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THE CIVIL AVIATION ACT

(No.2l ol20t3)

IN EXERCISE of the powers conferred by section 82 of the Civil
Aviation Act,2013, the Cabinet Secretary for Transport, Infrastructure,
Housing and Urban Development makes the following Regulations-

CIVIL AVIATION (COMMUNICATION SYSTEMS)
REGULATIONS 20I8

PART I- PRELIMINARY PROVISIONS

l. These Regulations may be cited as the Civil Aviation
(Aeronautical Telecommunication Communication Systems)
Regulations, 2018.

Titlc.

2. In these Regulations, unless the context otherwise lntcrPrctalion'

requires-

'ADS" means an
surveillance;

abbreviation for automatic dependcnt

"aeronautical administrative
.Communications necessary for the
administrative messages;

communications" means
exchange of aeronautical

"aeronautical operational control" means Communication
rcquired for the exercise of authority over the initiation, continuation,
diversion or termination of flight for safety, regularity and efficiency
reason;

"aeronautical telecommunication network" means a global
internetwork architecture that allows ground, air-ground and avionic
data sub-networks to exchange digital data for the safety of air
navigation and for the regular, efficient and economic operation of air
traffic services;

- - ----r.Air-traffic-service"-rneans-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);

"Aircraft address" means a unique combination of 24 bits
available for assignment to an aircraft for the purpose of air-ground
communications, navigation and surveillance;

"aircraft data circuit-terminating equipment" means an aircraft
specific data circuit-tcrminating equipment that is associated rvith an
airborne data link prcrcessor. [t operates a protocol uniquc to Mode S

data link for data transfer between air and ground;
"aircraft data link processor" means an aircraft-rcsident

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

"aircraft earth station" means a mobile earth station in the
aeronautical mobile-satellite service located on board an aircraft;

"aircrafVvehicle" means a machine or device capable of
atmospheric flight, or a vehicle on the airport surface movement area
(i.e. runways and taxiways);

"aircraft" means the term aircraft may be used to refer to Mode S
emitters (e.g. aircraft/vehicles), rvhere appropriate;

"air-initiated protocol" means a procedure initiated by a Mode S
aircraft installation for delivering a standard length or extended length
downlink message to the ground;

"application entity" means a set of International Standards/ Open
Systems Interconnection communication capabilities of a particular
application process;

"Aeronautical Telecommunication Netrvork end-system" means
an Aeronautical Telecommunication Netrvork host in Internet Protocol
Suite terminology;

"Aeronautical Telecommunication Netlvork host" means an
Aeronautical Telecommunication Network end-system in Open
Systems Interconnection term inology ;

"Aeronautical Telecommunication Nettvork security services"
means a set of information security provisions allowing the receiving
eud system or intermediate system to unambiguously identify (i.e.
authenticate) the source of the received information and to verify the
integrity of that information;

"ATN" means an
Telecommunication Network ;

abbreviation for Aeronautical

"Air Traffic Services inter-facility data communication" means
an automated data exchange betrveen air traffic services units in
support of flight notification, flight coordination, transfer of control and
transfer of communication;

"Air Traffic Services ntessage handling service" means an
Aeronautical Telecommunication Netrvork application consisting of
procedures used to exchange Air Traffic Services messages in store-
and-forward mode over the Aeronautical Tclecommunication Network
such that the conveyance of an Air Traffic Services message is in
general not correlated tvith the conveyance of another Air Traffic
Services message by the service provider;
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"Air Traffic Services message handling system" means the set of
computing and communication resources implemented by Air Traffic
Services organizations to provide the Air Traffic Services message
handling service;

"authorized path" means a communication path suitable for a

given message category;

"automatic dcpendent survcillance - contract" means a means
by which the terms of an automatic dependent surveillance - contract
agrecment will bc exchanged between thc ground system and the
aircraft, via a data link, specifying under what conditions automatic
dependent surveillance - contract reports would be initiatcd, and what
data would be containcd in the reports;

"automatic dependcnt surveillancc-broadcast" means 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;

"automatic terminal information service" means the automatic
provision of currcnt, routine information to arriving and departing
aircraft throughout 24 hours or a specified portion thercof;

"BDS" means an abbrcviation for Comm-B Data Selector;

"bit error rate" means the number of bit errors in a sample
divided by thc total number of bits in the samplc, gencrally averaged
over many such samples;

"broadcast" means a transmission of information relating to air
navigation that is not addressed to a specific station or stations;

"broadcast" means the protocol within the Mode S systcm that
permits uplink messages to be sent to all aircraft in coverage arca, and
downlink messages to be made available to all interrogators that have
the aircraft wishing to scnd the message under surveillance;

"burst" means a time-defined, contiguous set of one or more
related signal units which may convey user information and protocols,
signalling, and any necessary prcamble;

"capability report" means information identifying whether the
transponder has a data link capability as rePorted in the capability field
of an all-call reply or squitter transmission;

"carrier-to-multipath ratio" means the ratio of the carrier power
received directly, i.e. without reflection, to the multipath power, i.e.
carrier power received via reflection;

"carrier-to-noise density ratio" means the ratio of the total carier
power to the average noise power in a I Hertz bandwidth, usually
exprcssed in decibel-Hertz;
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"channel rate accuracy" means this is relative accuracy of the
clock to which the transmitted channel bits are synchronized. For
example, at a channel rate of 1.2 kilobits/s, maximum error of one part
in 106 implies the maximum allowed error in the clock is +1.2 x l0-3
Hertz;

"channel rate" means the rate at which bits are transmitted over
the Radio Frequency 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;

"circuit mode" means a configuration of the communications
network rvlrich gives the appearance to the application of a dedicated
transmission path;

"close-out" means a command from a Mode S interrogator that
terminates a Mode S link layer communication transaction;

"cluster of interrogators" means two or more interrogators with
the same interrogator identifier (II) 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;

"coded chip" means a "l" or "0" output of the rate th or tA

convolutional code encoder;

"comm-A" means a ll2-bit interrogation containing the 56-bit
MA message field. This field is used by the uplink standard length
message and broadcast protocols;

"comm-B" means a ll2-bit reply containing the 56-bit MB
message field. This field is used by the dorvnlink standard length
message, ground-initiated and broadcast protocols;

"Comm-B Data Selector" means the 8-bit Comm-B Data Selector
code deterrnines the register rvhose contents are to be transferred in the
MB field of a Comm-B reply. It is expressed in two groups of 4 bits
each, BDS I (most significant 4 bits) and BDS2 (least significant 4 bits;

"comm-C" means a 112-bit interrogation containing the 80-bit
MC message field. This field is used by the uplink extended length
message protocol;

"comm-D" means a ll2-bit reply containing the 80-bit MD
message field. This field is used by the downlink extended length
message protocol;

"connection establishment delay" means connection
establishment delay, as defined in ISO 8348, includes a component,
attributable to the called subnetwork servicc user, which is the time
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between the SN- CONNECT indication and the SN-CONNECT
response. This user component is due to actions outside the boundaries
of the satellite subnetrvork and is therefore excluded from the Aircraft
Maintenance Systems(R)S specifications;

"connection" means a logical association between peer-level
entities in a communication system.

"controller pilot data link communications" means a means of
communication between controller and pilot, using data link for Air
Traffi c Control communications;

"COSPAS-SARSAT" means Space System for Search of vessels

in distress) - (Search and Rescue Satellite-Aided Tracking);

"current slot" means the slot in which a received transmission
begins.

"data circuit-terminating equipment" means a network provider
equipment used to facilitate communications between data terminal
equipment;

"data link capability report" means information in a Comm-B
reply identifying the complete Mode S communications capabilities of
the aircraft installation:

"data link entity" means a protocol State machine capable of
setting up and managing a single data link connection;

"data link flight information services" means the provision of
Flight tnformation Services via data link;

"data link initiation capability" means a data link application that
provides the ability to exchange addresses, names and version numbers
necessary to initiate data link applications;

- "data link--service sub=layer"-means-the-sub.layer-thatTesid
above the media access control Mean Aerodynamic Chord sub-layer.
For Very High Frequency Digital Link Mode 4, the data link service
sub-layer resides above the Visual Segment Surface sub-layer. The data
link service manages the transmit queue, creates and destroys data link
entities for connection oriented communications, provides facilities for
the link management entity to manage the data link service and
provides facilities for connectionless communications;

"data link-automatic terminal information seryice" means the
provision of automatic ternrinal information service via data link;

"data signalling rate" means data 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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the number of significant conditions of the modulation in the ith
channel;

"data terminal equipment" a data terminal equipment is an
endpoint of a sub-network connection;

"data transfer delay (95th percentile)" means the 95th percentile
of the statistical disrribution of delays for rvhich transit delay is the
average;

"data transfer delay (95th percentile)" means the 95th percentile
of the statistical distribution of delays for which transit delay is the
average:

"data transit delay" means in accordance with ISO 8348, the
average value of the statistical distribution of data delays. This delay
represents the sub-network delay and does not include the connection
establishment delay;

"data transit delay" means the average value of the statistical
distribution of data delays in accordance with ISO 8348. This delay
represents the sub-network delay and does not include the connection
establishment delay;

"degree of standardized test distortion" means the degree of
distortion of the restitution measured during a specific period of time
when the modulation is perfect and corresponds to a specific text;

"designated operational coverage area" means the area in rvhich a
particular service is provided and in which the service is afforded
frequency protection;

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

"directory service" means a service, based on the ITU-T X.500
series of recommendations, providing access to and management of
structured information relevant to the operation of the ATN and its
users:

"doppler shift" means the frequency shift observed at a receiver
due to any relative motion bctween transmitter and receiver;
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"downlink extendcd length message" means extended length
downlink communication by means of ll2-bit Mode S Comm-D
replies, each containing the 80-bit Comm-D message iteld (MD);

"downlink" means a term referring to the transmission of data
from an aircraft to the ground. Mode S air-to-ground signals are

transmittcd on the I 090 Megahertz reply frequency channel;

"effective margin" means that margin of an individual apparatus
which could be measured under actual operating conditions;

"cnd-to-end" means pertaining or relating to an entire
communication path, typically from (l) the interface between the
information source and the communication system at the transmitting
end to (2) the interface betwecn the communication system and the
information user or processor or application at the receiving end:

"cnd-user" means an ultimate source and/or consumer of
information;

"energy pcr symbol to noise density ratio" means the ratio of the
average energy transmitted per channel symbol to the average noise
power in a I Hertz bandwidth, usually expressed in decibels. For A-
BPSK and A-QPSK, one channel symbol refers to one channel bit:

"equivalent isotropically radiated power" means the product of
the power supplied to the antenna and the antenna gain in a given
direction relativc to an isotropic antenna (absolute or isotropic gain);

"extended Golay Code" means an error correction code capable
of correcting multiple bit errors;

"extended length mcssage" means a serics of Comm-C
interrogations (uplink extended length message) transmitted without the
rcquirement for intervening rcplies, or a series of Comm-D replies
(downlink cxtended length message) transmitted without intervening
intcrrogations;

"flight information service" means a service
purpose of giving advice and information useful
efficient conduct of flights;

provided for the
for the safe and

* FCS" mcans an abbrcviation for framc check sequence;

"forward error correction" means the process of adding
redundant information to the transmitted signal in a manner which
allows correction. at the receiver, of errors incurred in the transmission;

"frame" means the basic unit of transfer at the link level. In the
context of Mode S subnetwork, a frame can include from one to four
Comm-A or Comm-B segments, from two to sixteen Comm-C
segments, or from one to sixteen Comm-D segments;
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"frame" means the link layer frame is composed of a sequence of
address, control, FCS and information fields. For Very High Frequency
Digital Link Mode 2, these fields are bracketed by opening and closing
flag sequences, and a frame may or may not include a variable-length
information field;

"frame" means the link layer frame is composed of a sequence of
address, control, FCS and information fields. For Very High Frequency
Digital Link Mode 2, these fields are bracketed by opening and closing
flag sequences, and a frame may or may not include a variable-length
information field;

"gain-to-noise temperature ratio" means 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 I ohm resistor must be raised to produce the same
noise porver density;

"gaussian filtered frequency shift keying" means a continuous-
phase, frequency shift keying technique using two tones and a Gaussian
pulse shape filter:

"general formatter/manager" means the aircraft function
responsible for formatting messages to be inserted in the transponder
registers. It is also responsible for detecting and handling error
conditions such as the loss of input data;

"global signalling channel" means a channel available on a
worldwide basis which provides for communication control;

"ground data circuit-terminating equipment" means a ground
specific data circuit-terminating equipment associated with a ground
data link processor. It operates a protocol unique to Mode S data link
for data transfer between air and ground;

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

"ground earth station" means an earth station in the fixed satellite
service, or, in some cases, in the aeronautical mobile-satellite service,
located at a specified fixed point on land to provide a feeder link for the
aeronautical mobile satellite service;

"ground-initiated Comm-8" mcans the ground-initiated Cornm-B
protocol allorvs the interrogator to extract Comm-B replies containing
data from a defined source in the MB field:

"ground-initiated protocol" means a procedure initiated by a

Mode S interrogator for delivering standard length or extended length
messages to a Mode S aircraft installation;
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'HFDL" means an abbreviation for High Frequency Data Link;

"HFNPDU" means an abbreviation for High frequency network
protocol data unit;

"high frequency network protocol data unit" means user data
packet;

"high performance receiver" means a universal access

transceiver receiver with enhanced selectivity to further improve the

rcjection of adjacent frequency Distance Measuring Equipment
interference;

"IPS" means an abbreviation for Internet Protocol Suite;

"link layer" means the layer that lies immediately above the
physicat layer in the Open Systems Interconnection protocol model.
Thc link lajer provides for the reliable transfer of information across

tlre physical media. It is subdivided into the data link sub-layer and the

media access conrol sub-layer;

"link management entity" means a protocol State machine
capable of acquiring, establishing and maintaining a connection to a

single peer system. A link management entity establishes data link and

sub-network connections, "hands-off' those connections, and manages

the media access control sub-layer and physical layer. An aircraft link
management entity tracks how well it can communicate with the
ground stations of a single ground system. An aircraft Very High
Frequency Digital Link management entity instantiates an link
management entity for each ground station that it monitors. Similarty,
the ground Very High Frequency Digital Link management entity
instantiates and link management entity for each aircraft that it
monitors. A link management entity is deleted when communication
with the peer system is no longer viable;

"l ink-protocol. datrunit" -means data unit which-encapsulates-a
segment of an high frequency network protocol data unit;

"link" means a link connects an aircraft data link entity and a

ground data link entity and is uniquely specified by the combination of
aircraft direct link service address and the ground direct link service
address. A different sub-network entity resides above every link
endpoint;

"low modulation rates" means modulation rates up to and

includlng 300 bauds;

"M burst" means a management channel data block of bits used

in Very High Frequency Digitat Link Mode 3. This burst contains
signalling information needed for media access and link status

monitoring;
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"margin" means the maximum degree of distortion of the circuit
at the end of rvhich the apparatus is situated which is compatible with
the correct translation of all the signals which it may possibly receive;

"M-ary phase shift keying modulation" means a digital phase
modulation that causes the phase of the carrier lvaveform to take on one
of a set of M values;

"media access control" means the sub-layer that acquires the data
path and controls the movement of bits over the data path;

"media access protocol data unit" means data unit which
encapsulates one or more LPDUs;

"medium modulation rates" means modulation rates above 300
and up to and including 3 000 bauds;

"mode 2" means a data-only Very High Frequency Digital Link
mode that uses D8PSK modulation and a carrier sense multiple access
control scheme;

"mode 3" means a voice and data Very High Frequency Digital
Link mode that uses DSPSK modulation and a TDMA media access
control scheme;

"mode 4" means a data-only Very High Frequency Digital Link
mode using a GFSK modulation scheme and self-organizing time
division multiple access;

"mode S air-initiated Comm-B protocol" means a procedure
initiated by a Mode S transponder for transmitting a single Comm-B
segment from the aircraft installation;

"mode S broadcast protocols" means procedures allowing
standard length uplink or dorvnlink messages to be received by more
than one transponder or ground interrogator respectively;

"mode S ground-initiated Comnr-B protocol" means a procedure
initiated by a Mode S intemogator for eliciting a single Comm-B
segment from a Mode S aircraft installation, incorporating the contents
of one of 255 Comm-B registers within the Mode S transponder;

"mode S multisite-directed protocol" means a procedure to
ensure that extraction and close-out of a downlink standard length or
extended length message is affected only by the particular Mode S

interrogator selected by the aircraft;

