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171.053.1. Definitions

Notelr ! ff NBFSNByOSa (G2 awlRA2 wS3dA GA2yas |
the International Telecommunication Union (ITU). Radio Regulations are amended from

time to time by the decisions embodied in the Final Acts of World Radiocommumicatio
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 21 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
presribed 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 31 This chapter contains general definitions relevant to communication systems.
Definitions specific to each of the systems included in this volume are contained in the
relevant chapters.

Note 41 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 |, Attachment F, respectively.

Aeronautical administrative communications (AACJommunications necessary for the
exchange of aeronautical administrative messages.

Aeronautical operational control (AOCXCommunication required for the exercise of
authority over the initiation, continuation, diversion or termination of flight for safety,
regularity and efficiency reasons.
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Aeronautical telecommunication network (ATNA global internetwork architecture that
allows ground, aiground and avionic data subnetworks to exchange digital data for the
safety of air navigation and for the regular, efficient and economic operation of air traffic
services.

Aircraft addressA unique combination of twentjour bits available for assignment to an
aircraft for the purpose of airground communications, navigation and surveillance.

Aircraft earth station (AES)A mobile earth station in the aeronautical mobgdatellite
AaSNIBAOS t20FGSR 2y 02FNR |y |ANONY TG 6aS8Ss

Air traffic service.A generic term meaning variously, flight information service, alerting
service, air traffic advisory service, air traffic control service (area control service,
approach control service or aerodrome control service).

Automatic dependent surveillanca contract (ADSC).A means by which the terms of

an ADSC agreement will be exchanged between the ground system and the aircraft, via
a data link, specifying under what conditions AD&ports would be initiated, and what
data would be contained in the reports.

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

Data linkautomatic terminal information service ¢{BTIS). The provision of ATIS via data
link.

Voiceautomatic terminal information service (Voi€el'lS).The provision of ATIS by
means of continuous and repetitive voice broadcasts.

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.

Carrierto-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.

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



/f
NCAA

NAMIBLA CIVIL AVIATION AUTHORITY

TECHNICAL STANDARDS

Namibia Civil Aviation Authority - (NAMCATS)
Safety Division

Part 171: ATEL-Volume 3

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 accuracylhis 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 10implies the maximum allowed error in the clock is +1.2 X 4.

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

Controller pilot data link communications (CPDL&)neans of communication between
controller and pilot, using data link for ATC communications.

Data link flight information services ({51S).The provision of FIS via data link.

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

Endto-end. Pertaining or relating to an entire communication path, typically from (1) the
interface between the information source and the communication system at the
transmitting end to (2) the interface between the communication system and the
information user omprocessor or application at the receiving end.

Enduser.An ultimate source and/or consumer of information.

Energy per symbol to noise density ratio J(H.). The ratio of the average energy
transmitted per channel symbol to the average noise power in a 1 Hz bandwidth, usually
expressed in dB. ForBPSK and-@PSK, one channel symbol refers to one channel bit.

Equivalent isotropically radiated power (e.i.r.p.Y-he 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).

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

Forward error correction (FECYhe process of adding redundant information to the
transmitted signal in a manner which allows correction, at the receiver, of errors incurred
in the transmission.
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Gainto-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 (GESAN earth station in the fixed satellite service, or, in some
cases, in the aeronautical mob#atellite service, located at a specified fixed point on

land to provide a feeder link for the aeronautical mobilesatellite service.

Notet ¢ KAad RSTFAYAUGUAZ2Y A&

dzZASR Ay GKS L¢! Q&

SINIK &dGFGA2yéd ¢KS RSTFAYAGAZ2Y KSNBAY
it from an aircraft earth station (AES), which is a mobile statioarpaircraft.

Mode S subnetworkA means of performing an interchange of digital data through the

v

a

use of secondary surveillance radar (SSR) Mode S interrogators and transponders in

accordance with defined protocols.

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

coordination béween the users.

Time division multiple access (TDMAA.multiple access scheme based on tistared

use of an RF channemploying :(1) discrete contiguous time slots as the fundamental

sharedresource and (2) a set of operating protocols that allows users to interact with a
master control station to mediate access to the channel.

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.

Transit delayln 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.

wl |
a L
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VHF digital link (VDL).A constituent mobile subnetwork of the aeronautical
telecommunication network (ATN), operating in the aeronautical mobile VHF frequency

band. In addition, the VDL may provide r&@mN functions such as, for instance, digitized
voice.

10




3> \

Namibia Civil Aviation Authority -

Safety Division

TECHNICAL STANDARDS
(NAMCATS)

Part 171: ATEL-Volume 3

171.053.2. General

[to be developed]

11




‘X TECHNICAL STANDARDS
K Namibia Civil Aviation Authority - (NAMCATYS)

y Safety Division

NCAA Part 171: ATEL-Volume 3

NAMIBLA CIVIL AVIATION AUTHORITY

171.053.3 Aeronautical Telecommunication Network

Note 11 Detailed technical specifications for ATN/OSI applications are contained in the
Manual on Detailed Technical Specifications for the Aeronautical Telecommunication
Network (ATN) using ISO/OSI Standards and Protocols (Doc 9880) and in the Manual of
Technical Provisions for the Aeronautical Telecommunication Network (ATN) (Doc 9705).

Note 21 Detailed technical specifications for ATN/IPS applications are contained in the
Manual for the Aeronautical Telecommunication Network (ATN) using Internet Protocol
Suite (IPS) Standards and Protocols (Doc 9896) (available electronically orOihetiICA

171.053.3.1 Definitions

Application entity (AE)An AE represents a set of ISO/OSI communication capabilities of
a particular application process (see ISO/IEC 9545 for further details).

ATN security serviced 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.

ATS interfacility data communication (AIDCAutomated data exchange between air
traffic services units in support of flight notification, flight coordination, transfer of
control and transfer of communication.

ATS message handling service (ATSMHKAE8)ATN application consisting of procedures
used to exchange ATS messages in shmickforward mode 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 message handling system (AMHBhe set of computing and communication
resources implemented by ATS organizations to provide the ATS message handling
service.

Authorized path.A communication path suitable for a given message category.

Data link initiation capability (DLICA data link application that provides the ability to
exchange addresses, names and version numbers necessary to initiate data link
applications (see Doc 4444).

12
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Directory service (DIRA service, based on the [TTUX.500 series of recommendations,
providing access to and management of structured information relevant to the operation
of the ATN and its users.
Required communication performance (RCPA statement of the performance
requirements for operational communication in support of specific ATM functions (see
Manual on Required Communication Performance (RCP) (Doc 9869)).
171.053.3.2 Introduction
171.0533.2.1 The ATN is specifically and exclusively intended to provide digital data communications
services to aitraffic service 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) aeronautical operational contr@ommunications (AOC); and

d) aeronautical administrative communications (AAC).

171.053.3.3 General
Note T The Standards and Recommended Practices in seclidgh€53.3.4 to
171.053.3.8 define the minimum required protocols and services that will enable the
global implementation of the aeronautical telecommunication network (ATN).

171.053.3.3.1 ATN communication servieeastsupport ATN applications.

171.053.3.3.2 Requirements for implementation of the Afstbe made on the basis of regional air

navigation agreements. These agreementaist specify the area in which the
communication standards for the ATN/OSI or the ATN/IPS are applicable.

171.053.3.4 General Requirements

13
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171.0533.4.1 The ATNnust either use International Organization for Standardization (ISO)
communication standards for open systems interconnection (OSI) or use the Internet
Society (ISOC) communications standards for the Internet Protocol Suite
(IPS).

Note 1t ATN/IPS implementation is preferred for grotgrdund networks. While
ATN/OSI continues to be supported irgaivund networks, particularly when using VDL
Mode 2, it is expected that future aground implementations will use the ATN/IPS.

Note 21 Interoperability between interconnecting OSI/IPS networks is expected to be
arranged prior to implementation.

Note 31 Guidance material on interoperability between ATN/OSI and ATN/IPS is
contained in Doc 9896.

171.0533.4.2 The AFTN/AMHS gatevmayst ensure the interoperability of AFTN and CIDIN stations
and networks with the ATN.

171.053.3.4.3 An authorized path(sjustbe defined on the basis of a predefined routing policy.

171.0533.4.4 The ATNusttransmit, relay and deliver messages in accordance with the priority
classifications and without discrimination or undue delay.

171.0533.4.5 The ATMust provide means to define data communications that can be carried only
over authorized paths for the traffic type and category specified by the user.

171.0533.4.6  The ATkhust provide communication in accordance with the prescribed required
communication performance
(RCP).

Noter The Manual on Required Communication Performance (RCP) (Doc 9869) contains
the necessary information on RCP.

171.053.3.4.7 The AThustoperate in accordance with the communication priorities defined in Table
3-1(located at the end of this pargnd Table 2.

171.053.3.4.8 The AThMustenable exchange of application information when one or more authorized
paths exist.

14
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171.0533.4.9 The AThust notify the appropriate application processes when no authorized path
exists.

171.053.3.4.10 The ATiMustmake provisions for the efficient use of limited bandwidth subnetworks.

171.053.3.4.11 Recommendatiort The ATNnayenable an aircraft intermediate system (router) to
connect to a ground intermediate system (router) via different subnetworks.

171.053.3.4.12 Recommendatiort The ATNnayenable an aircraft intermediate system (router) to
connect to different ground intermediate systems (routers).

171.053.3.4.13 The ATNustenable the exchange of address informatimegtween applications

171.053.3.4.14 Where the absolute time of day is used within the ATt be accurate to within 1
second of coordinated universal time (UTC).

Noter The time accuracy value results in synchronization errors of up to two seconds.

171.053.3.5 Atn Applications Requirements
171.053.3.5.1 System applications
Noter System applications provide services that are necessary for operation of the ATN.

171.0533.5.1.1 The ATMustsupport the data link initiation capability (DLIC) applications when air
ground data links are implemented.

Noterx The Manual of Air Traffic Services Data Link Applications (Doc 9694, Part 1)
defines the data link initiation capability (DLIC) application.

171.0533.5.1.2 The ATN/OSI esgstemmustsupport the following directory services (DIR) application
functions when AMHS and/or security protocols are implemented:

a) directory information retrieval; and

b) directory information modification.

171.053.3.5.2 Airground applications
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171.0533.5.2.1 The ATiMustbe capable of supporting one or more of the following applications:
a) ADSC;
b) CPDLC; and
c¢) FIS (including ATIS and METAR).

Noter See the Manual of Air Traffic Services Data Link Applications (Doc 9694).

171.053.3.5.3 Groundyround applications

171.0533.5.3.1 The ATiMustbe capable of supporting the following applications:
a) ATS interfacility data communication (AIDC); and
b) ATS message handling services applications (ATSMHS).

Noter See the Manual of Air Traffic Services Data Link Applications (Doc 9694).

171.053.3.6 Atn Communications Service Requirements

171.053.3.6.1 ATN/IPS upper layer communications service

171.0533.6.1.1 An ATN hdsnust be capable of supporting the ATN/IPS upper layers including an
application layer.

171.053.3.6.2 ATN/OSI upper layer communications service

171.0533.6.2.1 An ATN/OSI esgstem (ES)must be capable of supporting the OSI upper layer
communications service (ULCS) including session, presentation and application layers.

171.053.3.6.3 ATN/IPS communications service

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

171.053.3.6.3.2 An IPS routerustsupport the ATN network layer in accordance with RFC 2460 (IPv6)
and RFC 4271 (BGP), and RFC 2858 (BGP multiprotocol extensions).

171.053.3.6.4 ATN/OSI communications service

171.0533.6.4.1 An ATN/OSI esgstemmustbe capable of supporting the ATN including the:

a) transport layer in accordance with ISO/IEC 8073 (TP4) and optionally ISO/IEC 8602
(CLTP); and

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

An ATN host is an ATN esglstem in OSI terminology; an ATN &ydtem is an
ATN host in IPS terminology.

171.0533.6.4.2 An ATN intermediate system (iB)st support the ATN network layer in accordance
with ISO/IEC 8473 (CLNP) and ISO/IEC 10747 (IDRP).

171.053.3.7 Atn Naming And Addressing Requirements
Noter The ATN naming and addressing scheme supports the principles of unambiguous
identification of intermediate systems (routers) and -@ydtems (hosts) and provides
global address standardization.

171.0533.7.1 The AThustprovide provisions for unambiguous application identification.

171.053.3.7.2 The AThustprovide provisions for unambiguous addressing.

171.053.3.7.3 The AThustprovide means to unambiguously address all ATNsystiems (hosts) and
intermediate systems (routers).
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171.0533.7.4

171.053.3.8

171.053.3.8.1

171.053.3.8.2

171.053.3.8.3

171.0533.8.4

The ATN addressing and naming ptanst allow States and organizations to assign
addresses and names within their own administrative domains.
Atn Security Requirements

The AThustmake provisions whereby only the controlling ATS unit may provide ATC
instructions to aircraft operating in its airspace.

Noter This is achieved through the current and next data authority aspects of the
controllerpilot data link communications (CPDLC) application.

The ATiMustenable the recipient of a message to identify the originator of that message.
ATN endystems supporting ATN security servicesstbe capable of authenticating the
identity of peer endsystems, authenticating the source of messages and ensuring the data

integrity of the messages.

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

The ATN serviaasistbe protected against service attacks to a level consistent with the
application service requirements.
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Tables For Section 3

Table 3-1.

Mapping of ATN communication priorities

Corresponding protocol priority
Transport layer 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 4 10
Meteorological communications METAR 5 9
Flight regularity communications DLIC, ATSMHS 6 8
Aeronautical information service messages 7 7
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 layver priorities shown in the table apply only to connectionless network priority and do not apply
fo subnetwork priority.
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Table 3-2. Mapping of ATN nerwork priority to mobile subnetwork prioricy

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

Message categories priovity AMSS Made 2 Mode 3 Mode 4 Mode 5 HFDL
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-pricrity flight safety 10 11 see Note 1 2 10 high 11
messages
Metecrological 9 8 see Note 1 1 9 low 8
communications
Flight regularity 8 7 see Note 1 1 8 low T
O CAtions
Aeronautical information 7 6 see Note 1 0 7 low 6
SETVICE MEessages
Network/systems 6 5 see Note 1 0 ] low 5
administration
Aeronautical adninistrative 5 5 not not not not not
messages allowed allowed allowed allowed allowed
<unassigned= 4 voassigned | unassigned | unassigned | vnassigned | unassigned | unassizned
Urgent-priority 3 3 not not not not not
administrative and TN. allowed allowed allowed allowed allowed
Charter comnmnications
High-priority administrative 2 2 not not not not not
and State/Government allowed allowed allowed allowed allowed
communications
Normal-pricrity 1 1 not not not not not
administrative allowed allowed allowed allowed allowed
communications
Low-priority adninistrative 0 0 not not not not not
cotmmunications and allowed allowed allowed allowed allowed
aeronautical passenger
communications

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

Note 2— The AMSS SARFs specifi mapping of message categovies to subnetwork priovity without explicitly referencing ATN
network layer priovity.

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 S4RFs.

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 systam (BIS) tachnical provisions.
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Figure For Section 3
End system (ES) End system (ES)
Application proceis ATN end-to-end ‘Appllcatlon process
Application Application
entity ATN communication entity
services end-to-end
Upper layers Upper layers
communllc:tlons ATN Internet communications comrr;un.lc:uons
Servic P service end-to-end - Servic
'”te”_‘e‘ . Intermediate Intermediate '“te”.‘et .
communications system (IS) system (IS) communications
service service

Note 1.0 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 2.6 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 3.8 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 4.6 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 31. Conceptual model of the ATN
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171.053.4. Aeronautical MobileSatellite (Route) ServiceAMS(R)S)

171.053.4.1

Note 11 This chapter contains Standards and Recommended Practices applicable to the
use of Aeronautical MobileSatellite (R) Service communications technologies. The
Standards and Recommended Practices in this chapter are samtteerformance
orientedand are not tied to a specific technology or technique.

Note 21 Detailed Technical Specifications of AMS(R)S Systems are contained in the
manual on AMS(R)S. This document also provides a detailed description of the AMS(R)S,
including details on the Standards and Recommended Practices below.

Definitions

Connection establishment delayConnection establishment delay, as defined in ISO
8348, includes a component, attributable to the called subnetwork (SN) service user,
which is the time between the SBIONNECT indication and t8&CONNECT response.
This user component is due to actions outside the boundaries of the satellite subnetwork
and is therefore excluded from the AMS(R)S specifications.

Data transfer delay (95th percentileY.he 95th percentile of the statistical distribution of
delays for which transit delay is the average.

Data transit delay.In accordance with ISO 8348, the average value of the statistical
distribution of data delays. This delay represents the subnetwork delay and does not
include the connection establishment delay.

™

Network (N).¢ KS g2NR aySGg2N] ¢ | YR
Al a

GKS g2NR aadzoySig2N]l¢ I yR
relation to the subnetwork layer packet data performance.

Residual error rateThe ratio of incorrect, lost and duplicate subnetwork service data
units (SNSDUSs) to the total number of SNSDUs that were sent.

Spot beam.Satellite antenna directivity whose main lobe encompasses significantly less
GKFyYy (GKS SI NIKQa iyl ie® 6f tha sateliite. Mag beddsigried y £ Ay
SO as to improve system resource efficiency with respect to geographical distritmition

user earth stations.

22



”X TECHNICAL STANDARDS
( Namibia Civil Aviation Authority - (NAMCATYS)

y Safety Division

NCAA Part 171: ATEL-Volume 3

NAMIBLA CIVIL AVIATION AUTHORITY

Subnetwork (SN)SeeNetwork (N).

Subnetwork service data unit (SNSDWBn amount of subnetwork user data, the identity
of which is preserved from one end of a subnetwork connection to the other.

Total voice transfer delayThe 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 laydelay, RF propagation delay and any other delays within
an AMS(R)S subnetwork.

Noter The following terms used in this chapter are defined in Annex 10 as follows:
Aeronautical telecommunication network (ATN): Volume lll, Chapter 1.

Aeronautical mobilesatellite (route) service (AMS(R)S): Volume I, Chapter 1.1.
Aircraft earth station (AES): Volume 1lI, Chapter 1.
Ground earth station (GES): Volume l1ll, Chapter 1.

Subnetwork layer: Volume lll, Chapter 6.1.

171.053.4.2 General

171.0534.2.1 Any mobilsatellite system intended to provide AMS(Rjfbist conform to the
requirements of this chapter.

171.0534.2.1.1 An AMS(R)S systemstsupport packet data service, or voice service, or both.

171.0534.2.2 Requirements for mandatory carriage of AMS(R)S system equipment including the level
of system capabilitynust be made on the basis of regional air navigation agreements
which specify the airspace of operation and the implementation timescales for the
carriage of equipment. A level of system capabititystinclude the performance of the
AES, the satellite and the GES.

171.0534.2.3 The agreements indicated1ii1.0534.2.2mustLINE A RS | 0 € SFad (g2
mandatory carriage of airborne systems.
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171.0534.2.4 Recommendatiort Civil aviation authoritiesnay coordinate with national authorities
and service providers those implementation aspects of an AMS(R)S system that will permit
its worldwide interoperability and optimum use, as appropriate.

171.0534.3 RFEharacteristics
171.0534.3.1 Frequency bands

Noter ITU Radio Regulations permit systems providing mgshilellite service to use

the same spectrum as AMS(R)S without requiring such systems to offer safety services.
This situation has the potential to reduce the spectrum available for AMS(R)&itical

that States consider this issue in frequency planning and in the establishment of national
or regional spectrum requirements.

171.0534.3.1.1 When providing AMS(R)S communications, an AMS(R)S systeaperate only in
frequency bands which are appropriately allocated to AMS(R)S and protected by the ITU
Radio Regulations.

171.053.4.3.2 Emissions

171.0534.3.2.1 The total emissions of the AES necessary to meet designed system performsince
be controlled to avoid harmful interference to other systems necessary to support safety
and regularity of air navigation, installed on the same or other aircraft.

Note 11 Harmful interference can result from radiated and/or conducted emissions that
include harmonics, discrete spurious, intermodulation product and noise emissions, and
FNBE y20 ySOSaalrNARfe fAYAGSR (2 GKS daiGNFyavYA

Note 21 Protection requirements for GNSS are contained in Annex 10, Volume I.

171.053.4.3.2.2 Interference To OtheAMS(R)Equipment

171.0534.3.2.2.1 Emissions from an AMS(R)S systerm@&i®iot cause harmful interference to an
AES providing AMS(R)S on a different aircratft.

Noter One method of complying with71.053.4.3.2.2.1 is by limiting emissions in the
operating band of other AMS(R)S equipment to a level consistent with the intersystem
interference requirements such as containedRMCA document BDZ15. RTCA and
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EUROCAE may establish new performance standards for future AMS(R)S which may
describe methods of compliance with this requirement.

171.053.4.3.3 Susceptibility

171.0534.3.3.1 The AES equipmentistoperate properly in an interference environment causing a
Odzydzt  GA @S NBtIFGABS OKFIy3aS Ay Ada NBOSAOSNI
171.053.4.4 Priority And PreEmptive Access

171.0534.4.1 Every aircraft earth station and ground earth statiarst be designed to ensure that
messages transmitted in accordance with Annex 10, Volume I, 5.1.8, including their order
of priority, are not delayed by the transmission and/or reception of other types of
messages. If necessary, as a means to comply withitbee requirement, message types
not defined in Annex 10, Volume II, 5.1ist be terminated even without warning, to
allow Annex 10, Volume I, 5.1.8 type messages to be transmittedeged/ed.

171.0534.4.2 All AMS(R)S data packets and all AMS(R)S voiceustllse identified as to their
associated priority.

171.0534.4.3  Within the same message category, the systamt provide voice communications
priority over data communications.

171.053.4.5 Signal Acquisition And Tracking

171.0534.5.1 The AES, GES and satettiiest properly acquire and track service link signals when the
aircraft is moving at a ground speed of up to 1 500 km/h (800 knots) along any heading.

171.0534.5.1.1 Recommendatiort The AES, GES and satellitesy properly acquire and track service
link signals when the aircraft is moving at a ground speed of up to 2 800 km/h (1 500
knots) along any heading.

171.0534.5.2 The AES, GES and satettiiest properly acquire and track service link signals when the
component of the aircraft acceleration vector in the plane of the satellite orbit is up to
0.6 g.

171.0534.5.2.1 Recommendatiort The AES, GES and satellitesy properly acquire and track service
link signals when the component of the aircraft acceleration vector in the plane of the
satellite orbitisup to 1.2 g.
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171.053.4.6 Performance Requirements
171.0534.6.1 Designated operational coverage
171.0534.6.1.1  An AMS(R)S systamst provide AMS(R)S throughout its designated operational

coverage (DOC).
171.053.4.6.2 Failure notification

171.0534.6.2.1 Inthe event of a service failure, an AMS(R)S syststprovide timely predictions of
the time, location and duration of any resultant outages until full service is restored.

Noter Service outages may, for example, be caused by the failure of a satellite, satellite
spot beam, or GES. The geographic areas affected by such outages may be a function of
the satellite orbit and system design, and may vary with time.

171.0534.6.2.2 The systemustannunciate a loss of communications capability within 30 seconds of
the time when it detects such a loss.

171.0534.6.3 AES requirements

171.0534.6.3.1 The AESustmeet the relevant performance requirements contained f1.0534.6.4
and 171.0534.6.5 for aircraft in straight and level flight throughout the designated
operational coverage of the satellite system.

171.0534.6.3.1.1 Recommendatiort The AE$nay meet the relevant performance requirements
contained inl71.053.4.6.4 and171.053.4.6.5 for aircraft attitudes of +26% degrees of
pitch and +/25 degrees of roll throughout the DOC of the satellite system.

171.0534.6.4 Packet data service performance

171.0534.6.4.1 If the system provides AMS(R)S packet data servingstinmeet the standards of the
following subparagraphs.

Noter System performance standards for packet data service may also be found in RTCA
Document DE70.
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171.0534.6.4.1.1 An AMS(R)S system providing a packet data senwstbe capable of operating as
a constituent mobile subnetwork of the ATN.

Notex In addition, an AMS(R)S may provide#diN data functions.
171.053.4.6.4.1.2 Delay Parameters

Notet ¢ KS (SN GaKAIKSad LINA2NARAGE &aSNWAOS:Y RS
distress, urgency and certain infrequent network system management messages. The
GSNY af26Said LINAR2NRGE aSNBAOSée RSy26Sa GKS
All delay parameters are under pehéur traffic loading conditions.

171.0534.6.4.1.2.1  Connection establishment delay. Connection establishment meistynot be
greater than 70 seconds.

171.0534.6.4.1.2.1.1 Recommendatiort Connection establishment delmaynot be greater than 50
seconds.

171.0534.6.4.1.2.2 In accordance with ISO 8348, data transit delay valustde based on a fixed
subnetwork service data unit (SNSDU) length of 128 octets. Data transit dalaybe
defined as average values.

171.0534.6.4.1.2.3 Data transit delay, fremircraft, highest priority. Froraircraft data transit delay
mustnot be greater than 40 seconds for the highest priority data service.

171.0534.6.4.1.2.3.1 Recommendatiort Data transit delay, fromaircraft, highest priority. From
aircraft data transit delaynaynot be greater than 23 seconds for the highest priority data
service.

171.0534.6.4.1.2.3.2 Recommendatiort Data transit delay, fromaircraft, lowest priority. From
aircraft data transit delaynaynot be greater than 28 seconds for the lowest priority data

service.

171.0534.6.4.1.2.4 Data transit delay -&ircraft, highest priority. T-@ircraft data transit delaynust
not be greater than 12 seconds for the highest priority data service.

171.0534.6.4.1.2.4.1 Recommendatiort Data transit delay, teaircraft, lowest priority. Taircraft
data transit delaymaynot be greater than 28 seconds for the lowest priority data service.
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171.0534.6.4.1.2.5 Data transfer delay (95th percentile), frmineraft, highest priority. Froraircraft
data transfer delay (95th percentilajustnot be greater than 80 seconds for the highest
priority data service.

171.0534.6.4.1.2.5.1 Recommendatiort Data transfer delay (95th percentile), freaircraft, highest
priority. Fromaircraft data transfer delay (95th percentilehay not be greater than 40
seconds for the highest priority data service.

171.0534.6.4.1.2.5.2 Recommendatiort Data transfer delay (95th percentile), fremircraft, lowest
priority. Fromaircraft data transfer delay (95th percentilehay not be greater than 60
seconds for the lowest priority data service.

171.0534.6.4.1.2.6 Data transfer delay (95th percentilejait@raft, highest priority. T-aircraft data
transfer delay (95th percentile)nust not be greater than 15 seconds for the highest
priority data service.

171.0534.6.4.1.2.6.1 Recommendatiort Data transfer delay (95th percentile),-&ircraft, lowest
priority. Toaircraft data transfer delay (95th percentilapay not be greater than 30
seconds for the lowest priority data service.

171.0534.6.4.1.2.7 Connection release delay (95th percentile). The connection release delay (95th
percentile)mustnot be greater than 30 seconds in either direction.

171.0534.6.4.1.2.7.1 Recommendatiort The connection release delay (95th perceniii@y not be
greater than 25 seconds in either direction.

171.053.4.6.4.13  Integrity

171.0534.6.4.1.3.1 Residual error rate, fromircraft. The residual error rate in the freaircraft
directionmustnot be greater than 1®per SNSDU.

171.0534.6.4.1.3.1.1 Recommendatiort The residual error rate in the freaircraft directionmaynot
be greater than 18 per SNSDU.

171.0534.6.4.1.3.2 Residual error rate-aocraft. The residual error rate in the-&rcraft direction
mustnot be greater than 1®per SNSDU.

171.0534.6.4.1.3.3 Connection resilience. The probability of a subnetwork connection (SNC) provider
invoked SNC releaseustnot be greater than 1®over any onehour interval.
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Notet ConnectionReleases Resulting Fro®@ESTo-GESHandover, AESLogOff Or
Virtual Circuit Preemption Are Excluded From This Specification.

171.0534.6.4.1.3.4 The probability of an SNC provideoked resemustnot be greater than 1®over
any onehour interval.

171.0534.6.5 Voice service performance

171.0534.6.5.1 If the system provides AMS(R)S voice serviteisitmeet the requirements of the
following subparagraphs.

Notex ICAO is currently considering these provisions in the light of the introduction of
new technologies.

171.053.4.6.5.1.1 Call Processing Delay

171.0534.6.5.1.1.1 AES origination. The 95th percentile of the time delay for a GES to present a call
origination event to the terrestrial network interworking interface after a call origination
event has arrived at the AES interfanestnot be greater than 20 seconds.

171.0534.6.5.1.1.2 GES origination. The 95th percentile of the time delay for an AES to present a call
origination event at its aircraft interface after a call origination event has arrived at the
terrestrial network interworking interfacenustnot be greater than 20 seconds.

171.053.4.6.5.12 Voice Quality

171.0534.6.5.1.2.1 The voice transmissionst provide overall intelligibility performance suitable for
the intended operational and ambient noise environment.

171.0534.6.5.1.2.2 The total allowable transfer delay within an AMS(R)S subnetwstinot be
greater than 0.485 seconds.

171.053.4.6.5.1.2.3 Recommendatiort DueAccountMay Be Taken Of The Effects Of Tandem Vocoders
And/Or Other Analog/Digital Conversions.

171.053.4.6.5.1.3 Voice Capacity
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171.0534.6.5.1.3.1 The systemusthave sufficient available voice traffic channel resources such that
an AESor GESoriginated AMS(R)S voice call presented to the systestrexperience a
probability of blockage of no more than 10

Noter Available voice traffic channeksources include all peamptable resources,
including those in use by nonAMS(R)S communications.
171.053.4.6.6  Security

171.0534.6.6.1  The systemmust provide features for the protection of messages in transit from
tampering.

171.0534.6.6.2 The systemust provide features for protection against denial of service, degraded

performance characteristics, or reduction of system capacity when subjected to external
attacks.

Noter Possible methods of such attack include intentional flooding with spurious
messages, intentional corruption of system software or databases, or physical destruction
of the support infrastructure.

171.0534.6.6.3 The systemustprovide features for protection against unauthorized entry.
Notet ¢ KSaS TSI (idz2NB& FNBE AYyiSYyRSR (2 LINPOARS
O2y (iNRffSNEE D

171.0534.7 System Interfaces

171.0534.7.1 An AMS(R)S systamstallow subnetwork users to address AMS(R)S communications
to specific aircraft by means of the ICAGRYaircraft address.

Notet ProvisionsOn The Allocation And Assignment IORO24-Bit Addresses Are
Contained In ThAppendiXToChapter9.
171.0534.7.2 Packet data service interfaces

171.0534.7.2.1 If the system provides AMS(R)S packet data serviugstiprovide an interface to the
ATN.
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Noter The detailed technical specifications related to provisions of thecAfrigliant
subnetwork service are contained in Secti@i.053.5.2.5 and Sectioh71.053.5.7.2 of
Doc 98801 Manual on Detailed Technical Specifications for the Aeronautical

Telecommunication Network (ATN) (in preparation).

171.0534.7.2.2 If the system provides AMS(R)S packet data servinastiprovide a connectivity
notification (CN) function.
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171.0535. SSIRode S AirGround Data Link

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

171.053.5.1 Definitions Relating To The Mode S Subnetwork

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

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

Aircraft data circuitterminating equipment (ADCERAN aircraft specific data circditrminating
equipment that is associated with an airborne data link processor (ADLP). It operates a protocol
unique to Mode S data link for data transfer between air and ground.

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

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

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

BDS ComnrB Data SelectoThe 8bit BDS code determines the register whose contents are to be
transferred in the MB field of a ComBireply. It is expressed in two groups dfits each, BDS1
(most significant 4 bits) and BDS2 (least significant 4 bits).

Broadcast.The protocol within the Mode S system that permits uplink messages to be sent to all

aircraft in coverage area, and downlink messages to be made available to all interrogators that
have the aircraft wishing to send the message under surveillance.
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Capability report.Information identifying whether the transponder has a data link capability as
reported in the capability (CA) field of an-@ilF £ £ NBLJX & 2NJ aljdzA G4SN G N
OF LI oAfAGE NBLRNI£OO®

Closeout. A command from a Mode S interrogator that terminates a Mode S link layer
communication transaction.

Cluster of interrogatorsTwo or more interrogators with the same interrogator identifier (1) code,
operating cooperatively to ensure that there is no interference to the required surveillance and
data link performance of each of the interrogators, in areas of common coverage.

CommA. A 112bit interrogation containing the 58it MA message field. This field is used by the
uplink standard length message (SLM) and broadcast protocols.

CommB. A 112bit reply containing the 5®it MB message field. This field is used by the downlink
SLM, groundnitiated and broadcast protocols.

CommcC.A 112bit interrogation containing the 8@it MC message field. This field is used by the
uplink extended length message (ELM) protocol.

CommD. A 112bit reply containing the 8®it MD message field. This field is used by the downlink
ELM protocol.

Connection A logical association between péewel entities in a communication system.

Data link capability report.Information in a ComnB reply identifying the complete Mode S
communications capabilities of the aircraft installation.

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

Extended length message (ELMB.series of Com#® interrogations (uplink ELM) transmitted
without the requirement for intervening replies, or a series of Cofmeplies (downlink ELM)
transmitted without intervening interrogations.

Uplink ELM (UELMA term referring to extended length uplink communication by means of 112
bit Mode S ComnC interrogations, each containing the-Bld CommC message field (MC).

Downlink ELM (DELMA term referring to extended length downlink communication by means
of 112-bit Mode S Comnb replies, each containing the &t CommD message field (MD).

Frame.The basic unit of transfer at the link level. In the context of Mode S subnetwork, a frame
can include from one to four Com or CommB segments, from two to sixteen Corrtn
segments, or from one to sixteen Coribnsegments.

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



Ground data circuiterminating equipment (GDCERA ground specific data circtiérminating
equipment associated with a ground data link processor (GDLP). It operates a protocol unique to
Mode S data link for data transfer between air and ground.

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

Groundinitiated CommB (GICB)The groundnitiated CommB protocol allows the interrogator
to extract Comr¥B replies containing data from a defined source in the MB field.

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

Mode S airinitiated CommB (AICB) protocolA procedure initiated by a Mode S transponder for
transmitting a single CormiB segment from the aircraft installation.

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

Mode S grounenitiated CommB (GICB) protocol procedure initiated by a Mode S interrogator
for eliciting a single Com#B segment from a Mode S aircraft installation, incorporating the
contents of one of 255 Comi registers within the Mode S transponder.

Mode S multisitedirected protocol. A procedure to ensure that extraction and clesat of a
downlink standard length or extended length message is affected only by the particular Mode S
interrogator selected by the aircratft.

Mode S packetA packet conforming to the Mode S subnetwork standard, designed to minimize
the bandwidth required from the aiground link. ISO 8208 packets may be transformed into Mode
S packets and vieeersa.

Mode S specific protocol (MSPA protocol that provides restricted datagram service within the
Mode S subnetwork.

Mode S specific serviced set of communication services provided by the Mode S system which
are not available from other aground subnetworks, and therefore not interoperable.

Mode S specific services entity (SSEN. entity resident within an XDLP to provide access to the
Mode S specific services.

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



171.053.5.2

171.05835.2.1

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

Standard length message (SLM) exchange of digital data using selectively addressed GAmm
interrogations and/or Comm  NB LJ A Sa-l § aB$R& LAWY Y

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

Subnetwork management entity (SNMERANn entity resident within a GDLP that performs
subnetwork management and communicates with peer entities in intermediate orsgatéms.

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

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

XDCEA general term referring to both the ADCE and the GDCE.

XDLPA general term referring to both the ADLP and the GDLP.

Mode S Characteristics
General provisions

Note It wSFTFSNBY OS L{h R20dzySyio® 2KSy GKS G§SN)¥ al
YSFEya GKS L{h {4} yRI NRDatd tofifiuhidbiohsil X.25\PackeSLayer, 2 f 2
Protocol for Data Terminal Equipment, Reference Number ISO/IEC 8208:91896 ®

Note 21 The overall architecture of the Mode S subnetwork is presented in the diagram on the
following page.

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

171.0535.2.1.1 Message categories. The Mode S subnetmwaidt only carry aeronautical communications

classified under categories of flight safety and flight regularity as specified in Annex 10, Volume I,
Chapter 5, 5.1.8.4 and 5.1.8.6.

171.0535.2.1.2 Signals in space. The sigmapace characteristics of the Mode S subnetworkst conform to

the provisions contained in Annex 10, Volume IV, Chapter 3, 3.1.2.



171.0535.2.1.3 Code and byte independency. The Mode S subnetwoskbe capable of code and byte
independent transmission of digital data.

171.0535.2.1.4 Data transfer. Dataust be conveyed over the Mode S data link in segments using either
standard length message (SLM) protocols or extended length message (ELM) protocols as defined
in 3.1.2.6.11 and 3.1.2.7 of Annex 10, Volume IV.

Note 11 An SLM segment is the contents of onebBVA or MB field. An ELM segment is the
contents of one 8®it MC or MD field.

Note 21 An SLM frame is the contents of up to four linked MA or MB fields. An ELM frame is the
contents of 2 to 16 MC or 1 to 16 MD fields.

171.0535.2.1.5 Bit numbering. In the description of the data exchange fields, theb#tbe numbered in the
order of their transmission, beginning with bit 1. Bit numbergst continue through the second
and higher segments of mulegment frames. Unless otherwise stated, numerical values encoded
by groups (fields) of bitsnust be encoded using positive binary notation and the first bit
transmittedmustbe the most significant bit (MSB) (3.1.2.3.1.3 of Annex 10, Volume V).

171.0535.2.1.6 Unassigned bits. When the length of the data is not sufficient to occupy all bit positions within
a message field or subfield, the unassigned bit positioustbe set to 0.

171.0535.2.2 Frames

171.053.5.2.2.1 Uplink Frames

171.0535.2.2.1.1 SLM frame. An uplink SLM franustbe composed of up to four selectively addressed Cemm
A segments.

Functional elements of the Mode S subnetwork



AIR GROUND
To/from end-systems To/from end-systems
(see Notes 4 and 5) (see Notes 4 and 5)
ATN router I1SO 8208 ATN router
Packet layer
protocol
DTE I — » DTE
o 3 4 SSE
X 55!: . alternative
interface ISO 8208 SNME alternative 150 8208 interface
(5.2.3.2.1) interface interface (5.2.8.2) interface (5.2322)
(5.2.3.1) (5.2.3.1)
- ’ ‘ )
DCE (5.2.4) DCE (5.2.4)
P Mode S specific Mode S Mode S Mode S specific
services entity | Reformatting subnetwork subnetwork Reformatting services entity
(SSE) process (5.2.5.2)| management management | pocess (5.2.5.2) (SSE)
entity (SNME) entity (SNME)
A e |ModeSpacketlayer| N b
D < (5.2.7.1) ADCE (5.2.6) protocol GDCE (5.2.6) (52.72) L
L (5.2.8) (5.2.8)
P P
,‘\4_0dc S SvC framf_:;
and Mode S specific
Frame processing (5.2.2 and 5.2.7) frames Frame processing (5.2.2 and 5.2.7)
\ J
(5.23.3) Mode S link (5.2.3.4)
y protocol v (see Note 3)
| TRANSPONDER INTERROGATOR
Key
/\/ : physical (RF) connection
-~ ————— » . peer level association
+—» interfaces
Notes:
1. Relevant Mode S subnetwork SARPs paragraph numbers are given in parenthesis.
2. The ADLP/transponder interface is also specified in Annex 10, Volume IV, 3.1.
3. A GDLP may be interfaced to more than one Mode S interrogator.
4. DTEs may be directly associated with end-systems.
5. ATN router access to end-systems may be made via other intermediate systems.

Noter Each Comnah segment (MA field) received by the ADLP is accompanied by the first 32 bits
of the interrogation that delivered the segment (3.1.2.10.5.2.1.1 of Annex 10, Volume V). Within
these 32 bits is the 16it special designator (SD) field (2.5.1.4 of Annex 10, Volume V).

171.0535.2.2.1.1.1 SD field. When the designator identification (DI) field (bit§)lHas a code value of 1 or 7,
the special designator (SD) field (bits32) of each CompA interrogationmustbe used to obtain
the interrogator identifier subfield (11S, bits D) and the linked ComyA subfield (LAS, bits 30
32). The action to be takemustdepend on the value of LAS. The contents of LAS antiithe
retained andmust be associated with the Com#h message segment for use in assembling the
frame as indiated below. All fields other than the LAS fieddstbe as defined in 3.1.2 of Annex
10, Volume V.



Noter The SD fieldtructure is shown in Figure @&\l figures and tables are located at the end of
this section)

171.0535.2.2.1.1.2 LAS coding. TheIBLAS subfielthustbe coded as follows:

LA4S MEANING

0 single segment

1 linked, 1st segment

2 linked, 2nd but not final segment
3 linked, 3rd but not final segment
4 linked, 4th and final segment

5 linked, 2nd and final segment

6 linked, 3rd and final segment

7 unassigned

171.0535.2.2.1.1.3 Single segment SLM frame. If LAS = 0, the data in the MAufighé considered a complete
frame andmustbe made available for further processing.

171.0535.2.2.1.1.4 Multiple segment SLM frame. The ADugt accept and assemble linked-B& CommA
segments associated with all sixteen possible interrogator identifier (II) codes. Correct linking of
CommA segmentsnustbe achieved by requiring that all Cormfnsegments have the same value
of lIS. If LAS = 1 through 6, the framast consist of two to four ComrA segments as specified
in the following paragraphs.

171.0535.2.2.1.1.4.1 Initial segment. If LAS = 1, the MArieistbe assembled as the initial segment of an SLM
frame. The initial segmemhustbe stored until all segments of the frame have been received or
the frame is cancelled.

171.0535.2.2.1.1.4.2 Intermediate segment. If LAS = 2 or 3, the MAigdthbe assembled in numerical order
as an intermediate segment of the SLM framemlist be associated with previous segments
containing the same value of IIS.

171.0535.2.2.1.1.4.3 Final segment. If LAS = 4, 5 or 6, the MAriigthe assembled as the final segment of
the SLM frame. Inustbe associated with previous segments containing the same value of IIS.

171.0535.2.2.1.1.4.4 Frame completion. The framestbe considered complete andustbe made available
for further processing as soon as all segments of the frame have been received.

171.0535.2.2.1.1.4.5 Frame cancellation. An incomplete SLM fraost be cancelled if one or more of the
following conditions apply:

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

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



1) LAS=0

2) LAS=15

3) L4S=126
4) LAS=1.62
5) LAS=1234
6) LAS=1324
7) L4S=1243
8) L4S=13.42
9) L[AS=1423
10) LAS=1.432

c)Tc seconds have elapsed since the last Cafnsegment with the same value of IIS was
received (Table8).

171.0535.2.2.1.1.4.6 Segment cancellation. A received segment for an SLMnfrashiee discarded if it is an
intermediate or final segment and no initial segment has been received with the same value of IIS.

171.0535.2.2.1.1.4.7 Segment duplication. If a received segment duplicates a currently received segment
number with the same value of IIS, the new segnmanstreplace the currently received segment.

Notex The action of the Mode S subnetwork protocols may result in the duplicate delivery of
CommaA segments.

171.0535.2.2.1.2 ELM frame. An uplink ELM framestconsist of from 20 to 160 bytes anmtlistbe transferred
from the interrogator to the transponder using the protocol define®ih.2.7 of Annex 10, Volume
IV. The first 4 bits of each uplink ELM segment (MC fielt contain the interrogator identifier
(1) code of the Mode S interrogator transmitting the ELM. The ARgPcheck the Il code of each
segment of a completed uplink ELM. If all of the segments contain the same Il code, the Il code in
each segmenmustbe deleted and the remaining messageshittained as user data for further
processing. If all of the segments do not contain the same Il code, the entire uplinikn&diide
discarded.

Noter An uplink ELM frame consists of two to sixteen associated @orsagments, each of
which contains the it Il code. Therefore, the capacity for packet transfer is 19 to 152 bytes per
uplink ELM frame.

171.053.5.2.2.2 Downlink Frames

171.0535.2.2.2.1 SLM frame. A downlink SLM framestbe composed of up to 4 ComBisegments. The MB
field of the first ComnB segment of the frammustcontain a 2bit linked ComreB subfield (LBS,
bits 1 and 2 of the MB field). This subfieldist be used to control linking of up to four Corrn
segments.

Noter The LBS uses the firsbR positions in the first segment of a multi or single segment
downlink SLM frame. Hence, 54 bits are available for Mode S packet data in the first segment of a



downlink SLM frame. The remaining segments of the downlink SLM frame, if any, have 56 bits
available.

171.0535.2.2.2.1.1 LBS coding. Linkimgstbe indicated by the coding of the LBS subfield of the MB field of the
initial CommB segment of the SLM frame.

The coding of LB8ustbe as follows:
LBS  MEANING
single segment
mitial segment of a two-segment SLM frame

mitial segment of a three-segment SLM frame
mitial segment of a four-segment SLM frame

L I = D

171.0535.2.2.2.1.2 Linking protocol

171.0535.2.2.2.1.2.1 In the ComBhprotocol, the initial segmemhustbe transmitted using the ainitiated or
multisitedirected protocols. The LBS field of the initial segnmeast indicate to the ground the
number of additional segments to be transferred (if any). Before the transmission of the initial
segment to the transponder, the remaining segments of the SLM frame (ifrarsgpe transferred
to the transponder for transmission to the interrogator using the groimtated CommB
protocol. Thee segmentsnust be accompanied by control codes that cause the segments to be
inserted in grounenitiated CommB registers 2, 3 or 4, associated respectively with the second,
third, or fourth segment of the frame.

171.0535.2.2.2.1.2.2 Closgrut of the airinitiated segment that initiated the protocohustnot be performed
until all segments have been successfully transferred.

Noter The linking procedure including the use of the greimitthted ComrmB protocol is
performed by the ADLP.

171.0535.2.2.2.1.3 Directing SLM frames. If the SLM frame is to be mutlissteted, the ADLRustdetermine
the Il code of the Mode S interrogator or cluster of interrogatdrgl(053.5.2.8.1.3) thatmust
receive the SLM frame.

171.0535.2.2.2.2 ELMrame
Noter A downlink ELM consists of one to sixteen associated cosmgments.

171.0535.2.2.2.2.1 Procedure. Downlink ELM framestbe used to deliver messages greater than or equal to
28 bytes andnustbe formed using the protocol defined in 3.1.2.7 of Annex 10, Volume IV.

171.0535.2.2.2.2.2 Directing ELM frames. If the ELM frame is to be muttisteted, the ADLRwustdetermine
the Il code of the Mode S interrogator or cluster of interrogatdrgl(053.5.2.8.1.3) thatmust
receive the ELM frame.



171.0535.2.2.3 XDLP frame processing. Frame procesaiathe performed on all Mode S packets (except for
the MSP packet) as specifiedlifnl.053.5.2.2.3 t0171.0535.2.2.5. Frame processing for Mode S
specific servicesustbe performed as specified 71.053.5.2.7.

171.0535.2.2.3.1 Packet length. All packets (including a group of packets multiplexed into a singlerfuzsine)
be transferred in a frame consisting of the smallest number of segments needed to accommodate
the packet. The user data fieldustbe an integral multiple of bytes in length. Ab#t parameter
(LV)must be provided in the Mode S DATA, CALL REQUEST, CALL ACCEPT, CLEAR REQUEST
INTERRUPT packet headers so that during unpacking no additional bytes are added to the user
data field. The LV fidlmustdefine the number of full bytes used in the last segment of a frame.
During LV calculations, thebit Il code in the last segment of an uplink ELM messagst be (1)
ignored for uplink ELM frames with an odd number of Cef@mmegments and (2) counted for
uplink ELM frames with an even number of Coiireegments. The value contained in the LV field
mustbe ignored if the packet is multiplexed.

Notex A specific length field is used to define the length of each element of a multiplexed packet.
Therefore the LV field value is not used. LV field error handling is described in -T&éewl %19.

171.0535.2.2.3.2 Multiplexing. When multiplexing multiple Mode S packets into single SLM on ELM frame, the
following proceduresmust be used. Multiplexing of the packets within the ADhBst not be
applied to packets associated with SVCs of different priorities.
Notex Multiplexing is not performed on MSP packets.

171.0535.2.2.3.2.1 Multiplexing optimization
Recommendatiort When multiple packets are awaiting transfer to the same XDLP nthgype
multiplexed into a single frame in order to optimize throughput, provided that packets associated

with SVCs of different priorities are not multiplexed together.

171.0535.2.2.3.2.2 Structure. The structure of the multiplexed paaketstbe as follows:

HEADER®G or8| LENGTH:8 |1STPACKETwv| LENGTH®8 |2ND PACKETv

Notet ! Yy dzYoSNJ Ay GKS FTASER aArAayArAFTisSa (GKS FASE
variable length.

171.0535.2.2.3.2.2.1 Multiplexing header. The header for the multiplexed paokessbe as follows:

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




Where,
Data packet type (DP) =0
MSP packet type (MP) = 1
Supervisory packet (SP) =3
Supervisory type (ST) = 2
Noter See Figure-23 for a definition for the field structure used in the multiplexing header.
171.0535.2.2.3.2.2.2  Length. This fieftlst contain the length of the following packet in bytes. Any error
detected in a multiplexed DATA packet, such as inconsistency between length as indicated in the
LENGTH field and the length of the frame hosting that packestresult in the discarding of the
packet unless the error can be determined to be limited to the LENGTH field, in which case a REJECT
packet with the expected PS value can be sent.
171.0535.2.2.3.2.2.2.1 Recommendatiort For multiplex packets, if the entire packet cannot berddtiplexed,
then the first constituent packenay be treated as a format error, and the remaindeay be

discarded.

171.0535.2.2.3.2.3 Termination. The end of a frame containing a sequence of multiplexed packétse
determined by one of the following events:

a) a length field of all zeros; or

b) less than eight bits left in the frame.

171.053.5.2.2.3.3 Mode S Channel Sequence Preservation

171.0535.2.2.3.3.1  Application. In the event that multiple Mode S frames from the same SVC are awaiting
transfer to the same XDLP, the following procedmsstbe used.

171.0535.2.2.3.3.2 Procedure

Note 11 SLM and ELM transactions can occur independently.

Note 21 Uplink and downlink transactions can occur independently.
171.0535.2.2.3.3.2.1 SLM frames. SLM frames awaiting tramaietbe transmitted in the order received.

171.0535.2.2.3.3.2.2 ELM frames. ELM frames awaiting transfistbe transmitted in the order received.



171.0535.2.2.4 GDLPrame Processing
171.053.5.2.2.4.1 General Provisions

171.0535.2.2.4.1.1 The GDbRistdetermine the data link capability of the ADLP/transponder installation from
the data link capability reportl{1.0535.2.9) before performing any data link activity with that
ADLP.

171.0535.2.2.4.1.2 GDLP frame processmgstprovide to the interrogator all data for the uplink transmission
that are not provided directly by the interrogator.

171.0535.2.2.4.2  Delivery status. GDLP frame processinsf accept an indication from the interrogator
function that a specified uplink frame that was previously transferred to the interrogator has been
successfully delivered over the groutahir link.

171.0535.2.2.4.3 Aircraft address. GDLP frame processumj receive from the interrogator along with the
data in each downlink SLM or ELM frame, theb4address of the aircraft that transmitted the
frame. GDLP frame processingust be capable of transferring to the interrogator the -Bit
address of the aircraft that is to receive an uplink SLM or ELM frame.

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

171.0535.2.2.4.5 Frame determination. A Mode S packet (including multiplexed packets but excluding MSP
packets) intended for uplink and less than or equal to 28 bgtastbe sent as an SLM frame. A
Mode S packet greater than 28 bytemistbe sent as an uplink ELM frame for transponders with
ELM capability, using Mit processing as necessafy’{.0535.2.5.1.4.1). If the transponder does
not have ELM capability, packets greater than 28 bytesst be sent using the Mit or Shit
(171.0535.2.5.1.4.2) assembly procedures as necessary and multiple SLM frames.

Noter The Mode S DATA, CALL REQUEST, CALL ACCEPT, CLEAR REQUEST and INTERRUPT
are the only Mode S packets that usebM or Sbit sequencing.

171.0535.2.2.5 ADLPrame Processing

171.0535.2.2.5.1 General provisions. With the possible exception of the last 24 bits (address/parity), ADLP frame
processingmust accept from the transponder the entire content of both-b and 112bit
received uplink transmissions, excluding allcall and ACAS interrogations. ADLP frame processing
mustprovide to the transponder all data for the downlink transmission that is not provided directly
by the transponder)71.0535.2.3.3).

171.0535.2.2.5.2 Delivery status. ADLP frame processing accept an indication from the transponder that
a specified downlink frame that was previously transferred to the transponder has been closed
out.



171.0535.2.2.5.3 Interrogator identifier. ADLP frame processingtaccept from the transponder, along with
the data in each uplink SLM and ELM, the interrogator identifier (1) code of the interrogator that
transmitted the frame. ADLP frame processingsttransfer to the transponder the Il code of the
interrogator or cluster of interrogators thahustreceive a multisitedirected frame.

171.0535.2.2.5.4 Mode S protocol type identification. ADLP frame processiatjndicate to the transponder
the protocol to be used to transfer the frame: grouiridtiated, airinitiated, broadcast, multisite
directed, standard length or extended length.

171.0535.2.2.5.5 Frame cancellation. ADLP frame processusgbe capable of cancelling downlink frames
previously transferred to the transponder for transmission but for which a elagdias not been
indicated. If more than one frame is stored within the transponder, the cancellation procedure
mustbe capable of cancelling the stored frames selectively.

171.0535.2.2.5.6 Frame determination. A Mode S packet (including multiplexed packets but excluding MSP
packets) intended for downlink and less than or equal to 222ritstbe sent as an SLM frame.
A Mode S packet greater than 222 hibsist be sent as a downlink ELM frame for transponders
with ELM capability using Mit processing as necessar$7(.053.5.2.5.1.4.1). When Mbit
processing is used, all ELM frames containing Mmudt contain the maximum number of ELM
segments that the transponder isagable of transmitting in response to one requesting
interrogation (UF = 24171.0535.2.9.1). If the transponder does not have ELM capability, packets
greater than 222 bitanust be sent using the Mbit or Sbit (171.0535.2.5.1.4.2) assembly
procedures and multiple SLM frames.

Notex The maximum length of a downlink SLM frame is 222 bits. This is equal to 28 bytes (7 bytes
for 4 CommB segments) minus theldit linked ComnB subfield171.053.5.2.2.2.1.1).
171.053.5.2.2.6 Priority Management

171.0535.2.2.6.1 ADLP priority management. Framestbe transferred from the ADLP to the transponder in
the following order of priority (highest first):

a) Mode S specific services;
b) search requestsl(f1.0535.2.8.1);
c) frames containing only high priority SVC packets; and

d) frames containing only low priority SVC packets.

171.0535.2.2.6.2 GDLPriority Management

Recommendatiort Uplink framesmay be transferred in the following order of priority (highest
first):



a) Mode S specific services;
b) frames containing at least one Mode S ROUTE patk&t(535.2.8.1);
c¢) frames containing at least one high priority SVC packet; and

d) frames containing only low priority SVC packets.

171.053.5.2.3 Data exchange interfaces
171.0535.2.3.1 TheDTE ISO 8208terface

171.0535.2.3.1.1 General provisions. The interface between the XDLP and therBd€¢enform to ISO 8208
packet layer protocol (PLP). The XDiRtsupport the procedures of the DTE as specified in ISO
8208. As such, the XDirRistcontain a DCEL{1.053.5.2.4).

171.0535.2.3.1.2 Physical and link layer requirements for the DTE/DCE interface. The requirements are:

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

b) the interfacemustsupport the transfer of variable length network layer packets.

171.0535.2.3.1.3 DTEddress

171.0535.2.3.1.3.1 Ground DTE address. The ground DTE addsetlsave a total length of 3 binary coded
decimal (BCD) digits, as follows:

XOX1X2

X must be the most significant digit. Ground DTE addressast be decimal numbers in the range of O through
255 coded in BCD. Assignment of the DTE addnessbe a local issue. All DTEs connected to
GDLPs having overlapping coveraggest have unique addresses. GDLPs which have a flying time
less than T(Table 51) between their coverage areasust be regarded as having overlapping
coverage.

171.0535.2.3.1.3.2 Mobile DTE address. The mobile DTE adduss&ave a total length of 10 BCD digits, as
follows:

XOX1IX2X3X4X5X6X7X8X9

Xomustbe the most significant digit. The digitstX X% mustcontain the octal representation of the aircraft address
coded in BCD. The digitexXmustidentify a subaddress for specific DTEs on board an aircraft.
This sukaddressnustbe a decimal number in the range of 0 and 15 coded in BCD. The following
sub-address assignmentaustbe used:



00 ATN router

0lto 15 Unassigned

171.0535.2.3.1.3.3 lllegal DTE addresses. DTE addresses adit$idelefined ranges or not conforming to the
formats for the ground and mobile DTE addresses specified7ih.0535.2.3.1.3.1 and
171.0535.2.3.1.3.2nust be defined to be illegal DTE addresses. The detection of an illegal DTE
address in a CALL REQUEST patket lead to a rejection of the call as specified in
171.0535.2.5.1.5.

171.053.5.2.3.1.4 Packet Layer Protocol Requirements Of The DTE/DCE Interface

171.0535.2.3.1.4.1 Capabilities. The interface between the DTE and theniXté&onform to ISO 8208 with the
following capabilities:

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

b) priority facility (with two levels171.053.5.2.5.2.1.1.6);

c) fast select{71.0535.2.5.2.1.1.13171.0535.2.5.2.1.1.16); and

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

defined).

Other 1ISO 8208 facilities and thebid and the Qbit must not be invoked for transfer over the
Mode S packet layer protocol.

171.0535.2.3.1.4.2 Parameter values. The timer and counter parameters for the DTE/DCE immarfice
conform to the default ISO 8208 values.

171.053.5.2.3.2 Mode S Specific Services Interface
Noter Mode S specific services consist of the broadcast Garand ComnrB, GICB and MSP.

171.0535.2.3.2.1 ADLP

171.0535.2.3.2.1.1 General provisions. The ADLBtsupport the accessing of Mode S specific services through
the provision of one or more separate ADLP interfaces for this purpose.

171.0535.2.3.2.1.2 Functional capability. Message and control coding via this intertestsupport all of the
capabilities specified ih71.0535.2.7.1.



171.0535.2.3.2.2 GDLP
171.0535.2.3.2.2.1 General provisions. The GRugtsupport the accessing of Mode S specific services through
the provision of a separate GDLP interface for this purpose and/or by providing access to these
services through the DTE/DCE interface.
171.0535.2.3.2.2.2 Functional capability. Message and control coding via this intertetsupport all of the
capabilities specified ih71.0535.2.7.2.
171.0535.2.3.3 ADLRfansponder Interface
171.053.5.2.3.3.1 Transponder TADLP
171.0535.2.3.3.1.1 The ADIoRust accept an indication of protocol type from the transponder in connection
with data transferred from the transponder to the ADLP. hhisstinclude the following types of
protocols:
a) surveillance interrogation;
b) CommaA interrogation;
c) CommaA broadcast interrogation; and

d) uplink ELM.

The ADLustalso accept the 1l code of the interrogator used to transmit the surveillance, Comm
A or uplink ELM.

Notex Transponders will not output athll and ACAS information on this interface.

171.0535.2.3.3.1.2 The ADInRust accept control information from the transponder indicating the status of
downlink transfers. Thiswustinclude:

a) CommB closeout;
b) CommB broadcast timeout; and
c) downlink ELM closeut.
171.0535.2.3.3.1.3 The ADhRusthave access to current information defining the communication capability of

the Mode S transponder with which it is operating. This informathustbe used to generate the
data link capability reportl(71.053.5.2.9).



171.0535.2.3.3.2 ADLIo Transponder

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

a) groundinitiated CommB;
b) air-initiated CommB,;
¢) multisite-directed ComreB;
d) CommB broadcast;
e) downlink ELM; and
f) multisite-directed downlink ELM.
The ADLPnustalso provide the Il code for transfer of a multisite#ected ComnB or downlink
ELM and the ComiB data selector (BDS) code (3.1.2.6.11.2 of Annex 10, Volume V) for a-ground

initiated CommB.

171.0535.2.3.3.2.2 The ADbkustbe able to perform frame cancellation as specified71.053.5.2.2.5.5.

171.053.5.2.3.4 GLFPMode S Interrogator Interface
171.053.5.2.3.4.1 Interrogator To Gdlp
171.0535.2.3.4.1.1 The GDbRustaccept an indication of protocol type from the interrogator in connection
with data transferred from the interrogator to the GDLP. Thisstinclude the following types of
protocols:
a) groundinitiated CommB;
b) air-initiated CommB,;
c) air-initiated CommB broadcast; and
d) downlink ELM.

The GDLRwstalso accept the BDS code used to identify the gremitthted CommB segment.

171.0535.2.3.4.1.2 The GDhbkust accept control information from the interrogator indicating the status of
uplink transfers and the status of the addressed Mode S aircraft.



171.0535.2.3.4.2 GDLP to interrogator. The GiLBtprovide an indication of protocol type to the interrogator
in connection with data transferred from the GDLP to the interrogator. hist include the
following types of protocols:

a) CommaA interrogation;

b) CommA broadcast interrogation;
c¢) uplink ELM; and

d) groundinitiated CommB request.

The GDLRwstalso provide the BDS code for the grotindiated CommB protocol.

171.053.5.2.4 DCE operation

Noter The DCE process within the XDLP acts as a peer process to the DTE. The DCE supports tt
operations of the DTE with the capability specified 1in1.0535.2.3.1.4. The following
requirements do not specify format definitions and flow control on the DTE/DCE interface. The
specifications and definitions in ISO 8208 apply for these cases.

171.0535.2.4.1 State transitions. The D@EStoperate as a state machine. Upon entering a state, the DG
perform the actions specified in Table25 State transitions and additional actiontalust be as
specified in Table-8 through Table 82.

Noter The next state transition (if any) that occurs when the DCE receives a packet from the DTE
is specified by Tabledthrough Table 8. These tables are organized according to the hierarchy
illustrated in Figure &. The same transitions are definadlable 2 through Table A2 when the

DCE receives a packet from the XDCE (via the reformatting process).

171.053.5.2.4.2 Disposition Of Packets

171.0535.2.4.2.1 Upon receipt of a packet from the DTE, the pawletbe forwarded or not forwarded to the
XDCE (via the reformatting process) according to the parenthetical instructions contained in Tables
53to5y @ LT y2 LINBYIGKSGAOFE AyadNdzOGA2Yy A& f A2
y 20 ¥ 2tNdphckERnéistbe discarded.

