS message handling sery

Authorized pathi A communicatiorpath suitable for a given message category.

Data link initiation capability (DLIC) T A data link application that provides the ability
exchange addresses, names @rdion numbers necessary to initiate data link applicat
(see Doc 4444).

Directory service(DIR) T A servicebased on the IT{ X.500 series of recommendation

air

ce.
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providing access to antdanagement of structured information relevant to the operatign of

the ATN and its users.

Required communication performance (RCP)i A statement of the gformance
requirements for operational communicationsupport of specific ATM functions (se
Manual on Required Communication Performance (ROBY 9869)).

INTRODUCTION

The ATN is specifically and exclusively intended to provide digital dat@munications

D

services to air trafficservice provider organizations and aircraft operating agencies in

support of:

(a) Air traffic services communications (ATSC) with aircraft;

(b) Air traffic services communications between ATS units;

(c) Aeronauticalbperationhcontrol communications (AOC); and

(d) Aeronauticaladministrative communications (AAC).

GENERAL

The Standardn sections 2.4 to.8 define the minimum required protocols asetvices
that will enable the global implementation of the aeronautelacommunication network
(ATN).

ATN communication services shall support ATN applications.

Requirements for implementation of the ATN shall be made on the basis of regior

navigation agreements. These agreements shall specify the area in wicmmthenication
standards for the ATN/OSI or the ATN/IPS are applicable.

nal air
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241

24.2

24.3

244

245

2.4.6

2.4.7

2.4.8

2.4.9

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

2.4.11 The ATN shouldenable an aircraft intermediate system (router) to connect to a gf

2.4.12 The ATN should enable an aircraft intermediate system (router) to connect to diffe

2.4.13 The ATN shall enable the exchange of address information between applications.
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GENERAL REQUIREMENTS
The ATN shall either use International Organization for Standardization (

communication standards for opgystems interconnection (OSI) or use the InteBusiety
(ISOC) communications standards for the Internet Protocol 8Bi%).

continues to be supported in-gimund networks, particularly when using VDL Mode

ATN/IPS implementation is preferred for grougcbund networks. While ATN/O
2,
is expected that future aground implementations will use the ATN/IPS.

Interoperability between interconnecting OSI/IPS networks is expected to be arrange
toimplementation.

Guidance material on interoperability between ATN/OSI and ATN/IR®Igained in Doc
9896.

The AFTN/AMHS gateway shall ensure the interoperability of AFTN and stations
networks with theATN.

An authorized path(s) shall be defined on the basis of a predefined routing policy.

The ATN shall transmit, relay and delivenessages in accordance with the prion
classifications and withouwliscrimination or undue delay.

The ATN shall provide means to define data communications that can be carried on
authorized paths fahe traffic type and category specified by tiser.

The ATN shall provide communication in accordance with the prescribed req
communication performand®CP).

The Manual on Required Communication Performance (R@R®)c 9869) contains the
necessary information dRCP.

The ATN shall operate iaccordance with the communiaati priorities defined in Table-2
1 and Table 2.

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

The ATN shall notify the appropriate application processes when no aetth@ath exists.

intermediate system (router) via different subnetworks

ground intermediate systems (routers)
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2.4.14 wherethe absolute time of day is used within the ATNshiall be accurate to within 1
second of coordinataghiversal time (UTC).

The time accuracy value results in synchronization errors of up to two seconds.
2.5 ATN APPLICATIONS REQUIREMENTS
2.5.1 System applications

System applications provide services thatreaeessary for operation of the ATN.

2.5.1.1The ATN shall support the data link initiation capability (DLIC) applications when |air
ground data links anenplemented.

The Manual of Air Traffic Services Data Link Applicatiorfpoc 9694, Part 1) defines th
datalink initiation capability (DLIC) application.

4]

2.5.1.2The ATN/OSI enesystem shall support the following directory services (DIR) application
functions wherAMHS and/or security protocols are implemented:

a) directory information retrieval; and
b) directory informaibn modification.
2.5.2 Air-ground applications
2.5.2.1 The ATN shall be capable of supporting one or more of the following applications:
a) ADS-C Tables 21 and 22 are located at the end of this chapter.
b) CPDLC; and
c) FIS (including ATIS and METAR).
See theManual of Air Traffic Services Data Link Applicatioi®oc 9694).
2.5.3 Ground-ground applications
2.5.3.1The ATN shall be capable of supporting the following applications:
a) ATS interfacility data communication (AIDC); and
b) ATS message handling services applicatidiBsSMHS).
See theManual of Air Traffic Services Data Link Applicatioi®oc 9694).
2.6 ATN COMMUNICATIONS SERVICE REQUIREMENTS

2.6.1 ATN/IPS upper layer communications service
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2.6.1.1An ATN host shall be capable of supporting the ATN/IPS upper layers including
application layer.

2.6.2 ATN/OSI upper layer communications service

2.6.2.1An ATN/OSI endsystem (ES}hall be capable of supporting the OSI upper layer
communications servig@LCS) including session, presentation and application layers.

2.6.3 ATN/IPS communicationservice

2.6.3.1An ATN host shall be capable of supporting the ATN/IPS including the:
a) transport layer in accordance with RFC 793 (TCP) and RFC 768 (UDP); and
b) network layer in accordance with RFC 2460 (IPv6).

2.6.3.2An IPS router shall support the ATN network layeraccordance with RFC 2460 (IPvé
and RFC 4271 (BGPand RFC 2858 (BGP multiprotocol extensions).

2.6.4 ATN/OSI communications service
2.6.4.1An ATN/OSI endsystem shall be capable of supporting the ATN including the:

a) transport layer in accordance with ISO/IEC 8QT®4) and optionally ISO/IEC 860!
(CLTP); and

b) network layer in accordance with ISO/IEC 8473 (CLNP).

An ATN host is an ATN endystem in OSI terminology; an ATN emsystem is an
ATN host in IPS terminology.

2.6.4.2An ATN intermediate system (IS) shall supptte ATN network layer in accordance wit
ISO/IEC 8473 CLNP) and ISO/IEC 10747 (IDRP).

2.7 ATN NAMING AND ADDRESSING REQUIREMENTS

) an

)

Y

h

The ATN naming and addressing scheme supports the principles of unambiguous

identification of intermediateystems (routergnd enesystems (hosts) and provides gloh
address standardization.

2.7.1 The ATN shall provide provisions for unambiguous application identification.
2.7.2 The ATN shall provide provisions for unambiguous addressing.