"mode S packet" means a packet conforming to the Mode S sub-
network standard, designed to minimize the bandwidth required from
the air-ground link. ISO 8208 packets may be transformed into Mode S

packets and vice-versa;
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"mode S specific protocol" means a protocol that provides
restricted datagram scrvice within the Mode S sub-network;

"mode S specific services entity" means an entity resident within
an XDLP to provide access to thc Mode S specific services;

"modc S specific services" means a set of communication
serviccs provided by the Mode S system which are not available from
other air-ground sub-networks, and thereforc not interoperable;

"mode S sub-network" means a means of performing an

interchangc of digital data through the use of secondary surveillance
radar Mode S interrogators and transponders in accordance with
defined protocols;

"modulation rate" means the reciprocal of the unit interval
measured in seconds. This rate is expressed in bauds;

"M-PSK symbol" means one of thc M possible phase shifts of the
M-PSK modulated carrier represcnting a group of log2 M coded chips;

"network" means the word "network" and its abbreviation "N" in
ISO 8348 are replaced by the word "sub-network" and its abbreviation
"SN", respectively, wherever they appear in relation to the sub-network
layer packet data performance;

"optimum sampling point" means the optimum sampling point of
a receivcd universal access transccivcr bit stroam is at the nominal
centre of each bit period, when the frcquency offset is either plus or
minus 312.5 kilohertz;

"packet" means the basic unit of data transfer among
communication dcviccs within thc network layer;

"peak cnvelope power" means the pcak power of the modulated
signal supplied by the transmitter to the antenna transmission line;

"physical layer protocol data unit" meens data unit passed to the
physical layer for transmission, or decodcd by the physical layer after
reception;

"physical layer" means the lowest lcvel layer in the Open
Systems Interconnection protocol model. The physical layer is
concerned with the transmission of binary information over the
physical medium;

"point-to-point" means 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:

"power measurement point" means a cable connects the antenna
to the UAT equipment. The power measurement point is the end of that
cable that attachcs to the antenna. All power measurements are
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considered as being made at the power measurement point unless
otherwise specified. The cable connecting the UAT equipment to the
antenna is assumed to have 3 decibels of loss;

"pseudorandom message data block" means several UAT
requirements State that performance rvill be tested using pseudorandom
message data blocks. Pseudorandom message data blocks should have
statistical properties that are nearly indistinguishable from those of a

true random selection of bits;

"quality of service" means the information relating to data
transfer characteristics used by various communications protocols to
achieve various levels ofperformance for network users;

"RF" means an abbreviation for Radio Frequency;

"reed-Solomon code" means an error correction code capable of
correcting symbol errors. Since symbol errors are collections of bits,
these codes provide good burst error correction capabilities;

"reliable link service" means a data communications service
provided by the sub-netrvork rvhich automatically provides for error
control over its link through error detection and requested
retransmission of signal units found to be in error;

"required communication performance" means a statement of the
performance requirements for operational communication in support of
specific Air Traffic Management functions.

"residual error rate" means the ratio of incorrect, lost and
duplicate sub-network service data units to the total number of sub-
network service data units that were sent;

"segment" means a portion of a message that can be
accommodated within a single MAA,IB field in the case of a standard
length message, or MC/lvID field in the case of an extended length
message;

"self-organizing time division multiple access" means a multiple
access scheme based on time-shared use of a radio frequency channel
employing: (l) discrete contiguous time slots as the fundamental shared
resource; and (2) a set of operating protocols that allows users to
mediate access to these time slots without reliance on a master control
station;

"service volume" means a part of the facility coverage where the
facility provides a particular service in accordance with relevant SARPs
and rvithin which the facility is afforded frequency protection;

"SLM" means an abbreviation for standard length message;

"slot" means one of a series of consecutive time intervals of
equal duration. Each burst transmission starts at the beginning of a slot;
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"slotted aloh" mcans a random access strategy whercby multiple
users access the same communications channel independently, but cach
communication must be confined to a fixed time slot;

"spot beam" means satellite antenna directivity whose main lobe
encompasscs significantly less than the earth's surface that is within
line-of-sight view of the satellite;

"squitter protocot data unit" means data packet which is
broadcast every 32 seconds by a high frequency data link ground
station on each of its opcrating frequencies, and which contains link
management information;

"SSR" means an abbreviation for secondary surveillance radar;

"standard length message" means an exchange of digital data
using selectively addrcssed Comm-A interogations end/or Comm-B
replies;

"standard universal access transceiver receiver" means a general
purpose universal access transceiver rcceiver satisfying thc minimum
rcjection rcquirements of interference from adjacent frequency distance
measuring equipment;

"sub network service data unit" means an amount of sub network
user data, the identity of which is preserved from one end of a sub
network connection to thc othcr;

"SN" means an abbreviation for subnetwork:

"subnetwork connection" means a long-tcrm association between
an aircraft data terminal equipment and a ground data terminal
equipment using successive virtual calls to maintain context across link
handoff;

"subnetwork depcndent convergcnce function" means a function
- - - --thatrnatchts-the charactcristics-andxervices-of-a?articular-subnetwork

to those characteristics and services required by the internetwork
faciliry;

"subnetwork entity" means thc Phrase "ground data circuit-
tcrminating equipment" will be used for the subnetwort entity in a

ground station communicating with an aircraft; the phrase "ground data
terminal equipment" will be used for the subnetwork entity in a ground
router communicating with an aircraft station; and, the phrase "aircraft
data terminal equipment" will be used for the subnetwork entity in an
aircraft communicating with the station. A subnetwork entity is a

packet layer entity as defined in ISO 8208;

"subnetwork layer" means the layer that establishes, manages and
terminates connections across a subnetwork;
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"subnetwork management entity" means an entity resident within
a GDLP that performs subnetwork management and communicates
with peer entities in intermediate or end-systems;

"subnetwork service data unit" means an amount of subnetwork
user data, the identity of which is preserved from one end of a
subnetrvork conuection to the other;

"subnetwork" means an actual implementation of a data network
that employs a homogeneous protocol and addressing plan, and is under
the control of a single authority;

"successful nressage reception" means the function within the
universal access transceiver receiver for declaring a received message
as valid for passing to an application that uses received universal acceis
transceiver messages;

"synchronous operation" means operation in rvhich the time
interval between code units is a constant;

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

"system" means a Very High Frequency Digital Link-capable
entity. A system comprises one or more stations and the assoCiot"d

lery High Frequency Digital Link management entity. A system may
either be an aircraft system or a ground system;

"time division multiple access" means a multiple access scheme
based on time-shared use of an RF channel employing-

(l) discrete conriguous time slots as the fundamental shared
resource; and

"time division multiplex" means a channel sharing strategy in
which packets of inflormation from the same source but with difflient
destinations are sequenced in time on the same channel;

"timeout" means the cancellation of a transaction after one of the
participating entities has failed to provide a required response within a
pre-defined period of time;

"total voice transfer delay" means the elapsed time commencing
at the instant that speech is presented to the aircraft earth station oi
ground earth station and concluding at the instant that the speech enters
the interconnecting network of the counterpart aircraft earih station or
ground earth station including vocoder processing time, physical layer
delay, RF propagation delay and any other delays within an AMS(R)S
sub network;

. "transit delay" means in packet data systems, the elapsed time
between a request to transmit an assembled data packei and an
indication at the receiving end that the corresponding packet has been
received and is ready to be used or forrvarded;
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"universal access transceiver" means a broadcast data link
operating on 978 Megahertz, with a modulation rate of l'041667
Megabytes per second;

"universal access transceiver ADS-B message" means a message

broadcasted once per second by each aircraft to convey State vector and

other information;

"universal access transceiver ground uplink message" means a

message broadcasted by ground stations, within the ground segment of
the universal access transceiver 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;

"uplink extended length message" means extended length
message uplink communication by means of I l2-bit Mode S Comm-C
interrogations, each containing the 80-bit Comm-C message field
(MC);

"uptink" means a term referring to the transmission of data from
the ground to an aircraft. Mode S ground-to-air signals are transmitted
on the I 030 Megahertz interrogation frequency channel;

"user group" means a grouP of ground and/or aircraft stations

which share voice and/or data connectivity;

'UTC" means Coordinated Universal Time;

"Very High Frequency Digital Link management entity" means a

Very High Frequency Digital Link -specific entity that provides the

quality of service requested by the ATN-defined SN-SME. A Very
High Frequency Digital Link management entity uses the tink
management entity (that it creates and destroys) to enquire the quality
of service available from peer systems;

- --'-- -' llVery -High-Frequency Digital. Link Mode 4 burst'-'-means a.Very
High Frequency Digital Link Mode 4 burst composed of a sequence of
source address, burst ID, information, slot reservation and frame check

sequence fields, bracketed by opening and closing flag sequences;

"Very High Frequency Digital Link Mode 4 DLS system" means

a Very High Frequency Digital Link system that implements the Very
High Frequency Digital LinkMode 4 DLS and subnetwork Protocols to
carry ATN packets or other Packets;

"Very High Frequency Digitat Link Mode 4 specific services
(VSS) sublayer" means the sublayer that resides above the media
access control sublayer and provides VDL Mode 4 specific access

protocols including reserved, randonr and fixed protocols;

"VDL station" means an aircraft-based or ground-based physical

entity, capable of VDL Mode 2,3 or 4;
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'VDL" means VHF Digital Link;

"VHF digital link (VDL)" means a constituenr mobile
subnetrvork of the aeronautical telecommunication network, operating
in the aeronautical mobile VHF frequency band. In addition, the may
provide non-ATN functions such as, for instance, digitized voice;

*VHF' means abbreviation for Very High Frequency;

"vocoder" means a lolv bit rate voice encoder/decoder;

"voice unit" nreans device that provides a simplex audio and
signalling interface between the user and Very High Frequency Digital
Link;

"voice-automatic terminal information service" means the
provision of ATIS by means of continuous and repetitivc voice
broadcasts;

"VSS user" means a user of the Very High Frequency Digital
Link Mode 4 specific services:

'XDCE" means a general term referring to both the aircraft data
circuit-terminating equipment and the ground data circuit-terminating
equipment;

"XDLP" means a general term referring to both the aircraft data
link processor and the ground data link processor.

3. (l) These Regulations shall apply to a person providing Application.

Communication, Navigation and Surveillance Services within
designated air spaces and at aerodromes.

(2) These Regulations do not apply to a person providing
Communication, Navigation and Surveillance Services to state aircraft.

2395

4. The minimum requirements for planning, installation,
commissioning, training, operations and maintenance of the
Communications, Navigation and Surveillance facilities shall conform
to these regulations.

PART II- GENERAL REQUIREMENTS

5. A person who wishes to provide Air Navigation Services
service or operate a facility to support ar air traffic service shall have
an Air navigation scrvice providers certificate issued in accordance
with the Civil Aviation (Certification of Air Navigation Service
Providers) Regulations 2017.

6. (t) e person shall not provide Air Navigation Services or
operate Communication, Navigation and Surveillance facilities or
systems in the designated airspace and aerodromes unless the
systems or facilities have been approved by the Authority.

Requirements for
Communication,
Navigation and

Surveillance
Facilities.

Certification of
ANS Providcr.

Approval
Rcquiremcnt.
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(2) An Air Navigation Service Provider shall notify the
Authority of its intention to pnocure, install, use, decommission,
upgrade or relocate any communication, navigation and surveillance
facility or facilities in the designated airspace and acrodromcs not less

than thirty (30) days prior to the date of start of the process.

(3) The Authority shall approve installation, use,

decommissioning, upgrading or relocation of all the communication,
navigation and surveillance facility or facilities in the designated
airspace and acrodromes.

7. (l) The Authority shall carry out safety inspections and audits
on Communication Navigation and Surveillance facilities, documents

and records of the Communication Navigation and Surveillance
facilities to determine compliance in accordance with these Regulations

(2) An inspector of the Authority shall have unrestricted access to
the facilities, installations, records and documents of the service
provider to determine compliance with these Regulations and required
procedures.

8. (l) An air navigation service provider shall-

(a) establish procedures to ensure that the communication,
navigation and surveillance systems -
(i) are oporatcd, maintained, available and reliable in

accordance with the reguirements prescribed by the
Authority;

(ii) arc dcsigned to meet the applicable operational
speciFrcation for that facility;

(iii) are installed and commissioned as prescribed by the
Authority; and

-- --1iv)-cunf6nrto-the-zpplicab-lu-system-characteristics-and
specification standards prescribed by the Authority;

(b) determine the site for installation of a new facility based on
opcrational requirements, construction sspects and

maintainability.

(2) The facilities in sub-rcgulation (l) shall be installed by
licensed ait s with relevant ratings for the facilities

9. An air navigation service provider shall-

(a) establish procedures to ensure that each new facility-

(i) is commissioned to meet the specifications for that
facility; and

lnspcctions and
Audils.

Siting and
Installotion.

Commissioning
Rcquircment.
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(ii) is in compliance with applicable standards.

(b) ensure that the system performance of the nelv facility has
been validated by the necessary tests, and that all parties
involved with the operations and maintenance of the facility,
including its maintenance contractors have accepted and are
satisfied with the results of the tests.

(c) ensure that procedures include documentation of tests
conducted on the facility prior to the commissioning,
including those that test the compliance of the facility with
the applicable standards and any flight check required.

10. (l) An Air Navigation Services Provider shall be
responsible for the provision of communication, navigation and
surveillance services and facilities to ensure that the telecommunication
information and data necessary for the safe, regular and efficient
operation ofair navigation is available.

(2) The functional specification of each of the air navigation
service provider's telecommunication services shall include the
follorving values or characteristics for each service-

(a) availability:

(b) reliability;

(c) accuracy;

(d) Integrity;

(e) mean time between failure; and

(f) mean time to repair

(3) The values mentioned in sub-regulation (2) shall be derived or
measured from either or both of-

(a) the configuration ofeach service; and

(b) the known performance ofeach service.

(4) The air navigation service provider shall describe in the
operations manual the method used to calculate each of the values.

(5) For a radio navigation service, the integrity values or
characteristics shall be given for each kind of navigation aid facility
that forms part of the service.

(6) The performance of technical facilities shall be monitored,
reviewed and reported against these Regulations.

(7) The air navigation service provider shall ensure that a facility
is installed with main and standby power supply and adequate air
conditioning to ensure continuity of operation appropriate to the service
being provided.

Availability and
Reliability of
CNS thcilities.
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ll. An air navigation service provider shall formalize interfacc
arrangements where applicable with external organizations in the form
of service level agrcements, detailing the following-

(a) interface and functional specifications ofthe support service;

(b) servicc levcl of the support service such as availability,
accuracy, integrity and rccovery time of failure of service;
and

(c) monitoring and reporting of the oPerational status of the

service to the service Provider.

12. (l') An air navigation service provider shall-

(a) hold copies of relevant equipment manuals, technical
standards, practices, instructions, maintenance Proccdurcs,
site logbooks, systems backup data, equipment and test Sear
inventory and any other documentation that are necessary for
the provision and operation ofthe facility;

Intcrfacc
rrrangcmcnt for
support scrviccs.

Rccord Kccping
rnd
documcntation.

(b) establish a procedure for the control of the documentation
required under these regulations:

(c) keep records under the control ofthe relevant key personnel;

(d) conEol access to the rccords system to ensure appropriatc
security.

(2) The air navigation service provider shall cnsure that data and
voice for air navigation service operational systems are recordcd
continuously and procedures cstablished for the retention rnd
utilization of thcse recordings for analysis.

(3) An air navigation service providcr shall maintain all
documents and records rvhich are necessary for the oPeration and

-meimeTefr ee--f -1hE-Servidc'-e-nd-EeFe--6valableco?ies--o1-th-sse---
documents to personnel where needed,

(4) These documents shall include-

(a) a copy ofthese regulations;

(b) the air navigation service provider's oPerations manual;

(c) Intcrnational Civil Aviation Organization Annex l0
Volumes I to V, International Civil Aviation Organization
Document 8071 - Manual on Testing of Radio Navigation
Aids, and other relevant International Civil Aviation
Organization documents;

(d) records of malfunction and safety incident rePorts;
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(c) rccords of intcrnal audit rcports;

(f) agrccments with other organizations;

(g) records ofinvestigation into serious incidents;

(h) rccords of staff deployment, duty and leavc rosters;

(i) records ofequipment sparcs;

O records of job description, training programmc and plan of
each staff member: and

(k) all related air navigation service technical standards and
technical guidance material developed by the Authority.