171.0535.2.4.2.2 Upon receipt of a packet from the XDCE (via the reformatting process), therpaskie¢
forwarded or not forwarded to the DTE according to the parenthetical instructions contained in
Tables 59 to 512. If no parenthetical instruction is listed or if the parenthetical instruction
AYRAOI 1Sa GR2 y2mustbedsdaidedRe = (G KS LI O S

171.0535.2.5 Mode S packet layer processing



171.053.5.2.5.1 General Requirements
171.053.5.2.5.1.1 Buffer Requirements
171.0535.2.5.1.1.1 ADLP buffer requirements

171.0535.2.5.1.1.1.1 The following requirements apply to the entire ADLIfhastbe interpreted as necessary
for each of the main processes (DCE, reformatting, ADCE, frame processing and SSE).
171.0535.2.5.1.1.1.2 The ADhbRistbe capable of maintaining sufficient buffer space for fifteen SVCs:

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

b) maintain sufficient buffer space to hold fifteen Mode S subnetwork packets of 160 bytes each
in the downlink direction per SVC for a transponder with downlink ELM capability or 28 bytes
otherwise;

¢) maintain sufficient buffer space for two Mode S subnetwork INTERRUPT packets of 35 bytes
each (user data field plus control information), one in each direction, for each SVC;

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

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

171.0535.2.5.1.1.1.3 The ADhRistbe capable of maintaining a buffer of 1 600 bytes in each direction to be
shared among all MSPs.

171.0535.2.5.1.1.2 GDLP buffer requirements
171.0535.2.5.1.1.2.1 Recommendatiort The GDLPaybe capable of maintaining sufficient buffer space for
an average of 4 SVCs for each Mode S aircraft in the coverage area of the interrogators connected

to it, assuming all aircraft have ELM capability.

Noter Additional buffer space may be required if DTEs associated witksysieins are
supported.

171.053.5.2.5.1.2 Channel Number Pools
171.0535.25.1.2.1 The XDIoRust maintain several SVC channel number pools; the DTE/DCE (ISO 8208)

interface uses one set. Its organization, structure and msst be as defined in the 1ISO 8208
standard. The other channel poataustbe used on the ADCE/GDCE interface.



171.0535.2.5.1.2.2 The GDhRistmanage a pool of temporary channel numbers in the range of 1 to 3, for each
ground DTE/ADLP pair. Mode S CALL REQUEST packets generated by tngs@Dhfain the
ground DTE address and a temporary channel number allocated from the pool of that ground DTE.
The GDLRwstnot reuse a temporary channel number allocated to an SVC that is still in the CALL
REQUEST state.

Note 11 The use of temporary channel numbers allows the GDLP to have up to three call requests
in process at the same time for a particular ground DTE and ADLP combination. It also allows the
GDLP or ADLP to clear a channel before the permanent chamnieénis assigned.

Note 21 The ADLP may be in contact with multiple ground DTEs at any one time. All the ground
DTEs use temporary channel numbers ranging from 1 to 3.

171.0535.2.5.1.2.3 The ADbRustuse the ground DTE address to distinguish the temporary channel numbers
used by the various ground DTEs. The ADlfassign a permanent channel number (in the range
of 1 to 15) to all SVCs amaust inform the GDLP of the assigned number by including it in the
Mode S CALL REQUEST by ADLP or Mode S CALL ACCEPT by ADLP packets. The temporary che
number must be included in the Mode S CALL ACCEPT by ADLP together with the permanent
channel number in order to define thassociation of these channel numbers. The ABiBt
continue to associate the temporary channel number with the permanent channel number of an
SVC until the SVC is returned to the READY (pl) state, or else, while in the DATA TRANSFER (p:
state, a Mode S CALL REQUEST by GDLP packet is received besaimg tieenporary channel
number. A norzero permanent channel number in the Mode S CLEAR REQUEST by ADLP, CLEAI
REQUEST by GDLP, CLEAR CONFIRMATION by ADLP or CLEAR CONFIRMATIONry$3DLP pack
indicatethat the permanent channel numbenustbe used and the temporary channel number
mustbe ignored. In the event that an XDLP is required to send one of these packets in the absence
of a permanent channel number, the permanent channel nurmbastbe set to zero, whicimust
indicate to the peer XDLP that the temporary channel number is to be used.

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

171.0535.2.5.1.2.4  The channel number used by the DTE/DCE interface and that used by the ADCE/GDCE
interfacemustbe assigned independently. The reformatting progesstmaintain an association
table between the DTE/DCE and the ADCE/GDCE channel numbers.

171.0535.2.5.1.3 Receive ready and receive not ready conditions. The ISO 8208 interface and the ADCE/GDCI
interface management proceduresust be independent operations since each system must be
able to respond to separate receive ready and receive not ready indications.

171.053.5.2.5.1.4 Processing OfRBit And SBit Sequences

Notex M-bit processing applies to the sequencing of the DATA packétp®cessing applies to
the sequencing of Mode S CALL REQUEST, CALL ACCEPT, CLEAR REQUEST and INTERRUPT

171.0535.2.5.1.4.1 Mbit processing



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

171.0535.2.5.1.4.1.1 Mbit processingnustbe used when DAT@gackets are reformattedl(/1.0535.2.5.2). M
bit processingmust utilize the specifications contained in the ISO 8208 standard. Tt M
sequence processingustapply on a per channel basis. Theb set to 1mustindicate that a
user data field continues in the subsequent DATA packet. Subsequent packets irbian M
sequencemustuse the same header format (i.e. the packet format excluding the user data field).

171.0535.2.5.1.4.1.2 If the packet size for the XOITZE.053.5.2.6.4.2) interface is larger than that used on the
DTE/DCE interface, packetsist be combined to the extent possible as dictated by thebit)
when transmitting a Mode S DATA packet. If the packet size is smaller on the XDCE interface than
that defined on the DTE/DCE interface, packetstbe fragmented to fit into the smaller Mode S
packet using it assembly.

171.0535.2.5.1.4.1.3 A packetust be combined with subsequent packets if the packet is filled and more
packets exist in the Nbit sequence (Mbit = 1). A packet smaller than the maximum packet size
defined for this SVC (partial packatustonly be allowed when the Nbit indicates the end of an
M-bit sequence. A received packet smaller than the maximum packet size whihedual to 1
must cause a reset to be generated as specified in ISO 8208 and the remainder of the sequence
maybe discarded.

171.0535.2.5.1.4.1.4 Recommendatiort In order to decrease delivery delay, reformattingy be performed
on the partial receipt of an Nbit sequence, rather than delay reformatting until the complete M
bit sequence is received.

171.0535.2.5.1.4.2 -Bit processing. Bit processingnustapply only to Mode S CALL REQUEST, CALL ACCEPT,
CLEAR REQUEST and INTERRUPT packets. This proassBmgerformed as specified for M
bit processing (5.2.5.1.4.1) except that the packets associated with -bitys8quence whose
reassembly is not completed in Tq seconds (Tables &d 513) must be discarded
(171.0535.2.6.3.6, 5.2.6.4.5.2 and 5.2.6.9), and receipt of a packet shorter than the maximum
packet size with S =rhust cause theentire Shit sequence to be treated as a format error in
accordance with Table-56.

171.053.5.2.5.1.5 Mode S Subnetwork Error Processing For ISO 8208 Packets

171.0535.2.5.1.5.1 it. If the XDLP receives a DATA packet with thé Bet to 1, the XDURustsend a RESET
REQUEST packet to the originating DTE containing a cause code (CC) = 133 and a diagnostic cod
(DC) = 166. If the-bDit is setto 1 in a CALL REQUEST packet;literidstbe ignored by the XDLP.
The Dbit of the corresponding CALL ACCEPT paulst always be set to 0. The use of CC is
optional.

171.0535.2.5.1.5.2 it. If the XDLP receives a DATA packet with tinit Qet to 1, the XDLiustsend a RESET
REQUEST packet to the originating DTE containing CC = 133 and DC = 83. The use of CC is option



171.0535.2.5.1.5.3 Invalid priority. If the XDLP receives a call request with a connection priority value equal to
2 through 254, the XDURustclear the virtual circuit using DC = 66 and CC = 131. The use of CC is
optional.

171.0535.2.5.1.5.4 Unsupported facility. If the XDLP receives a call request with a request for a facility that it
cannot support, the XDLRustclear the virtual circuit using DC =65 and C = 131. The use of CC is
optional.

171.0535.2.5.1.5.5 lllegal calling DTE address. If the XDLP receives a call request with an illegal calling DTI
address 171.0535.2.3.1.3.3), the XDURustclear the virtual circuit using DC = 68 and CC = 141.
The use of CC is optional.

171.0535.2.5.1.5.6 lllegal called DTE address. If the XDLP receives a call request with an illegal called DTE addre:
(171.0535.2.3.1.3.3), the XDlRustclear the virtual circuit using DC = 67 and CC = 141. The use
of CC is optional.

171.053.5.2.5.2 Reformatting Process

Noter The reformatting process is divided into two subprocesses: uplink formatting and downlink
formatting. For the ADLP, the uplink process reformats Mode S packets into ISO 8208 packets and
the downlink process reformats ISO 8208 packets into Mode ketpa€&or the GDLP, the uplink
process reformats ISO 8208 packets into Mode S packets and the downlink process reformats Mode
S packets into ISO 8208 packets.

171.053.5.2.5.2.1 Call Request By ADLP
171.0535.2.5.2.1.1 Translation into Mode S packets
171.0535.2.5.2.1.1.1 Translated packet format. Reception by the ADLP reformatting process of an ISO 8208 CALL

REQUEST packet from the local DEtresult in the generation of corresponding Mode S CALL
REQUEST by ADLP packet(s) (as determinetibprScessingi71.0535.2.5.1.4.2)) as follows:

DPA |MPA|SP2| ST:2| FILL200r2 | P1 | FILLY | SN6 | CH4 | AM4 | AGS | S |FS2| F1 | Lv4 | UDv

171.0535.2.5.2.1.1.2 Data packet type (DP). This fieldtbe set to 0.
171.0535.2.5.2.1.1.3 MSP packet type (MP). This fieidtbe set to 1.
171.0535.2.5.2.1.1.4 Supervisory packet (SP). Thisrfiaktbe set to 1.
171.0535.2.5.2.1.1.5 Supervisory type (ST). Thismeist be set to O.

171.0535.2.5.2.1.1.6 Priority (P). This fieldstbe set to 0 for a low priority SVC and to 1 for a high priority SVC.
The value for this fieldhustbe obtained from the data transfer field of the priority facility of the



ISO 8208 packet, amdustbe set to O if the ISO 8208 packet does not contain the priority facility
or if a priority of 255 is specified. The other fields of the priority facitiystbe ignored.

171.0535.2.5.2.1.1.7 Sequence number (SN). For a particular SVC, each packdbe numbered
(171.0535.2.6.9.4).

171.0535.2.5.2.1.1.8 Channel number (CH). The channel numbstbe chosen from the pool of SVC channel
numbers available to the ADLP. The pooistconsist of 15 values from 1 through 15. The highest
available channel numbenustbe chosen from the pool. An available chanmelstbe defined as
one in state pl. The correspondence between the channel number used by the Mode S
subnetwork and the number used by the DTE/DCE interfacgtbe maintained while the channel
is active.

Notex Also refer tdl71.053.5.2.5.1.2 on channel pool management.

171.0535.2.5.2.1.1.9 Address, mobile (AM). This addreusst be the mobile DTE stdddress
(171.0535.2.3.1.3.2) in the range of 0 to 15. The addmessst be extracted from the two least

significant digits of the calling DTE address contained in the 1ISO 8208 packet and converted to

binary representation.

Notexr The 24bit aircraft address is transferred within the Mode S link layer.
171.0535.2.5.2.1.1.10 Address, ground (AG). This addrastbe the ground DTE addre4¥(.0535.2.3.1.3.1)

in the range of 0 to 255. The addrassistbe extracted from the called DTE address contained in

the ISO 8208 packet and converted to binary representation.

171.0535.2.5.2.1.1.11 Fill field. The fill fiefdust be used to align subsequent data fields on byte boundaries.
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must be set to a length of 0 bit for a nemultiplexed packet in a downlink SLM frame or for a
multiplexing header and 2 bits for all other cases.

171.0535.2.5.2.1.1.12 S field (S). A value afidstindicate that the packet is part of anrti® sequence with
more packets in the sequence to follow. A value ofil@st indicate that the sequence ends with
this packet. This fielcthustbe set as specified t71.0535.2.5.1.4.2.

171.0535.2.5.2.1.1.13 FSfield (FS). A valuerofi$tindicate that the packet does not contain fast select data.
A value of 2 or Bustindicate that the packet contains fast select data. A valuerofigtindicate
normal fast select operation. A value offftistindicate fast select with restricted response. An FS
value of Imustbe undefined.

171.0535.2.5.2.1.1.14 First packet flag (F). This fraldtbe set to O in the first packet of arlf8 sequence and
in a packet that is not part of antft sequence. Otherwise mustbe set to 1.

171.0535.2.5.2.1.1.15 User data length (LV). This filaldtindicate the number of full bytes used in the last
SLM or ELM segment as defined #1.0535.2.2.3.1.



171.0535.2.5.2.1.1.16 User data field (UD). This fielcst only be present if optional CALL REQUEST user data
(maximum 16 bytes) or fast select user data (maximum 128 bytes) is contained in the ISO 8208
packet. The user data fielshust be transferred from ISO 8208 packet unchanged usibg S
processing as specified171.0535.2.5.1.4.2.

171.0535.2.5.2.1.2 Translation into ISO 8208 packets

171.0535.2.5.2.1.2.1 Translation. Reception by the GDLP reformatting process of a Mode S CALL REQUEST |
ADLP packet (or antit sequence of packets) from the GD@Hstresult in the generation of a
corresponding 1ISO 8208 CALL REQUEST packet to the local DCE. The translation from the Mode !
packet to the ISO 8208 packaustbe the inverse of the processing definedifil.0535.2.5.2.1.1
with the exceptions as specified171.0535.2.5.2.1.2.2.

171.0535.2.5.2.1.2.2 Called DTE, calling DTE address and length fields. The calling DTEnaddbess
composed of the aircraft address and the value contained in the AM field of the Mode S packet,
converted to BCDL1{1.053.5.2.3.1.3.2). The called DTE addnessstbe the ground DTE address
contained in the AG field of the Mode S packet, converted to BCD. The lengtimiistdbe as
defined in 1ISO 8208.

171.0535.2.5.2.2 Call Request BEDLP
171.0535.2.5.2.2.1 Translation into Mode S packets
171.0535.2.5.2.2.1.1 General. Reception by the GDLP reformatting process of an ISO 8208 CALL REQUEST pac

from the local DCEustresult in the generation of corresponding Mode S CALL REQUEST by GDLP
packet(s) (as determined byl processingX71.0535.2.5.1.4.2)) as follows:

DP:1 | MP:A | SP:2 | ST:2 | FILL:2 | P | FILL:1 | SN6 | FILL2 | TC:Z | AM4 | AGS | 1 |FS2| F1 | LVi4 | UDw

Fields shown in the packet format and not specified in the following paragnapissbe set as
specified inl71.0535.2.5.2.1.

171.0535.2.5.2.2.1.2 Data packet type (DP). This fieldtbe set to 0.

171.0535.2.5.2.2.1.3 MSP packet type (MP). This firldtbe set to 1.

171.0535.2.5.2.2.1.4 Supervisory packet (SP). Thisrfiaktbe set to 1.

171.0535.2.5.2.2.1.5 Supervisory type (ST). ThisIfielst be set to O.

171.0535.2.5.2.2.1.6 Temporary channel number field (TC). Thisiettibe used to distinguish multiple call

requests from a GDLP. The ADLP reformatting process, upon receipt of a temporary channel
number,mustassign a channel number from those presently in the READY state, p1l.



171.0535.2.5.2.2.1.7 Address, ground (AG). This addnessbe the ground DTE addreds7(.0535.2.3.1.3.1)
in the range of 0 to 255. The addransistbe extracted from the calling DTE address contained in
the 1SO 8208 packet and converted to binary representation.

171.0535.2.5.2.2.1.8 Address, mobile (AM). This addressst be the mobile DTE sedddress
(171.0535.2.3.1.3.2) in the range of 0 to 15. The addnessst be extracted from the two least
significant digits of the called DTE address contained in the 1ISO 8208 packet and converted to
binary representation.

171.0535.2.5.2.2.2 Translation into ISO 8208 packets

171.0535.2.5.2.2.2.1 Translation. Reception by the ADLP reformatting process of a Mode S CALL REQUEST |
GDLP packet (or anlf8 sequence of packets) from the AD@Hstresult in the generation of a
corresponding ISO 8208 CALL REQUEST packet to the local DCE. The translation from the Mode
packet to the ISO 8208 packatstbe the inverse of the processing defined.if..0535.2.5.2.2.1
with the exceptions as specified171.0535.2.5.2.2.2.2.

171.0535.2.5.2.2.2.2 Called DTE, calling DTE address and length fields. The called DTiawsideessmposed
of the aircraft address and the value contained in the AM field of the Mode S packet, converted to
BCD 171.0535.2.3.1.3.2). The calling DTE addmassst be the ground DTE address contained in
the AG field of the Mode S packet, converted to BCD. The lengtinfigdtlbe as defined in ISO
8208.

171.0535.2.5.23 Call Accept B&DLP
171.0535.2.5.2.3.1 Translation into Mode S packets
171.0535.2.5.2.3.1.1 Translated packet format. Reception by the ADLP reformatting process of an 1ISO 8208 CALL

ACCEPT packet from the local D@t result in the generation of corresponding Mode S CALL
ACCEPT by ADLP packet(s) (as determinedibpi®cessing)71.053.5.2.5.1.4.2)) as follows:

DP:1 | MP:1 | SP2 | ST:2 | FILLZ:0or2 | TC:2 | SNi6 | CH4 | AM4 | AGS8 | S:1 |FILL:2 | F1 | LV4 | UDw

Fields shown in the packet format and not specified in the following paragnmapissbe set as
specified inl71.0535.2.5.2.1.

171.0535.2.5.2.3.1.2 Data packet type (DP). This fieldtbe set to 0.
171.0535.2.5.2.3.1.3 MSP packet type (MP). This fieidtbe set to 1.
171.0535.2.5.2.3.1.4 Supervisory packet (SP). Thisrfiaktbe set to 1.

171.0535.2.5.2.3.1.5 Supervisory type (ST). ThisIfirelst be set to 1.



171.0535.2.5.2.3.1.6 Temporary channel number (TC). The TC value in the originating Mode S CALL REQUEST
GDLP packehustbe returned to the GDLP along with the channel number (CH) assigned by the
ADLP.

171.0535.2.5.2.3.1.7 Channel number (CH). The fialdtbe set equal to the channel number assigned by the
ADLP as determined during the CALL REQUEST procedures for the Mode S connection.

171.0535.2.5.2.3.1.8 Address, mobile and address, ground. The AM and AG values in the originating Mode S
CALL REQUEST by GDLP pauksdtoe returned in these fields. When present, DTE addresses in
the ISO 8208 CALL ACCEPT paukstbe ignored.

171.0535.2.5.2.3.2 Translation into ISO 8208 packets

171.0535.2.5.2.3.2.1 Translation. Reception by the GDLP reformatting process of a Mode S CALL ACCEPT t
ADLP packet (or anl#t sequence of packets) from the GD@kstresult in the generation of a
corresponding ISO 8208 CALL ACCEPT packet to the local DCE. The translation from the Mode ¢
packet to the ISO 8208 packatustbe the inverse of the processing defined.if..0535.2.5.2.3.1
with the exceptions as specified171.0535.2.5.2.3.2.2.

171.0535.2.5.2.3.2.2 Called DTE, calling DTE address and length fields. Where present, the called DTE addres
mustbe composed of the aircraft address and the value contained in the AM field of the Mode S
packet, converted to BC2{1.0535.2.3.1.3.2). Where present, the calling DTE addmasst be
the ground DTE address contained in the AG field of the Mode S packet, converted to BCD. The
length fieldmustbe as defined in ISO 8208.

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

171.0535.2.5.2.4 Call Accept BEDLP
171.0535.2.5.2.4.1 Translation into Mode S packets
171.0535.2.5.2.4.1.1 Translated packet format. Reception by the GDLP reformatting process of an ISO 8208 CALI

ACCEPT packet from the local D@t result in the generation of corresponding Mode S CALL
ACCEPT by GDLP packet(s) (as determinedibprécessingl71.0535.2.5.1.4.2)) as follows:

DP:1 | MP1 | SP2|ST2| FILL:2 | FILL:2 |SN6G| CH4 | AM4 | AGS | S11 | FILLZ | F1 | LV4 | UDwv

Fields shown in the packet format and not specified in the following paragnapissbe set as
specified inl71.0535.2.5.2.1.

171.0535.2.5.2.4.1.2 Data packet type (DP). This fialdtbe set to 0.

171.0535.2.5.2.4.1.3 MSP packet type (MP). This fieldtbe set to 1.



171.0535.2.5.2.4.1.4 Supervisory packet (SP). Thisrfiaktbe set to 1.
171.0535.2.5.2.4.1.5 Supervisory type (ST). Thisifirelst be set to 1.

171.0535.2.5.2.4.1.6  Address, mobile and address, ground. The AM and AG values in the originating Mode S
CALL REQUEST by ADLP paukettbe returned in these fields. When present, DTE addresses in
the ISO 8208 CALL ACCEPT paukstbe ignored.

171.0535.2.5.2.4.2 Translation into ISO 8208 packets

171.0535.2.5.2.4.2.1 Translation. Reception by the ADLP reformatting process of a Mode S CALL ACCEPT &
GDLP packet (or anlfs sequence of packets) from the AD@Hstresult in the generation of a
corresponding 1ISO 8208 CALL ACCEPT packet to the local DCE. The translation from the Mode ¢
packet to the ISO 8208 packaustbe the inverse of the processing defined.ifil.0535.2.5.2.4.1
with the exceptions as specified1171.0535.2.5.2.4.2.2.

171.0535.2.5.2.4.2.2 Called DTE, calling DTE address and length fields. Where present, the calling DTE addres
mustbe composed of the aircraft address and the value contained in the AM field of the Mode S
packet, converted to BC[2{1.053.5.2.3.1.3.2). Where present, the called DTE addnesst be
the ground DTE address contained in the AG field of the Mode S packet, converted to BCD. The
length fieldmustbe as defined in ISO 8208.

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

171.0535.2.5.2.5 Clear Request BXDLP

171.0535.2.5.2.5.1 Translation into Mode S packets

171.0535.2.5.2.5.1.1 Translated packet format. Reception by the ADLP reformatting process of an ISO 8208
CLEAR REQUEST packet from the locahD§Eesult in the generation of a corresponding Mode

S CLEAR REQUEST by ADLP packet(s) (as determibédobyc8ssing)71.053.5.2.5.1.4.2)) as
follows:

DP:1| MP:1 (SP:2| ST:

(]

FILL200r2| TC:2 | SN:6 |CH4|AM4| AG:8 | CC8 | DC#8 | S| FILL2 | F:1 | Lv4 UD:v

Fields shown in the packet format and not specified in the following paragnmapissbe set as
specified inl71.0535.2.5.2.1 and.71.0535.2.5.2.2.

171.0535.2.5.2.5.1.2 Data packet type (DP). This fialdtbe set to 0.
171.0535.2.5.2.5.1.3 MSP packet type (MP). This fieidtbe set to 1.

171.0535.2.5.2.5.1.4 Supervisory packet (SP). Thisrfiaktbe set to 1.



171.0535.2.5.2.5.1.5 Channel number (CH): If a channel number has been allocated during the call acceptance
phase, then Clrustbe set to that value, otherwise fihustbe set to zero.

171.0535.2.5.2.5.1.6 Temporary channel (TC): If a channel number has been allocated during the call acceptance
phase, then T@wustbe set to zero, otherwise ihustbe set to the value used in the CALL REQUEST
by GDLP.

171.0535.2.5.2.5.1.7 Supervisory type (ST). ThisIfielst be set to 2.

171.0535.2.5.2.5.1.8 Address, ground or address, mobile. The AG and AM values in the originating Mode S CALL
REQUEST by ADLP or CALL REQUEST by GDLPnpatketseturned in these fields. When
present, DTE addresses in the ISO 8208 CLEAR REQUESTystbkdagnored.

171.0535.2.5.2.5.1.9  Clearing cause (CC) and diagnostic code (DC) fields. Theseufieh#s transferred
without modification from the 1SO 8208 packet to the Mode S packet when the DTE has initiated
the clear procedure. If the XDLP has initiated the clear procedure, the clearing cause field and
diagnostic fieldmust be as defined in the state tables for the DCE and XDCE (see also
171.0535.2.6.3.3). The coding and definition of these figtusstbe as specified in ISO 8208.

171.0535.2.5.2.5.2 Translation into ISO 8208 packets

171.0535.2.5.2.5.2.1 Translation. Reception by the GDLP reformatting process of a Mode S CLEAR REQUEST
ADLP packet (or anlft sequence of packets) from the local GDREtresult in the generation
of a corresponding ISO 8208 CLEAR REQUEST packet to the local DCE. The translation from th
Mode S packet to the ISO 8208 packatist be the inverse of the processing defined in
171.0535.2.5.2.5.1 with the exceptions specified in171.0535.2.5.2.5.2.2 and
171.0535.2.5.2.5.2.3.

171.0535.2.5.2.5.2.2 Called DTE, calling DTE and length fields. Thesmfistd® omitted in the ISO 8208
CLEAR REQUEST packet.

171.0535.2.5.2.5.2.3 Clearing cause field. This fraldtbe set taking account df71.053.5.2.6.3.3.

171.053.5.2.5.2.6 Clear Request B&EDLP
171.0535.2.5.2.6.1 Translation into Mode S packets

171.0535.2.5.2.6.1.1 Translated packet format. Reception by the GDLP reformatting process of an 1ISO 8208
CLEAR REQUEST packet from the locahD§tEesult in the generation of corresponding Mode S
CLEAR REQUEST by GDLP packet(s) (as determideitl fmp&ssing{71.0535.2.5.1.4.2)) as
follows:

DP:1 | MP:1 | SP:2 | ST2 | FILL:2 | TC:2 | SN:6 | CH:4 | AM4 | AGS | CC8 | DCG | S | FILL:2 | F1 | Lv4 UDw




Fields shown in the packet format and not specified in the following paragnmapissbe set as
specified inl71.0535.2.5.2.1171.0535.2.5.2.2 and 71.0535.2.5.2.5.

171.0535.2.5.2.6.1.2 Data packet type (DP). This freldtbe set to O.
171.0535.2.5.2.6.1.3 MSP packet type (MP). This firldtbe set to 1.
171.0535.2.5.2.6.1.4 Supervisory packet (SP). Thisrfigktbe set to 1.

171.0535.2.5.2.6.1.5 Channel number (CH): If a channel number has been allocated during the call acceptance
phase, then Clrhustbe set to that value, otherwise fihustbe set to zero.

171.0535.2.5.2.6.1.6 Temporary channel (TC): If a channel number has been allocated during the call acceptance
phase, then T@wustbe set to zero, otherwise mhustbe set to the value used in the CALL REQUEST
by GDLP.

171.0535.2.5.2.6.1.7 Supervisory type (ST). ThisIfirelst be set to 2.

171.0535.2.5.2.6.2 Translation into ISO 8208 packets

171.0535.2.5.2.6.2.1 Translation. Reception by the ADLP reformatting process of a Mode S CLEAR REQUEST
GDLP packet (or anb® sequence of packets) from the local AD@ESt result in the generation
of a corresponding ISO 8208 CLEAR REQUEST packet to the local DCE. The translation from th
Mode S packet to the ISO 8208 packatist be the inverse of the processing defined in
171.0535.2.5.2.6.1.

171.0535.2.5.2.6.2.2 Called DTE, calling DTE and length fields. Thesmiistd® omitted in the ISO 8208
CLEAR REQUEST packet.

171.053.5.2.5.2.7 Data

171.0535.2.5.2.7.1 Translation into Mode S packets

171.0535.2.5.2.7.1.1 Translated packet format. Reception by the XDLP reformatting process of ISO 8208 DATA

packet(s) from the local D@fustresult in the generation of corresponding Mode S DATA packet(s)
as determined by Mit processingX71.053.5.2.5.1.4.1), as follows:

DP:A M:1 SN:6 FILL1:0 or & PS4 PR:4 CH:4 LV4 UDw

171.0535.2.5.2.7.1.2 Data packet type (DP). This fialdtbe set to 1.

171.0535.2.5.2.7.1.3 M field (M). A value ofriustindicate that the packet is part of an-bit sequence with
more packets in the sequence to follow. A value oh@stindicate that the sequence ends with
this packet. The appropriate valumeustbe placed in the Mit field of the Mode S packet.



Noter See 5.2.5.1.4 and ISO 8208 for a complete explanation.

171.0535.2.5.2.7.1.4 Sequence number (SN). The sequence numbemfiedtibe set as specified in
171.0535.2.5.2.1.1.7.

171.0535.2.5.2.7.1.5 Packet send sequence number (PS). The packet send sequence nunmbestimidset
as specified in71.0535.2.6.4.4.

171.0535.2.5.2.7.1.6 Packet receive sequence number (PR). The packet receive sequence numiestfield
set as specified ih71.0535.2.6.4.4.

171.0535.2.5.2.7.1.7 Channel number (CH). The channel numbemiisittontain the Mode S channel number
that corresponds to the incoming ISO 8208 DATA packet channel number.

5.2.5.2.7.1.8 User data length (LV). This fraldtindicate the number of full bytes used in the last SLM or ELM
segment as defined ih71.0535.2.2.3.1.

171.0535.2.5.2.7.1.9 Fill (FILL1). This frelcstbe set as specified ih71.0535.2.5.2.1.1.11.

171.0535.2.5.2.7.1.10 User data (UD). The user datstbe transferred from the 1ISO 8208 packet to the Mode
S packet utilizing the Mdit packet assembly processing as required.

171.0535.2.5.2.7.2 Translation into ISO 8208 packets. Reception by the XDLP reformatting process of Mode S
DATA packet(s) from the local XDfstresult in the generation of corresponding 1ISO 8208 DATA
packet(s) to the local DCE. The translation from Mode S packet(s) to the ISO 8208 paistt(s)
be the inverse of the processing defined in 5.2.5.2.7.1.

171.053.5.2.5.2.8 Interrupt
171.0535.2.5.2.8.1 Translation into Mode S packets
171.0535.2.5.2.8.1.1 Translated packet format. Reception by the XDLP reformatting process of an 1ISO 8208

INTERRUPT packet from the local DEEt result in the generation of corresponding Mode S
INTERRUPT packet(s) (as determinedtiy Bocessingl71.053.5.2.5.1.4.2)) as follows:

DP1 | MP1 | SP2 | ST2 FILL2:0 or 2

w
-
W
=
o

CH:4 LV:A UDwv

Fields shown in the packet format and not specified in the following paragnapissbe set as
specified inl71.0535.2.5.2.1.

171.0535.2.5.2.8.1.2 Data packet type (DP). This fialdtbe set to 0.
171.0535.2.5.2.8.1.3 MSP packet type (MP). This fieidtbe set to 1.

171.0535.2.5.2.8.1.4 Supervisory packet (SP). Thisrfiaktbe set to 3.



171.0535.2.5.2.8.1.5 Supervisory type (ST). ThisIfirelst be set to 1.
171.0535.2.5.2.8.1.6 User data length (LV). This freldtbe set as specified ih71.053.5.2.2.3.1.

171.0535.2.5.2.8.1.7 User data (UD). The user daiatbe transferred from the ISO 8208 packet to the Mode
S packet using thel8t packet reassembly processing as required. The maximum size of the user
data field for an INTERRUPT packastbe 32 bytes.

171.0535.2.5.2.8.2 Translation into ISO 8208 packets. Reception by the XDLP reformatting process of Mode S
INTERRUPT packet(s) from the local XD@&E result in the generation o& corresponding 1SO
8208 INTERRUPT packet to the local DCE. The translation from the Mode S packet(s) to the 1SO
8208 packetnustbe the inverse of the processing definedlinl.0535.2.5.2.8.1.

171.053.5.2.5.2.9 Interrupt Confirmation
171.0535.2.5.2.9.1 Translation into Mode S packets
171.0535.2.5.2.9.1.1 Translated packet format. Reception by the XDLP reformatting process of an 1SO 8208

INTERRUPT CONFIRMATION packet from the locamOsEEesult in the generation of a
corresponding Mode S INTERRUPT CONFIRMATION packet as follows:

DP:1 MP:1 SP:2 ST:2 SS:2 FILL20 or 2 SN:6 CH:4 FILL:4

Fields shown in the packet format and not specified in the following paragnmapissbe set as
specified inl71.0535.2.5.2.1.

171.0535.2.5.2.9.1.2 Data packet type (DP). This fieldtbe set to 0.

171.0535.2.5.2.9.1.3 MSP packet type (MP). This firldtbe set to 1.

171.0535.2.5.2.9.1.4 Supervisory packet (SP). Thisffisktbe set to 3.

171.0535.2.5.2.9.1.5 Supervisory type (ST). Thisielst be set to 3.

171.0535.2.5.2.9.1.6 Supervisory subset (SS). Thigfigddbe set to 0.

171.0535.2.5.2.9.2 Translation into ISO 8208 packets. Reception by the XDLP reformatting process of a Mode S
INTERRUPT CONFIRMATION packet from the localMBCEesult in the generation of a
corresponding ISO 8208 INTERRUPT CONFIRMATION packet to the local DCE. The translation frol

the Mode S packet to the ISO 8208 pachkeist be the inverse of the processing defined in
171.0535.2.5.2.9.1.

171.053.5.2.5.2.10 Reset Request



171.053.5.2.5.2.10.1 Translation Into Mode S Packets

171.0535.2.5.2.10.1.1 Translated packet format. Reception by the XDLP reformatting process of an ISO 8208
RESET REQUEST packet from the locahDsEEesult in the generation of a corresponding Mode
S RESET REQUEST packet as follows:

DP:1 | MPA | SP2 | ST:2 FILL2:0 or 2 FILL:2 | SN6 CH4 FILL:4 RC:6 DC8

Fields shown in the packet format and not specified in the following paragnmapissbe set as
specified inl71.0535.2.5.2.1.

171.0535.2.5.2.10.1.2 Data packet type (DP). This firldtbe set to 0.
171.0535.2.5.2.10.1.3 MSP packet type (MP). This firldtbe set to 1.
171.0535.2.5.2.10.1.4 Supervisory packet (SP). Thistietdbe set to 2.
171.0535.2.5.2.10.1.5 Supervisory type (ST). Thisrfieist be set to 2.

171.0535.2.5.2.10.1.6 Reset cause code (RC) and diagnostic code (DC). The reset cause and diagnostic code
used in the Mode S RESET REQUEST paasigie as specified in the ISO 8208 packet when the
reset procedure is initiated by the DTE. If the reset procedure originates with the DCE, the DCE
state tableanustspecify the diagnostic fields coding. In this case, bit 8 of the reset causefistd
be set to O.

171.0535.2.5.2.10.2 Translation into ISO 8208 packets. Reception by the XDLP reformatting process of a Mode
S RESET packet from the local XG& result in the generation of a corresponding 1SO 8208
RESET packet to the local DCE. The translation from the Mode S packet to the ISO 8208 packet
mustbe the inverse of the processing definedlinl.0535.2.5.2.10.1.

171.0535.2.5.2.11 SO 8208 RESTART REQUEST to Mode S CLEAR REQUEST. The receipt of an ISO 8208 RI
REQUEST from the local DSt result in the reformatting process generating a Mode S CLEAR
REQUEST by ADLP or Mode S CLEAR REQUEST by GDLP for all SVCs associated with the reque
DTE. The fields of the Mode S CLEAR REQUEST pacisttbe set as specified in
171.0535.2.5.2.5 and 71.0535.2.5.2.6.

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

171.053.5.2.5.3 Packets Local To The Mode S Subnetwork
Noter Packets defined in this section do not result in the generation of an ISO 8208 packet.

171.053.5.2.5.3.1 Mode S Receive Ready



171.0535.2.5.3.1.1 Packet format. The Mode S RECEIVE READY packet arriving from an XDLP is not related
the control of the DTE/DCE interface amdist not cause the generation of an ISO 8208 packet.
The format of the packanustbe as follows:

DP:1 MP:1 SP:2 ST:2 FILL2:0 or 2 FILL:2 SN:6 CHA4 PR:4

Fields shown in the packet format and not specified in the following paragnapissbe set as
specified inl71.0535.2.5.2.1. The packetustbe processed as specifiedliil.0535.2.6.5.

171.0535.2.5.3.1.2 Data packet type (DP). This fialdtbe set to 0.
171.0535.2.5.3.1.3 MSP packet type (MP). This fieldtbe set to 1.
171.0535.2.5.3.1.4 Supervisory packet (SP). Thisrfiekt be set to 2.
171.0535.2.5.3.1.5 Supervisory type (ST). This firldtbe set to O.

171.0535.2.5.3.1.6 Packet receive sequence number (PR). This nfietd be set as specified in
171.0535.2.6.4.4.

171.053.5.2.5.3.2 Mode S Receive Not Ready
171.0535.2.5.3.2.1 Packet format. The Mode S RECEIVE NOT READY packet arriving from an XDLP is not relat

to the control of the DTE/DCE interface andstnot cause the generation of an ISO 8208 packet.
The format of the packanustbe as follows:

DP:1 MP1 SP2 ST2 FILL20 or 2 FILL:2 SN:6 CH4 PR4

Fields shown in the packet format and not specified in the following paragnapissbe set as
specified inl71.0535.2.5.2.1. The packetustbe processed as specifiedliil.0535.2.6.6.

171.0535.2.5.3.2.2 Data packet type (DP). This fialdtbe set to O.
171.0535.2.5.3.2.3 MSP packet type (MP). This fimldtbe set to 1.
171.0535.2.5.3.2.4 Supervisory packet (SP). Thisrfiekt be set to 2.
171.0535.2.5.3.2.5 Supervisory type (ST). This freldtbe set to 1.

171.0535.2.5.3.2.6 Packet receive sequence number (PR). This nfietd be set as specified in
171.0535.2.6.4.4.

171.053.5.2.5.3.3 Mode S Route

171.0535.2.5.3.3.1 Packet format. The format for the packestbe as follows:



DP:1 MP:1 SP:2 ST2 OF:1 IN:1 RTL:8 RTv ODLOor8 0D

Fields shown in the packet format and not specified in the following paragnmapissbe set as
specified in171.0535.2.5.2.1. The packanust only be generated by the GDLP.niust be
processed by the ADLP as specifiedl1.053.5.2.8.1.2 andmust have a maximum size as
specified inl71.0535.2.6.4.2.1.

171.0535.2.5.3.3.2 Data packet type (DP). This fialdtbe set to 0.

171.0535.2.5.3.3.3 MSP packet type (MP). This fieldtbe set to 1.

171.0535.2.5.3.3.4 Supervisory packet (SP). Thisrfiekt be set to 3.

171.0535.2.5.3.3.5 Supervisory type (ST). This firldtbe set to 0.

171.053.5.2.5.3.3.6 Option flag (OF). This fralastindicate the presence of the optional data length (ODL) and
optional data (OD) fields. @Rustbe setto 1 if ODL and OD are present. Otherwisauitbe set

to 0.

171.0535.2.5.3.3.7 Initialization bit (IN). This fieddistindicate the requirement for subnetwork initialization.
It mustbe set by the GDLP as specified.053.5.2.8.1.2 d).

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

171.0535.2.5.3.3.8 Route table length (RTL). This firldtindicate the size of the route table, expressed in
bytes.

171.0535.2.5.3.3.9 Route table (RT)

171.0535.2.5.3.3.9.1 Contents. This tabimust consist of a variable number of entries each containing
information specifying the addition or deletion of entries in the |l c®JEE crosseference table
(171.0535.2.8.1.1).

171.0535.2.5.3.3.9.2 Entries. Each entry in the route tablest consist of the Il code, a list of up to 8 ground
DTE addresses, and a flag indicating whether the resulting IH®8epairsnust be added or
deleted from the Il codd®TE crosseference table. A route table entmustbe coded as follows:

II:4 AD:1 ND:3 DAL

171.0535.2.5.3.3.9.3 Interrogator identifier (I1). This figldstcontain the 4bit 1l code.



171.0535.2.5.3.3.9.4 Add/delete flag (AD). This fialdstindicate whether the 1l cod®TE pairsnustbe added
(AD = 1) or deleted (AD = 0) from the Il chiEE crosseference table.

171.0535.2.5.3.3.9.5 Number of DTE addresses (ND). Thisfisltbe expressed in binary in the range from 0
to 7 andmustindicate the number of DTE addresses present in DAL minus 1 (in order to allow from

1 to 8 DTE addresses).

171.0535.2.5.3.3.9.6 DTE address list (DAL). Thimuistconsist of up to 8 DTE addresses, expresseebih 8
binary representation.

171.0535.2.5.3.3.10 Optional data length (ODL). This fireldt contain the length in bytes of the following OD
field.

171.0535.2.5.3.3.11 Optional data (OD). This variable lengthrfiekt contain optional data.

171.053.5.2.5.3.4 Mode S Clear Confirmation BADLP

171.0535.2.5.3.4.1 Packet format. The format for this packastbe as follows:

DP:1 MP:1 SP:2 ST:2 FILLZ:0 or 2 TC:2 SN:§ CH:4 AM:4 AG:8

Fields shown in the packet format and not specified in the following paragnapissbe set as
specified inl71.0535.2.5.2.1 andl71.0535.2.5.2.5. This packetustbe processed as specified
in171.0535.2.6.3.

171.0535.2.5.3.4.2 Data packet type (DP). This fialdtbe set to 0.

171.0535.2.5.3.4.3 MSP packet type (MP). This fimldtbe set to 1.

171.0535.2.5.3.4.4 Supervisory packet (SP). Thisrfiekt be set to 1.

171.0535.2.5.3.4.5 Channel number (CH): If a channel number has been allocated during the call acceptance
phase, then Clrhustbe set to that value, otherwise fihustbe set to zero.

171.053.5.2.5.3.4.6 Temporary channel (TC): If a channel number has been allocated during the call acceptance
phase, then T@wustbe set to zero, otherwise ihustbe set to the value used in the CALL REQUEST
by GDLP.

171.0535.2.5.3.4.7 Supervisory type (ST). This freldtbe set to 3.

171.053.5.2.5.3.5 Mode S Clear Confirmation ByDLP

171.0535.2.5.3.5.1 Packet format. The format for this packastbe as follows:



DP:1 MP:1 Sp:2 ST:2 FILL:2 TG:2 SN:B CH4 AM:4 AGS8

Fields shown in the packet format and not specified in the following paragnapissbe set as
specified inl71.0535.2.5.2.1 andl71.0535.2.5.2.6. This packebiustbe processed as specified
in171.0535.2.6.3.

171.0535.2.5.3.5.2 Data packet type (DP). This fraldtbe set to O.

171.0535.2.5.3.5.3 MSP packet type (MP). This fieldtbe set to 1.

171.0535.2.5.3.5.4 Supervisory packet (SP). Thisrfiekt be set to 1.

171.0535.2.5.3.5.5 Channel number (CH): If a channel number has been allocated during the call acceptance
phase, then Clrhustbe set to that value, otherwise fihustbe set to zero.

171.0535.2.5.3.5.6 Temporary channel (TC): If a channel number has been allocated during the call acceptance
phase, then T@wustbe set to zero, otherwise ihustbe set to the value used in the CALL REQUEST
by GDLP.

171.0535.2.5.3.5.7 Supervisory type (ST). This firldtbe set to 3.

171.053.5.2.5.3.6 Mode S Reset Confirmation

171.0535.2.5.3.6.1 Packet format. The format for this packastbe as follows:

DP:1 MP:1 SP:2 ST:2 FILLZ2:0 or 2 FILL:2 SN:6 CH4 FILL:4

Fields shown in the packet format and not specified in the following paragnapissbe set as
specified inl71.0535.2.5.2.1. This packetustbe processed as specified in Tabl&éb

171.0535.2.5.3.6.2 Data packet type (DP). This fialdtbe set to 0.
171.0535.2.5.3.6.3 MSP packet type (MP). This fimldtbe set to 1.
171.0535.2.5.3.6.4 Supervisory packet (SP). Thisrfiekt be set to 2.
171.0535.2.5.3.6.5 Supervisory type (ST). This firldtbe set to 3.
171.053.5.2.5.3.7 Mode S Reject

171.0535.2.5.3.7.1 Packet format. The format for this packastbe as follows:

DP:1 MP:1 SP:2 ST:2 SS:2 FILL2:0 or 2 SN:6 CH:4 PR:4




Fields shown in the packet format and not specified in the following paragnmapissbe set as
specified inl71.0535.2.5.2.1. This packetustbe processed as specifiedlifl.0535.2.6.8.

171.0535.2.5.3.7.2 Data packet type (DP). This fraldtbe set to O.

171.0535.2.5.3.7.3 MSP packet type (MP). This fimldtbe set to 1.

171.0535.2.5.3.7.4 Supervisory packet (SP). Thisrfiekt be set to 3.

171.0535.2.5.3.7.5 Supervisory type (ST). This firldtbe set to 3.

171.0535.2.5.3.7.6  Supervisory subset (SS). Thisfietd be set to 1.

171.0535.2.5.3.7.7 Packet receive sequence number (PR). This nfietd be set as specified in
171.0535.2.6.4.4.

171.0535.2.6 XDCE operation
Noter The ADCE process within the ADLP acts as a peer process to the GDCE process in the GDL

171.0535.2.6.1 State transitions. The XDfkstoperate as a state machine. Upon entering a state, the XDCE
mustperform the actions specified in TablelB. State transition and additional action(systbe
as specified in Table®b through Table 22.
Note 11 The next state transition (if any) that occurs when the XDCE receives a packet from the
peer XDCE is specified by Tablé Shrough Table-39. The same transitions are defined in Table
5-20 through Table 22 when the XDCE receives a packet ftloenDCE (via the reformatting
process).
Note 21 The XDCE state hierarchy is the same as for the DCE as presented inZiguxeept
that states r2, r3 and p5 are omitted.

171.053.5.2.6.2 Disposition Of Packets

171.0535.2.6.2.1 Upon receipt of a packet from the peer XDCE, the pacistbe forwarded or not forwarded
to the DCE (via the reformatting process) according to the parenthetical instructions contained in
Tables 515 to 519. If no parenthetical instruction is listed or if the parenthetical instruction
AYRAOI 0Sa & BepagkéniustFedlisthrdedlR £

171.0535.2.6.2.2 Upon receipt of a packet from the DCE (via the reformatting process), the packdie
forwarded or not forwarded to the peer XDCE according to the parenthetical instructions

contained in Tables-80 to 522. If no parenthetical instruction is listed or if the parenthetical
AYyaidNdzOGA2y AYRAOLI (S anusthBdiscaydrdi F2NB I NRé (GKS LI



171.0535.2.6.3 SVCall Setup And Clear Procedure

171.0535.2.6.3.1 Setup procedures. Upon receipt of a CALL REQUEST from the DCE or peer XDG#ughe XDLP
determine if sufficient resources exist to operate the SVC.nigdinclude: sufficient buffer space
(refer to 171.0535.2.5.1.1 for buffer requirements) and an available pl state SVC. Upon
acceptance of the CALL REQUEST from the DCE (via the reformatting process), the Mode S CAL
REQUEST packeiust be forwarded to frame processing. Upon acceptance of a Mode S CALL
REQUEST from the peer XD@& f(ame processing), the Mode S CALL REQu&ESDHe sent to
the reformatting process.

171.0535.2.6.3.2 Aborting a call request. If the DTE and/or the peer XDCE abort a call before they have received
a CALL ACCEPT packet, timesst indicate this condition by issuing a CLEAR REQUEST packet.
Procedures for handling these caseastbe as specified in Tablel® and Table £0.

171.053.5.2.6.3.3 Virtual Call Clearing
5.2.6.3.3.1 If the XDCE receives a Mode S CALL REQUEST from the reformatting process that it cannot suppol
it mustinitiate a Mode S CLEAR REQUEST packet that is sent to the DCE (via the reformatting

process) for transfer to the DTE (the DCE thus enters the DCE CLEAR REQUEST to DTE state, p7)

171.0535.2.6.3.3.2 If the XDCE receives a Mode S CALL REQUEST packet from the peer XDCE (via frat
processing) which it cannot supportnitustenter the state p7.

171.0535.2.6.3.3.3 A meamsust be provided to advise the DTE whether an SVC has been cleared due to the
action of the peer DTE or due to a problem within the subnetwork itself.

171.0535.2.6.3.3.4 Recommendatiort. The requirement of 5.2.6.3.3rBay be satisfied by setting bit 8 of the
cause field to 1 to indicate that the problem originated in the Mode S subnetwork and not in the
DTE. The diagnostic and cause cadagbe set as follows:
a) no channel number available, DC = 71, CC = 133;
b) buffer space not available, DC = 71, CC = 133;
c) DTE not operational, DC = 162, CC = 141; and
d) link failure, DC = 225, CC = 137.
171.0535.2.6.3.3.5 If the ADLP receives a Mode S ROUTE packet with the IN bit set to ONE, thesADLP
perform local initialization by clearing Mode S SVCs associated with the DTE addresses contained
in the ROUTE packet. If the GDLP receives a search request (P&8plrddn an ADLP, the GDLP
must perform local initialization by clearing Mode S SVCs associated with that ADLP. Local

initializationmustbe accomplished by:

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



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

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

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

171.0535.2.6.3.4  Clear confirmation. When the XDCE receives a Mode S CLEAR CONFIRMATION packet, i
remaining allocated resources to manage the 8\(St be released (including the resequencing
buffers) and the SV@wustbe returned to the pl state. Mode S CLEAR CONFIRMATION packets
mustnot be transferred to the reformatting process.

171.0535.2.6.3.5 Clear collision. A clear collision occurs at the XDCE when it receives a Mode S CLEAR REQUE
packet from the DCE (via the reformatting process) and then receives a Mode S CLEAR REQUES
packet from the peer XDCE (or vice versa). In this etlemtXDCE does not expect to receive a
Mode S CLEAR CONFIRMATION packet for this SMQsindnsider the clearing complete.

171.0535.2.6.3.6  Packet processing. The XMQ#t treat an Shit sequence of Mode S CALL REQUEST, CALL
ACCEPT and CLEAR REQUEST packets as a single entity.

171.053.5.2.6.4 Data Transfer And Interrupt Procedures
171.053.5.2.6.4.1 General Provisions

171.0535.2.6.4.1.1 Data transfer and interrupt procedumasstapply independently to each SVC. The contents
of the user data fielanustbe passed transparently to the DCE or to the peer XDCEnstidoe
transferred in the order dictated by the sequence numbers assigned to the data packets.

171.0535.2.6.4.1.2 To transfer DATA packets, ther8\sIbe in a FLOW CONTROL READY state (d1).
171.0535.2.6.4.2 Mode S Packet Size

171.0535.2.6.4.2.1 The maximum size of Mode S paaketst be 152 bytes in the uplink direction and 160
bytes in the downlink direction for installations that have full uplink and downlink ELM capability.
The maximum downlink packet size for level four transponders with less than 16 segment downlink
ELM capabilitynustbe 10 bytes times the maximum number of downlink ELM segments that the
transponder specifies in its data link capability report. If there is no ELM capability, the maximum
Mode S packet sizmustbe 28 bytes.

171.0535.2.6.4.2.2 The Mode S subnetworldstallow packets of less than the maximum size to be transferred.

171.0535.2.6.43 FlowControl Window Size



171.0535.2.6.4.3.1 The flow control window size of the Mode S subnetmodkt be independent of that used
on the DTE/DCE interface. The Mode S subnetwork windowrgigebe 15 packets in the uplink
and downlink directions.

171.0535.2.6.4.4 SVElow Control

171.0535.2.6.4.4.1 Flow controhustbe managed by means of a sequence number for received packets (PR)
and one for packets that have been sent (PS). A sequence numben§Bt®e assigned for each
Mode S DATA packet generated by the XDLP for each SVC. The first Mode S DATA packet
transferred by the XDCE to frame processing when the SVC has just entered the flow control ready
state mustbe numbered zero. The first Mode S packet received from the peer XDCE after an SVC
has just entered the flow control ready stateustbe numbered zero. Subgaent packetsnust
be numbered consecutively.

171.0535.2.6.4.4.2 A source of Mode S DATA packets (the ADCE orm@BGi6t send (without permission
from the receiver) more Mode S DATA packets than would fill the flow control window. The
receivermustgive explicit permission to send more packets.

171.0535.2.6.4.4.3 The permission informatiorust be in the form of the next expected packet sequence
number andmust be denoted PR. If a receiver wishes to update the window and it has data to
transmit to the sender, a Mode S DATA packastbe used for information transfer. If the window
must be updated and no data are to be sent, a Mode S RECEIVE READY (RR) or Mode S RECEI
NOT READY (RNR) packesto S aSyid® ! i (KAA Litustbé indvediokbéging & f A
at the new PR value. The XP@ust now be authorized to transfer more packets without
acknowledgement up to the window limit.

171.0535.2.6.4.4.4 When the sequence number (PS) of the next Mode S DATA packet to be sent is in the range
tw X t{ X tw b mMn 0Y2 RustBeRBTFAY SRK 3 234 SISdzIA QS
the XDCHnustbe authorized to transmit the packet. Otherwise, the sequence number (PS) of the
packetmusto S RSFAYSR (2 0SS a2 dzi anuBidot tiarfiit the pagkiBt2os ¢ |
the peer XDCE.

171.0535.2.6.4.4.5 When the sequence number (PS) of the packet received is next in sequence and within the
window, the XDCEustaccept this packet. Receipt of a packet with a PS:

a) outside the window; or
b) out of sequence; or
c) not equal to O for the first data packet after entering FLOW CONTROL READY state (d1);
mustbe considered an errod71.0535.2.6.8).
171.0535.2.6.4.4.6 The receipt of a Mode S DATA packet with a valid PS number (i.e. the next PS in sequence
must cause the lower window PR to be changed to that PS value plus 1. The packet receive

sequence number (PR)ust be conveyed to the originating XDLP by a Mode S DATA, RECEIVE
READY, RECEIVE NOT READY, or REJECT packet. A validiBEbeatiaasmitted by the XDCE



to the peer XDCE after the receipt of 8 packets provided that sufficient buffer space exists to store
15 packets. Incrementing the PR and PS figldst be performed using modulo 16 arithmetic.

Notex The loss of a packet which contains the PR value may cause the ADLP/GDLP operations for
that SVC to cease.

171.0535.2.6.4.4.7 A copy of a packatistbe retained until the user data has been successfully transferred.
Following successful transfer, the PS vatuestbe updated.

171.0535.2.6.4.4.8 The PR value for user datsst be updated as soon as the required buffer space for the
window (as determined by flow control management) is available within the DCE.

171.0535.2.6.4.4.9 Flow control managementistbe provided between the DCE and XDCE.
171.053.5.2.6.4.5 Interrupt Procedures For Switched Virtual Circuits

171.0535.2.6.4.5.1 If user data is to be sent via the Mode S subnetwork without following the flow control
procedures, the interrupt procedureaustbe used. The interrupt procedurausthave no effect
on the normal data packet and flow control procedures. An interrupt pagkettbe delivered to
the DTE (or the transponder or interrogator interface) at or before the point in the stream of data
at which the interrupt was generated. The processing of a Mode S INTERRUP Tmatketur
as soon as it ieeceived by the XDCE.

Noter The use of clear, reset, and restart procedures can cause interrupt data to be lost.
171.0535.2.6.4.5.2 The XD@ittsttreat an Shit sequence of Mode S INTERRUPT packets as a single entity.

171.0535.2.6.4.5.3 Interrupt processingusthave precedence over any other processing for the SVC occurring
at the time of the interrupt.

171.0535.2.6.4.5.4 The reception of a Mode S INTERRUPT packet before the previous interrupt of the SVC has
been confirmed (by the receipt of a Mode S INTERRUPT CONFIRMATIONmatbetdefined
as an error. The error results in a reset (see Tall8)5

171.053.5.2.6.5 Receive Ready Procedure

171.0535.2.6.5.1 The Mode S RECEIVE READY pachkéie sent if no Mode S DATA packets (that normally
contain the updated PR value) are available for transmittal and it is necessary to transfer the latest
PR value. It alsmustbe sent to terminate a receiver not ready condition.

171.0535.2.6.5.2 Receipt of the Mode S RECEIVE READY packet by theitb@iise the XDCE to update its
value of PR for the outgoing SVQnlistnot be taken as a demand for retransmission of packets
that have already been transmitted and are still in the window.

171.0535.2.6.5.3 Upon receipt of the Mode S RECEIVE READY packet, theuXioGEnto the ADLP(GDLP)
RECEIVE READY state (gl).



171.053.5.2.6.6 Receive Not Ready Procedure

171.0535.2.6.6.1 The Mode S RECEIVE NOT READYnpasidet used to indicate a temporary inability to
accept additional DATA packets for the given SVC. The Mode S RNR camditiba cleared by
the receipt of a Mode S RR packet or a Mode S REJECT packet.

171.0535.2.6.6.2 When the XDCE receives a Mode S RECEIVE NOT READY packet from the perisKDCE, it
update its value of PR for the SVC and stop transmitting Mode S DATA packets on the SVC to the
XDLP. The XD@itstgo into the ADLP(GDLP) RECEIVE NOT READY state (g2).

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

171.0535.2.6.7 Reset Procedure

171.0535.2.6.7.1 When the XDCE receives a Mode S RESET REQUEST packet from either the peer XDCE or
DCE (via the reformatting process) or due to an error condition performs its own reset, the
following actiongnustbe taken:

a) those Mode S DATA packets that have been transmitbeithe peer XDCEust be removed
from the window;

b) those Mode S DATA packets that are not transmitted to the peer XDCE but are contained in an
M-bit sequence for

¢) which some packets have been transmittedist be deleted from the queue of DATA packets
awaiting transmission;

d) those Mode S DATA packets received from the peer XDCE that are part of an incombpiete M
sequencemustbe discarded;

e) the lower window edgenustbe set to 0 and the next packet santisthave a sequence number
(PS) of 0;

f) any outstanding Mode S INTERRUPT packets to or from the peer rKisTbe left
unconfirmed;

g) any Mode S INTERRUPT packet awaiting tramgistbe discarded,;

h) data packets awaiting transfanust not be discarded (unless they are part of a partially
transferred Mbit sequence); and

i) the transition to dlmustalso include a transition to i1, j11fand g1.



171.0535.2.6.7.2 The reset proceduneust apply to the DATA TRANSFER state (p4). The error procedure in
Table 516 mustbe followed. In any other state the reset proceduneistbe abandoned.

171.053.5.2.6.8 Reject Procedure

171.0535.2.6.8.1 When the XDCE receives a Mode S DATA packet from the peer XDCE with incorrect format or
whose packet sequence number (PS) is not within the defined window (T&l8lg & is out of
sequence, itnustdiscard the received packet and send a Mode S REJECT packet to the peer XDCE
via frame processing. The Mode S REJECT pauk#tindicate a value of PR for which
retransmission of the Mode S DATA packets is to begin. The rKisT#iscard subsequent out
of-sequence Mode S DATA packets whose receipirs while the Mode S REJECT packet response
is still outstanding.

171.0535.2.6.8.2 When the XDCE receives a Mode S REJECT packet from the peenX®Qgtjate its lower
window value with the new value of PR and begin to (re)transmit packets with a sequence number
of PR.

171.0535.2.6.8.3 Reject indicationsust not be transferred to the DCE. If the ISO 8208 interface supports the
reject procedures, the reject indications occurring on the ISO 8208 interfacst not be
transferred between the DCE and the XDCE.

171.053.5.2.6.9 Packet Resequencing And Duplicate Suppression
Note 11 If the frames for an SVC include both types (SLM and ELM), the sequence of packets may
be lost due to the different delivery times. The order may also be lost if multiple interrogators are
used to deliver frames for the same SVC to a given XB&Rlldwing procedure will correct for a
limited amount of desequencing.

Note 21 This process serves as an interface between frame processing and the XDCE function.

171.0535.2.6.9.1 Resequencing. Resequenningt be performed independently for the uplink and downlink
transfers of each Mode S SVC. The following variables and parammetstie used:

SNR A it variable indicating the sequence number of a received packet on a specific SVC. It is contained in the
SN field of the packef71.0535.2.5.2.1.1.7).

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

b) HSNR The highest value of SNR in the resequencing window.
c) Tqg Resequencing timers (see Tables &nd 513) associated with a specific SVC.

All operations involving the sequence number (8MN¥tbe performed modulo 64.



171.0535.2.6.9.2 Duplication window. The range of SNR values betweencN22Kd NESK 1 inclusivemust
be denoted the duplication window.

171.0535.2.6.9.3 Resequencing window. The range of SNR values between NESN + 1 and NESN + 31 inclusi
must be denoted the resequencing window. Received packets with a sequence number value in
this rangemustbe stored in the resequencing window in sequence number order.

171.0535.2.6.9.4 Transmission Functions

171.0535.2.6.9.4.1 For each SVC, the first packet sent to establish a connection (the first Mode S CALL REQUES
or first Mode S CALL ACCEPT paakes} cause the value of the SN field to be initialized to zero.
The value of the SN fieldustbe incremented after the transmission (or retransmission) of each
packet.

171.0535.2.6.9.4.2 The maximum number of unacknowledged sequence numistde 32 consecutive SN
numbers.May this condition be reached, then ihust be treated as an error and the channel
cleared.

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

171.0535.2.6.9.5 Receive Functions

171.0535.2.6.9.5.1 Resequencing. The resequencing algonthstmaintain the variables HSNR and NESN for
each SVC. NE&Nistbe initialized to O for all SVCs amaistbe reset to 0 when the SVCeaters
the channel number pooll71.0535.2.5.1.2).

171.0535.2.6.9.5.2 Processing of packets within the duplication window. If a packet is received with a sequence
number value within the duplication window, the packatistbe discarded.

171.0535.2.6.9.5.3 Processing of packets within the resequenwindow. If a packet is received with a
sequence number within the resequencing windowniistbe discarded as a duplicate if a packet
with the same sequence number has already been received and stored in the resequencing
window. Otherwise, the packehustbe stored in the resequencing window. Then, if no Tq timers
are running, HSNRustbe set to the value of SNR for this packet and a Tq timest be started
with its initial value (Takk 51 and 513). If at least one Tq timer is running, and SNR is not in the
window between NESN and HSNR + 1 inclusive, a new Tontins¢be started and the value of
HSNRnustbe updated. If at least one Tqg timer is running, and SNR for this packet is equal to HSNR
+ 1, the value of HSNRustbe updated.