2.7.3 The ATN shall provide means to unambiguouatidress all ATN endystems (hosts) an
intermediate systen(souters).

2.7.4 The ATN addressing and naming plans shall allow States and organizations to
addresses and names witkieir own administrative domains.
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ATN SECURITY REQUIREMENTS

The ATNshall make provisions whereby only the controlling ATS unit may provide AT
instructions to aircrafbperating in its airspace.

This is achieved through the current and next data authority aspects of the cepitatller
data linkcommunications (CPDLC)pgplication.

The ATN shall enable the recipient of a message to identify the originator of that mess
ATN endsystems supporting ATN security services shall be capable of authenticatir

identity of peer endsystemauthenticating the source afessages and ensuring the d
integrity of the messages.

The use of security is the default; however, its implementation is based on local policy.

The ATN services shall be protected against service attacks to a level consistent w
application serice requirements.

Page8 of 48 Second Edition Rev.:00 Dates'@kbruary 2017
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TABLES FOR CHAPTER 2

Table 2-1 mapping of ATN communication priorities

Corresponding protocol priority
Transport layver Network layer
Message categories ATN application priority priority
Network/systems management 0 14
Distress communications 1 13
Urgent communications 2 12
High-priority flight safety messages CPDLC, ADS-C 3 11
Normal-priority flight safety messages AIDC, ATIS 1 10
Meteorological communications METAR 5 9
Flight regularity communications DLIC, ATSMHS 6 8
Aeronautical information service messages 7 1
Network/systems administration 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 priorify and do not apply
fo subnetwork priority.
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Table 2-2. Mapping of ATN network priority to mobile subnetwork priority

Corresponding mobile subnetwork priority (see Note 4)
ATN network
layer VDL VDL VDL SSR

Message categories priority AMSS Mode 2 Mode 3 Mode 4 Mode § HFEDL
Network/systems 14 14 see Note 1 3 14 high 14
management
Distress communications 13 14 see Note 1 2 13 high 14
Urgent communications 12 14 see Note 1 2 12 high 14
High-priority flight safety 11 11 see Note 1 2 11 high 11
messages
Normal-priority flight safety 10 11 see Note 1 2 10 high 11
messages
Meteorological 9 8 see Note 1 1 9 low 8
communications
Flight regularity 8 7 see Note 1 1 8 low 7
communications
Aeronautical information 7 6 see Note 1 0 7 low 6
service messages
Network/systems 6 5 see Note 1 0 6 low 5
administration
Aeronautical administrative 5 5 not not not not not
messages allowed allowed allowed allowed allowed
<unassigned> 4 unassigned | unassigned | unassigned | unassigned | unassigned | unassigned
Urgent-priority 3 3 not not not not not
administrative and U.N. allowed allowed allowed allowed allowed
Charter communications
High-priority administrative 2 2 not not not not not
and State/Government allowed allowed allowed allowed allowed
communications
Normal-priority 1 1 not not not not not
administrative allowed allowed allowed allowed allowed
communications
Low-priority administrative 0 0 not not not not not
communications and allowed allowed allowed allowed allowed
aeronautical passenger
communications

Note 1.— VDL Mode 2 has no specific subnetwork priority mechanisms.

Note Z.— The AMSS SARPs specify mapping of message categories to subnetwork priority without explicitly referencing ATN
network layer priority.

Note 3.— The term “not allowed” means that only communications related to safety and regularity of flight are authorized to pass
over this subnetwork as defined in the subnetwork SARPs.

Note 4. — Only those mobile subnetworks are listed for which subnetwork SARF's exist and for which explicit support is provided
by the ATN boundary intermediate system (BIS) technical provisions.
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FIGURE FOR CHAPTER 2

End system (ES) End system (ES)

Application process Application process

ATN end-to-end

Application Application
entity ATN communication entity
_ services end-to-end -
Upper layers Upper layers

communications ATN Internet communications communications

service . service
service end-to-end

Inter_ne; Intermediate Intermediate Inter_nei
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 2-1 Conceptual model of the ATN
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3. CHAPTER 03 - AFTN NETWORK
3.1 DEFINITIONS

Data signalling ratei Data signalling rate refers to the passagenfafrmation per unit of
time, and is expressed in bits/secdpdta signalling rate is given by the formula:

i=m

=1

1
f log, n,

by
[

wherem is the number of parallel channelg,is the minimum interval for thgh channel
expressed in secondd,is thenumber of significant conditions of the modulation in itine
channel.

a) For a single channel (serial transmission) it reducg&/@logn; with a twocondition
modulation(n = 2),it is 1/T.

b) For a parallel transmission with equal minimum intervals agdak number of
significant conditions on eacbhannel, it ism(1/T)logn (M(1/T) in case of a two
condition modulation).

I n the above definition, the term fnpara
each of which carriean integral part of amformation unit, e.g. the parallel transmission
of bits forming a character. In the case of a circaihprising a number of channels, each

of which carries information Aindephender
traffic handling capacity, #se channels are not to be regarded as parallel channels|in the
context of this definition.

Degreeof standardized test distortioh The degree of distortion of the restitution measured
during a specific period of tim@&hen the modulation is perfect aoorresponds to a specific
text.

Effective margini That margin of an individual apparatus which could be measured under
actual operating conditions.

Low modulation rate§ Modulation rates up to and including 300 bauds.

Margin T The maximum degree ofgtortion of the circuit at the end of which the apparatus
is situated which is compatiblgith the correct translation of all the signals which it may
possibly receive.

Medium modulation ratess Modulation rates above 300 and up to and including 3 P00
bauds.

Modulation rate’i The reciprocal of the unit interval measured in seconds. This rate is
expressed in bauds.

Telegra signals are characterized by intervals of time of duration equal to or longer than the
shortest or unitinterval. The modulation rate (formerly telegraph speed) is therefore
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expressed as the inverse of the value of this unit intdfyédr example, the unit interval is

20 milliseconds, the modulation rate is 50 bauds.

Synchronous operatiori Operation inwhich the time interval between code units is
constant.

TECHNICAL PROVISIONS RELATING TO TELETYPEWRITER APPARATUS
AND CIRCUITS USED IN THE AFTN

In international teletypewriter circuits of the AFTN, using-arbt code, the Internationa
Telegraph AlphabeNo. 2 (seeTable 31*) shall be used only to the extent prescribed
4.1.2 of Volume II.

The modulation rate should be determined by bilateral or multilateral agreement be
administrations concerned, taking into account priméardific volume.