(5) A documcnt rctained for this rcgulation shall bc retained for
at least thrcc (3) years ifpaper based and one hundred and eighty (180)
days if computer based.

(6) The air navigation service provider shall establish I prtccss
for thc authorization and amendistance measuring equipment of these
documents to ensure that they are constantly updated and ensure that-

(a) the curcncy of the documentation can be readily
determined:

(b) amendistancc mcasuring eguipmentnts to the documentation
are conuollcd in accordance with established quality
management principtes ;

(c) only current versions ofdocumcnts are available; and

(d) the porson authorising the crcation and any revision is
identified.

(7) The air navigation service provider shall ensure that whcre
documents are hcld as computer based rccords and rvhcrc paper copics
of computer based records are madc, they arc subjccted to the simc
control as paper documonts.

(8) An air navigation service provider shall establish proccdurcs
to identify, collect, indcx, storc, maintain, and dispose records
covering-

(a) thc performancc and maintenance history of each facility;

(b) thc establishment of the periodic rest programmes for each
facility;

(b) each item of tcst equipmcnt required for the measurement of
critical performance parameters ;

(c) each reported ordctected facility malfunction;



2&O Kenya Subsidiary l,e gislation, 20 I 8

(d) each internal quality assurance review; and

(e) each person who is authorised to place facilities into
operational seryice.

13.(l) An Air Navigation Services Provider shall develop an
opcrations manual that demonstrates the Air Navigation Services
Provider's compliance with these regulations.

(2) The contents of the operations manual shall contain-

(a) the information rcquired of the Air Navigation Services
Provider in accordancc with these regulations;

(b) an organization chart of the Air Navigation Services
Provider and its maintenance contractors, if any, that shows
the position of each personnel and the name, qualification,
experience, duties and responsibilities of personnel rvho are

responsible for ensuring the compliancc of the organization
rvith the requircments described in these regulations;

(c) an overall operstion and maintenance plan for the
aeronautical telecommunication service, and for each
facility, an operation and maintenance plan, as described in
these rcgulations document;

(d) for each facility, information on the compliance of the
facility with these regulations and the applicable aeronautical
telecommunication standards; and

(e) the system performance targct of each facility, such as its
availability and reliability.

(3) The operations manual shall consist of a main manual
covering the main areas that nced to be addressed, as well as seParate

supporting documents and manuals (such as the operation and
-=inEfitcnanab- Flan-of each-faciliiy)-thaaEre refari& to in -the 

main
manual.

(4) An Air Navigation Service provider shall establish an

opcration and maintenance plan for cach facility which shall include-

a procedure for the periodic inspection and testing of each
facility to verify that it mects the operational and Performance
specifications of that facility;

(a) details of flight test, if necessary, such as the standards and
procedures to be used and flight test interval, which shall be

in compliance with guidelines prescribed by the Authorityt

(b) the interval between periodic inspection and flight test and

the basis for that intcrval and whenever the interval is

changed, the reasons for such change shall be documented;

Operations
Manual,
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(c) the operation and maintenance instructions for each facility;

(d) an analysis of the number of personnel required to operate
and maintain each facility taking into account the workload
required;

(e) the corrective plan and procedures for each facility,
including such as rvhether the repair of modules ancl
component are undertaken in-house or by equipment
manufacturers; and the spare support plan for each facility;

(! The maintenance plan or the operating and maintenance
instructions for each facility shall specify the test equipment
requirements for all levels of operation and maintenance
undertaken.

(5) The air navigation service provider shall control the
distribution of the operations manual and ensure that it is amended
rvhenever necessary to maintain the accuracy of the information in the
operations manual and to keep its contents up to date.

14. (l) An Air Navigation Services provider shall establish a
procedure for the periodic inspection and testing of the communication,
navigation and surveillance systems to verify that each facility meets
the applicable operational requirements and performance specifications
for that facility.

(2) An air navigation service provider shall ensure-

(e) that appropriate inspection, measuring and test equiprnent
are available for staff to maintain the operation of each
facility;

(f) the control, calibration and maintenance of such equipment
so that they have the precision and accuracy necessary for
(he measurements and tests to be performed.

(3) Periodic inspection shall include-

(a) security of the facility and site;

(b) adherence to the approved maintenance programme;

(c)upkeep of the equipment, building, site and site services; and

(d)adequacy of facility records and documentation.

(4) The air navigation service provider shall establislr a securiry
programme for the communication, navigation and
surveillance facility.

(5) The security programme required under sub regulation (4)
shall specify the physical security requirements, practices,
and procedures to be followed for the purposes of

Periodic
lnspection,
Testing and
Security of ANSP
facilities.
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minimising the risk of destruction of, damage to, or
interfercnce with the operation of communication, navigation
and surveillance facilitY.

(6) An air navigation service provider shall make a test

transmission if-

(a) the transmission is necessary to test a service, facility or
equipment; and

(b) within a reasonable time bcfore commencing the

transmission, the users havc becn informed about the

transmission;

(c) at the commencement of the transmission, the service
provider identifies the transmission as a test transmission;

(d) the transmission contains information identifying it as a test

transmission.

(7)An air navigation services provider shall ensure that-

(a) Communication Navigation and Surveillance systems and

serviccs are protected against service att&cks to a level
consistent with the application scrvice requircments;

(b) AII end-systems supporting air navigation sccurity services

shall be capable of authenticating the identity of Peer end-

systems, authenticating the source of messagcs and ensuring
the data integrity of the message;

(c) strategies and best prsctices on thc protection of critical
information and communications technology systems used

for civil aviation purposes are developed and implemcnted;

(d) policies are established to ensure that, for critical aviation
systems-

(i) system architcctures are securc by dcsign;

Gi) sistCms arC ieiiliEiitl

(iii) methods for data transfer are securcd, ensuring integrity
and confidentiality of data:

(iv) system monitoring, and incident detection
and reporting, methods are imPlemented; and

(v) forensic analysis ofcyber incidents is carried out.

15. An Air navigation service provider shall-

(a) ensure that radio navigation aids are available for use by
aircraft engaged in air navigation and that thc radio
navigation aids arc subjected to pcriodic ground and flight
inspections; and

(b) establish a procedure to check and accurately record the

operating condition of any communication, navigation and

Flight Inrpection
and facility chcck
aftcr accidcnt or
ircidcnt.
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surveillance facility that may have been used by an aircraft
that is involved in an accident or incident.

16. (l) An Air Navigation Services Provider shall:-

(a) ensure that it employs sufficient number of personnel rvho
possess the skills and competencies required in the provision
of the aeronautical telecommunication service;

(c) develop job descriptions for each of its staff that depict the
job purpose, key responsibilities, and outcome to be
achieved of each staff'

(d) develop an overall training policy and programme for the
organization that shall lay dorvn;

(e) designate an officer in charge of training and/or on-the-job
training at the operational stations;

(f) maintain individual training records for each of its staff;

Communication
Navigation
Services (CNS)
Personnel
Training and
Othcr
Requirements.

(b) provide in the Manual of Air Navigarion Services Operations
an analysis of the personnel required to perform the
Communication Navigation and surveillance services for
each facility raking into account the duties and workload
required;

(g) conduct a yearly review of the training plan for each staff at
the beginning of the year to identify any gaps in comperency
and changes in training requirement and prioritize the type of
training required for the coming year; and

(h) ensure that the traiuing requirements of these regulations are
similarly applied to its maintenance contractors, if any.

(2) The On-the-Job Training officer in sub-regulation (lf) above
shall have satisfacrorily completed the On-the-Job Training
instructional techniques course.

(3) A person shall nor perform a function related to the
installation, training, operation or maintenance of any communication,
navigation and a surveillance system unless-

(a) that person has successfully completed training in the
performance of that function in line with the Air Traffic
Safety Electronics Personnel competency based training
requirements;

(b) the Air navigation service provider is satisfied that the
technical person is competent in performing that function;
and
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(c) that pcrson has bcen certified in accordance with
requircments of Civil Aviation Regulations.

17. (l) An air navigation service provider shall establish
procedures for the rcporting, collection and notification of facility
malfunction incidcnts and safety incidcnts.

(2) The proccdures in sub-regulation (l) shall be documonted in
the Manual of Air Navigation Services Operations.

(3) An air navigation service provider shall compile reports of
incidents and review such reports periodically with its maintenance
contractors to-

(a) determine the cause of the incidents and determine any
adverse trcnds;

(b) implement corrective and preventive actions where
necessary to prcvent recurrence ofthe incidents; and

(c) implement any measures to improve the safety performance
of thc acronautical telecommunication service.

(4) The air navigation service provider shall-

(a) report any serious service failure or safety incident to the
Authority and investigatc such incidcnts in order to cstablish
how and why the incident happencd, including possible
organizational contributing factors and to rccommend
actions to prcvent a recurrcncc; and

(b) ensure that information on the operational status of each
communication, navigation and surveillance facility that is
essential for the enroute, aPProach, landing, and take-off
phases of flight is provided to meet the operational necds of
the service bcing provided.

(5) An air navigation service provider shall-

(a) establish a procedure for the management and protection of
aeronautical radio spectrum;

(b) designatc a responsible person to control any frcquency
allocation within the aeronauticsl radio spectrum to ensurc
that therc will be no conflict and interference to any radio
stations or facility;

(c) ensure that therc is no wilful transmission of unnecessary or
anonymous radio signals, messages or data by any of its
radio stations;

(d) establish procedures with the 'communication authority to
address occurrence of radio frequency in terflerence;

Facility
malfunction
incidcnt and rodio
i ntcrfcrcnce
rcporting and
opcntionel soos
ofCNS systcms.
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(e) ensure that any frequency interference occurrences are
reported, investigated and follow-up actions taken to prevent
recurrence;

(Q keep updated records of all allocated frequencies; and

(g) ensure that no facility providing radio signals for the purpose
ofaviation safety shall be allolved to continue in operation, if
there is a suspicion or any cause to suspect that the
information being provided by that facility is erroneous.

18. (l) An Air navigation service provider shall develop
proficiency certification program for Air Traffic Safety Electronics
Personnel engaged in the installation, training, operations and
maintenance of Communication, Navigation and Surveillance systems
in accordance with guidelines prescribed by the Authority.

(2) The Authority shall certify Air Traffic Safety Electronics
Personnel involved in the installation, training, operations and
maintenance of Communication, Navigation and Surveillance systems
in accordance with Civil Aviation Regulations.

19. (l) The air navigation service provider shall ensure that for
safety critical systems, including automated air traffic control systems,
communication systems and instrument landing systems, the
commissioning of such systems shall include the conduct of a safety
case or equivalent.

(2) The air navigation service provider shall ensure that human
factors principles are observed in the design, operations and
maintenance of aeronautical telecommunication facilities.

(3) An air navigation service provider shall, as soon as possible-

(a) forrvard to the Aeronautical Information Services-

(i) information on the operational details of any nerv facility
for publication in the Aeronautical Information
Publication; and

(ii) information concerning any change in the operational
status of any existing facility, for the issue of a Notice to
Airmen;

(b) ensure that the information forwarded under sub-paragraph
(a) has been accurately published.

(4) An air navigation service provider shall-

(a) establish a procedure to be used in the event of interruption to
or when upgrading communication, navigation and
surveillance systems; and

Proficiency
certification

Program.

Safety case,
notification of
Aeronautical
facility status and
intcrruption to
service.
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(b) specify an acceptable recovery time for each service

PART III- AERONAUTICAL TELECOMMUNICATION
NETWORK.

20. (l) An Aeronautical Telecommunication Netlvork shall
specifically and exclusively be used to provide digital data
communications services to air traffic service provider organizations
and aircraft operating agencies in support of-

(a) Air Traffic Services communications rvith aircraft;

(b) Air Traffic Services Communications between air traffic
service units;

(c) Aeronautical Operational Control Communications; and

(d) Aeronautical Administrative Communications.

(2) Aeronautical Telecommunication Network communication
services in sub-regulation (l) shall support Aeronautical
Telecommunication Network applications.

21. (l) Requirements for implementation of the Aeronautical
Telecommunication Network shall be made on the basis of regional air
navigation agreements.

(2) The agreements in sub-regulation (l) shall specify the area in
which the communication standards for the Aeronautical
Telecommunication NetrvorUOpen System Interconnection or the
Aeronautical Telecommunication Network /Internet Protocol Suite are
applicable.

(3) The Aeronautical Telecommunication Network shall either
use International Organization for Standardization, communication
standards for Open Systems Interconnection or use the Internet Society
communications standards for the Internet Protocol Suite.

(4) The Aeronautical Fixed Telecommunication
Network/Aeronautical Message Handling System gateway shall ensure
thb-'intCroperabilit, of Aerona-utie6lTixed Te-lecommunicdtioii-Netw-ork - -'

stations and networks with the Aeronautical Telecommunication
Network.

(5) An authorized path(s) for the Aeronautical Fixed
Telecommunication Network shall be defined on the basis of a

predefined routing policy.

(6) The Aeronautical Telecommunication Network shall-

(a) transmit, relay and deliver messages in accordance with the
priority classif,rcations and without discrimination or undue
delay;

(b) provide means to define data communications that can be
carried only over authorized paths for the tr[ffic type and
category specified by the user;

Support of
Acronautical
Tclecommunicatio
n Nctrvork
Application.

Requircmcnts for
implcmentation of
Aeronautical
Telecommunicatio
n Nctrvodi.
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(c) provide communication in accordance with the prescribed
Required Communication Performance ;

(d) operate in accordance with the communication priorities
specified in Table land Table 2 of First Schedule to these
Regulations;

(e) enable exchange of application information when one or
more authorized paths exist;

(f) notify the appropriate application processes when no
authorized path exists;

(g) make provisions for the efficient use of limited bandwidth
sub-networks;

(h) enable an aircraft intermediate system to connect to a ground
intermediate system via different sub-networks;

(i) enable an aircraflt intermediate system to connect to different
ground intermediate systems;

(l) enable the exchange of address information between
applications;

(k) be accurate to within I second of UTC where the absolute
time of day is used.

22. (l) The Aeronautical Telecommunication Netrvork shall
support the Data Link Initiation Capability applications when air-
ground data links are implemented.

(2) The Aeronautical Telecommunication Network / Open
System Interconnection end-system shall support the following
Directory Services application functions when Aeronautical Message
Handling System and security protocols are implemented-

(a) directory information retrieval; and

(b) directory information modificarion.

23. The Aeronautical Telecommunication Network shall be
capable of supporting one or more of the following applications-

(a) Automatic Dependent Surveillance - Contract;

(b) Controller Pilot Data Link Communication; and

(c) Flight Information Service including Automatic Terminal
Information Service and Meteorological Reports.

24. The Aeronautical Telecommunication Network shall be
capable of supporting the following applications-

(a) Air Traffic Service Interfacility Data Communication; and

Aeronautical
Telecommunicatio
n Netvork
Applications
Requirements.

Air-ground
applications

Ground-Gmund
Applications
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(b) Air Traffic Service Message Handling Services applications

PART IV-ATN COMMUNICATION SERVICE REQUIREMENTS

25. An Aeronautical Telecommunication Network host shall be
capable of supporting the Aeronautical Telecommunication Network
/Internet Protocol Suite upper layers including an application layer.

26. An Aeronautical Telecommunication Network /Open System
Interconnection end-system shall be capable of supporting the Open
System Interconnection Upper Layer Communications Service
including session, presentation and application layers.

27. (l) An Aeronautical Telecommunication Network host shall
be capable of supporting the Aeronautical Telecommunication Network
-/Internet Protocol Suite including-

(a) transport layer iu accordance with Transmission Control
Protocols and User Datagram Protocols; and

(b) network layer in accordance rvith Internet Protocol version 6.

(2) An Internet Protocol Suite router shall supPort the
Aeronautical Telecommunication Netlvork Iayer in accordance with
Internet Protocol (version 6) and multiprotocol extensions.

28. (l) An Aeronautical Telecommunication Network /Open
System Interconnection end-system shall be capable of supporting the
Aeronautical Telecommunication Network including the-

(a) transport layer in accordance with International Organization
for Standardization Transport Protocol Class 4 and

opiional ly ConnEciion leriiTr-aniport PiotoEol; and 
..

(b) network layer in accordance with International Organization
for Standardization, Connectionless Network Protocol.

(2) An ATN Intermediate System shall support the Aeronautical
Telecommunication Network layer in accordance lvith International
Organization for Standardization, Connectionless Network Protocol
and International Organization for Standardization, Inter-domain
routing protocol.