171.0535.2.6.9.5.4 Release of packets to the XDCE. If a packet is received with a sequence number equal to
NESN, the following proceduneustbe applied:

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



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

c¢) the Tq timer associated with any of the released packatstbe stopped.
171.0535.2.6.9.6 Tqtimer expiration. If a Tq timer expires, the following procedustbe applied:

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

b) any stored packets with sequence numbers that are no longer in the resequencing window
must be forwarded to the XDCE except that an incompletst Sequencemustbe discarded;
and

¢) the Tg timer associated with any released packeatstbe stopped.

171.0535.2.7 Mode S specific services processing

Mode S specific servicesustbe processed by an entity in the XDLP termed the MosdpeSific
services entity (SSE). Transponder registaust be used to convey the information specified in
Table 524. The data structuring of the registers in Tab@4snustbe implemented in such a way
that interoperability is ensured.

Note 11 The data formats and protocols for messages transferred via Megectfic services are
specified in the Technical Provisions for Mode S Services and Extended Squitter (Doc 9871) (in
preparation).

Note 21 Uniform implementation of the data formats and protocols for messages transferred via
Mode S specific services will ensure interoperability.

Note 3.1 This section describes the processing of control and message data received from the
Mode S specific services interface.

Note 41 Control data consists of information permitting the determination of, for example,
message length, BDS code used to access the data format for a particular register, and aircraft
address.

171.0535.2.7.1 ADLProcessing

171.0535.2.7.11 Downlink Processing

171.0535.2.7.1.1.1 Specific services capability. The AfdisEbe capable of receiving control and message data
from the Mode S specific services interface(s) and sending delivery notices to this interface. The

control datamust be processed to determine the protocol type and the length of the message
data. When the message or control data provided at this interface are erroneous (i.e. incomplete,



invalid or inconsistent), the ADLRust discard the message and deliver an error report at the
interface.

Noter The diagnostic content and error reporting mechanism are a local issue.

171.0535.2.7.1.1.2 Broadcast processing. The control and messagendatde used to format the ComsB
broadcast message as specified in 5.2.7.5 and transferred to the transponder.

171.0535.2.7.1.1.3 GICB processing. Tt DS codenustbe determined from the control data. Thebgte
register contenimustbe extracted from the received message data. The register comestbe
transferred to the transponder, along with an indication of the specified register number. A
request to address one of the diitiated CommB registers or the airborne collision avoidance
system (ACAS) active resolution advisories registestbe discarded. The assignment of registers
mustbe as specified in TableZ3l.

Notexr Provision of the data available in transponder registers 40, 50 and 60 {HEX} has been
mandated in some ICAO Regions in support of ATM applications.

171.0535.2.7.1.1.4 MSP processing

171.0535.2.7.1.1.4.1 The MSP message length, channel number (MIZTHD%3.5.2.7.3.1.3) and optionally
the interrogator identifier (I1) codenustbe determined from the control data. The MSP message
contentmust be extracted from the received message data. If the message length is 26 bytes or
less, the SSBustformat an airinitiated CommB messagel(f1.053.5.2.7.1.1.4.2) for transfer to
the transponder using the short form MSP packetl.0535.2.7.3.1). If the message length is 27
to 159 bytes ad the transponder has adequate downlink ELM capability, then@SEormat an
ELM message for transfer using the short form MSP packet. If the message length is 27 to 159 bytes
and the transponder has a limited downlink ELM capability, then@&Eformat multiple long
form MSP packetsl{1.0535.2.7.3.2) using ELM messages, as required utilizing-tiieadnd
M/SN fields for association of the packets. If the message length is 27 to 159 bytes and the
transponder does not have downlink ELM capabilite, 88 Eustformat multiple long form MSP
packets 1{71.053.5.2.7.3.2) using air initiated ComBimessages, as required utilizing thbit_
and M/SN fields for association of the packets. Different frame typest never be used in the
delivery of an MSP message. Messages longer than 159rystde discarded. The assignment
of downlink MSP channel numbearaistbe as specified in TableZs.

171.0535.2.7.1.1.4.2 For an MSP, a request to send a patkstcause the packet to be multisitdirected to
the interrogator which Il code is specified in control data. If no Il code is specified, the pacitet
be downlinked using the ainitiated protocol. A message delivery notice for this pagckestbe
provided to the Mode S specific interface when the corresponding @osg) have been received
from the transponder. If a closeut has not been received from the transponder in Tz seconds, as
specified in Table-&, the MSP packehustbe discarded. Thimustinclude the cancellation in the
transponder of any frames associated with this packet. A delivery failure notice for this message
mustbe provided to the Mode S specific services interface.

171.053.5.2.7.1.2 Uplink Processing



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

171.0535.2.7.1.2.1 Specific services capability. The AlsPbe capable of receiving Mode S specific services
messages from the transponder via frame processing. The AD&e capable of delivering the
messages and the associated control data at the specific services interface. When the resources
allocated at this interface are insufficient to accommodate the output data, the ARisRdiscard
the message and deliver an error report at this interface.

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

171.0535.2.7.1.2.2 Broadcast processing. If the received message is a broadcasfCasindicated byontrol
data received over the transponder/ADLP interface, the broadcast ID and user data
(171.0535.2.7.5)mustbe forwarded to the Mode S specific services interfdd(0535.2.3.2.1)
along with the control data that identifies this as a broadcast message. The assignment of uplink
broadcast identifier numbersiustbe as specified in TableZ3.

171.0535.2.7.1.2.3 MSP processing. If the received messagdiSRAnas indicated by the packet format header
(171.0535.2.7.3), the user data field of the received MSP pankestbe forwarded to the Mode
S specific services interfack7(.053.5.2.3.2.1) together with the MSP channel number (M/CH),
the IS subfield1(71.0535.2.2.1.1.1) together with control data that identifies this as an MSP
message. bit processingnustbe performed as specified t71.0535.2.7.4. The assignment of
uplink M$ channel numbemnustbe as specified in TableZs.

171.053.5.2.7.2 Gdlp Processing
171.053.5.2.7.2.1 Uplink Processing

171.0535.2.7.2.1.1 Specific services capability. The GDisEbe capable of receiving control and message data
from the Mode S specific services interfacel§)1(053.5.2.3.2.2) and sending delivery notices to
the interface(s). The control dataustbe processed to determine the protocol type and the length
of the message data.

171.0535.2.7.2.1.2 Broadcast processing. The GilgPdetermine the interrogator(s), broadcast azimuths and
scan times from the control data and format the broadcast message for transfer to the
interrogator(s) as specified 71.0535.2.7.5.

171.0535.2.7.2.1.3 GICB processing. The Gl determine the register number and the aircraft address
from the control data. The aircraft address and BDS eodstbe passed to the interrogator as a
request for a groundnitiated CommB.

171.0535.2.7.2.1.4 MSP processing. The GDust extract from the control data the message length, the MSP
channel number (M/CH) and the aircraft address, and obtain the message content from the
message data. If the message length is 27 bytes or less, thea®stermat a CommA message
for transfer to the interrogator using the short form MSP packEf1(0535.2.7.3.1). If the



message length is 28 to 151 bytes and the transponder has uplink ELM capability, thessSE
format an ELM message for transfer to the interrogator using the short form MSP packet. If the
message length is 28 to 151 bytes and the transponder does not have uplink ELM capability, the
SSHnust format multiple long form MSP packet$71.053.5.2.7.3.2) utilizing the-bit and the
M/SN fields for association of the packets. Messages longer than 151royttbe discarded. The
interrogator must provide a delivey notice to the Mode S specific services interface(s) indicating
successful or unsuccessful delivery, for each uplinked packet.

171.053.5.2.7.2.2 Downlink Processing

171.0535.2.7.2.2.1 Specific services capability. The @isFbe capable of receiving Mode S specific services
messages from the interrogator via frame processing.

171.0535.2.7.2.2.2 Broadcast processing. If the received message is a broadcasBCamindicated by the
interrogator/GDLP interface, the GDirfst

a) generate control data indicating the presence of a broadcast message and thie &dress
of the aircraft from which the message was received;

b) append the 7byte MB field of the broadcast ComB1 and
c) forward this data to the Mode S specific services interfacé(&).053.5.2.3.2.2).

171.0535.2.7.2.2.3 GICB processing. If the received message is a GICB, as indicated by the interrogator/GDLI
interface, the GDLRust

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

b) append the 7byte MB field of the GICB; and
c) forward this data to the Mode S specific services interfacé(&).053.5.2.3.2.2).

171.0535.2.7.2.2.4 MSP processing. If the received message is an MSP as indicated by the packet format headel
(5.2.7.3), the GDLfAust

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

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

c) forward this data to theMode S specific services interface(s)j1.053.5.2.3.2.2).

L-bit processingnustbe performed as specified ti¥1.0535.2.7 4.



171.053.5.2.7.3 Msp Packet Formats

171.0535.2.7.3.1 Short form MSP packet. The format for this paokstbe as follows:

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

171.0535.2.7.3.1.1 Data packet type (DP). This fraldtbe set to 0.
171.0535.2.7.3.1.2 MSP packet type (MP). This fimldtbe set to 0.

171.0535.2.7.3.1.3 MSP channel number (M/CH). The firelstbe set to the channel number derived from the
SSE control data.

171.0535.2.7.3.1.4 Fill field (FILL1:0 or 6). The fill lengtktbe 6 bits for a downlink SLM frame. Otherwise the
fill lengthmustbe 0.

171.0535.2.7.3.1.5 User data (UD). The user data fialdt contain message data received from the Mode S
specific services interfac&71.0535.2.3.2.2).

171.0535.2.7.3.2 Long form MSP packet. The format for this pawkestbe as follows:

DP:1MP:1SP:{L:1M/SN:3FILL2:0 or 2 M/CH:€ UD:\

Fields shown in the packet format and not specified in the following paragrapist be set as specified in
171.0535.2.5.2.1 and71.0535.2.7.3.1.

171.0535.2.7.3.3 Data packet type (DP). This fieltbe set to 0.
171.0535.2.7.3.3.1 MSP packet type (MP). This fimldtbe set to 1.
171.0535.2.7.3.3.2 Supervisory packet (SP). Thisrfiekt be set to 0.

171.0535.2.7.3.3.3 L field (L). A value ghastindicate that the packet is part of arhit sequence with more
packets in the sequence to follow. A value aihQstindicate that the sequence ends with this
packet.

171.0535.2.7.3.3.4 MSP sequence number field (M/SN). Thisrfiekt be used to detect duplication in the
delivery of kbit sequences. The first packet in aibbit. sequencemust be assigned a sequence
number of 0. Subsequent packetsust be numbered sequentially. A packet received with the
same sequence number as the previously received paukstbe discarded.

171.0535.2.7.4 1bit processing.-bit processingnustbe performed only on the long form MSP packet amnast
be performed as specified for it processingX71.0535.2.5.1.4.1) except as specified in the

following paragraphs.

171.0535.2.7.4.1 Upon receipt of a long form MSP packet, the ¥idsRconstruct the user data field by:



a) verifying that the packet order is correct using the M/SN fi&lf1(053.5.2.7.3.2);

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

¢) associating each user data field in an MSP packet received with a previous user data field in an
MSP packet that has arbit value of 1; and

Notex Truncation of the user data field is not permitted as this is treated as an error condition.
d) if an error is detected in the processing of an MSP packet, the pauk&tbe discarded.

171.0535.2.7.4.2 In the processing of aibit. sequence, the XDLiRust discard any MSP packets that have
duplicate M/SN values. The XDhBstdiscard the entire it sequence if a long form MSP packet
is determined to be missing by use of the M/SN field.

171.0535.2.7.4.3 The packets associated with ailjt sequence whose reassembly is not completed in Tm
seconds (Tablesband 513)mustbe discarded.

171.053.5.2.7.5 Broadcast Format

171.0535.2.7.5.1 Uplink broadcast. The format of the broadcast Gémmust be as follows: The 88it uplink
broadcastmustbe inserted in an uplink Com# frame. The MA field of the Comfframemust
contain the broadcast identifier specified in Tabi@3®in the first 8 bits, followed by the first 48
user data bits of the broadcast message. The last 27 user data bits of the broadcast massiage
be placed in the 27 bits immediately following the UF field of the Cékfiname.

171.0535.2.7.5.2 Downlink broadcast. The format of broadcast C&@mmstbe as follows: The 5Bit downlink
broadcast messagmustbe inserted in the MB field of the broadcast ComBnThe MB fieldhust
contain the broadcast identifier specified in Tabl@3%in the first 8 bits, followed by the 48 user
data bits.

171.0535.2.8 Mode S subnetwork management
171.053.5.2.8.1 Interrogator Link Determination Function

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

171.0535.2.8.1.1 |l codBTE address correlation. The ADuBtconstruct and manage a Mode S interrogator
data terminal equipment (DTE) cresference table whose entries are Mode S interrogator
identifier (I) codes and ground DTE addresses associated with the ground ATN routers or other
ground DTEs. Each entrytbé 1l codeDTE crosseference tablenustconsist of the 4it Mode S
Il code and the ®it binary representation of the ground DTE.



Note 11 Due to the requirement for neambiguous addresses, a DTE address also uniquely
identifies a GDLP.

Note 21 An ATN router may have more than one ground DTE address.

171.0535.2.8.1.2 Protocol. The following procedunesstbe used:

a)

b)

d)

e)

f)

when the GDLP initially detects the presence of an aircraft, or detects contact with a currently
acquired aircraft through an interrogator with a new Il code, the appropriate fields of the DATA
LINK CAPABILITY repuorstbe examined to determine if, and to what level, the aircraft has
the capability to participate in a data exchange. After positive determination of data link
capability, the GDLFnust uplink one or more Mode S ROUTE packets as specified in
171.0535.2.5.3.3. This informatiomust relate the Mode S Il code with the ground DTE
addresses accessible through that interrogator. The ADUS update the Il coddDTE cross
reference table and then discard the Mode S ROUTE packet(s);

a Il codeDTE crosseference table entrymust be deleted when commanded by a Mode S
ROUTE packet or when the ADLP recognizes that the transponder has not been selectively
interrogated by a Mode S interrogator with a given Il code for Ts seconds by monitoring the IS
subfield in Mode S surveillance GommaA interrogations (Table-k);

when the GDLP determines that modification is required to the Mode S interrogator
assignment, itmust transfer one or more Mode S ROUTE packets to the ADLP. The update
information contained in the Mode S ROUTE packast be used by the ADLP to modify its
crossreference table. Additionsustbe processed before deletions;

when the GDLP sends the initial ROUTE packet after acquisition of a Mode S dzqailipled
aircraft, the IN bit must be set to ONE. This valumust cause the ADLP to perform the
procedures as specified #¥1.053.5.2.6.3.3.3. Otherwise, the IN Ilnitustbe set to ZERO;

when the ADLP is initialized (e.g. after a powprprocedure), the ADLIRAustissue a search
request by sending a broadcast Colnmessage with broadcast identifier equal to 2554FF

as specified in Tab&23) and the remaining 6 bytes unused. On receipt of a search request, a
GDLPmust respond with one or more Mode S ROUTE packets, clear all SVCs associated with
the ADLP, as specified 171.0535.2.6.3.3, and discard the search request. Thist cause

the ADLP to initialize the Il cod®TE crosseference table; and

on receipt of an update request (Table28), a GDLRwstrespond with one or more Mode S
ROUTE packets and discard the update requestniusscause the ADLP to update the Il code
DTE crosseference table.

Noter The update request may be used by the ADLP under exceptional circumstances (e.qg.
changeover to standby unit) to verify the contents of its Il codeDTE crossreference table.

171.053.5.2.8.1.3 Procedures For Downlinking Mode S Packets



171.0535.2.8.1.3.1 When the ADLP has a packet to downlink, the following proceduseapply:

a) CALL REQUEST packet. If the packet to be transferred is a Mode S CALL REQUEST, the grou
DTE address fielthust be examined andmust be associated with a connected Mode S
interrogator using the Il codBTE crossreference table. The paakeistbe downlinked using
the multisite-directed protocol. A request to transfer a packet to a DTE address not in the cross
reference tablemustresult in the action specified ih71.0535.2.6.3.3.1.

b) Other SVC packets. For an SVC, a request to send a packet to a groundsbdd&ise the
packet to be multisitedirected to the last Mode S interrogator used to successfully transfer
(uplink or downlink) a packet to that DTE, provided that this Mode S interrogator is currently in
the 1l codeDTE crosseference table. Otherwise, arVE packemustbe downlinked using the
multisite-directed protocol to any other Mode S interrogator associated with the specified
ground DTE address.

Level 5 transpondemaust be permitted to use additional interrogators for downlink transfer as
indicated in the Il cod®TE crosgeference table.

171.0535.2.8.1.3.2 A downlink frame transfaustbe defined to be successful if its CorBror ELM closeut
is received from the transponder within Tz seconds as specified in Tdbld the attempt is not
successful and an SVC packet is to be sent, the HR0&ecrosgeference tablanustbe examined
for another entry with the same called ground DTE address and a different Mode S Il code. The
proceduremustbe retried using the multisitelirected protocol with the new Mode S interrogator.
If there are no entries for the required called DTE, or mtfies result in a failed attempt, a link
failure mustbe declared171.0535.2.8.3.1).

171.053.5.2.8.2 Support For Th®TE(S)

171.0535.2.8.2.1 GDLP connectivity reporting. The GBI notify the ground DTE(s) of the availability of a
Mode S data linlS lj dzA LILJISR A NONJ Fi mudtalsbinform3hd §rguak Drgs ¢ K ¢
GKSY adzOK Iy FANODNI TG Aa y2 f2y3SNmustproddey i Ol
for notification (on request) of all Mode S data linkequipped aircraft currently in contact with that
GDLP. The notificationmust provide the ground ATN router with the subnetwork point of
attachment (SNR) address of the mobile ATN router, with the position of the aircraft and quality
of service as optional parameters. The SNPA of the mobile ATN roustibe the DTE address
formed by the aircraft address and a satidress of 0471.0535.2.3.1.3.2).

171.0535.2.8.2.2 ADLP connectivity reporting. The ADU&tnotify all aircraft DTEs whenever the last remaining
entry for a ground DTE is deleted from the Il c@IEE crosseference table 171.0535.2.8.1.1).
This notificatiormustinclude the address of this DTE.

171.0535.2.8.2.3 Communications requirements. The mechanism for communication of changes in subnetwork
connectivitymustbe a confirmed service, such as the join/leave events that allow notification of
the connectivity status.



171.053.5.2.8.3 Error Procedures

171.0535.2.8.3.1 Link failure. The failure to deliver a packet to the referenced XDLP after an attempt has been
made to deliver this packet via all available interrogatarsstbe declared to be a link level failure.
For an SVC, the XD@Hst enter the state pl and release all resources associated with that
channel. Thisnustinclude the cancellation in the transponder of any frames associated with this
SVC. A Mode S CLEAR REQUEST pahée sent to the DCE via the reformatting process and
must be forwarded by the DCE as an ISO 8208 packet to the local DTE as described in
171.0535.2.6.3.3. On the aircraft side, the channelist not be returned to the ADCE channel
pool, i.e. does not return to the state pl, until Tr seconds after the link failure has been declared
(Table 51).

171.053.5.2.8.3.2 Active Channel Determination

171.0535.2.8.3.2.1 Procedure for d1 state. The XmuBtmonitor the activity of all SVCs, not in a READY state
(pl). If an SVC is in the (XDCE) FLOW CONTROL READY state (d1) for more than Tx seconds (|
active channel timer, Tablgs1 and 513) without sending a Mode S RR, RNR, DATA, or REJECT
packet, then:

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

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

171.0535.2.8.3.2.2 Procedure for other states. If an XDCE SVC is in the p2, p3, p6, p7, d2 or d3 state for more
than Tx seconds, the link failure procedurel@fl.053.5.2.8.3.1mustbe performed.

171.0535.2.8.3.2.3 Link failumustbe declared if either a failure to deliver, or a failure to receive, kalem
packets has occurred. In which case the chammgdtbe cleared.

171.053.5.2.9 The data link capability report

The data link capability repomustbe as specified in Annex 10, Volume 1V, 3.1.2.6.10.2.

171.0535.2.10 System timers

171.0535.2.10.1 The values for timersistconform to the values given in Tabled &nd 513.

171.0535.2.10.2 Tolerance for all timaraustbe plus or minus one per cent.

171.0535.2.10.3 Resolution for all timarsustbe one second.

171.0535.2.11 System requirements



171.0535.2.11.1 Data integrity. The maximum bit error rates for data presented at the ADLP/transponder
interface or the GDLP/interrogator interface measured at the local DTE/XDLP interface (and vice
versa)mustnot exceed 16 for undetected errors and 10for detected errors.

Noter The maximum error rate includes all errors resulting from data transfers across the
interfaces and from XDLP internal operation.

171.053.5.2.11.2 Timing

171.0535.2.11.2.1 ADLP timing. ADLP operatinastnot take longer than 0.25 seconds for regular traffic and
0.125 seconds for interrupt traffic. This intervalistbe defined as follows:

a) Transponders with downlink ELM capability. The time that the final bit of do§®#8data packet
is presented to the DCE for downlink transfer to the time that the final bit of the first
encapsulating frame is available for delivery to the transponder.

b) Transponders with CormiB capability. The time that the final bit of a user data field of 24 bytes
is presented to the DCE for downlink transfer to the time that the final bit of the last of the four
CommB segments that forms the frame encapsulating therudata is available for delivery to
the transponder.

¢) Transponders with uplink ELM capability. The time that the final bit of the last segment of an
ELM of 14 Comr& segments that contains a user data field of 128 bytes is received by the ADLP
to the time that the final bit of the corresponding packet is éatale for delivery to the DTE.

d) Transponders with ComiA capability. The time that the final bit of the last segment of four

linked CommA segments that contains a user data field of 25 bytes is received by the ADLP to
the time that the final bit of the corresponding packet is availdbladelivery to the DTE.

171.0535.2.11.2.2 GDLHFming

Recommendatiort The total time delay across the GDLP, exclusive of transmission rdalay,
not be greater than 0.125 seconds.

171.0535.2.11.3 Interface rate. The physical interface between the ADLP and the transpousidrave a
minimum bit rate of 100 kilobits per second.

171.053.5.3 DCEndXDCEState Tables

171.0535.3.1 State table requirements. The DCE and XiMSHunction as specified in state TableS%o 5
22. State Tables-55 through 522 mustbe applied to:

a) ADLP state transitions when the XDCE or XDLP terms in parenthesis are omitted; and



b) GDLP state transitions when the terms in parenthesisiaegl and the XDCE or XDLP preceding
them are omitted.

171.0535.3.2 Diagno§tic and cause c9dAesv. The table Eentrigs for certfain cAor]ditionsAindigate a (;IiaAngostic codfe that
musto § Ay Of dzZRSR Ay G(GKS LI O1S8SG 3ISYSNIGSR 4KSy
mustRSTAYS (GKS RAIFIIy2aidA0 02 RS husth&tSgénedate an1SO5 L | D
8208 DIAGNOSTIC packet and transfer it to the DTE; the diagnostic code indigsttdefine the
entry in the diagnostic field of the packet. The cause figldst be set as specified in
171.0535.2.6.3.3 The reset cause fiefdustbe set as specified in ISO 8208.
Note 11 The tables provided below specify state requirements in the following order:
5-3 DCE special cases
5-4 DTE effect on DCE restart states
5-5DTE effect on DCE call setup and clearing states
5-6 DTE effect on DCE reset states
5-7 DTE effect on DCE interrupt transfer states
5-8 DTE effect on DCE flow control transfer states
5-9 XDCE effect on DCE restart states
5-10 XDCE effect on DCE call setup and clearing states
5-11 XDCE effect on DCE reset states
5-12 XDCE effect on DCE interrupt transfer states
5-15GDLP (ADLP) effect on ADCE (GDCE) packet layer ready states
5-16 GDLP (ADLP) effect on ADCE (GDCE) call setup and clearing states
5-17 GDLP (ADLP) effect on ADCE (GDCE) reset states
5-18 GDLP (ADLP) effect on ADCE (GDCE) interrupt transfer states
5-19GDLP (ADLP) effect on ADCE (GDCE) flow control transfer states
5-20 DCE effect on ADCE (GDCE) call setup and clearing states

5-21 DCE effect on ADCE (GDCE) reset states

5-22 DCE effect on ADCE (GDCE) interrupt transfer states



Note 21 All tables specify both ADLP and GDLP actions.
Note 3t Within the Mode S subnetwork, states p6 and d2 are transient states.

Note 41 wSTSNBy O0Sa (2 ay20GSaé¢ ispecific Kdes thal folibvdeachl o f ¢
state table.

Note 51 All diagnostic and cause codes are interpreted as decimal numbers.
Note 61 An SVC between an ADCE and a GDCE may be identified by a temporary and/or
permanent channel number, as definedlifl.0535.2.5.1.2.
171.053.5.4 Mode S Packet Formats
171.0535.4.1 Formats. The Mode S packet fornmatstbe as specified in Figures3go 522.
171.053.5.4.2 Significance of control fields. The structure of the format control fields used in

Mode S packetsust be as specified in FigureZ3. The significance of all control fields used in
these packet formatmustbe as follows:

Field symbol Definition

AG Address, Ground; the-Bit binary representation of the ground DTE add
(171.0535.2.3.1.3.1)

AM Address, Mobile; the -bit binary representation of the last two BCD digit
the mobile DTE addres$71.0535.2.3.1.3.2)

CC Clearing cause as defined in ISO 8208

CH Channel number (1 to 15)

DC Diagnostic code as defined in ISO 8208

DP Data packet type (FigureZ3)

F Shit sequence, first packet flag

FILL Fill field

FILL1 Has a length of 6 bits for a nenultiplexed packet in a downlink SLM frai
otherwise it is O bit

FILL2 Has a length of O bit for a nemultiplexed packet in a downlink SLM frame

for a multiplexing header; otherwise it is 2 bits

FIRST PACK The contents of the first of the multiplexed packets



FS Fast select present

IN Initialization bit

L a2 NB 0 A-{oén MBR ptkétRay specifiedlifil.0535.2.7.4
LAST PACKE The contents of the last of the multiplexed packets

LENGTH The length of a multiplexed packet in bytes expressed as an unsigned
binary number

LV User data field length; number of user bytes as specified in
171.0535.2.2.3.1

M Ga2NB oAGE F2NJ { +/ 51710635RB.ODAISGa | &
M/CH MSP channel number

MP MSP packet type (FigureZ3)

M/SN Sequence number; the sequence number for the long form MSP packet

oD Optional data

ODL Optional data length

OF Option flag

P Priority field

PR Packet receive sequence number

PS Packet send sequence number

RC Resetting cause code as defined in ISO 8208

RT Route table as defined ih71.0535.2.5.3.3.8

RTL Route table length expressed in bytes

S Ga2NB o0AGE F2NJ / V[ wov'!'o9{¢z /! ][]

INTERRUPT packets as specifiddin0535.2.5.1.4.2
SN Sequence number; the sequence number for this packet type

SP Supervisory packet (Figure23)



SS

ST

TC

ub

Supervisory subset number (Figur@3)
Supervisory type (FigureZ3)
Temporary channel number (1 to 3)

User data field



Tables FoSection 5

Table 51. ADLP Mode S subnetwork timers

Timer name Timer label Nominal value Reference

Channel retirement Tr 600s 71.04.3.5.2.8.3.1

Active channel-ADLP Tx 420s 71.04.3.5.2.8.3.2

Interrogator interrogation Ts 60s 71.04.3.5.2.8.1.2

Interrogator link Tz 30s 71.04.3.5.2.7.1.1.4.2,171.04.3.5.2.8.1.3.2
Link frame cancellation Te 60s 71.04.3.5.2.2.1.1.45

L-hit delivery-ADLP Tm 120s 71.04.3.5.2.7.4.3

Packet resequencing and S-bit delivery Tq 60s 71.04.3.5.2.6.9

Table 52. DCE actions at state transition

DCE state State definition Action thatmustbe taken when entering the state

rl PACKET LEVEL READY Return all SVCs to the p1 state (see pl state explanation).

r2 DTE RESTART REQUESReturn each SVC to the pl state (see pl state explanation). |
RESTART CONFIRMATION to the DTE.

r3 DCE RESTART REQUESIssue a RESTART REQUEST to the DTE. Unless entered via th
send a RESTART REQUEST to the reformatting process.

pl READY Release all resources assigned to SVC. Break the correspo
between the DTE/DCE SVC and the ADCE/GDCE SVC (the AL
SVC may not yet be in the pl state).

p2 DTE CALL REQUEST Determine if sufficient resources exist to support request; if so, all
resources and forward CALL REQUEST packet to reformatting pr¢
not, enter DCE CLEAR REQUEST to DTE state (p7). Determi
resources and allocation is as defined in 8208.

p3 DCE CALL REQUEST Determine if sufficient resources exist to support request; if so all
resources and forward CALL REQUEST packet to DTE; if not, senc
REQUEST packet to the reformatting process. Determinatic
resources and allocation is as defined in 1ISG3820

p4 DATA TRANSFER No action.

p5 CALL COLLISION Reassign outgoing call to another SVC (the DTE in its call collisic
ignores the incoming call) and enter the DCE CALL REQUEST ¢
for that new SVC. Enter the p2 state to process the CALL REQUE
the DTE.

p6 DTE CLEAR REQUEST Release all resources assigned to SVC, send a CLEAR CONF
packet to the DTE and enter p1l state.

p7 DCE CLEAR REQUEST tForward CLEAR REQUEST packet to DTE.
di FLOW CONTROL READYNo action.




d2

DTE RESET REQUEST Remove DATA packets transmitted to DTE from window; discal
DATA packets that represent partially transmittedo sequences ar
discard any INTERRUPT packet awaiting transfer to the DTE; 1
window counters to 0; set any timers and retranshugsparameters
relating to DATA and INTERRUPT transfer to their initial value
RESET CONFIRMATION packet to DTE. Return SVC to d1 state.

d3 DCE RESET REQUEST tRemove DATA packets transmitted to DTE from window; disca
DATA packets that represent partially transmittedbll sequences ar
discard any INTERRUPT packet awaiting transfer to the DTE; 1
window counters to 0; set any timers and retransnagsparameter
relating to DATA and INTERRUPT transfer to their initial value. F
RESET REQUEST packet to DTE.
DCE state State definition Action thatmustbe taken when entering the state
il DTE INTERRUPT READY  No action.
i2 DTE INTERRUPT SENT Forward INTERRUPT packet received from DTE to reforn
process.
jl DCE INTERRUPT READY  No action.
j2 DCE INTERRUPT SENT Forward INTERRUPT packet received from reformatting prog
DTE.
fl DCE RECEIVE READY No action.
f2 DCE RECEIVE NOT READY No action.
gl DTE RECEIVE READY No action.
02 DTE RECEIVE NOT READY No action.
Table 53. DCE special cases
DCE special cas¢
Received from DTE Any state
Any packet less than 2 bytes in length (including a valid data link level frame cont A=DIAG D=38
no packet)
Any packet with an invalid general format identifier A=DIAG D=40

Any packet with a valid general format identifier and an assigned logical chi See Table8
identifier (includes a logical channel identifier of 0)




Table 54. DTE effect on DCE restart states

DCE restart states (see Note )

PACEET LEVEL DTE RESTART DCE RESTART
READY (see Note 1) REQUEST REQUEST
Packet received from DTE rl r2 r3
Packets having a packet type identifier shorter than 1 byte and See Table 3-3 A=ERROR A=DISCARD
logical channel identifier not equal to 0 5=r3
D=38§
(zee Note 4)
Any packet, except EESTART, REGISTRATION (if supported) A=DIG A=DI4G A=DI4G
with a logical channel identifier of 0 D=36 D=36 D=36
Packet with a packet type identifier which 15 undefined or not See Table 5-3 A=ERROR A=DISCARD
supported by DCE 5=r3
D=33
(zee MNota 4)
RESTART REQUEST, RESTART CONFIRMATION, See Table 5-5 A=ERROR A=DISCARD
or REGISTRATION (if supported) packet with a logical channel 5=r3
1dentifier unequal to O D=4]1
(zee Note 4)
RESTART REQUEST A=NORMAL A=DISCARD A=NORMAL
{forward) S=pl ordl
5=r2 (see Mote 2)
RESTART CONFIEMATION A=ERROR A=ERROR A=NORMAL
S=r3 S=r3 S=pl ordl
D=17 D=18 (see Note 2)
(see MNota &) (zee MNota 4)
RESTART REQUEST OR RESTART CONFIRMATION packet A=DHG A=DISCARD A=ERROR
with a format error D=38, 39, 81 or 82 D=38 39 81 or 82
REGISTRATION REQUEST or REGISTRATION A=NORMAL A=NORMAL A=NORMAL
CONFIEMATION packets (see Note 3)
REGISTRATION REQUEST or REGISTRATION A=DHG A=FERROR A=ERROR
CONFIRMATION packet with a format emror D=38, 39 81 or 82 5=r3 D=18 39 81 or 82
(zee MNote 3) D=38,39 8] or 82
(zee MNota 4)
Call setup, call cleanng, DATA. interrupt, flow control, or reset See Table 3-3 A=ERROR A=DISCARD
packet =r3
D=18

NOTES:

1.  The Mode 5 subnerwork has no restare states. Receipt of @ RESTART REQUEST causes the DCE to respond with a RESTART CONFIRMATION. The
RESTART REQUEST packst is forwarded fo the reformatting process. which issues clsar requests for all SVCs associated with the DTE. The DCE
enters the 13 state only az a result of an srvor detected on the DTE/DCE interfaces.

No action is taken within the Mode 5 submetwork.

ol e ba

The SVC chammels are returned to state pl, the permanent virtual circuits {PFC) channels are returned to state dl.
The uze of the registration facility is optional on the DTEDCE interfacs.

Table entries are defined as follows: A = action to be taken, 5 = the siate to be entered, D = the diagnostic code to be used in packets generared az a

result of thiz action, DISCARD indicates that the received packer is to be cleared for the XDLP byfferz, and INVALID indicates thai the packet/'siate

combination cannat scour.

d. The error procedure consists af entering the 13 stats, and sending a RESTART REQUEST to the reformatting process.




Table 55.

DTE effect on DCE call setup and clearing states

DCE call setup and cleanng states (see Note 5)
CALL
COLLISION DCE CLEAR
DTE CALL DCE CALL DATA s DTE CLEAR REQUEST to
Packet received from READY REQUEST REQUEST TRANSFER (see Notes 1 REQUEST DTE
DTE pl P2 3 rd and 4) pb Fa
Packets having a packet A=ERROR A=ERROR A=ERROR See Table 5-6 A=ERROR A=ERROR A=DISCARD
type identifier shorter S=p7 5=p7 S=p7 5=p7 S=p7
than 1 byte D=38 D=38 D=38 D=3§ D=3§
(see Mote 2} {zee Note 2) (see Mote 2) (see Mote 2}
Packets having a packet A=ERROR A=ERROR A=ERROR See Table 5-6 A=ERROR A=ERROR A=DISCARD
type identifier which 15 S=p7 5=p7 S=p7 5=p7 S=p7
undefined or not D=33 D=33 D=33 D=33 D=33
supported by DCE (zee Mote 2) (zee Mote 2) (zee Mote 2) (zea Mote 2}
RESTART REQUEST, A=ERROR A=ERROR A=ERROR See Table 5-6 A=ERROR A=ERROR A=DISCARD
RESTART S=p7 S=p7 §=p7 S=p7 S=p7
CONFIRMATION or D=41 D=41 D=41 D=4] D=4]
REGISTEATION (zee Mote 2) (zee Mote 2) (zee Mote 2) (zea Mote 2}
packst with logieal
channel identifier
unequal to {
CALL REQUEST A=NORMAL A=ERROR A=NORMAL A=ERROR A=ERROR A=ERROR A=DISCARD
S=p2 5=p7 S=p5 S5=p7 5=p7 5=p7
{forward) D=21 D=23 D=24 D=25
(see Mote 2} (see Mote 2} (see Mote 2) (see Mote 2}
CALL ACCEPT A=ERROR A=ERROR A=NORMAL A=ERROR A=ERROR A=ERROR A=DISCARD
5=p7 S5=p7 S=pd S=p7 S=p7 S=p7
D=20 D=21 (Forward) D=23 D=24 D=25
(see Mote 2} or A=ERROR (see Mote 2} {zee Notes 2 (see Mote 2}
5=p7 and 4)
D=42
(zme Motes 2
and 3}
CLEAR REQUEST A=NORMAL A=NORMAL A=NORMAL A=NORMAL  A=NORMAL  A=DISCARD A=NORMAL
S5=p6 S=pb 5=p6 S=p6 S=pé S=pl
(forward) {forwrard) (forward) (forward) {do not forward)
CLEAR A=ERROR A=ERROR A=ERROR A=ERROR A=ERROR A=ERROR A=NORMAL
CONFIRMATION S=p7 S=p7 §=p7 §=p7 S=p7 S=p7 S=pl
D=20 D=21 D=22 D=23 D=24 D=25 {do not forward)
(see Mote 2} {zee Note 2) (see Mote 2} (see Mote 2) (see Mote 2}
DATA, intermupt, flow A=ERROR A=ERROR A=ERROR See Table 5-6 A=ERROR A=ERROR A=DISCARD
control or reset packets S=p7 5=p7 S=p7 5=p7 S=p7
D=20 D=21 D=22 D=24 D=25
(see Mote 2} {zee Note 2) (see Mote 2) (see Mote 2}
DCE call setup and cleanng states {see Note 5)
CALL
COLLISION DCECLEAR
DTE CALL DCE CALL DATA 25 DTE CLEAR REQUEST to
Packet received from READY REQUEST REQUEST TRANSFER (see Notes 1 REQUEST DTE
DTIE rl p2 ri3 4 and 4) o] F1

NOTES:

(RN

combinatisn cannat sccur.

1. On entering the pJ state, the DCE reassigns the ontgoing call io the DTE to anether channel ime CLEAR REQUEST is issned) and responds te
incoming DTE eall as appropriate with a CLEAR REQUEST or CALL ACCEPT packet.
2 Ths error procsdure consisis af performing the actions specified when entering the p7 state (including sending a CLEAR REQUEST packst to the
DTE} and additionally zending a CLEAR REQUEST packer to the XDCE {via the reformarting process).
The uze af the fast selecr facility with a resmriction on the response prohibits the DTE from sending a CALL ACCEPT packst.
The DTE in the event of a call collizion must dizcard the CALL REQUEST packet received from the DCE.
Table entriez are defined as follows: A = action to be taken, 5 = the srate 1o be entered, D = the diagnostic code to be used in packet: generated az a
resuli af this action, DISCARD indicates that the recsived packet is to be clearsd from the XDLP buffers, and INVALID indicates thar the packet/stats




Table 56. DTE effect on DCE reset states

DICE reset states (zee Note 2)

FLOW CONTROL RESET REQUEST DCE RESET REQUEST
READY by DTE to DTE
Packet received from DTE dl d2 d3
Packet with a packet type identifier shorter than 1 byte A=ERROR A=ERROR A=DISCARD
§=d3 §=d3
D=38 D=38%
(see Hote 1} {see Note 1)
Packet with a packet type identifier which 1z undefined or not A=ERROR A=ERROR A=DISCARD
supported by DCE S5=d3 S=d3
D=33 D=33
(see Hote 1} {see Note 1)
RESTART REQUEST, RESTART CONFIRMATION, or A=ERROR A=ERROR A=DISCARD
REGISTRATION (if supported) packet with logical channel S=d3 5=d3
1dentifier unequal to 0 D=41 D=4]
(zea Note 1} {zee MNote 1)
RESET A=NORMAL A=DISCARD A=NORMAL
REQUEST §=d2 §=dl
{forward) (do not forward)
RESET CONFIRMATION A=ERROR A=ERROR A=NORMAL
§=d3 §=d3 §=dl
D=27 D=28 (do not forward)
(see Hote 1} {see Note 1)
INTERRUPT packet See Table 5-7 A=ERROR A=DISCARD
§=d3
D=28
{see Note 1)
INTERRUPT CONFIEMATION packet See Table 5-7 A=ERROR A=DISCARD
S=d3
D=28
{zee MNote 1)
DATA or flow control packet See Table 5-8 A=ERROR A=DISCARD
S=d3
D=2§
{zee MNote 1)
REJECT supported but not subscribed to A=ERROR A=ERROR A=DISCARD
S=d3 S=d3
D=37 D=37
(zea Note 1} {zee MNote 1)

NOTES:

1. The error procedure consists af pevforming the specified acrions when entering the d3 state fwhich includes forwarding a RESET REQUEST packet 1o
the DITE) and sending a RESET REQUEST packer te the XDCE {via the formarting fimction).

2. Table enmiez are defined as follows: A = action ro be taken, 5 = the state to be entered, D = the diagnostic code to be used in packets genervated az a
result af this action, DISCARD indicates that the recsived packet is to be clearsd for the XDLP byffers, and INVALID indicates that the packst/state

combinatisn cannat sccur.




Table 57. DTE effect on DCE interrupt transfer states

DTE/DCE mterrupt transfer states (see Nots 2)

DTE INTERRUPT READY DTE INTEREUPT SENT
Packet received from DTE il i2
INTERRUPT A=NORMAL A=ERROR
(zea Note 1} S=i2 5=d3
{forward) D=44

(zee MNote 3)

DTE/DCE mterrupt transfer states (see Nots 2)

DCE INTERRUPT READY DCE INTERRUPT SENT
Packet recerved from DTE Fil 2
INTERRUPT CONFIRMATION A=ERROR A=NORMAL
(zea Note 1} 5=d3 5=l
D=43 (forward)
{see Note 3)

NOTES:

1. Ifthe packst has a format error, then the evror procedure appliss (see Note 3. Interrupt packets with ussr data greater than 32 bytes should be

treated as a format srrer.

2. Table enmiez are defined as follows: A = action ro be taken, 5 = the state to be entered, D = the diagnostic code to be used in packets genervated az a

resuls of thiz action, DISCARD indicates that the received packet is to be cleared from the XDLP bufferz, and INVALID indicatss that the packst/state

combination cannot eocur.

3. Ths error procsdure consists af performing the specified actions when entering the d3 state (which includes forwarding a RESET REQUEST packet to
the DTE) and sending a RESET REQUEST packer te the XDCE {via the reformatting process).




Table 58. DTE effect on DCE flow control transfer states

DCE flow control transfer states (see Notes 2 and 3}

DCE RECEIVE READY DCE RECEIVE NOT READY
Packet recerved from DTE A P2
DATA packet with less than 4 bytes A=ERROR A=DISCARD
when nsmg module 128 numbernng S=d3
D=3§
(zea Mote 4}
DATA packet with invalid PR A=ERROR A=ERROR
S=d3 S=d3
D=2 D=1
(zea Mote 4} (zee Mote 4)
DATA packet with valid PE. but invahd PS A=ERROR A=DISCARD
or user data fisld with improper format 5=d3 (process PR data)

DATA packet with valid PR with M-bit set
to 1 when the user data field 1= partially full

DATA packet with vahd PR, PS and user
datz field format

D=1 (invalid PS)
D=39 (UD > max negotiated length)
D=82 (UD unaligned)

(see Mote 4}
A=ERROR A=DISCARD
S=d3 (process PR data)
D=165
(see Mote 4}
A=NORMAL A=DISCARD
(forward) (process PR data)

DCE flow control transfer states (see Notes 2 and 3}

DTE RECEIVE READY DTE RECEIVE NOT READY
Packet recerved from DTE £l g2
RF., FNFE, or REJECT packet with less than A=DISCARD A=DISCARD
3 bytes when nsing module 128 pumbernng
(zea Note 1}
RF., FNF, or REJECT packet with an invahd A=ERROR A=ERROR
PR §=d3 §=d3
D=2 D=2
(see Mote 4} {zee Note 4)
RF packet with a valid PR A=NORMAL A=NORMAL
S=gl
RIR packet with a valid PR A=NORMAL A=NORMAL
S=g2
REJECT packet with a valid FR A=NORMAL A=NORMAL
S=gl

NOTES:

The reject precedures are not required.

e b

combination cannot eocur.

4. The error procedure consiztz af pevforming the specified acrions when entering the d3 srate fwhich includes forwarding a RESET REQUEST packet 1o

The RR, RNR and REJECT precedures are a local DTE/DCE matisr and the corresponding packeis ars not ferwarded to the XDCE.
Table entries are defined as follows: A = action te be taken, 5 = the state to be entered, D = the diggnostic code to ba used in packeis generated as a
resuls of thiz action, DISCARD indicates that the received packet is to be cleared from the XDLP bufferz, and INVALID indicatss that the packst/state

the DTE) and sending a RESET REQUEST packer te the XDCE {via the reformatting process).




Table 59. XDCE effect on DCE restart states

DICE restart states (see Note)

PACEET LEVEL DTE RESTART REQUEST DCE RESTART REQUEST

READY r2 r3
Packet received from NDCE rl
CALL REQUEST See Table 5-10 Send CLEAR REQUEST to Send CLEAR REQUEST to
reformating process with reformatiing process with
D=244 D=244
CALL ACCEPT, CLEAR REQUEST, DATA, INTERRUPT, See Table 5-10 A=DISCARD A=DISCARD

INTERRUFT CONFIRMATION, RESET REQUEST

Note.— Table enriss are defined as follows: A = action to be taken, 5 = the state to be entersd, D = the diagnostic cods fo be used in packsis
generated as a result af this actien, DISCARD indicates that the received packst is to be cleared from the XDLP byffers, and INVALID indicates that the

packstztate combinarion cannot eccur.

Table 510. XDCE effect on DCE call setup and clearing states

DCE call setup and cleanng states (see Note)
DCE CLEAR

DTE CALL DCE CALL DATA CALL DTE CLEAR REQUEST to
Packet received from READY REQUEST REQUEST TRANSFER COLLISION REQUEST DTE
XDCE rl P2 P3 4 P pé PT
CALL REQUEST A=NORMAL INVALID INVALID DNVALID INVALID INVALID INVALID

5=p3
(forward)
CALL ACCEPT A=DISCARD A=NORMAL INVALID DNVALID INVALID A=DISCARD A=DISCARD
S=p4
{forward)
CLEAR REQUEST A=DISCARD A=NORMAL A=NORMAL A=NORMAL INVALID A=DISCARD A=DISCARD
5=p7 5=p7 5=p7
{forward) {forward) (forward)
DATA, INTERRUPT, A=DISCARD INVALID INVALID See Table 5-11 INVALID A=DISCARD A=DISCARD
INTERRUPT
CONFIRMATION, or
RESET REQUEST
Neote— Table entries are dgfined as follows: A = action te be taksn, S5 = the state to be entered, D = the diagnesiic code to be used in packets

generated as a result af this action, DISCARD indicates that the received packet is to be cleared from the XDLP byffers, and INVALID indicates that the
packst/state combination cannot ecour.

Table 511. XDCE effect on DCE reset states

DICE rezet states (zee MNote)

FLOW CONTROL DCE RESET
READY DTE RESET REQUEST REQUEST to DTE
Packet recemved from NDCE dl d2 d3
RESET REQUEST A=NORMAL A=NORMAL A=DISCARD
S=d3 S=dl
{forward) {forward)
INTERRUPT See Table 5-12 A=DISCARD A=DISCARD
INTERRUPT CONFIRMATION See Table 5-12 A=DISCARD INVALID
DATA A=NORMAL A=DISCARD A=DISCARD
(forward)

Note— Table enriss are defined as follows: A = action to be taken, 5 = the state to be entered, D = the diagnostic code to be used in packsis
generated as a resulr af thiz actien, DISCARD indicates thar the received packer iz 1o be cleared from the XDLP byffers, and INVALID indicates thar the
packstztate combinarion cannot eccur.




Table 512. XDCE effect on DCE interrupt transfer states

DCE intermpt fransfer states {see Note)

DTE INTERRUPT READY DTE INTERRUPT SENT
Packet received from NDCE il i2
INTERRUPT CONFIRMATION INVALID A=NORMAL
S=il
(forward)

DCE intermpt fransfer states {see Note)

DCE INTERRUPT READY DCE INTERRUPT SENT
Packet recerved from X DCE gl Jj2
INTERRUPT A=NORMAL DNVALID
5=2
{forward)

Note.— Table enfriss are defined as follows: A = action to be taken, 5 = the state to be entered, D = the diagnostic code to be used in packsis
generated as a result af this actien, DISCARD indicates that the received packet is to be cleared from the XDLP byffers, and INVALID indicates that the

packststate combination cannetf eccur.

Table 513. GDLP Mode S subnetwork timers

Timer name Timer label Nominal value Reference
Active channel-GDLP Ix 300s 52832
L-bit delivery-GDLP Im 1205 52743
Packet resequencing and 3-bit delivery Tg 60s 5269




Table 514. XDCE actions

at state transition

XDCE state State definition

Aetion that shall be taken when entering the stats

rl PACEET LEVEL READY

ol READY

I GDLP(ADLF) CALL REQUEST

i ADCE(GDCE) CALL REQUEST

d DATA TRANSFER

o6 GDLP(ADLF) CLEAR REQUEST

7 ADCE(GDCE) CLEAR REQUEST to
GDLP(ADLF)

dl FLOW CONTROL READY

d2 GDLF{ADLF) RESET REQUEST

43 ADCE(GDCE) RESET REQUEST to
GDLP(ADLF)

il GDLE(ADLF) INTERRUPT READY
2 GDLE(ADLF) INTERRUPT SENT

i ADCE(GDCE) INTERRUPT READY
i ADCE(GDCE) INTERRUPT SENT

A ADCE(GDCE) RECEIVE READY

7 ADCE(GDCE) RECEIVE NOT READY
gl GDLE(ADLF) RECEIVE READY

g2 GDLP(ADLF) RECEIVE NOT READY

Retwm all SVCs to the pl state.

Release all resources assigned to the 5V C. Break the comrespondence between the
ADCE/GDCE 5VC and the DTE/DCE 5VC (the DTE/DCE 5VC may not yet be in a pl state).

Determine if sufficient resources exist to support request; if se allocate resowrces and forward
Mode 5 CALL REQUEST packet to reformatiing process; if not, enter ADCE(GDCE) CLEAR.
REQUEST to GDLP{ADLP) state (pT7).

Determine 1f suffictent resources exist to support request; if se, allocate resourees and forward
Mede 5 CALL REQUEST packet to frame processing; if not, send Mode 5 CLEAR
REQUEST to reformating process and go to state pl. Do not forward the Mode S CALL
REQUEST to the peer XDCE.

Mo action.

Release all resources, send a Mode 5 CLEAR CONFIRMATION packet to the peer XDCE and
enter the pl state.

Forward Mode 5 CLEAR REQUEST packet to the peer TH_E via frame processmg.

Mo action.

Remove Mode 5 DATA packets transmitted to peer XDCE from wmdow; discard any DATA
packets that represent parially transmmited M-bit sequences and discard any Mode 5
INTERRUPT packets awaiting transfer to the peer XDICE; rezet all flow conirol window

counters to 0 (5.2.6.7.1). Send Mode S REESET CONFIFMATION packet to the pear HDCE.
Retwn SV to 41 state. Forward Mode S RESET REQUEST packet to reformathng process.

Remove Mode 5 DATA packets transmutted to peer X DCE from wmdow; discard any DATA
packets that reprezent parhally tranzmmtted M-bit sequences and dizeard any Mode 5
INTERFUPT packets awarting transfer to the peer XDNCE; rezet all flow control window
counters to 0 (3.2.6.7.1). Forward Mode 5 EESET REQUEST packet to peer XDCE via frame

processing.

Mo action.

Forward Mode 5 INTERRUPT packet received from peer XDCE to the reformathing process.
Mo action.

Forward Mode 5 INTERRUPT packet received from the reformatting process.

Mo action.

Mo action.

Mo action.

Mo action.

Table 515. GDLP (ADLP)

effect on ADCE (GDCE) packet layer ready states

ADCE (ZDCE) states
{see Notes 1 and 3)

Packet received from GDLP (ADLF) PACKEET LEVEL READY
(zee Note 2} rl

CH=0 with no TC present (see Note 4) or A=DISCARD
CH=0ma CALL ACCEPT by ADLP packet

Unassigned packet header A=DISCARD

Call setup, call cleanng, DATA mtermupt, flow control, or reset See Table 5-16
NOTES:

1. The XDCE state iz not necessarily the same state as the DTE/DCE interface.

2. Al packets from the peer XDLP have been checked for duplication before evaluation as represented by this rabls.

i

combination cannot occur.

4. Where CH=0 and a valid TC iz present in a CLEAR REQUEST by ADLP or GDLP packet or a CLEAR CONFIRMATION by ADLP or GDLP packet,

it is handled as described in 5.2.5.1.2.7 and Table 5-16.

Table entriez are defined as follows: A = action to be taken, 5 = the state to be entered, D = the diagnostic code to be used in packets generated az a
resulr af this action, DISCARD indicarer that the received packer is to be clearsd from the YDLP buffers, and INVALID indicates that the packst/state




Table 516. GDLP (ADLP) effect on ADCE (GDCE) call setup and clearing states
ADCE (GDCE) call setup and clearing States
(See Notes 1, 7 and 8)
ADCE (GDCE)
GDLP (ADLP) ADCE (GDCE) GDLF (ADLF) CLEAR
Packet received from CALL CALL DATA CLEAR EEQUEST te
GDLFP (ADLP) READY REQUEST REQUEST TRANSFER REQUEST GDLPF (ADLP)
(see Mote 2) rl p2 r3 4 -] F-o
Format error A=ERROR A=ERROR A=ERROR See Table 5-17 A=ERROR A=DISC4RD
(see Mote 3) (zee Note 10} 5=p7 5=p7 S=pT
5=p7 D=33 D=33 D=25
D=33 {see Note 6) {see Notes 6 and 9) {see Note §)
{zee Note 9)
CALL REQUEST A=NORMAL A=ERROR Mot applicable Mot applicable A=ERROR A=DISC4RD
(5.2.63.1) 5=p7 (see Note 4 {see Note 4) 5=pT
S=p2 D=21 D=15
(forward request to {zee Note &) (zee Note 6)
DCE)
CALL ACCEPT A=ERROR A=ERROR A=NORMAL A=ERROR A=ERROR A=DISCARD
S=p7 S=p7 (5.2.6.3.1) S=p7 S=p7
D=20 D=21 S5=p4 (forward D=23 n=25
{see Note 10) {see Note 6) to DCE), or {see Note 6) {see Note §)
A=ERROR
5=p7
D=42
{zee Note 6)
ADCE (GDCE) call setup and clearing States
{See Notes 1, 7 and 8)
ADCE (GDCE)
GDLP (ADLP) ADCE (GDCE}) GDLP (ADLF) CLEAR
Packet received from CALL CALL DATA CLEAR BEEQUEST to
GDLP (ADLE) EEADY EEQUEST REQUEST TRANSFER REQUEST GDLP (ADLF)
(see Note 2) pl p2 p3 rd b v7
CLEAR REQUEST A=NORMAL A=NORMAL A=NORMAL A=NORMAL A=DISCARD A=NORMAL
(5.263.3) (5.263.3) (3.2.63.3) (5.2.633) (5.2633)
S=pb S=pb S=pb& S=pb S=pl
{do not forward) (forward to DCE) {(forward to DCE) (forward to DCE) {do not forward)
CLEAR A=ERROR A=ERROR A=ERROR A=ERROR A=ERROR A=NORMAL
CONFIRMATION S=p7 S=p7 S=p7 S=p7 S=p7 (5.2.633)
D=20 D=21 D=22 D=23 D=15 S=pl
(zee Mote 10) {zee Note &) (zee Note 6) (zee Mote 6) (zee Note 6) {do not forward)
DATA, interrupt, flow A=ERROR A=ERROR A=ERROR See Table 5-17 A=ERROR A=DISCARD
contrel or reset packets S=p7 S=p7 S=p7 S=pT
D=20 D=21 D=22 n=15
{zee Mote 10) {see Notes 6 and 9)  (see Notes 5 and 6) (see Note §)
NOTES:
1. The XDCE is not necessarily in the same state as the DTE/DCE interface.
2. All packets from the peer XDLP have besn checked for duplicarion bgfore evaluation as represented by this rabls.
3 A format srvor may resule from an 5-bit sequence having a first or intermediate packet shorter than the maximum length, or else from an invalid LT

field in a CALL REQUEST, CALL ACCEPT, CLEAR REQUEST er INTERRUFT packer. There are no other detectable Mode 5 formar ervers.
4 The ADCE assignrs all channel numbers used berwssn the ADLP and GDLP, hence call collisions are not possibls. When a CALL REQUEST by

10.

GDLP packet is received bearing a temporary channel number associated with an 5VC in the pd state, the asseciation of the temperary to permanent
chamnel number is broksn (5.2.5.1.2.3).

Neot applicable to the GDLP.

The ervor procedure consists af performing the actions specified when entering the p7 state (including sending a CLEAR REQUEST packet to the
peer XDLP} and additionally sending a CLEAR REQUEST packst to the DCE {via the reformatting process).

Tabls entries ave defined as follows: A = action to be raken, 5 = the state to be entered. D = the diagnostic code ro be used in packets generated as a
result af this action, DISCARD indicates thar the received packet is to be clearsd from the XDLP buffers, and INVALID indicates that the packet/srate
combination cannot accur.

The number in parentheses below an "A =NOBMAL ” table entry is the paragraph number in thiz document that defines the actions to be taken fo
perform normal procezsing on the received packer. If no paragraph number iz rgferenced. the normal processing iz dgfined in the rable enmy.

An ervor condition iz declared and mansfer to the p7 state iz pozzibls only if the ground DTE address iz known unambiguously. Otherwize the action
is to discard the packet.

The error procedure consists af performing the action when entering the p7 state {including sending a CLEAR REQUEST packet ro the XDLP) bur
without sending a CLEAR REQUEST packet to the local DCE.
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Table 517. GDLP (ADLP) effect on ADCE (GDCE) reset states

ADCE (GDMCE) reset states (ses MNotes 1, 4 and 5)

NOTES:

b e

combination cannot cocur.

FLOW CONTROL GDLFP (ADLP) RESET ADCE (GDCE) BESET REQUEST
Packet received from GDLP (ADLF) EEADY REQUEST to GDLF (ADLF)
(see Note 2} dl a2 a3
RESET A=NORMAL A=DISCARD A=NORMAL
REQUEST (5.26.7) (5.2.6.T)
S=d2 S=dl
{forward to DCE) {do not forward)
RESET CONFIRMATION A=ERROR A=ERROR A=NORMAL
S=d3 5=d3 (5.2.6.T)
D=27 D=2§ S=dl
(zee MNote 3) (ze2 Mote 3) {do not forward)
INTERRUPT See Table 5-18 A=ERROR A=DISCARD
§=d3
D=2§
{z=e Mote 3)
INTERR.UPT CONFIRMATION See Table 5-18 A=ERROR A=DISCARD
§=d3
D=2§
(a2 Note 3)
DATA or flow control packet See Table 3-19 A=ERROR A=DISCARD
5=d3
D=2§
{zee Note 1)
Format error (see Mote 6) A=ERROR A=ERROR A=DISCARD
S=d3 5=d3
D=33 D=33
(zee Mote 3) {z=e Mote 3)

The XDCE iz not necessavily in the same state as the DTE/DCE interface.
All packets from the pesr XDLP have been checked for duplication before evaluarion az represented by this rable.

The error procedure consizis of performing the specified actions when entering the 43 zrate fwhich includes forwarding a RESET REQUEST packet 1o
the peer XDLP} and sending a RESET REQUEST packet to the DCE {via the formatting function).

4 Tabls entries are dafined as follows: A = action to be taken, 5 = the state to be entered, D = the diagnostic code te be usad in packets generated as a
rasult af this action, DISCARD indicates that the recsived packet is to be cleared for the XDLP byffers, and INVALID indicatas that the packet/stats

3. The number in parenrheses below an "A =MNOBMAL " tabls entry is the paragraph number in thiz document that defines the actions o be raksn to
perform normal processing on the received packet. [f no paragraph number iz referenced, the normal proceszing iz defined in the rable enmy.

4. A formar error may result from an 5-bit sequence having a first or intermediate packet shorter than the maximum length, or else from an invalid LTV

field in a CALL REQUEST, CALL ACCEPT, CLEAR REQUEST, or INTERRUPT packet. There ars ne other deiectable Mode 5 formar errors.
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Table 518.

GDLP (ADLP) effect on ADCE (GDCE) interrupt transfer states

ADCE/GDCE interrupt transfer states
(see Motes 1, 3 and 4)

GDLP (ADLF) INTERRUPT GDLP (ADLF) INTERRUPT
Packet recerved from GDLF (ADLP) EEADY SENT
(zee Mote 2} il i2
INTERR.UPT A=NORMAL A=ERROR
(zee MNote £) (3.2.64.5) S=d3
5=i2 D=4

{forward to DCE) (zee Mote 5)

ADCE (GDCE) interrupt transfer states
(zeeMotez 1, 3 and 4)

combination cannot cocur.

ADCE (GDCE) INTERRUPT ADCE (GDCE) INTERRUPT SENT

Packet recerved from GDLF (ADLP) EEADY 2
(see MNote 2) Jl
INTERRUPT CONFIRMATION A=ERROR A=NORMAL

S=d3 (5.264.5)

D=43 5=il

(see Hote 5} {forward confirmation to DCE)

NOTES:

All packets from the peer XDLP have besn checked for duplication before evaluation as represented by this table.
Tabls enwries are defined as follows: A = action to be raken, 5 = the state to be entered, D = the diagnostic code ro be used in packets gemerared az a
result of thiz action, DISCARD indicares that the received packet is to be clsared for the XDLP byffers, and INVALID indicates that the packet/ztate

1. The XDCE is not necessavily in the same siate as the DTE/DCE interface.

4. The number in parenrheses below an “A =MNOBMAL " rabls entry is the paragraph number in thiz document that defines the actions ro be taken 1o
perform normal processing on the recsived packet. [f ne paragraph number is referenced, the normal processing iz defined in the table eniry.

5. The error procedure consisis af psvforming the specified actions when entering the 43 state (which includes forwarding a RESET REQUEST packet io
the peer XDLP} and sending a RESET REQUEST packet to the DCE {via the reformatting process).

4. User data lengeh for INTERRUPT packets greater than 32 byvtes, or an out of seqguence INTERRUPT packst, ars considersed as errors.