The nominal duration of the transmitting cycle should be at least 7.4 units (preferably
the stop element lasting for at least 1.4 units (preferably 1.5).

3.2.3.1The receiver should be able to translate correctly in service the signalsgctnmin a

3.2.4

3.2.5

3.2.6

3.2.7

3.2.8

3.2.9

transmitter with a nominal transmitting cycle of 7 units.

The apparatus in service should be maintained and adjusted in such a manner that
effective margin is never less than 35 per cent.

The number of characters which the textual bivéhe pageprinting apparatus magontain
should be fixed at 69.

The complete circuits should be so engineered and maintained that their degr
standardized test distortion does not exceed 28 per cent on the standardized text:

THE QUICK BROWN FOXJUMPS
OVER THE LAZY DOG
or
VOYEZ LE BRICK GEANT QUE
JEXAMINE PRES DU WHARF

The degree of isochronous distortion on the standardized text of each of the par
complete circuit should be as low as possible, and in any case should not exceed 10 j

The overall distortion in transmitting equipment used on teletypewriter channels sloby
exceed 5 per cent.

The AFTN circuits should be equipped with a system of continuous check of ch
condition.Additionally, controlled circuit protocols shalibe applied.

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

Pagel3of 48 Second Edition Rev.:00 Date: 0 February 2017

D

n

rtween

y 7.5),

its net

ee of

s of a
Der cen

Id

annel




3.3
3.3.1

3.4
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3.5

3.5.1
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CHARACTERISTICS OF INTERREGIONAL AFS CIRCUITS

Theinterregional AFS circuits being implemented or upgraded should employ high q
telecommunications service. Modulatioate should take into account traffic volum
expected under both normal aglternate route conditions.

TECHNICAL PROVISIONS RELATING TO ATS MESSAGE TRANSMISSION

Interconnection by direct or omnibus chanréeldow modulation rate§ 5-unit code.
See3.5for medium modulation rates.

TECHNICAL PROVISIONS RELATING TO IN TERNATIONAL GROUND -
GROUND DATA INTERCHANGE AT MEDIUM AND HIGHER SIGNALLING
RATES

Throughout this section in the context
unitofselectivee nf or mati on and i s essentially ¢
General

3.5.1.1In international data interchange of characters;umi¥ coded character set providing

repertoire of 128 characters and designated as International Alphabet Neb)skliduldbe
used. Compatibility with th&-unit coded character set of International Telegraph Alphg
No. 2 (ITA-2) should be ensured where applicable.

3.5.1.2When the provisions of 3.5.1 are applied, International Alphabet.N (IA-5) contained in

Table 32 shall beused.

3.5.1.2.1 The serial transmission of units comprising an individual character-6fdAall be with

the low order unitl§;) transmitted first.

3.5.1.2.2 when IA5 is used, each character should include an additional unit for parity i

eighth levelposition.

3.5.1.2.3 When the provisions of 3.5.2.2 are applied, the sense of the character parity bit

produce even parity itinks which operate on the statop principle, and odd parity ir
links using eneto-end synchronous operations.

3.5.1.2.4 Characteffor-chaacter conversio shall be as listed in Tables33and 34 for all

characters which amuthorized in the AFTN format for transmission on the AFS in b
IA-5 and ITA2.

3.5.1.2.5 Characters which appear in only one code set, or which are not authorize

3.5.2

transmssion on the AFS shddle as depicted in the code conversion tables.

Data transmission characteristics

3.5.2.1The data signalling rate shak chosen from among the following:

600 bits/s 4 800 bits/s
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3.5.2.2Thehetype of transmission feeach data signalling rate shial chosen as follows:

3.5.2.3The type of modulation fagach dataignalling rate shalbe chosen as follows:

3.5.3

3.5.3.1The following descriptions shall apply to data link applications contained in this sectiof
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1 200 bits/s 9 600 bits/s
2 400 bits/s

Data signalling rate Type of transmission

600 bits/s Synchronous or asynchronous serial transmission
1 200 bits/s Synchronous or asynchronous serial transmission
2 400 bits/s Synchronous serial transmission
4 800 bits/s Synchronous serial transmission
9 600 bits/s Synchronous serial transmission

Data signalling rate Type of modulation

600 bits/s Frequency

1 200 bits/s Frequency

2 400 bits/s Phase

4 800 bits/s Phase

9 600 bits/s Phaseamplitude

This does not necessarigpply to grouneground extensions of aground links used
exclusively for the transfer of aground data, inasmuch as such circuits may be consid
as part of the aiground link.

Groundground bitoriented data link control procedures

The provisionf this section pertain to grourgtound data interchange applications us

ered

ng

bit-oriented datdink control procedures enabling transparent, synchronous transmission

that is independent of any encoding; data lodntrol functions are accomplished by

interpreting designated bit positions in the transmission envelope of a frame.

n:

a) Bit-oriented data link control procedures enable transparent transmission that is

independent of any encoding.

b) A data link is the logical association of two interconnected stations, including the

communication control capabilityf the interconnected stations.

c) A station is a configuration of logical elements, from or to which messages

transmitted on a data link, includitigose elements which control the message flow
the link via communication control procedures.

d) A combined station sends and receives both commands and responses and is res
for control of the data link.

on

ponsibl



e)

0)
h)

)
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Data communication control procedures are the means used to control and prot
orderly interchange ahformation between stations on a data link.

A component is defined as a number of bits in a prescribed order within a sequet
the control andupervisiorof the data link.

An octet is a group of 8 consecutive bits.

A sequence is one or more components in prescribed order comprising an it
number of octets.

A field is a series of a specified number of bits or specified maximum numilits of

which performs the functionsf data link or communications control or constitutes d
to be transferred.

A frame is a unit of data to be transferred over the data link, comprising one or
fields in a prescribed order.

A common ICAO datanterchange network (CIDIN) switching centre is that part of
automatic AFTN switchingentre which provides for the entry, relay, and exit cer
functions using the bibriented link and CIDIN networlprocedures specified in thi
section and include$i¢ appropriate interface(s) with other parts of the AFTN and
other networks.

3.5.3.2Bit-Oriented Data Link control procedures for PdoHPoint, GroundGround data

Interchange Application employing synchronous transmission facilities

The following link level procedures are the same as the LAPB link level proced
described in ITU CCITTRecommendation X.25, Section 2.

3.53.21
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Frame format.Frames shall contain not less than 32 bits, excluding the opening
closing flags, and shatlonform to the followindgormat:

FLAG | ADDRESS | CONTROL | INFORMATION | FCS | FLAG
F A C | F

3.5.3.2.1.1 A frame shall consist of an opening flag (F), an address field (A), a control field

an optionalinformation field (1), a frame check sequence (FCS), and a closing
sequence (F), and shall be transmitted in that order.