29. (l) The Aeronautical Telecommunication Network shall
provide-

(a) provisions for unambiguous application identification and
addressing; and

Acronautical
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(b) means to unambiguously address all Aeronautical
Telecommunication Network end-systems and intermediate
systems.

(2) The Aeronautical Telecommunication Netrvork addressing
and naming plans shall allow Authority and Organizations to assign
addresses and names within their orvn administrative domains.

30. (l) The Aeronautical Telecommunication Network shall-

(a) make provisions rvhereby only the controlling Air Traffic
Services unit may provide Air Traffic Control instructions to
aircraft operating in its airspace;

(b) enable the recipient of a message to identify the originator of
that message; and

(c) be protected against service attacks to a level consistent with
the application service requirements.

(2) Aeronautical Telecommunication Network end-systems
supporting Aeronautical Telecomnrunication Network security services
shall be capable of authenticating the identity of peer end-systems,
authenticating the source of messages and ensuring the data integrity of
the messages.

PART IV-AERONAUTTCAL MOBTLE-SATELLITE (ROUTE)
SERVICE

31. (l) A mobile-satellite system intended to provide
Aeronautical Mobile-Satellite (Route) Service shall conform to the
requirements of these Regulations.

(2) An Aeronautical Mobile-Satellite (Route) Service system
shall support packet data service, voice service or both.

(3) Requirements for mandatory carriage of AMS(R)S system
equipment including the level of system capability shall be made on rhe
basis of regional air navigation agreements which specify the airspace
of operation and the implementation timescales for the carriage of
equipment and the level of system capability shall include the
performance of the Aircraft Earth Station, the satellite and thc Ground
Earth Station.

(4) The agreements specified in sub regulation (3) shall provide
at least a notice of two years of mandatory carriage of airborne systems.

(5) The Authority shall coordinate with national authorities and
service providers the implementation aspects of an Aeronautlcal
Mobile-Satellite (Route) Service system that pcrmit rvorldrvide
interoperability and optimum use, as appropriate.

ATN security
requirements.

Aeronautical
Mobile-Satcllite
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32. (l) When providing Aeronautical Mobile-Satellite (Route)
Service communications, an Aeronautical Mobile-Satellite (Route)
Service system shall operate only in frequency bands rvhich are
appropriately allocated to Aeronautical Mobile-Satellite (Route)
Service and protected by the International Telecommunications Union
Radio Regulations.

(2)The total emissions of the Aircraft Earth Station necessary to
meet designed system performance shall 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.

(3)Emissions from an Aeronautical Mobile-Satellite (Route)
Service system Aircraft Earth Station shall not cause harmful
interference to an Aircraft Earth Station providing Aeronautical
Mobile-Satellite (Route) Service on a different aircraft.

(4)The Aircraft Earth Station equipment shall operate properly in
an interference environment causing a cumulative relative change in its
receiver noise temperature (/T/D of 25 per cent.

33. (l) Every aircraft earth station and ground earth station shall
be designed to ensure that messages transmitted in accordance with
Civil Aviation (Communication Procedures) Regulations including
their order of priority, are not delayed by the transmission and
reception of other types of messages.

(2)As a means to comply rvith the sub regulation (l) message
types not defined in the Civil Aviation (Communication Procedures)
Regulations shall be terminated even without warning, to allow
messages specified in the Civil Aviation (Communication Procedures)
Regulations 2Ol7 to be transn'ritted and received.

All Aeronautical Mobile-Satellite (Route) Service data packets
and all Aeronautical Mobile-Satellite (Route) Service voice calls shall
be identified as to their associated priority.

-(3)The system shall provide"voice communications priority over
data communications within the same message category.

34. (l) The Aircraft Earth Station, Ground Earth Station and
satellites shall properly acquire and track service link signals rvhen the
aircrait is moving at a ground speed of up to I 500 km/h (800 knots)
along any heading.

(2)The Aircraft Earth Station, Ground Earth Station and satellites
shall propcrly acquire and track service link signals rvhen the
component of the aircraft acceleration vector in the plane of the satellite
orbit is up to 0.6 g.

P e rjontnttce Req uirenrcnts

35. An Aeronautical Mobile-Sateltite (Route) Service system
shall provide Aeronautical Mobile-Satellite (Route) Service throughout
its designated Operational coverage.

RF
Characteristics

Priority and pre-
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(a) provide timely predictions of the time, location and duration
of any resultant outages until full service is restored in the
event of a service failure; and

(b) annunciate a loss of communications capability within 30
seconds of the time when it detects such a loss.

37. The Aircrafi Earth Station shall meet the relevant AEs
performance requirements specified in regulations 39 and 42 for rcquirements'

aircraft-

(a) in straight and level flight throughout the designated
operational coverage of the satellite system; or

(b) attitudes of +201-5 degrees of pitch and +l-25 degrees of roll
throughout the Designated Operational Coverage of the
satellite system.

36. An Aeronautical Mobile-Satellite (Route) Service system
shall-

38. (l) If the system provides AMS(R)S packet data service, it
shall meet the standards of regulations 40 and 4l

(2) Where an Aeronautical Mobile-Satellite (Route) Service
system provides packet data service, it shall be capable of operating as
a constituent mobile sub network of the Aeronautical
Telecommunication Network.

39. (l) Connection establishnrent delay shall not be greater than
70 seconds.

(2) Data transit delay values shall be based on a fixed sub-
network service data unit length of 128 octets in accordance with ISO
8348 and shall be defined as average values.

(3) Data transit delay from aircraft shall not be greater than 40
seconds for the highest priority data service.

(4) Data transit delay frorn aircraft shall not be greater than 28
seconds for the lowest priority data service.

(5) Data transit delay to aircraft shall not be greater than 12
seconds for the highest priority data service.

(6) Data transit delay to aircraft shall not be greater than 28
seconds for the lowest priority data service.

(7) Data transfer delay (95th percentile), shall not be greater
than 80 seconds for the highest priority data service.

(8) Data transfer delay (95th percentile) from-aircraft, shall not
be greater than 60 seconds for the lowest priority data service.

(9) Data transt'er delay (95th percentile) to-aircraft shall not be
greater than l5 seconds for the highest priority data service.

Failurc
notification.

Packet data
scrvice
performance-

Delay Parameters.
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(IO)Data transfer delay (95th pcrcentile) to-aircraft shall not be
greater than 30 seconds for the lowest priority data scrvice.

(ll)The connection release delay (95th percentile) shall not bc
grcater than 30 scconds in either direction.

40. (t) The residual elror ratc in the from-aircraft direction shall Intcgritv

not be greater than 104 per sub-network service data unit.

(2) The rcsidual error rate in the to-aircraft direction shall not bc
greater than 10-6 per sub-netrvork service data unit.

(3)The probability of a Sub Network Conncction providcr-
invoked Sub Nctwork Connection rclcase shall not be grcstcr than 104
over any one-hour interval.

(4)The probability of a sub-network connection provider-invoked
reset shall not be greater than l0- I over any one-hour interval.

41. The system that provides Aeronautical Mobile-Satellite
(Route) Service voice service shall meet the requirements in regulations
43 44 and 45.

42. (l) 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 interfacc
shall not be greater than 2O scconds.

44. The Aeronautical Mobile-Srtellite (Route) Service system
shall have sufficicnt available voice traff,rc channcl resources such that
an Aircraft Earth Station- or Ground Earth Station originated
Aeronautical Mobile-Satellite (Routc) Service voice call presented to
the system shall experience a probability of blockage of no more than
lo'2.

Voice scrvicc
pcrformancc.

Call Proccssing
Dclay.

(2) The 95th percentile of thc time delay for an AES to prescnt a
call origination event at its aircraft interface after a call origination
event has arrived at thc terrcstrial network interworking intcrface shall
not be grcater than 20 scconds,

43. (l) The voice transmission shall provide overall voicc Qualitv

intclligibility pcrformance suitable for thc intcndcd opc.nrtional and
ambient noise environment.

(2) The total allowable transfer delay within an Aeronautical
Mobile-Satellite (Routc) Service sub network shall not bc greater than
0.485 seconds.

Voicc Capecity.

45. The Aeronautical Mobile-Satellite (Route) Service system Sccuritv.

shall provide featurcs for the protection-

(a) of messages in transit from tampering.
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(b) against denial of service, degraded performance
characteristics, or reduction of system capacity when
subjected to external attacks; or

(c) unauthorized entry.

46. An Aeronautical Mobile-satellite (Route) Service system
shall allow sub-network users to address Aeronautical Mobile-satellite
(Route) Service communications to specific aircraft by means of the
ICAO 24-bit aircraft address.

47. A system that provides Aeronautical
(Route) Service packet data service shall provide-

Syslem lnterfsccs.

Mobile-Satellite Packetdata
service interfaes-

Air Ground Data
Link
Communication.

Radio channels
and functional
channcls.

(a) an interface to
Network; and

the Aeronautical Telecommunication

(b) a Connectivity Notification function.

PART VI. SECONDARY SURVEILLANCE RADAR MODE S AIR-
GROUND DATA LINK

48. Where air ground data link communication is used by the
SSR Mode S, the follorving shall be implemenred-

(a) the Mode S characteristics shall be as specified in Second
Schedule to these Regulations;

(b) the DCE and XDCE state tables shall be as specified in the
Third Schedule to these Regularions;

(c) the Mode S packet formats shall be as specified in the Fourth
Schedule to these Regulations.

PART VII. VERY HIGH FREQUENCY AIR-GROUND DIGITAL
LINK

49. (l) An aircraft station shall be capable of tuning to any of the
channels in the range specified in regulation 52 rvithin 100 milliseconds
after the receipt of an autotune command.

(2) An aircraft station for Very High Frequency Digital Link
Mode 3, shall be able to tune to any channel in the range specified in
regulation 52 within 100 milliseconds after the receipt of any tuning
command.

(3) A ground station shall be capable of operating on its
assigned channel within the radio frequency range detailed in
regulation 52.

(4) Frequency l36.975Megahertz shall be reserved as a
rvorldwide common signalling channel for VHF Air-Ground Digital
Link Mode 2.
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50. (l) The Very High Frcquency Air-Ground Digital Link
system shall provide code-independent and byte-independent transfer
of data.

(2) The Very High Frequency Air-Ground Digital Link system
shall provide link layer data broadcast services Mode 2 or voice and

data broadcast serviccs Mode 3.

(3) For Very High Frequency Air-Ground Digital Link Mode 3,
the data broadcast seryice shall support network multicasting capability
originating from the ground.

(4) The Very High Frequency Air-Ground Digital Link system

shall establish and maintain a reliable communications path bctween
the aircraft and the ground system while allowing but not requiring
manual intervention.

(5) A Very High Frequcncy Air-Ground Digital Link -equipped
aircraft shall transition from one ground station to another when
circumstances dictate.

(6) The Very High Frequency Air-Ground Digital Link Mode 3

system shall support a transparent, simplex voice opcration based on a

"Listen-Before-Push-To-Talk" channel access.

51. (l) The radio frcquencics used for Air-ground VHF digital
link communications shall be selected from the radio frcquencies in the

band I 17.975-137 Megahertz.

(2) The lowest assignable frequency used for Air-ground Very
High Frequency digital link communications shall be I18.000
Megahertz. and the highest assignable frequency shall be 136975
Megahertz and the separation betwcen assignable frequencies shall be

25 kiloHertz.

shall be vertical

52. The Very High Frequency Air ground Digitat link system

charactcristics for ground installation shall be as specified in the Fifth
Schedule to thcse Regulations.

53. The Very High Frequency Air ground Digital link system
characteristics for aircraft installation shatl be as specified in the Sixth
Schedule to these Regulations.

54. The Very High Frequency Air ground Digital Link systems
physical layer protocols and services shall-

(a) be as specified in the Seventh Schedule to these Regulations
for aircraft and ground stations; and

Systcm
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Physical Layer
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(b) be as specified in the Tenth Schedule to these Regulations
for both mobile and ground stations of Mode 4 unless
otherwise stated.

56. The Very High Frequency Air ground Digital Link systems
link layer protocols and services shall be as specified in the Eighth
Schedule to rhese Regulations.

Link hycr
Protocols and
services.

Sub-netrvork
Laycr Protocols
and scrviccs.
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Voicc Unit for
Modc 3 Scrvices.

57. The Very High Frequency Air ground Digital Link systems
sub-network layer protocols and services shall be as specified in the
Ninth Schedule to these Regulations.

58. (l) The Very High Frequency Digital Link Mode 2 mobile
Sub Nenvork Dependent Convergence Function shall be the standard
mobile Sub Netrvork Dependent Convergence Function.

(2) The Vcry High Frequency Digital Link Mode 2 mobile Sub
Network Dependent Convergence Function shall-

(a) support maintaining context across sub network calls;

(b) use the same context across all Switched Virtual Circuits
negotiated to a Data Terminal Equipment, when negotiated
with the same parameters; or

(c) support at least 2 Switched Virtual Circuits sharing a
context.

59. The Very High Frequency Digital Link Mode 3 shall
support-.

(a) the standard International Standard Organization, ISO 8208
Sub Network Dependent Convergence Function as
prescribed by the Authority: and

(b) the denoted frame-based Sub Network
Convergence Function.

Dependent

60. (l) The voice unit shall provide for a simplex, "push-to-talk"
audio and signalling interface betrveen the user and the Very High
Frequency Digital Link and two separate mutually exclusive voice
circuit typcs shall be supported.

(2) The two separate mutually exclusive voice circuit types in
sub regulation (l) are-

(a) Dedicated circuits; and

(b) Demand assigned circuits.

(3) Dedicated circuits in sub regulation (2) (a) shall provide
service to a specific user group on an exclusive basis with no sharing of
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the circuit with other users outside the group and acccss shall be based

on a "listen-bcfore-push-to-talk" disciplinc

(4) Demand assigned circuits in sub rcgulation (2) shall provide
voice circuit access which is arbitrated by thc ground station in
responsc to an access r€quest rcccived from the aircraft station and
allow dynamic sharing of the channel resourcc increasing trunking
efficicncy.

(5) The voice unit operation shall support a priority override
access for authorized ground users.

(6) The voice unit operation shall support notification to the user
of the sourcc of a received message,

(7) The voice unit shall support a coded squelch opcration that
offers some degrce of rcjection of undesircd co-channel voice messages

based on the burst time of arrival.

61. The Very High Frequency Digital Link Mode 3 shall use the

Advanced Multi-Band Excitation,4.8 kilobits pcr second encoding or
decoding algorithm, version number AMBB-ATC-I0, developed by
Digital Voice Systems, lncorporated for voicc communications.

62. (l) A Very High Frequency Digital Link Mode 4 transmitter
or receiver shall be capable of tuning to any of the 25 kiloHertz
channels from I l2 Megahertz to 137 Megahcrtz.

(2) A Very High Frcquency Digital Link Mode 4 station shall be
capable of receiving two channels simultancously.

(3) Very High Frequency Digital Link Mode 4 stations shall usc
two assigned frcqucncies as Global Signalling Channels, to suPPort
user communications and link managemcnt functions.

shdlt-

Voicc Unit for
Modc 3 speoch
encoding,
paramoter and
proccdurcs.

VDL Modc 4
radio channcls,

63. (l) The Very High Frcquency Digiul Link Mode 4 system VDL Modc 4

capabilitics.

(a) support ATN/IPS-comptiant sub nctwork scrvices;

(b) provide code-independent and byte-indepcndent transfer of
data;

(c) provide link layer broadcast serviccs;

(d) provide link layer point-to-Point services;

(e) provide air-air communications, without ground suPPort, as

well as air-ground communications;

(fl estoblish and maintain a reliable communications Path
between the aircraft and the ground system while allowing,
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but not requiring, manual intervention when supporting air-
ground operations: and

G) provide the capability for deriving time from time-of-arival
measurements of received Very High Frequency Digital Link
Mode 4 transmissions whenever externally derived estimates
of time are unavailable.

(2) A mobile Very High Frequency Digiral Link Mode 4 DLS
station shall transition from one ground Very High Frequency Digital
Link Mode 4 DLS station ro another as required.

(3) Mobile and ground Very High Frequency Digital Link Mode
4 stations shall access the physical medium operating in simplex mode.

64. Transmissions shall be scheduled relative to UTC, to ensure
efficient use of shared channels and to avoid unintentional slot re-use
on a regional basis.