Table 519.
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ADCE (GDCE) flow control transfer states
(see Motes 1, 6and 7)

ADCE (GDCE) ADCE (GDCE)
Packet received from GDLF (ADLF} RECEIVE READY RECEIVE NOT READY
{see Note 2} A P2
DATA packet with invalid PR A=ERROR A=ERROR
(zea Note 3} 5=d3 5=d3
D=2 D=1
(see Mote 8} {zee Note 8)

DATA packet with valid PR, mvald PS or LV subfisld

{see Notes 4 and 5)

A=DISCARD,
but process the PR value and
send REJECT packet contzimng the
expected P5 value (see Note 5)
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A=NORMAL
(3.264.4)
(forward)

DATA packet with valid PR P5S and LV subfield

A=PROCESS, if possible; or
A=DISCARD, but process the
PE. valie and send REJECT
containing the expected PS value when
busy condition ends

ADCE (GDCE) flow control transfer states
(zee Motez 1, 6 and 7)

GDLF (ADLF) GDLP (ADLF)
Packet received from GDLP (ADLF) RECEIVE READY RECEIVE HOT READY
(zee Mote 2} zl g2
RF, RNFE, REJECT packet with invakid PR A=ERROR A=ERROR
(zee MNote 3) S=d3 S=d3
D=2 D=2
(zee Mote §) (zee Note 8)
RF with vahd PR, field A=NORMAL A=NORMAL
(see Mota 9} 5.2.6.5) (5.26.6)
S=gl
RMR with valid PR. value A=NORMAL A=NORMAL
(zee Mote 3) 5.26.5) (5.2.6.6)
5=g2
REJECT with valid PR A=NORMAL A=NORMAL
(see Note 9} 526.35) (3.26.6)
S=gl

NOTES:

All packets from the peer XDLP have besn checked for duplication before evaluation as represented by this table.
An invalid PR value is one which is less thawn the PR valus (module 16} af the lazr packet sent by the peer XDLP, or greater than the PS5 value af the

1. The XDCE is not necessavily in the same siate as the DTE/DCE interface.
3

next dara packet to be ransmirted by the XDLP.
4. An invalid PS5 valus iz one which iz different from the next expecred value for P5.

b

combination cannot coour.

be dizcarded.

An invalid LV subfisld iz one which reprezentz a value that iz too large for the size of the zegment received. In the evenr of an LV field evror which
gives rise to a loss of confidence in the correcmess of the other fislds in the packet, the packet is discarded witheut any further action.

4. Tabls eniries are dafined as follows: A = action to be taken, 5 = the state to be entered, D = the diagnostic code te be used in packets generatsd as a
rasult af this action, DISCARD indicates that the recsived packet is to be cleared from the YDLP byffers, and INVALID indicates that the packet/stats

The mumber in parentheses below an "A =NOBMAL ™ rable enery is the paragraph number in thiz document thar defines the actions to be taksn 1o
perform normal processing on the received packet. [f no paragraph number iz referenced, the normal proceszing iz defined in the rable enmy.
8 The error procedure consiziz of pevforming the specified actions when envering the 43 srate fwhich includes forwarding a RESET REQUEST packet 1o
the peer XDLP} and sending a RESET REQUEST packet to the DCE {via the reformatting process).
RR, RNR, and REJECT packsis havs no end-to-end significance and are not forwarded o the DCE.
10. The receipt af a packet smaller than the maximum packst size with M-bit = 1 will cause a reset to be generatsd and the remainder of the sequences will
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Table 520.

DCE effect on ADCE (GDCE) call setup and clearing states

ADCE (GDCE) call setup and cleanng states (see Notes 1, 7 and §)

(zee Mote 4)

NOTES:

see alse Nete 2.

Note 4.

ADCE
(GDCE)
GIDLF te GDLP

GDLF (ADLF} ADCE (GDCE) (ADLP) (ADLF}
Packet received CALL CALL DATA CLEAR CLEAR
from DCE READY REQUEST REQUEST TRANSFER REQUEST REQUEST
(zee MNotes 2 and 4) pl P2 3 4 pé P
CALL REQUEST A=NORMAL INVALID INVALID INVALID INVALID INVALID
(zee Mote §) (5.2.63.1) (zee Note 5) (zee MNote 3) (zee MNote 3) (zee MNote 3) (zee Mote 3)

5=p3
(forward)
CALL ACCEPT A=DISCARD A=NORMAL INVALID INVALID A=DISCARD A=DISCARD
(zee Mote 4) S=r4 (zee MNote 3) (zee MNote 3)
(forward)
CLEAR REQUEST A=DISCARD A=NORMAL A=NORMAL A=NORMAL A=DISCARD A=DISCARD
(see MNota 4) (3.2.6.3.3) (5.2.6.3.3) (5.2.6.3.3)
S=p7 S=p7 S=p7
(forward) (forward) (forward)

DATA, INTERRUPT A=DISCARD INVALID INVALID See Table A=DISCARD A=DISCARD
or RESET packets (zee Mote 3) (zee MNote 3) 5-21

1. The XDCE is not necessavily in the same siate as the DTE/DCE interface.

2 This is the DTE packet recsived via the DCE gfter all DTE/DCE processing has occurred. Procedures local te the DTE/DCE interface {such as RR,
RNR, and REJECT if in affect), do not affect the XDCE directly. All ervor procedures as documentsd in IS0 3208 have besn performed. Hemce certain
packets are rejected by the interface and ars not repressnied in this table.

3. The DCE in itz protocol aperation with the DTE will detect this evvor condition, hence the erroneous packet can be said never 1o “reach” the XDCE;

4. The chammel number for the DTE/DCE need nor be the same channel number uzed for the ADCE/GDCE; a packet from the DITE which containz a
chammel number is associated with an air/ground channs! by means of a previously establizhed evoss-reference table. If nons exists then the
DTEDCE channsl by dafinition references an air/ground channel in the pl siate.

5. The ADCE assigns all channel numbers used berween the ADLP and GDLP: hence call collisions {denoted p3 IS0 8208) are not possibls; see also

4. A CALL REQUEST from the DIE can never be azsociated with an XDCE channel mumber which iz not in the pl srare.

Tabls entries are defined as follows: A = action to be raken, 5 = the state 1o be entered. D = the diagnostic code ro be used in packets gemerared az a

result af thiz action, DISCARD indicares thar the received packet is 1o be cleared from the XDLP byfferz, and INVALID indicates thar the packet/stars

combination cannot coour.

8 The numbsr in parentheses below an "A =NOBRMAL" tabls eniry is the paragraph number in this document that defines the actions ro be taken io
perform normal processing on the recsived packet. [f ne paragraph mumber is referenced, the normal processing iz defined in the table eniry.
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Table 521. DCE effect on ADCE (GDCE) reset states

ADCE (GDCE) reset states
(zee Motes 1, 4 and 5)

ADCE (GDCE)
RESET
FLOW CONTROL GDLF (ADLF) REQUEST
READY RESET REQUEST te GDLP (ADLF)}
Packet recerved from DCE dl d2 d3
RESET REQUEST A=NORMAL A=NORMAL A=DISCARD
(5.26.7) (5.2.6.T)
§=d3 §=dl
(forward) {forward)
RESET CONFIRMATION INVALID INVALID DNVALID
(zee Mote 3) (ze2 Mote 3) (zee Mote 3)
INTERRUPT See Table 5-22 A=DISCARD Hold mterrupt until Mode S
resat complete
INTERR.UPT CONFIRMATION See Table 5-22 A=DISCARD DNVALID
(zee Mote 3)
DATA (see Note 2) A=NORMAL A=DISCARD Hold data until Mode 5
(3.264) resat complete
(forward)

NOTES:

1. The XDCE is not necessavily in the same siate as the DTE/DCE interface.

2 This is the DTE packet recsived via the DCE gfter all DTE/DCE processing has occurred. Procedures local te the DTE/DCE interface {such as RR,
RNR, and REJECT if in affect), do not affect the XDCE directly. All ervor procedures as documentsd in IS0 3208 have besn performed. Hemce certain
packets are rejected by the interface and ars not repressnied in this table.

3. The DCE in itz protocol aperation with the DTE will detect this evvor condition, hence the erroneous packet can be said never 1o “reach” the XDCE;
see alse Nete 2.

4. Tabls emries are defined as follows: A = action to be taken, 5 = the state to be entered, D = the diagnostic code to be used in packets gemevated az a
result of thiz action, DISCARD indicares that the received packet is to be clsared from the XDLP buffers, and INVALID indicates that the packst/state
combination cannat occur.

5. The number in parentheses below an "A =NOBRMAL " tabls entry is the paragraph number in this document that definas the actions ro be taken io
perform normal processing om the recsived packet. [f ne paragraph mumber is referenced, the normal processing iz defined in the table eniry.
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Table 522. DCE effect on ADCE (GDCE) interrupt transfer states

ADCE (GDCE) mterrupt transfer state
{see Motes 1, 4 and 5)

GDLP (ADLF) GDLF (ADLP)
Packet received from DCE INTERFRUPT READY INTERRUFPT SENT
(zea Note 2} il i2
INTERRUPT CONFIRMATION INVALID A=NORMAL
(See MNote 3) (3.2.6.4.5)
=il
(forward)

ADCE (GDCE) interrupt transfer states
(zee Motes 1, 4 and 5)

L

ADCE (GDCE) ADCE (GDCE)

Packet received from DCE INTERFRUPT READY INTERRUFPT SENT
(zea Note 2} il 2
INTERRUPT A=NORMAL INVALID

(52645 (see Mote 3)

S=52

{forward)
NOTES:
1. The XDCE iz nor necessarily in the zame state as the DTE/DCE interface.

This iz the DTE packet received via the DCE gfter all DTE/DCE procezsing has occwrred. Procedures local to the DTE/DCE imterface (zuch as KR,
FNE, and REJECT ifin effect). do not affect the XDCE directly. All ervor procedurss as documented in IS0 82038 have been performed. Hence certain
packets are rejected by the interface and are not represented in this stare.

Ths DCE in itz profocol opsration with the DTE will detect this erver condition, hence the srvoneous packst can be said never to “reach” the XDCE;
see alse Nots 2.

Table entries are defined as follows: A = action to be taken, 5 = the state to be entered, D = the diagnostic code to be usad in packets generated as a
resuls of thiz action, DISCARD indicates that the received packet is to be cleared from the XDLP bufferz, and INVALID indicatss that the packst/state
combination cannot eocur.

The number in parentheses below an “A =NOBRMAL " rabls entry is the paragraph number in thiz document that defines the actions to be raksn to
perform normal procezsing on the received packer. [f no paragraph number iz referenced, the normal proceszing iz defined in the table enmy.
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Table 523. Broadcast identifier number assignments

Uplink broadcazt
identifier Aszzignment
0016 Mot valid
0l Reserved (differential GNSS comechon)
304¢ Not valid
31 Reserved for ACAS (RA broadeast)
32 Reserved for ACAS (ACAS broadeast)
Orthers Unassigned
Downlink broadeast
identifier Assignment
004 Not valid
0246 Reserved (fraffic mformation service)
101s Data lmk capabulity report
2016 Aweraft identification
FEs Update request
FFy; Search request
Orthers Unassigned

Table 524. Register number assignments

Tranzponder regizter No.  Aszignment
00, Not vahd
01 Unassigned
02 Linked Comm-B, segment 2
03 Linked Comm-B, segment 3
04 Linked Comm-B, segment 4
051 Extended squitter awrbome position
061s Extended squitter smrface position
07 Extended squutter status
08 Extended squitter identification and type
09 Extended squitter airbome velocity
0A, Extended squitter event-dnven information
0B, Ar/ar mformation 1 (amreraft state)
0Ce Adr'ar information 2 (aweraft intent)
0Ds-0E1s Feserved for aw/ar state information
OF Feserved for ACAS
10, Data hink capability report
115s-1614 Reserved for extension to data link capability reports
1715 Commeon usage GICB capability repert
18,-1F Mode S specific services capability reperts
201 Adreraft identification
21 Arreraft and anlme registraion markings
22 Antenna positions
23 Reserved for antenna position
244 Feserved for aweraft parameters
2518 Adreraft type
265-2F 5 Unaszsigned
30, ACAS acoive resomtion advizory
31,5-3F 15 Unassigned
404 Selected vertical mtention
41 Next waypomt identifier
42, Next waypomt position
4316 Next waypomt mformation
44, Meteorological routine air report
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Transponder regisier No.  _Adssignment
45 Meteorological hazard report
46 Feserved for flight manazement system Mode 1
471 Reserved for fight management sys
48, VHF channel report
48, 4Fq Unassigned
50 Track and twn report
51 Position report coarse
52 Position report fine
331 Air-referenced state vector
34 Waypoint 1
55 Waypoint 2
561s Waypoint 3
5T16-5Es Unassigned
5F Quasi-static parameter monitoring
60, Heading and speed report
6l Extended squitter emergency/pricrity status
62 Feserved for target state and status information
635 Reserved for extended squitter
64s Reserved for extended squitter
65s Avreraft operational status
66,.-6F ¢ Reserved for extended squitter
T0.-751 Reserved for future areraft downlink parameters
T616-Eus Unassigned
Elie-E2is Feserved for Mode 5 BITE
E3; Transponder type/part number
E4); Transponder sofiware revision number
Ed;s ACAS unit part number
E65 ACAS unit software revision oumber
E7,F0¢ Unassigned
Flis Military applications
F2is Military applications
F3;-FF Unassigned

Notexr In the context of Table-Bn X GKS GSNY aF ANONIFGE OFy o
GONT yalLl2yRSNI OF NNEMNIANI RINDONS &Fdid > yo LBESHIRIZOE S0 &

Table 525. MSP channel number assignments
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Figures For Section 5

Uplink chamnel
number

Aszsignment

B BE-C R SR e =]

L

Mot vahd

Reserved (specific services management)
Reserved (traffic mformation service)
Reserved (ground-to-atr alert)

Reserved (zround denved position)
ACAS zen=itivity lavel control

Reserved {zround-to-air service request)
Reserved (air-to-ground service response)

Unassigned

Downlink channel
numbar

Aszigmment

e = LU SR e =]

L

Mot vahd

Reserved (specific services management)
Unassigned

Reserved (data flash)

Reserved (position request)

Unassigned

Reserved (ground-to-air service response)
Reserved (air-to-ground service request)

Unassigned
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For DI =1
™S
17 21 23 2 27 29 30

s MBS MES LOS RSS SPARE LAS

20 22 25 28 32

ForDI=7
TMS
17 21 25 26 27 29 30

s RRS | SPARE LOS SPARE | SPARE LAS

20 24 28 32

Figure 5-1. The SD field structure

.
Ready and restart states IGI ) r2 r3
_H'A -—
~ P Bt
Call setup and clearing states rl  p2 p3 |€-§ | p5 p6 p7
_—-’A"‘ —_—
- )
Data transfer states ( lj a2 d3
L
.f"'_ T
Interrupt and control states J1. 72 gl g2 il n Jl i2
Note— States 11, p4 and dl (shown circled) are states that provide access to the
lower levels of the DCE substate hierarchy.

Figure 5-2. DCE substate hierarchy
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2 3 45 67 8
DP=0 MP=1 SP=1 ST=0 FILL2
P FILL SN
CH LAM
AG
S FS F LV
up :
Figure 5-3. CALL REQUEST by ADLP packet
2 3 45 67 8
DP=0 MP=1 SP=1 ST=0 FILL
P FILL SN
FILL TC AM
AG
5 FS F LV
up
Figure 5-4. CALL REQUEST by GDLP packet
2 3 45 67 8
DP=0 MP=1 SP=1 5T=1 FILL2
TC SN
CH AM
AG
5 FILL F LV
up
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Figure 55. CALL ACCEPT by ADLP packet

1 2 3 45 67 8
DP=0 MP=1 5P=1 5T=1 FILL
FILL SN
CH AM
AG
S FILL F LV
ub

Figure 5-6. CALL ACCEPT by GDLP packet

1 2 3 45 67 8
DP=0 MP=1 5P=1 5T=2 FILLZ
TC SN

CH AM
AG
cc
Dc

S FILL F LV
ub

Figure 5-7. CLEAR REQUEST by ADLP packet
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2 45 67 g
DP=0 MP=1 SP=1 5T=2 FILL
TC SN
CH AM
AG
cc
DC
s FILL F Lv
uD
Figure 5-8. CLEAR REQUEST by GDLP packet
2 45 67 8
DP=0 MP=1 SsP=1 5T=3 FILL2
TC SN
CH AM
AG
Figure 5-0. CLEAR CONFIRMATION by ADLP packet
2 45 67 8
DP=0 MP=1 SP=1 ST=3 FILL
TC SN
CH AM
AG

Figure 5-10. CLEAR CONFIRMATION by GDLP packet
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2 3 45 67 ]
DP=1 M SN
FILL1
PS PR
CH LV
i uD |
Figure 5-11. DATA packet
2 3 45 67 ]
DP=0 MP=1 SP=3 ST=1 FILL2
] F SN
CH LV
up
Figure 5-12. INTERRUPT packet
2 3 45 67 ]
DP=0 MP=1 SP=3 ST=3 55=0
FILL2 SN
CH FILL
Figure 5-13. INTERRUPT CONFIRMATION packet
2 3 45 67 ]
DP=0 MP=1 SP=3 ST=3 55=1
FILL2 SN
CH PR
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Figure 514. REJECT packet
2 3 67 8
DP=0 MP=1 ST=0 FILL2
FILL SN
CH PR
Figure 5-15. RECEIVE READY packet
2 3 67 8
DP=0 MP=1 ST=1 FILL2
FILL SN
CH PR
Figure 5-16. RECEIVE NOT READY packet
2 3 67 8
DP=0 MP=1 ST=2 FILL2
FILL SN
CH FILL
Figure 5-17. RESET REQUEST packet
2 3 67 8
DP=0 MP=1 ST=3 FILL2
FILL SN
CH FILL

Figure 5-18. RESET CONFIRMATION packet
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DP=0 MP=1 SP=3 ST=0 OF

Figure 5-19. ROUTE packet

Part 171: ATEL-Volume 3

DP=0 MP=1 SP=3 5T=2

LENGTH

FIRST PACKET

LENGTH

LAST PACKET

LENGTH=10

Figure 5-20. MULTIPLEX packet
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DP=0 MP=0 M/CH

FILL1

up

Figure 5-21. SHORT FORM MSP packet

DP=0 MP=1 SP=0 L MISN

FILL2 M/CH

up

Figure 5-22. LONG FORM MSP packet
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DP[1] 1

DATA PACKET

MP[1] O

SHORT M3P

SP2]

0 +  LONG MSP

ST[2] 0 - CALLREQUEST
CALL ACCEPT

[y

2 « CLEAR REQUEST

3 + CLEAR CONFIRMATION
0 RECEIVE READY

1 - RECEIVE NOT READY

ST[2]

2 - RESET REQUEST
- RESET CONFIRMATION

ST[2] 0 - ROUTE

1 - INTERRUPT

LEGEND:

DP = DATA packet type

MP = MSP packet type

SP = SUPERVISORY packet
ST = SUPERVISORY type

S5 = SUPERVISORY subset

2 «  MULTIPLEX
S5[2] o - INTERRUPT CONFIRMATION
1 - REJECT

2 -« UNASSIGNED
3 + UNASSIGNED

Figure 5-23. Conitrol fields used in MODE S packets
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171.053.6. VHFRAIr-Ground Digital LinK\VDL)

171.053.6.1 Definitions And System Capabilities

171.0583.6.1.1

Note 11 The very high frequency (VHF) digital link (VDL) Mode 2 and the VDL Mode 4 provide
data service capabilities. The VDL Mode 3 provides both voice and data service capabilities. The
data capability is a constituent mobile subnetwork of the aeromaltielecommunication
network (ATN). In addition, the VDL may provide AdN functions. Standards and Recommended
Practices (SARPSs) for the VDL are defined and referenced below.

Note 21 Additional information on VDL is contained in the Manuals on VHF VDL Mode 2, VDL
Mode 3 and VDL Mode 4 Technical Specifications (Docs 9776, 9805 and 9816).

Note 31 Sections171.0536.1.2 to 171.053.6.8.2 contain Standards and Recommended
Practices for VDL Modes 2 and 3. Section 6.9 contains Standards and Recommended Practices for
VDL Mode 4.

Definitions
Automatic dependent surveillancéroadcast (ADSB). A means by which aircraft, aerodrome
vehicles and other objects can automatically transmit and/or receive data such as identification,

position and additional data, as appropriate, in a broadcast mode via a data link.

Broadcast.A transmission of information relating to air navigation that is not addressed to a
specific station or stations.

Burst. A time-defined, contiguous set of one or more related signal units which may convey user
information and protocols, signalling, and any necessary preamble.

Current slot.The slot in which a received transmission begins.

Data circuitterminating equipment (DCE)A DCE is a network provider equipment used to
facilitate communications between DTEs.

Data link entity (DLE)A protocol state machine capable of setting up and managing a single data
link connection.
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Data link service (DLS) sublay@&he sublayer that resides above the MAC sublayer. For VDL Mode

4, the DLS sublayer resides above the VSS sublayer. The DLS manages the transmit queue, creates
and destroys DLEs for connectionoriented communications, provides facilities for the LME to
manage the DLS, and provides facilities for connectionless communications.

Data terminal equipment (DTEA DTE is an endpoint of a subnetwork connection.
Extended Golay Coddn error correction code capable of correcting multiple bit errors.

Frame.The link layer frame is composed of a sequence of address, control, FCS and information
fields. For VDL Mode 2, these fields are bracketed by opening and closing flag sequences, and a
frame may or may not include a variaéngth information field.

Gaussian filtered frequency shift keying (GFSK).continuousphase, frequency shift keying
technique using two tones and a Gaussian pulse shape filter.

Global signalling channel (GS@).channel available on a worldwide basis which provides for
communication control.

Link.A link connects an aircraft DLE and a ground DLE and is uniquely specified by the combination
of aircraft DLS address and the ground DLS address. A different subnetwork entity resides above
every link endpoint.

Link layer. The layer that lies immediately above the physical layer in the Open Systems
Interconnection protocol model. The link layer provides for the reliable transfer of information
across the physical media. It is subdivided into the data link sublayer ancettia access control
sublayer.

Link management entity (LMER protocol state machine capable of acquiring, establishing and
maintaining a connection to a single peer system. An LME establishes data link and subnetwork
O2yySOUA2YFaTE alKKYERSE 02y ySOilAz2yas FyR Yyl 3Sa
physical layer. An aircraft LME tracks how well it can communicate with the ground stations of a
single ground system. An aircraft VME instantiates an LME for each ground station that it
monitors. Similarly, the ground VME instetés an LME for each aircraft that it monitors. An LME

is deleted when communication with the peer system is no longer viable.

M burst. A management channel data block of bits used in VDL Mode 3. This burst contains
signalling information needed for media access and link status monitoring.
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Media access control (MACYhe sublayer that acquires the data path and controls the movement
of bits over the data path.

Mode 2. A dataonly VDL mode that uses D8PSK modulation and a carrier sense multiple access
(CSMA) control scheme.

Mode 3. A voice and data VDL mode that uses D8PSK modulation and a TDMA media access
control scheme.

Mode 4.A dataonly VDL mode using a GFSK modulation scheme arargetfizing time division
multiple access
(STDMA).

Physical layerThe lowest level layer in the Open Systems Interconnection protocol model. The
physical layer is concerned with the transmission of binary information over the physical medium
(e.g. VHF radio).

Quality of service.The information relating to data transfer characteristics used by various
communication protocols to achieve various levels of performance for network users.

ReedSolomon codeAn error correction code capable of correcting symbol errors. Since symbol
errors are collections of bits, these codes provide good burst error correction capabilities.

Selforganizing time division multiple access (STDMA)multiple access scheme based on time
shared use of a radio frequency (RF) channel employing: (1) discrete contiguous time slots as the
fundamental shared resource; and (2) a set of operating protocols that allows users to mediate
access to these timeabk without reliance on a master control station.

Slot.One of a series of consecutive time intervals of equal duration. Each burst transmission starts
at the beginning of a slot.

Subnetwork connectionA longterm association between an aircraft DTE and a ground DTE using
successive virtual calls to maintain context across link handoff.

Subnetwork dependent convergence function (SNDCHA). function that matches the
characteristics and services of a particular subnetwork to those characteristics and services
required by the internetwork facility.

Subnetwork entity.L y (KA & R20dzyYSy > (KS LIKNIa&aS a3INERdzyR
SyGAade Ay | INRdyR adlGAazy O2YYdzyAOFGAYI A
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for the subnetwork entity in a ground router communicating with an aircraft station; and, the

LIKNF &S aF ANDNI Fd 5¢9¢ ¢gAff 0SS dzaSR F2N) 6KS ac
station. A subnetwork entity is a packet layer entity as defimelSO 8208.

Subnetwork layer.The layer that establishes, manages and terminates connections across a
subnetwork.

System.A VDLcapable entity. A system comprises one or more stations and the associated VDL
management entity. A system may either be an aircraft system or a ground system.

Time division multiple access (TDMA.multiple access scheme based on tigared 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.

User groupA group of ground and/or aircraft stations which share voice and/or data connectivity.
For voice communications, all members of a user group can access all communications. For data,
communications include poiftb-point connectivity for a#to-ground mesages, and pointo-

point and broadcast connectivity for growtd-air messages.

VDL management entity (VME)X VDLtspecific entity that provides the quality of service
requested by the ATddefined SN_SME. A VME uses the LMEs (that it creates and destroys) to
enquire the quality of service available from peer systems.

VDL Mode 4 burstA VHF digital link (VDL) Mode 4 burst is composed of a sequence of source
address, burst ID, information, slot reservation and frame check sequence (FCS) fields, bracketed

by opening and closing flag sequences.

Noter The start of a burst may occur only at quantized time intervals and this constraint allows
the propagation delay between the transmission and reception to be derived.

VDL Mode 4 DLS syste®s.VDL system that implements the VDL Mode 4 DLS and subnetwork
protocols to carry ATN packets or other packets.

VDL Mode 4 specific services (VSS) sublayke sublayer that resides above the MAC sublayer
and provides VDL Mode 4 specific access protocols including reserved, random and fixed

protocols.

VDL stationAn aircraftbased or groundased physical entity, capable of VDL Mode 2, 3 or 4.
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Vocoder.A low bit rate voice encoder/decoder.

Voice unit.A device that provides a simplex audio and signalling interface between the user and
VDL.

VSS userA user of the VDL Mode 4 specific services. The VSS user could be higher layers in the
VDL Mode 4 SARPs or an external application using VDL Mode 4.

171.053.6.1.2 Radio channels and functional channels

171.0536.1.2.1 Aircraft station radio frequency range. An aircraft statioist be capable of tuning to any of
the channels in the range specified in Sectldi1.053.6.1.4.1 within 100 milliseconds after the
receipt of an autotune command. In addition, for VDL Mode 3, an aircraft staticsibe able to
tune to any channel in the range specified in Sectidh.053.6.1.4.1 within 100 milliseconds after
the receipt of any tuning command.

171.0536.1.2.2 Ground station radio frequency range. A ground statiost be capable of operating on its
assigned channel within the radio frequency range detailetVih053.6.1.4.1.

171.0536.1.2.3 Common signalling channel. Frequency 136.975Mbkbe reserved as a worldwide common
signalling channel (CSC) for VDL Mode 2.

171.053.6.1.3 System capabilities

171.0536.1.3.1 Data transparency. The VDL systeristprovide codeindependent, bytendependent transfer
of data.

171.0536.1.3.2 Broadcast. The VDL systaeast provide link layer data broadcast services (Mode 2) and/or
voice and data broadcast services (Mode 3). For VDL Mode 3, the data broadcastreestice
support network multicasting capability originating from the ground.

171.0536.1.3.3 Connection management. The VDL systenst establish and maintain a reliable
communications path between the aircraft and the ground system while allowing but not
requiring manual intervention.

Notet LY G(GKA& O2y(GSEG aNBftALFOf Sé AAL7TROSIBRBEER o8
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171.0536.1.3.4 Ground network transition. A V@uipped aircrafimusttransition from one ground station
to another when circumstances dictate.

171.0536.1.3.5 Voice capability. The VDL Mode 3 systeist support a transparent, simplex voice operation
ol aSR 2 yBeforeBuphXatt Sy ¢ OKI yy St | 00Saao

171.053.6.1.4 Airground VHF digital link communications system characteristics

171.0536.1.4.1 The radio frequencies usadstbe selected from the radio frequencies in the band 11775
137 MHz. The lowest assignable frequenuyst be 118.000 MHz, and the highest assignable
frequency must be 136.975 MHz. The separation between assignable frequencies (channel

spacingmustbe 25 kHz.

Noter Volume V specifies that the block of frequencies from 186.36.975 MHz inclusive is
reserved for VHF aground digital communications.

171.0536.1.4.2 The design polarization of emissimnstbe vertical.

171.053.6.2 System Characteristics Of The Ground Installation

171.053.6.2.1 Ground station transmitting function

171.0536.2.1.1 Frequency stability. The radio frequency of VDL ground station equipment operasitmot
vary more than plus or minus 0.0002 per cent (2 parts per million) from the assigned frequency.

Noter The frequency stability for VDL ground stations usingANBnodulation is specified in
Part I, Chapter 2 for 25 kHz channel spacing.

171.053.6.2.2 Power
Recommendatiort The effective radiated powenaybe such as to provide a field strength of at

least 75 microvolts per metre (minus 109 dBWy/mithin the defined operational coverage of the
facility, on the basis of fregpace propagation.
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171.053.6.2.3 Spurious emissions

171.0536.2.3.1 Spurious emissiomsistbe kept at the lowest value which the state of the technique and the
nature of the service permit.

Noter Appendix S3 to the Radio Regulations specifies the levels of spurious emissions to which
transmitters must conform.

171.053.6.2.4 Adjacent channel emissions

171.0536.2.4.1 The amount of power from a VDL ground transmitter under all operating conditions when
measured over the 25 kHz channel bandwidth of the first adjacent chanasi not exceed 0
dBm.

171.0536.2.4.1.1  After 1 January 2002, the amount of power from all new installations of a VDL ground
transmitter under all operating conditions when measured over the 25 kHz channel bandwidth of
the first adjacent channehustnot exceed 2 dBm.

171.0536.2.4.2 The amount of power from a VDL ground transmitter under all operating conditions when
measured over the 25 kHz channel bandwidth of the second adjacent chraisebe less than
minus 25 dBm and from thereonritustmonotonically decrease at the minimum rate of 5 dB per
octave to a maximum value of minus 52 dBm.

171.0536.2.4.2.1  After 1 January 2002, the amount of power from all new installations of a VDL ground
transmitter under all operating conditions when measured over the 25 kHz channel bandwidth of
the second adjacent channelustbe less than minus 28 dBm.

171.0536.2.4.2.2  After 1 January 2002, the amount of power from all new installations of a VDL ground
transmitter under all operating conditions when measured over the 25 kHz channel bandwidth of
the fourth adjacent channemust be less than minus 38 dBm, and from thereonmitist
monotonically decrease at the minimum rate of 5 dB per octave to a maximum value of minus 53
dBm.

171.0536.2.4.3 The amount of power from a VDL ground transmitter under all operating conditions when

measured over a 16 kHz channel bandwidth centred on the first adjacent chansgiot exceed
minus 20 dBm.
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171.0536.2.4.3.1 After 1 January 2002, the amount of power from all new installations of a VDL ground
transmitter under all operating conditions when measured over a 16 kHz channel bandwidth
centred on the first adjacent channelustnot exceed minus 18 dBm.

171.0536.2.4.4 After 1 January 2005, all VDL ground transmitteust meet the provisions of
171.0536.2.4.1.1,171.0536.2.4.2.1,171.053.6.2.4.2.2 andl71.0536.2.4.3.1, subject to the
conditions 0f171.053.6.2.4.5.

171.0536.2.4.5 Requirements of mandatory compliance of the provisioh1h053.6.2.4.4mustbe made on
the basis of regional air navigation agreements which specify the airspace of operation and the
implementation timescales. The agreememastLINE A RS | 4 Stk ad Gég2 &SI
compliance of ground systems.

171.053.6.3 System Characteristics Of The Aircraft Installation

171.0536.3.1 Frequency stability. The radio frequency of VDL aircraft equipmestnot vary more than plus
or minus 0.0005 per cent (5 parts per million) from the assigned frequency.

171.0536.3.2 Power. The effective radiated poweunst be such as to provide a field strength of at least 20
microvolts per metre (minus 120 dBW#ron the basis of freepace propagation, at ranges and
altitudes appropriate to the operational conditions pertaining to the areas over which the aircraft
is operated.

171.053.6.3.3 Spurious emissions

171.0536.3.3.1 Spurious emissiomaistbe kept at the lowest value which the state of the technique and the
nature of the service permit.

Noter Appendix S3 to the Radio Regulations specifies the levels of spurious emissions to which
transmitters must conform.

171.053.6.3.4 Adjacent channel emissions

171.0536.3.4.1 The amount of power from a VDL aircraft transmitter under all operating conditions when

measured over the 25 kHz channel bandwidth of the first adjacent chanast not exceed 0
dBm.
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171.0536.3.4.1.1 After 1 January 2002, the amount of power from all new installations of a VDL aircraft
transmitter under all operating conditions when measured over the 25 kHz channel bandwidth of
the first adjacent channehustnot exceed 2 dBm.

171.0536.3.4.2 The amount of power from a VDL aircraft transmitter under all operating conditions when
measured over the 25 kHz channel bandwidth of the second adjacent chramisebe less than
minus 25 dBm and from thereonrtustmonotonically decrease at the minimum rate of 5 dB per
octave to a maximum value of minus 52 dBm.

171.0536.3.4.2.1  After 1 January 2002, the amount of power from all new installations of a VDL aircraft
transmitter under all operating conditions when measured over the 25 kHz channel bandwidth of
the second adjacent channelustbe less than minus 28 dBm.

171.0536.3.4.2.2  After 1 January 2002, the amount of power from all new installations of a VDL aircraft
transmitter under all operating conditions when measured over the 25 kHz channel bandwidth of
the fourth adjacent channemust be less than minus 38 dBm, and from thereonmitist
monotonically decrease at the minimum rate of 5 dB per octave to a maximum value of minus 53
dBm.

171.0536.3.4.3 The amount of power from a VDL aircraft transmitter under all operating conditions when
measured over a 16 kHz channel bandwidth centred on the first adjacent chmnsgiot exceed
minus 20 dBm.

171.0536.3.4.3.1 After 1 January 2002, the amount of power from all new installations of a VDL aircraft
transmitter under all operating conditions when measured over a 16 kHz channel bandwidth
centred on the first adjacent channelustnot exceed minus 18 dBm.

171.0536.3.4.4 After 1 January 2005, all VDL aircraft transmittetsst meet the provisions of
171.053.6.3.4.1.1,171.053.6.3.4.2.1,171.053.6.3.4.2.2 andl71.053.6.3.4.3.1, subject to the
conditions 0f171.053.6.3.4.5.

171.0536.3.4.5 Requirements of mandatory compliance of the provisioh1D53.6.3.4.4mustbe made on
the basis of regional air navigation agreements which specify the airspace of operation and the
implementation timescales. The agreememtastLINE A RS | G S ad Gé2 &S|
compliance of aircraft systems.
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171.053.6.3.5 Receiving function

171.0536.3.5.1  Specified error rate. The specified error rate for Mode 2 operatigst be the maximum
corrected Bit Error Rate (BER) of 1 if. e specified error rate for Mode 3 operatiotust be
the maximum uncorrected BER of 1 irf.IDhe specified error rate for Mode 4 operatiomstbe
the maximum uncorrected BER of 1 irf.10

Notex The above physical layer BER requirements are derived from the BER requirement imposed
by ATN at the subnetwork interface.

171.0536.3.5.2  Sensitivity. The receiving functionst satisfy the specified error rate with a desired signal
strength of not more than 20 microvolts per metre (minus 120 dB¥Y/m

Notex The required signal strength at the edge of the service volume takes into account the
requirements of the system and signal losses within the system, and considers environmental noise
sources.

171.0536.3.5.3 Oubf-band immunity performance. The receiving functionnstsatisfy the specified error rate
with a desired signal field strength of not more than 40 microvolts per metre (minus 114 dBW/m
and with an undesired DSBM D8PSK or GFSK signal on the adjacent or any other assignable
channel being at least 40 dB higher than the desired signal.

171.0536.3.5.3.1 After 1 January 2002, the receiving function of all new installations ohd4dDsatisfy the
specified error rate with a desired signal field strength of not more than 40 microvolts per metre
(minus 114 dBW/rf) and with an undesired VHF DABI, D8PSK or GFSK signal at least 60 dB
higher than the desired signal on any assignable channel 100 kHz or more away from the assigned
channel of the desired signal.

Noter This level of interference immunity performance provides a receiver performance
consistent with the influence of the VDL RF spectrum mask as specified in 6.3.4 with an effective
isolation transmitter/receiver isolation of 69 dB. Better transmitted aeceiver performance

could result in less isolation required. Guidance material on the measurement technique is included
in the Handbook on Radio Frequency Spectrum Requirements for Civil Aviation including statement
of approved ICAO policies (Doc 9718)

171.0536.3.5.3.2 After 1 January 2005, the receiving function of all installations ofivDineet the provisions
of 171.053.6.3.5.3.1, subject to the conditions 71.053.6.3.5.3.3.

171.0536.3.5.3.3 Requirements of mandatory compliance of the provisioh810053.6.3.5.3.2nustbe made
on the basis of regional air navigation agreements which specify the airspace of operation and the
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implementation timescales. The agreememust LINE A RS F2NJ +d Sl ad
mandatory compliance of aircraft systems.

171.053.6.3.5.4 Interference Immunity Performance

171.0536.3.5.4.1 The receiving functiotustsatisfy the specified error rate with a desired field strength of not
more than 40 microvolts per metre, and with one or more-ottband signals, except for VHF FM

broadcast signals, having a total level at the receiver input of minus 33 dBm.

Noter In areas where adjacent higher band signal interference exceeds this specification, a
higher immunity requirement will apply.

171.0536.3.5.4.2 The receiving functionustsatisfy the specified error rate with a desired field strength of not
more than 40 microvolts per metre, and with one or more VHF FM broadcast signals having a total
level at the receiver input of minus 5 dBm.

171.053.6.4 Physical Layer Protocols And Services

The aircraft and ground statiomsustaccess the physical medium operating in simplex mode.

171.053.6.4.1 Functions
171.0536.4.1.1 The physical laymustprovide the following functions:
a) transmitter and receiver frequency control;
b) digital reception by the receiver;
c) digital transmission by the transmitter; and
d) notification services.

171.0536.4.1.1.1 Transmitter/receiver frequency control. The VDL physicalraysrset the transmitter or
receiver frequency as commanded by the link management entity (LME).

Noter The LME is a link layer entity as contained in the Manuals on VDL Mode 2 and VDL Mode
3 Technical Specifications.
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171.0536.4.1.1.2 Digital reception by the receiver. The receivast decode input signals and forward them
to the higher layers for processing.

171.0536.4.1.1.3 Digital transmission. The VDL physical layest appropriately encode and transmit
information received from higher layers over the RF channel.

171.053.6.4.2 Modes 2 and 3 common physical layer

171.0536.4.2.1 Modulation scheme. Modes 2 andan8st use differentially encoded 8 phase shift keying
05yt {YO0OX dzaAy3d I NIAASR 02aAyS TFA{GSNI gAlGK
transmittedmustbe differentially encoded with 3 bits per symbol (baud) transmitted as changes
in phase rather than absolute phase. The data stream to be transmitigst be divided into
groups of 3 consecutive data bits, least significant bit first. Zenast be padded to the end of
the transmissions if needed for the final channel symbol.

171.0536.4.2.1.1 Data encoding. A binary data stream entering a differential data ermoodébe converted
into three separate binary streams X, Y, and Z so that bits 3n form X, bits 3n + 1 form Y, and bits
3n + 2 form Z. The triplet at time ki(X, 4) mustbe converted to a change in phase as shown in

Table 61 (All tables are located at the end of this chaptarjd the absolute phas¢,‘k is the
accumulated series Qdx that is:

¢‘k = d’k—l + ﬂdlk

171.0536.4.2.1.2 Transmitted signal form. The phassdulated baseband signal as defined in
171.053.6.4.2.1.1mustexcite the pulse shape filter.

s(t) = 1=, Myt —kT,)

where:
h is the complex impulse response of the pulse shape filter;
k is defined inl71.053.6.4.2.1.1;
¢ is defined by the equation ih71.053.6.4.2.1.1;
t is time;
Ts is time duration of each symbol.
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The output (function of time) of the pulse shape filter (sft))stmodulate the carrier frequency.
The pulse shape filtanusthave a nominal complex frequency response of a raiesine filter
GAGK h T ndcod

171.0536.4.2.2 Modulation rate. The symbol rateistbe 10 500 symbols/second, resulting in a hominal bit
rate of 31 500 bits/s. The modulation stability requirements for Modes 2 and 3 are provided in
Table 62.

171.053.6.4.3 Mode 2 specific physical layer
Noter The Mode 2 specific physical layer specification includes a description of the Mode 2
training sequence, forward error correction (FEC), interleaving, bit scrambling, channel sensing,
and physical layer system parameters.

171.0536.4.3.1 To transmit a sequence of frames, a statiastinsert the bit numbers and flags (per the data
link service description for Mode 2 as contained in the Manual on VDL Mode 2 Technical
Specifications), compute the FEC ([d611.053.6.4.3.1.2), interleave (pet71.053.6.4.3.1.3),
prepend the training sequence (pet71.0536.4.3.1.1), carry out bit scrambling (per
171.053.6.4.3.1.4) and finally encode and modulate the RF signatl(fie053.6.4.2.1).

171.0536.4.3.1.1 Training sequence. Data transmissimst begin with a demodulator training sequence
consisting of five segments:

a) transmitter rampup and power stabilization;
b) synchronization and ambiguity resolution;
c¢) reserved symbol;

d) transmission length; and

e) header FEC.

Noter Immediately after these segments follows an AVLC frame with the format as contained in
the data link service description in the Manual on VDL Mode 2 Technical Specifications.

171.0536.4.3.1.1.1  Transmitter rargp and power stabilization. The purpose of the first segment of the
training sequence, called the ranyp, is to provide for transmitter power stabilization and
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receiver AGC settling, andnitustimmediately precede the first symbol of the unique word. The
duration of the rampup must be five symbol periods. The time reference point (t), for the
following specification is the centre of the first unique word symbol, a point that occurs half a
symbol period after the end of the ramyp. Conversely stated, the beginning of the raomp

starts at t =¢5.5 symbol periods. The transmitted powaustbe less tharg40 dBc prior to time

t = ¢5.5 symbol periods. The ramymp must provide that at time t =¢3.0 symbol periods the

OGN YyaYAGGSR LIR26SNI Aa dn LISNI OSyid 2F GKS YI ydzA
6-1 (All figures are located at the end of this chapteRegardless of the method used to
implement (or truncate) the raised cosine filter, the output of the transmitter between times t =
¢3.0andt=xn ®p GAf € | LIISFENI A AF WnnnQ -GppafioRt & 6 SN

Note.1T1 C2NJ a2RS 02X GKS GAYAy3 NBFSNByOS LRAYy(G A

Note 21 It is desirable to maximize the time allowed for the AGC settling time. Hffestde
made to have power above 90 per cent of nominal output power, &% symbol periods.

171.0536.4.3.1.1.2 Synchronization and ambiguity resolution. The second segment of the training sequence
mustconsist of the unique word:

000 010 011 110 000 001 101 110 001 100 011 111 101 111 100 010
andmustbe transmitted from left to right.

171.0536.4.3.1.1.3 Reserved symbol. The third segment of the training sequaisteonsist of the single
symbol representing 000.

Notex This field is reserved for future definition.

171.0536.4.3.1.1.4  Transmission length. To allow the receiver to determine the length of the final Reed
Solomon block, the transmittenust send a 17bit word, from least significant bit (Isb) to most
significant bit (msb), indicating the total number of data bits that follow the header FEC.

Notex The length does not include those bits transmitted for: the Reed Solomon FEC, extra bits
padded to ensure that the interleaver generates an integral numberbaf Bords, or the extra
bits padded to ensure that the data encoder generates an integnaber of 2bit symbols.

171.0536.4.3.1.1.5 Header FEC. To correct bit errors in the header, a (25, 20) blochustithe computed

over the reserved symbol and the transmission length segments. The blockncostebe
transmitted as the fifth segment. The encoduustaccept the header in the bit sequence that is
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being transmitted. The five parity bits to be transmittedlist be generated using the following
equation:

[P,....Ps]=[R,.....Ry.TL,, .., TL;;]H*
where:
P is the parity symbol (Fmustbe transmitted first);
R is the reserved symbol;

TL is the transmission Length symbol;

T is the matrix transpose function; and

H is the parity matrix defined below:

0O0000O0OOOOTITTITTITTI1ITITTI1TT1TT1TT1TI1I1

ocool1l1lri1l1l1o0o0o00111111T11
H=|11 000111001100001T1T11

I 10110110101 00110¢0T171

01 101001111001 010T1¢0°1

171.0536.4.3.1.1.6 Bit transmission order. The five parity bits of the resultant vector produst be
transmitted from the left bit first.

171.0536.4.3.1.2 Forward error correction. In order to improve the effective channel throughput by reducing
the number of required retransmissions, FEMst be applied after the training sequence,
regardless of frame boundaries.

171.0536.4.3.1.2.1 FEC calculation. The FEC coulisthe accomplished by means of a systematic fileaajth
ReedSolomon (RS)(255,24%p2y code.

Note 11 This code is capable of correcting up to three octets for data blocks of 249 octets (1992
bits). Longer transmissions must be divided up into 1992 bit transmissions and shorter
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transmissions must be extended by virtual fill with trailing zeros. SikdXR octets are appended
for a total block of 255 octets.

The field defining the primitive polynomial of the coaheistbe as follows:
p)=(*+x"+x+x+ 1)

The generator polynomiahustbe as follows:

125
[[(x-a)

=120
where:

h Aa | LINARYAUGAOGS StSYSydG 2F DCOHpcOT
GF(256) is a Galois field (GF) of size 256.

Note 21 The Reedbolomon codes are described in the Recommendation for Space Data System
Standards Telemetry Channel Coding, by the Consultative Committee for Space Data Systems (see
the Appendix to this chapter).

171.0536.4.3.1.2.2 Block lengths. The sixcR&k octetsmust be calculated on blocks of 249 octets. Longer
transmissionsmust be split into blocks of 249 octets, pé&ir1.053.6.4.3.1.3. Blocks of shorter
lengthmustbe extended to 249 octets by a virtual fill of trailing zeros. The virtuatdidtnot be
transmitted. Blocks must be coded according to 171.053.6.4.3.1.2.3 through
171.0536.4.3.1.2.3.3.

171.0536.4.3.1.2.3 No error correction. For blocks with 2 or fewerfilboctets, no error correctiomustbe
used.

171.0536.4.3.1.2.3.1 Singleyte error correction. For blocks with 3 to 30 nfilhoctets, all six R&heck octets
mustbe generated, but only the first tmmustbe transmitted. The last four RBeck octetsnust
be treated as erasures at the decoder.

171.0536.4.3.1.2.3.2 Twbyte error correction. For blocks with 31 to 67 mfilhoctets, all six R&heck octets
mustbe generated, but only the first foumustbe transmitted. The last two R$®ieck octetsnust

be treated as erasures at the decoder.

171.0536.4.3.1.2.3.3 Threlyte error correction. For blocks with 68 or more nrilhoctets, all six R&heck
octetsmustbe generated and transmitted.
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1.3 Interleaving. To improve the performance of the FEC, antaget tabledriven interleaver
mustbe used.
The interleavemustcreate a table having 255 octets per row and ¢ rows, where

transmission length (bits)
1992 (bits)

C" =

where:
a) the transmission length is as definedlinl.053.6.4.3.1.1.5; and
b) ¢ = the smallest integer greater than or equal to the value of the fraction.

After extending the data to an even multiple of 1992 bits, the interleawist write the
transmission stream into the first 249 octets of each row by taking each consecutive group of
eight bits and storing them from the first column to the 249th. The first bit in each group of eight
bits mustbe stored in the eighth bit position; the first group of 1992 bitsst be stored in the

first row, the second group of 1992 bits in the second row, etc. After the FEC is computed on each
row, the FEC data (or erass)enustbe stored in columns 250 through 255. The interleanest

then pass the data to the scrambler by reading out column by column, skipping any octet which
contains erasures or all fill bits. All of the bits in an oatestbe transmitted from bit 8 to bit 1.

On reception, the dénterleaver must calculate the number of rows and size of the last
(potentially partial) row from the length field in the headermtstonly pass valid data bytes to

the higher layer.

1.4 Bit scrambling. To aid clock recovery and to stabilize the shape of the transmitted spectrum,
bit scramblingmust be applied. The pseudo noise (PN) sequemcst be a 15stage generator

(see Figure ®) with the characteristic polynomial:

X+ X +1

The PNsequenceamust start after the frame synchronization pattern with the initial value 1101
0010 1011 001 with the leftmost bit in the first stage of the register as per Fig@reA&ier
processing each bit, the registerust be shifted one bit to the right. For possible encryption in

the future this initial valuenustbe programmed. The sequenoristbe added (modulo 2) to the

data at the transmit side (scrambling) and to the scrambled data at the receive side (descrambling)
per Table &3.

Noter The concept of a PN scrambler is explained iFRTR&commendation S.446 Annex |,
Section 4.3.1, Method 1 (see the Appendix to this chapter).
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171.053.6.4.3.2 Mode 2 Channel Sensing

171.0536.4.3.2.1 Channel busy to idle detection. When a station receivebanmel power of at leagj87 dBm
for at least 5 milliseconds, then:

a) with a likelihood of 0.9, imustcontinue to consider the channel occupied if the signal level is
attenuated to below92 dBm for less than 1 millisecond; and

b) with a likelihood of 0.9, inustconsider the channelnoccupied if the signal level is attenuated
to below¢92 dBm for at least 1.5 milliseconds.

Noter The maximum link throughput available to all users is highly sensitive to the RF channel
sense delay (from the time when the channel actually changes state until a station detects and
acts on that change) and RF channel seizure delay (from thewthrea a station decides to
transmit until the transmitter is sufficiently ramped up to lock out other stations). Accordingly, it
is imperative that all efforts are made to reduce those times as the-sfétes-art advances.

171.0536.4.3.2.2 Channel idle to busy detection. With a likelihood of at least 0.9, a staigtrtonsider the
channel occupied within 1 millisecond after-onannel power rises to at leagd0 dBm.

171.053.6.4.3.2.3 Recommendatiort The detection of an occupied chanmely occur within 0.5 milliseconds.

Notex A higher probability of false alarm is acceptable on the idle to busy detection than the
busy to idle detection because of the effects of the two different errors.

171.053.6.4.3.3 Mode 2 Receiver/Transmitter Interaction

171.0536.4.3.3.1 Receiver to transmitter turnaround time. A statiarsttransmit the training sequence such
that the centre of the first symbol of the unique word will be transmitted within 1.25 milliseconds
after the result of an access attempt is successful (see Fig8)e e total frequency change
during the transmissio of the unique wordnust be less than 10 Hz. After transmission of the
unique word, the phase acceleratiomustbe less than 500 Hz per second.

171.0536.4.3.3.2 Transmitter to receiver turnaround time. The transmitter poweast be ¢20 dBc within 2.5
symbol periods of the middle of the final symbol of the burst. The transmitter power leakage when
0§KS GNI yaYAildS Ninusthe ldsy thai83RIBnir A Statiemust Bel-cépble of
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receiving and demodulating with nominal performance, an incoming signal within 1.5 milliseconds
after transmission of the final information symbol.

Noter Reference DQ60D section 21, category H for antenna radiated signals.
171.053.6.4.3.4 Mode 2 Physical Layer System Parameters
171.0536.4.3.4.1 The physical layaustimplement the system parameters as defined in Tabie 6
171.0536.4.3.4.1.1 Parameter P1 (minimum transmission length). Parameter P1 defines the minimum
transmission length that a receivetustbe capable of demodulating without degradation of BER.
171.053.6.4.4 Mode 3 specific physical layer
Noter The Mode 3 specific physical layer specification includes a description of Mode 3
management (M) burst and handoff check message (H) burst uplink, M burst downlink, voice/data
(V/D) burst, and bit scrambling.
171.0536.4.4.1 Management (M) burst and handoff check message (H) burst dphiekV uplink burst (as
contained in the Manual on VDL Mode 3 Technical Specificatimnsconsist of three segments,
the training sequence followed by the system data and the transmitter ramp down. The H uplink
burst (as contained in the Manual on VDL Mode 3 Technical Specificatiassjonsist of three
segments, the training sequence followed by the handoff check message and the transmitter

ramp down.

171.0536.4.4.1.1  Training sequence. Uplink M burst and H burst training sequenstsonsist of two
components as follows:

a) transmitter ramp up and power stabilization; and
b) synchronization and ambiguity resolution.

171.0536.4.4.1.1.1 Transmitter rarp and power stabilization. Thiswust be as defined in Section
171.0536.4.3.1.1.1.

171.0536.4.4.1.1.2 Synchronization and ambiguity resolution. The second component of the training sequence
mustconsist of the synchronization sequence, knownAs&s follows:

000 001 101 100 110 010 111 100 010 011 101 000 111 000 011 001
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andmustbe transmitted from left to right.

Notexr The sequence’Sis very closely related to the sequengé¢Sgctioril71.053.6.4.4.3.1.2)

The 15 phase changes between the 16 symbolg aff&each exactly 18®ut of phase from the

15 phase changes associated with Shis relationship can be used to simplify the process of
simultaneously searching for both sequences.

171.0536.4.4.1.2  System data and handoff check message. Th8Thaonfiguration (as contained in the
Manual on VDL Mode 3 Technical Specifications) systemndash consist of 32 transmitted
symbols. The 96 transmitted bitsustinclude 48 bits of information and 48 parity bits, generated
as 4 Golay (24, 12) code words. The 3T configuration as contained in the Manual on VDL Mode 3
Technical Specificatiomsust consist of 128 transmitted symbols. The 384 transmitted ritsst
include 192 bits of information anti92 parity bits, generated as 16 Golay (24, 12) code words.
The 3T configuration handoff check messagast consist of 40 transmitted symbols. The 120
transmitted bitsmust include 60 bits of information and 60 parity bits, generated as 5 Golay
(24,12) code words.

The specific definition of the Golay encodeustbe as follows:

If the 12 bit input bit sequence is written as a row vectpthen the 24 bit output sequence can
be written as the row vectoy, wherey =x G and the matri>xG mustbe given by

1100000000000
1010000000000
1001000000000
1000100000000
0000010000000
0000001000000
1000000100000
0000000010000
0000000001000
1000000000100
000000000O0OO0TIO
1000000000001

—_—_ O O O e O = O
o= D D = D D = e e =
OO O O O
—_— e O O O = O O
_— O = D = D e = = (O O e

Noter The extended Golay code allows for the correction of any error pattern with 3 or fewer bit
errors and the detection of anybit error pattern.
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171.0536.4.4.1.3 Transmitter raragown. The transmitter powemustbe ¢20 dBc within 2.5 symbol periods
of the middle of the final symbol of the burst. The transmitter power leakage when the transmitter
Aada Ay 0 KBustbelesSFtisansl dBmii S
Noter Reference RTCA/BXBOD section 21, category H for antenna radiated signals.
171.0536.4.4.2 Management (M) burst downlink. The M downlink burst (as contained in the Manual on VDL
Mode 3
Technical Specificationsjust consist of three segments, the training sequence followed by the system data and
the transmitter ramp down.

171.0536.4.4.2.1 Training sequence. The M downlink burst training sequeunstconsist of two components
as follows:

a) transmitter ramp up and power stabilization; and
b) synchronization and ambiguity resolution.

171.0536.4.4.2.1.1 Transmitter ramyp and power stabilizatian This must be as defined in
171.0536.4.4.1.1.1.

171.0536.4.4.2.1.2 Synchronization and ambiguity resolution. Three separate synchronization sequesices
be used for this burst type. The standard sequence, known, asuStbe as follows:

000 111 001 001 010 110 OO0 011 100 110 011 111010 101 100 101

and mustbe transmitted from left to right. The special sequence used to identify poll responses
mustbe as defined i171.0536.4.4.1.1.2.

The special sequence used to identify net entry requesty Rustuse the following sequence:
000 001 111 111 100 000 110 101 010 000 101 001 100 011 010 011

andmustbe transmitted from left to right.

Noter The sequence’Ss very closely related to the sequengel®e 15 phase changes between
the 16 symbols ofiSare each exactly 180ut of phase from the 15 phase changes associated

with S . This relationship can be used to simplify the process of simultaneously searching for both
sequences.

140



‘X TECHNICAL STANDARDS
K Namibia Civil Aviation Authority - (NAMCATYS)

y Safety Division

NCAA Part 171: ATEL-Volume 3

NAMIBLA CIVIL AVIATION AUTHORITY

171.0536.4.4.2.2 System data. The system data segnmmargt consist of 16 transmitted symbols. The 48
transmitted bitsmustbe encoded as 24 bits of system data and 24 bits of parity bits generated as
two consecutive (24, 12) Golay code words. The encoding of the (24, 12) Golay codenayrds
be as defined i171.053.6.4.4.1.2.

171.0536.4.4.2.3 Transmitter ramgown. Thignustbe as defined i171.053.6.4.4.1.3.

171.0536.4.4.3 Voice or data (V/D) burst. The V/D burst (as contained in the Manual on VDL Mode 3 Technical
Specificationsinust consist of four segments: the training sequence followed by the header, the
user information segment and the transmitter ramp down. The same V/D burst famatbe
used for both uplink and downlink.

171.0536.4.4.3.1 Training sequence. V/D burst training sequengcs consist of two components as follows:
a) transmitter rampup and power stabilization; and
b) synchronization and ambiguity resolution.

171.0536.4.4.3.1.1 Transmitter ramyp and power stabilization. Thisnust be as specified in
171.0536.4.4.1.1.1.

171.0536.4.4.3.1.2 Synchronization and ambiguity resolution. The second component of the training sequence
mustconsist of the synchronization sequence, knownassfollows:

000 111 011 010 000 100 001 010 100 101 011 110001 110 101 111
andmustbe transmitted from left to right.

171.0536.4.4.3.2 Header. The header segmanist consist of 8 transmitted symbols. The 24 transmitted bits
mustbe encoded as 12 bits of header information and 12 parity bits, generated as a single (24,
12) Golay code word. The encoding of the (24, 12) Golay code mvostl be as defined in
171.0536.4.4.1.2.

171.0536.4.4.3.3 User information. The user information segnmmeuast consist of 192 it symbols. When
transmitting voice, FEiustbe applied to the analysis output of the vocoder specified in 6.8. The
vocodermustprovide satisfactory performance in a BER environment & (W0th a design goal
of 10-%). The overall bit rate of the vocoder including FEC is 4 800 bits/s (except when in the
truncated mode in which the bit rate is 4 000 bits/s).
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171.0536.4.4.3.3.1 When transmitting user data, the 576 bitsstbe encoded as a single ReSdlomon (72,
62) Zcary code word. For user data input to the Regalomon encoder of length less than 496
bits, input datamust be padded with zeroes at the end to a full length of 496 bits. The field
defining the primitive polynomial of the codeustbe as described i©71.053.6.4.3.1.2.1. The
generator polynomiamustbe as follows:

129

[[G-a)

1=120
Noter The Reedbolomon (72, 62) code is capable of correcting up to fiaey2(code word)
symbol errors in the received word.

171.0536.4.4.3.4 Transmitter ramgown. Thisnustbe as defined i171.053.6.4.4.1.3.
171.0536.4.4.4 Interleaving. Thersustbe no interleaving in Mode 3 operation.

171.0536.4.4.5 Bit scrambling. Under Mode 3 operation, bit scrambling, as specifiédl.0£3.6.4.3.1.4must
be performed on each burst, starting after the training sequence. The scrambling sequaste
be reinitialized on each burst effectively providing a constant overlay for each of the Mode 3 fixed
length bursts.

171.0536.4.4.6 Receiver/transmitter interaction. The switching times in this subsection will be defined as the
time between the middle of the last information symbol of one burst and the middle of the first
symbol of the synchronization sequence of the subssruurst.

Noter This nominal time will be shortened by considerations such as the finite width of each
symbol due to Nyquist filtering and the ramp up and power stabilization sequence. Such
alternative definitions could yield switching times up to 8 symbol pesioditer.

171.0536.4.4.6.1 Receiver to transmitter switching time. An aircraft raglist be capable of switching from
reception to transmission within 17 symbol periods. This time can be relaxed to 33 symbol periods
for aircraft radios which do not implement functions requiring discrete addressing.

Note 1t The shortest R/T switching time for an aircraft radio occurs when the reception of an
uplink M channel beacon is followed by a V/D transmission in the same slot. In certain instances
where aircraft radios do not implement functions requiring @itcaddressing, the R/T switching

time can be increased since the last two Golay words of the uplink M channel beacon need not be
read.
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Note 21 The minimum turnaround time assumes that in configurations 3V1D, 2V1D, and 3T (as
contained in Section 5.5.2.4 of the Manual on VDL Mode 3 Technical Specifications), the aircraft
radios will be provided with software that will prevent them frorarnsmitting a downlink M
channel message in a slot following the reception of a voice message from another aircraft with a
long time delay.

171.0536.4.4.6.2 Transmitter to receiver switching tirda aircraft radiomustbe capable of switching from
transmission to reception within 32 symbol periods.

Notexr The worst case T/R switching time for an aircraft radio occurs when it transmits a downlink
M channel message and receives a V/D message in the same slot.

171.053.6.4.4.7 Fringe coverage indication

171.0536.4.4.7.1 Recommendatiort Indication of near edgef-coveragemaybe provided to the VDL Mode
3 aircratft.

171.053.6.5 Link Layer Protocols And Services

171.053.6.5.1 General information

171.0536.5.1.1 Functionality. The VDL link layeist provide the following sublayer functions:

a) media access control (MAC) sublayer, which requires the use of the carrier sense multiple
access (CSMA) algorithm for Mode 2 or TDMA for Mode 3;

b) a data link service (DLS) sublayer:

1) for Mode 2, the DLS sublayer provides connecticiented pointto-point links using data
link entities (DLE) and connectionless broadcast link over the MAC sublayer; and

2) for Mode 3, the DLS sublayer provides acknowledged connectionlesstpgintnt and
point-to-multipoint links over a MAC sublayer that guarantees sequencing; and

¢) a VDL management entity (VME), which establishes and maintains DLEs between the aircraft

and the grounebased systems using link management entities (LME).
171.053.6.5.1.2 Service
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171.0536.5.1.2.1 Connectieoriented. The VDL Mode 2 link layaustprovide a reliable pointo-point service
using a connectiooriented DLS sublayer.