In relationto CIDIN, the opening flag, the fields A and C, the FCS and the closing
form together the Dathink Control Field (DLCF). The field | is denoted as the Lir
Data Field (LDF).

3.5.3.2.1.1.The flag (F) shall be the-Bit sequence 01111110 which delimits the beigigrand

ending of each framdt shall be permissible for the closing flag of a frame to &
serve as the opening flag of the next frame.

Second Edition Rev.:00 Date: 0 February 2017
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3.5.3.2.1.1.Zhe address (A) field shall consist of one octet, excluding O bits added to ac

transparent transmissiomwhich shall contain the link address of the combined static

3.5.3.2.1.1.3he control (C) field shall consist of one octet, excluding 0 bits added to ac

transparent transmissiomnd shall contain the commands, responses, and f
sequence number components for ttetio| of the data link.

3.5.3.2.1.1.4he information () field shall contain digital data which may be presented in any

or sequence bughall not exceed a maximum of 259 octets, excluding O bits add
achieve transparent transmission. The | field shialaysbe a multiple of 8 bits in
length.

3.5.3.2.1.1.9he frame check sequence (FCS) shall consist of two octets, excluding 0 bits ag

3.5.3.2.2

3.5.3.2.2.1

3.5.3.2.2.2

3.5.3.2.23

3.5.3.224

Pagel7 of 48

achieve transparetransmission, and shall contain the error detecting bits.

A frame check sequence (FCS) shall be included in faate for the purpose of errg
checking.

The error checking algorithm shall be a cyclic redundancy check (CRC).
The CRC polynomialR(x)) shall be
X0+ x2 40+ 1.

The FCS shallbea i t sequence. This FCS shad
remainderR(x), obtained from the modulo 2 division of

XHGX)] + X+ x4+ xB+ . +x2+x1+ 1)
by the CRC polynomiaR(x).

chieve
DN.

hieve
rfame

code
ed to

lded to

=

G(x) shall be the contents of tHeame existing between, but including neither, the

final bit of the opening flag nathe first bit of the FCS, excluding bits inserted f
transparent transmission.

K shall be the length &&(x) (number of bits).

The generation and checking of the FE€8umulation shall be as follows:

a) the transmitting station shall initiate the FCS accumulation with the first (
significant) bit of the address (Afjeld and shall include all bits up to an
including the last bit preceding the FCS sequence, but skellide all O bitgif
any) inserted to achieve transparent transmission;

b) upon completion of the accumulation the FCS shall be transmitted, starting

bit b1 (highest order coefficiengnd proceeding in sequence to bit b16 (low
order coefficientps shown below;

Second Edition Rev.:00 Date: 0 February 2017
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3.5.3.2.3

3.5.3.23.1

3.5.3.24
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First bit
transmitted 4
b16 b15 b14 b3 b2 b1
}{C }{' }{.‘ }{13 }";H }{]E

c) the receiving station shall carry out the cyclic redundancy check (CRC) o

content of the frame commencimgth the first bit received following the opening

flag, and shall include all bits up to and including the laspigitedinghe closing

n the

flag, but shall exclude all O bits (if any) deleted according to the ruleg for

achievement afransparency;

d) upon completion of the FCS accumulation, the receiving station shall examine the

remainder. In the absence dfansmission error, theemainder shall be

111100001011100%@ throughx15, respectively).

Achievement of transparen¢yThe frame format contents (A, C, link data field, and

FCS) shall be capable obntaining any bit configuration.

The following rules shall apply to all franeentents, except flag sequences:

a) the transmitting station shall examine the frame contents before transmission, and
shall insert a single O binmediately following each sequence of 5 consecutivie 1

bits;

b) the receiving station shall examine the receifeime contents for pattern

consisting of 5 consecutive 1 bitamediately followed by one (or more) 0 bit(s)

and shall remove the 0 bit which directly follows 5 conseclitités.

Special transmission gaences and related link statedn addition toemploying the
prescribed repertoire afommands and responses to manage the interchange o

and control information, stations shall use the followaunventions to signal the

indicated conditions:

a) Abortis the procedure by which a station in the psscof sending a frame ends

[72)

f data

the frame in an unusual manm&rch that the receiving station shall ignore the

frame. The conventions for aborting a frame shall be:

1. transmitting at least seven, but less than fifteen, one bits (with no inserted

zeros);

2. receiving seven one bits.

b) Active link stateA link is in an active state when a station is transmitting a frame,

an abort sequence, or interfratmae fill. When the link is in the active state, the

right of the transmitting station to contintransmission shall beeserved.
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c) Interframe time fill.Interframe time fill shall be accomplished by transmitti
continuous flags between framéeBhere is no provision for time fill within g
frame.

d) Idle link state.A link is in an idle state when a comtious one condition is

detected that persists for 15 bit times,langer. Idle link time fill shall be a
continuous one condition on the link.

e) Invalid frame.An invalid frame is one that is not properly bounded by two flag
one which is shorter tha@® bitsbetween flags.

3.5.3.25 Modes

3.5.3.2.5.1 Operational modé The operational mode shall be the asynchronous balanced
(ABM).

3.5.3.2.5.1.1t shall be permissible for a combined station in ABM to transmit without invita
from the associatestation.

3.5.3.2.5.1.2A combined station iMBM shall be permitted to transmit any command or respqg
type frame excedM.

3.5.3.2.5.2 Nonoperational modei The nonroperational mode shall be the asynchronc
disconnected mode (ADM) which a combined station is logically disconnected fr
the data link.

3.5.3.2.5.2.2A combined station in ADM shall transmit only SABM, DISC, UA and DM fram
(See3.5.32.7 for adescription of the commands and responsesghich these frame
types refer.)

3.5.3.2.5.2.3A combined station in ADM shall transmit a DM when a DISC is received, and
discard all othereceived command frames except SABM. If a discarded comn
frame has the P bit set trasmita@DMowjth the I bit
set to fAlo.

3.5.3.2.6 Control field functions and parameters Control fields contain a command or
response and sequentcembers where applicable. Three types of control fields g
be used to perform:
a) numbered information transférframes);
b) numbered supervisory functions-ffames); and

c) unnumbered control functions {ftames).