PART VIII- AERONAUTICAL FIXED TELECOMMUNICATION
NETWORK

65. Interregional Aeronautical Fixed Service circuits being
implemented or upgraded shall employ high quality
telecommunications service and the modulation rate shall take into
account traffic volumes expected under both normal and alternate route
conditions.

66. The technical provisions related to international ground -
grgund data interchange at mediurn and higher signalling rates for
AFTN networks shall be as specified in the Eleventh Schedule to these
Regulations.

67. (l) The aircraft address shall be one of 16 7j7 Zl4 rwenty-
four-bit aircraft addresses allocated by International Civil Aviation
Organization to the State of Registry or common mark registering
authority and assigned as specified in the Twelfth Schedule to these
Regulations.

(2) Non-aircraft transponders that are installed on aerodrome
surface vehicles, obstacles or fixed Mode S target detection devices for
surveillance or radar monitoring purposes shall be assigned 24-bit
aircraft addresses.

(3) Mode S transponders used in accordance with sub regulation
(2) shall not have any negative impact on the performance of existing
Air Traffic Services surveillance sysrems and ACAS.

PART IX - POINT.TO-MULTIPOINT COMMUNICATIONS

68. Point-to-multipoint telecommunication service via satellite to
support the dissemination of Aeronautical Information shall be based
on full+ime, non-pre-emptible, protected services as defined in the
relevant Telecommunication Standardization Sector of the International
Telecommunications Union Recommendations.
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69. System characteristics shall include the following-

(a) frcquency - C-band, earth-to-satellite, 6 Gigahertz band,

satellite-to-earth, 4 Gigahertz band;

(b) capacity with effective signalling rate of not less than 9 600

bits/s;

(c) bit error ratcs - better than I in 107;

(d) forward error correction; and

(e) availability 99.95 pcr cent.

PART X - HIGH FREQUENCY DATA LINK SYSTEM

70. The High Frequency Data Link system shall-

(a) consist of one or more ground and aircraft station
subsystems, which implement the High Frequency Data Link
protocol specified in rcgulation 73; and

(b) include a ground management subsystem rcgulations 74.

71. The High Frequency Data Link aircraft station subsystem
and the High Frequency Data Link ground station subsystem shall
include thc following functions-

(a) High Frequency transmission and reception;

(b) data modulation and demodulation; and

(c) High Frequency Data Link protocol implementation and

frcqucncy sclcction.

72. Frcquency assignments for High Frequency Data Link shall
'bEproEEkl-through-onf thEif E-iiEneiElDPerationalCoviragi-arda.--

73. (l) Requircments for mandatory carriage of High Frequency
Data Link equipment shall be madc on the basis of regional air
navigation agreements that specify thc airspacc of operation and the

implementation timescale.

(2) The agreement in sub regulation (l) shall provide advance

notice of at least two years for the mandatory carriage of airborne
systems.

74. High Frcquency Data Link ground station subsystems shall
interconnect tfuough a common ground management subsystem.

75. (l) Synchronization of High Frequency Data Link ground

station subsystems shall be to within *25 ms of UTC.
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(2) For any srarion not operating within r25 ms of UTC,
appropriate notification shall be made to all aircraft and ground station
subsystems to allow for continued system operation.

76. (t) The undetected error rate for a network user packet
which contains between I and 128 octets of user data shall be equal to
or less than I in 106.

(2) Transit and transfer delays for network user packets of l2g
octets shall not exceed the values of the specifications in Table I l-l as
provided in the Fifteenth Schedule to these Regulations.

77. The High Frequency Data Link protocol shall consist of a
physical layer, a link layer, and a sub-network layer, as specified in the
Thirteenth Schedule ro rhese Regulations.

78. The ground management subsystem shall-

Quality of service

HF Data l-ink
Protocol.

Ground
Management
Subsystem.

Universal Acccss
Transceiver
sys(em
charactcristics of
aircraft and
ground stations.
Mandatory
carriage
requirements.

Air-Cround VHF
Communication
Systent
characte rist ics.

(a) perform the functions necessary to establish and maintain
communications channels between the High Frequency Data
Link ground and aircraft station subsystems.

(b) 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
data collection.

PART XI -UNIVERSAL ACCESS TRANSCEIVER

79. The Universal Access Transmitter physical layer and system
characteristics of aircraft and ground stations shall be as specified in the
Fourteenth Schedule to these Regulations.

80. Requirements for mandatory carriage of Universal Access
Transmitter equipment shall 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, including the
appropriate lead time.

PART XII- AERONAUTICAL MOBILE SERVICE

81. (l) The characteristics of rhe air-ground Very High
Frequency communication system used in the Intemational
Aeronautical Mobile Service shall be in confornrity with the
specihcations contained in the Fifteenth Schedule to these Regulations.

(2) The systems characteristics for both ground and airborne
installation shall conform to the specifications of the Fifteenth
Schedule to these Regulations.
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82. The characteristics of the air-ground High Frequency Single
Side Band system, where used in the Aeronautical Mobile Service,
shalt be in conformity rvith the specifications of the Fifteenth Schedule
to these Regulations.

83. (l) Where a Select - Calling system is installed, the system
characteristics contained in the Sixteenth Schedule to these Regulations
shall be applied.

(2) Aeronautical Stations which are required to communicate
with Select - Calling equipped aircraft shall have Select - Calling
encoders in accordance with the red group specified in the table of tone
frequencies in the Sixteenth Schedule to these Regulations as from I
September 1985.

(3) Select - Calling codes using the tones Red P, Red Q, Red R,
and Red S shall be assigned after I September 1985.

PART XIII - AERONAUTICAL SPEECH CIRCUITS

84. (l) The use of circuit switching and signalling to Provide
speech circuits to interconnect Air Traffic Services units not
interconnected by dedicated circuits shall be by agreement between the

Administrations concerned.

(2) The application of aeronautical speech circuit switching and
signalling shall be made on the basis of regional air navigation
agreements.

(3) The Air Traffic Control communication requirements
defined in the Civil Aviation (Air Traffic Services ) Regulations 2017
shall be met by implementation of one or more of the following basic
three call types-

(a) instantaneous access;

(b) direct access; and

(c) indirect access

(4) Subject to sub regulation (3), the following functions shall be
provided in order to meet the requirements specified in Civil Aviation
(Air Traffic Services) Regulations, 2017-

(a) nreans of indicating the calling or called party identity;

(b) nreans of initiating urgent or priority calls; and

(c) conference capabilities.

Singlc sidc band
High Frequency
Communication
System
Chrracteristics.

Selcal System.

Tcchnical
provisions retating
to Intemational
Acronautical
spcech circuit
switching and
signalling for
ground-ground
applications.
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(5) The characteristics of the circuits used in aeronautical speech
circuit switching and signalling shatl conform to appropriate
international standards and Telecommunication Standardization Sector
of the International Telecommunications Union recommendations.

(6) Digital signalling systems shall be used wherever their use

can be justified in terms of any of the folloling-

(a) improved quality of service;

(b) improved user facilities; or

(c) reduced costs where quality of service is maintained

(7) The characteristics of supervisory tones to be used such as

ringing, busy, number unobtainable shall conform to appropriate
Telecommunication Standardization Sector of the Intemational
Telecommunications Union, recommendations.

(8) To take advantage of the benefits of interconnecting regional
and natioual aeronautical speech networks, the international
aeronautical telephone network numbering scheme shall be used.

PART XIV-EMERGENCY LOCATOR TRANSMITTER FOR
SEARCH AND RESCUE

85. (l) All installations of emergency locator transmitters
operating on 406 Megahertz shall meet the provisions specified in
regulation 88.

(2) All installations of emergency locator transmitters operating
121.5 Megahertz shall meet the provisions specified in regulation

(3) Ernergency locator transmitters shall operate on 406
Megahertz and 121.5 Megahertz sirnultaneously.

(4) All emergency locator transmitters installed on or after I
January 2002 shall operate simultaneously on 406 Megahertz and 121.5
Megahertz.

(5) The technical characteristics for the 406 Megahertz
component of an integrated emergency locator transmitters shall be in
accordance with regulation 88.

(6) The technical characteristics for the l2 I .5 Megahertz
component of an integrated emergency locator transmitters shall be in
accordance rvith regulation 87.

86. (l) The Authority shall make anangements to have a 406
Megahertz Emergency Locator transmitters register and shall ensure
that the register is updated whenever necessaiy.

on
87

Opcrating
frequencics

Emergency
Locator
transmitters
Rcgistcr.
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(2) Register information regarding the Emergency Locator
transmitters shall bc immcdiately available to search and rescue
authorities.

(3) Emergency l.ocator transmitters register information shall
include the following-

(a) transmitter identification expresscd in the form of an
alphanumerical code of 15 hexadecimal characters;

(b) transmittcr manufacturer, model and serial number;

(c) COSPAS-SARSAT cypc approval numbcr;

(d) name, addrcss and emergency telephone number of the
owner and operator;

(e) name, address and telephone numbcr of other emergency
contacts to whorn the owncr or the operator is knorvn;

(f) aircraft manufacturer and type; and

(g) colour of the aircraft.

87. (l) Emergency Locator Transmitters shall operate on 121.5
Megahertz and the frcquency tolerance shall not cxceed plus or minus
0.(X)5 pcr cent.

(2) The cmission from an Emergency Locator transmitters under
normal conditions and attitudes of the antenna shall be vertically
polarized and esscntially omni-directional in the horizontal plane.

(3) Over a period of 48 hours of continuous opcration, at an
operating temperature of minus 20oC, the Peak Effective Radiated

(4) The type of emission shall be A3X and any other type of
modulation that meets the reguircments of sub regulations (5), (6) and
(7) shall bc used provided that the emission does not prejudice precise
location of the beacon by homing cquipment.

(5) The caricr shall be amplitude modulated at a modulation
factor of at least 0.85.

(6) The modulation applied to the carrier shall have a minimum
duty cycle of 33 per cent.

(7) The emission shall have a distinctive audio characteristic
achieved by amplitude modulating the carrier with an audio frequency

Spccificetion for
tlrc 12l5
Mcgehcrrz
component of
Enrcrgency
lrcrtor
Tranrmitter

crchrdlzt-nrtimr-h1esstffi o-m'W;-_ - -
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srveeping downward over a range of not less than 700 Hertz rvithin the
range I 600 Hertz to 300 Hertz and rvith a sweep repetition rate of
betrveen 2 Hertz and 4 Hertz.

(8) The emission shall include a clearly defined carrier
frequency distinct from the modulation sideband components; in
particular, at least 30 per cent of the power shall be contained at all
times within plus or minus 30 Hertz of the carrier frequency on 121.5
Megahertz.

88. (l) Emergency Locator Transmitters shall operate on one of
the frequency channels assigned for use in the frequency band 406.0 to
406.1 Megahertz.

(2) The period between transmissions shall be 50 seconds plus
or nrinus 5 per cent.

(3) Over a period of 24 hours of continuous operation at an
operating temperature of -20'C, the transmitter power output shall be
within the limits of 5 W plus or minus 2 dB.

(4) The 406 Megahertz Emergency Locator Transmitters shall
be capable of transmitting a digital message.

89. (l) Emergency locator transmitters operating on 406
Megahertz shall be assigned a unique coding for identification of the
transmitter or aircraft on rvhich it is carried.

(2) The emergency locator transmitter shall be coded in
accordance with either the aviation user protocol or one of the
serialized user protocols specified in the Scventeenth Schedule ro thcse
Regulations and shall be registered with the appropriate the Authority.

PART XV- EXEMPTIONS

90. (l) A person may apply to the Authority for an exemption
from any provision ofthese Regulations.

(2) Unless in case of emergency, a person requiring exemptions
from any of these Regulations shall make an application to the
Authority at least sixty days prior to the proposed effective date, giving
the following information-

(a) name and contact address including electronic rnail and fax if
any;

(b) telephone number:

(c) a citation of the specific requirement frorn which the
applicant seeks exemption;

Specification for
the 4O6 Megahenz
component of
Emergency
l.ocator
Tmnsmitter.

Transmittcr
idcntification
coding.

Requiremcnts for
application for
exemption.
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(d) justification for the exemption;

(e) a description of the typc ofoperations to be conducted under
the proposed exemption;

(0 the proposcd duration of the exemption;

(g) an explanation of how the exemption would be in the public
interest;

(h) a detailed description of the alternativc mcans by which the
applicant will ensure a levcl of safcty eguivalent to that
established by thc regulation in question;

(i) A safety risk assessment carried out in respect of the
exemption applied for;

0) if the applicant handles international operations and seeks to
operate under the proposed exemption, an indication whether
the exemption would contravene any provision of the
Standards and Recommended Practices of the Intemational
Civil Aviation Organization; and

(k) any other information that the Authority may require.

(3) Wherc the applicant seeks emergency processing of an
application for excmption, the application shall contain supporting facts
and rcasons for not filing the application within thc time specificd in
sub regulation (2) and satisfactory reason for deeming the application
an emcrgency.

(4) The Authority may in writing, refuse an application made
undcr sub regulation (3), where in the opinion of thc Authority, the
reasons givon for emergency processing are not satisfactory.

(5) The application for exemption shall be accompanied by fee

_llgsclbod_!y._the4gthgfiE=___

91. (l) The Authority shall review the application for exemption
made under regulation 52 for accuracy and compliance and if the
application is satisfactory, the Authority shall publish a detailed
summary of the application for comments, within a prescribed time, in
either-

(a) The Kenya Gazette ,'or

(b) aeronautical information circular; or

(c) daily newspapcr with national circulation.

(2) Where application requirements have not been fully complied
with, the Authority shall request the applicant in writing, to comply
prior to publication or making a decision under sub regulation (3).

Rcvicw ond
publication.
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(3) If the request is for emergency relief, the Authority shall
publish the decision as soon as possible after processing the
application.

92. (l) Where the application requirements have been satisfied,
the Authority shall conduct an evaluation of the request to include-

(a) determination of whether an exemption would be in the
public interest;

(b) a determination, after a technical evaluation of whether the
applicant's proposal rvould provide a level of safety
equivalent to that established by the regulation, although
where the Authority decides that a technical evaluation of the
request rvould impose a significant burden on the Authority's
technical resources, the Authority may deny the exemption
on that basis;

(c) a determination of whether a grant of the exemption would
contravene these Regulations; and

(d) a reconrmendation based on the preceding elements, of
whether the request should be granted or denied, and of any
conditions or limitations that should be part of the
exemption.

(2) The Authority shall notify the applicant in writing of, the
decision to grant or deny the request and publish a detailed summary of
its evaluation and decision.

(3) The summary referred to in sub-regulation (2) shall specify
the duration of the exemption and any conditions or limitations of the
exemPtion.

(4) If the exemption affects a significant population of the
aviation commuuity of the Kenya the Authority shall publish the
summary in aeronautical information circular.

PART XV I.GENERAL PROVISIONS

93. (l) Any person who performs any function prescribed by
these Regulations directly or by contract under the provisions of these
Regulations may be tested for drug or alcohol usage.

(2) A person rvho-

(a) refuses to submit to a test to indicate the percentage by
rveight of alcohol in the blood; or

(b) retuses to subnrit to a test to indicate the presence of narcotic
drugs, marijuana, or depressant or stimulant drugs or
substances in the body, when requested by a law

Evaluation of thc
request.

Drug and alcohol
tesling and
rcponing.
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enforcement officer or the Authority, or refuses to furnish or
to authorise the release of the test results requested by the
Authority shall-

(i) be denied any licence, certificate, rating, qualification,
or authorisation issued under these Regulations for a

period of up to one year from the date of that refusal; or

(ii) have their licence, certificate, rating, qualification, or
authorisation issued under these Regulations suspended
or revoked.

(3) Any person who is convicted for the violation of any local or
national statute relating to the growinS, processing, manufacture, sale,
disposition, possession, transportation, or importation of narcotic drugs,
marijuana, or depressant or stimulant drugs or substances, shall-

(a) be denied any license, certificate, rating, qualification, or
authorisation issued under these Regulations for a period of up to one
year after the date of conviction; or

(b) have their licence, certificate, rating, qualification, or
authorisation issued under these Regulations suspended or revoked.

94. (l) An Air Navigation Services Provider holder of 6 Changeof Namc.

certificate issued under these Regulations may apply to the Authority
for-

(a) replacement of the certificate if lost or destroyed;

(b) change of name on the certificate; or

(c) an endorsement on the certificate.

(2) When applying under paragraph ( I ), the holder of a certificate
shall submit to the Authority-

- _(a)_ _the_-original certjficat,e__or_a_c9py thereof in,cas_a_af_Las_s_; and__ ,

(b) a court order, or other legal docunrent verifying the name
change.