171.0536.5.1.2.2 Connectionless. The VDL Mode 2 and 3 link taystprovide an unacknowledged broadcast
service using a connectionless DLS sublayer.

171.0536.5.1.2.3 Acknowledged connectionless. The VDL Mode 3 linkntaygeprovide an acknowledged

point-to-point service using a connectionless DLS sublayer that relies upon the MAC sublayer to
guarantee sequencing.

171.053.6.5.2 MAC sublayer

171.0536.5.2.1 The MAC sublayaustprovide for the transparent acquisition of the shared communications
path. It makes invisible to the DLS sublayer the way in which supporting communications
resources are utilized to achieve this.
Noter Specific MAC services and procedures for VDL Modes 2 and 3 are contained in the Manuals
on VDL Mode 2 and VDL Mode 3 Technical Specifications.

171.053.6.5.3 Data link service sublayer

171.0536.5.3.1 For Mode 2, the Difsist support bitoriented simplex aiground communications using the
aviation VHF link control (AVLC) protocol.

Noter Specific data link services, parameters and protocol definitions for VDL Mode 2 are
contained in the Manual on VDL Mode 2 Technical Specifications.

171.0536.5.3.2 For Mode 3, the DUBust support bitoriented, priority based, simplex aground
communications using the acknowledged connectionless data IHG_{&L) protocol.

Noter Specific data link services, parameters and protocol definitions for VDL Mode 3 are
contained in the Manual on VDL Mode 3 Technical Specifications.
171.053.6.5.4 VDL management entity

171.0536.5.4.1 Services. The VRilEstprovide link establishment, maintenance and disconnection services as
well as support parameter modification. Specific VME services, parameter formats and
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procedures for Modes 2 and 3 are contained in the Manuals on VDL Mode 2 and Mode 3 Technical
Specifications.

171.053.6.6 Subnetwork Layer Protocols And Services

171.053.6.6.1

Architecture for Mode 2

171.0536.6.1.1 The subnetwork layer protocol used across the VHjfaaind subnetwork for VDL Mode 2 is

171.053.6.6.2

referred to formally as a subnetwork access protocol (SNAcP)rarsticonform to 1ISO 8208,
except as contained in the Manual on VDL Mode 2 Technical Specifications. The SNACP is
contained within the Manual on VDL Mode 2 Technical Specifications as the subnetwork protocol.

If there are any differences between the Manual dblMMode 2 Technical Specifications and the
cited specifications, the Manual on VDL Ma2l Technical Specificatiomaust have precedence.

On the airground interface, the aircraft subnetwork entitpust act as a DTE and the ground
subnetwork entitymustact as a DCE.

Noter Specific subnetwork layer protocol access points, services, packet formats, parameters

and procedures for VDL Mode 2 are contained in the Manual on VDL Mode 2 Technical
Specifications.

Architecture for Mode 3

171.0536.6.2.1 The subnetwork layer used across the VIff@ind subnetwork for VDL Mode 3 provides the

flexibility to simultaneously support multiple subnetwork protocols. The currently defined options
are to support ISO 8473 connectionless network protaoad to support ISO 8208, both as
contained in the Manual on VDL Mode 3 Technical Specifications. The Manual on VDL Mode 3
Technical Specificatiomaust have precedence with respect to any differences with the cited
specifications. For the 1ISO &bhterface, both the air and ground subnetwork entitimsist act

as DCEs.

Noter Specific subnetwork layer protocol access points, services, packet formats, parameters
and procedures for VDL Mode 3 are contained in the Manual on VDL Mode 3 Technical
Specifications.

171.053.6.7 TheVDLMobile Subnetwork Dependent Convergence Functi@NDCF)

171.0583.6.7.1

VDL Mode 2 SNDCF
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171.0536.7.1.1 Introduction. The VDL Mode 2 mobile SND@tbe the standard mobile SNDCF.

171.0536.7.1.2 New function. The VDL Mode 2 mobile SND@§ support maintaining context (e.g.
compression tables) across subnetwork calls. The SNBGBFuse the same context (e.g.
compression tables) across all SVCs negotiated to a DTE, when negotiated with the same
parameters. The SND@fistsupport at least 2 SVCs sharing a context.

Note 11 Because handoffs can be expected to reorder packets, certain compression algorithms
do not lend themselves to use over VDL Mode 2. Further, implementors of dicbhasad/
compression algorithms must be sensitive to the problem of updates grawieither the old or

newly established call.

Note 21 The encoding of the Call User Data field is described in Doc 9705 except with
modifications as contained in the Manual on VDL Mode 2 Technical Specifications.

171.053.6.7.2 VDL Mode 3 SNDCF

171.0536.7.2.1 The VDL ModerBistsupport one or more of the defined SNDCFs. The first is the standard ISO
8208 SNDCF as defined in Doc 9705. This is a connedgoted SNDCF. The second type of
SNDCF supported by VDL Mode 3 is denoted flaased SNDCF. The details of this
connectionéss oriented SNDCF are contained in the Manual on VDL Mode 3 Technical
Specifications, including network layer interface, support for broadcast and unicast network
packets, and ATN router support.

Notex The frameebased SNDCF is termed such because it uses the VDL Mode 3 frames without
the need for an additional protocol (viz. ISO 8208 SNDCF) to transfer network packets. The frame
based SNDCF achieves independence from the network protocol fifyiiigtihe payload of each
frame. Upon receipt of a frame, the payload is examined and control is passed to the protocol
identified.

171.053.6.8 Voice Unit For Mode 3

171.053.6.8.1 Services

171.0536.8.1.1 The voice umitustLINE FA RS F 2 NJ-to-( [AfA Y& ISERA B LIdZAR aA Iy £ f
the user and the VDL. Two separate mutually exclusive voice circuitrtysde supported:
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a) Dedicated circuits: Thimustprovide service to a specific user group on an exclusive basis with
no sharing of the circuit with other users outside the group. Acoesstd S 6 SR -2y |
beforepushto-ii £ 1 ¢ RAAOALI AySo

b) Demand assigned circuits: Thmsist provide voice circuit access which is arbitrated by the
ground station in response to an access request received from the aircraft station. This type of
operationmustallow dynamic sharing of the channel resource increasing trunking efficiency.

171.0536.8.1.2 Priority access. The voice unit operatiust support a priority override access for authorized
ground users.

171.0536.8.1.3 Message source identification. The voice unit operatigst support notification to the user
of the source of a received message (i.e. whether the message originated from an air or ground
station).

171.0536.8.1.4 Coded squelch. The voice mistsupport a coded squelch operation that offers some degree
of rejection of undesired cohannel voice messages based on the burst time of arrival.

171.053.6.8.2 Speech encoding, parameters and procedures

171.0536.8.2.1 The VDL Mode rBust use the advanced multiband excitation (AMBE) 4.8 kbits/s
encoding/decoding algorithm, version number AMBEC10, developed by Digital Voice
Systems, Incorporated (DVSI) for voice communications.

Note 11 Information on technical characteristics of the 4.8 kbits/s AMBE algorithm is contained
in AMBEATGC10 Low Level Description, obtainable from DVSI.

Note 21 The 4.8 kbits/s AMBE encoding/decoding technology described in the document is
subject to DVSI patent rights and copyrights. Manufacturers must enter into a lagresament

with DVSI prior to obtaining a detailed description of the algorithm before incorporation in
equipment operating in the VDL Mode 3 service. By letter to ICAO dated 29 October 1999, DVSI
confirmed its commitment to license the technology for thenfacture and sale of aeronautical
equipment under reasonable terms and condisiomegotiated on a nediscriminatory basis.

171.0536.8.2.2 Speech encoding definition, voice unit parameters, and procedure descriptions for VDL Mode
3 Voice Unit operation are contained in the Manual on VDL Mode 3 Technical Specifications.
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171.053.6.9 VDIMode 4

171.0536.9.1 A Mode 4 statiamustconform to the requirements defined 171.053.6.1.2.3,171.053.6.1.4.2,
171.0536.2.1.1,171.0536.2.3.1,171.0536.2.4, 6.3.1171.053.6.3.3.1,171.0536.3.4, 6.3.5.1,
171.053.6.3.5.2,171.0536.3.5.3, 6.3.5.4.1 anti71.053.6.9.

171.053.6.9.2 VDL Mode 4 radio channels

171.053.6.9.2.1 VDMode 4 Station Frequency Range

171.0536.9.2.1.1 Transmitter/receiver tuning range. A VDL Mode 4 transmitter/receiustbe capable of
tuning to any of the 25 kHz channels from 112 MHz to 137 MHz.

Noter Operational conditions or certain applications may require the equipment to be operated
in a narrower frequency range.

171.0536.9.2.1.2 Simultaneous reception. A VDL Mode 4 statiost be capable of receiving two channels
simultaneously.

171.0536.9.2.1.3 Recommendatiort A VDL Mode 4 statiomay be capable of receiving additional channels
simultaneously as required by operational services.
171.053.6.9.2.2 Global Signalling Channels

171.0536.9.2.2.1 VDL Mode 4 statiomaustuse two assigned frequencies as global signalling channels (GSC),
to support user communications and link management functions.

Noter Additional channels may be defined in a local domain and notified to mobile users by
broadcast from ground stations on the GSCs defined above.

171.053.6.9.3 System capabilities

171.0536.9.3.1  ATN compatibility. The VDL Mode 4 systamt support ATN/IP8ompliant subnetwork
services.
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Noter VDL Mode 4 provides a seamless transfer of data between ATN/IPS ground networks and
ATN/IPS aircraft networks. Interoperability with ATN/OSI networks, where required, is expected to
be arranged prior to implementation. VDL Modes 2 and 3 provide @3kdémpliant
subnetworks.

171.0536.9.3.2 Data transparency. The VDL Mode 4 systestprovide codeindependent, byteindependent
transfer of data.

171.0536.9.3.3 Broadcast. The VDL Mode 4 systerst provide link layer broadcast services.
171.0536.9.3.4 Pointo-point. The VDL Mode 4 systanustprovide link layer pointo-point services.

171.0536.9.3.5 Aiair communications. The VDL Mode 4 systeastprovide airair communications, without
ground support, as well as ajround communications.

171.0536.9.3.6  Connection management. When supportinggeund operations, the VDL Mode 4 system
mustestablish and maintain a reliable communications path between the aircraft and the ground

system while allowing, but not requiring, manual intervention.

171.0536.9.3.7 Ground network transition. A mobile VDL Mode 4 DLS statisttransition from one ground
VDL Mode 4 DLS station to another as required.

171.0536.9.3.8 Derived time capability. VDL Modmdst provide the capability for deriving time from time
of-arrival measurements of received VDL Mode 4 transmissions whenever externally derived

estimates of time are unavailable.

171.0536.9.3.9 Simplex operations. Mobile and ground VDL Mode 4 statiosisaccess the physical medium
operating in simplex mode.

171.053.6.9.4 Coordination of channel utilization

171.0536.9.4.1 On a regional basis, transmissmnstbe scheduled relative to UTC, to ensure efficient use of
shared channels and to avoid unintentional slotse.

171.053.6.9.5 Physical layer protocols and services
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Noter Unless otherwise stated, the requirements defined in this section apply to both mobile and
ground stations.

171.053.6.9.5.1 Functions

171.053.6.9.5.1.1 Transmitted Power

171.0536.9.5.1.1.1  Airborne installation. The effective radiated pomest be such as to provide a field
strength of at least 35 microvolts per metre (minus 114.5 dBYy/om the basis of free space
propagation, at ranges and altitudes appropriate to the conditions pertaining to the areas over
which the aircraft is operated.

171.053.6.9.5.1.1.2 Ground installation.

Recommendatiort The effective radiated powenay be such as to provide a field strength of at least 75
microvolts per metre (minus 109 dBWjmwithin the defined operational coverage of the facility,
on the basis of fregpace propagation.

171.053.6.9.5.1.2 Transmitter And Receiver Frequency Control

171.0536.9.5.1.2.1 The VDL Mode 4 physical layestset the transmitter or receiver frequency as commanded
by the link management entity (LME). Channel selection timist be less than 13 ms after the
receipt of a command from a VSS user.

171.053.6.9.5.1.3 Data Reception By Receiver

171.0536.9.5.1.3.1 The receiverustdecode input signals and forward them to the higher layers for processing.

171.053.6.9.5.1.4 Data Transmission By Transmitter

171.0536.9.5.1.4.1 Data encoding and transmission. The physicahtagtencode the data received from the
data link layer and transmit it over the RF channel. RF transmissishtake place only when
permitted by the MAC.

171.0536.9.5.1.4.2 Order of transmission. The transmisgiastconsist of the following stages in the following
order:
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a) transmitter power stabilization;

b) bit synchronization;

¢) ambiguity resolution and data transmission; and

d) transmitter decay.

Noter The definitions of the stages are given

171.0536.9.5.2.3.4.

in Sectid&l.0536.9.5.2.3.1 to

171.0536.9.5.1.4.3  Automatic transmitter shutdown. A VDL Mode 4 statiost automatically shudown
power to any final stage amplifier in the event that output power from that amplifier exceeds
30 dBm for more than 1 second. Reset to an operational mode for the affected amplifitr

require a manual operation.

Notex This is intended to protect the shared channel resource agai@tsé f SR & a (i dzO

171.053.6.9.5.1.5 Notification Services

i NI yaYAh

171.0536.9.5.1.5.1  Signal quality. The operational parameters of the equipmastbe monitored at the
physical layer. Signal quality analysigst be performed in the demodulator process and in the

receive process.

Notex Processes that may be evaluated in the demodulator include bit error rate (BER), signal to
noise ratio (SNR), and timing jitter. Processes that may be evaluated in the receiver include
received signal level and group delay.

171.0536.9.5.1.5.2 Arrival time. The arrival time of each received transmisgishbe measured with a two

sigma error of 5 microseconds.

171.0536.9.5.1.5.3 Recommendatiort The receivemay be capable of measuring the arrival time within a

two-sigma error of 1 microsecond.

171.053.6.9.5.2 Protocol Definition F@@FSK
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171.0536.9.5.2.1 Modulation scheme. The modulation schemstbe GFSK. The first bit transmitted (in the
training sequence)nust be a high tone and the transmitted toneust be toggled before
transmitting a O (i.e. nometurn to zero inverted encoding).

171.0536.9.5.2.2 Modulation rate. Binary ones and binary zerostbe generated with a modulation index of
0.25 + 0.03 and a BT product of 0.28 + 0.03, producing data transmission at a bit rate of 19 200
bits/s £ 50 ppm.

171.053.6.9.5.2.3 Stages Of Transmission

171.0536.9.5.2.3.1 Transmitter power stabilization. The first segment of the training sequence is the transmitter
power stabilization, whicimust have a duration of 16 symbol periods. The transmitter power
levelmustbe no less than 90 per cent of the steady state power level at the end of the transmitter
power stabilization segment.

171.0536.9.5.2.3.2 Bit synchronization. The second segment of the training sequestee the 24bit binary
sequence 0101 0101 0101 0101 0101 0101, transmitted from left to right immediately before the
start of the data segment.

171.0536.9.5.2.3.3 Ambiguity resolution and data transmission. The transmission of the first bit ofikita
start 40 bit intervals (approximately 2 083.3 microseconds) + 1 microsecond after the nominal
start of transmission.

Note 11 This is referenced to emissions at the output of the antenna.

Note 21 Ambiguity resolution is performed by the link layer.

171.0536.9.5.2.3.4 Transmitter decay. The transmitted power lewgdt decay at least by 20 dB within 300
microseconds after completing a transmission. The transmitter power haustbe less thar90
dBm within 832 microseconds after completing a transmission.

171.053.6.9.5.3 Channel Sensing

171.0536.9.5.3.1 Estimation of noise floor. A VDL Mode 4 statiost estimate the noise floor based on power
measurements of the channel whenever a valid training sequence has not been detected.

171.0536.9.5.3.2 The algorithm used to estimate the noise fltonost be such that the estimated noise floor
must be lower than the maximum power value measured on the channel over the last minute
when the channel is regarded as idle.
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Noter The VDL Mode 4 receiver uses an energy sensing algorithm as one of the means to
determine the state of the channel (idle or busy). One algorithm that can be used to estimate the
noise floor is described in the Manual on VHF Digital Link (VDL) MDde 9816).

171.0536.9.5.3.3 Channel idle to busy detection. A VDL Mode 4 statisiemploy the following means to
determine the channel idle to busy transition at the physical layer.

171.0536.9.5.3.3.1 Detection of a training sequence. The chanuastbe declared busy if a VDL Mode 4 station
detects a valid training sequence followed by a frame flag.

171.0536.9.5.3.3.2 Measurement of channel power. Regardless of the ability of the demodulator to detect a
valid training sequence, a VDL Mode 4 statiwunst consider the channel busy with at least a 95
per cent probability within 1 ms after onchannel power rises to the equivalent of at least four
times the estimated noise floor for at least 0.5 milliseconds.

171.053.6.9.5.3.4 Channel Busy To Idle Detection

171.0536.9.5.3.4.1 A VDL Mode 4 statimastemploy the following means to determine the channel busy to
idle transition.

171.0536.9.5.3.4.2 Measurement of transmission length. When the training sequence has been detected, the
channel busy statenust be held for a period of time at least equal toniilliseconds, and
subsequently allowed to transition to the idle state based on measurement of channel power.

171.0536.9.5.3.4.3 Measurement of channel power. When not otherwise held in the channel busy state, a VDL
Mode 4 statiormustconsider the channel idle with at least a 95 per cent probability-lemnnel
power falls below the equivalent of twice the estimated noise floor for at least 0.9 milliseconds.

171.053.6.9.5.4 Receiver/Transmitter Interaction

171.0536.9.5.4.1 Receiver to transmitter turnaround time. A VDL Mode 4 statisibe capable of beginning
the transmission of the transmitter power stabilization sequence within 16 microseconds after
terminating the receiver function.

171.0536.9.5.4.2 Frequency change during transmission. The phase acceleration of the carrier from the start
of the synchronization sequence to the data end fiagst be less than 300 Hz per second.

171.0536.9.5.4.3 Transmitter to receiver turnaround time. A VDL Mode 4 statistbe capable of receiving
and demodulating with nominal performance an incoming signal within 1 ms after completing a
transmission.
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Notexr Nominal performance is defined as a bit error rate (BER)“af 10
171.053.6.9.5.5 Physical Layer System Parameters
171.053.6.9.5.5.1 Parameter P1 (Minimum Transmission Length)

171.0536.9.5.5.1.1 A receivenustbe capable of demodulating a transmission of minimum length P1 without
degradation of BER.

171.053.6.9.5.5.1.2 The value of Ristbe 19 200 bits.

171.053.6.9.5.5.2 Parameter P2 (Nominal-Cbhannel Interference Performance)

171.0536.9.5.5.2.1 The parameter RRistbe the nominal cechannel interference at which a receiveiust
be capable of demodulating without degradation in BER.

171.053.6.9.5.5.2.2 The value of P2ustbe 12 dB.

171.053.6.9.5.6 Fm Broadcast Interference Immunity Performance For Vdl Mode 4 Receiving Systems

171.0536.9.5.6.1 A VDL Mode 4 statiorust conform to the requirements defined in section 6.3.5.4 when
operating in the band 117.9¢337 MHz.

171.0536.9.5.6.2 A VDL Mode 4 statimust conform to the requirements defined below when operating in
the band 108117.975 MHz.

171.0536.9.5.6.2.1 The VDL Mode 4 receiving systamst meet the requirements specified in 6.3.5.1 in the
presence of twosignal, thirdrder intermodulation products caused by VHF FM broadcast signals
having levels in accordance with the following:
2Ni+Nb TH X N
for VHF FM sound broadcasting signals in the range 40870 MHz

and
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for VHF FM sound broadcasting signals below 107.7 MHz,

where the frequencies of the two VHF FM sound broadcasting signals produce, within the
receiver, a twesignal, thirdorder intermodulation product on the desired VDL Mode 4 frequency.

N; and N are the levels (dBm) of the two VHF FM sound broadcasting signals at the VDL Mode 4
receiver input. Neither levehustexceed the desensitization criteria set forth in 6.9.5.6.2.2.

Af= 108.1¢ fi, where i is the frequency of N the VHF FM sound broadcasting signal closer to
108.1 MHz.

Noter The FM intermodulation immunity requirements are not applied to a VDL Mode 4 channel
operating below 108.1 MHz, and hence frequencies below 108.1 MHz are not intended for general

assignments.

171.0536.9.5.6.2.2 The VDL Mode 4 receiving systamt not be desensitized in the presence of VHF FM
broadcast signals having levels in accordance with Table 6

171.053.6.9.6 Link layer

Noter Details on link layer functions are contained in the Manual on VHF Digital Link (VDL) Mode
4 (Doc 9816).

171.053.6.9.7 Subnetwork layer and SNDCF

Noter Details on subnetwork layer functions and SNDCF are contained in the Manual on VHF
Digital Link (VDL) Mode 4 (Doc 9816).

171.053.6.9.8 ADB applications
Noter Details on ADB application functions are contained in the Manual on VHF Digital Link

(VDL) Mode 4 (Doc 9816).
Tables For Section 6
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Table 6-1. Modes 2 and 3 data encoding

Xk Yi Zy Ady

0 0 0 0On/4
0 0 1 lm/4
0 1 1 2w/ 4
0 1 0 3w/ 4
1 1 0 4n/4
1 1 1 S5n/4
1 0 1 6m/4
1 0 0 Tn/4

Table 6-2. Modes 2 and 3 modulation stability

Aircraft Modulation

Ground Modulation

VDL Mode Stability Stability
Mode 2 =+ 0.0050 per cent = 0.0050 per cent
Mode 3 + 0.0005 per cent + 0.0002 per cent
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Table 6-3. Scrambler functions

Function Data in Data out
scrambling clean data scrambled data
descrambling scrambled data clean data

Table 6-4. Physical services system parameters

Symbol Parameter name

Mode 2 value

Pl Minimum transmission length

131071 bits

Table 6-5. VDL Mode 4 operating on frequencies
between 112.0-117.975 MHz

Frequency Maximum level of unwanted
(MHz) signal at receiver input (dBm)
88-104 +15

106 +10
107 +5
107.9

Note.— The relationship is linear between adjacent points designated by

the above frequencies.

Figures For Section 6
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Figure 6-1. Transmitter power stabilization

Centre of first symbol of unigue word

L
I | I | |
2 E

T_T______T_._T_TJ

(0) 1) (0] (0) (1)
3 4 13 14 15
Datain Data out
P A Y
L
Legend:
1clock peried delay
O initial value

A
stage number—"

module 2 adder (exclusive OR): (—I—)

Figure 6-2. PN-generator for bit scrambling sequence
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__— 90 per cent power, corresponds to time -3

Current Access
recepfion attempt
completes QCCUrS 7|:L' (see Figure 6-1)
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Figure 6-3.

Receive to Transmit turnaround time
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Appendix To Section 6 References

1. REFERENCES
References to Standards from the International Organization for Standardization (ISO) are as

specified (including date published) below. These ISO Stanctarstapply to the extent specified
in the SARPs.
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1. NORMATIVE REFERENCES

These SARPs reference the following ISO documents:

Date
150 Title published
646 Information technology — IS0 7-bit coded character st 12/91
for information inferchange
3300 HDLC Procedures — Frame Structure, Version 3 12/03
4335 HDLC Elements of Procedures, Version 3 12/93
7498 OS5I Basic Reference Model, Version 1 11/04
7800 HDLC Proceduras — Consolidation of Classes of 12/03
Procedures, Version 1
8208 Information Processing Systems — Data Communications 390
— X 25 Packet Level Protocol for Data Terminal 2nd ed.
Eguipment
8885 HDLC Procedures — General Purpose XID Frame 12/93
Information Field Content and Formar, Version [1]
8886.3 OS5I Data Link Service Definition, Version 3 6/02
10039 Local Area Networks — MAC Service Definition, Version 1 6/01

3. BACKGROUND REFERENCES

The following documents are listed as reference material.

Date
Originator Title published
ITU-R  Recommendation 5446 4, Annex [
CCSDS  Telemetry Channel Coding, Recommendation for Space 392

Data System Standards, Consultative Committee for Space
Date Systems, CCSDS 101.0-B-3, Blue Book
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171.053.7. Aeronautical Mobile Airport Communications System (AEROMACS)

171.053.7.1 Definitions

Adaptive modulation.! aé&adsSyQa FtoAfAGe G2 O2YYdzyAOl GS
0dzNRG LINPFAESAE FYyR | aeaidsSvyQa FoAftAde G2 &dzm
different burst profiles.

Aerodrome. A defined area on land or water (including any buildings, installations and
equipment) intended to be used either wholly or in part for the arrival, departure and surface
movement of aircraft.

Aeronautical Mobile Airport Communications System (AeroMAC&)highcapacity data link
supporting mobile and fixed communications on the aerodrome surface.

AeroMACS downlink (DLY.he transmission direction from the base station (BS) to the mobile
station (MS).

AeroMACS uplink (UL)The transmission direction from the mobile station (MS) to the base
station (BS).

AeroMACS handoveiThe process in which a mobile station (MS) migrates from thimt&irface
provided by one base station (BS) to theiaterface provided by another BS. A breadfore-
make AeroMACS handover is where service with the target BS starts after a disconoéction
service with the previous serving BS.

Base station (BSA generalized equipment set providing connectivity, management and control
of the mobile station (MS).

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.

Burst profile. Set of parameters that describe the uplink or downlink transmission properties
associated with an interval usage code. Each profile contains parameters such as modulation type,

forward error correction (FEC) type, preamble length, guard times, etc.

Convolutional turbo codes (CTQ)ype of forward error correction (FEC) code.
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Data transit delay.In accordance with ISO 8348, the average value of the statistical distribution
of data delays. This delay represents the subnetwork delay and does not include the connection
establishment delay.

Domain. A set of end systems and intermediate systems that operate according to the same
routing procedures and that is wholly contained within a single administrative domain.

Forward error correctionThe process of adding redundant information to the transmitted signal
in a manner which allows correction, at the receiver, of errors incurred in the transmission.

Frequency assignmentA logical assignment of centre frequency and channel bandwidth
programmed to the base station (BS).

Mobile station (MS) A station in the mobile service intended to be used while in motion or during
halts at unspecified points.
An MS is always a subscriber station (SS).

Partial usage sufzhannelization (PUSCA technique in which the orthogonal frequency division
multiplexing (OFDM) symbol subcarriers are divided and permuted among a subset-of sub
channels for transmission, providing partial frequency diversity.

Residual error rate.The ratio of incorrect, lost and duplicate subnetwork service data units
(SNSDUSs) to the total number of SNSDUs that were sent.

Service data unit (SDUA unit of data transferred between adjacent layer entities, which is
encapsulated within a protocol data unit (PDU) for transfer to a peer layer.

Service flow A unidirectional flow of media access control layer (MAC) service data units (SDUSs)
on a connection that is providing a particular quality of service (Qo0S).

Subscriber station (SSA generalized equipment set providing connectivity between subscriber
equipment and a base station (BS).

Subnetwork entry time.The time from when the mobile station starts the scanning for BS
transmission, until the network link establishes the connection, and the first network user
GLINR (G202 ¢ RFEGF dzyAdé OFy 0SS asSyao

Subnetwork service data unit (SNSDWBj 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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171.053.7.2

Time division duplex (TDDA duplex scheme where uplink and downlink transmissions occur at
different times but may share the same frequency.

Introduction

Note 11 Aeronautical mobile airport communications system (AeroMACS) is-adpgleity data
link supporting mobile and fixed communications, related to the safety and regularity of flight, on
the aerodrome surface.

Note 21 AeroMACS is derived from the IEEE 8620D® mobile standards. AeroMACS profile
document (RTCA DO345 and EUROCAE ED 222) lists all features from these standards which are
mandatory, not applicable or optional. AeroMACS profile differentiatesdmtvbase station and

mobile station functionality and contains, for each feature, a reference to the applicable
standards.

171.053.7.3 General

171.0583.7.3.1

171.053.7.3.2

171.053.7.3.3

171.053.7.3.4

171.053.7.3.5

171.053.7.3.6

171.053.7.3.7

171.053.7.3.8

171.053.7.3.9

AeroMACQS8ustconform to the requirements of this and the following chapters.
AeroMAQ&ustonly transmit when on the surface of an aerodrome.
AeroMACSustsupport aeronautical mobile (route) service (AM(R) S) communications.
AeroMAQSustprocess messages according to their associated priority.
AeroMAQSustsupport multiple levels of message priority.

AeroMAQSustsupport point to point communication.

AeroMAQ8Sustsupport multicast and broadcast communication services.
AeroMAQSustsupport internet protocol (IP) packet data services.

AeroMACS8Swust provide mechanisms to transport ATN/IPS and ATN/OSI (over IP) based
messaging.
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171.053.7.3.10 Recommendatiort AeroMACS$nay support voice services.
Noter The Manual on the Aeronautical Telecommunication Network (ATN) using Internet
Protocol Suite (IPS) Standards and Protocols (Doc 9896) provides information on voice service over
IP.

171.053.7.3.11 AeroMAQ8ustsupport multiple service flows simultaneously.

171.053.7.3.12 AeroMAQ8ustsupport adaptive modulation and coding.

171.053.7.3.13 AeroMAQ8ustsupport handover between different AeroMACS BSs during aircraft movement
or on degradation of connection with current BS.

171.053.7.3.14 AeroMACS8ust keep total accumulated interference levels with limits defined by the
International Telecommunication Union Radiocommunication Sector (IIR) as required by
national/international rules on frequency assignment planning and implementation.

171.053.7.3.15 AeroMAQS8ustsupport a flexible implementation architecture to permit link and network layer
functions to be located in different or same physical entities.

171.053.7.4 Radio Frequency (RF) Characteristics

171.053.7.4.1 General radio characteristics

171.053.7.4.1.1 AeroMAQ8ustoperate in time division duplex (TDD) mode.

171.053.7.4.1.2 AeroMAQ8ustoperate with a 5 MHz channel bandwidth.

171.053.7.4.1.3 AeroMACS MS antenna polarizatiust be vertical.

171.053.7.4.1.4 AeroMACS BS antenna polarizatiasthave a vertical component.

171.053.7.4.1.5 AeroMAQ8ustoperate without guard bands between adjacent AeroMACS channels.

171.053.7.4.1.6 AeroMACRust operate according to the orthogonal frequency division multiple access
method.

171.053.7.4.1.7 AeroMAGSust support both segmented partial usage scivannelization (PUSC) and PUSC
with all carriers as subcarrier permutation methods.
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171.053.7.4.2 Frequency bands

171.053.7.4.2.1 AeroMACS equipmentstoperate in the band from 5 030 MHz to 5 150 MHz in channels of
5 MHz bandwidth.

Note 11 Some States may, on the basis of national regulations, have additional allocations to
support AeroMACS. Information on the technical characteristics and operational performance of
AeroMACS is contained in the AeroMACS Minimum Operational Pertari@pacification (MOPS)
(EUROCAE BER3 / RTCA D®46) and AeroMACS Minimum Aviation System Performance
Standard (MASPS) (EUROCAEXHD

Note 21 The last centre frequency of 5 145 MHz is selected as the reference frequency for the
numbering of AeroMACS channels. AeroMACS nominal centre frequencies are numbered
downward from the reference frequency in 5 MHz steps.

171.053.7.4.2.2 The mobile equipmemhust operate at centre frequencies offset from the preferred
frequencies, with an offset of 250 kHz step size.

Noter The nominal centre frequencies are the preferred centre frequencies for AeroMACS
operations. However, the base statiomay have the capability to deviate from the preferred
centre frequencies to satisfy potential national spectrum authority implementation issues (i.e. to
allow AeroMACS operations without receiving or causing interference to other systems operating
in the bandsuch as MLS and AMT).

171.053.7.4.3 Radiated power

171.053.7.4.3.1 The maximum mobile station equivalent isotropic radiated power (EilRPhot exceed 30
dBm.

171.053.7.4.3.2 The maximum base station EIRP in a sextstnot exceed 39.4 dBm.

171.053.7.4.3.3 Recommendatiort In order to meet ITU requirements, the total base station EIRP in a sector
may be decreased from that peak, considering the antenna characteristics, at elevations above
the horizon. Further information is provided in the guidance material.

Note 11 EIRPr defined as antenna gain in a specified elevation direction plus the average
AeroMACS transmitter power. While the instantaneous peak power from a given transmitter may
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exceed that level when all of the subcarriers randomly align in phase, when the large number of
transmitters assumed in the analysis is taken into account, average power is the appropriate
metric.

Note 21 If a sector contains multiple transmit antennas (e.g., multiple input multiple output
(MIMO) antenna), the specified power limit is the sum of the powers from each antenna.
171.053.7.4.4 Minimum receiver sensitivity

171.053.7.4.4.1  AeroMACS receiver sensitivityst comply with Table 4, AeroMACS receiver sensitivity
values.

Note 11 The computation of the sensitivity level for AeroMACS is described in the Aeronautical
Mobile Airport Communications System (AeroMACS) Manual (Doc 10044).

Note 21 AeroMACS receiver would be 2 dB more sensitive than indicated if Convolutional Turbo
Codes (CTC) is used.

Note 31 The sensitivity level is defined as the power level measured at the receiver input when
the bit error rate (BER) is equal to 1 * 40d all active subcarriers are transmitted in the channel.

In general, the requisite input power depends on the number of active subcarriers of the
transmission.

Note 41 The values in TableIrassume a receiver noise figure of 8 dB.

Note 51 The sensitivity values in Tabld Assume absence of any source of interference except
for thermal and receiver noise.
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Table 7-1. AeroMACS receiver sensitivity values

Modulation  scheme  using

convolutional codes (CC) | Rep. Factor MS Sensitivity BS Sensitivity
encoding scheme

64 QAM 3/4 1 -74.3 dBm -74.5 dBm
64 QAM 2/3 1 -76.3 dBm -76.5 dBm
16 QAM 3/4 1 -80.3 dBm -80.5 dBm
16 QAM 1/2 1 -83.8 dBm -34.0 dBm
QPSK 3/4 1 -86.3 dBm -86.5 dBm
QPSK 1/2 1 -89.3 dBm -89.5 dBm
QPSK 1/2 with repetition 2 2 -92.3 dBm -92.5 dBm

Note .— A4 64 QAM fransmission is optional for MS.

171.053.7.4.5 Spectral mask and emissions

171.053.7.4.5.1 The power spectral density of the emissions when all active subcarriers are transmitted in the
channelmustbe attenuated below the maximum power spectral density as follows:

a) on any frequency removed from the assigned frequency between 50 and 55 per cent of the
authorized bandwidth: 26 + 145 log (per cent of BW/50) dB;

b) on any frequency removed from the assigned frequency between 55 and 100 per cent of the
authorized bandwidth: 32 + 31 log (per cent of (BW)/55) dB;

¢) on any frequency removed from the assigned frequency between 100 and 150 per cent of the
authorized bandwidth: 40 +57 log (per cent of (BW)/100) dB; and

d) on any frequency removed from the assigned frequency beyond 150 per cent of the authorized
bandwidth: 50 dB.

Noter The power spectral density at a given frequency is the power within a bandwidth equal to
100 kHz centred at this frequency, divided by this measurement bandwidth. It is made clear that
the measurement of the power spectral dengiigyencompass the energy over at least one frame
period.
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171.053.7.4.5.2 AeroMAQ8ustimplement power control.

171.053.7.4.5.3 AeroMACS minimum rejection for adjacent§MHz) channel, measured at BER:MH¥el for
a victim signal power 3 dB higher than the receiver sensitimitystbe 10 dB for 16 QAM 3/4.

171.053.7.4.5.4 AeroMACS minimum rejection for adjacentg¥Hz) channel, measured at BER:H¥el for
a victim signal power 3 dB higher than the receiver sensitimitystbe 4 dB for 64 QAM 3/4.

171.053.7.4.5.5 AeroMACS minimum rejection for second adjaceql(MHz) channel and beyond, measured
at BER=10level for a victim signal power 3 dB higher than the receiver sensitinitgtbe 29 dB
for 16 QAM 3/4.

171.053.7.4.5.6 AeroMACS minimum rejection for second adjaceql(MHz) channel and beyond, measured
at BER=10level for a victim signal power 3 dB higher than the receiver sensitinitgtbe 23 dB
for 64 QAM 3/4.
Noter For additional clarification to the requirements stated ih71.053.7.4.5.3,
171.053.7.4.5.4, 171.053.7.4.5.5 and171.053.7.4.5.6, refer to IEEE 802:2609 section
8.4.14.2.

171.053.7.4.6 Frequency tolerance

171.053.7.4.6.1 AeroMACS BS transmitter frequency toleranast be better than +¢ 2 x 1 of nominal
channel frequency.

171.053.7.4.6.2 AeroMACS MS transmitter centre frequemeist be locked to that of the BS transmission
centre frequency with a tolerance better than 2 per cent of the subcarrier spacing.

171.053.7.4.6.3 AeroMACS M8ust track the frequency of the BS andust defer any transmission if
synchronization is lost or exceeds the tolerances given above.

171.053.7.5 Performance Requirements
171.053.7.5.1 AeroMACS communications service provider

171.053.7.5.1.1 The maximum unplanned service outage duration on a per aerodromenbasize 6 minutes.
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171.053.7.5.1.2 The maximum accumulated unplanned service outage time on a per aerodromausisie
240 minutes/year.

171.053.7.5.1.3 The maximum number of unplanned service outagest not exceed 40 per year per
aerodrome.

Noter The requirements given v1.053.7.5.1.1 t0171.053.7.5.1.3 refer to the overall service
provision by the AeroMACS communication service provider on the aerodrome surface. This may
include other media which can provide alternate communication paths in the event of an
AeroMACS failure.

171.053.7.5.1.4 Connection resilience. The probability that a transaction will be completed once starded
be at least 0.999 for AeroMACS over any-boer interval.

Notex Connection releases resulting from AeroMACS handover between base statiofisptog
circuit preemption are excluded from this specification.

171.053.7.5.2 Doppler shift

171.053.7.5.2.1 AeroMAQGS8ustoperate with a Doppler shift induced by the movement of the MS up to a radial
speed of 92.6 km (50 NM) per hour, relative to the BS.

171.053.7.5.3 Delay

171.053.7.5.3.1 Subnetwork entry tinraustbe less than 90 seconds.

171.053.7.5.3.2 Recommendatiort Subnetwork entry timenaybe less than 20 seconds.

171.053.7.5.3.3 The froAMS data transitlelay (9% percentile) for the highest priority data servisaustbe
less than or equal to 1.4 seconds over a window of 1 hour or 600 SDUs, whichever is longer.

171.053.7.5.3.4 The tdIS data transit delay (95percentile) for the highest priority data servigaustbe less
than or equal to 1.4 seconds over a window of 1 hour or 600 SDUs, whichever is longer.

171.053.7.5.4 Integrity

171.053.7.5.4.1 AeroMACS BS andmi&tsupport mechanisms to detect and correct corrupt SNSDUSs.
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171.053.7.5.4.2 AeroMACS BS andmistonly process SNSDUs addressed to themselves.

171.053.7.5.4.3 Recommendatiort The residual error rate, to/from M8ay be less than or equal to 5 x40
per SNSDU.

Noter There are no integrity requirements for SNSDU residual rate to the BS and MS as the
requirement is entirely satisfied by the etodend systems in the aircraft and air traffic service
provider.

171.053.7.5.4.4 The maximum bit error rateust not exceed 10 after CTE@EC, if the received signal is equal
to or greater than the minimum sensitivity level for the modulations scheme used, as given in
Table 71.

171.053.7.5.5 Security

171.053.7.5.5.1 AeroMAQS8ustprovide a capability to protect the integrity of messages in transit.

Noter The capability includes cryptographic mechanisms to provide integrity of messages in
transit.

171.053.7.5.5.2 AeroMAQ8ustprovide a capability to protect the availability of the system.

Noter The capability includes measures to ensure that the system and its capacity are available
for authorized uses during unauthorized events.

171.053.7.5.5.3 AeroMAQ8ustprovide a capability to protect the confidentiality of messages in transit.

Noter The capability includes cryptographic mechanisms to provide encryption/decryption of
messages.

171.053.7.5.5.4 AeroMAQ8ustprovide an authentication capability.

Noter The capability includes cryptographic mechanisms to provide peer entity authentication,
mutual peer entity authentication, and data origin authentication.

171.053.7.5.5.5 AeroMAQ8ustprovide a capability to ensure the authenticity of messages in transit.

Noter The capability includes cryptographic mechanisms to provide authenticity of messages in
transit.
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171.053.7.5.5.6 AeroMAQ8ustprovide a capability to authorize the permitted actions of users of the system.
Notex The capability includes mechanisms to explicitly authorize the actions of authenticated
users. Actions that are not explicitly authorized are denied.

171.053.7.5.5.7 If AeroMACS provide interfaces to multiple domains, AeroMAGSorovide capability to
prevent intrusion from lower integrity domain to higher integrity domain.

171.053.7.6 System Interfaces

171.053.7.6.1 AeroMAQ8ustprovide data service interface to the system users.

171.053.7.6.2 AeroMAQ8ustsupport notification of the status of communications.
Noter This requirement could support notification of the loss of communications (such as join
and leave events).

171.053.7.7 Application Requirements

171.053.7.7.1  AeroMACHust support multiple classes of services to provide appropriate service levels to
applications.

171.053.7.7.2 If there is a resource contention, AeroMA@St pre-empt services with a lower priority than
those given in Annex 10, Volume Il, 5.1.8

171.053.8. AFTNNetwork
171.053.8.1 Definitions

Data signalling rateData signalling rate refers to the passage of information per unit of time, and
is expressed in bits/second. Data signalling rate is given by the formula:
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where m is the number of parallel channels,isTthe minimum interval for the ith channel
expressed in seconds; i3 the number of significant conditions of the modulation in the ith
channel.

Note 11

a) For a single channel (serial transmission) it reduces to (14M)logith a twocondition
modulation (n = 2), it is 1/T.

b) For a parallel transmission with equal minimum intervals and equal number of significant
conditions on each channel, it is m(1/T¥odm(1/T) in case of a twoondition modulation).

Note2r LY GKS 02@S RSTFAYAGA2YIZ GKS GSN¥Y a&LJ NI €
each of which carries an integral part of an information unit, e.g. the parallel transmission of bits
forming a character. In the case of a circuit comprisimgmber of channels, each of which carries
AYF2NXYIFGA2Y GAYRSLISYRSyilGfeés gAGK GKS az2tS L
these channels are not to be regarded as parallel channels in the context of this definition.

Degree of standardized test distortionThe degree of distortion of the restitution measured
during a specific period of time when the modulation is perfect and corresponds to a specific text.

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

Low modulation ratesModulation rates up to and including 300 bauds.

Margin. The maximum degree of distortion of the circuit at the end of which the apparatus is
situated which is compatible with the correct translation of all the signals which it may possibly
receive.

Medium modulation rates.Modulation rates above 300 and up to and including 3 000 bauds.

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

Noter Telegraph signals are characterized by intervals of time of duration equal to or longer than
the shortest or unit interval. The modulation rate (formerly telegraph speed) is therefore expressed
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as the inverse of the value of this unit interval. If, for example, the unit interval is 20 milliseconds,
the modulation rate is 50 bauds.

Synchronous operationOperation in which the time interval between code units is a constant.

171.053.8.2 Technical Provisions Relating To Teletypewriter Apparatus And Circuits Used In The

AFTN

171.0538.2.1 In international teletypewriter circuits of the AFTN, usinguaibcode, the International
Telegraph Alphabet No. 2 (see Tablé 8ll tables and figures are located at the end of this
sectior) mustbe used only to the extent prescribedlinl.053.4.1.2 of Volume II.

171.0538.2.2 Recommendatiort The modulation ratemay be determined by bilateral or multilateral
agreement between administrations concerned, taking into account primarily traffic volume.

171.0538.2.3 Recommendatiort The nominal duration of the transmitting cycteay be at least 7.4 units
(preferably 7.5)the stop element lasting for at least 1.4 units (preferably 1.5).

171.053.8.2.3.1 Recommendatiort The receivemaybe able to translate correctly in service the signals coming
from a transmitter with a nominal transmitting cycle of 7 units.

171.053.8.2.4 Recommendatiort Apparatus in servicmaybe maintained and adjusted in such a manner that
its net effective margin is never less than 35 per cent.

171.0538.2.5 Recommendatiort The number of characters which the textual line of the pagging
apparatus may contaimay be fixed at 69.

171.0538.2.6 Recommendatiort In startstop apparatus fitted with automatic time delay switches, the
disconnection of the power supply to the motasly not take place before the lapse of at least 45

seconds after the reception of the last signal.

171.0538.2.7 Recommendatiort Arrangementsnaybe made to avoid the mutilation of signals transmitted
at the head of a message and received on st&op reperforating apparatus.

171.053.8.2.7.1 Recommendatiort If the reperforating apparatus is provided with local means for feeding the
paper, not more than one mutilated sigmabybe tolerated.

171.0538.2.8 Recommendatiort Complete circuitenaybe so engineered and maintained that their degree
of standardized test distortion does not exceed 28 per cent on the standardized text:
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THE QUICK BROWN FOX JUMPS
OVER THE LAZY DOG

or

VOYEZ LE BRICK GEANT QUE
JEXAMINE PRES DU WHARF

171.0538.2.9 Recommendatiort The degree of isochronous distortion on the standardized text of each of the
parts of a complete circuihaybe as low as possible, and in any casg/ not exceed 10 per cent.

171.0538.2.10 Recommendatiort The overall distortion in transmitting equipment used on teletypewriter
channelanaynot exceed 5 per cent.

171.0538.2.11 Recommendatiort AFTN circuitsnay be equipped with a system of continuous check of

channel condition. Additionally, controlled circuit protoaolsy be applied.

171.053.8.3 Terminal Equipment Associated With Aeronautical Radioteletypewriter Channels Operating In

The Band.5¢ 30 MHz

171.053.8.3.1 Selection of type of modulation and code

171.0538.3.1.1 Recommendatiort Frequency shift modulation (FIBaybe employed in radioteletypewriter
systems used in the aeronautical fixed service (AFS), except where the characteristics of the
independent sideband (ISB) method of operation are of advantage.
Noter F1B type of modulation is accomplished by shifting a radio frequency carrier between two
FNBIjdzZSYyOASa NBLINBaSydAy3a alLkRairdAazy 1 ¢ 6adl NI
of the startstop 5unit telegraphic code.

171.053.8.3.2 System characteristics

171.0538.3.2.1 Recommendatiort The characteristics of signals from radioteletypewriter transmitters
utilizing F1B modulatiomay be as follows:

a) Frequency shift: the lowest possible value.
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b) Frequency shift tolerance: within plus or minus 3 per cent of the nominal value of the frequency

shift.
o)t 2f F NAGeY aAay3atS OKIFIyySt OANDdaAGay (KS KAIK
polarity).
171.0538.3.2.2 Recommendatiort The variation of the mean between the radio frequencies representing
NEALISOGAGSEt & alLl araydoReyceed 400 HatRingiahykodr pekicly” %€

171.0538.3.2.3 Recommendatiort The overall distortion of the teletypewriter signal, as monitored at the
output of the radio transmitter or in its immediate vicinitgay not exceed 10 per cent.

Noter Such distortion means the displacement in time of the transitions between elements from
their proper positions, expressed as a percentage of unit element time.

171.0538.3.2.4 Recommendatiort Radioteletypewriter receivers concerned with F1B modulatiag be
capable of operating satisfactorily on signals having the characteristics set out in 8.3.2.1 and

8.3.2.2.

171.053.8.3.2.5 Recommendatiort The characteristics of multichannel transmission of teletypewriter signals
over a radio circuitnay be established by agreement between the Administrations concerned.

171.053.8.4 Characteristics Of Interregional Afs Circuits

171.0538.4.1 Recommendatiort Interregional AFS circuits being implemented or upgradagemploy high
quality telecommunications service. Modulation ratey take into account traffic volumes

expected under both normal and alternate route conditions.

171.053.8.5 Technical Provisions Relating To Ats Message Transmission

171.0538.5.1 Interconnection by direct or omnibus channeltow modulation rateg 5-unit code.

Noter Seel71.053.8.6 for medium modulation rates.

171.0538.5.1.1 Recommendatiort AFTN techniques (cf. 8r12pybe used.
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171.053.8.6 Technical Provisions Relating To International Gre@ndund Data Interchange At
Medium And Higher Signalling Rates

Notetr ¢ KNRdzaK2dzi (KA&a &aSO0GAz2y Ay @K
dzy Al 2F aStSOGAGBS AYyT2NXIGA2Y Y

171.053.8.6.1 General

171.0538.6.1.1 Recommendatiort In international data interchange of characters, -t coded character
set providing a repertoire of 128 characters and designated as International Alphabet N8)5 (1A
may be used. Compatibility with the-umit coded character set of International Telegraph
Alphabet No. 2 (IT8) maybe ensured where applicable.

171.0538.6.1.2  When the provisions @71.053.8.6.1.1 are applied, International Alphabet No. 5-)A
contained in Table-2 mustbe used.

171.0538.6.1.2.1 The serial transmission of units comprising an individual characteb ofust be with the
low order unit (k) transmitted first.

171.0538.6.1.2.2 Recommendatiort When IA5 is used, each charactaray include an additional unit for
parity in the eighth level position.

171.0538.6.1.2.3 When the provisions b71.053.8.6.1.2.2 are applied, the sense of the character parity bit
mustproduce even parity in links which operate on the ststap principle, and odd parity in links
using eneto-end synchronous operations.

171.0538.6.1.2.4 Charactdor-character conversiomustbe as listed in Tables®Band 84 for all characters
which are authorized in the AFTN format for transmission on the AFS in bBtarid\ ITA2.

8.6.1.2.5 Characters which appear in only one code set, or which are not authorized for transmission on the AFS
mustbe as depicted in the code conversion tables.

171.053.8.6.2 Data transmission characteristics

171.0538.6.2.1 Recommendatiort The data signalling ratmaybe chosen from among the following:

1 600 bits/s 4 800 bits/s
1 200 bits/s 9 600 bits/s
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171.0538.6.2.2 Recommendatiort The type of transmission for each data signalling ratey be chosen as

follows:
Data signalling rate Type of transmission
1 600 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

171.0538.6.2.3 Recommendatiort The type of modulation for each data signalling ratay be chosen as

follows:
Data signalling rate Type of modulation
1 600 bits/s Frequency
1 200 bits/s Frequency
2 400 bits/s Phase
4 800 bits/s Phase
9 600 bits/s Phaseamplitude

Noter This recommendation does not necessarily apply to grgmodnd extensions of air
ground links used exclusively for the transfer ofjairund data, inasmuch as such circuits may be
considered as part of the aground link.

171.053.8.6.2.4 Character Structure On Data Links

171.0538.6.2.4.1 Character paritgustnot be used for error checking on CIDIN links. Parity appended3o IA
coded characters pefl71.053.8.6.1.2.2, prior to entry to the CIDIMust be ignored. For
messages exiting the CIDIN, pantystbe generated in accordance wiff1.053.8.6.1.2.3.

171.0538.6.2.4.2 Characters of less than eight bits in lengiktbe padded out to eight bits in length before
transmission over any octdtased or bHoriented communications network. The padding bits
must occupy the higher order end of the octet, i.e. bit 8, bit 7 as required, randt have the
binary values 0.
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171.0538.6.2.5 When exchanging data over CIDIN links ushogiditted procedures, the entry centre address,
exit centre addresses and destination addresses in the Transport and CIDIN Packet ieatiers
be in the IA5 character set contained in Table&8
171.0538.6.2.6 Recommendatiort When transmitting messages in AFTN format over CIDIN links using bit
oriented procedures, the messagraybe in the I1A5 character set contained in Table8
171.053.8.6.3 Grouneyround characteforiented data link control procedures
Notexr The provisions of this section pertain to groygrdund data interchange applications
using IA5 prescribed by 8.6.1 and which employ the ten transmission control characters (SOH,
STX, ETX, EOT, ENQ, ACK, DLE, NAK, SYN, and ETB) for datal liokecasyrachronous or

asynchronous transmission facilities.

171.0538.6.3.1 Descriptions. The following descriptionsst apply to data link applications contained in this
section:

a) A master station is that station which has control of the data link at a given instant.

b) A slave station is one that has been selected to receive a transmission from the master
station.

A control station is the single station on a multipoint link that is permitted to assume master status
and deliver messages to one or more individually selected-@omrrol) tributary stations, or it is
permitted to assign temporary master status to arfyttee other tributary stations.

171.053.8.6.3.2 Message Composition

A transmissionmust consist of characters from {8 transmitted in accordance with
171.053.8.6.1.2.2 andnustbe either an information message or a supervisory sequence.

An information message used for the exchange of datsttake one of the following forms:
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) S E B
T -—TEXT-- T C
X X C
2) s E B
T -—TEXT-—- T C
X B C
3) S S E B
O --HEADING--- T --TEXT-—- T C
H X X C
4 s S E B
O ---HEADING--- T  --TEXT--- T C
H X B C
5) S E B
O --HEADING--- T C
H B C
B
Note 11 C is a block check character (BCC).
C

Note 21 In formats 2), 4), and 5) above which end with ETB, some continuation is required.

A supervisory sequengrustbe composed of either a single transmission control character (EOT,
ENQ, ACK or NAK) or a single transmission control (ENQ) preceded by a prefix of up to 15 non
control characters, or the character DLE used in conjunction with other graphic and control

characters to provide additional communication control functions.

171.053.8.6.3.3 Three system categories are specified in terms of their respective circuit characteristics, terminal

configurations, and message transfer procedures as follows:

System category A: twavay alternate, multipoint allowing either centralized or noentralized
operation and single or multiple messaggented information transfers without replies (but with

delivery verification).

System category B: tweway simultaneous, poirto-point employing message associated blocking

and modulo 8 numbering of blocks and acknowledgements.
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System category C: twway alternate, multipoint allowing only centralized (computer
terminal) operation, single or multiple message transfers with replies.

171.0538.6.3.3.1 In addition to the characteristics prescribed in the paragraphs that follow for both system
categories A and B, other parameters thatist be accounted for in order to ensure viable,
operationally reliable communications include:

a) the number of SYN characters required to establish and maintain synchronization;

Noter Normally the transmitting station sends three contiguous SYN characters and the
receiving station detects at least two before any action is taken.

b) the values of system tim@ dzia F2NJ adzOK Fdzy OGAz2ya Fa daARfS
the number of automatic retries that are to be attempted before manual intervention is
signalled;

¢) the composition of prefixes within a 15 character maximum.

Noter By agreement between the administrations concerned, it is permissible for supervisory

signals to contain a station identification prefix using characters selected from columns 4 through

7 of IAS5.

171.0538.6.3.3.2 Recommendatiort For multipoint implementations designed to permit only centralized
(computertoterminal) operations, the provisions of 8.6.81aybe employed.

171.053.8.6.3.4 Block Check Character

171.0538.6.3.4.1 Both system category A anchist utilize a block check character to determine the validity
of a transmission.

171.0538.6.3.4.2 The block check charactarstbe composed of 7 bits plus a parity bit.

171.053.8.6.3.4.3 Each of the first 7 bits of the block check charautistbe the modulo 2 binary sum of every
element in the same bit 1 to bit 7 column of the successive characters of the transmitted block.

171.053.8.6.3.4.4 The longitudinal parity of each column of the block, including the block check chamaster,
be even.

181



”X TECHNICAL STANDARDS
( Namibia Civil Aviation Authority - (NAMCATYS)

y Safety Division

NCAA Part 171: ATEL-Volume 3

NAMIBLA CIVIL AVIATION AUTHORITY

171.0538.6.3.4.5 The sense of the parity bit of the block check charautest be the same as for the
information characters (se£71.053.8.6.1.2.3).

171.053.8.6.3.4.6 Summation

171.0538.6.3.4.6.1 The summation to obtain the block check charautstbe started by the first appearance
of either SOH (start of heading) or STX (start of text).

171.0538.6.3.4.6.2 The starting charactatstnot be included in the summation.

171.0538.6.3.4.6.3 If an STX character appears after the summation has been started by SOH, then the STX
charactemustbe included in the summation as if it were a text character.

171.0538.6.3.4.6.4 With the exception of SYN (synchronous idle), all the characters which are transmitted after
the start of the block check summatianust be included in the summation, including the ETB
(end of transmission/block) or ETX (end of text) control character which signals that the following
character is the block check character.

171.053.8.6.3.4.7 No character, SYN or otherwisastbe inserted between the ETB or ETX character and the
block check character.

171.053.8.6.3.5 Description Of System Category A
System category A is one in which a number of stations are connected by a multipoint link and
one station is permanently designated as the control station which monitors the link at all times
to ensure orderly operation.

171.053.8.6.3.5.1 Link Establishment Procedure

171.0538.6.3.5.1.1 To establish the link for transmission, the control statiast either:

a) poll one of the tributary stations to assign it master status; or

b) assume master status and select one or more tributary (slave) stations to receive a
transmission.

171.0538.6.3.5.1.2 Pollingustbe accomplished by the control station sending a polling supervisory sequence
consisting of a prefix identifying a single tributary station and ending in ENQ.
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171.0538.6.3.5.1.3 A tributary station detecting its assigned polling supervisory segueistassume master
status and respond in one of two ways:

a) if the station has a message to sendmust initiate a selection supervisory sequence as
described in71.053.8.6.3.5.1.5;

b) if the station has no message to sendniistsend EOT, and master statusistrevert to the
control station.

171.0538.6.3.5.1.4 If the control station detects an invalid or no response resulting from a puollsit
terminate by sending EOT prior to resuming polling or selection.

171.0538.6.3.5.1.5  Selectiomust be accomplished by the designated master station sending a selection
supervisory sequence consisting of a prefix identifying a single station and ending in ENQ.

171.0538.6.3.5.1.6 A station detecting its assigned selection supervisory seguerstassume slave status
and send one of two replies:

a) if the station is ready to receive, ihust send a prefix followed by ACK. Upon detecting this
reply, the master statiomusteither select another station or proceed with message transfer;

b) if the station is not ready to receive, fhust send a prefix followed by NAK and thereby
relinquish slave status. If the master station receives NAK, or no rephysiteither select

another or the same tributary station or terminate;

c)itmusto S LISNX¥YAaaArAotS F2NI b NBGUNARSA 6b x no 2
invalid reply, or no response has been received.

171.0538.6.3.5.1.7 If one or more stations have been selected and have properly responded with ACK, the
master statiormust proceed with message transfer.

171.053.8.6.3.5.2 Message Transfer Procedure

171.0538.6.3.5.2.1 The master statiorustsend a message or series of messages, with or without headings to
the selected slave station(s).

171.0538.6.3.5.2.2 The transmission of a messagst

a) begin with:
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T SOH if the message has a heading,
T STXif the message has no heading;

b) be continuous, ending with ETX, immediately followed by a block check character (BCC).
171.0538.6.3.5.2.3 After transmitting one or more messages, the master statistiverify successful delivery
at each selected slave station.
8.6.3.5.3 Delivery Verification Procedure

171.0538.6.3.5.3.1 The master statiomustsend a delivery verification supervisory sequence consisting of a
prefix identifying a single slave station and ending in ENQ.

171.0538.6.3.5.3.2 A slave station detecting its assigned delivery verification supervisory seaqueshsend
one of two replies:

a) if the slave station properly received all of the transmissiomuitst send an optional prefix
followed by ACK;

b) if the slave station did not receive all of the transmission properlgust send an optional
prefix followed by NAK.

171.0538.6.3.5.3.3 If the master station receives no reply or an invalid rephystrequest a reply from the
same or another slave station until all selected stations have been properly accounted for.

171.053y ®c ®o ®p ®o ®n LT GKS YIFadSNI adgridAazy NBOSAGSaA
reply, itmustrepeat that transmission to the appropriate slave stations at a later opportunity.

171.0538.6.3.5.3.5 After all messages have been sent and delivery verified, the master stasiggroceed
with link termination.
171.053.8.6.3.5.4 Link Termination Procedure
171.0538.6.3.5.4.1 The terminate function, negating the master or slave status of all stations and returning

master status to the control stationmust be accomplished by the master station transmitting
EOT.
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171.053.8.6.3.6 Description Of System Category B
System category B is one in which two stations are on a fpoipbint, full-duplex link and each
station has the capability to maintain concurrent master and slave status, i.e. master status on its
transmit side and slave status on its receive side anl btations can transmit simultaneously.
171.053.8.6.3.6.1 Link Establishment Procedure
171.0538.6.3.6.1.1 To establish the link for message transfers (from the calling to the called station), the calling
station must request the identity of the called station by sending an identification supervisory
sequence consisting of a DLE character followed by a colon character, an optional prefix, and ENQ.
171.0538.6.3.6.1.2 The called station, upon detecting BENGstsend one of two replies:
a) if ready to receive, imustsend a sequence consisting of a DLE followed by a colon, a prefix
which includes its identity and ended by ACKO (s&2053.8.6.3.6.2.5). This establishes the
link for message transfers from the calling to the called station;
b) if not ready to receive, mustsend the above sequence with the ACKO replaced by NAK.
171.0538.6.3.6.1.3 Establishment of the link for message transfers in the opposite direction can be initiated at
any time following circuit connection in a similar manner to that described above.

171.053.8.6.3.6.2 Message Transfer Procedure

171.0538.6.3.6.2.1 System category B message transfer provides for message associated blocking with
longitudinal checking and modulo 8 numbered acknowledgements.

171.0538.6.3.6.2.2 ltis permissible for a transmission block to be a complete message or a portion of a message.
The sending statiomustinitiate the transmission with SOTB N followed by:

a) SOH if it is the beginning of a message that contains a heading;
b) STX if it is the beginning of a message that has no heading;
c) SOH if itis an intermediate block that continues a heading;

d) STX if it is an intermediate block that continues a text.
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Noter SOTB N is the twcharacter transmission control sequence DLE = (characters 1/0, and
3/13) followed by the block number, N, where N is one of tHedWBaracters 0, 1 ... 7 (characters

3/0, 3/1 ... 3/7).

171.0538.6.3.6.2.3 A block which ends at an intermediate point within a mesaagtbe ended with ETB; a
block which ends at the end of a messagastbe ended with ETX.

171.0538.6.3.6.2.4 Imustbe permissible for each station to initiate and continue to send messages to the
other concurrently according to the following sequence.

a) It must be permissible for the sending station (master side) to send blocks, containing
messages or parts of messages, continuously to the receiving station (slave side) without
waiting for a reply.

b) It must be permissible for replies, in the form of slave responses, to be transmitted by the
receiving station while the sending station is sending subsequent blocks.