The control field formats shall be as shown in Tablb. 8'he functional frame
designation associated with each type confreld as well as the contrdield
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3.5.3.2.5.2.1t shall be permissible for a combined station in ADM to transmit without invitation

from the associatestation.

shall
nand
con

a
hall




3.5.3.2.6.1

3.5.3.2.6.2

3.5.3.2.6.3

3.5.3.2.6.4
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parameters employed in performing these functions shall be described in the following

paragraphs.

The Hrame type is used to perform information transfers. Except for some special

cases it is the onfformat which shall be permitted to containiaformation field.

The Sframe type is used for supervisory commands and responses that perform link
supervisory controlfunctions such as acknowledge information frames, request

transmission or retransmission of information frames, andetpuest a tengrary
suspension of transmission eframes. No information field shall be contained in {
S-frame.

The Uframe type is used for unnumbered commands and responses that p
additional link controlfunctions. One of the {fame responses, the frameject
(FRMR) response, shall contain an information field; all ofremnes of the tframe
type shall not contain an information field.

The station parameters associated with the three control field types shall be as fq

a) Modulus. Each Hrame shallbe sequentially numbered with a send seque
count, N(S), having value O througimodulus minus one (where modulus is t
modulus of the sequence numbers). The modulus shall be 8makenum
number of sequentially numberedrames that a station shdiave outstanding
(i.e. unacknowledged) any given time shall never exceed one less than
modulus of the sequence numbers. This restriction omuah#er of outstanding
frames is to prevent any ambiguity in the association of transmission frameg
sequencenumbers during normal operation and/or error recovery.

b) The send state variabM(S) shall denote the sequence number of the next i

sequence-frame to be transmitted.

1. The send state variable shall take on the value 0 through modulus mind
(modulus is the modulus of theequence numbering and the numbers cy
through the entire range).

2. The value ofV(S shall be incremented by one with each successive
sequence -frame transmission, but shaflot exceed the value ON(R)
contained in theadst received frame by more than the maximum permiss
number of outstandingffames K). See i) below for the definition &f

c) Prior to transmission of an-gsequence-frame, the value dN(S) shall be updated
to equal the value of(S).

d) The receive state variab\R) shall denote the sequence number of the nexi
sequence-frame to be received.

1. V(R) shall take on the values 0 through modulus minus one.
2. The value oV(R) shall be incremented by one after the receipt of an-éeer

in-sequence-frame whose sensequence numb&i(S), equalsV(R).

Second Edition Rev.:00 Date: 0 February 2017
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3.5.3.2.7

3.5.3.2.7.1

3.5.3.2.7.2
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e) All I-frames and $rames shall contaiN(R), the expected sequence number of
next received frame. Prior tbansmission of either an | or an S type frame,
value of N(R) shall be updted to equal the current value of trexeive state
variable. N(R) indicates that the station transmitting th§R) has correctly
received all fframes numbered up to and includid(R) T 1.

f) Each station shall maintain an independent send state vaN§BJeand receive
state variableY(R), on the #framesit sends and receives. That is, each combi
station shall maintain ¥(S) count on the-frames it transmits and\4R) count on
the Hrames it has correctly received from the remote combined station.

g) The poll (P/F) bit shall be used by a combined station to solicit (poll) a respor
sequence of responses from temote combined station.

h) The final (P/F) bit shall be used by themote combined station to indicate ti
response frame transmitted as itbgult of a soliciting (poll) command.

i) The maximum numberk) of sequentially numberedfiames that a station ma
have outstandingi.e. unacknowledged) at any given time istation paramete
which shall never exceed the moduflks.is determined by station bufferin
limitations and should be the subject of bilateral agreement dintleeof circuit
establishment.

Commands and responsdt shall be permissible for a combinsthtion to generate

the
the

ned

se or

h

either commands aresponses. A command shall contain the remote station address

while a response shall contain the sending station addiessnnemonics associate
with all of the commands and responses prescribed for each ofdbdrhme types (I,
S, and U)and the corresponding encoding of the adrfield are as shown in Table 3
6.

The Hrame command provides the means for transmitting sequentially num
frames, each of whickhall be permitted to contain an informaticeid.

The Sframe commands and responses shall be used to perform numbered supe

d

bered

rvisory

functions (such asicknowledgement, polling, temporary suspension of information

transfer, or error recovery).

3.5.3.2.7.2.The receive ready command or response (RR) shall loebysa station to:

a) indicate that it is ready to receive afrdme;
b) acknowledge previously receivedrames numbered up to and includiNgR) i 1;

c) clear a busy condition that was initiated by the transmission of RNR.

It is permissible for a combinestation to use the RR command to solicit a respa
from the remote combinegit at i on wi th the poll bit

3.5.3.2.7.2.2t shall be permissible to issue a reject command or response (REJ) to r

Page?1 of 48

retransmission of framestarting with the {frame numberedl(R) where:
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a) |-frames numberelN(R) i 1 and below are acknowledged;

b) additional Hrames pending initial transmission are to be transmitted following
retransmitted-frame(s);

c) only one REJ exception condition, from one given station to another stttalh,
be established at any given tinagtother REJ shall not be issued until the first R
exception condition has been cleared;

d) the REJ exception condition is cleared (reset) upon the receipt effamd with
anN(S) count equal to thBI(R) of the REJ command/response.

3.5.3.2.7.2.3he receive not ready command or response (RNR) shall be used to indicate
condition,i.e. temporary inability to accept additional incomidgames, where:

a) frames numbered up to and includiN¢R) i 1 are acknowledged,;

b) frameN(R) and any subsequenframes received, if any, are not acknowledg
(the acceptance status of thésenes shall be indicated in subsequent exchang

c) the clearing of a busy condition shall be indicated by the transmission of af
REJ, SABM, or UAwith or withoutt he P/ F bit set to

3.5.32.7.2.3.1
a) A station receiving an RNR frame when iretprocess of transmitting shaliop
transmitting Hframes at thearliest possible time.

b) Any REJ command or response which was received prior to the SRH&Rd be
actioned before the terminationtoAnsmission.

c) It shall be permissible for a combined station to use the RNR command wit
pol I bit setstupefrntibosooy obtame with
the remote combined station.