(3) The Authority shall return to the holder of a certificate, rvith
the appropriate changes applied for, if any, the originals specified under
paragraph (2) and, where necessary, rctain copies thereof.

95. (l) A holder of a air navigation services provider certificate
issued undcr these Regulations shall notify the Authority of the change
in the physical and mailing address rvithin fourteen days of such
change.

(2) A person who does not notify the Authority of the change in
the physical and mailing address rvithin the time frame specified in
sub-regulation (t) shall not exercise the privileges of the certificate.

Change of
addrcss.
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_ 96. A person may apply to the Aurhority in the prescribed form
for replacement ol documents issued under these Regulations if such
documents are lost or destroyed.
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97. (l) A person shall not-

(a) use any certificate or exemption issued or required by or
under these Regulations which has been forged, altered,
cancelled, or suspended, or to which he is not entitled; or

(b) forge or alter any certificate or exemption issued or required
by or under these Regulations; or

(c) lend any certificate or exemption issued or required by or
under these Regulations to any other person; or

(d) make any false representation for the purpose of procuring
for himself or any other person the grant, issue, renewal or
variation of any such certificate or exemption;

(e) mutilate, alter, render illegible or destroy any records, or any
entry made therein, required by or under these Regulations to
be maintained, or knowingly make, or procure or assist in the
making of, any false entry in any such record, or wilfully
omit to make a material entry in such record.

(2) All records required to be maintained by or under these
Regulations shall be recorded in a permanent and indelible material.

(3) A person shall not issue any cerrificate or exemption under
these Regulations unless he is authorised to do so by rhe Auihority.

(4) A person shall not issue any certificate referred to in sub-
regulation (3) unless he has satisfied himself that all sratements in the
certificate are coffect, and that the applicant is qualified to hold that
certificate.

98. (l) Any person who knows of a violation of the Act, or any
Regulations, rules, or orders issued there under, shall report it to the
Authority.

(2) The Authority may derermine the narure and type of
investigation or enforcernent action that need to be taken.

99. Any person rvho fails to comply with any direction given to
him by the Authority or by any authorised person under any piovision
of these Regulations shall be deemed for the pulposes of these
Regulations to have contravened that provision.

l00.(l) The Authority shall notify in rvriting the fees to be
charged in connection with the issue, renewal or variation of any
certificate, test, inspection or investigation required by, or for the

fees
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purpose of thcse Rcgulations any orders, noticcs or proclamations made
there under.

(2) Upon an application being made in connection rvith which
any fee is chargeable in accordance with the provisions of sub-
regulation (l), thc applicant shall be rcquired, before the application is
accepted, to pay thc fce so chargeable.

(3) If, after that payment has been made, the application is
withdrawn by the applicant or otherwise ceases to have effect or is
refused, the Authority shall not rcfund thc payment made.

PART XVI-OFFENCES AND PENALTIES

l0l.A person who contravenes any provision of these
Regulations may havc his certificate or exemption cancelled or
suspended.

102.(l) A pcrson who contravenes any provision of thcsc
Regulations, orders. notices or proclamations made there under shall,
upon conviction, be liable to a fine not exceeding One million shillings
or to imprisonment for a term not more than six months or both, and in
the case of a continuing contravention, each day of the contravention
shall constitute a separate offence.

(2) If it is proved that an act or omission of any person, which
would otherwisc havc becn a contravention by that person of a

provision of these Regulations, orders, notices or proclamations made
there under was due to any cause not avoidable by the exercise of
reasonable care by that person, the act or omission shall be dccmed not
to be a contravention by that person of that provision,

l03.Whcrc any pcrson is aggricved by any order made undcr
these Regulations the person may, within twenty one days of such order
being madc, appcal against the ordcr to a National Civil Aviation
Administrativc Rcview Tribunal cstablished under the Act.

Contravcntion of
Rcgulations.

Pcnaltics

Appcal

l04.For the purposes of this Part "prior regulations" means the
regulations goveming Communication Systems that werc in force
immediately before the coming into force of this Regulation; ExcePt as

otherwise provided this regulations applies to all Communication
Systems within its scopc, including prior Communication Systems.

Transitional
Provisions.
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SCHEDULES

First Schedule

(Regulation 22 (6Nd)
l.l Tables for Aeronautical Telecommunications Network (ATN) Mapping-

I .2 Table l: Mapping of ATN communication priorities
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I .3 Table 2. Mapping of ATN network priority to mobile sub-network priority
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SECOND SCHEDULE

llegulation 49(a)

SSR MODE S AIR GROUND DATA LINK
I. MODE S CHARACTERISTICS

L l General provisions

Note l.- Reference ISO document. llhen the term "lSO 8208" is referred to itt
lhis standard, it nrcans the ISO Standard "lnfornrution techilology - Data
communications - X.25 Packet Layer Prolocol for Data Terminal Equipment,
Reference Number ISO/IEC 8208: 1990(E)".

Note 2.- The overall architectn'e of the Mode S sub-network is presented in the
diagram on thefollowing pagc.

Note 3.- The processing spli* into three dif/erent paths. The first consists of the
processitrg of switched virtual cirai* (SVCs), lhe second cotrsists of the
processittg of Mode S specific serviccs, and tlrc third cottsists of the processittg of
sub-network management infornatiott. SVCs utilize the reformatltng process and
the ADCE or GDCE function. Mode S specific services utilize the Mode S specific
services entity (SSE) function.

l.l.l Message categories. The Mode S subnetwork shall only carry aeronautical
cornmunications classified under categories of flight safety and flight regularity as

specified in ANS Technical Staudards, Part II, Volume II, Chapter 5,5.1.8.4 and
5.1.8.6.

1.1.2 Signals in space. The signal-in-space clraracteristics of the Mode S subnetwork
shall conform to the provisions contained in ANS Technical Standards, Part II,
Volume IV, Chapter 3,3.1.2.

1.1.3 Codc and byte independency. The Mode S subnetwork shall be capable of code and
byte independent transmission of digital data.

| .l .4 Data transfer. Data shall be conveyed over the Mode S data link in segments using
either standard length message (SLM) protocols or extended length message
(ELM) protocols as defined in 3.1.2.6.1 I and 3.1.2.7 of ANS Technical Standards,
Part I[, Volume IV.

Note l.-An SLM segment is tlrc contents of one 56-bit MA or MBfield. An ELM
segment is the contents of one 80-bit MC or MD field.
Note 2.-An SLMfi'anre is the contents of up to four linked MA or MBfields. Att
ELM frame is the contents of 2 to l6 MC or I to l6 MD fields.

l.l .5 Bit ruunbering. In the description of the data exchange fields, the bits shall be
numbered in the order of their transmission, beginning with bit 1. Bit numbers shall
continue through the second and higher segments of multi-segment frames. Unless
otherwise Stated, numerical values encoded by groups (fields) of bits shall be
encoded using positive binary notation and the first bit transuritted shall be the most
significant bit (MSB) (3.1 .2.3.1 .3 of ANS Technical Standards, Part II, Volume
IV).

l.l .6 tlnassigned bits. When the length of the data is not sufftcient to occupy all bit
positions within a message field or subfield, the unassigned bit positions shall be
set to 0.

1.2 Frames

I.2.I UPLINK FRAMES

l.2.l.l SLMframe. An uplink SLM frame shall be cornposed olup to four selectively
addressed Cornrn-A segments.
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5.2.3.3 = 1.3.3
5.2.2 = 1.2
5.2.8.2 = 1.8.2.

1.2.1.1.1 SDfiekl. When the designator identification (DI) field (bits 14-16) has a code
value of I or 7, the special designator (SD) field (bits 11-32) of each Comm-A
interrogation shall be used to obtain the interogator identifier subfield (IIS,
bits 17-20) and the linked Comm-A subfield (tAS, bits 30-32). The action to
be taken shall depend on the value of LAS. The contents of L{S and IIS shall
be retained and shall be associated with the Comm-A message segment for use
in assembling the frame as indicated belorv. All fields other than the LAS field
shall be as defined in the Civil Aviation (Surveillance and Collision Avoidance
Systems) Regulations.

Note: The SD field structure is shown in Figure 5-l in the Second Schedule to
these Regulations.

I .2.1 .l .2 LAS coding. The 3-bit l-4S subfield shall be coded as follows:

LAS MEANING

0 single segment
I linked, lst 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 tnassigned

1.2.1 .1.3 Sittgle segnrettt SLM fi'ame. If LAS = 0, the data in the MA field shall be
considered a complete frame and shall be made available for further
processing.

1.2.1.1.4 Multiple seg,nent SLM ft'anrc. The ADLP shall accept and assenrble linked
56-bit Comm-A segments associated with all sixteen possible interrogator
identifier (II) codes. Correct linking of Comm-A segments shall be achieved
by requiring that all Comm-A segments have the same value of tIS. If LAS =
I through 6, the frame shall consist of two to four Comm-A segments as

specified in the following paragraphs.

1.2.1.1.4.1 lttitial segnrctt.If LAS = l, the MA field shall be assembled as the initial
segment of an SLM frame. The initial segment shall be stored until all
segments of the frame have been received or the franre is cancelled.

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

1.2.1 .l .4.3 Final segment. If LAS = 4,5 or 6, the MA field shall be assembled as the
final segment of the SLM frame. It shall be associated rvith previous
segnrents containing the same value of IIS.

l.2.l.l .4.4 Frame completion. The frame shall be considered complete and shall be
made available for further processing as soon as all segments of the frame
have been received.
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l.2.l.l .4.5 Frame cancellation. An incomplete SLM frame shall be cancelled if one or
more of the follorving conditions apply:

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

b) the sequence of received l,AS codes (after the elimination of duplicates) is not
contained in the follorving list:

l) IAS=0
2) .L S = l5
3) tAS=t,2,6
4) LAS = 1,6,2
5) LAS = 12,3 A
6) LAS = 1,3,24
7 LAS = 1.2.4.3
8) I-AS= 1,3,42
9) LAS = 14,2,3
l0) LAS = 1A,32

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

l.2.l.l .4.6 Segment cancellation. A received segment for an SLM frame shall be

discarded if it is an intermediate or final segment and no initial segment has

been received with the same value of IIS.

1.2.1 .1 .4.7 Segnrcnt duplication. If a received segment duplicates a currently received
segment number rvith the same value of IIS, the new segment shall replace

the currently received segment.

Note.- The action of the Mode S subnefivork protocols may result in the

duplicate delivery of Comm-A segments.

t.2.1.2 ELM lrame . An uplink ELM frame shall consist of from 20 to 160 bytes and

shall be transferred from the interrogator to the transPonder using the

protocol defined in the Civil Aviation (Surveillance and Collision Avoidance
Systems) Regulations. The first 4 bits of each uplink ELM segment (MC

field)-alia-ll coilein -thEinterrogato-ittenfifiealll) code of-lhE-Mode S

interrogator transmitting the ELM. The ADLP shall check the II code of each

segment of a completed uplink ELM. If all of the segments contain the same

II code, the II code in each segment shall be deleted and the remaining
message bits retained as user data for further processing. If all of the

segments do not contain the same II code, the entire uplink ELM shall be

discarded.

Note.- An uplink ELM Jranre corrJirrr of two to sixteen associated Contm-C
segments, each <tf which contains the 4-bit II code. Therefore, the capacity

for packet transfer is l9 to 152 bytes per uplitrk ELMfrante.

DOWNLINK FRAMES

SLM fi'ame. A downlink SLM frame shall be composed of up to 4 Comm-B
segments. The MB field of the first Comm-B segment of the frame shall
contain a 2-bit linked Comm-B subfield (LBS, bits I and 2 of the MB field).

t.2.2

t.2.2.r
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This subfield shall be used to control linking of up to four Comm-B
segments.

Note.- The LBS uses the first 2-bil positions in the first segment of a multi or single
segnrent dowtlink SLM lrame. Hence, 54 bits are avatlable for Mode S packet data in the
first segnrcnt of a downlink SLM fi'ame. The remaining segments of the dovnlink SLM
Jrame, if any, have 56 bits available .

1.2.2.1.1 LBS coding. Linking shall be indicated by the coding of the LBS subfield of
the MB field of the initial Comm-B segment of the SLM frame. The coding of
LBS shall be as follows:

LBS MEANING
0 single segment
I initial segment of a two-segment SLM frame
2 initial segment of a three-segment SLM frame
3 initial segment of a four-segment SLM frame

1.2.2.1 .2 Linking protocol

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

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

Note.- Tlrc linking procedure includittg thc use of the ground-initiated ConrntB
protocol is perfonned by the ADLP.

1.2.2.1 .3 Directing SLM fratnes.If the SLM frame is to be multisite-directed, the
ADLP shall determine the II code of the Mode S interrogator or cluster of
interrogators that shall receive the SLM frame.

1.2,2.2 ELM FRAME

Note.- A downlink ELM cottsists of one to sixteen associated Conun-D segnrcnts .

| .2.2.2.1 Procedure . Dorvnlink ELM frames shall be used to deliver messages greater
than or equal to 28 bytes and shall be formed using the protocol defined in
the Civil Aviation (Surveillance and Collision Avoidance Systems)
Regulations

1.2.2.2.2 Directittg ELM frantes.lf the ELM frame is to be rnultisite-directed, the
ADLP shall determine the I code of the Mode S interrogator or cluster of
interrogators that shall receive the ELM frame.

1.2.3 XDLP frante processittg. Frame processing shall be performed on all Mode
S packets (except for the MSP packet) as specified in2.l .3 to 2.1.5. Frame
processing for Mode S specific services shall be performed as specified in
t.7 .
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1.2.3.1 Packet length. All packets (including a grouP of Packets multiplexed into a

single frame) shall be transferred in a frame consisting of the smallest numbcr of
segments necded to accommodate the packet. The user data field shall be an

intcgral multiple of bytes in length. A 4-bit Parameter (LV) shall be provided in
the Mode S DATA, CALL REQUEST, CALL ACCEPI, CLEAR REQUEST
and INTERRUPT packct headers so that during unpacking no additional bytes

are added to the user data field. The LV field shall define the number of full
bytes used in thc last segment of a frame. During LV calculations, the 4-bit U

code in the last segment of an uplink ELM mcssage shall be (l) ignored for
uplink ELM frames with an odd number of Comm-C segments and (2) counted
for uplink ELM frames with an even number of Comm-C segmcnts. Thc value
contained in the LV field shall be ignorcd if the packet is multiplcxed.

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

1.2.3.2 Multiplaxing. When multiplexing multiple Mode S packets into single SLM on
ELM frame, the following procedures shall be used. Multiplexing of the packets

within the ADLP shall not be apPlied to packets associated with SVCs of
differcnt priorities.

Note.- Multiplexing is not performed on MSP packets.

1.2.3.2-I Multiplexing optimization

When multiple packets are awaiting transfer to the same XDLP, they shall bc multiplexed
into a single frame in order to optimize throughput, provided that packets associated with
SVCs of differcnt priorities are not multiplexed together.

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

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

N.ate---Anwabarinlhcjeld-signifies-the-field-length-in-bits;3--signifiw-ttutLhe-field
is oJvariable lengtlt.

1.2.3.2.2.1 Multiplcxing hcader. The header for the multiplexed packets shall be as

follows:

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

Where,

Data packe! type (DP) = O

MSP packet type (MP) = |

Supervisory packet (SP) :3
Supervisory type (ST) =2



t.2.3.2.2.2

t.2.3.2.2.2.1

1.2.3.2.2.3

1.2.3.3

1.2.3.3.t
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Length. This field shall contain the length of the follorving 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 packet, shall result in the discarding of the packet unless
the error can be determined to be lirnited to the LENGTH field, in which
case a REJECT packet with the expected PS value can be sent.

For multiplex packets, if the entire packet cannot be de-multiplexed, then
the first constituent packet shall be treated as a format error, and the
remainder should be discarded.

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

a) a length field ofall zeros; or

b) less than eight bits left in the frame.

MODE S CHANNEL SEQUENCE PRESERVATION

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

1.2.3.3.2 Procedure

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

1.2.3.3.2.2 ELMframes. ELM frarnes awaiting transfer shall be transmitted in the order
received.

1.2.4 GDLP FRAME PROCESSING

1.2.4.1 GENERALPROVISIONS

1.2.4.1.1 The GDLP shall determine the data link capability of the ADlP/transponder
installation from the data link capability report before performing any data
link activity with that ADLP.

l'2.4.1.2 GDLP frame processing shall provide to the interrogator all data for the
uplink transmission that are not provided directly by the interrogator.