Noter By use of modulo 8 numbering of blocks and repliesgtbe permissible for the sending
station to send as many as seven blocks ahead of the received replies before being required to stop
transmission until six or less blocks are outstanding.

c) If a negative reply is received, the sending station (master gidg}start retransmission with
the block following the last block for which the proper affirmative acknowledgement was

received.
171.0538.6.3.6.2.5 Slave responsesstbe according to one of the following:

a) if a transmission block is received without error and #tation is ready to receive another
block, itmustsend DLE, a colon, an optional prefix, and the appropriate acknowledgement

ACKN (referring to the received block beginning
b) with SOTB N, e.g. ACKO, transmitted as DLEO is used as the affirmative reply to the block
numbered SOTBO, DLE1 for SOTB1, etc.);

c) if a transmission block is not acceptable, the receiving statiust send DLE, a colon, an
optional prefix, and NAK.

171.0538.6.3.6.2.6 Recommendatiort Slave responsasay be interleaved between message blocks and
transmitted at the earliest possible time.
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171.053.8.6.3.6.3 Link Termination Procedure
171.0538.6.3.6.3.1  If the link has been established for message transfers in either or both directions, the
sending of EOT by a statiorustsignal the end of message transfers in that direction. To resume

message transfers after sending EOT, therfinlstbe re-established in that direction.

171.0538.6.3.6.3.2 EQmustonly be transmitted by a station after all outstanding slave responses have been
received or otherwise accounted for.

171.053.8.6.3.6.4 Circuit Disconnection

171.0538.6.3.6.4.1 On switched connections, the data links in both direathus¢be terminated before the
connection is cleared. In addition, the station initiating clearing of the connectiast first
announce its intention to do so by transmitting the tebaracter sequence DLE EOT, followed by
any other signals required to clear the connection.

171.053.8.6.3.7 Description Of System Category C (Centralized)

System category C (centralized) is one (like system category A) in which a number of stations are connected by a
multipoint link and one station is designated as the control station but (unlike system category A)
provides only for centralized (comput&s-terminal) operations where message interchange
(with replies)must be constrained to occur only between the control and a selected tributary
station.

171.053.8.6.3.7.1  Link Establishment Procedure

171.0538.6.3.7.1.1 To establish the link for transmission the control statiost either:

a) poll one of the tributary stations to assign it master status; or

b) assume master status and select a tributary station to assume slave status and receive a
transmission according to either of two prescribed selection procedures:

1) selection with response (se¥71.053.8.6.3.7.1.5); or

2) fast select (se&€71.053.8.6.3.7.1.7).
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171.0538.6.3.7.1.2  Polling is accomplished by the control station sending a polling supervisory sequence
consisting of a prefix identifying a single tributary station and ending in ENQ.

171.0538.6.3.7.1.3 A tributary station detecting its assigned polling supervisory segueistassume master
status and respond in one of two ways:

a) if the station has a message to sendmust initiate message transfer. The control station
assumes slave status;

b) if the station has no message to sendniistsend EOT and master statumistrevert to the
control station.

171.0538.6.3.7.1.4 If the control station detects an invalid or no response resulting from a puollsit
terminate by sending EOT prior to resuming polling or selection.

171.0538.6.3.7.1.5 Selection with response is accomplished by the control station assuming master status and
sending a selection supervisory sequence consisting of a prefix identifying a single tributary
station and ending in ENQ.

171.0538.6.3.7.1.6 A tributary station detecting its assigned selection supervisory sequastassume slave
status and send one of two replies:

a) if the station is ready to receive, ihust send an optional prefix followed by ACK. Upon
detecting this reply, the master statianust proceed with message transfer;

b) if the station is not ready to receive,ntust send an optional prefix followed by NAK. Upon
detecting NAK, itmust be permissible for the master station to again attempt selecting the
same tributary station or initiate termination by sending EOT.

Notex If the control station receives an invalid or no reply, it is permitted to attempt again to
asSt SOt GUKS &aryYS UGNROdziF NBE 2NJ F FGSNJ b NBGNRS:
initiate termination by sending EOT.

171.0538.6.3.7.1.7 Fast select is accomplished by the control station assuming master status and sending a
selection supervisory sequence, and without ending this transmission with ENQ or waiting for the
selected tributary to respond, proceeding directly to $sage transfer.

171.053.8.6.3.7.2 Message Transfer Procedure
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171.0538.6.3.7.2.1 The station with master statngstsend a single message to the station with slave status
and wait for a reply.

171.0538.6.3.7.2.2 The message transmissiarst
a) begin with:

T SOH if the message has a heading,
T STX if the message has no heading;

and
b) be continuous, ending with ETX, immediately followed by BCC.
171.0538.6.3.7.2.3 The slave station, upon detecting ETX followed byrB63end one of two replies:

a) if the messages were accepted and the slave station is ready to receive another message, it
must send an optional prefix followed by ACK. Upon detecting ACK, the master statgtn
be permitted either to transmit the next message or initiate termination;

b) if the message was not accepted and the slave station is ready to receive another message, it
mustsend an optional prefix followed by NAK. Upon detecting NAK, the master station may
either transmit another message or initiate termination. Following the NAK reply, the next
message transmitted need not be a retransmission of the message that was epteatc

171.0538.6.3.7.2.4 If the master station receives an invalid or no reply to a messagestibe permitted to
send a delivery verification supervisory sequence consisting of an optional prefix followed by ENQ.
Upon receipt of a delivery verification supervisory sequence, the slave station repeats its last

reply.

171.053y ®c ®o ®T ®H Pp b NBOUNASA ob x no YF& 6S YIRS o8
valid reply is not received after N retries, the master station exits to a recovery procedure.

171.053.8.6.3.7.3 Link Termination Procedure

171.0538.6.3.7.3.1 The station with master statnasttransmit EOT to indicate that it has no more messages
to transmit. EOTmust negate the master/slave status of both stations and return master status
to the control station.

189



”X TECHNICAL STANDARDS
( Namibia Civil Aviation Authority - (NAMCATYS)

y Safety Division

NCAA Part 171: ATEL-Volume 3

NAMIBLA CIVIL AVIATION AUTHORITY

171.053.8.6.4 Grouneyround bit-oriented data link control procedures

Notex The provisions of this section pertain to groygrdund data interchange applications
using bitoriented data link control procedures enabling transparent, synchronous transmission
that is independent of any encoding; data link control functionsaapemplished by interpreting
designated bit positions in the transmission envelope of a frame.

171.0538.6.4.1 The following descriptiomaustapply to data link applications contained in this section:

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 capability of the interconnected stations.

c) A station is a configuration of logical elements, from or to which messages are transmitted on
a data link, including those elements which control the message flow on the link via
communication control procedures.

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

e) Data communication control procedures are the means used to control and protect the orderly
interchange of information between stations on a data link.

f) A component is defined as a number of bits in a prescribed order within a sequence for the
control and supervision of the data link.

g) An octet is a group of 8 consecutive bits.

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

i) A field is a series of a specified number of bits or specified maximum number of bits which
performs the functions of data link or communications control or constitutes data to be
transferred.

j) A frame is a unit of data to be transferred over the data link, comprising one or more fields in
a prescribed order.
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k) A common ICAO data interchange network (CIDIN) switching centre is that part of an automatic
AFTN switching centre which provides for the entry, relay, and exit centre functions using the
bit-oriented link and CIDIN network procedures specified in thisise@nd includes the
appropriate interface(s) with other parts of the AFTN and with other networks.

171.053.8.6.4.2 BiOriented Data Link Control Procedures For PelittPoint, GroundGround Data
Interchange Applications Employing Synchronous Transmission Facilities

Noter The following link level procedures are the same as the LAPB link level procedures
described in ITU CCITT Recommendation X.25, Section 2, Yellow Book (1981 version). Later version:
of Recommendation X.25 will be reviewed as they are released tdaascehether or not they

may be adopted.

171.0538.6.4.2.1 Frame format. Fram@sist contain not less than 32 bits, excluding the opening and closing
flags, andnustconform to the following format:

FLAG | ADDRESS | CONTROL INFORMATION | FC5 | FLAG
F A C | F

171.0538.6.4.2.1.1 A frammust consist of an opening flag (F), an address field (A), a control field (C), an
optional information field (I), a frame check sequence (FCS), and a closing flag sequence (F), and
mustbe transmitted in that order.

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

171.0538.6.4.2.1.1.1 The flag fRustbe the 8bit sequence 01111110 which delimits the beginning and ending
of each frame. Imustbe permissible for the closing flag of a frame to also serve as the opening
flag of the next frame.

171.0538.6.4.2.1.1.2  The address (A) fiehdist consist of one octet, excluding O bits added to achieve
transparent transmission, whiahustcontain the link address of the combined station.

171.0538.6.4.2.1.1.3 The control (C) figltust consist of one octet, excluding 0 bits added to achieve

transparent transmission, anchust contain the commands, responses, and frame sequence
number components for the control of the data link.
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171.0538.6.4.2.1.1.4 The information (1) fieltustcontain digital data which may be presented in any code or
sequence butmust not exceed a maximum of 259 octets, excluding O bits added to achieve
transparent transmission. The | figldustalways be a multiple of 8 bits in length.

171.0538.6.4.2.1.1.5 The frame check sequence (FTS)consist of two octets, excluding O bits added to
achieve transparent transmission, anmistcontain the error detecting bits.

171.0538.6.4.2.2 A frame check sequence (F@8t be included in each frame for the purpose of error
checking.

171.0538.6.4.2.2.1 The error checking algorithmastbe a cyclic redundancy check (CRC).
171.0538.6.4.2.2.2 The CRC polynomial (Pxgtbe
X+ X240+ 1.

171.0538.6.4.2.2.3 The FQ8ust be a 16bit sequence. This FGBust6 S G KS 2y SaQ 02 YL !
remainder, R(x), obtained from the modulo 2 division of

XEG(X)] + KO+ X4+ %83+ .+ X+ X+ 1)
by the CRC polynomial, P(x).

G(x)mustbe the contents of the frame existing between, but including neither, the final bit of the
opening flag nor the first bit of the FCS, excluding bits inserted for transparent transmission.

Kmustbe the length of G(x) (number of bits).
171.0538.6.4.2.2.4 The generation and checking of the FCS accumutaigtbe as follows:
a) the transmitting statiommustinitiate the FCS accumulation with the first (least significant) bit
of the address (A) field andustinclude all bits up to and including the last bit preceding the
FCS sequence, boiustexclude all O bits
(if any) inserted to achieve transparent transmission;
b) upon completion of the accumulation the F@8stbe transmitted, starting with bit b1 (highest

order coefficient) and proceeding in sequence to bit b16 (lowest order coefficient) as shown
below;
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b1 | b15 | b14 | b3 | b2 | b
X? X! ¥ X1 x4 X5

¢) the receiving statiomust carry out the cyclic redundancy check (CRC) on the content of the
frame commencing with the first bit received following the opening flag, rndtinclude all
bits up to and including the last bit preceding the closing flag,nbust exclude all O bits (if
any) deleted according to the rules for achievement of transparency;

d) upon completion of the FCS accumulation, the receiving statiostexamine the remainder.

In the absence of transmission error, the remaindarstbe 1111000010111000%through
XI5, respectively).

171.0538.6.4.2.3 Achievement of transparency. The frame format contents (A, C, link data field, amdi$iCS)
be capable of containing any bit configuration.

171.0538.6.4.2.3.1 The following rulasustapply to all frame contents, except flagquences :

a) the transmitting stationmust examine the frame contents before transmission, andst
insert a single 0 bit immediately following each sequence of 5 consecutive 1 bits;

b) the receiving stationmust examine the received frame contents for patterns consisting of 5

consecutive 1 bits immediately followed by one (or more) O bit(s)randtremove the 0 bit
which directly follows 5 consecutive 1 bits.

171.0538.6.4.2.4 Special transmission sequences and related link states. In addition to employing the
prescribed repertoire of commands and responses to manage the interchange of data and control

information, stationgnustuse the following conventions to signal the indicated conditions:

a) Abort is the procedure by which a station in the process of sending a frame ends the frame in

an unusual manner such that the receiving statoustignore the frame. The conventions for
aborting a framemustbe:

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

2) receiving seven one bits.
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b) Active link state. A link is in an active state when a station is transmitting a frame, an abort
sequence, or interframe time fill. When the link is in the active state, the right of the
transmitting station to continue transmissionustbe reserved.

c¢) Interframe time fill. Interframe time filnustbe accomplished by transmitting continuous flags
between frames. There is no provision for time fill within a frame.

d) Idle link state. A link is in an idle state when a continuous one condition is detected that persists
for 15 bit times, or longer. Idle link time filustbe a continuous one condition on the link.

e) Invalid frame. An invalid frame is one that is not properly bounded by two flags or one which
is shorter than 32 bits between flags.
171.053.8.6.4.2.5 Modes

171.0538.6.4.2.5.1 Operational mode. The operational maaestbe the asynchronous balanced mode (ABM).

171.0538.6.4.2.5.1.1 Inustbe permissible for a combined station in ABM to transmit without invitation from
the associated station.

171.0538.6.4.2.5.1.2 A combined station in ABMstbe permitted to transmit any command or response type
frame except DM.

171.0538.6.4.2.5.2 Nowperational mode. The neaperational modemustbe the asynchronous disconnected
mode (ADM) in which a combined station is logically disconnected from the data link.

171.0538.6.4.2.5.2.1 Iustbe permissible for a combined station in ADM to transmit without invitation from
the associated station.

171.0538.6.4.2.5.2.2 A combined station in ADMist transmit only SABM, DISC, UA and DM frames. (See
171.053.8.6.4.2.7 for a description of the commands and responses to which these frame types
refer.)

171.0538.6.4.2.5.2.3 A combined station in ADMsttransmit a DM when a DISC is received, mndtdiscard
all other received command frames except SABM. If a discarded command frame has the P bit set
12 amés GKS OBYOXRYSERAEGFIBFAY 6AGK (GKS C oAl &

171.0538.6.4.2.6 Control field functions and parameters. Control fields contain a command or a response and
sequence numbers where applicable. Three types of control fielts be used to perform:

a) numbered information transfer {frames);
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b) numbered supervisory functions-{ames); and
¢) unnumbered control functions ({fames).

The control field formatanust be as shown in Table-® The functional frame designation
associated with each type control field as well as the control field parameters employed in
performing these functionmustbe described in the following paragraphs.

171.0538.6.4.2.6.1 Theftame type is used to perform information transfers. Except for some special cases it
is the only format whicimustbe permitted to contain an information field.

171.0538.6.4.2.6.2  The-feame type is used for supervisory commands and responses that perform link
supervisory control functions such as acknowledge information frames, request transmission or
retransmission of information frames, and to request a tempomargpension of transmission of
I-frames. No information fieldhustbe contained in the -&ame.

171.0538.6.4.2.6.3 The-lame type is used for unnumbered commands and responses that provide additional
link control functions. One of the-fdame responses, the frame reject (FRMR) responasst
contain an information field; all other frames of theftdme typemustnot contain an information
field.

171.0538.6.4.2.6.4 The station parameters associated with the three control field tgpsthe as follows:

a) Modulus. Each-frame must be sequentially numbered with a send sequence count, N(S),
having value 0 through modulus minus one (where modulus is the modulus of the sequence
numbers). The modulusustbe 8. The maximum number of sequentially numberétiies
that a stationmust have outstanding (i.e. unacknowledged) at any given timest never
exceed one less than the modulus of the sequence numbers. This restriction on the number of
outstanding frames is to prevent any ambiguity in the association obtrégsion frames with
sequence numbers during normal operation and/or error recovery.

b) The send state variable V{Blistdenote the sequence number of the nextsequence-frame
to be transmitted.

1) The send state variablausttake on the value 0 through modulus minus one (modulus is
the modulus of the sequence numbering and the numbers cycle through the entire range).

2) The value of V(Shustbe incremented by one with each successiveequence-frame
transmission, bumust not exceed the value of N(R) contained in the last received frame by
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more than the maximum permissible number of outstandifigaines (k). See i) below for the
definition of k.

c) Prior to transmission of an isequence-frame, the value of N(Shustbe updated to equal
the value of V(S).

d) The receive state variable V(Rustdenote the sequence number of the nextsequence-
frame to be received.

1) V(R)musttake on the values 0 through modulus minus one.

2) The value of V(Rhust be incremented by one after the receipt of an erfoge, in
sequence-frame whose send sequence number N(S), equals V(R).

e) All Hrames and Srames must contain N(R), the expected sequence number of the next
received frame. Prior to transmission of either an | or an S type frame, the value ahDER)
be updated to equal the current value of the receive state variable. N(R) indicates that the
station transmitting the N(R) has correctly received-athines numbered up to and including
N(R) 1.

f) Each stationmust maintain an independent send state variable, V(S), and receive state
variable, V(R), on theflames it sends and receives. That is, each combined statiast
maintain a V(S) count on theframes it transmits and a V(R) count on thieaimes it has
correctly received from the remote combined station.

g) The poll (P/F) binustbe used by a combined station to solicit (poll) a response or sequence
of responses from the remote combined station.

h) The final (P/F) bihustbe used by the remote combined station to indicate the response frame
transmitted as the result of a soliciting (poll) command.

i) The maximum number (k) of sequentially numbereffames that a station may have

outstanding (i.e. unacknowledged) at any given time is a station parameter whistnever
exceed the modulus.

Noter k is determined by station buffering limitations anthy be the subject of bilateral
agreement at the time of circuit establishment.
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171.0538.6.4.2.7 Commands and responsemustbe permissible for a combined station to generate either
commands or responses. A commandstcontain the remote station address while a response
must contain the sending station address. The mnemonics associated with all of the commands
and responses prescribed for each of the three frame types (I, S, and U) and the corresponding
encoding of the control field are as shown in Tabk 8

171.0538.6.4.2.7.1 Theftame command provides the means for transmitting sequentially numbered frames,
each of whichmustbe permitted to contain an information field.

171.0538.6.4.2.7.2 The-fBame commands and responsasust be used to perform numbered supervisory
functions (such as acknowledgement, polling, temporary suspension of information transfer, or
error recovery).

171.0538.6.4.2.7.2.1 The receive ready command or responsen{edhe used by a station to:
a) indicate that it is ready to receive afframe;
b) acknowledge previously receivefrdmes numbered up to and including N@R);

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

Notex It is permissible for a combined station to use the RR command to solicit a response from
0KS NBY23GS O2YO0OAYSR aidldAazy gAGK GKS LRff O0A

171.0538.6.4.2.7.2.2 limust be permissible to issue a reject command or response (REJ) to request
retransmission of frames starting with thérbme numbered N(R) where:

a) I-frames numbered N(R)1 and below are acknowledged;

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

c) only one REJ exception condition, from one given station to another statiust be
established at any given time: another Rist not be issued until the first REJ exception

condition has been cleared;

d) the REJ exception condition is cleared (reset) upon the receipt dfamé with an N(S) count
equal to the N(R) of the REJ command/response.
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171.0538.6.4.2.7.2.3  The receive not ready command or response (RdRbe used to indicate a busy
condition, i.e. temporary inability to accept additional incomisigames, where:

a) frames numbered up to and including N(R) are acknowledged:;

b) frame N(R) and any subsequenfrdmes received, if any, are not acknowledged (the
acceptance status of these framemistbe indicated in subsequent exchanges);

¢) the clearing of a busy conditianustbe indicated by the transmission of an RR, REJ, SABM, or
'l gAGK 2N gAGK2dzi GKS tkC o0AG aSaG G2 ame o

171.053.8.6.4.2.7.2.3.1 Recommendatian.

a) A station receiving an RNR frame when in the process of transmtygtop transmitting 4
frames at the earliest possible time.

b) Any REJ command or response which was received prior to thmdyR actioned before the
termination of transmission.

¢) It maybe permissible for a combined station to use the RNR command with the poll bit set to
amé G2 200GFAY | adzZLISNIBA&E2NE FNIYS gAGK GKS

171.0538.6.4.2.7.2.4 Inustbe permissible for the selective reject command or response (SREJ) to be used to
request retransmission of the singkérdme numbered N(R) where:

a) frames numbered up to N(R)1 are acknowledged; frame N(R) is not accepted; the enly |
frames accepted are those received correctly and in sequence followingrdrae requested:;
the specific frame to be retransmitted is indicated by the N(R) in th&ES
command/response;

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

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

d) I-frames that have been permitted to be transmitted following thigaime indicated by the
SREJ are not retransmitted as the result of receiving a SREJ; and
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e) it is permissible for additionalffames pending initial transmission to be transmitted following
the retransmission of the specififrame requested by the SREJ.

171.0538.6.4.2.7.3 The-Bame commands and responsesistbe used to extend the number of link control
functions. Transmitted Yrames do not increment the sequence counts at either the transmitting
or receiving station.

a) The Uframe modesetting commands (SABM, and DIBQ¥tbe used to place the addressed
station in the appropriate response mode (ABM or ADM) where:

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

2) the addressed station confirms acceptance at the earliest possible time by transmission
of a single unnumbered acknowledgement, UA,;

3) previously transmitted frames that are unacknowledged when the command is actioned
remain unacknowledged;

4) the DISC command is used to perform a logical disconnect, i.e. to inform the addressed
combined station that the transmitting combined station is suspending operation. No
information fieldmustbe permitted with the DISC command.

b) The unnumbered acknowledge response (U#)st be used by a combined station to
acknowledge the receipt and acceptance of an unnumbered command. Received unnumbered
commands are not actioned until the UA response is transmitted. No informationnfiesd
be permitted with the UA response.

¢) The frame reject response (FRMR), employing the information field described melsibhe
used by a combined station in the operational mode (ABM) to report that one of the following
conditions resulted from the receipt of a frame 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 invalid N(R) count.
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Noter Aninvalid N(R) is a count which points to-fiaine which has previously been transmitted
and acknowledged or to anflame which has not been transmitted and is not the next
sequentialdframe pending transmission.

d) The disconnected mode response (Dil)stbe used to report a nowperational status where
the station is logically disconnected from the link. No information fielstbe permitted with
the DM response.

Notex The DM respons@ustbe sent to request the remote combined station to issue a mode
setting command or, if sent in response to the reception of a metttng command, to inform

the remote combined station that the transmitting station is still in ADM and cannot action the
mode-setting command.

171.053.8.6.4.3 Exception Condition Reporting And Recovery

This section specifies the procedures timatist be employed to effect recovery following the
detection or occurrence of an exception condition at the link level. Exception conditions described
are those situations that may occur as the result of transmission errors, station malfunction, or
operationalsituations.

171.0538.6.4.3.1 Busy condition. A busy condition occurs when a station temporarily cannot receive or continue
to receive {frames due to internal constraints, e.g. due to buffering limitations. The busy
conditionmustbe reported to the remote combined station by the transmission of an RNR frame
with the N(R) number of the nextflame that is expected. Inust be permissible for traffic
pending transmission at the busy station to be transmitted prior to or following the RNR.

Noter The continued existence of a busy condition must be reported by retransmission of RNR at
each P/F frame exchange.

171.0538.6.4.3.1.1 Upon receipt of an RNR, a combined station inmBcease transmittingframes at the
earliest possible time by completing or aborting the frame in process. The combined station
receiving an RNRustperform a timeout operation before resuming asynchronous transmission
of -frames unless the busy condition is reported as cleared by the remote combined station. If
GKS wbw ¢l a NBOSAGSR |a | O2YYl yR ndustiespond KS t
with an Sframe withthe Fbii SG (12 amé @

171.0538.6.4.3.1.2 The busy conditionust be cleared at the station which transmitted the RNR when the

internal constraint ceases. Clearance of the busy conditiostbe reported to the remote station
08 ONlyavYAaAaarzy 2F Iy wwI wows {!.ax 2N !! ¥
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171.0538.6.4.3.2 N(S) sequence error. An N(S) sequence excapiiiibe established in the receiving station

when an {frame that is received error free (no FCS error) contains an N(S) sequence number that

is not equal to the receive variable V(R) at the receiving station. The receiving statgimot
acknowledgerfiustnot increment its receive variable V(R)) the frame causing the sequence error,

or any Hrames which may follow, until ansflame with the correct N(S) number is received. A
station that receives one or moreftames having sequence errors, but which are otherwise error

free, mustaccept the control information contained in the N(R) field and the P/F bit to perform

link control functions, e.g. to receive acknowledgement of previously transmittexiries (via

GKS bowoox (2 OldzasS GKS adrdAazy G2 NBalLRyR o

171.0538.6.4.3.2.1 The means specified #1.053.8.6.4.3.2.1.1 and71.053.8.6.4.3.2.1.2nustbe available

for initiating the retransmission of lost or erroredrmes following the occurrence of a sequence
error.

171.0538.6.4.3.2.1.1 Where the REJ command/response is used to initiate an exception recovery following the

RSGSOGA2y 2F I aS1ljdsSyO0S SNNBNE 2yfé 2yS 4as
another stationmust6 S Saidl of AAaKSR | & | niuatheSldared whenitey i w

requested {frame is received. A station receiving Ridtinitiate sequential (re)transmission of
I-frames starting with the-frame indicated by the N(R) contained in the REJ frame.

FRMR INFORMATION FIELD BITS FOR BASIC (SABM) OPERATION

First bit

transmitted
1 8( 9|10 12113 [14 16 (17118 [19]20 21 24
rejected basic control field 0 V(S) v V(R ) wl| x| y]z set to zero

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

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

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

v set to *17 indicates that the received frame which caused rejection was a response;
w set to *17 indicates that the control field received and returned in bits 1 through 8 are invalid or not implemented:

x set to “*1” indicates that the control field received and returned in bits 1 through & was considered invalid because the frame

contained an information field which is not permitted with this command. Bit w must be sef to *“1” in conjunction with this bit;

v set to 17 indicates that the information field received exceeded the maximum information field length which can be

accomumodated by the station reporting the error condition. This bit is mutually exclusive with bits w and x above;

z get to “1” indicates that the control field received and refurned in bits 1 through 8 contained an invalid N{R) count. This bit is
mutually exclusive with bit w.
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171.0538.6.4.3.2.1.2 In the event a receiving station, due to a transmission error, does not receive (or receives
and discards) a singldrame or the last-frame(s) in a sequence ceframes, itmustnot detect
an outof-sequence exception and, thereforenust not transmit REJ. The station which
transmitted the unacknowledgedftame(s)must, following the completion of a systespecified
time-out period, take appropriate recovery action to determine the sequence number at which
retransmission must begin.

171.053.8.6.4.3.2.1.3 Recommendatiort A combined station which has timed out waiting for a responag
not retransmit all unacknowledged frames immediately. The station may enquire about status
with a supervisory frame.

Note 11 If a station does retransmit all unacknowledgeflaimes after a timeout, it must be
prepared to receive a subsequent REJ frame with an N(R) greater than its send variable V(S).

Note 21 Since contention may occur in the case of-iway alternate communications in ABM or
ADM, the timeout interval employed by one combined station must be greater than that
employed by the other combined station so as to permit contention to bé/egso

171.0538.6.4.3.3 FCS error. Any frame with an FCSmustnot be accepted by the receiving station and will
be discarded. No actiomustbe taken by the receiving station as the result of that frame.

171.0538.6.4.3.4 Frame reject exception condition. A frame reject exception conditist be established
upon the receipt of an errefree frame which contains an invalid or unimplemented control field,
an invalid N(R), or an information field which has exceeded the maximum established storage
capability. If a frame reject exception conditioocurs in a combined station, the statiomust
either:

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

b) report the condition to the remote combined station with a FRMR response. The remote
station will then be expected to take recovery action; if, after waiting an appropriate time, no
recovery action appears to have been taken, the combined station repdtisframe reject

exception condition may take recovery action.

Recovery action for balanced operation includes the transmission of an implemented- mode
setting command. Higher level functions may also be involved in the recovery.
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171.0538.6.4.3.5 Modesetting contention. A modsetting contention situation exists when a combined
station issues a modesetting command and, before receiving an appropriate response (UA or DM),
receives a modasetting command from the remote combined statidDontention situationsust
be resolved in the following manner:

a) when the send and receive modetting commands are the same, each combined station
must send a UA response at the earliest respond opportunity. Each combined statisin
either enter the indicated mode immediately or defer entering the indicated mode until
receiving a UA response. In the latter case, if the 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 modesetting commands are different, each combined statinstenter ADM and
issue a DM response at the earliest respond opportunity. In the case of DISC contention with a
different modesetting command, no further action is required.

171.0538.6.4.3.6 Timeut functions. Timeout functionsmustbe used to detect that a required or expected
acknowledging action or response to a previously transmitted frame has not been received.
Expiration of the timeout function must initiate appropriate action, e.g. error recovery or
reissuance of the P bit. The duration of the following tiow functions is system dependent and
subject to bilateral agreement:

a) combined stationsnustprovide a timeout function to determine that a response frame with
C oAl asio2¥YdwRhR FANFrYS gA0GK GKS t oAG -aSd i
out functionmustl dzi 2 YIF GAOF ft & OSI&asS dz2l2y NBOSALW 27

b) a combined station which has no P bit outstanding, aich has transmitted one or more
frames for which responses are anticipatedist start a timeout function to detect the ne
response condition. The tirreut function must cease when an br Sframe is received with
the N(R) higher than the last received N(R) (actually acknowledging one or-framresk).

171.053.8.6.5 Common ICAO data interchange network (CIDIN)

171.053.8.6.5.1 Introduction

Note 11 The common ICAO data interchange network (CIDIN) is an element of the aeronautical
fixed service (AFS) which usesdoiénted procedures, store and forward techniques and packet
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switching techniques based on CCITT Recommendation X.25 to carry messages of specific
applications of the AFS such as AFTN and operational meteorological information (OPMET).

Note 21 The CIDIN provides a reliable common network service for the conveyance of application
messages in binary or text form to air traffic service providers and aircraft operating agencies.

171.0538.6.5.1.1 CIDIN entry and exit centres or statimnstbe used to connect application
entities to the CIDIN.

Noter The interfacing between CIDIN and application entities is a matter for local
implementation.

171.0538.6.5.1.2 CIDIN relay centnesist be used to forward packets between CIDIN entry
and exit centres or stations which are not directly connected.
171.053.8.6.5.2 General

8.6.5.2.1  Therenust be four protocol levels defined to control the transfer of messages
between CIDIN switching centres:

T the data link protocol level

~

the X.25 packet protocol level

-

the CIDIN packet protocol level
T the CIDIN transport protocol level.
Note 11 The relationship of the terms used is shown in Figuksa@d 82.
Note 21 The details of CIDIN communication procedures and system specifications, as
implemented in Europe, are shown in the EUR CIDIN Manual (EUR Doc 005).
171.053.8.6.5.2.2 The Data Link Protocol Level
171.0538.6.5.2.2.1 X.25 packets to be transferred between two CIDIN switching centres or a

CIDIN switching centre and a packet switched data networst be formatted into data link
frames.
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171.0538.6.5.2.2.2 Each data link frame&stconsist of a data link control field (DLCF), possibly
followed by a link data field, ansustbe terminated by a frame check sequence and flag (being
the second part of the DLCF). If a link data field is present, the fraustbe denoted as an
information frame.

171.0538.6.5.2.2.3 X.25 packeataustbe transmitted within the link data field of information
frames. Only one packetustbe contained in the link data field.

171.053.8.6.5.2.3 e X.25Packet Protocol Level

171.0538.6.5.2.3.1 Each CIDIN packet to be transferred on CIDIN circuits between CIDIN
switching centresnustbe formatted into one X.25 packet. When a packet switched data network
is used, imustbe permissible to format the CIDIN packet into more than one X.25 packet.

171.0538.6.5.2.3.2 The integrity of each CIDIN paakes$t be preserved by the X.25 packet
protocol by mapping each CIDIN packet onto one complete X.25 packet sequence, as defined in
CCITT Recommendation X.25.

171.053.8.6.5.2.3.3 Each X.25 pachkaistconsist of an X.25 packet header, possibly followed
by a user data field (UDF).

171.0538.6.5.2.3.4  The X.25 packet protocol is based on the application of virtual circuit
procedures. A virtual circuitnust be defined as a logical path between two CIDIN switching
centres. If a packet switched data network is used to interconnect two CIDIN switching centres,
the proceduremust provide full compatibility with the procedures to be followed for virtual
circuits according to CCITT Recommendation X.25.

171.053.8.6.5.2.4 The CIDIN Packet Protocol Level

171.0538.6.5.2.4.1 Each transport header and the associated segmgstie preceded by a
CIDIN packet header. No further segmentation of the CIDIN messagebe used between
transport protocol level and CIDIN packet protocol level. Both headers, therefust,be used

in combination. Together thegnust be referred to as the communications control field (CCF).
Together with the message segment they form CIDIN packetsthsitbe transmitted from entry
centre to exit centre(s), when necessary thrbumne or more relay centres, as an entity.
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171.0538.6.5.2.4.2 CIDIN packets of one CIDIN megsagebe relayed independently via
predetermined routes through the network thus allowing alternative routing on a CIDIN packet
basis as necessary.

171.0538.6.5.2.4.3 The CIDIN packet headestcontain information to enable relay centres

to handle CIDIN packets in the order of priority, to transmit the CIDIN packets on the proper
outgoing circuit(s) and to duplicate or multiplicate CIDIN packets when required for multiple
dissemination purposed.he informatiomrmustbe sufficient to apply address stripping on the exit
addresses as well as on the addressee indicators of messages in AFTN format.

171.053.8.6.5.2.5 The Transport Protocol Level

171.0538.6.5.2.5.1 Information exchanged over the CIDib&t be transmitted as CIDIN
messages.

171.0538.6.5.2.5.2  The length of a CIDIN messagst be defined by the CIDIN packet
sequence number (CPSN). The maximum permissible lengthpiackets which in effect results
in no practical limitation.

171.053.8.6.5.2.5.3 If the length of a CIDIN message and its transport and packet headers (as
defined below) exceeds 256 octets, the messagestbe divided into segments and placed in the
CIDIN user data field of CIDIN packets. Each segmesitbe preceded by a transport header
containing information to enable the rassembly of the CIDIN message at the exit centre(s) from
individually received segments and to determine further handling of the received complete CIDIN
message.

171.0538.6.5.2.5.4  All segments of one CIDIN messagst be provided with the same
message identification information in the transport header. Only the CPSN and final CIDIN packet
(FCP) indicatanustbe different.

171.0538.6.5.2.5.5 Recovery of messagesstbe performed at the transport level.
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TABLES FOR CHAPTER 8

Table 8-1. International Telegraph Alphabets No. 2 and No. 3
Impulses
S-unit code
Number af Letter Figure
signal case case Start 12345 Stop
Infernational
Code No. 2
1 A — A ZZAAA Z
2 B ? A ZAAFT Z
3 C : A AFF7A Z
4 D Note 1 A ZAATA Z
5 E 3 A ZAAAA Z
6 F A ZAZT7A Z
7 G A AZAFY Z
8 H A AAFAT Z
9 I 8 A AF7ZAA Z
10 ) Attention signal A ZZATZA Z
11 K ( A LZF7A Z
12 L ) A AFAATF Z
13 M A AAFFT Z
14 N . A AAFFA Z
15 (o] 9 A AAATT Z
16 P 0 A AFZAT Z
17 Q 1 A LZZFAT Z
18 R 4 A AFAFA Z
19 S ! A ZATAA Z
20 T 5 A AAAAT Z
21 u 7 A ZZFAA Z
22 v = A AZFFF Z
23 W 2 A ZZAAT Z
24 X A ZAFFF Z
25 T 6 A ZAZAT Z
26 Z + A ZAAAT Z
27 carnage refiun A AAMATA Z
28 line feed A AZAAA Z
29 letters A ZZ77F Z
30 figures A ZZAFZ Z
31 space A AATAA Z
32 unperforated tape A AAAAA Z
3 signal repetition
3 signal &
35 signal
Sign Closed civcuit Double curvent
A No current Negative current
Z Positive current Positive current

Note 1. — Used for answer-back facility.
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Table 8-2. International Alphabet No. 5 (IA-5)
(international reference version)

br 0 ] a 0 1 1 1 1
b a 0 1 1 ] 0 1 1
be ] 1 ] 1 0 1 ] 1
2] bz by ] 1 2 3 4 3 [ T
1] a 0 0 0 MNUL TG SP 0 @ p
(DLE]}
1] a 0 1 1 TC, DC, ! 1 A Q a q
TOH,
1] a 1 0 2 TCz DCz ) 2 B R b r
BT @
1] a 1 1 3 TCa DCs # 3 C S C 5
ETX)
1] 1 0 0 4 TC, DC, o 4 o T d t
E0T) @
1] 1 0 1 5 TCs TCs % 5 E vl = u
ENZ. HAK
1] 1 1 0 6 TCs TCs & 6 F A f W
[ACE) EYN]
1] 1 1 1 7 BEL TCu ) 7 G W [} w
[ETE] @
1 a 0 0 8 FEx CAN ( 8 H X h £
B3
1 a 0 1 9 FEs EM ) 9 | Y i Y
HT
1 a 1 0 10 FE:@ suUB * H J Z i z
LRy
1 a 1 1 1 FEz ESC + : K [ k {
T
1 1 0 0 12 FE: 15, @ < L \ I |
FFl [3:7) .
1 1 0 1 13 FE:& 15: — = M ] m }
(TR 158
1 1 1 0 14 50 15, . = M " n -
R8) @ @
1 1 1 1 15 Sl 154 ! ? Q _ o DEL
e
NOTES

Nofe 1.—The format effecfors are intended for equipment in which horzontal and verfical movementz are effected separately. If
equipmeni requires the acfion of CARRIAGE RETURN fo be combined with a vertical movement, the formaf effector for that verfical
movemeni may be uvsed fo effect the combined movement Usze of FE 2 for 3 combined CR and LF opersfion iz not aflowed for
infernational transmizsion on AFS networks.

Note 2.—The zymbaol 0 does not designate the curmency of & gpecific country.

Note 3.—Posifion 7/14 iz used for graphic character — (OVERLINE), the graphical reprezentation of which may vary according fo
national uze fo represent (TILDE) or another discritical sign provided that there is no nisk of confusion with another graphic characfer
included in the table.

Nofe 4 —The graphic characfers in posifion 22, 27, 2112 and 514 have respecfively the significance of QUOTATION MARK,
APQSTROPHE, COMMA and UPWARD ARROW HEAD; however, theze characters fake on the significance of the diacrifical zignz
DIAERESIS, ACUTE ACCENT, CEDILLA and CIRCUMFLEX ACGENT when they are preceded or followed by the BACKSPACE
characfer (0;".5‘;

Nofe 5 —When graphical represendation of the confrol characfers of 14-5 is required, it is permizsible fo use the symbols specified in
Intermational Organization for Standardization (150) Standard 2047-1975.

208




NCAA

NAMIBLA CIVIL AVIATION AUTHORITY

Namibia Civil Aviation Authority -

Safety Division

TECHNICAL STANDARDS
(NAMCATS)

Part 171: ATEL-Volume 3

CONTROL CHARACTERS

GRAPHIC CHARACTERS

Position in the Pogsifian in the
Abbreviation Meaning code table Graphic Naote Name code fable

ACK Acknowledge 0a (space) Space (ze=T7.2) 20
BEL Bell 07 ! Exclamation mark 21
BS Backspace 0/a " 4 Cluotation mark, Diasresis 212
CAMN Cancel 18 = Mumber sign 3
CR Carmiage return” o3 o 2 Currency sign 24
DC Device control - % Percent sign 215
DEL Delete M & Ampersand 28
DLE Data link escape 1/0 ! 4 Apostrophe, Acute accent 7
EM End of medium 19 { Left parenthesis 28
ENG Emquiry 05 ] Right parenthesis e
ECT End of transmission 0/4 " Asterisk 210
ESC Escape 111 + Flus sign 2M1
ETB End of transmission block 17 4 Comma, Cedilla 12
ETX End of text 03 - Hyphen, Minus sign an3
FE Format effectar - . Full stop (pericd) 214
FF Form feed o2 ! Solidus 215
F5 File separator 112 : Caolan ano
G5 Group separator 113 | Semi-colon ani
HT Horizontal tabulation 0g < Less-than sign anz
IS Information separator - = Equal sign a3
LF Line feed" 10 = Greater-than sign a4
MAK Megative acknowledge 115 ? Quuestion mark ans
MNUL Mull 0o @ Commercial 'at’ 40
RS Record separator 1114 [ Left square bracket 511
51 Shift-in o5 \ Reverse solidus M2
50 Shift-out ovi4 1 Right square brackst 813
S0H Start of heading ar s 4 Upwward amow head,

3P Space 210 Circumflex accent 514
5TX Start of text 02 _ Underina 815
suB Substitute character 110 N Grave accent it}
SYMN Synchronous idle 118 { Left curly bracket i
TC Transmission control - | ertical line ™z
us Unit separator 115 1 Right curly bracket ™a
WT Vertical tabulation 11 - 3 Owverline, Tilde M4

" See Mote 1.

DIACRITICAL SIGNS

In the character set, some printing symbols may be designed to pammit their use for the composition of accented letters when necessary for general
nterchange of information. A sequence of three characters, comprising a letter, BACKSPACE and one of these symbols, is needed for this
compasition, and the symbal is then regarded as a diacritical sign. It should be noted that these symbols take on their diacritical signficance only when
they are preceded or followed by the BACKSPACE character: for example, the symbol comesponding to the code combination 27 ) normally has the
significance of APOSTROPHE, but becomes the diacritical sign ACUTE ACCEMNT when it precedes or follows the BACKSPACE character.

MAMES, MEANING 5 AND FONTS OF GRAPHIC CHARACTERS

At lzast one name is assigned to denote each of the graphic characters. These names are intended to reflect their customary meanings and are not
ntended to define or restrict the meanings of graphic characters. Mo particular style or font design is specified for the graphic characters

UNIQUENESS OF CHARACTER ALLOCATION

A character allocated to 3 position in the table may not be placed slsewhere in the table
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FUNGTIONAL CHARACTERISTICS RELATED TO CONTROL CHARACTERS

Some definitions given below are stated in general terms and more explicit definitions of use may be needed for specific implementation of the code table on
recording media or on transmission channels. These more explicit definitions and the use of these characters are the subject of 150 publications.

General designations of control characters

The general designation of controd characters involves a specific dass name followed by a subscript number.

They are defined as follows:
TG — Transmission condrol characfers — Control characters intended to control or facilitate transmission of informafion over telecommunication
networks.

The use of the TC characters on the general telecommunication networks is the subject of 130 publications.
The transmission control characters are:
ACK, DLE, ENG, EQT, ETBE. ETX, NAK, SOH, STX and SYN.

FE — Fovmat effectors — Control characters mainly mtended for the control of the layout and pesitioning of information on printing andior display
devices. In the definitions of specific format efectors, any reference to printing devices should be interpreted as including display devices. The
definitions of format effectors use the following concept:

a) apage is composad of a number of lines of characters;
b)  the characters forming a lne occupy a number of positions called character positions;

¢} the active position is that character position in which the character about to be processed would appear if it were to be printed. The active
position nomally advances one character position at a time.

The format efector characters are:
BS, CR, FF. HT, LF and VT.

oC — Device control characfers — Control characters for the control of a local or remote ancillary device (or devices) connected to a data processing
andior telecommunication system. These control characters are not intended to control telecommunication systems: this should be achieved by
the use of TCs.

Certain prefermed uses of the individual DCs are given below under Specific control characfers.

15 — Information ssparsfors — Control characters that are used to separate and qualify data logically. Thers are four such characters. They may be
used either in hierarchical erder or non-hierarchically; in the latter case their specific meanings depend on their applications.
When they are used hierarchically, the ascending order is:
US, RS, G5, FS.
In this case data normally defimited by a particular separator cannot be spiit by a higher order separator but will be considered as delimited
by any higher order separator.

Specific control characters

Individual members of the classes of controls are sometimes refemed to by their abbreviated class name and a subscript number (e.g. TCs) and sometimes by
a specific name indicative of their use (2.g. ENQ).

Different but related meanings may be associated with some of the control characters but in an interchange of data this normally requires agreement
between the sender and the recipient.

ACK — Acknowledge — A transmission control character ransmitted by a receiver as an afirmative response to the sender.

BEL — Beii — A control character that s used when there is a need to call for attention; it may controd alarm or attention devices.

BS — Backspace — A format effector which moves the active position one character position backwards on the same line.

CAN — Cangel — A character, or the first character of a sequence, indicating that the data preceding it are i ermor. As a result these data are to be
ignored. The specific meaning of this character must be defined for each application andior between sender and recipient.

CR — Carmage refurn — A format effector which moves the active position to the first character position on the same line.

Device confrols

DC, — A device control character which is primarily intended for tuming on or starting an ancillary device. if it is not required for this purpose, it may be
Bsg: to restore a device to the basic mode of operation (see also DC, and DC.), or for any other dewice control function not provided by other

DC. — A device control character which is primarily intended for tuming on or starting an ancillary device. if it is not required for this purpose, it may be

used to set a device o a special mode of operation (in which case DG, is used to restore the device to the basic mode). or for any other device
control function not provided by other DCs.

DCs — A device control character which is primarily intended for turning off or stopping an ancillary device. This function may be a secondary level
stop, €.5. wait, pause, stand-by or halt {in which case DC, is used to restore normal cperation). If it is not required for this purpose, it may be
used for any other device controd function not provided by other DCs.
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Dy — A device control character which s primaridly intended for tuming off. stopping or intermupting an ancillary device. If it is not required for this
purpose, it may be used for any other device control function not provided by other DCs_

Examples of use of the device confrols

1)  One switching
on — DC= off — DTy

2) Twoindependent switchings

First one on — DC= off — DTy
Second one on— DG, off — DCy
3) Two dependent switchings

General on — DG, off — DC,
Particular on— DG, off — DCy

4)  Input and output switching
on — DC= off — DTy
Input on— DGy off — DCa

DEL — Defefe — A character used prmarly to erase or obliterate an ermoneocus or unwanted character in punched tape. DEL characters may also
serve to accomplish media-fill or time-fill. They may be inserted into or removed from a siream of data without afecting the information content
of that stream, but then the addition or removal of these characters may affect the information layout and/lor the control of equipment.

DLE — Data link escape — A transmission control character which will change the meaning of a Bmited number of contiguously following characters. It
is used exclusively to provide supplementary data transmission control functions. Only graphic characters and transmission control characters
can be used in DLE sequences.

EM — End of medium — A control character that may be used to identify the physical end of a medium, or the end of the used portion of a medium, ar
the end of the wanted portion of data recorded on a medium. The position of this character does not necessarly comespond to the physical end
of the medmm.

ENG — Enquiry — A transmission control character used as a request for a response from a remote station — the response may include station

identfication andior station status. When a "Who are you? function is required on the general switched transmission netwark, the first use of
ENQ after the connection is established shall hawe the meaning “Who are you?” (station identfication). Subsequent use of ENQ may, or may
mot, include the function “Who are you?”, as determined by agreement.

EOT — End of transmission — A transmission control character wsed to indicate the conclusion of the fransmission of one or more texts.
ESC — Escape — A control character which is used to provide an additional control function_ It alters the meaning of a limited number of contiguously

following bit combinations which constitute the escape sequence.

Escape sequences are used to cbtain additional control functions which may provide among other things graphic sets outside the standard
set. Such control functions must net be used as additional transmission conirols.

The use of the character ESC and of the escape sequencas in conjunction with code extension technigues is the subject of an 150 Standard.

ETB — End of transmission block — A transmission control character used to indicate the end of a transmission block of data where data are divided
ity such blocks for transmission purposes.

ETX — End of texf — A transmission control character which terminates a text.

FF — Form feed — A format effector which advances the active position to the same character position on a predetermined fine of the next form or
page.

HT — Horizonfal tabwafion — A format effector which advances the active position to the next predetermined character position on the same fine_

information separators

I15: (US) — A control character used to separate and qualify data logically; its specific meaning has to be defined for each application. If this character is
used in hierarchical order as specified in the general definition of IS, it defimits a data item called a UNIT.

152 (RS) — A control character used to separate and qualify data logically; its specific meaning has to be defined for each application. If this character is
used in hierarchical order as specified in the general definition of IS, it delimits a data item called a RECORD.

155 (GS) — A control character used to separate and qualify data logically; its specific meaning has to be defined for each application. If this character is
used in hierarchical order as specified in the general definition of IS, it delimits a data item called a GROUP.

I154{F5) — A control character used to separate and qualfy data logically; its specific meaning has to be defined for each application. If this character is
used in higrarchical order as specified in the general definition of IS, it defimits a data item called a FILE.

LF — Line feed — A format effector which advances the active position to the same character position of the neuxt fine.

MAK — Negative acknowledge — A transmission control character transmitted by a receiver as a negative response to the sender.

NUL — Wl — A contrel character used to accomplish media-fill or time-fill. MUL characters may be inserted into or removed from a stream of data

without affecting the information content of that stream, bat then the addition or remowal of these characters may affect the information layout
and'or the control of equipment.
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sl

50

SOH
sP

5TX
suB

SYN

Shift-n — A control character which s used in conjunction with SHIFT-OUT and ESCAPE to extend the graphic character set of the code. It
may reinstate the standard meanings of the bit combinations which follow it. The effect of this character when using code extension technigues
s described in an 150 Standard

Shift-ouf — A control character which is used in conjunction with SHIFT-IN and ESCAPE to extend the graphic character set of the code. It may
alter the meaning of the bit combinations of columns 2 to 7 which follow it until a SHIFT-IN character is reached. However, the characters
SPACE (2/0) and DELETE (7/15) are unaffected by SHIFT-OUT. The effect of this character when using code extension techniques is
described in an 150 Standard.

Sfarf of heading — A transmission control character used as the first character of a heading of an information message

Space — A character which advances the active positon one character position on the same line. This character is also regarded as a non-
printing graphic

Sfarf of texf — A transmission control character which precedes a text and which is used to terminate a heading.

Substifute character — A control character used in the place of a character that has been found to be invalid or in emor. SUB is intended to be
niroduced by automatic means.

Synchronous fale — A transmission control character used by a synchronous transmission system in the absence of any other character (idis
condition) to provide a signal from which synchronism may be achieved or retained between data terminal equipment.

Vertical fabuwlafion — A format effector which advances the active position to the same character position on the next predetermined line
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Table 5-3. Conversion from the International Telegraph Alphabet No. 2 (ITA-1)
to the International Alphabet No. 5 (TA-5)

IT4-2 IT4-2
lstter case I4-5 figurs case I4-3
of signal No. column'row of signal No. columnfrow
1 A 41 A 1 - ¥13 -
2 B 412 B 2 ? s 7
3 C 473 C 3 : 1l (1
4 D 4/4 D 4 s 7
5 E 45 E 3 3 ETE] 3
6 F 4/6 F 6 s 7
7 G 417 G 7 s 7
8§ H 4/8 H g s 7
91 4/9 I 9 g 38 8
m I 410 I 10 Attenfion Signal (Nete 3 07 Bel
11 K 411 K 11 ( 28 (
12 L 412 L 12 ) 219 )
i M 413 M 13 . V4.
14 N 414 N 14 . M2,
15 0 415 0 15 9 3/9 9
16 P 3/0 P 16 0 310 0
7 Q 1 Q 7 1 i 1
18 R 32 id 12 4 34 4
19 5 33 5 19 ' 27 ’
W T 34 T 20 5 35 5
21 U 35 U 21 7 317 7
n v 36 Vv n = 3 =
W 37 W 13 2 312 2
24 X 38 X 24 M5
35 Y 39 T 25 ] 3/6 6
2% Z ¥ Z 26 + ¥l o+
7 CE w13 CR n CE 013 CR
28 LF w1 LF 28 LF 010 LF
29 LTRS * 29 LTRS *
30 FIGS * 30 FIGS *
31 SP 20 5P 31 5P 210 SP
3 * 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 fo ETX (0/3).

Note 2— The start-of-message signal ZCZC (in letter and figure case) shall convert to
SOH (/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 ITA4-2, a STX ((V2) character shall be inserted once at the
beginning of the next line following detection of CR LF or LF CR at the end of the
Origin Line.

Note 5.— The sequence of seven signal 28 (LF) shall convert to one T'T (11} character.
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Table 8-4. Conversion from the International Alphabet No. 5 (LA-5)
to the International Telegraph Alphabet No. 2 (ITA-2)

. Col]

Row ™~ 0 1 2 3 4 5 6 7
0 * * 31FL 16F 2F 16L IF 16L
1 Note 3 * F 17F 1L 17L 1L 17L
2 * * F 23F L 18L 2L 18L
3 Note 1 * F 5F 3L 19L 3L 19L
4 * * F 18F 4L 20L 4L 20L
5 * * F 20F 5L 21 5L 21L
6 * * F 25F 6L 2L 6L 2L
7 Note 2 * 19F 21F L 3L L 3L
8 * * 11F 9F 8L ML 8L 24L
9 * * 12F 15F oL 3L 9L 5L
10 28FL * F 3F 10L 26L 10L 26L
11 Note 3 * 26F F 1L F 11L IF
12 * * 14F F 120 2F 12L IF
13 27EL * IF 22F 13L 2F 13L IF
14 * * 13F F 14L 2F 14L IF
15 * * 24F F 15L 2F 15L *

* No comversion shall be mads for these positions and the signal‘character shall be removed from the data.

Example:

Note 1.—

Note 2. —

Note 3. —

Note 4. —

Note 5. —

To find the ITA-2 signal to which the character 3/6 of L4-3 is to be converted, look at column 3, row 6.

25F means figure case of signal No. 23
(L = letter case, FL = either case designation).

The character (V3 (ETX) shall convert to the ITA-2 sequence signals I4L, 141, 141, 141 (NNNN).

The signal /7 (BEL) shall only be converted when a sequence of § occurrences is detected, which shall
convert to the ITA-2 sequence signals 30, 10F, 10F, 10F, 10F, I10F, 29.

The character sequence CR CR LF I'T (0/11) ETX (0/3) shall convert to the ITA-2 sequence signals 29, 27,

27,28, 28, 28, 28, 28, 28 28, 28, 14 141 141, 14L.

To prevent redundant generation of figure and letter characters in ITA-2 when converting from L4-3, no
case designation shall be assigned to ITA-2 non-printing finctions (signals No. 27, 28, 29, 30, 31).

The character O] (SOH) shall convert to the ITA-2 sequence signals 26L, 3L, 261, 3L (ZCZC).
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Table 8-5. Control field formats
Control field bits
Control field format for 1 2 3 4 5 6 7 H
Information transfer (I frame) ] NiS) P NiRJ
Supervisory commandsTespenses (S frame) 1 0 5 5 P/F NR)
Unnumbered commands/responses 1 1 M M P/F M M M
where:
N(5) = send sequence count (bit 2 = low order bit)
N(R)=receive sequence count (bit § = low order bit)
§ = supenvisory function bits
M =modifier fimetion bits
P = poll bit (in commands)
F = final bit {in responses)
Table 8-6. Commands and responses
C field encoding
Nype Commands Rezponze:z 1 2 3 4 5 7 8
Information transfer | I {mmformation) 4] Ni&) F NiR)
Supervisory RE {receive ready) RE {recerve ready} 1 1] 0 ] PF NiR)
RME. (recerve not ready) EME (recerve not ready) 1 0 1 ] PF NR)
RE]  (reject) RE]  (reject) 1 o o 1 |PF NR)
Unmumbered DM {discomnected 1 1 1 1 PF 0 0
mode)
SABM (et asynchronous 1 1 1 1 P 0 0
balanced mode)
DISC  (disconnect) 1 1 0 ] P 1 0
uA {mmrmmbered 1 1 0 ] F 1 0
acknowledgement)
FEME.  (frame reject) 1 1 1 ] F 0 1
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ENTRY PVvC RELAY EXI
CENTR CENTR CENTR CENTR
< CIDI
LEVE 4 transpor
4 protoco
< > < > CIDI
L%;/EL b packet
______________________ protoco
LEVEL [* > < > < > X.25
3 3 protoco
LEVE > “ > < > Data link
2 2 protoco
LEVEL Physica
1 1 |interfac
| | | | | |

Figure 81. CIDIN protocol levels
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9 CIDIN TRANSPORT LEVEL o
5 CIDIN PACKET LEVEL }
54 X25 PACKET LEVEL ‘;
‘q ' ' DATALINK LEVEL ' _;
DATA
?34}: ookt | po | SN CIDIN MESSAGE (OR SEGMENT) N
CR'D | HEADER | HEADER | HEADER FELD
» Detalik Hrame >
e DLCF%%—%%* Link data field —————————————————»ieDLCF 4..‘
| 54 i i jt X.25 packet bi |
f:. | CIDIN packet (< 256 octets) =
- ComMUCIONS ¢ CIDIN user daa il >

Figure 82. CIDIN terminology
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171.053.9. Aircraft Addressing System

171.0539.1 The aircraft addressustbe one of 16 777 214 twendfpur-bit aircraft addresses allocated by ICAO

171.05839.1.1

to the State of Registry or common mark registering authority and assigned as prescribed in the
Appendix to this chapter.

Noraircraft transponders that are installed on aerodrome surface vehicles, obstacles or fixed
Mode S target detection devices for surveillance and/or radar monitoring purposest be
assigned 24it aircraft addresses.

Notet ! YRSNJ adzOK aLISOAFAO O2yRAGAZ2Yyas GKS GSNy
pseudel A NONJ Fi0 2NJ OSKAOfS 6! k+x0¢ gKSNB | fAYAQ
purposes.

171.0539.1.1.1 Recommendatiort Mode S transponders used under specific conditions stated in

171.05.39.1.1maynot have any negative impact on the performance of existing ATS surveillance
systems and ACAS.
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Appendix To Section 9. A Worldwide Scheme For Alhecation, Assignment And
Application Of Aircraft Addresses

171.053.1. General

171.053.1.1 Global communications, navigation and surveillance systersgise an individual aircraft address
composed of 24 bits. At any one time, no addnesstbe assigned to more than one aircraft. The
assignment of aircraft addresses requires a comprehensive scheme providing for a balanced and
expandable distribution of aircraft addresses applicable worldwide.

171.053.2. Description Of Thecheme

171.053.2.1 Table4 provides for blocks of consecutive addresses available to States for assignment to aircraft.
Each block is defined by a fixed pattern of the first 4, 6, 9, 12 or 14 bits of thi¢ @ddress. Thus,
blocks of different sizes (1 048 576,2644, 32 768, 4 096 and 1 024 consecutive addresses,
respectively) are made available.

171.053.3. Management Of The Scheme

171.053.3.1 The International Civil Aviation Organization (I@ABJadminister the scheme so that appropriate
international distribution of aircraft addresses can be maintained.

171.053.4. Allocation Of Aircraft Addresses

171.0534.1 Blocks of aircraft addressesist be allocated by ICAO to the State of Registry or common mark
registering authority. Address allocations to Statasstbe as shown in Table®

171.0534.2 A State of Registry or common mark registering authamuitst notify ICAO when allocation to that
State of an additional block of addresses is required for assignment to aircraft.

171.0534.3 In the future management of the scheme, advantagest be taken of the blocks of aircraft
addresses not yet allocated. These spare bloskst be distributed on the basis of the relevant
ICAO region:

Addresses starting with bit combination 00100: AFI region
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171.0534.4

171.0534.5

171.053.5.

171.0535.1

171.05835.2

Addresses starting with bit combination 00101: SAM region
Addresses starting with bit combination 0101: EUR and NAT regions
Addresses starting with bit combination 01100: MID region
Addresses starting with bit combination 01101: ASIA region
Addresses starting with bit combination 1001: NAM and PAC regions
Addresses starting with bit combination 111011: CAR region

In addition, aircraft addresses starting with bit combinations 1011, 1101 and 1111 have been
reserved for future use.

Any future requirement for additional aircraft addressegst be accommodated through
coordination between ICAO and the States of Registry or common mark registering authority
concerned. A request for additional aircraft addressegst only be made by a registering
authority when at least 75 per cent of the number of addresses already allocated to that
registering authority have been assigned to aircraft.

ICA@ustallocate blocks of aircraft addresses to RGontracting States upon request.

Assignment Of Aircraft Addresses

Using its allocated block of addresses, the State of Registry or common mark registering authority
mustassign an individual aircraft address to each suitably equipped aircraft entered on a national
or international register (Table-9).

Noter For an aircraft delivery, the aircraft operator is expected to inform the airframe
manufacturer of an address assignment. The airframe manufacturer or other organization
responsible for a delivery flight is expected to ensure installation of actigressigned address
supplied by the State of Registry or common mark registering authority. Exceptionally, a
temporary address may be supplied under the arrangements detailed in paragraph 7.

Aircraft addressesustbe assigned to aircraft in accordance with the following principles:

a) at any one time, no addressustbe assigned to more than one aircraft with the exception of
aerodrome surface vehicles on surface movement areas. If such exceptions are applied by the
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State of Registry, the vehicles which have been allocated the same adauessot operate
on aerodromes separated by less than 1 000 km;

b) only one addresmustbe assigned to an aircraft, irrespective of the composition of equipment
on board. In the case when a removable transponder is shared by several light aviation aircraft
such as balloons or gliders,nitust be possible to assign a unique address to the removable
transponder. The registers @820, 2116, 2216 and 256 of the removable transpondemnust
be correctly updated each time the removable transponder is installed in any aircraft;

¢) the addressmust not be changed except under exceptional circumstancesranst not be
changed during flight;

d) when an aircraft changes its State of Registry, the new registeringrBteiassign the aircraft
a new address from its own allocation address block, and the old aircraft adunestbe
returned to the allocation address block of the State that previously registered the aircraft;

e) the addresanust serve only a technical role for addressing and identification of aircraft and
mustnot be used to convey any specific information; and

f) the addresses composed of 24 ZEROS or 24 @N& 8ot be assigned to aircraft.

171.0535.2.1 Recommendatiort Any method used to assign aircraft addresses/ ensure efficient use of
the entire address block that is allocated to that State.

171.053.6. Application Of Aircraft Addresses

171.0536.1 The aircraft addressesistbe used in applications which require the routing of information to or
from individual suitably equipped aircraft.

Note 11 Examples of such applications are the aeronautical telecommunication network (ATN),
SSR Mode S and airborne collision avoidance system (ACAS).

Note 21 This Standard does not preclude assigning the aircraft addresses for special applications
associated with the general applications defined therein. Examples of such special applications are
the utilization of the 24it address in a pseudmeronadical earth station to monitor the
aeronautical mobilesatellite service ground earth station and in the fixed Mode S transponders
(reporting the orthe-ground status as specified in Annex 10, Volume 1V, 3.1.2.6.10.1.2) to monitor
the Mode S ground stationperation. Address assignments for special applications are to be
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carried out in conformance with the procedure established by the State to manage -thie 24
address assignments to aircraft.

171.0536.2 An address consisting of 24 ZER@stnot be used for any application.

171.053.7.