3.5.3.2.7.2.4t shall be permissible for the selective reject command or response (SREJ) to b
to requestetransmission of the singldhame numberedl(R) where:

a) frames numbered up ¥(R) T 1 are acknowledged; fram(R) is not accepted
the only Hramesaccepted are thoseceived correctly and in sequence followi
the Hrame requested; the specifidrame to be retransmitted isdicated by the
N(R) in the SREJ command/response;

b) the SREJ exception condition is cleared (reset) upon receipt eframé with an
N(S count equal to thBI(R) of the SREJ;

c) after a station transmits a SREJ it is not permitted to transmit SREJ or REJ
additional sequence error until thiest SREJ error condition has been cleared;

d) I-frames that have been permittedb®transmitted following theframe indicated
by the SREJ are no¢transmitted as the result of receiving a SREJ; and
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e) it is permissible for additional-frames pending initial transmission to be
transmitted following the retransmission tbe specificl-frame requested by th
SREJ.

1%

3.5.3.2.7.3 The Uframe commands and responses shall be used to extend the number |of link
control functions.Transmitted Uframes do not increment the sequence counts at
either the transmitting or receiving station.

a) The Uframe modesetting commands (SABM, and DISC) shall be used to place
the addressed station in thppropriate response mode (ABM or ADM) where:

1. upon acceptance of the command, the station send and receive state variables,
V(S andV(R), are set to zero;

2. the addessed station confirms acceptance at the earliest possible time by
transmission of a single unnumbegknowledgement, UA;

3. previously transmitted frames that are unacknowledged when the command is
actioned remaininacknowledged;

4. the DISC command is udeo perform a logical disconnect, i.e. to inform the
addressed combined station th#ie transmitting combined station |s
suspending operation. No information field shall be permitted witrDils
command.

b) The unnumbered acknowledge response (UA) sfealised by a combined station
to acknowledge the receipt aadceptance of an unnumbered command.

Received unnumbered commands are not actioned until the UA response is
transmitted. No information field shall be permitted with the UA response.

c) The framereject response (FRMR), employing the information field described
below, shall be used by a combins@tion in the operational mode (ABM) to
report that one of the following conditions resulted from the receipt fodirae
without an FCS error:

1. acommand/response that is invalid or not implemented;

2. aframe with an information field that exceeds the size of the buffer available;

3. aframe having an invaliN(R) count.

An invalid N(R) is a count which points to aAfiame which has previously been
transmitted andacknowledged or to afiname which has not been transmitted and
is not the next sequentiafdfame pendingransmission.

d) The disconnected mode response (DM) shall be used to report@erational
status where the station is logicatlisconnected from the link. No informatio
field shall be permitted with the DM response.

=
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3.5.3.3

3.5.3.3.1

3.5.33.1.1

3.5.3.3.1.2

3.5.3.3.2
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The DM response shall be sent to request the remote combined statssueoa
modesetting command orif sent in response to the reception of a mseeting
commandio inform the remote combined station that tifa@smitting station is still in
ADM and cannot action the modetting command.

Exception condition reporting and recovery

This section specifies the procedures that shall be employed to effect reg

following the detection or occurrence of amception condition at the link leve|.

Exception conditions described are those situations that may occur as the re
transmission errors, station malfunction, or operational situations.

Busy conditiori A busy condition occurs when a station temporarily cannot receiy

continue to receivel-frames due to internal constraints, e.g. due to buffer
limitations. The busy condition shall be reported to the remaebined station by the

transmission of an RRl frame with theN(R) number of the next-frame that is
expected. It shall bpermissible for traffic pending transmission at the busy statio
be transmitted prior to or following the RNR.

The continued existence of a busy condition must be repbstagtransmission of
RNR at each P/F framexchange.

Upon receipt of an RNR, a combined station in ABM shall cease transmiftiagnés
at the earliespossible time by completing or aborting the frame in process.
combined station receiving an RNR a#lhperform atime-out operation before
resuming asynchronous transmission-tmes unless the busy condition is report
as cleared byhe remote combined station. If the RNR was received as a com
with the P bit set talbresfioddonjth ah-Hame with theh
bit set to Alo.

rovery

sult of

e or
ng

The

ed
mand
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The busy condition shall be cleared at the station which transmitted the RNR when the

internal constrainteases. Clearance of the busy condition shall be reported t
remote station by transmissi@f an RR, REJ, SABM, or Uftame (with or without
the P/F bit set to Al1l0).

N(S) sequence errofi An N(S) sequence exception shall be established in
receiving station when adrframe that is received error free (no FCS error) contain
N(S) sequence number that is not equal to the receive vangB)eat the receiving
station.

0 the

the
5 an

The receiving station shall not acknowledge (shall not increment its receive variable

V(R)) the frame causing the sequence error, or afrarhes which may follow, until
an Hrame with the correcN(S number isreceived. A station that receives one
more Hrames having sequence errors, but which are otherwise error free,
acceptthe contrahformation contained in thdl(R) field and the P/F bit to perforn
link control functions, e.g. to receivacknowledgement of previously transmitted
frames (viathéd(R) ) , t o cause the station to
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3.5.3.3.2.1 The means specified i8.5.3.3.2.1.1 and 3.532.1.2 shall be available for initiatin
the retransmission dbst or errored-frames following the occurrence of a sequer
error.

3.5.3.3.2.1.Where the REJ command/response is used to initiate an exception recovery fol
the detectiorofas equence error, only one fdse
station to another station, shall be established at a tinfiesfe nt REJ O e
be cleared when the requestettame is received. A station receiving REJ sh
initiate sequetial (re)transmission of-frames starting with the-frame indicated by
theN(R) contained in the REJ frame.

FRMR INFORMATION FIELD BITS FOR BASIC (SABM) OPERATION

First bit

transmitted
1 819 |10 12113 |14 16 (17|18 (19|20 |21 24
rejected basic control field | 0 V(S) v VIR) wlx|yl|z set to zero

where:
rejected basic control field is the control field of the received frame which caused the frame reject;

V(5) is the current value of the send state variable at the remote combined station reporting the error condition
(bit 10 = low order hit);

V(R) is the current value of the receive state variable at the remote combined station reporting the error condition
(bit 14 = low order hit);

vset to “1” indicates that the received frame which caused rejection was a response;
wset to “1” indicates that the control field received and returned in bits 1 through 8 are invalid or not implemented;

xset to “1” indicates that the control field received and returned in bits 1 through 8 was considered invalid because the frame
contained an information field which is not permitted with this command. Bit w must be set to “1” in conjunction with this bit;

ysetto “1” indicates that the information field received exceeded the maximum information field length which can be
accommodated by the station reporting the error condition. This bit is mutually exclusive with bits w and x above;

zset to “1” indicates that the control field received and returned in bits 1 through 8 contained an invalid N(%) count. This bit is
mutually exclusive with bit w:

1ce

owing
nt

Xce
all

3.5.3.3.2.1.2n the event a receiving station, due to a transmission error, does not receive (or

receives and discards)single Hrame or the last-frame(s) in a sequence oframes,
it shall not detect an owtf-sequence exception and, therefategll not transmit REJ
The station which transmitted the unacknowledgdcarhe(s) shall, following t&
completion of asystemspecified timeout period, take appropriate recovery action
determine the sequence number at which retransmisgishbegin.