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

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

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

1.2.4.5 Frame determinatiott. A Mode S packet (including multiplexed packets but
excluding MSP packets) intended for uplink and less than or equal to 28 bytes
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1.2.5

1.2.5.t

1.2.5.2

1.2.5.3

1.2.5.4

t.2.5.5

. --12..5.6

shall be sent as an SLM frame. A Mode S packet greater than 28 bytes shall be

sent as an uplink ELM frame for transponders with ELM capability, using M-bit
processing as necessary). If the trarrsponder does not have ELM capability'
packets gieater than 28 bytes shall be sent using the M-bit or S-bit assenrbly

procedures as necessary and multiple SLM frames.

Note.- The Mode S DATA, CALL REOUEST, CALL ACCEPT, CLEAR

REQUEST and INTERRUPT packets are the only Mode S packets that use M-bit
or S-bit sequencing,

ADLP FRAME PROCESSINC

General provisions. With the possible exception of the last 24 bits
(address/parity), ADLP frame processing shall accept from the transponder the

entire content of both 56-bit and ll2-bit received uplink transmissions,
excluding all call and ACAS interrogations. ADLP frame processing shall
provide to the transponder all data for the downlink transmission that is not
provided directly by the transponder.

Delivery sraru.r. ADLP frame processing shall accept an indication from the

transponder that a specified downlink frame that was previously transferred to

the transponder has been closed ottt.

Interrogator identiJier. ADLP frame processing shall accept from the

transponder, along with the data in each uplink SLM and ELM, the interogator
identifier (II) code of the interrogator that transmitted the frame. ADLP frame
processing shall transfer to the transponder the II code of the interrogator or

cluster of interrogators that shall receive a multisite-directed frame.

Mode S protocol type identification. ADLP frame processing shall indicate to
the transponder the protocol to be used to transfer the frame: ground-initiated,
air-initiated, broadcast, multisite-directed, standard length or extcnded length.

Frame cancellation. ADLP frame processing shall be capable of cancelling
downlink frames previously transferred to the transponder for transmission but
for which a close-out has not been indicated. If more than one frame is stored

within the transponder, the cancellation procedure shall be capable ofcancelling
the stored frames selectively.

Franrc -deternination..A Mode--S-packet-('including-multiplexed-packets -but

excluding MSP packets) intended for downlink and less than or equal to 222 bits
shall be sent as an SLM frame. A Mode S packet greater than 222bits shall be

sent as a downlink ELM frame for transponders with ELM capability using M-
bit processing as necessary. When M-bit processing is used, all ELM franles

coniaining M = I shall contail the maximum number of ELM segments that the

transponder is capable of transmitting in response to one requesting

interrogation (UF = 24). If the transponder does not have ELM capability.
packetJ greater than 222 bits shall be sent using the M-bit or S-bit assembly
procedures and multiple SLM frames.

PRIORITY MANAGEMENT

ADLP priorily nranagemeril. Frames shall be transferred from the ADLP to the

transponder in the following order of priority (highest first):

a) Mode S specific services;

t.2.6

t.2.6.1
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b) search requests;

c) franres containing only high priority SVC packets: and

d) frames containing only low priority SVC packets.

1,2.6.2 GDLP PRIORITY MANAGEMENT

Uplink frames shall be transferred in the following order of priority (highest
first):

a) Mode S specific services;

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

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

d) frames containing only low priority SVC packets.

1.3 Data exchange interfaces

I.3.I THE DTE ISO 8208 INTERFACE

l.3.l.l General provisions. The interface between the XDLP and the DTE(s) shalt
confonn to ISO 8208 packet layer protocol (PLP). The XDLP shall support the
procedures of the DTE as specified in ISO 8208. As such, the XDLP shall
contain a DCE.

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

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

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

I.3.I.3 DTE ADDRESS

I.3.1.3.1 Ground DTE address. The ground DTE address shall have a total length of 3

binary coded decimal (BCD) digits, as follows:

xoxlx2
X0 shall be the most significant digit. Ground DTE addresses shall be decimal
numbers in the range of 0 through 255 coded in BCD. Assignment of the DTE
address shall be a local issue. All DTEs connected to GDLPs having
overlapping coverage shall have unique addresses. GDLPs which have a flying
time less than Tr (Table 5-l) between their coverage areas shall be regarded as
having overlapping coverage.

1.3.1.3.2 Mobile DTE address. The mobile DTE address shall have a total length of l0
BCD digits, as follows:

xoxlx2x3x4x5x6x7x8x9
X0 slrall be tlre rnost significant digit. Tlre digits X0 to X7 shall contain the
octal representation of the aircraft address coded in BCD. The digits X8X9
shall identify a sub-address for specific DTEs on board an aircraft. This sub-
address shall be a decimal number in the range of 0 and l5 coded in BCD. The
lollowing sub-address assignments shall be used:



I .3.1 ,3.3

1.3.L3.4

1.3.1.4.1

t.3.1.4.2

1.3.2

r.3.1.1

1.3.1.r.r
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00 ATN router

0l to 15 Unassigned

Illegal DTE addresses. DTE addresses outside of the defined ranges or not
conforming to the formats for the ground and mobile DTE addresses specificd
in 1.3.1.3.1 and 1.3.1.3.2 shal[ be defined to be illegal DTE addresses. The
detection of an illegal DTE address in a CALL REQUEST packet shall lead to
a rejection ofthe call as specifred in 1.5.1.5.

PACKET LAYER PROTOCOL REQUIREMENTS OF THE DTE/DCE
INTERFACE

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

(a) expedited data delivery, i.e. the use of INTERRUPT packets with a user

data field of up to 32 bytes;

(b) priority facility (with two levels,;

(c) fast select ; 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 addrcss as defined). Other ISO 8208
facilities and the D-bit and the Q-bit shall not be invokcd for transfer over
the Mode S packet layer protocol.

Parameter values. The timer and countcr paramcters for the DTE/DCE
interface shall conform to the default ISO 8208 values.

MODE S SPECIFIC SERVICES INTERFACE

Note.- Mode S specitic sentices consist of the broadcast Comm'A and Comm'
B, GICB and MSP.

ADLP

Gcneral provisions. The ADLP shall support the acccssing of Mode S specific
services through the provision of one or more scParate ADLP interfaces for
this oumose.

1.3.1.1.2 Functional capability. Message and control coding via this interface shall
support all ofthe capabilities specified in 1.7.1.

1.3.1.2 GDLP

1.3.1.2.1 General provisions. The GDLP shall support the accessing of Mode S specific
services through the provision of a separatc GDLP interface for this purPose

and/or by providing access to these services through the DTUDCE interface.

1.3.1.2.2 Functional capability. Message and control coding via this interface shall
support all of the capabilities specified in 1.7 .2.

1,3,2 ADLP/TRANSPONDERINTERFACE

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

(a) surveillance interrogation;

(b) Comm-A intemogation;

(c) Comm-A broadcast interuogation; and

(d) uplink ELM.

The ADLP shall also accept the II code of the interrogator used to transmit the

surveillance, Comm-A or uplirtk ELM.

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

1.3,2.1.2 The ADLP shall accept control information from the transponder indicating the

status of downlink transfers. This shall include:

(a) Comm-B close-out;

(b) Comm-B broadcast timeout; and

(c) downlink ELM close-out.

1.3.2.1.3 The ADLP shall have access to culrent information defining the

communication capability of the Mode S transponder with which it is

operating. This information shall be used to generate the data link capability
report.

1.3.2.2 ADLP TO TRANSPONDER

l.3.2.z.LThe ADLP shall provide an indication of protocol type to the transponder in
connection with data transferred from the ADLP to the transponder. This shall
include the following types of protocols:

(a) ground-initiated Cornm-B;

(b) air-initiated Comm-B;

(c) multisite-directed Comm-B;

(d) Comm-B broadcast;

(e) downlink ELM; and

(f1 multisite-directed downlink ELM.

The ADLP shall also provide the II code for transfer of a multisite-directed
Comm-B or downlink ELM and the Comm-B data selector (BDS) code

(3.1.2.6.11.2 of Manual of ANS standards Part lI , Volurne IV) for a ground-

initiated Comm-B.

1.3.2.2.2 The ADLP shall be able to perforrn frame cancellation as specified in 1.2.5.5.

I.3.3 GDLPA,IODE S INTERROGATOR INTERFACE

I.3.3.I INTERROGATOR TO GDLP
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l.3.3.l.lThe GDLP shall accept an indication of protocol type from the interrogator in
connection with data transferred from the interrogator to the CDLP. This shall
include the following types of protocols:

(a) ground-initiatedComm-B;

(b) air-initiatedCornm-B;

(c) air-initiated Cornm-B broadcast; and

(d) downlink ELM.

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

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

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

(a) Comm-Ainterrogation;

(b) Comm-A broadcast interrogation;

(c) uplink ELM; and

(d) ground-initiated Comm-B request.

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

1.4 DCE operatiou

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

1.4.1 State transitions. The DCE shall operate as a State machine. Upon entering a

. -State,-theD-CE,shall,perform-the-actions-specifiedjn-Table 5=2.-State transitions-.
and additional action(s) shall be as specified in Table 5-3 through Table 5-12.

Note.- The next State t,'ansition (if any) that occurs when lhe DCE receives a
packetfront the DTE is specified by Table 5-3 tltrough Table 5-8. These tablcs
are organized according to the hterarchy illustrated in Figure 5-2. The same
transitions are defined in Table 5-9 through Table 5-12 when the DCE receives
a packet front the XDCE (via the reformatting process).

1.4.2 5.2.4.2 DTSPOSITION OF PACKETS

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

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

Mode S packet layer processing

GENERAL REQUIREMENTS

l.5.l.l BUFFER REQUIREMENTS

1.5. l. l.l A DLP bulfer requi re n ents

I .5.1.1.1. I The following requirements apply to the entire ADLp and shall be
interpreted as necessary for each of the main processes (DCE, reformatting,
ADCE, frame processing and SSE).

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

(a) maintain sufficient buffer space to hold fifteen Mode S subnetwork
packets of 152 bytes each in the uplink direction per SVC for a
transponder witlr 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;

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

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

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

(t) 2.2.1 .l .l .3 The ADLP shall be capable of maintaining a buffer of I 600
bytes in each direction to be shared among all MSPs.

1.5.1.1.1.3 GDLP buffer requirenrents

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

1,5.1.2 CHANNEL NUMBER POOLS

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

1.5.1 .2.2 The GDLP shall manage a pool of temporary channel numbers in the range of
I to 3, for each ground DTE/ADLP pair. Mode S CALL REQUEST packets
generated by the GDLP shall contain the ground DTE address and a temporary
channel number allocated frorn the pool of that ground DTE. The GDLP shall
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not reuse a temporary channel number allocated to an SVC that is still in the

CALL REQUEST State.

Note l.- The use of temporary chatnel numbers allows the GDLP to have up
to three call requests in process at the same limefor a particular ground DTE
and ADLP conbination. It also allows the GDLP or ADLP to clear a channel
before the perntanenl channel nwnber is assigned.

Note 2.- The ADLP may be iil coiltact wilh multiple ground DTEs at any one
time. All lhe ground DTEs use tempora,y clnnnel nurnbers ranging fron I to
3.

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

1.5.1.2.4 The channel nunrber used by the DTE/DCE interface and that used by the
ADCE/GDCE interface shall be assigned independently. The reformatting
process shall nraintain an association table between the DTE/DCE and the

ADCE/GDCE channel numbers.

1.5.1:3 'RecCiie itady-anil iecbiveioTreadf-c-ondilions. Thtlso-8208-interfa-ce arul - -
the ADCE/GDCE interface management procedures shall be independent
operations since each system must be able to respond to separate receive ready
and receive not ready indications.

r.5.1.4 pRocESSING OF M-BIT AND S-BIT SEQUENCE

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

1.5.1.4. I M-bit processing

Note.- The pacl<ct size used on tlrc DTE/DCE intetface can be dilferent from
that used on the ADCE/GDCE interface.

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

1.5.1.4.1.2 If the packet size for the XDCE interface is larger than that used on the
DTE/DCE interface, packets shall be cornbined to the extent possible as

dictated by the M-bit, when transmitting a Mode S DATA packet. If the
packet size is smaller on the XDCE interface than that defined on the
DTE/DCE interface, packets shall be tiagmented to fit into the smaller
Mode S packet using M-bit assembly.

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

1.5.1.4. 1.4 In order to decrease delivery delay, relbrmatting shall be performed on the
partial receipt of an M-bit sequence, rather than delay reformatting until the
cornplete M-bit sequence is received.

1.5.1.4.2 S-bit processizg. S-bit processing shall apply only to Mode S CALL
REQUEST, CALL ACCEPT, CLEAR REQUEST and INTERRUPT
packets. This processing shall be perforrned as specified for M-bit
processing (2.2.1.4.1) except that the packets associated with any S-bit
sequence whose reassembly is not completed in 7q seconds (Tables 2.2-1
and 2.2-13) shatl be discarded and receipt of a packet shorter than the
maximum packet sizc with S = I shall cause the entire S-bit sequence to be
treated as a format error in accordance with Table 2.2-16.

1,5.1.5 MODE S SUBNETIYORK ERROR PROCESSING FOR ISO 8208 PACKETS

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

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

I .5.1 .5.3 Invalid priorily. If the XDLP receives a call request with a connection priority
value equal to 2 through 254, the XDLP shall clear the virtual circuit using DC
= 66 and CC : l3l. The use of CC is optional.

1.5.1.5.4 Utrsupportedfacility.lf the XDLP receives a call request with a request for a

facility that it cannot support, the XDLP shall clear the virtual circuit using DC
: 65 and C = 13l. The use of CC is optional.

1.5.1.5.5 Illegal calling DTE address. If the XDLP receives a call request with an illegal
calling DTE addrcss, the XDLP shall clear the virtual circuit using DC = 68
and CC = 141. The use of CC is optional.
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1.5.1.5.6 lllegalcalledDTEaddress.IftheXDLPreceivesacall requestwithanillegal
called DTE address, the XDLP shall clear the virtual circuit using DC = 67 and
CC = l4l . The use of CC is optional.

1.5.2 REFORMATTINGPROCESS

Note.- The reformatting process is divided into two subprocesses: uplink
formatting and downlink fonnattittg. For the ADLP, the uplink process
refonnats Mode S packets into ISO 8208 packe* and the downlink process
reformats ISO 8208 packets into Mode S packets. For the GDLP, the uplink
process reformats ISO 8208 packets inlo Mode S packets and the downlink
process rcfonnats Mode S packets ittto ISO 8208 packets.

l.5.l.l CALL REQUEST BY ADLP

l.5.l.l.l Translation into Mode S packets

l.5.l.l.l.l Translated packe! forntat. Reception by the ADLP reformatting process of
an ISO 8208 CALL REQUEST packet from the local DCE shall result in
the generation of comesponding Mode S CALL REQUEST by ADLP
packet(s) (as determined by S-bit processing (2.2.1.4.2\) as follows:

0P:l NP:l sPl $Tl tllll{or2 P1 Ful sil$ CH:4 A[1:4 AC:8 S:l F$:2 F:1 Lt/:{ U0:r

1.5.1.1.1.2

1.5.1.1.1.3

1.5.1.1.t.4

I .5. l.l. 1.5

l.s.l. r.l.6

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

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

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

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

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

-.-----ignored.

Sequence number (SN/. For a particular SVC, each packet shall be
numbered

Channel nurnber (CH). The channel number shall be chosen from the pool
of SVC channel numbers available to the ADLP. The pool shall consist of
l5 values from I through 15. The highest available channel number shall be
chosen from the pool. An available channel shall be 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 interface shall be
maintained while the channel is active.