171.053.7.1

171.053.7.2

Administration Of The Temporary Aircraft Address Assignments

Temporary addressesust be assigned to aircraft in exceptional circumstances, such as when
operators have been unable to obtain an address from their individual States of Registry or
Common Mark Registering Authority in a timely manner. I@AGtassign temporary addresses
FNRBY (GKS Hfta8R2o¥LAYhelofS o

When requesting a temporary address, the aircraft operatast supply to ICAQ: aircraft
identification, type and make of aircraft, name and address of the operator, and an explanation
of the reason for the request.

171.053.7.2.1 Upon issuance of the temporary address to the aircraft operators,ahform the State of

Registry of the issuance of the temporary address, reason and duration.

171.053.7.3 The aircraft operatanust

a) inform the State of Registry of the temporary assignment and reiterate the request for a
permanent address; and

b) inform the airframe manufacturer.

171.053.7.4 When the permanent aircraft address is obtained from the State of Registry, the opetestor

171.053.7.5

a) inform ICAO without delay;

b) relinquish his/her temporary address; and

¢) arrange for encoding of the valid unique address within 180 calendar days.

If a permanent address is not obtained within one year, the aircraft operaistreapply for a

new temporary aircraft address. Under no circumstaneesst a temporary aircraft address be
used by the aircraft operator for over one year.
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Noter The lefthand column of the 2bit address patterns represents the most significant bit
(MSB) of the address.

Table 91. Allocation of aircraft addresses to States

Table 9-1. Allocaton of aircraft addresses to States

Note— The left-hand column of the 24-bit addrass patterns represents the most significant bit (M5B) of the address.

Number qf addrezses in block
Allocation of blocks of addressss

Stare 1024 | 4000 | 32765 202144 | 10458570 {a dash representz a bir valne segual to 0 or I}

Afghanistan * 0111 00 000 000 —
Albama * 0101 00 000 001 00 ——————
Algera ® 000 10 100 —_— —— e
Angola * 0000 10 010 000 —
Antigna and Barbuda * 0000 11 001 010 00 ——————
Argentina * 1110 00 JE— [ e
Armemia * 0110 00 000 000 00 ——————
Anstrabia * 0111 11 —_ —_ —_—— —————————
Austria * 0100 01 000 R —
Azerbaijan * 0110 00 000 000 10 e ——
Bahamas * 0000 10 101 000 —
Bahram * 1000 10 010 100 —
Banglzdech * 0111 00 000 010 —— ————em——
Barbades * 0000 10 101 010 00 ——————
Belarus * 0101 00 010 000 00 ———m——_——
Belzium * 0100 01 001 — —
Belize * 000 10 101 011 00 @ —————————
Benin * 000 10 010 100 00 @ —————————
Blmtan * 0110 10 000 000 [ —
Bolna * 1110 10 010 100 —— e
Bosnia and Herzegovina * 6101 00 010 011 00 ——————————
Botswana * 000 00 110 000 00 @ —————————
Brazl ® 1110 01 —_— —_— —— e
Brunei Darussalam * 1000 10 010 101 00 ——————
Bulgana ® 0100 01 010 —_— —— e
Bukma Faso * 0000 10 011 100 —
Burundi * 0000 00 110 010 —— e
Cambodia * 0111 00 001 110 ——
Cameroon * 0000 00 110 100 i
Canada ¥ 1100 00 _— R ——
Cape Verde * 0000 10 010 110 00 ——mmm——— e
Central African Republic * pooo 01 101 100 —
Chad * 0000 10 000 100 —
Chule * 1110 10 000 000 —— e
China * 0111 10 R —_— —
Colomibia * 0000 10 101 100 ——
Comoros * 0000 00 110 101 00 ———————
Congo * 0000 00 110 110 ——
Cook Islands * 1001 00 000 00l 00 @ —————————
Costa Rica * 0oo0o 10 101 110 i
Ciate d Tvows * 0000 00 111 ooo —— e
Croatia * 0101 00 000 001 11 ——— — ——
Cuba * 0000 10 110 000 —— e
Cyprus * 0100 11 001 000 00 ——mmmm———e
Czech Republic * 0100 10 011 _— e
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Numiber of addrezses in block
Allocarion qf blocks of addresses

Stare 1024 | 4000 | 32768 262144 | 10435370 fa dash represents a bit value equal 1o 0 or I)
Democratic People's * 0111 (1] 100 _—— .
Republic of Eorea
Democratic Republic of * 0000 10 001 100 ——
the Conzo
Denmark = 0100 01 011 —_— —— e
Dyjibouti * 0000 10 011 00o 00 ———————
Dommmcan Repubhc ® 0000 11 000 100 .
Ecuador * 1110 10 o0 100 ——
Egypt = oooa 0o 010 R— —— e
El Salvador * 0000 10 110 ol0 .
Equatorial Guinea ¥ 0000 01 o0 010 ——
Eritrea * golLa 0o 00o olo L
Estonia * olol 0o oL 001 00 ———————
Ethiopia * 0000 01 00a 000 —— e
Fiu ® 1100 10 001 000 —— e
Finland ¥ 0100 01 100 R ——
France * 001l 10 —_— -— — -
Gabon * gooa 0o 111 110 S
Gambia * oooa 10 011 olo —— e
Georgia * olol 0o 010 100 11—
Crermarmy * po1l 11 —— _— e
Ghana * 0000 01 00a 100 —— e
Greece ¥ 0100 01 101 R ——
Grenada * 0000 11 ool 100 L
Guatemala * 0000 10 110 100 ——
Guinea ¥ 0000 01 o0 110 ——
Guinea-Bissau * 0000 01 ool 00o L
Guyana * oooa 10 110 110 —_— o
Hati * 0000 10 111 000 —— e
Honduas * oooa 10 111 olo —— e
Hungary = gloao 01 110 R— —— e
Iceland ¥ 0100 11 ool 100 ——
India = Lo0o 0o —_— R— —— e
Indonesia ¥ 1000 10 100 N ——
Iran Izlamic Repubhic of ¥ 0111l (1] 110 . .
Irag = 0111 0o 101 R— —— e
Ireland * gloa0 11 ool olo ——
Israel = 0111 0o 111 R— —— e
Traly ¥ ooll 0o R N ——
Jamaica * oooa 10 111 110 —— e
Japan * 1000 01 —— _— e
Jordan ¥ 0111 01 o0 N ——
Eazakhstan * 0110 10 00o 011 00 ———————
Eenya * gooa 01 001 100 ——
Kinbati * 1100 10 ool 110 L
Eurwrat ¥ o011l 0o o0 110 ——
Eyrgyzstan * 0110 0o 00o 0ol 00 @ ——e——_——
Lao People’s Democratic ¥ 0111 oo ool oo e
Republic
Lataa * 0101 0o 00o olo 1l mmmmmmem—
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Number qf addrezses in block
Allocarion qf blocks of addresses

Stare 1024 | 4000 | 32765 202144 | 1043370 fa dash represents a bit value equal 1o 0 or I}
Lebanon ® 0111 01 001 R— —— e
Lesotho * gooa 01 001l olo 00 —————— -
Libena * oooa 01 010 000 —— e
Libyan Arab Janahiriva * 0000 ] 011 N e e __
Lithuamaa * o101 0o 00o 011 |
Luxembourg * 0100 11 oL 000 00 @
Madagascar * 0000 01 010 100 ——
Malaw: * 0000 01 011 000 ——
Malaysia * 0111 01 010 -— —— -
Maldives * 0000 01 011 oL 00 —————— -
Mah * oooa 01 011 100 —— e
Malta * o100 11 oL olo L
Marshall Islands * 1001 0o 00o 00o 00 —————— -
Mawritania * 0000 01 011 110 L
Mamitius * 0000 0l 100 00o 00 —————— -
Meaco ® 0000 11 010 R— —— e
Micronesia, Federated * oL1La 10 00o 001 L e ——
States of
Monaco * gloao 11 oL 100 L
Mongolia * ol1d0 10 00o olo 00 -
Montenegro * o101 ] oL 110 [1]1
Moroceo * 0000 0o 100 N —
Mozambique * 0000 0o o0 110 —
Miyanmar * 0111 0o 00a 100 —— e
Namibia * oolLa 0o 00o 001 00 —————— -
Nauru * 1100 10 ool olo L
Nepal * o011l 0o 001l 010 —_—
Wetherlands, Kmgdom * 0100 10 ana . e e __
of the
New Zealand * 1100 10 0oo _— — —————
Micaragua ® 0000 11 000 000 ——
Niger * 0000 01 100 olo —_—
Nigema * 0000 01 100 100 @ ——
Norway * oL00 01 111 -— —— -
Oman * 0111 0o 001l 100 00 @ ——m——_——
Palastan ® 0111 01 100 —_— —— e
FPalau * 0110 10 00o 100 00 —————— -
Panama * oooa 11 o0 olo —
Papua New Guinea * 1000 10 011 00a —— e
Paraguay * 1110 10 001l 000 —_—
Peru * 1110 10 001 100 —= ——mmmmm
Philippines * o011l 01 011 R —
Poland ® 0100 10 001 —_— —— e
Portugal ® 0100 10 010 —_— —— e
Qatar * 0000 01 101 oL 00 e
Republic of Korea * o111l 0o 011 R e
Republic of Moldova * olol oo 00o 100 11 ———— .  ——
Fomania ® o100 10 100 R— —— e
Fussian Federation * 0001 _ _ _ e
Fwanda * 0000 01 101 110 —
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Number qf addrezses in Block
Allocation of blocks of addressss

Stare 1024 | 4000 | 32765 202144 | 1043570 {a dash representz a bir valne segual to 0 or I}
Saint Lucia * 1100 10 001 100 00 @ —————————
Saint Vincent and * 0000 10 111 100 00 ————————
Samoa * 1001 00 000 010 00 ———————
San Marme * 0101 00 000 000 00 ——————
Sao Tome and Principe * 000 10 011 110 00 @ —————————
Saud: Aabia ¥ 0111 00 010 _— ——
Senegal * 000 01 110 000 —_— e ———
Serbia * 0100 11 000 —_— —
Seychelles * 000 01 110 100 00 @ ——————
Siemra Leone * 000 01 110 110 00 @ —————————
Singapore * 0111 01 101 — i
Slovakia * 0101 00 000 101 L
Slovenia * 0101 00 000 110 11 ——— — ——
Solomon Islands * 1000 10 010 111 00 ——————
Somulia * 0000 01 111 000 —— o
South Africa * pooo 00 001 _— —
Spain = 0011 01 —_— —_— —— e
S Lanka * 0111 01 110 —_— —
Sudan * oooo 01 111 100 —— e
Suriname * 0000 11 001 000 —— o
Swazland * 000 01 111 010 00 @ —————————
Sweden ® 0100 10 101 —_— —— e
Switzerland ¥ o100 10 110 _— ——
Syman Arab Repubhic * 0111 01 111 _— —— e
Tapkustan * 0101 0o 010 101 00 ——mmm——— e
Thaland ® 1000 10 000 —_— —— e
The former Yugoslav * 010l 00 010 0l0 00 ———————— o
Republic of Macedoma
Togo * 0000 10 001 000 —— o
Tonga * 1100 10 001 101 00 ———mm——— e
Trinidad and Tobage * 0000 11 000 110 —
Tunizia ® 000 00 101 —_— —— e
Turkey * 0100 10 111 —_— —
Turkmenistan * 0110 00 000 001 N
Uganda * 000 01 101 000 —— o
Ulaine * 0101 00 001 —_— —
Unated Arab Enurates ¥ 1000 10 010 110 ——
United Emgdom ¥ 0100 00 P P e e __
United Repubbic of * o000 10 L] 0oo —— e
Tanzama
United States ¥ 1010 — _ _— ——
Uruguay * 1110 10 010 000 —_— e ———
Uzbekistan * 0101 00 000 111 11 ——— — ——
Vanuatu * 1100 10 010 000 00 @ —————————
Venezuela * pooo 11 011 _— —
Viet Nam ® 1000 10 001 —_— —— e
Yemen * 1000 10 010 000 —
Zambia * 0000 10 001 010 —— o
Zimbabwe * 0000 00 000 100 00 ——————
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ICAQ advnisters this block for assigning temporary aireraft addresses as deseribed in seetion 7.

Block allocated for special nse in the interest of flight afety.

Number af addrasses in block
Allocarion of blocks of addresses
Stais 102 | 4006 | 32768 262144 | 1 043 575 fa dash represents a bit value equal to 0 or 1)
Crher allocahons
Icag! ® 1111 0o 00o - —_— mm—————
ICAD * 1000 10 011 001 L
ICAOr * 1111 0o 001l 001 00 —————
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171.053.10. Point-To-Multipoint Communications

171.053.10.1 Service Via Satellite For The Dissemination Of Aeronautical Information

171.053.10.1.1  Pointo-multipoint telecommunication service via satellite to support the dissemination of
aeronautical informatiormust be based on fultime, non preemptible, protected services as
defined in the relevant CCITT Recommendations.

171.053.10.2 Service Via Satellite For The Dissemination Of Wafs Products

171.053.10.2.1 Recommendatiort System characteristiceayinclude the following:
a) frequencyt Gband, earthto-satellite, 6 GHz band, satelkte-earth, 4 GHz band;
b) capacity with effective signalling rate of not less than 9 600 bits/s;
c) bit error ratest better than 1 in 19

d) forward error correction; and

e) availability 99.95 per cent.
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171.053.11. HMata Link

171.053.11.1 Definitions And System Capabilities
Noter The following Standards and Recommended Practices are specific to the high frequency
data link (HFDL) and are in addition to the requirements specified in the ITU Radio Regulations
(Appendix 27). The HFDL is a constituent mobile subnetwork of thenaagical
telecommunication network (ATN), operating in the aeronautical mobile (R) high frequency bands.
In addition, the HFDL may provide p&RN functions, such as direct link service (DLS). The HFDL
system must enable aircraft to exchange data withugrd-based users.

171.053.11.1.1 Definitions
Codedchip! amé¢ 2N dné 2dziLdzi 2F GKS NI GS oy 2N o

Designated operational coverage (DOC) ar&he area in which a particular service is provided
and in which the service is afforded frequency protection.

Noter This area may, after proper coordination to ensure frequency protection, extend to areas
outside the allotment areas contained in Appendix S27 to the Radio Regulations.

Direct link service (DLSA data communications service which makes no attempt to automatically
correct errors, detected or undetected, at the link layer of thegawund communications path.
(Error control may be effected by easser systems.)

High frequency network protocol data unit (HFNPDWser data packet.

Link protocol data unit (LPDURata unit which encapsulates a segment of an HFNPDU.

M-ary phase shift keying (MPSK) modulationA digital phase modulation that causes the phase
of the carrier waveform to take on one of a set of M values.

Media access protocol data unit (MPDWata unit which encapsulates one or more LPDUSs.
M-PSK symbolOne of the M possible phase shifts of theR&K modulated carrier representing

a group of logM coded chips.
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Peak envelope power (PEF)he peak power of the modulated signal supplied by the transmitter
to the antenna transmission line.

Physical layer protocol data unit (PPWata unit passed to the physical layer for transmission,
or decoded by the physical layer after reception.

Quiality of service (QOSThe information relating to data transfer characteristics used by various
communications protocols to achieve various levels of performance for network users.

Reliable link service (RLSA. data communications service provided by the subnetwork which
automatically provides for error control over its link through error detection and requested
retransmission of signal units found to be in error.
Squitter protocol data unit (SPDURata packet which is broadcast every 32 seconds by an HFDL
ground station on each of
its operating frequencies, and which contains link management information.

171.053.11.2 HMPata Link System

171.053.11.2.1 System architecture
The HFDL systemust consist of one or more ground and aircraft station subsystems, which
implement the HFDL protocol (s4§1.053.11.3). The HFDL systenustalso include a ground
management subsystem (s&&1.053.11.4).

171.053.11.2.1.1 Aircraft And Ground Station Subsystems

The HFDL aircraft station subsystem and the HFDL ground station subsysttinclude the
following functions:

a) HF transmission and reception;
b) data modulation and demodulation; and

c) HFDL protocol implementation and frequency selection.

171.053.11.2.2 Operational coverage
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Frequency assignments for HFDst be protected throughout their designated operational
coverage (DOC) area.

Note 11 DOC areas may be different from current MWARAs or RDARAs as defined in Appendix
27 to the ITU Radio Regulations.

Note 21 Additional coordination with ITU is required in cases where DOC areas are not in
conformity with the allotment areas specified in the ITU Radio Regulations.

171.053.11.2.3 Requirements for carriage of HFDL equipment

Requirements for mandatory carriage of HFDL equipmandt be made on the basis of regional
air navigation agreements that specify the airspace of operation and the implementation
timescale.

171.053.11.2.3.1 Notice

The agreement abovenust provide advance notice of at least two years for the mandatory
carriage of airborne systems.

171.053.11.2.4 Ground station networking

171.053.11.2.4.1 Recommendatiort HFDL ground station subsystemay interconnect through a common
ground management subsystem.

Notex This provides a distributed subnetwork, with a subnetwork point of attachment (SNPA),
depending on the method of implementation, which allows for the maintenance of virtual circuit

connections as aircraft stations transition between designated djoeral coverage areas. The
distribution may be muhregional or worldwide.

171.053.11.2.5 Ground station synchronization
Synchronization of HFDL ground station subsystemast be to within +25 ms of UTC. For any
station not operating within £25 ms of UTC, appropriate notificatimrstbe made to all aircraft

and ground station subsystems to allow for continued system operation.

171.053.11.2.6 Quality of service
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171.053.11.2.6.1 Residual Packet Error Rate

The undetected error rate for a network user packet which contains between 1 and 128 octets of
user datamustbe equal to or less than 1 in 40

171.053.11.2.6.2 Speed Of Service
Transit and transfer delays for network user packets (128 octets) with priorities defined in Part I,
Chapter 4, Tabld-26 for message priorities 7 through Isust not exceed the values of Table
11-1 (all tables and figures are located at the end of this chapter)

171.053.11.3 HMPata Link Protocol

The HFDL protocahust consist of a physical layer, a link layer, and a subnetwork layer, as
specified below.

Noter The HFDL protocol is a layered protocol and is compatible with the open systems
interconnection (OSI) reference model. It permits the HFDL to function as an aeronautical
telecommunication network (ATNpmpatible subnetwork. The details of the pratb are
described in the Manual on HF Data Link (Doc 9741).
171.053.11.3.1 Physical layer RF characteristics
The aircraft and ground statiomsustaccess the physical medium operating in simplex mode.
171.053.11.3.1.1 Frequency Bands
HFDL installationsiustbe capable of operating at any single sideband (SSB) carrier (reference)
frequency available to the aeronautical mobile (R) service in the band 2.8 to 22 MHz, and in
compliance with the relevant provisions of the Radio Regulations.

171.053.11.3.1.2 Channels

Channel utilizatiormust be in conformity with the table of carrier (reference) frequencies of
Appendix 27 to the ITU Radio Regulations.

171.053.11.3.1.3 Tuning
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The equipmenmustbe capable of operating on integral multiples of 1 kHz.

171.053.11.3.1.4 Sideband

The sideband used for transmissimustbe on the higher side of its carrier (reference) frequency.

171.053.11.3.1.5 Modulation

HFDLmustemploy Mary phase shift keying (#SK) to modulate the radio frequency carrier at
the assigned frequency. The symbol ratastbe 1 800 symbols per second +10 parts per million

(i.e. 0.018 symbols per second). The value of M and the information datentegibe as specified
in Table 112.

171.053.11.3.1.5.1 MPSKCarrier

The MPSK carrier expressed mathematicallystbe defined as:

aoio LevPareHn " F61veoI | ' n m & & & I b

where:

N = number of MPSK symbols in transmitted physical layer protocol data unit (PPDU)
s(t) = analog waveform or signal at time t A = peak amplitude
fo=  SSB carrier (reference) + 1 440 Hz
T=  M-PSK symbol period (1/1 800 s)
0 phase bf kth MPSK symbol
p(t-kT) = pulse shape of kth-RISK symbol at time t.

Noter The number of MPSK symbols sent, N, defines the length (duration = NT seconds) of the
PPDU. These parameters are defined in the Manual on HF Data Link (Doc 9741).

171.053.11.3.1.5.2 Pulse Shape

The pulse shape, p(tinust determine the spectral distribution of the transmitted signal. The
Fourier transform of the pulse shape, P(flistbe defined by:

P(f) =1, if 0 < |f| < (1¢ b)/2T
toF0 ' CA&b)abl,on p Fab)2T <|fl < (1 +b)2T
P(f) =0, if |f| > (1 + b)/2T
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where the spectral rolbff parameter, b = 0.31, has been chosen so that¢d@ dB points of the

signal are at SSB carrier (reference) + 290 Hz and SSB carrier (reference) + 2 590 Hz and the peak
to-average power ratio of the waveform is less than 5 dB.

11.3.1.6 TRANSMITTER STABILITY

The basic frequency stability of the transmitting functionstbe better than:

a) +20 Hz for HFDL aircraft station subsystems; and

b) £10 Hz for HFDL ground station subsystems.

171.053.11.3.1.7 Receiver Stability

The basic frequency stability of the receiving functiounst be such that, with the transmitting
function stability specified in 11.3.1.6, the overall frequency difference between ground and
airborne functions achieved in service does not exceed 70 Hz.

171.053.11.3.1.8 Protection

A 15 dB desired to undesired (D/U) signal ratiast apply for the protection of ca&hannel
assignments for HFDL as follows:

a) data versus data;
b) data versus voice; and

C) voice versus data.

171.053.11.3.1.9 Class Of Emission

The class of emissianustbe 2K80J2DEN.

171.053.11.3.1.10 Assigned Frequency

The HFDL assigned frequenaystbe 1 400 Hz higher than the SSB carrier (reference) frequency.

Noter By convention, the HFDL assigned frequency is offset from the SSB carrier (reference)
frequency by 1 400 Hz. The HFDP$K carrier of the digital modulation is offset from the SSB
carrier (reference) frequency by 1 440 Hz. The digital modulafigltyisontained within the same
overall channel bandwidth as the voice signal and complies with the provisions of Appendix 27 to
the ITU Radio Regulations.
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171.053.11.3.1.11 Emission Limits

For HFDL aircraft and ground station transmitters, the peak envelope powesf(@ny emission

on any discrete frequenayust be less than the peak envelope poweg)(Bf the transmitter in

accordance with the following (see Figurel)l

a) on any frequency between 1.5 kHz and 4.5 kHz lower than the HFDL assigned frequency, and
on any frequency between 1.5 kHz and 4.5 kHz higher than the HFDL assigned frequency: at
least 30 dB;

b) on any frequency between 4.5 kHz and 7.5 kHz lower than the HFDL assigned frequency, and
on any frequency between 4.5 kHz and 7.5 kHz higher than the HFDL assigned frequency: at
least 38 dB; and

¢) on any frequency lower than 7.5 kHz below the HFDL assigned frequency and on any frequency
higher than 7.5 kHz above the HFDL assigned frequency:

1) HFDL aircraft station transmitters: 43 dB;
2) HFDL ground station transmitters up to and including 50 W:
[43 + 10 log P,(W)] dB; and
3) HFDL ground station transmitters more than 50 W: 60 dB.
171.053.11.3.1.12 Power
Ground station installations. The peak envelope powgy $Bpplied to the antenna transmission
line must not exceed a maximum value of 6 kW as provided for in Appendix 27 of the Radio

Regulations.

Aircraft station installations. The peak envelope power supplied to the antenna transmission line
mustnot exceed 400 W, except as provided for in Appendix 27/62 of the Radio Regulations.

171.053.11.3.1.13 Undesired Signal Rejection

For HFDL aircraft and ground station receivers, undesired input signelsbe attenuated in
accordance with the following:

235



”X TECHNICAL STANDARDS
( Namibia Civil Aviation Authority - (NAMCATYS)
y Safety Division
NCAA Part 171: ATEL-Volume 3

NAMIBLA CIVIL AVIATION AUTHORITY

a) on any frequency between &nd (f ¢ 300 Hz), or between{# 2 900 Hz) and.(+ 3 300 Hz):
at least 35 dB below the peak of the desired signal level; and

b) on any frequency belowd(f 300 Hz), or above 3 300 Hz): at least 60 dB below the peak of
the desired signal level,

where tis the carrier (reference) frequency.

171.053.11.3.1.14 Receiver Response To Transients
Recommendatiort The receiving functiomay recover from an instantaneous increase in RF
power at the antenna terminal of 60 dB within 10 milliseconds. The receiving fumztjoecover
from an instantaneous decrease in RF power at the antenna terminal of 60 dB within 25
milliseconds.

171.053.11.3.2 Physical layer functions

171.053.11.3.2.1 Functions
The functions provided by the physical lapaustinclude the following:
a) transmitter and receiver control,

b) transmission of data; and

c) reception of data.
171.053.11.3.2.2 Transmitter And Receiver Control

The HFDL physical layrustimplement the transmitter/receiver switching and frequency tuning
as commanded by the link layer. The physical layest perform transmitter keying on demand
from the link layer to transmit a packet.

171.053.11.3.2.2.1 Transmitter To Receiver Turnaround Time

The transmitted power levehustdecay at least by 10 dB within 100 milliseconds after completing

a transmission. An HFDL station subsystenst be capable of receiving and demodulating, with
nominal performance, an incoming signal within 200 milliseconds of the start of the subsequent
receive slot.
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171.053.11.3.2.2.2 Receiver To Transmitter Turnaround Time

An HFDL station subsystenustprovide nominal output power within plus or minus 1 dB to the
antenna transmission line within 200 milliseconds of the start of the transmit slot.

171.053.11.3.2.3 Transmission Of Data

Transmission of datamust be accomplished using a time division multiple access (TDMA)
technique. The HFDL data link ground station subsysteost maintain TDMA frame and slot
synchronization for the HFDL system. To ensure that slot synchronization is maintained, each HF
data link modulatomustbegin outputting a prekey segment at the beginning of a time slot plus

or minus 10 milliseconds.

171.0583.11.3.2.3.1 TDMAtructure

Each TDMA frammustbe 32 seconds. Each TDMA framast be divided into thirteen equal
duration slots as follows:

a) the first slot of each TDMA frammust be reserved for use by the HFDL ground station
subsystem to broadcast link management data in SPDU packets; and

b) the remaining slotamust be designated either as uplink slots, downlink slots reserved for
specific HFDL aircraft station subsystems, or as downlink random access slots for use by all
HFDL aircraft station subsystems on a contention basis. These TDMAwstie assigned on
a dynamic basis using a combination of reservation, polling and random access assignments.

171.053.11.3.2.3.2 Broadcast

The HFDL ground station subsystemstbroadcast a squitter protocol data unit (SPDU) every 32
seconds on each of its operating frequencies.

Noter Details on the TDMA frame and slot structures,-kgg segment, data structures,
including the SPDU, are contained in the Manual on HF Data Link (Doc 9741).

171.053.11.3.2.4 Reception Of Data

171.053.11.3.2.4.1 Frequency Search
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Each HFDL aircraft statiomustautomatically search the assigned frequencies until it detects an
operating frequency.

171.053.11.3.2.4.2 Reception Of Ppdus

The HF data link receivetustprovide the means to detect, synchronize, demodulate and decode
PPDUs modulated according to the waveform defined in 11.3.1.5, subject to the following

distortion:

a) the 1440 Hz audio carrier offset by plus or minus 70 Hz;

b) discrete and/or diffuse multipath distortion with up to 5 ms multipath spread,;

¢) multipath amplitude fading with up to 2 Hz tweided RMS Doppler spread and Rayleigh
statistics; and

d) additive Gaussian and broadband impulsive noise with varying amplitude and random arrival

times.

Noter Reference CCIR Report £49

171.053.11.3.2.4.3 Decoding Of Ppdus

Upon receipt of the preamble segment the receivaust

a)

b)

c)
d)

e)

detect the beginning of a burst of data;

measure and correct the frequency offset between the transmitter and receiver due to
Doppler shift and transmitter/receiver frequency offsets;

determine the data rate and interleaver settings to use during data demodulation;
achieve MPSK symbol synchronization; and

train the equalizer.

171.053.11.3.2.4.4 Synchronization

Each HFDL aircraft station subsystanst synchronize its slot timing to that of its corresponding
ground station with respect to the reception time of the last received SPDU.
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171.053.11.3.2.4.5 Specified Packet Error Rate Performance

171.053.11.3.2.4.5.1 The number of HFDL media access protocol data units (MPDUS) received with one or more
bit errorsmustnot exceed 5 per cent of the total number of MPDUs received, when using a 1.8
second interleaver and under the signadipace conditions shown in Table-31

171.053.11.3.2.4.5.2 Recommendatiort The number of HFDL MPDUs received with one or more bit eragrs

not exceed 5 per cent of the total number of MPDUs received, when using a 1.8 second interleaver
under the conditions shown in Table-34.

171.053.11.3.3 Link layer
Notex Details on link layer functions are contained in the Manual on HF Data Link (Doc 9741).

The link layemust provide control functions for the physical layer, link management and data
service protocols.

171.053.11.3.3.1 Control Functions
The link layer must pass commands for frequency tuning, transmitter keying and
transmitter/receiver switching to the physical layer.

171.053.11.3.3.2 Link Management
The link layemustmanage TDMA slot assignments -tmgand logoff procedures, ground station
and aircraft station TDMA synchronization, and other functions necessary, taking into account
message priority, for the establishment and maintenance of communications.

171.053.11.3.3.3 Data Service Protocols

The link layemust support a reliable link service (RLS) protocol and a direct link service (DLS)
protocol.

171.053.11.3.3.3.1 RLS

The RLS protocolustbe used to exchange acknowledged user data packets between aircraft and
ground peer link layers.

171.0583.11.3.3.3.2 DLS
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The DLS protocainust be used to broadcast unsegmented uplink high frequency network
protocol data units (HFNPDUSs) and other HFNPDUSs not requiring automatic retransmission by the
link layer.

171.053.11.3.4 Subnetwork layer

Noter Details on subnetwork layer protocols and services are contained in the Manual on HF
Data Link (Doc 9741).

171.053.11.3.4.1 Packet Data
The HFDL subnetwork layer in the HFDL aircraft station subsystem and HFDL ground station
subsystemmust provide connectiororiented packet data service by establishing subnetwork
connections between subnetwork service users.

171.053.11.3.4.2 Connectivity Notification Service
The HFDL subnetwork layer in the HFDL aircraft station subsystestprovide the additional
connectivity notification service by sending connectivity notification event messages to the
attached ATN router.

171.053.11.3.4.2.1 Connectivity Notification Event Messages

The connectivity notification servigaust send connectivity notification event messages to the
attached ATN router through the subnetwork access function.

171.053.11.3.4.3 HFD&ubnetwork Layer Functions

The HFDL subnetwork layer in both the HFDL aircraft station subsystem and HFDL ground station
subsystenmustinclude the following three functions:

a) HFDL subnetwork dependent (HFSND) function;
b) subnetwork access function; and
c) interworking function.

171.053.11.3.4.3.1 HFSNEunction
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The HFSND functionust perform the HFSND protocol between each pair of HFDL aircraft station
subsystems and HFDL ground station subsystems by exchanging HFNRiDiSspétform the
HFSND protocol aircraft function in the HFDL aircraft station subsystem and the HFSND protocol
ground function in the HFDL ground station subsystem.

171.053.11.3.4.3.2 Subnetwork Access Function

The subnetwork access functiomust perform the ISO 8208 protocol between the HFDL aircraft
station subsystem or HFDL ground station subsystem and the attached routers by exchanging ISO
8208 packets. Inustperform the ISO 8208 DCE function in the HFDL aircraft station subsystem
and the HFDL ground station subsystem.

171.053.11.3.4.3.3 Interworking Function

The interworking functiormust provide the necessary harmonization functions between the
HFSND, the subnetwork access and the connectivity notification functions.

171.053.11.4 Ground Management Subsystem

Noter Details on the ground management subsystem functions and interfaces are contained in
the Manual on HF Data Link (Doc 9741).

171.053.11.4.1 Management functions

The ground management subsystemust perform the functions necessary to establish and
maintain communications channels between the HFDL ground and aircraft station subsystems.

171.053.11.4.2 Management/control information exchange
The ground management subsystenust interface with the ground station subsystem in order

to exchange control information required for frequency management, system table management,
log status management, channel management, and quality of service (QOS) data collection.
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Tables For Section 11

Table 11-1. Transfer delays

Direction Priority Delay

To-aircraft 7 through 14 45s

Transit delay
From-aireraft 7 through 14 60 s

To-aircraft 11 through 14 90 s
7 through 10 120 s

Transfer delay (95 percentile)
From-aircraft 11 through 14 150 s
7 through 10 250s

Table 11-2. Value of M and information data rate

Infarmation data rate

(bits per second)
300 or 600

1200
1800

N -~

Note— TWhen M eguals the value 2, the data rate may be 300 or 600 bits per second as determined by the channel
coding rare. The value of M may change from one data mansmission 1o another depending on the dara rare selected.
The channel coding rate is described in the Manual on HF Data Link (Doc 9741).

Table 11-3. HF signal-in-space conditions

Fading Signal to noise
bandwidth (Hz) Frequency ratio (dB)
Data rate Number of  Multipath spread  per CCIR offset inadkHz MPDU size
(bits per second) channel paths  (milliseconds) Report 5492 (Hz) bandwidth foctets)
1200 1 fixed - - 40 4 256
1 800 2 fading 2 1 40 16 400
1200 2 fading 2 1 40 115 256
600 2 fading 2 1 40 g 128
300 2 fading 2 1 40 5 64

= o w
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Table 11-3a.

HF signal-in-space conditions

Fading Signal to noise
bandwidth (Hz)  Frequency ratio (dB)
Data rate Number of  Multipath spread per CCIR offset ina3kHz MPDU size
(bits per second)  channel paths (milliseconds) Report 5492 (Hz) bandwidth (octefs)
1200 2 fading 4 1 40 13 256
1200 2 fading 2 2 40 11.5 256
FIGURE FOR CHAPTER 11
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Figure 111. Required spectrum limits (in terms of peak power) for HFDL aircraft and ground

station transmitters
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71.053.12. Universal Access TransceivgrAT)

171.053.12.1 Definitions And Overall System Characteristics

171.053.12.1.1 Definitions

High performance receiverA UAT receiver with enhanced selectivity to further improve the
rejection of adjacent frequency DME interference (4&€&.053.12.3.2.2 for further details).

Optimum sampling point.The optimum sampling point of a received UAT bit stream is at the
nominal centre of each bit period, when the frequency offset is either plus or minus 312.5 kHz.

Power measurement point (PMPA cable connects the antenna to the UAT equipment. The PMP

is the end of that cable that attaches to the antenna. All power measurements are considered as
being made at the PMP unless otherwise specified. The cable connecting the UAT equipment to
the antenna is assumed to have 3 dB of loss.

Pseudorandom message data blocBeveral UAT requirements state that performance will be
tested using pseudorandom message data blocks. Pseudorandom message datenblgicage
statistical properties that are nearly indistinguishable from those of a true random selection of
bits. For instance, each bihay have (nearly) equal probability of being a ONE or a ZERO,
independent of its neighbouring bits. Theneay be a large number of such pseudorandom
message data blocks for each message type (BasiBADify ADSB or Ground Uplink) to provide
sufficient independent data for statistical performance measurements. See Section 2.3 of Part |
of the Manual on the Universal Access Transceiver (UAT) (Doc 9861) for an example of how to
provide suitable pseudorandomessage data blocks.

Service volumeA part of the facility coverage where the facility provides a particular service in
accordance with relevant SARPs and within which the facility is afforded frequency protection.

Standard UAT receiverA general purpose UAT receiver satisfying the minimum rejection
requirements of interference from adjacent frequency distance measuring equipment (DME) (see
171.053.12.3.2.2 for further details).

Successful message reception (SMRhe function within the UAT receiver for declaring a

received message as valid for passing to an application that uses received UAT messages. See

Section 4 of Part | of the Manual on the Universal Access Transceiver (UAT) (Doc 9861) for a
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detailed description of the procedure to be used by the UAT receiver for declaring successful
message reception.

UAT ADS messageA message broadcasted once per second by each aircraft to convey state
vector and other information. UAT AlBSmessages can be in one of two forms depending on the
amount of information to be transmitted in a given second: the Basic UATBAD&ssage orhie

Long UAT ADBB Message (seEr1.053.12.4.4.1 for definition of each). UAT ground stations can
support traffic information servicéroadcast (THB) through transmission of individual ABS
messages in the AEEBsegment of the UAT fraam

UAT ground uplink messagéd message broadcasted by ground stations, within the ground
segment of the UAT frame, to convey flight information such as text and graphical weather data,
advisories, and other aeronautical information, to aircraft that are in the service volume of the
ground station (sed.71.053.12.4.4.2 for further details).

Universal access transceiver (UAT. broadcast data link operating on 978 MHz, with a
modulation rate of 1.041667 Mbps.

171.053.12.1.2 UATOverall System Characteristics Of Aircraft And Ground Stations
Noter Details on technical requirements related to the implementation of UAT SARPs are
contained in Part | of the Manual on the Universal Access Transceiver (UAT) (Doc 9861). Part Il of
the Manual on the Universal Access Transceiver (UAT) (Doc 98688p@nagion) will provide
additional guidance material.

171.053.12.1.2.1 Transmission Frequency
The transmission frequeneyustbe 978 MHz.

171.053.12.1.2.2 Frequency Stability

The radio frequency of the UAT equipmentist not vary more than +0.002 per cent (20 ppm)
from the assigned frequency.

171.053.12.1.2.3 Transmit Power
171.053.12.1.2.3.1 Transmit Power Levels

UAT equipmentmust operate at one of the power levels shown in Table-1{@raphical
representation of table 1:2).
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171.053.12.1.2.3.2 Maximum Power

The maximum equivalent isotropically radiated power (EIRP) for a UAT aircraft or ground station
mustnot exceed +58 dBm.

Noter For example, the maximum EIRP listed above could result from the maximum allowable

aircraft transmitter power shown in Table-12with a maximum antenna gain of 4 dBi.
171.053.12.1.2.3.3 Transmit Mask

The spectrum of a UAT AlBSmessage transmission modulated with pseudorandom message

data blocks (MDBustfall within the limits specified in Table 22when measured in a 100 kHz

bandwidth.

171.053.12.1.2.4 Spurious Emissions

Spurious emissiongust be kept at the lowest value which the state of the technique and the
nature of the service permit.

Noter Appendix 3 of the ITU Radio Regulations requires that transmitting statiosiconform
to the maximum permitted power levels for spurious emissions or for unwanted emissions in the
spurious domain.

171.053.12.1.2.5 Polarization
The design polarization of emissiansistbe vertical.

171.053.12.1.2.6 Time/Amplitude Profile Of Uat Message Transmission
The time/amplitude profile of a UAT message transmissionost meet the following
requirements, in which the reference time is defined as the beginning of the first bit of the
synchronization sequence (see 12.4.4.1.1, 12.4.4.2.1) appearing at the output port of the

equipment.

Notest
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1.1 ff LI26SNI NBldZANBYSyda F2NJ &dzo LI NF ANI LIK& a
installations that support transmitter diversity, the RF power output on the-setected
antenna portmaybe at least 20 dB below the level on the selected port.

21 ff LI26SNI NBIAdANBYSyGa F2NJ adzoLJ NI} INI LKA a
Ol YRSGARGKD 1 £f LI266SNI NBIdZANBYSyida F2N adzo Ll
measurement bandwidth.

3. The beginning of a bit is 1/2 bit period prior to the optimum sample point.
4. These requirements are depicted graphically in Figus2. 12

a) Prior to 8 bit periods before the reference time, the RF output power at the Rid$t not
exceedc80 dBm.

Noter This unwanted radiated power restriction is necessary to ensure that the UAT transmitting
subsystem does not prevent closely located UAT receiving equipment on the same aircraft from
meeting its requirements. It assumes that the isolation betweemsimitter and receiver
equipment at the PMP exceeds 20 dB.

b) Between 8 and 6 bit periods prior to the reference time, the RF output power at thenRMP
remain at least 20 dB below the minimum power requirement for the UAT equipment class.

Noter Guidance on definition of UAT equipment classes will be provided in Part Il of the Manual
on the Universal Access Transceiver (UAT) (Doc 9861) (in preparation).

¢) During the Active state, defined as beginning at the reference time and continuing for the
duration of the message, the RF output power at the RMRBtbe greater than or equal to the

minimum power requirement for the UAT equipment class.

d) The RF output power at the PMiRustnot exceed the maximum power for the UAT equipment
class at any time during the Active state.

e) Within 6 bit periods after the end of the Active state, the RF output power at therRi#ebe
at a level at least 20 dB below the minimum power requirement for the UAT equipment class.

f) Within 8 bit periods after the end of the Active state, the RF output power at the E?
fall to a level not to exceeg80 dBm.
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Noter This unwanted radiated power restriction is necessary to ensure that the transmitting
subsystem does not prevent closely located UAT receiving equipment on the same aircraft from
meeting its requirements. It assumes that the isolation between trétesmand receiver
equipment at the PMP exceeds 20 dB.

171.053.12.1.3 Mandatory carriage requirements
Requirements for mandatory carriage of UAT equipnmanstbe made on the basis of regional
air navigation agreements which specify the airspace of operation and the implementation

timescales for the carriage of equipment, including the appropriate lead time.

Noter No changes will be required to aircraft systems or ground systems operating solely in
regions not using UAT.

171.053.12.2 System Characteristics Of The Ground Installation

171.053.12.2.1 Ground station transmitting function

171.053.12.2.1.1 Ground Station Transmitter Power
171.053.12.2.1.1.1 Recommendatiort The effective radiated powenaybe such as to provide
a field strength of at least 280 microvolts per metre (minus 97 dBYMiithin the service volume
of the facility on the basis of frespace propagation.
Notex This is determined on the basis of deliveringPd dBm (corresponds to 200 microvolts
per metre) signal level at the PMP (assuming an omnidirectional antenna). The 280 pv/m
recommendation corresponds to the delivery eB& dBm signal level at tHeMP of the receiving
equipment. The 3 dB difference betweg@8 dBm and;91 dBm provides margin for excess path
loss over freespace propagation.

171.053.12.2.2 Ground station receiving function
Noter An example ground station receiver is discussed in Section 2.5 of Part Il of the Manual on
the Universal Access Transceiver (UAT) (Doc 9861), with bté-faiund performance estimates
consistent with use of that receiver provided in AppendixtBabimanual.

171.053.12.3 System Characteristics Of The Aircraft Installation

171.053.12.3.1 Aircraft transmitting function
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171.053.12.3.1.1 Aircraft Transmitter Power

The effective radiated powenustbe such as to provide a field strength of at least 225 microvolts
per metre (minus 99 dBW/f on the basis of freepace propagation, at ranges and altitudes
appropriate to the operational conditions pertaining to the areas over which the aircraft is
operated. Transmitter powemustnot exceed 54 dBm at the PMP.

Note 11 The above field strength is determined on the basis of deliveg@g dBm (corresponds
to 160 microvolts per metre) signal level at the PMP (assuming an omnidirectional antenna). The
3 dB difference between 225 pv/m and 160 puV/m provides méogiexcess path loss over free
space propagation when receiving a long UAT-BD&essage. A 4 dB margin is provided when
receiving a basic UAT ABSnessage.
Note 21 Various aircraft operations may have different-air range requirements depending on
the intended ADSB function of the UAT equipment. Therefore different installations may operate
at different power levels (se€71.053.12.1.2.3.1).

171.053.12.3.2 Receiving~unction

171.053.12.3.2.1 Receiver Sensitivity

171.053.12.3.2.1.1 Long UAT AB3Message As Desired Signal

A desired signal level @3 dBm applied at the PMMust produce a rate of successful message
reception (SMR) of 90 per cent or better under the following conditions:

a) When the desired signal is of nominal modulation (i.e. FM deviation is 625 kHz) and at the
maximum signal frequency offsets, and subject to relative Doppler shift at £1 200 knots;

b) When the desired signal is of maximum modulation distortion allowed in 12.4.3, at the nominal
transmission frequency 1 parts per million (ppm), and subject to relative Doppler shift at +1
200 knots.

Note. T The receiver criteria for successful message reception of UAB AESsages are

provided in Section 4 of Part | of the Manual on the Universal Access Transceiver (UAT) (Doc 9861).

171.053.12.3.2.12 BasitJAT ADSB Message As Desired Signal
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A desired signal level @©4 dBm applied at the PMRust produce a rate of SMR of 90 per cent
or better under the following conditions:

a) When the desired signal is of nominal modulation (i.e. FM deviation is 625 kHz) and at the
maximum signal frequency offsets, and subject to relative Doppler shift at 1 200 knots;

b) When the desired signal is of maximum modulation distortion allowed in 12.4.3, at the nominal
transmission frequency £1 ppm, and subject to relative Doppler shift at £1 200 knots.

Noter The receiver criteria for successful message reception of UAB Al¥Ssages are
provided in Section 4 of Part | of the Manual on the Universal Access Transceiver (UAT) (Doc 9861).

171.053.12.3.2.1.3 UAT Ground Uplink Message As Desired Signal

A desired signal level @®1 dBm applied at the PMiust produce a rate of an SMR of 90 per
cent or better under the following conditions:

When the desired signal is of nominal modulation (i.e. FM deviation is 625 kHz) and at the
maximum signal frequency offsets, and subject to relative Doppler shift at £850 knots;

When the desired signal is of maximum modulation distortion allowed in 12.4.3, at the nominal
transmission frequency 1 ppm, and subject to relative Doppler shift at +850 knots.

Notest

1. The receiver criteria for successful message reception of UAT ground uplink messages are

provided in Section 4 of Part | of the Manual on the Universal Access Transceiver (UAT) (Doc
9861) (in preparation).

2. This requirement ensures the bit rate accuracy supporting demodulation in the UAT equipment
is adequate to properly receive the longer UAT ground uplink message.

171.053.12.3.2.2 Receiver Selectivity

Notest
1. The undesired signal used is an unmodulated carrier applied at the frequency offset.
22¢KAAa NBIAdANBYSYy(d Sadl of AakHarnel én&rdy. NEOSA SNDa
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3. Itis assumed that ratios in between the specified offsets will fall near the interpolated value.

4. The desired signal used is a UAT -BD&g message aP0 dBm at the PMP, to be received
with a 90 per cent successful message reception rate.

5. The tolerable c&hannel continuous wave interference power level for aircraft UAT receivers is
assumed to bel01 dBm or less at the PMP.

6. See Section 2.4.2 of Part Il of the Manual on the Universal Access Transceiver (UAT) (Doc 9861)
for a discussion of when a higlerformance receiver is desirable.

a) Standard UAT receivemsustmeet the selectivity characteristics given in Tabl312

b) High-performance receivemsiust meet the more stringent selectivity characteristics given in
Table 124.

Noter See Section 2.4.2 of Part Il of the Manual on the Universal Access Transceiver (UAT) (Doc
9861) for guidance material on the implementation of hpgrformance receivers.

171.053.12.3.2.3 Receiver Desired Signal Dynamic Range
The receivemustachieve a successful message reception rate for longBAD&8ssages of 99 per
cent or better when the desired signal level is betwe®0 dBm and;10 dBm at the PMP in the

absence of any interfering signals.

Noter The value of¢c10 dBm represents 1Z0ot separation from an aircraft transmitter
transmitting at maximum allowed power.

171.053.12.3.2.4 Receiver Tolerance To Pulsed Interference
Notex All power level requirements in this section are referenced to the PMP.
a) For Standard and Higherformance receivers the following requirementsistapply:
1) The receivemust be capable of achieving 99 per cent SMR of long UATBAD&ssages
when the desired signal level is betwee®0 dBm and;10 dBm when subjected to DME
interference under the following conditions: DME pulse pairs at a nominal rate of 3 600 pulse

pairs per econd at either 12 or 30 microseconds pulse spacing at a leg8badBm for any
1 MHz DME channel frequency between 980 MHz and 1 213 MHz inclusive.
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2) Following a 21 microsecond pulse at a level of ZERO (0) dBm and at a frequency of 1 090
MHz, the receivemustreturn to within 3 dB of the specified sensitivity level (see 12.3.2.1)
within 12 microseconds.

b) For the standard UAT receiver the following additional requiremanistapply:

1) The receivemust be capable of achieving 90 per cent SMR of long UATBAD&ssages
when the desired signal level is betwee@7 dBm and;10 dBm when subjected to DME
interference under the following conditions: DME pulse pairs at a nominal rate of 3 600 pulse
pairs per scond at a 12 microseconds pulse spacing at a levd@®fIBm and a frequency
of 979 MHz.

2) The receivemust be capable of achieving 90 per cent SMR of long UATBAM&ssages
when the desired signal level is betwee&7 dBm and;10 dBm when subjected to DME
interference under the following conditions: DME pulse pairs at a nominal rate of 3 600 pulse
pairs per scond at a 12 microseconds pulse spacing at a level®flBm and a frequency
of 978 MHz.

c) For the highperformance receiver the following additional requirementsstapply:

1) The receivemust be capable of achieving 90 per cent SMR of long UATBAD&ssages
when the desired signal level is betwee&7 dBm and;10 dBm when subjected to DME
interference under the following conditions: DME pulse pairs at a nominal rate of 3 600 pulse
pairs per scond at a 12 microseconds pulse spacing at a levet®flBm and a frequency
of 979 MHz.

2) The receivemust be capable of achieving 90 per cent SMR of long UATBAM&ssages
when the desired signal level is betwee&7 dBm and;10 dBm when subjected to DME
interference under the following conditions: DME pulse pairs at a nominal rate of 3 600 pulse
pairs per econd at a 12 microseconds pulse spacing at a level®flBm and a frequency
of 978 MHz.

171.053.12.4 Physical Layer Characteristics

171.053.12.4.1 Modulation rate

The modulation ratenustbe 1.041 667 Mbps with a tolerance for aircraft transmitters of £20
ppm and a tolerance for ground transmitters of £2 ppm.
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Noter The tolerance on the modulation rate is consistent with the requirement on modulation
distortion (se€l71.053.12.4.3).

171.053.12.4.2 Modulation type

Datamustbe modulated onto the carrier using binary continuous phase frequency shift keying.
The modulation index, mustbe no less than 0.6;

A binary ONE (Ihustbe indicated by a shift up in frequency from the nominal carrier frequency
and a binary ZERO (0) by a shift down from the nominal carrier frequency.

Notest

1. Filtering of the transmitted signal (at base band and/or after frequency modulation) will be
required to meet the spectral containment requirement of 12.1.2.3.3. This filtering may cause
the deviation to exceed these values at points other than the optisampling points.

2. Because of the filtering of the transmitted signal, the received frequency offset varies
continuously between the nominal values @812.5 kHz (and beyond), and the optimal
sampling point may not be easily identified. This point can be defined in terms oft¢hdesb
GSeS RAFANIYE 2F GKS NBOSAGSR aAaylrfo ¢KS A
(undistorted) post deiction waveform shifted by multiples of the bit period (0.96
microseconds). The optimum sampling point is the point dufiegbit period at which the
opening of the eye diagram (i.e. the minimum separation between positive and negative
frequency offsets at very high sigiaty 2 A 8 S NI} GA 2380 A& YIEAYAT SR¢
can be seen in Figure -B2 The timing of the pots where the lines converge defines the
G2 LJiAYdzy &l YLIX A yA3Showsanefdipatern Ddt fhdedh pautially closed by
modulation distortion.

171.053.12.4.3 Modulation distortion
For aircraft transmitters, the minimum vertical opening of the eye diagram of the transmitted
signal (measured at the optimum sampling poims)stbe no less than 560 kHz when measured
over an entire long UAT AlBSmessage containing pseudorandom message data blocks.
For ground transmitters, the minimum vertical opening of the eye diagram of the transmitted

signal (measured at the optimum sampling poima)stbe no less than 560 kHz when measured
over an entire UAT ground uplink message containing pseudorandom message data blocks.
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For aircraft transmitters, the minimum horizontal opening of the eye diagram of the transmitted
signal (measured at 978 MHzjust be no less than 0.624 microseconds (0.65 symbol periods)
when measured over an entire long UAT ADiBessage containing pseudorandom message data
blocks.

For ground transmitters, the minimum horizontal opening of the eye diagram of the transmitted
signal (measured at 978 MHzjust be no less than 0.624 microseconds (0.65 symbol periods)

when measured over an entire UAT ground uplink message containing pseudorandom message
data blocks.

Notest
Section 12.4.4 defines the UAT ADRessage types.

The ideal eye diagram is a superposition of samples of the (undistorted) post detection waveform
shifted by multiples of the bit period (0.96 microseconds).

171.053.12.4.4 Broadcast message characteristics
The UAT systemustsupport two different message types: the UAT ADBessage and the UAT
ground uplink message.

171.053.12.4.4.1 UAT ADS Message

The Active portion (see 12.1.2.6) of a UAT BDBessagenust contain the following elements,
in the following order:

T Bit synchronization
T Message data block
1 FEC parity.

171.053.12.4.4.1.1 BIT SYNCHRONIZATION

The first element of the Active portion of the UAT AB®essageustbe a 36bit synchronization
sequence. For the UAT ABSnessages the sequencrist be:

111010101100110111011010010011100010
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with the left-most bit transmitted first.

171.053.12.4.4.1.2 The Message Data Block

The second element of the Active portion of the UAT -BDfessagenustbe the message data
block. Theremust be two lengths of UAT AEBBBmessage data blocks supported. The basic UAT
ADSB messagenusthave a 144it message data block and the long UAT -BD8essagenust
have a 272it message data block.

Noter The format, encoding and transmission order of the message data block element is

provided in Section 2.1 of Part | of the Manual on the Universal Access Transceiver (UAT) (Doc
9861).

171.053.12.4.4.1.3 FEG#ty

The third and final element of the Active portion of the UAT BD8essagenust be the FEC
parity.

171.053.12.4.4.1.3.1 Code type

The FEC parity generatiomustbe based on a systematic Re8dlomon (RS) 2&&y code with
8-bit code word symbols. FEC parity generatimustbe per the following code:

a) Basic UAT ADB messageParitymustbe a RS (30, 18) code.

Notex This results in 12 bytes (code symbols) of parity capable of correcting up to 6 symbol errors
per block.

b) Long UAT ADB messageParitymustbe a RS (48, 34) code.

Notex This results in 14 bytes (code symbols) of parity capable of correcting up to 7 symbol errors
per block.

For either message length the primitive polynomial of the codestbe as follows:
pX) =R+ X +X¥+x+1

The generator polynomiahustbe as follows:
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=120

where:
P =131 for RS (30, 18) code,
P =133 for RS (48, 34) code, and
h Aa | LINARYAGAOGS SEtSYSyd 2F | DIf2Aa
171.053.12.4.4.1.3.2 Transmission order of FEC parity
FEC parity bytesiustbe ordered most significant to least significant in terms of the polynomial
coefficients they represent. The ordering of bits within each lytestbe most significant to least

significant. FEC parity bytesustfollow the message data block.

171.053.12.4.4.2 UATGround Uplink Message

The Active portion of a UAT ground uplink messagest contain the following elements, in the
following order:

T Bit synchronization
T Interleaved message data block and FEC parity.

171.053.12.4.4.2.1 Bit Synchronization

The first element of the Active portion of the UAT ground uplink messagst be a 36bit
synchronization sequence. For the UAT ground uplink message the sequesidze:

000101010011001000100101101100011101

with the left-most bit transmitted first.

171.053.12.4.4.2.2 Interleaved Message Data Block And Fec Parity

171.053.12.4.4.2.2.1 Message data block (before interleaving and aftartedeaving)
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The UAT ground uplink messagrist have 3 456 bits of message data block. These bits are
divided into 6 groups of 576 bits. FEC is applied to each group as described in
171.053.12.4.4.2.2.2.

Notex Further details on the format, encoding and transmission order of the UAT ground uplink
message data block are provided in Section 2.2 of Part | of the Manual on the Universal Access
Transceiver (UAT) (Doc 9861).

171.053.12.4.4.2.2.2 FEC parity (before interleaving and aftesirterleaving)

171.053.12.4.4.2.2.2.1 Code type

The FEC parity generatiomustbe based on a systematic RS 269 code with &it code word
symbols. FEC parity generation for each of the six blocistbe a RS (92,72) code.

Notest

1. Sectionl71.053.12.4.4.2.2.3 provides details on the interleaving procedure.

2. This results in 20 bytes (symbols) of parity capable of correcting up to 10 symbol errors per
block. The additional use of interleaving for the UAT ground uplink message allows additional
robustness against burst errors.

The primitive polynomial of the code is as follows:

pX) =X+ X+¥+x+1
The generator polynomial is as follows:

P

[[Gx-eab
=120
where:

P =139, and

h Aa | LINAYAGAOGS StSYSydG 2F |+ DIFIf2Aa 7T

171.053.12.4.4.2.2.2.2 Transmission order of FEC parity
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FEC parity bytes are ordered most significant to least significant in terms of the polynomial
coefficients they represent. The ordering of bits within each Iytestbe most significant to least
significant. FEC parity bytesustfollow the message data block.

171.053.12.4.4.2.2.3 Interleaving procedure

171.053.12.5

UAT ground uplink messagesistbe interleaved and transmitted by the ground station, as listed
below:

a) Interleaving procedure The interleaved message data block and FEC parity consists of 6
interleaved ReedSolomon blocks. The interleaver is represented by a 6x92 matrix, where each
entry is a RS-Bit symbol. Each row comprises a single RS (92,72) block as shown in Fable 12
5y GKAAa GFrofS> o0ft20]1 yYydzYoSNE LINA2NI G2 AydsS
information is ordered for transmission column by column, starting at the upper left corner of
the matrix.

b) Transmission orderThe bytes are then transmitted in the following order:
1,73,145,217,289,361,2,74,146,218,290,362,3,. . .,C/20,D/20,E/20,F/20.

Noter On reception these bytes need to be-iderleaved so that the RS blocks can be
reassembled prior to error correction decoding.

Guidance Material
Notest

1. The Manual on the Universal Access Transceiver (UAT) (Doc 9861), Part |, provides detailed
technical specifications on UAT, including /BD8essage data blocks and formats, procedures
for operation of UAT transmitting subsystems, and avionics interfaagresgents with other
aircraft systems.

2. The Manual on the Universal Access Transceiver (UAT) (Doc 9861), Part Il, provides information
on UAT system operation, description of a range of example avionics equipment classes and
their applications, guidance on UAT aircraft and ground station iasi@tl aspects, and
detailed information on UAT system performance simulation.
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Tables For Section 12

Table 12-1. Transmitter power levels
Minimum power Maximum power Intended minimum
Transmifter fype at PMP at PMP air-to-air ranges

Aircraft (Low) 7 watts (+38.5 dBm) 18 watts (+42.5 dBm) 20 NM
Asreraft (Mednum) 16 watts (+42 dBm) 40 watts (+46 dBm) 40 NM
Ausreraft (High) 100 watts (+50 dBm) 250 watts (+54 dBm) 120 NM
Ground Station gﬁgﬂieﬁ?qu the service provider to meet local requirements within the constraint
Notes.—

1. The three levels listed for the avionics are available to support applications with varying range
requirements. See the discussion of UAT aircraft Equipage Classes in Section 2.4.2 of Part IT of the
Manual on the Universal Access Transceiver (UAT) (Doc 9861) (in preparation).

2. The intended minirnon air-to-air ranges ave for high-density air traffic environments. Larger air-to-
air ranges will be achieved in low-density air fraffic environments.

Table 12-2.

UAT transmit spectrum

Frequency offset from centre

Required attenuation from maximum power level
{dB as measured at the PMP)

All frequencies in the range 0 - 0.5 MHz

0

All frequencies in the range 0.5 — 1.0 MHz

Based on linear® imnterpolation between these pomnts

1.0 MHz

18

All frequencies in the range 1.0 — 2.25 MHz

Based on linear® interpolation between these points

225MHz

50

All frequencies in the range 2.25 -3 25 MHz

Based on linear® interpolation between these pomts

325 MHz

60

* based on attenuation in dB and a linear frequency scale
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Table 12-3.

Standard UAT receiver rejection ratios

Frequency offset

Minimum rejection ratio

from centre {Undesired/desired level in dB )
-1.0 MHz 10
+1.0 MHz 15

(=) 2.0MHz 50

(=) 10.0 MHz 60

Note— It is assumed that ratios in between the specified offsets will fall near the interpolated value.

RS Block

L2 B s I o B o T v« |

Table 12-4.

High-performance receiver rejection ratios

Frequency offset

Minimum rejection ratio

from centre {Undesired/desired level in dB)
—-1.0 MHz 30
+1.0 MHz 40
(=) 2.0 MHz 50
(=) 10.0 MHz G0
Table 12-5. Ground uplink interleaver matrix
MDB Byte # FEC Parity (Block/Byte #)

1 2 3 71 72 ANl A/19 A20
73 74 75 143 | 1#4 B/1 B/19 B/20
145 146 | 147 215 | 216 Ccn C/e Cr20
217 | 218 | 219 287 | 288 D1 D/19 D/20
280 | 200 | 291 359 | 360 En EN9 E20
361 | 362 | 363 431 | 432 Fi1 F/19 F/20

Note— In Table 12-5, message data block Byte #]1 through #72 are the 72 bytes (8 bits each) of message data block
information carried in the first RS (92,72) block FEC parity A/I through A20 are the 20 bytes of FEC parity associated with

that hinek (41
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Figures For Section 12
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Notest

99 per cent of the power of the UAT spectrum is contained in 1.3 MHz (£0.65 MHz). This is roughly
equivalent to the 20 dB bandwidth.

Spurious emissions requirements begin at +250 per cent of the 1.3 MHz value, therefore the
transmit mask requirement extends to +3.25 MHz.

Figure 121. UAT transmit spectrum
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Allowed power range for
Equipment Class

v
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................ -80dBm
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*T = 276 for Short ADS-B (1 bit period=
T = 420 for Long ADS-B 0.96 microsecond$
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‘4—— ADS-B Message Transmission IntervaJ——»‘

Figure 122. Time/amplitude profile of UAT message transmission
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Figure 123. Ideal eye diagram
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Figure 124. Distorted eye diagram
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PART It VOICE COMMUNICATION SYSTEMS

171.053.1. Definitions

Noter 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 F, respectively.
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171.053.2. AERONAUTICAL MOBILE SERVICE

171.053.2.1 AIRGROUND VHF COMMUNICATION SYSTEM CHARACTERISTICS

Notex In the following text the channel spacing for 8.33 kHz channel assignments is defined as
25 kHz divided by 3 which is 8.3333 ... kHz.

171.0532.1.1 The characteristics of the-giound VHF communication system used in the International
Aeronautical Mobile Serviaaustbe in conformity with the following specifications:

171.053.2.1.1.1 Radiotelephone emissiongastbe double sideband (DSB) amplitude modulated (AM) carriers.
The designation of emission is A3E, as specified in the ITU Radio Regulations.