3.5.3.3.2.1.A combined station which has timed out waiting for a resp@m®uldnot retransmit

all unacknowledged frames immediately. The station may enquire about status with a

supervisory frame.
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If a station does retransmit all unacknowledgédthines after a timeut, it must be
prepared to receivesaibsequent REJ frame with BIR) greater than its send variab
V(S).

Since contention may occur in the case of-iay alternate communications in ABW

or ADM, the timeoutinterval employed by one combined station must be greater
that employed by the other combined station so gastmitcontention to be resolved,

FCS erro 7 Any frame with an FCS error shall not be accepted by the recei
station and will be discardetllo action shall be taken by the receiving station as
result of that frame.

Frame reject exceptiorrondition i A frame reject exception condition shall be
established upon the receipt ah erroffree frame which contains an invalid or

unimplemented control field, an invalid(R), or an information field which has
exceeded the maximum established gferaapability. If a frame reject exceptia
condition occurs in a combined statitime station shall either:

a) take recovery action without reporting the condition to the remote comhk
station; or

b) report the condition to the remote combined station &iffRMR response. Th
remote station will then be expectamltake recovery action; if, after waiting g
appropriate time, no recovery action appears to have been takergntiéned
station reporting the frame reject exception condition may take recavgoy.

Recovery action for balanced operation includes the transmission of an implen

modesetting command. Higher levieinctions may also be involved in the recovery.

Modesetting contentioni A modesetting contention situation exists when
comhined station issues a modesettowinmand and, before receiving an appropri
response (UA or DM), receives a mesketting command from theemote combined
station. Contention situations shall be resolved in the following manner:

a) when the send aneceive modesetting commands are the same, each comb
station shall send a UA response the earliest respond opportunity. Ea
combined station shall either enter the indicated mode immediately or
entering the indicated mode until receiving A késponse. In the latter case, if th
UA response is not received:

1. the mode may be entered when the response timer expires; or
2. the modesetting command may be reissued,;

b) when the modsetting commands are different, each combined station shall
ADM and issue a DM responsethe earliest respond opportunity. In the case

DISC contention with a different moeetting command, no furtheaction is
required.
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Timeout functionsi Time-out functions shall be used to detect that a requirec
expectedacknowledgingaction or response to a previously transmitted frame has

been received. Expiration of the tiroat function shall initiateppropriate action, e.g.
error recovery or reissuance of the P bit. The duration of the followingdirne

functiors is systendependent and subject to bilateral agreement:

a) combined stations shall provide a thoet function to determine that a respon
frame with F bommaed toamdowittoh at h
been received. The timmut function shall automatically ceasgon receipt of a
valid frame with the F bit set to

b) a combined station which has no P bit outstanding, and which has transmittg
or more frames for whichesponses are anticipated shall start a-tonefunction
to detect the noesponse condition. The tirmt functionshall cease when an
or Sframe is received with thB(R) higher than the last receiv®{R) (actually
acknowledging one or morefiames).

] or
not

>d one
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Table 31 International Telegraph Alphabets No.2 and M. 3
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Second Edition

Rev.:00

Impulses
5-unit code
Number of Letter Figure
signal case case Start 12345 Stop
International
Code Ne. 2
1 A — A ZZAAN Z
2 B 7 A ZANTY Z
3 C : A ATTIA Z
4 D Note 1 A ZAATA Z
5 E 3 A ZAAAA Z
6 F A ZAZZA Z
7 G A ATATT Z
8 H A AANTAY Z
9 I B A AZZAAN Z
10 ] Attention signal A LLALA z
11 K ( A LILTA Z
12 L ) A AZAMNT Z
13 M . A AAZTY Z
14 N . A ANZTA Z
15 0 9 A AAANTT Z
16 P 0 A ATZAT Z
17 Q 1 A LLIAY Z
18 R 1 A AZAZA Z
19 S ' A ZAZAAN Z
20 T 5 A AAAAY Z
21 U 7 A ZLLAA Z
22 \Y = A VNN Z
23 W 2 A ZEANY Z
24 X ! A LALZY Z
25 Y 6 A LZAZANY Z
26 Z + A ZAANY Z
27 carriage return A AAAZA Z
28 line feed A AZAAA zZ
29 letters A 22777 Z
30 figures A LIAZY Z
31 space A AAZAN Z
32 unperforated tape A AAAAA Z
33 signal repetition
34 signal «
35 signal B
Sign Closed circuit Double current
A No current Negative current
Z Positive current Positive current
Note 1.—  Used for answer-back facility.
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TABLE 3-2 International Alphabet No.5 (IA -5)

b; 0 0 0 0 1 1 1 1
b 0 0 1 1 0 0 1 1
bs 0 1 0 1 0 1 0 1
by bs b b 0 1 2 3 4 5 6 T
0 0 0 0 0 NUL TC; SP 0 @ P
(DLE)
0 0 0 1 1 TC, DC, I 1 A Q a q
(SOH)
0 0 1 0 2 TC, DC, " 2 B R b r
(5TX) @
0 0 1 1 3 TC, DC, # 3 C S C S
(ETX)
0 1 0 0 4 TC, DC, o 4 D T d t
(EQT) @
0 1 0 1 5 TCs TCy % 5 E U e u
(ENQ) (NAK)
0 1 1 0 6 TCs TC, & 6 F A f v
(ACK) (SYN)
0 1 1 1 7 BEL TCy ' 7 G w g w
(ETB) ®
1 0 0 0 8 FE; CAN ( 8 H X h X
(BS)
1 0 0 1 9 FE; EM ) 9 I Y i y
(HT)
1 0 1 0 10 FE:@ SUB * : J Z ] z
(LF)
1 0 1 1 11 FE: ESC + ; K [ k {
(VT)
1 1 0 0 12 FE,4 IS, @ < L \ I |
(FF) (FS) .
1 1 0 1 13 FE=@ 1S2 - = M ] m }
(CR) (GS)
1 1 1 0 14 SO 1S5 . > N " n -
(RS) @
1 1 1 1 15 Sl IS, / ? (0] . 0 DEL
us)
NOTES

Note 1.—The farmat effectors are infended for equipment in which honizontal and vertical movements are effected separately. If
equipment requires the action of CARRIAGE RETURN fo be combined with a vertical movement, the format effector for that vertical
movement may be used to effect the combined movement. Use of FE 2 for a combined CR and LF operation is not allowed for
international transmission on AFS networks.

Note 2 —The symbol = does not designate the currency of a specific country.

Note 3 —Position 7/14 is used for graphic character — (OVERLINE), the graphical representation of which may vary according to
national use to represent (TILDE) or another diacritical sign provided that there is no risk of confusion with another graphic character
included in the table.

Note 4.—The graphic characters in position 2/2, 2/7, 2/12 and 5/14 have respectively the significance of QUOTATION MARK,
APOSTROPHE, COMMA and UPWARD ARROW HEAD; however, these characters take on the significance of the diacritical signs
DIAERESIS, ACUTE ACCENT, CEDILLA and CIRCUMFLEX ACCENT when they are preceded or followed by the BACKSPACE
character (0/8).

Note 5 —When graphical representation of the control characters of IA-5 is required, it is permissible fo use the symbols specified in
International Organization for Standardization (ISO) Standard 2047-1975.
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TABLE 3-3 Conversion from the International Telegraph Alphabet No.(ITA-2) to the
International Alphabet No. 5(1-5)

ITA-2 ITA-2
letter case IA-5 figure case IA-5
of signal No. column/row of signal No. columm/row

1 A 411 A | - 2113 -

2 B 472 B 2 ? IS 7

3 C 4/3 C 3 ' 3o

4 D 4/4 D 4 357

5 E 4/5 E 3 3 3/3 3

6 F 4/6 F 6 IS 7

7 G 477 G 7 357

8§ H 4/8 H 8 s 7

9 1 4/9 I 9 8 3/8 8
10 ] 410 ] 10 Attention Signal (Note 3)  0/7 Bel
11 K 411 K 11 ( 2/8 (
12 L 412 L 12 ) 2/9 )
13 M 413 M 13 : 214 .
14 N 4/14 N 14 , 21z
15 0 415 O 15 9 3/9 9
16 P 5/0 P 16 0 3/0 0
17 Q 5/1 Q 17 1 31 1
18 R 5/2 R 18 1 3/4 4
19 S 5/3 S 19 ' 27 '
20 T 5/4 T 20 5 3/5 5
21 U 5/5 U 21 7 3 7
22V 5/6 N 22 = 33 =
23 W 517 W 23 2 372 2
24 X 5/8 X 24 / 2115/
25 Y 5/9 Y 25 6 3/6 6
26 Z 510 Z 26 + 2111+
27 CR 0113 CR 27 CR 013 CR
28 LF 0/10 LF 28 LF 010  LF
29 LTRS * 29 LTRS *
30 FIGS * 30 FIGS *
31 SP 2/0 SP 31 SP 2/0 SP
32 * 32 *

* No conversion shall be made for these positions and the signal/character shall be removed from
the data.

Note 1.— The end-of-message signal NNNN (in letter and figure case) shall convert to ETX (0/3).

Note 2— The start-of-message signal ZCZC (in letter and figure case) shall convert to
SOH (0/1).

Note 3.— Figures case of Signal No. 10 shall only be converted upon detection of the AFTN
priority alarm which shall convert to five occurrences of BEL (0/7).

Note 4.— When converting from ITA-2, a STX (0/2) character shall be inserted once at the
beginning of the next line following detection of CR LF or LF CR ar the end of the
Origin Line.

Note 5.— The sequence of seven signal 28 (LF) shall convert to one VT ((/11) character.
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TABLE 3-4 Conversion from the International Alphabet No. 5 (IA-5) to the
International Telegraph Alphabet No. 2(ITA-2)

Col]

Row 0 2 3 4 5 6 7
0 * 31FL 16F 2F 16L 2F 16L
1 Note 5 2F 17F 1L 17L 1L 17L
2 * 2F 23F 2L 18L 2L 181
3 Note 1 2F 5F 3L 19L 3L 19L
4 * 2F 18F AL 20L AL 20L
5 * 2F 20F 5L 21L 5L 21L
6 * 2F 25F 6L 22L 6L 22L
7 Note 2 19F 21F L 23L 7L 23L
8 * 11F 9F 8L 241 8L 24L
9 * 12F 15F 9L 25L 9L 25L
10 28 FL 2F 3F 10L 26L 10L 261
11 Note 3 26F 2F 1L 2F 11L 2F
12 * 14F 2F 121 2F 12L o2F
13 27FL IF 22F 13L 2F 13L 2F
14 * 13F 2F 14L 2F 141 2F
15 * 24F 2F 151 2F 15L *

* No conversion shall be made for these positions and the signal/character shall be removed from the data.

Example:  To find the ITA-Z signal fo which the character 3/6 of IA-5 is to be converted, look at column 3, row 6.
Z25F means figure case of signal No. 25
(L = letter case, FL = either case designation).

Note 1.— The character (V3 (ETX) shall convert to the ITA-2 sequence signals 14L, 14L, 14L, 141 (NNNN).

Note 2. —  The signal 0/7 (BEL) shall only be converted when a sequence of 5 occurrences is detected, which shall
convert to the ITA-Z sequence signals 30, 10F, 10F, 10F, 10F, 10F, Z29.

Note 3. —  The character sequence CR CR LF VT (0/11) ETX (0/3) shall convert to the ITA-2 sequence signals 29, 27,
27, 28. 28, 28, 28 28, 28, 28, 28, 14L, 14L, 14L, 14L.

Note 4. —  To prevent redundant generation of figure and letter characters in ITA-Z when converting from IA-5, no
case designation shall be assigned to ITA-2 non-printing functions (signals No. 27, 28, 29, 30, 31).

Note 5. —  The character 0/1 (SOH) shall convert to the ITA-2 sequence signals 26L, 3L, 26L, 3L (ZCZC).
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TABLE 3-5 Control field formats

Control field bits
Control field format for 1 2 3 4 5 6 T 8
Information transfer (I frame) 0 NE) P N(R)
Supervisory commands/responses (S frame) 1 0 S S FP/F N(R)
Unnumbered commands/responses 1 1 M M PiF M M M

where:

N(5) = send sequence count (bit 2 = low order bit)
N(R) = receive sequence count (bit 6 = low order bit)
S = supervisory function bits

M = modifier function bits

P = poll bit (in commands)

F = final bit (in responses)

TABLE 3-6 Commands and responses
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