171.0532.1.1.2 Spurious emissiomaist be kept at the lowest value which the state of technique and the
nature of the service permit.

Noter Appendix S3 to the ITU Radio Regulations specifies the levels of spurious emissions to
which transmitters must conform.

171.053.2.1.1.3 The radio frequencies usadstbe selected from the radio frequencies in the band 117.875
137 MHz. The separation between assignable frequencies (channel spacing) and frequency
tolerances applicable to elements of the systamstbe as specified in Volume V.

Noter The band 117.97§ 132 MHz was allocated to the Aeronautical Mobile (R) Service in the
ITU Radio Regulations (1947). By subsequent revisions at ITU World Administrative Radio
Conferences the bands 182136 MHz and 136 137 MHz were added under atitions which

differ for ITU Regions, or for specified countries or combinations of countries (see RRs S5.203,
S5.203A and S5.203B for additional allocations in the band; 137 MHz, and S5.201 for the

band 132¢ 136 MHz).

171.053.2.1.1.4 The design polarization of emissionstbe vertical.

171.053.2.2 SYSTEM CHARACTERISTICS OF THE GROUND INSTALLATION

171.053.2.2.1 Transmitting function
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171.053.2.2.1.1 Frequency stability. The radio frequency of operatiast not vary more than plus or minus
0.005 per cent from the assigned frequency. Where 25 kHz channel spacing is introduced in
accordance with Volume V, the radio frequency of operatimumst not vary more than plus or
minus 0.002 per cent from the assigned frequency. Where 8.33 kHz channel spacing is introduced
in accordance with Volume V, the radio frequency of operatiust not vary more than plus or
minus 0.0001 per cent from thassigned frequency.

Notex The above frequency stability requirements will not be sufficient for offset carrier systems
using 25 kHz channel spacing or higher.

171.053.2.2.1.1.1 Offset carrier systems in 8.33 kHz, 25 kHz, 50 kHz and 100 kHz channel spaced environments.
The stability of individual carriers of an offset carrier systenstbe such as to prevent firgsirder
heterodyne frequencies of less than 4 kHz and, additionally, the maximum frequency excursion
of the outer carrier frequencies from the assigned carrier frequenagtnot exceed 8 kHz. Offset
carrier systems for 8.33 kHz channel spaaingtbe limited to twocarrier systems using a carrier
offset of plus and minus 2.5 kHz.

Noter Examples of the required stability of the individual carriers of offset carrier systems may
be found at the Attachment to Part Il

171.0583.2.2.1.2 Power

Recommendatiort On a high percentage of occasions, the effective radiated pomagbe such as to provide a
field strength of a least 75 microvolts per metre (minus 109 dBYVimithin the defined
operational coverage of the facility, on the basis of fpace propagation.

171.053.2.2.1.3 Modulation. A peak modulation factor of at least @mStbe achievable.

171.053.2.2.1.4 Recommendatiort Meansmaybe provided to maintain the average modulation factor at the
highest practicable value without overmodulation.

171.053.2.2.2 Receiving function

171.053.2.2.2.1 Frequency stability. Where 8.33 kHz channel spacing is introduced in accordance with Volume
V, the radio frequency of operatianustnot vary more than plus or minus 0.0001 per cent from
the assigned frequency.

171.053.2.2.2.2  Sensitivity. After due allowance has been made for feeder loss and antenna polar diagram
variation, the sensitivity of the receiving functiorustbe such as to provide on a high percentage
of occasions an audio output signal with a wanted/unwanted ratio of 15 dB, with a 50 per cent
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amplitude modulated (A3E) radio signal having a field strength of 20 microvolts per metre (minus
120 dBW/n%) or more.

171.053.2.2.2.3 Effective acceptance bandwidth. When tuned to a channel having a width of 25 kHz, 50 kHz or
100 kHz, the receiving systamust provide an adequate and intelligible audio output when the
signal specified at71.053.2.2.2.2 has a carrier frequency within plus or minus 0.005 per cent of
the assigned frequency. When tuned to a channel having a width of 8.33 kHz, the receiving system
mustprovide an adequate and intelligible audio output when the signal specified at 2.2.2.2 has a
carrier frequency whin plus or minus 0.0005 per cent of the assigned frequency. Further
information on the effective acceptance bandwidth is contained in the Attachment to Part Il

Noter The effective acceptance bandwidth includes Doppler shift.

171.053.2.2.2.4 Adjacent channel rejection. The receiving systestensure an effective rejection of 60 dB or
more at the next assignable channel.

Noter The next assignable frequency will normally be plus or minus 50 kHz. Where this channel
spacing will not suffice, the next assignable frequency will be plus or minus 25 kHz, or plus or minus
8.33 kHz, implemented in accordance with the provisiongotime V. It is recognized that in
certain areas of the world receivers designed for 25 kHz, 50 kHz or 100 kHz channel spacing may
continue to be used.

171.053.2.3 System Characteristics Of The Airborne Installation
171.053.2.3.1 Transmitting function

171.053.2.3.1.1 Frequency stability. The radio frequency of operatiast not vary more than plus or minus
0.005 per cent from the assigned frequency. Where 25 kHz channel spacing is introduced, the
radio frequency of operatiomust not vary more than plus or minus 0.003 per cent from the
assigned frequency. Where 8.33 kHz channel spacing is introduced, the radio frequency of
operationmustnot vary more than plus or minus 0.0005 per cent from the assigned frequency.

171.0532.3.1.2 Power. On a high percentage of occasions, the effective radiated pmstbe such as to
provide a field strength of at least 20 microvolts per metre (minus 120 dBY\dmthe basis of
free space propagation, at ranges and altitudes appropriate to the operational conditions
pertaining to the areas over which the aircraft is operated.

171.053.2.3.1.3 Adjacent channel power. The amount of power from a 8.33 kHz airborne transmitter under all
operating conditions when measured over a 7 kHz channel bandwidth centred on the first 8.33
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kHz adjacent channehust not exceed-45 dB below the transmitter carrier power. The above
adjacent channel powanusttake into account the typical voice spectrum.

Notex The voice spectrum is assumed to be a constant level between 300 and 800 Hz and
attenuated by 10 dB per octave above 800 Hz.

171.053.2.3.1.4 Modulation. A peak modulation factor of at least Gx@Stbe achievable.

171.053.2.3.1.5 Recommendatiort Meansmaybe provided to maintain the average modulation factor at the
highest practicable value without overmodulation.

171.053.2.3.2 Receiving function

171.053.2.3.2.1 Frequency stability. Where 8.33 kHz channel spacing is introduced in accordance with Volume
V, the radio frequency of operatianustnot vary more than plus or minus 0.0005 per cent from
the assigned frequency.

171.053.2.3.2.2 Sensitivity

171.0532.3.2.2.1 Recommendatiort After due allowance has been made for aircraft feeder mismatch,
attenuation loss and antenna polar diagram variation, the sensitivity of the receiving funeipn
be such as to provide on a high percentage of occasions an audio output signal with a
wanted/unwanted ratio of 15 dB, with a 50 per cent amplitude modulated (A3E) radio signal
having a field strength of 75 microvolts per metre (minus 109 dByV/m

Notex For planning extended range VHF facilities, an airborne receiving function sensitivity of 30 microvolts per
metre may be assumed.

171.053.2.3.2.3 Effective acceptance bandwidth for 100 kHz, 50 kHz and 25 kHz channel spacing receiving
installations. When tuned to a channel designated in Volume V as having a width of 25 kHz, 50
kHz or 100 kHz, the receiving functimustensure an effective acceptance bandwidth as follows:

a) in areas where offset carrier systems are employed, the receiving functigst provide an
adequate audio output when the signal specifiedldl.053.2.3.2.2 has a carrier frequency
within 8 kHz of the assigned frequency;

b) in areas where offset carrier systems are not employed, the receiving functits provide

an adequate audio output when the signal specifiedst.053.2.3.2.2 has a carrier frequency
of plus or minus 0.005 per cent of the assigned frequency.
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171.053.2.3.2.4  Effective acceptance bandwidth for 8.33 kHz channel spacing receiving installations. When
tuned to a channel designated in Volume V, as having a width of 8.33 kHz, the receiving function
mustensure an effective acceptance bandwidth as follows:

a) in areas where offset carrier systems are employed, the receiving functigst provide an
adequate audio output when the signal specified #1.053.2.3.2.2 has a carrier frequency of
plus or minus 2.5 kHz of the assignhed frequency; and

b) in areas where offset carrier systems are not employed, the receiving funciits provide
an adequate audio output when the signal specifielid.053.2.3.2.2 has a carrier frequency
within plus or minus 0.0005 per cent of the assigned frequency. Further information on the
effective acceptance bandwidth is contained in Part Il, Attachment A.

Note 11 The effective acceptance bandwidth includes Doppler shift.

Note 21 When using offset carrier systems (1£71.053.2.3.2.3 andL71.053.2.3.2.4), receiver
performance may become degraded when receiving two or more similar strength offset carrier
signals. Caution is therefore advised with the implementation of offset carrier systems.

171.053.2.3.2.5 Adjacent channel rejection. The receiving functiastensure an effective adjacent channel
rejection as follows:

a) 8.33 kHz channels: 60 dB or more at plus or minus 8.33 kHz with respect to the assigned
frequency, and 40 dB or more at plus or minus 6.5 kHz;

Notexr The receiver local oscillator phase naisay be sufficiently low to avoid any degradation

of the receiver capability to reject off carrier signals. A phase noise level better than minus 99
dBc/Hz 8.33 kHz away from the carrier is necessary to comply with 45 dB adjacent channel
rejection under all ograting conditions.

b) 25 kHz channel spacing environment: 50 dB or more at plus or minus 25 kHz with respect to
the assigned frequency and 40 dB or more at plus or minus 17 kHz;

¢) 50 kHz channel spacing environment: 50 dB or more at plus or minus 50 kHz with respect to
the assigned frequency and 40 dB or more at plus or minus 35 kHz;

d) 100 kHz channel spacing environment: 50 dB or more at plus or minus 100 kHz with respect to
the assigned frequency.
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171.053.2.3.2.6 Recommendatiort Whenever practicable, the receiving systeray ensure

an effective adjacent channel rejection characteristic of 60 dB or more at plus or minus 25 kHz, 50
kHz and 100 kHz from the assigned frequency for receiving systems intended to operate in channel
spacing environments of 25 kHz, 50 kHz and 100rkkjzectively.

Noter Frequency planning is normally based on an assumption of 60 dB effective adjacent
channel rejection at plus or minus 25 kHz, 50 kHz or 100 kHz from the assigned frequency as
appropriate to the channel spacing environment.

171.053.2.3.2.7 Recommendatiort In the case of receivers complying with 2.3.2.3 or 2.3.2.4 used in areas
where offset carrier systems are in force, the characteristics of the recsiydre such that:

a) the audio frequency response precludes harmful levels of audio heterodynes resulting from the
reception of two or more offset carrier frequencies;

b) the receiver muting circuits, if provided, operate satisfactorily in the presence of audio
heterodynes resulting from the reception of two or more offset carrier frequencies.

171.053.2.3.2.8 VDL Interference Immunity Performance

171.053.2.3.2.8.1 For equipment intended to be used in independent operations of services applyiAdIDSB
and VDL technology on board the same aircraft, the receiving functigiprovide an adequate
and intelligible audio output with a desired signal field strength of not more than 150 microvolts
per metre (minus 102 dBW/fhand with an undesired VDL signal field strength of at least 50 dB
above the desired field strength on any assignable channel 100 kHz or more away from the
assigned channel of the desireidsal.

Noter This level of VDL interference immunity performance provides a receiver performance
consistent with the influence of the VDL RF spectrum mask as specified in Volume lll, Part I, 6.3.4
with an effective transmitter/receiver isolation of 68 dB. Bettemnsmitter and receiver
performance could result in less isolation required.

171.053.2.3.2.8.2  After 1 January 2002, the receiving function of all new installations intended to be used in
independent operations of services applying BB and VDL technology on board the same
aircraftmustmeet the provisions 0171.053.2.3.2.8.1.

171.053.2.3.2.8.3  After 1 January 2005, the receiving function of all installations intended to be used in
independent operations of services applying BB and VDL technology on board the same
aircraft must meet the provisions 0f171.0532.3.2.8.1, subject to the conditions of
171.053.2.3.2.8.4.
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171.053.2.3.2.8.4 Requirements for mandatory compliance of the provisiohs10053.2.3.2.8.3nustbe made
on the basis of regional air navigation agreements which specify the airspace of operation and the
implementation timescales.

171.0532.3.2.8.4.1 The agreement indicatedlifl.053.2.3.2.8.4mustLIN2 A RS i t St ad (62
mandatory compliance of airborne systems.

171.053.2.3.3 Interference immunity performance

171.053.2.3.3.1  After 1 January 1998, the VHF communications receiving sysishprovide satisfactory
performance in the presence of two signal, thstter intermodulation products caused by VHF
FM broadcast signals having levels at the receiver input of minus 5 dBm.

171.053.2.3.3.2 After 1 January 1998, the VHF communications receiving systsimot be desensitized in
the presence of VHF FM broadcast signals having levels at the receiver input of minus 5 dBm.

Noter Guidance material on immunity criteria to be used for the performance quoted in
171.053.2.3.3.1 andL71.053.2.3.3.2 is contained in the Attachment to Paril1.053.1.3.

171.053.2.3.3.3 After 1 January 1995, all new installations of airborne VHF communications receiving systems
mustmeet the provisions 0£71.053.2.3.3.1 andL71.053.2.3.3.2.

171.053.2.3.3.4 Recommendatiort Airborne VHF communications receiving systems meeting the immunity
performance Standards 471.053.2.3.3.1 andl71.053.2.3.3.2maybe placed into operation at
the earliest possible date.

171.053.2.4 Single Sideband (Ssb) Hf Communication System Characteristics For Use In The
Aeronautical Mobile Service

171.0532.4.1 The characteristics of the-gnound HF SSB system, where used in the Aeronautical Mobile
Servicemustbe in conformity with the following specifications.

171.053.2.4.1.1 Frequency Range

171.0532.4.1.1.1 HF SSB installatiomgst be capable of operation at any SSB carrier (reference) frequency
available to the Aeronautical Mobile (R) Service in the band 2.8 MHz to 22 MHz and necessary to
meet the approved assignment plan for the region(s) in which the system is intended to gperate
and in compliance with the relevant provisions of the Radio Regulations.
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Note 11 See Introduction to Volume V, Chapter 3, and Figufearl 22",

Note 21 The ITU World Administrative Radio Conference, Aeronautical Mobile (R) Service,
Geneva, 1978, established a new Allotment Plan (Appendix 27, Aer to the Radio Regulations) based
on single sideband replacing the earlier double sideband Allotmem. Plae World
Radiocommunication Conference 1995 redesignated it as Appendix S.27. Minor editorial changes
were made at the World Radiocommunication Conference 1997.

171.053.2.4.1.1.2 The equipmeniustbe capable of operating on integral multiples of 1 kHz.
171.053.2.4.1.2 Sideband Selection

171.053.2.4.1.2.1 The sideband transmittedistbe that on the higher frequency side of its carrier (reference)
frequency.

171.053.2.4.1.3 Carrier (Reference) Frequency

171.053.2.4.1.3.1 Channel utilizationustbe in conformity with the table of carrier (reference) frequencies at
27/16 and the Allotment Plan at 27/186 to 27/207 inclusive (or frequencies established on the
basis of 27/21, as may be appropriate) of Appendix S27.

Notex Itis intended that only the carrier (reference) frequency be promulgated in Regional Plans
and Aeronautical Publications.

171.053.2.4.1.4 Classes Of Emission And Carrier Suppression

171.0532.4.1.4.1 The systemust utilize the suppressed carrier class of emission J3E (also J7B and J9B as
applicable). When SELCAL is employed as specifitiion3 of Part Il, the installatiomust
utilize class H2B emission.

171.0532.4.1.4.2 By 1 February 1982 aeronautical stations and aircraft statiosshave introduced the
appropriate class(es) of emission prescribed .053.2.4.1.4.1. Effective this date the use of
class A3E emissionustbe discontinued except as providedliril.053.2.4.1.4.4.

171.053.2.4.1.4.3 Until 1 February 1982 aeronautical stations and aircraft stations equipped for single sideband
operationsmustalso be equipped to transmit class H3E emission where required to be compatible
with reception by double sideband equipment. Effective this date the use of class H3E emission
mustbe discontinued except as providedliil.053.2.4.1.4.4.

272



‘X TECHNICAL STANDARDS
K Namibia Civil Aviation Authority - (NAMCATYS)
y Safety Division
NCAA Part 171: ATEL-Volume 3

171.0532.4.1.4.4 Recommendatiort For stations directly involved in coordinated search and rescue
operations using the frequencies 3 023 kHz and 5 680 kHz, the class of emissiaplikSHsed;
however, since maritime mobile and land mobile services may be involved, A3E and H3E classes of
emission may be used.

171.053.2.4.1.4.5 After 1 April 1981 no new DSB equipmaurtbe installed.

171.053.2.4.1.4.6 Aircraft station transmittensustbe capable of at least 26 dB carrier suppression with respect
to peak envelope power gPfor classes of emission J3E, J7B or J9B.

171.053.2.4.1.4.7 Aeronautical station transmittaraistbe capable of 40 dB carrier suppression with respect
to peak envelope power gPfor classes of emission J3E, J7B or J9B.

171.053.2.4.1.5 Audio Frequency Bandwidth

171.0532.4.1.5.1 For radiotelephone emissions the audio frequemoiest be limited to between 300 and 2
700 Hz and the occupied bandwidth of other authorized emissioust not exceed the upper
limit of J3E emissions. In specifying these limits, however, no restriction in their extemssin
be implied in so far as emissions other than J3E are concerned, provided that the limits of
unwanted emissions are met (s&€1.053.2.4.1.7).

Noter For aircraft and aeronautical station transmitter types first installed before 1 February
1983 the audio frequencies will be limited to 3 000 Hz.

171.053.2.4.1.5.2 For other authorized classes of emission the modulation frequemeitbe
such that the required spectrum limits ©¥1.053.2.4.1.7 will be met.

171.053.2.4.1.6 Frequency Tolerance

171.0532.4.1.6.1 The basic frequency stability of the transmitting function for classes of emission J3E, J7B or
J9Bmustbe such that the difference between the actual carrier of the transmission and the carrier
(reference) frequencynustnot exceed:
T 20 Hz for airborne installations;

T 10 Hz for ground installations.

171.053.2.4.1.6.2 The basic frequency stability of the receiving funotiastbe such that, with the transmitting
function stabilities specified i171.053.2.4.1.6.1, the overall frequency difference between
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ground and airborne functions achieved in service and including Doppler shift, does not exceed
45 Hz. However, a greater frequency differemoast be permitted in the case of supersonic
aircraft.

171.053.2.4.1.7 Spectrum Limits

171.053.2.4.1.7.1 For aircraft station transmitter types and for aeronautical station transmitters first installed
before 1 February 1983 and using single sideband classes of emission H2B, H3E, J3E, J7B or JOI
the mean power of any emission on any discrete fregcymust be less than the mean power

(Pm) of the transmitter in accordance with the following:

T on any frequency removed by 2 kHz or more up to 6 kHz from the assigned frequency: at least
25 dB;

T on any frequency removed by 6 kHz or more up to 10 kHz from the assigned frequency: at least
35 dB;

T on any frequency removed from the assigned frequency by 10 kHz or more:
a) aircraft station transmitters: 40 dB;
b) aeronautical station transmitters:

[43 + 10 logPm (W)] dB

171.0532.4.1.7.2  For aircraft station transmitters first installed after 1 February 1983 and for aeronautical

station transmitters in use as of 1 February 1983 and using single sideband classes of emission
H2B, H3E, J3E, J7B or J9B, the peak envelope pejafir§Ry emission on any discrete frequency
must be less than the peak envelope powep)(®f the transmitter in accordance with the

following:

T on any frequency removed by 1.5 kHz or more up to 4.5 kHz from the assigned frequency: at
least 30 dB;

T on any frequency removed by 4.5 kHz or more up to 7.5 kHz from the assigned frequency: at
least 38 dB;

T on any frequency removed from the assigned frequency by 7.5 kHz or more:

a) aircraft station transmitters: 43 dB;
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b) aeronautical station transmitters: for transmitter power up to and including 50 W:
[43 + 10 logP, (W)] dB
For transmitter power more than 50 W: 60 dB.

Noter See Figures-2 and 22.

171.0583.2.4.1.8 Power

171.053.2.4.1.8.1 Aeronautical station installations. Except as permitted by the relevant provisions of Appendix
S27 to the ITU Radio Regulations, the peak envelope powgrs@pplied to the antenna
transmission line for H2B, H3E, J3E, J7B or J9B classes of emissioms exceed a maximum
value of 6 kW.

171.053.2.4.1.8.2 Aircraft station installations. The peak envelope power supplied to the antenna transmission
line for H2B, H3E, J3E, J7B or J9B classes of emissitmot exceed 400 W except as provided
for in Appendix S27 of the ITU Radio Regulations as follows:

S27/68 It is recognized that the power employed by aircraft transmitters may, in practice, exceed
the limits specified in No. 27/60. However, the use of such increased power (which
normallymaynot exceed 600 WgPmustnot cause harmful interference to stations using
frequencies in accordance with the technical principles on which the Allotment Plan is
based.

S27/60 Unless otherwise specified in Part Il of this Appendix, the peak envelope powers supplied
to the antenna transmission lin@ust not exceed the maximum values indicated in the
table below; the corresponding peak effective radiated powers being assumed to be equal
to two-thirds of these values:
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Max. peak

envelope
Class of emission Stations power (Pp)
H2B. J3E. J7B. Aeronautical stations 6 kW
J9B. A3E* H3E* Aiarcraft stations 400 W
(100% modulation)
Other emussion Aeronautical stations 1.5kW
such as A1A_F1B Aiarcraft stations 100 W

*  A3E and H3E to be used only on 3 023 kHz and 5 680 kHz.

171.0532.4.1.9 Method of operation. Single channel simpheistbe employed.

171.053.2.5 Satellite Voice Communicatio(6BATVOICEHystem Characteristics

171.05832.5.1

171.053.2.5.2

171.0583.2.5.3

Noter Guidance material for the implementation of the aeronautical mobile satellite service is
contained in the Manual on the Aeronautical Mobile Satellite (Route) Service (Doc 9925).
Additional guidance for SATVOICE systems is contained in the SdtetiéeOperations Manual
(Doc 10038), and the Performanrisased Communication and Surveillance (PBCS) Manual (Doc
9869).

For groundto-air calls, the SATVOICE systannst be capable of contacting the aircraft and
enabling the ground party/system to provide, as a minimum, the following:

a) secure calling;
b) priority level as defined in Tablel2 and
c¢) aircraft SATVOICE number, which is the aircraft address expressed-dgy#roBtal number.

For groundto-air calls, the SATVOICE systemst be capable of locating the aircraft in the
appropriate airspace regardless of the satellite and ground earth station (GES) to which the
aircraft is logged on.

For aito-ground calls, the SATVOICE systemst be capable of:

a) contacting the aeronautical station via an assigned SATVOICE number, which is a-dinjifue 6

number or public switched telephone network (PSTN) number; and
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b) allowing the flight crew and/or aircraft system to specify the priority level for the call as defined
in Table 21.

Table For Chapter 2

Table 2-1. Priority levels for SATVOICE calls (air-to-ground/ground-to-air)

Priority level Application category
1/EMG/ Q15 Distress and urgency.
Emergency (highest) For use by flight crew, when appropriate.
Safety of flight
2/HGH/Q12 Flight safety.
Operational high (second highest) Typically assigned to calls between aircraft and ANSPs.
Safety of flight
3/LOW/Q10 Regularity of flight, meteorological, administrative.
Operational low (third highest) Typically assigned to calls between aircraft operators and their aircraft.
Safety of flight
4/PUB/ Q9 Public correspondence.
Non-operational (lowest)
Non safety
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Figures For Chapter 2
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Figure 21. Required spectrum limits (in terms of mean power) for aircraft station transnygpess and
for aeronautical statiotransmitters first installed before 1 February 1983

278



TECHNICAL STANDARDS

f* Namibia Civil Aviation Authority - (NAMCATS)
Safety Division
NCAA Part 171: ATEL-Volume 3

NAMIBLA CIVIL AVIATION AUTHORITY

SSB
assigned
frequency

|
~d4--4----,008

-30dB

A
v

45 45
y kHz > kHz !
[ I -38dB
I
75 L 75
< KHz > KHz >
| : [ L %
SSB a) aircraft station transmitters: 43 dB
carmier (reference) b) aeronautical station transmitters:
frequency +* for transmitter power up to and induding 50 W,

43 + 10 log, P, (W)] dB

for transmitter power more than 50 W, the
attenuation shall be at least 60 dB

Figure 22. Required spectrum limits (in terms of peak power) for aircraft station transmfitsténstalled
after 1 February 1983 and aeronautical station transmitters inaisr 1 February 1983
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171.0533. SELCAL SYSTEM

171.053.3.1 Recommendatian
T Until 2 November 202%here a SELCAL system is installed, the following system characteristics
may be applied:
a) Transmitted code. Each transmitted cadaybe made up of two consecutive tone pulses, with
each pulse containing two simultaneously transmitted tones. The pulagbe of 1.0 plus or

minus 0.25 seconds duration, separated by an interval of 0.2 plus or minus 0.1 second.

b) Stability. The frequency of transmitted tonemy be held to plus or minus 0.15 per cent
tolerance to ensure proper operation of the airborne decoder.

c¢) Distortion. The overall audio distortion present on the transmitted RF signaiot exceed 15
per cent.

d) Per cent modulation. The RF signal transmitted by the ground radio staéigoontain, within
3 dB, equal amounts of the two modulating tones. The combination of toagsesult in a

modulation envelope having a nominal modulation percentage as high as possible and in no
case less than 60 per cent.

e) Transmitted tones. Tone codemy be made up of various combinations of the tones listed in
the following table and designated by colour and letter as indicated:
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Designation Frequency (Hz)

Red A 3126

Red B 346.7

Red C 384.6

Red D 426.6

RedE 473.2

Red F 524.8

Red G 582.1

Red H 645.7

Red J 716.1

Red K 7943

Red L 881.0

Red M 977.2

Red P 1083.9

Red © 12023

Red R 13335

Red § 14791

Note 11 It may be noted that the tones are spaced by £d045 to avoid the possibility of
harmonic combinations.

Note 21 In accordance with the application principles developed by the Sixth Session of the
Communications Division, the only codes at present used internationally are selected from the red

group.

Note 3t Guidance material on the use of SELCAL systems is contained in the Attachment to Part
Il.

Note 41 The tones Red P, Red Q, Red R, and Red S are applicable after 1 September 1985, in
accordance wit71.053.3.2.

171.053.3.2 Until 2 Novenher 2022,aeronautical stations which are required to communicate with SELCAL
equipped aircraftmust have SELCAL encoders in accordance with the red group in the table of
tone frequencies 0171.053.3.1. After 1 September 1985, SELCAL codes using the tones Red P,
Red Q, Red R, and Red S may be assigned.

171.05.33.1 As of 3 November 2022vhere a SELCAL system is installed, the following system characteristics
must be applied:

(a) Transmitted code. Each transmitted coaeist be made up of two consecutive tone pulses,
with each pulse containing two simultaneously transmitted tones. The putsssbe of 1.0
plus or minus 0.25 seconds duration, separated by an interval of 0.2 plus or minus 0.1 second.
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(b) Frequency Sstability. The frequency of transmitted tones should shall be held to plus or minus
0.15 per cent tolerance to ensure proper operation of the airborne decoder.

(c) Distortion. The overall audio distortion present on the transmitted RF signatnot exceed
15 per cent.

(d) Level stability. The RF signal transmitted by the ground radio statigst contain, within 3
dB, equal amounts of the two modulating tones.

171.05.33.1.1 Recommendationt As of 3 November 2022, modulation envelope. The combination of tones
should result in a modulation envelope having a nominal modulation percentage as high as

possible and not less than 60 per cent.

171.05.33.2 As of 3 November 2022, the transmitted codes shall be made up of various combinations of the
tones listed in Table-3. They are designated by colour and letter or number as indicated:

Table 31. SELCAL tones designated by colour and letter or number (applicable as of 3 November

2022)

Designation Frequency (Hz)
Red A 312.6
Red B 346.7
Red C 384.6
Red D 426.6
Red E 473.2
Red F 524.8
Red G 582.1
Red H 645.7
Red J 716.1
Red K 794.3
Red L 881.0
Red M 977.2
Red P 1083.9
Red Q 1202.3
Red R 1333.5
Red S 1479.1
Red T 329.2
Red U 365.2
Red V 405.0
Red W 449.3
Red X 498.3
Red Y 552.7
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Red Z 613.1
Red 1 680.0
Red 2 754.2
Red 3 836.6
Red 4 927.9
Red 5 1029.2
Red 6 1141.6
Red 7 1266.2
Red 8 1404.4
Red 9 1557.8

Note 11 The frequencies of the tones are spaced byLdy0225 to avoid the possibility of
harmonic combinations.

Note 21 In accordance with the application principles developed by the Sixth Session of the
Communications Division,

the only codes at present used internationally are selected from the red group.

Note 3t Guidance material on the use of SELCAL systems is contained in the Attachment to Part
Il.

171.05.33.3 As of 3 November 2022, aeronautical stations which are required to communicate with SELCAL
equipped aircraft must have SELCAL encoders that support all tones in accordance withITable 3

171.05.33.4 As of 3 November 2022, SELCAL codes using the tones Red T through Red 9 as givenin Table 3
must onlybe assignedo SELCA&quipped aircraft with the capability of receiving these tones.
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171.053.4. Aeronautical Speech Circuits

171.053.4.1 Technical Provisiomelating To International Aeronautical Speech Circuit Switching
And Signalling For Grour@round Applications

Noter Guidance material on the implementation of aeronautical speech circuit switching and
signalling for groundground applications is contained in the Manual on Air Traffic Services (ATS)
GroundGround Voice Switching and Signalling (Doc 9804). Theialaterudes explanation of
terms, performance parameters, guidance on basic call types and additional functions, references
to appropriate ISO/IEC international standards andTTidcommendations, guidance on the use

of signalling systems, details of trecommended numbering scheme and guidance on migration

to future schemes.

171.0534.1.1 The use of circuit switching and signalling to provide speech circuits to interconnect ATS units not
interconnected by dedicated circuitsust be by agreement between the Administrations

concerned.

171.0534.1.2 The application of aeronautical speech circuit switching and sigmallsipe made on the basis

of regional air navigation agreements.

171.0534.1.3 Recommendatiort The ATC communication requirements defined in Annex 11, Sectimay6.2

be met by implementation of one or more of the following basic three call types:
a) instantaneous access;
b) direct access; and

c) indirect access.

171.0534.1.4 Recommendatiort In addition to the ability to make basic telephone calls, the following

functionsmaybe provided in order to meet the requirements set out in Annex 11:
a) means of indicating the calling/called party identity;

b) means of initiating urgent/priority calls; and

¢) conference capabilities.
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171.0534.1.5

171.0534.1.6

171.0834.1.7

171.0534.1.8

Recommendatiort The characteristics of the circuits used in aeronautical speech circuit
switching and signallinghay conform to appropriate ISO/IEC international standards andTlTU
recommendations.

Recommendatiort Digital signalling systenmmmaybe used wherever their use can be justified in
terms of any of the following:

a) improved quality of service;
b) improved user facilities; or
¢) reduced costs where quality of service is maintained.

Recommendatiort The characteristics of supervisory tones to be used (such as ringing, busy,
number unobtainableinay conform to appropriate IT{ recommendations.

Recommendatiort To take advantage of the benefits of interconnecting regional and national

aeronautical speech networks, the international aeronautical telephone network numbering
schemeamaybe used.
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171.053.5. Emergency Locatdransmitter (ELT) For Search And Rescue

171.0535.1 General

171.0535.1.1

171.0535.1.2

171.0535.1.3

171.0535.1.4

171.0535.1.5

171.0535.1.6

171.0535.1.7

171.0535.1.8

171.05835.1.9

Until 1 January 2005, emergency locator transmittarst operate either on both 406 MHz and
121.5 MHz or on 121.5 MHz.

Noter From 1 January 2000, ELTs operating on 121.5 MHz will be required to meet the improved
technical characteristics containedliil.053.5.2.1.8.

All installations of emergency locator transmitters operating on 406 milist meet the
provisions 0fLl71.0535.3.

All installations of emergency locator transmitters operating on 121.5 riviidz meet the
provisions ofL71.0535.2.

From 1 January 2005, emergency locator transmitters operate on 406 MHz and 121.5 MHz
simultaneously.

All emergency locator transmitters installed on or after 1 January R0GG2 operate
simultaneously on 406 MHz and 121.5 MHz.

The technical characteristics for the 406 MHz component of an integrateshUstBe in
accordance witl171.0535.3.

The technical characteristics for the 121.5 MHz component of an integratedustBe in
accordance witl171.0535.2.

Statemust make arrangements for a 406 MHz ELT register. Register information regarding the
ELTmustbe immediately available to search and rescue authorities. Statetensure that the
register is updated whenever necessary.

ELT register informatiamustinclude the following:

a) transmitter identification (expressed in the form of an alphanumerical code of 15 hexadecimal
characters);

B)GNI YAYAGGSNI YIydzFl OGdzNBENE Y2RSE | yYRE 6KSy
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c) COSPAGpace system for search of vessels in distr&BSRSA{Search and rescue satellite
aided tracking}ype approval number;

d) name, address (postal andneail) and emergency telephone number of the owner and
operator;

e) name, address (postal andmaail) and telephone number of other emergency contacts (two,
if possible) to whom the owner or the operator is known;

f) aircraft manufacturer and type; and

g) colour of the aircraft.

Note 11 Various coding protocols are available to States. Depending on the protocol adopted,
States may, at their discretion, include one of the following as supplementary identification
information to be registered:

a)l ANONF FO 2LISNFXGAy3a F3ISyoOe RSaAaIYyIF{i2N FyR 2L
b) 24-bit aircraft address; or

c) aircraft nationality and registration marks.

The aircraft operating agency designator is allocated to the operator by ICAO through the State
FRYAYAAUNI GA2YZ YR GKS 2LISNI 02NRaA ASNRALE ydz
to 4096.

Note 21 At their discretion, depending on arrangements in place, States may include other

relevant information to be registered such as the last date of register, battery expiry date and
LX I OS 2F 9[ ¢ Ay GKS FANONMNFOG 0S®I P ALINRARYI NB

171.053.5.2 Specification For The 121.5 Mhz Component Of Emergency Locator Transmitter (ELT)
For Search And Rescue
Note 11 Information on technical characteristics and operational performance of 121.5 MHz ELTs

is contained in RTCA Document-I83 and European Organization for Civil Aviation Equipment
(EUROCAE) Document ED.62.
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Note 21 Technical characteristics of emergency locator transmitters operating on 121.5 MHz are
contained in ITER Recommendation M.690 The ITU designation for an ELT is Emergency
Positiont Indicating Radio Beacon (EPIRB).

171.0535.2.1 Technical characteristics

171.0535.2.1.1 Emergency locator transmitters (Ehilist operate on 121.5 MHz. The
frequency tolerancenustnot exceed plus or minus 0.005 per cent.

171.0535.2.1.2 The emission from an ELT under normal conditions and attitudes of the antenna
mustbe vertically polarized and essentially omnidirectional in the horizontal plane.

171.0535.2.1.3 Over a period of 48 hours of continuous operation, at an operating temperature
of minus 20°C, the peak effective radiated power (PERRB}at no time be less than 50 mW.

171.0535.2.1.4 The type of emissiarustbe A3X. Any other type of modulation that meets the requirements
of 171.0535.2.1.5,171.0535.2.1.6 andl71.0535.2.1.7 may be used provided that it will not
prejudice precise location of the beacon by homing equipment.

Noter Some ELTs are equipped with an optional voice capability (A3E) in addition to the A3X
emission.

171.0535.2.1.5 The carrienustbe amplitude modulated at a modulation factor of at least 0.85.
171.0535.2.1.6 The modulation applied to the carmeusthave a minimum duty cycle of 33 per cent.
171.0535.2.1.7 The emissianusthave a distinctive audio characteristic achieved by amplitude modulating

the carrier with an audio frequency sweeping downward over a range of not less than 700 Hz
within the range 1 600 Hz to 300 Hz and with a sweep repetition rate of between 2 Ha4md 4

171.0535.2.1.8 After 1 January 2000, the emissiarstinclude a clearly defined carrier frequency distinct from
the modulation sideband components; in particular, at least 30 per cent of the powst be
contained at all times within plus or minus 30 Hz of the carrier frequency on 121.5 MHz.

171.053.5.3 Specification For The 406 Mhz Component Of Emergency Locator Transmitter (ELT) For
Search And Rescue
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171.0535.3.1 Technical characteristics

Note 11 Transmission characteristics for 406 MHz emergency locator transmitters are contained
in ITUR M.633.

Note 21 Information on technical characteristics and operational performance of 406 MHz ELTs
is contained in RTCA Document-20@ and European Organization for Civil Aviation Equipment
(EUROCAE) Document&D

171.0535.3.1.1 Emergency locator transmittensistoperate on one of the frequency channels
assigned for use in the frequency band 406.0 to 406.1 MHz.

Noter The COSPATARSAT 406 MHz channel assignment plan is contained in CEX$ENS
Document C/S T.012.

171.0535.3.1.2 The period between transmissiomsstbe 50 seconds plus or minus 5 per cent.

171.0535.3.1.3 Over a period of 24 hours of continuous operation at an operating temperatg2®g, the
transmitter power outputmustbe within the limits of 5 W plus or minus 2 dB.

171.0535.3.1.4 The 406 MHz BEhtstbe capable of transmitting a digital message.

171.053.5.3.2 Transmitter identification coding

171.0535.3.2.1 Emergency locator transmitters operating on 406 Mbigt be assigned a unique coding for
identification of the transmitter or aircraft on which it is carried.

171.0535.3.2.2 The emergency locator transmittenstbe coded in accordance with either the aviation user

protocol or one of the serialized user protocols described in the Appendix to this chapter, and
mustbe registered with the appropriate authority.

Appendix To Section 5. Emergency Locator Transmitter Coding
(see Chapter 5,71.0535.3.2)
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171.053.1.

Noter A detailed description of beacon coding is contained in Specification for COSR3AT
406 MHz Distress Beacons (C/S T.001). The following technical specifications are specific to
emergency locator transmitters used in aviation.

General

171.053.1.1 The emergency locator transmitter (ELT) operating on 406rMiszhave the
capacity to transmit a programmed digital message which contains information related to the ELT
and/or the aircraft on which it is carried.

171.053.1.2 The Elmustbe uniquely coded in accordance witfi1.053.1.3 and be registered
with the appropriate authority.

171.053.1.3 The ELT digital messagest contain either the transmitter serial number or one
of the following information elements:

a) aircraft operating agency designator and a serial number;
b) 24-bit aircraft address;

c) aircraft nationality and registration marks.

171.053.1.4 All ELTmustbe designed for operation with the COSPB¥RSAT system and be type approved.

171.053.2.

Noter Transmission characteristics of the ELT signal can be confirmed by making use of the
COSPASARSAT Type Approval Standard (C/S T.007).

ELT CODING

171.053.2.1 The ELT digital messagéstcontain information relating to the message format, coding protocol,

171.0532.2

171.053.2.3

country code, identification data and location data, as appropriate.

For ELTs with no navigation data provided, the short message format C/$ntii@k used,
making use of bits 1 through 112. For ELTs with navigation data, if provided, the long message
format mustbe used, making use of bits

1 through 144.

Protected data field
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171.0532.3.1

171.053.2.3.2

171.053.2.3.3

171.053.2.3.4

171.053.2.3.5

171.053.2.3.6

171.053.2.3.7

The protected data field consisting of bits 25 througm8stbe protected by an error correcting
code andmustbe the portion of the message whichustbe unique in every distress ELT.

A message format flag indicated by bitr2st6 S aSd (G2 ané¢ (G2 AYyRAOFGS
2N aSd G2 amé G2 AYRAOIGS GKS f2y3 F2NXVIG T2
A protocol flagiust be indicated by bit 26 anchusto S &4 Sid G2 damé F2N dza S
LINPG202faz FYyR dané F2NI £20F0A2y LINRG202ft ad

A country code, which indicates the State where additional data are available on the aircraft on
which the ELT is carriethust be contained in bits 27 through 36 which designate a thufigyit
decimal country code number expressed in binary notation.

Notex Country codes are based on the International Telecommunication Union (ITU) country
codes shown in Table 4 of Part |, Volume | of the ITU List of Call Signs and Numerical Identities.

Bits 37 through 39 (user and user location protocols) or bits 37 through 40 (location protocols)
mustRSaA3IyrdS 2yS 2F (GKS LINRG202ta 6KSNBE I f df
FYR amnnné FNB dzaSR F2NI FGALFLGA2Y & aK2é6y Ay

The ELT digital messagestcontain either the transmitter serial number or an identification of
the aircraft or operator as shown below.

In the serial user and serial user location protocol (designated by bit 26=1 and bits 37 through 39
0SAY3 danmmé Oz GKS ndusbhehchdedhiRBndri notatlo® with the IgastR | G |
significant bit on the right. Bits 40 through #Afustindicate type of ELT serial identification data
encoded where:

tannné AYRAOFGSA 9[¢ &SNAIE ydzYoSNI 66AYFNE Y

tannmé AYRAOFGSA FANONI FOG 2LISNFG2NI 6o fSG3GSN
5-1) and a serial number (binary notation) are encoded in bits 44 through 61 and 62 through 73,
respectively;

TanmmMé A Y RDiGdirdia addréskiSeneoded in bits 44 through 67 and each additional
ELT number (binary notation) on the same aircraft is encoded in bits 68 through 73.

Noter States will ensure that each beacon, coded with the country code of the State, is uniquely
coded and registered in a database. Unique coding of serialized coded beacons can be facilitated
by including the COSRABRSAT Type Approval Certificate Narmwhich is a unique number
assigned by COSRB88RSAT for each approved ELT model, as part of the ELT message.
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171.053.2.3.8 Inthe aviation user or user location protocol (designated by bit 26=1 and bits 37 through 39 being
Gnnmé vz GKS ANDODNI Fi vy I iusthe/dndoded id bits 40 rrodg®B&A & (0 N.
using the modified Baudot code shown in Tabl¢ ® encode seven alphanumeric characters.
This datanusto0 S NA IKG 2dzAUGAFASR 6AGK GKS Y2RAFTASR
no character exists.

171.053.2.3.9 Bits 84 and 85 (user or user location protocol) or bit 112 (location protanads)ndicate any
homing transmitter that may be integrated in the ELT.

171.053.2.3.10 In standard and national location protocols, all identification and locationmdattbe encoded
in binary notation with the least significant bit right justified. The aircraft operator designator (3
letter code)mustbe encoded in 15 bits using a modified Baudot code (Tat)eusing only the 5
right most bits per letter and dropping the left most bit which has a value of 1 for letters.
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Table 5-1. Mlodified Baudot code

Code Code

Leatter M5B LSB Figure MSE LSB
A 111000 (-)* 011000
B 110011
C 101110
D 110010
E 110000 3 010000
F 110110
G 101011
H 100101
I 101100
J 111010 8 001100
K 111110
L 101001
M 100111
N 100110
O 100011 9 000011
P 101101 0 001101
Q 111101 1 011101
R 101010 4 001010
5 110100
T 100001 5 000001
U 111100 7 011100
WV 101111
W 111001 2 011001
X 110111 ! 010111
Y 110101 6 010101
Z 110001
()** 100100

MSB = mostsignificant bit

LSB = least significant bat

* = hyphen

** = space
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EXAMPLES OF CODING

ELT serial number

25 27 36|37 40 44 63|64 73|74 83 85
Fl1 COUNTRY g1 |(1|T|T|T|C SERIAL NUMBER DATA SEENOTE1 | SEENOTE 2 A
(20 BITS)
Aircraft address
25 27 36 37 40 44 67 (68 IEIRE 83 85
Fl1| country |o|1|1|T|T|T|c| ARCRAFTADDRESS lorenoTE3| SEENOTE2 |A | A
(24 BITS)
Aircraft operator designator and serial number
25 27 36 |37 40 44 61|62 73|74 a3 85
SERIAL
Fl1 COUNTRY o|1{1|T|T|T]C OPERATOR 3-LETTER NUMBER SEE NOTE 2 A
DESIGNATOR
1-4096
Aircraft registration marking
25 27 36 37 40 81 83 85
AIRCRAFT REGISTRATION MARKING (UP TO
FI1| COUNTRY 10101 7 ALPHANUMERIC CHARACTERS) (42 BITS) OlofAalA
T = Beacontype TTT: = 000 indicates ELT serial number is encoded;
= 001 indicates operating agency and serial number are encoded;
= 011 indicates 24-bit aircraft address is encoded.
C = Certificate flag bit: 1 = toindicate that COSPAS-SARSAT Type Approval Certificate number is encoded in bits

0

74 through 83 and
otherwise
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Short Message
Long Message

F = Format flag: 0
1

A = Aumiliary radio-locating device: 00 = no auxiliary radio-locating device
0l= 1215MHz
11 = other auxiliary radio-locating device
Note 1.— 10 bits, all Os or National use.

Note 2 — COSPAS-SARSAT Type Approval Certificate munmber in binary notation with the least significant bit on the right, or National
use.

Note 3. — Serial number, in binary notation with the least significant bit on the right, of additional ELTs carried in the same aircraft or
default to 0s when only one ELT is carried.
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EXAMPLE OF CODING (USER LOCATION PROTOCOL)

%5 |2’ |~ |37 | 85 —107 —113 —133
| 0 85—
¥ |38 | B3 106— 112 132 144,
1 1 10 3 4| 2 | 12 13 12
1 1 e T IDENTIFICATION A 21-BIT BCH E 12.BIT BCH
DATA ERROR ERROR
(A5 IN ANY OF USER CORRECTING LATITUDE LONGITUDE CORRECTING
PROTOCOLS ABOVE) CODE CODE
1 7 4 1 8 4
N |DEG| MIN | E | DEG| MN
T I R N
S | vd | 4m | W | (1d | m)
CC = Country Code;
E = Encoded position data source: 1 = Internal navigation device, () = External navigation device
EXAMPLE OF CODING (STANDARD LOCATION PROTOCOL)
L [ T [ 86 |07 |13 133
36—+ | 40—+ |41 85— | 106—| 112 132 144
< &1 BITS = = %BTS ——
1] 10 | 4 45 | § 20 12
0| ecc | Pe - LATITUDE
IDENTIFICATION DATA LONGITUDE 8D A LATITUDE ALONGITUDE
2 9 1 10 1 5 4 [ 1 5 | 4
M| s M| s
I E I E
LAT LON -=0 N | C |-=0] N | C
0011 AIRCRAFT 24 BIT ADDRESS N=0 E=0 u|o U |o
DEG DEG | 21-BIT +=1| T | N |#=1| T [ n | 1280
BCH E D E D BCH
CODE s s s | s | cooE
15 g S=1|0-80 |W=1|0-180
0101 | AIRCRAFTOPER. | SERIAL No 0-30 |0-56 0-30 |0-56
DESIGNATOR 1—511
10 14 (14 d) (14 d) (1m) | 45 (1m) | @s)
0100 | CISTA KD SERIAL No
1—-1023 1—16383
CC = Counfry Code;
PC = Protocol Code 0011 indicates 24-bit aircraft address is encoded;
0101 indicates operating agency and serial number are encoded;
0100 indicates ELT serial number is encoded.
SD = Supplementary Data bits 107 —110=1101;

bit 111 = Encoded Position Data Source (1 = infernal; 0 = external)
bit 112: 1 =121.5 MHz auxiliary radio locating device;
0 = other or no auxiliary radio locating device.
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Note 1.— Further details on protocol coding can be found in Specification for COSPAS-SARSAT 406 MH:z Distress Beacon
(C/S T.001).

Note 2. — All identification and location data are to be encoded in binary notation with the least significant bit on the right except for
the aircraft operator designator (3 letter code).

Note 3. — For details on BCH error correcting code see Specification for COSPAS-SARSAT 406 MHz Distress Beacon (C/S T.001).

EXAMPLE OF CODING (NATIONAL LOCATION PROTOCOL)

25 |26 |27 |37 ] 107 | 113 ~13
36— | 40——41 85— 106— 12 132— 144
&1BITS —=| BCHI | < % BITS ~ | BCH2
POF-1 POF-2
1 0 4 45 21 [3 7 7 ] 2
] CC (1000 | 18 bz 27 bitz
LATITUDE 5D 4 LATITUDE A LONGITUDE
D LONGITUDE
18 1 7 5 8 5 2 4 2 4 NU
D M D M M 8 M 8
E | E | | E I E
NaTONAL | N=0 | & | N |E-0| & | ~ | ZBT —=0| N [ ¢c |-=0| N | ¢ 12EI
BCH BCH
D R U R u CODE U o u o CODE
NUMBER | §=1 E T E T +=1 T N J+=1| T N -
E E W=1 E E E D E D
s 8 8 g 8 8 s 8
080 | 038 (—180 | 058 -3 058 =3 | 58
d | 2m) (1d) | (2m) (im) | (4s) (1m) | @s)
CC = Country Code;
ID = Identification Data= 8-bit identification data consisting of a serial number assigned by the appropriate national authority
SD =  Supplementary Data = bits 107 — 109 =110;

bit 110 = Additional Data Flag describing the use of bits 113 to 132:
1 = Delta position; 0 = National assignment;
bit 111 = Encoded Position Data Source: 1 = internal, 0 = external;
bit 112: 1=121.5 MHz auxiliary radio locating device;
(= other or no device
NU = National use = 6 bits reserved for national use (additional beacon type identification or other uses).

Note 1— Further details on protocol coding can be foumd in Specification jor COSPAS-SARSAT 406 MH:z Distress Beacon
(C/S T.001).

Note 2— All identification and location data are fo be encoded in binary notation with the least significant bit on the right

Note 3.— For details on BCH error correcting code see Specification for COSPAS-SARSAT 406 MHZ Disfress Beacon (C/5 I.001).
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Attachment To Partl. Guidance Material For The Vhf Digital Link (VDL)

171.053.1. Guidance Material For The Vhf Digital Li(kDL)

Noter The Standards and Recommended Practices (SARPS) referred to are contained in Annex 10,
Volume lll, Part 1, Chapter 6.

171.053.2. System Description

171.0532.1 The VDL system provides angaound data communications link within the aeronautical
telecommunications network (ATN). The VDL will operate in parallel with the other Agidand
subnetworks.

171.053.2.2 VDL ground stations consist of a VHF radio and a computer capable of handling the VDL protocol
throughout the coverage area. The VDL stations offer connectivity via a ghassd
telecommunications network (e.g. X.25 based) to ATN intermediatemgstvhich will provide
access to grountbased ATN end systems.

171.053.2.3 In order to communicate with the VDL ground stations, aircraft are required to be equipped with
VDL avionics which will include a VHF radio and a computer capable of handling the VDL protocol.
The airground communication will utilize 25 kHz charsigl the VHF aeronautical mobile (route)
service band.

171.053.3. VDIPrinciples
171.053.3.1 Communications transfer principles

171.0533.1.1 Connectivity between applications running in ATN end systems (ES) using the ATN and its
subnetworks, including the VDL, for-gnound communication is provided by the transport layer
entities in these end systems. Transport connections betwedioaie and ground end systems
mustbe maintained through controlled changes of the precise ATN intermediate systems (IS) and
VDL network elements that provide this connectivity.

171.0533.1.2 Transport connections between ATN ES are not linked to a particular subnetwork and 1SO 8473
network protocol data units transmitted by an ES can pass via amgraind ATN compatible
subnetwork (such as aeronautical mobilesatellite service (AM&83)link, SSR Mode S data link
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171.0533.1.3

171.0533.1.4

171.0533.1.5

or VDL) that meets the quality of service (QOS) requirements. A transport connection between an
aircraft ES and a ground E8ist be maintained as long as there is at least onegaiund
subnetwork connection between the aircraft IS and a ground IS which has connectivity to the
ground ES. In order to maximize subnetwork connectivity, aircraft are expected to maintain air
ground sulmetwork connections via any subnetwork (AMSS, Mode S or VDL) with which link layer
connectivity can be established.

The VDL subnetwork provides connectivity in the form of switched virtual circuits between 1SO
8208 data terminal equipment (DTE) entities of aircraft and grelsmsed ATN intermediate
systems. Due to the fact that VHF signals have onlyofissight propagation, it is necessary for
aircraft in flight to regularly establish link connections with new VDL ground stations in order to
maintain VHF coverage. An established VDL virtual circuit between an aircraft DTE and a ground
DTE is maintairethrough a controlled change to a ground station through which the ground DTE
can be accessed.

VDL virtual circuits may be cleared when the aircraft or ground IS identifies a policy situation
where the virtual circuit to the ground DTE is no longer necessary bumitmss only happen if
another VDL virtual circuit remains established. A policy situation is a situation where
considerations other than coverage influence the decision to establish a connection. This could be,
for example, a situation where an aircraft is witlthe designated operational coverage area of
ground station®perated by different operators and a decision must be made with which operator
to establish a connection. The case where an aircraft crosses a border between two States needs
special attention. An aircraft has to establish a virtual circuit to the DTReinS of the State
entered before clearing the virtual circuit with the DTE in the IS of the State left.

The scenarios for subnetwork connection maintenance are shown in Figure (Agiré located
at the end of this attachment)if the ground stations on each side of a State border do not offer
ISO 8208 connectivity to the DTEs of the IS in both States, aircraft crossing the border will have to
set up a link connection to a ground station in the State entered before being @eistablish a
virtual circuit to the IS of that State. Only after establishment of the new link connectioriraumnal v
circuit, the aircraft will clear the virtual circuit with the DTE of the IS of the country left over the
link which gave access to that IS. If the VDL aeronautical stations on both sides of the State border
offer connectivity to the IS in both Statethe changeover of the virtual circuits has to take place
over the same link connection.

171.053.3.2 VDL quality of service for ATN routing
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171.0533.2.1

171.0533.2.2

171.0533.2.3

171.0533.2.4

171.053.3.2.5

The use of the VDL system foigairund communications will depend on the routing decisions of
aircraft and grounebased ATN IS. These ISs will decide on the path to be used-{po@id
communications based on quality of service values reqeeby transmitting ESs.

The IS at each end of the@iound connections must interpret the requested QOS value and
decide which of the available connections can best be met. It is important that the level of QOS
which a VDL connection is perceived as providing is satl@tel which corresponds to its true
performance.

In cases where the VDL is the only data link with which an aircraft has been equipped, all
communications must be routed via a VDL connection and the value set for QOS to be provided
by the connection must not block the communication.

In other cases where aircraft are equipped with othegiund data links (such as AMSS and SSR
Mode S) there may be simultaneous parallel connections over multiple subnetworks. In these
cases, the values for QOS provided by each subnetwork Imeustt so as to ensure that the VDL
connection will be used where appropriate.

It is necessary that coordination take place between aircraft operators, ground station operators
and ground system operators to ensure that the right balance is achieved between different
subnetworks.

171.053.4. VDIGround Station Network Concept

171.053.4.1 Access

171.0834.1.1

171.0534.2

171.0834.2.1

A VDL ground station will provide access for aircraft to the ground ATN IS using the VDL protocol
over a VHF channel.

Institutional issues concerning VDL ground station network operators

An ATS provider wishing to use VDL for air traffic service (ATS) communications needs to ensure
that the VDL service is available. The ATS provider can either operate the VDL ground station
network itself or arrange for the operation of the VDLlat&ins (or VDL network) by a
telecommunications service provider. It seems likely that individual States will make different
arrangements for the provision of VDL service to aircraft. Operation and implementation of VDL
need to be coordinated at a regionalvel in order to ensure acceptable service on international
routes.
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The use of a VDL ground station network by entities external to the ATS provider will be subject
to service agreements between the ATS provider and the telecommunications service provider.
These agreements set out the obligations of the two paraed need, in particular, to be specific
on the quality of service provided as well as the characteristics of the user interface.

It seems likely that some VDL ground station network operators will levy user charges. These are
expected to be levied either on the aircraft operators and/or on the ATS providers. It is hecessary
to ensure that the use of VDL is feasible for #h@srcraft operators intended to use VDL for
ATS/AOC communications.

VDL ground station equipment

A VDL ground station will consist of a VHF radio and a computer which may be separate or
integrated with the radio. The VDL functionality of the VHF radio equipment will be similar to that
installed in aircraft.

The provision of network status monitoring is an important element in the maintenance of the
highest availability possible.

Ground station siting

The line of sight limitations of VHF propagation is an important factor in the siting of ground
stations. It is necessary to ensure that the ground stations are installed in a manner which provides
coverage throughout the designated operationalemge area (DOC).

The coverage requirements for VDL depend on the applications that are intended to operate over
the VDL. These applications may function, for example, when an aircraft is@tenaltitude, in
a terminal area or on the ground at an airport.

Emoute coverage can be provided using a small number of ground stations with a large DOC (for
example, the range of a VHF signal from a station at sea level and an aircraft at 37 000 ft is
approximately 200 NM). Hence, it is in fact desirabkg the smallest number of ground stations
possible be used to provide enute coverage in order to minimize the possibility of simultaneous
uplink transmissions from ground stations which may cause message collisions on the VHF
channel. The facts limiting enroute coverage will be availability of landmass and the availability
of a communications link from a ground station to other ground systems.
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Terminal area coverage requires, in general, the installation of ground stations at all airports where
VDL operation is required in order to ensure coverage throughout the terminal area.

Aerodrome surface communication coverage must be provided by a ground station at the airport
but, due to the physical structure of the airport, it may not be possible to guarantee coverage in
all areas with a single station.

Ground station frequency engineering

The choice of the VHF channel on which a ground station will operate depends on the coverage
that the ground station will be required to provide. Coverage on a particular channel is provided
by a collection of ground stations operating on that ©hal and the communications on that
channel will occupy the channel for all the ground stations in a coverage area.

As with VHF voice communications, VDL communications cannot be limited to propagating only
within States, and frequency coordination between States will be required in the allocation of VDL
frequencies. The nature of the protocol does, howevelgvalfor frequency reuse by several
ground stations within the same coverage area and hence the rules for the assignment of
frequencies are not the same as for voice communications.

The carrier sense multiple access (CSMA) media access control protocol (MAC) layer used in VDL
cannot exclude message collisions if some stations using a frequency channel cannot receive the
transmissions of other stations, a situation known aidden transmitter situation. Hidden
transmitters lead to simultaneous transmissions which can cause the intended receiver of one or
both transmissions to be unable to decode the received signal.

A frequency will be assigned to providinga@irte coverage and all the emoute stations will be
set to operate on this frequency. In order to minimize the probability of simultaneous
transmissions on the channel by hidden transmitters in a CEMA&onment, this channel may
not be used for terminal area or aerodrome surface communications except in areas of very low
channel loading.

The VDL SARPs call for the provision of a common signalling channel (CSC) on which access to VI
service will be guaranteed in all areas where VDL Mode 2 service is available. This is especially
important at airports and on the edge of VDL-rmite coverage zones where aircraft are likely to
establish initial VDL connectivity. Since the characteristics of Mode 1 and Mode 2 radio frequency
transmissions are not compatible, the CSC cannot be used for Mode 1 communications. There is
no requilement for a CSC for VDL Mode 1.
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In order to provide access to the ground systems which are connected to the aeronautical
telecommunications network, a VDL ground station needs to be connected to one or more ATN IS.
The purpose of a VDL ground station is to interconnect airgvift the groundbased ATN via
which communications with terrestrial ATN ES can take place.

The grountlased ATN IS can be-kosted in the VDL ground station computer in which case the
VDL subnetwork virtual circuit will end in that computer. This architecture will have an impact on
the exchanges required when an aircraft establishagod link with a new ground station. The
exact exchange will depend on whether the ground stations contain separate IS or elements of the
same distributed intermediate system.

If the IS is not contained in the VDL ground station, it will be connected to the ground station by
one of the following means:

a) wide area network (WAN);
b) local area network (LAN); and
¢) dedicated communications line.

In all cases, in order to be in accordance with the Manual of the Aeronautical Telecommunication
Network (ATN) (Doc 9578) for providing an open systems interconnection (OSI) compatible
connectionoriented subnetwork service between the aircrafal®l the grounebased IS, the VDL
ground station computer will be required to extend the VDL virtual circuit across the terrestrial
network or link.

In order to provide simultaneous virtual circuits to several terrestrial ISs, the VDL ground station
computer needs to contain a VDL subnetwork entity capable of converting addresses in VDL
subnetwork call requests into addresses in the grobaded network.

171.053.5. VDIAirborne Operating Concept

171.0535.1 Avionics

171.05835.1.1

VDL avionics. In order to operate in a VDL network, aircraft need to be equipped with an avionics
system providing the VDL subnetwork user (ISO 8208 DTE) function. The system providing this
function will also provide the subnetwork user functidos the other airground ATNcompatible
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subnetworks and the aircraft ATN intermediate system function and, hence, its development is
necessary in order to provide ATN communications to multiplesrsiems or over multiple air
ground subnetworks.

VDL avionics certification

The VHF digital radio may also provide for desibie band amplitude modulation (D$®/1) voice
capability for emergency baak to VHF radios used for voice communications. It would be
necessary in this case to demonstrate that the VDL funciiyrafithe VDR does not interfere with
the DSBAM voice functionality.

The VDL function in the VHF digital radio provides agraaind data link service to the VDL
subnetwork user entity of the aircraft ATN intermediate system. If the provision of a VHF
subnetwork service to an ATN intermediate system were consitlare essential service for a
particular installation, the VDL functionality of the VDR would need to be certified as an essential
function. The use of VDL for ATS communications is not, however, intended to require two aircraft
radios to operate isnultaneously in VDL mode.

Registration of aircraft with VDL network operators

For normal communications service, it is to be expected that aircraft operators will be required to
register their aircraft with the network operators. In emergency or baplsituations, it must be
possible for any VDéquipped aircraft to estaidh connectivity over any VDL ground station
network.

Registration of aircraft VDL stations with VDL network operators is desirable for network
management since, for example, a network operator may identify a temporary fault in the VDL
communications from an aircraft and would wish to contact theraper of the aircraft in order
to have the fault resolved. Registration of aircraft is also useful in planning the required ground
station network capacity. Registration with a VDL ground station network operator does not
necessarily imply that # aircraft operator will be charged for use of the VDL ground station
network.
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