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

1.5.t.1.1.7

1.5.1.1.1.8

1.5.1.1.1.9
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l.5 l.l.l.l0 Addre.s,r. ground (AG).This address shall be the ground DTE address in the
rangc of 0 to 255. The address shall bc extracted frorn the called DTE
addrcss contained in the ISO 8208 packet and converted to binary
representation.

l.5.l.l.l.ll Fillfeld. The fill field shall be used to align subsequent data fields on byte
boundaries. When indicated as "FILL:n", the fill field shall be set to a
length of "n" bits. When indicated as "FILLl: 0 or 6", the fill field shall be
set to a length of 6 bits for a non-multiplexed packet in a downlink SLM
frarne and 0 bit for all other cases. When indicated as "FILL2: 0 or 2", the
fill field shall be set to a length of 0 bit for a non-multiplexed packet in a
downlink SLM frame or for a multiplexing header and 2 bits for all other
cases.

l.5.l.l.l.l2 S feld (.S/. A value of I shall indicate that the packer is part of an S-bit
sequence with more packets in the sequence to follow. A value of 0 shall
indicate that the sequence ends with this packet. This field shall be set as
spccified in2.2.1.4.2.

l.5.l.l.l.13 FS field (FS). A value of 0 shall indicate that the packet does not contain
fast select data. A value of2 or 3 shall indicate that the packet contains fast
select data. A value of2 shall indicate normal fast select operation. A value
of 3 shall indicate fast select with restricted response. An FS value of I shall
bc undefined.

l.5. l. l. l. 14 First packet flag (F/. This field shall be set ro 0 in the first packet of an S-
bit sequence and in a packet that is not part ofan S-bit sequence. Otherwise
it shall be set to l.

1.5.1.1.1.15 user data length (LV). This field shall indicate the number of full bytes
used in the last SLM or ELM segment.

l.5.l.l.l.16 User data field (UD). Tbis field shall only be presenr if optional CALL
REQUEST user data (maximum 16 bytes) or fast select user data
(maximum 128 bytes) is contained in the ISO 8208 packet. The user data
field slrall be transferred from ISO 8208 packet unchanged using S-bit
processing as specified in 2.2.1.4.2.

1.s.t .t .2

l.5.l.l .2. l

I .5.t .t .2.2

Translation into ISO 8208 packets

Translation. Reception by the GDLP reformatting process of a Mode S
CALL REQUEST by ADLP packet (or an S-bit sequence of packets) frorn
the GDCE shall result in the generation of a corresponding ISO 8208 CALL
REQUEST packet to the local DCE. The translatiorr from the Mode S
packet to the ISO 8208 packet shall be the inverse ofthe processing defined
in2.2.2.1.1 with the exceptiorrs as specified in2.2.2.1.2.2.

Called DTE, calling DTE addres.r and length fields. The calling DTE
address shall be cornposed ofthe aircraft address and the value contained in
the AM freld of the Mode S packet, converted to BCD. The called DTE
address shall be the ground DTE address contained in the AG field of the
Mode S packet, converted to BCD. The length field shall be as defined in
ISO 8208.

t.5.t.2 CALL REQUEST BY GDLP

1.5. L2.1 Tran.slatiotr ittto Mode S packets
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r.5. r.2.1. t General. Reception by the GDLP reformatting process of an ISO 8208

CALL REQUEST packet from the local DCE shall result in the generation

of corresponding Mode S CALL REQUEST by GDLP packet(s) (as

determined by S-bit processing (2.2.1.4.2)) as follows:

0r1 llP:1 $P:2 $l:2 fltl:l P:1 r[11 sil$ tlt rl TC, AII{ A0:8 S:l F$l FJ LV:! Uh

Fields shown in the packet fonnat and not specified in the following paragraphs shall be

set as specified in2.2.2.1.

I .5.1 .2.1 .2 Data packet type (DP). This field shall be set to 0.

1.5.1.2.1.3 MSP packet type (MP). This field shall be set to l.

| .5.1 .2.1 .4 Supervisory packet (SP). This field shall be set to I .

L5.1.2. 1.5 Supervisory type (ST). This field shall be set to 0.

1.5.1.2. 1.6 Tentporary channel nuntber JteU (C). This field shall be used to
distlnguish rnultiple call requests from a GDLP. The ADLP reformatting
process, upon receipt ofa temporary channel number, shall assign a channel
number from those presently in the READY State,pl.

1.5.1.2.1.7 Address. ground (AG). This address shall be the ground DTE address (in

the range of0 to 255. The address shall be extracledlrom the calling DTE
address contained in the ISO 8208 packet and converted to binary
represenlalion.

1.5.1.2.1.8 Address, mobile (AM). This address shall be tlrc mobile DTE sub-addre.ss in
the range of 0 to 15. The address shall be extracted from the two least

significant digits of the called DTE address contained in the ISO 8208
packet and converted to binary representation.

Translation into ISO 8208 packels1.5.t.2.2

1.5.t.2.2.t

t.5.1.2.2.2

Translatiotr. Reception by the ADLP reformatting process

eAfLRFIQU-ESI f,rGDf P-pack-et-(oaanS--b]a-sequencenf
of a Mode S

phckets) from

1.5.1.3

1.5.1.3. r

the ADCE shall result in the generation of a corresponding ISO 8208 CALL
REQUEST packet to the local DCE. The translation from the Mode S

packet to the ISO 8208 packet shall be tlre inverse ofthe processing defined
in2.2.2.2.1 with the exceptions as specified in2.2.2.2.2.2.

Called DTE, calling DTE address and length Jields. The called DTE
address shall be cornposed ofthe aircraft address and the value contained in
the AM freld of the Mode S packet, converted to BCD. The calling DTE
address shall be the ground DTE address contained in the AG field of the

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

CALL ACCEPT BY ADLP

Translation into Mode S packets
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1.5.1.3. r Translated packetfonnat. Reception by the ADLP reformatting process of
an ISO 8208 CALL ACCEPT packet from the local DCE shall result in the
generation of corresponding Mode S CALL ACCEPT by ADLP packet(s)
(as deterrnincd by S-bit processing (2.2.1 .4.2)) as follows:

DP:1 llP:l SP2 SI:2 FILIJ{or2 rc.2 SN:6 Cl{:{ Anl AG:8 S:'l flLL, F:l LV:4 UDr

Fields shown in the packet forrnat and not specified in the following paragraphs shall be
set as specified in2.2.2.1.

1.5.1.3.1.2 Data packet type (DP). This {ield shall be set to 0.

1.5.1.3.1.3 MSP packet type (MP). This field shall be set to L

1.5.1.3.1.4 Supervisory packet (SP). This field shall be set to I .

1.5.I.3.1.5 Supervisoty type (ST) This field shall be set to l.

1.5.1.3.1.6 Tentporary clnnnel number (TC).The TC value in the originating Mode S

CALL REQUEST by GDLP packet shall be returned to the GDLP along
witlr the channel number (CH) assigned by the ADLP.

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

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

1.5.1.3.2 Translation futo ISO 8208 packets

1.5.1.3.2. I Translation. Reception by the CDLP reformatting process of a Mode S

CALL ACCEPT by ADLP packet (or an S-bit sequence of packets) from
the GDCE shall result in the generation of a corresponding ISO 8208 CALL
ACCEPT packet to the local DCE. The translation from the Mode S packet
to the ISO 8208 packet shall be the inverse of the processing defined in
2.2.2.3.1 with the exceptions as specified in2.2.2.3.2.2.

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

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

I.5.I.4 CALL ACCEPT BY GDLP

1.5.1.4.1Translation into Mode S packets

1.5.1.4. l.l Translated packet fonnat. Reception by the GDLP refonnatting process of an
ISO 8208 CALL ACCEPT packet from the local DCE shall result in the
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gcnoation of corrcsponding Mode S CALL ACCEPT by GDLP packet(s) (as

dctcrmined by S-bit processing (2.2.1.4.2)) as follows:

DPI l4ft1 $P, si, FU_, r[t2 $r6 CH:{ N:1 AC:8 S:1 Rtt, F:l ttl:{ U0v

Fields shown in the packet format and not specified in the following paragraphs shall be
set as specified in 2.2.2.1.

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

L5.1.4.1.3 MSP packet type (MP). This field shall be set to [.

1.5.1.4.1.4 Supervisory packet (SP). This field shall be set to l.

1.5.1.4.1.5 Supervtsory type (SQ. This ficld shall be set to l.

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

1.5.1.4.2 Translation into ISO 8208 packets

1.5.1.4.2.1 Translation. Reception by the ADLP reformatting process of a Mode S

CALL ACCEPT by GDLP packet (or an S-bit seguence of packets) from
the ADCE shall result in the generation of a corresponding ISO 8208 CALL
ACCEPT packet to the local DCE. The translation from the Mode S packet
to the ISO 8208 packet shall be the inverse of the processing defined in
2.2.2.4.1with the exceptious as specified in2.2.4.2.2.

1.5.1.4.2.2 Called DTE, calling DTE address and length tields. Wherc present, the
calling DTE address shall bc composed of the aircraft address and the value
contained in the AM field of thc Mode S packet, convcrted to BCD. Where

------prcscnl, thc callad DfE addr-css,shallJre-the-ground-DlE-address contained ..---
in the AG field of the

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

1.5.t.5 CLEAR REQUEST BY ADLP

1.5.1.5.1 Translation into Mode S packets

1.5.1.5.1.1 Translated packetformat. Reception by the ADLP reformatting process of
an ISO 8208 CLEAR REQUEST packet from the local DCE shall result in
thc gcncration of a corresponding Mode S CLEAR REQUEST by ADLP
packct(s) (as determined by S-bit processing (2.2.1.4.2\) as follows:

DP:1 M*1 SP, 3T2 Ft t., tc2 SN:6 clt{ AU:4 AO:8 Ct:8 DC:8 8:1 FI-12 ftl LV:1 UDr
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t.5. 1.5.1.3

I .5.1 .5.1 .4

1.5.1.5.1.5
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Data packet type (DP). This field shall be set to 0.

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

Supervisory packet (SP). Thisfield shall be set to I.

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

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

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

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

Clearing cause (CC) and diagnostic code (DC) fields. These fields shall be
transferred without nrodification from the ISO 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 field
shall be as defined in the State tables for the DCE aud XDCE -The coding
and definition ofthese fields shall be as specified in ISO 8208.

Translation into ISO 8208 packets

Translation. Reception by the GDLP refonnatting process of a Mode S

CLEAR REQUEST by ADLP packet (or an S-bit sequence of packets) from
the local GDCE slrall result in the generation of a corresponding ISO 8208
CLEAR REQUEST packet to the local DCE. The translation frorn the
Mode S packet to the ISO 8208 packet shall be the inverse ofthe processing
defined in 2.2.2.5.1 with the exceptions specified in 2.2.2.5.2.2 and
2.2.2.5.2.3.

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

Clearing causefield. This field shall be set taking account of 2.3.3.3.

CLEAR REQUEST BY GDLP

Translation into Mode S packets

Translated packel fornrat. Reception by the GDLP reformatting process of
an ISO 8208 CLEAR REQUEST packet from the local DCE shall result in
the generation of corresponding Mode S CLEAR REQUEST by GDLP
packet(s) (as determined by S-bit processing (2.2.1.4.2)) as follorvs:

I .5. I .5.1 .6

l .5. r .5.1 .7

I .5. I .5.1 .8

1.5.1.5.1.9

r.5.t.5.2

1.5. t.5.2.1

1.5.1.5.2.2

L5.1.5.2.3

1.5.1.6

I.5.1.6.1

1.5.1.6.1.1

DP:1 l"lP:l SP:2 ST:2 FILL:2 TC:2 St,I:5 CH:4 AM:1 AG:8 C:C:8 OC:8 S:1 FILL:2 F:1 Lt/:4 UDa
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Fields shown in the packet format and not specified in the following paragraphs shall be
set as specifi ed in 2.2.2.1, 2.2.2.2 and 2.2.2.5.

1.5.1.6. 1.2 Data packet type (DP). This field shall be set to 0.

1.5.1.6. 1.3 MSP packet type (MP). This field shall be set to l.
1.5.1.6. 1.4 Supervisory packet (SP). This field shall be set to l.
1.5.1.6. 1.5 Channel number (CH): It a channel number has been allocated during the

call acceptance phase, then CH shall be set to that value, otherwise it shall
be set to zero.

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

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

h'anslation into ISO 8208 packets

I .5.1.6.2.2

Translation. Reception by the ADLP reformatting process of a Mode S

CLEAR REQUEST by GDLP packet (or an S-bit sequence of packets) from
the local ADCE shall result in the generation of a corresponding ISO 8208
CLEAR REQUEST packet to the local DCE. The translation from the
Mode S packet to the ISO 8208 packet shalt be the inverse ofthe processing
defined in2.2.2.6.I.

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

1.5.t.7 DATA

Translatiott itrto Mode S packets

Translated packet format. Reception by the XDLP reformatting process of
ISO 8208 DATA packet(s) from the local DCE shall result in the generation
of corresponding Mode S DATA packet(s) as determined by M-bit
processing (2.2.1.4.1), as follows:

1.5.1.6.1.7

1.5.t.6.2

1.5. 1.6.2.1

1.5.1.7.1

L5. t.7.l.l

t .5.t.7 .1.2

1.5. 1.7.1 .3

1.5.1.7.1.4

1.5.1.7.1.5

1.5.1.7.1.6

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

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

Sequence nuntber (SN/. The sequence number field shall be set as specifred
in2.2.2.1.1.7.

Packet send sequence number (PS). The packet send sequence number field
shall be set as specifiedin.2.3.4.4.

Packet receive sequence number (PR). The packet receive sequence number
field slrall be set as speciflred in2.3.4.4.

-DP:l - -H:1 - -Ftl1ilud - JS:4-- -or- 
|

0H:4 - -UDv ---LVil5N$-



I .5.1 .7 .l .7

1.5.1.7.1.8

1.5.1.7. r.9

l.s.l.7.l.l0

I .5.t .7 .2
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Channel number (CH). The channel number field shall contain the Mode S

channel number that corresponds to the incoming ISO 8208 DATA packet
channel number.

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

Fill (FILL I ). This field shall be set as specified in 2.2.2.1.1.11.

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

Translation into ISO 8208 packet.s. Reception by the XDLP reformatting
process of Mode S DATA packet(s) from the local XDCE shall result in the
generation of corresponding ISO 8208 DATA packet(s) to the local DCE.
The translation from Mode S packet(s) to the ISO 8208 packet(s) shall be
the inverse of the processing defined in2.2.2.7.1.

INTERRUPT

Translation into Mode S packets

Translated packel fornrut. Reception by the XDLP reformatting process of
an ISO 8208 INTERRUPT packet frorn the local DCE shall result in the
generation of coresponding Mode S INTERRUPT packet(s) (as deternrined
by S-bit processing (2.2.1.4.2)) as follows:

DP:l LlP:'l SP:2 ST2 FlLl2:0 or 2 S:1 F:1 sNS CH:4 w:4 UD:v

Fields shown in the packet format and not specified in the following paragraphs shall be
set as specified in2.2.2.1.

I.5.1.8. L2 Data packet type (DP). This field shall be set to 0.

1.5.1.8.1.3 MSP packet type (MP). This field shall be set to l.
1.5.1.8.1.4 Supervisory packet (SP). This field shall be set to 3.

1.5.1.8.1.5 Supervisory type (ST). This field shall be set to l.

1.5.1.8.1.6 User data length (LY). This field shatl be set as specified in 2.1.3.1.

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

1.5.1.8.2 Translation into ISO 8208 packets. I(eception by the XDLP reformatting
process of Mode S INTERRUPT packet(s) frorn the local XDCE shall result
in the generation of a corresponding ISO 8208 INTERRUPT packet to the

local DCE. The translation from the Mode S packet(s) to the ISO 8208
packet shall be the inverse of the proccssing defined in2.2.2.8.1.

I.5.I.9 INTEIIRUPTCONFIRMATION

1.5.1.9. I Translation into Mode S packets

1.5.1.8

1.5.1.8.1

1.5. t.8.1.1
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1.5. r.9. t Translated packet fonnat. Reception by the XDLP refomratting process of
an ISO 8208 INTERRUPT CONFIRMATION packet from the local DCE
shall result in the generation of a corresponding Mode S INTERRUPT
CONFIRMATION packet as follows:

DP:1 MP1 SP2 sT2 SS:2 F|LL2.0 or 2 Sl\l:0 CH:4 FILL:4

Fields shown in the packet format and not specified in the following paragraphs shall be
set as specified in2.2.2.1.

1.5. I .9.1.2 Data packet type (DP). This field shall be set to 0.

1.5.1.9.1.3 MSP packer type (MP). Tltis field shall be set to l.

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

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

1.5.1.9.1.6 Supervisory stbset (SS). This field shall be set to 0.

1.5.1.9.2 Translatiott irrto ISO 8208 packets. Reception by the XDLP reformatting
process of a Mode S INTERRUPT CONFIRMATION packet from the local
XDCE shall result in the generatiou of a corresponding ISO 8208
INTERRUPT CONFIRMATION packet to the local DCE. The translation
frorn the Mode S packet to the ISO 8208 packet shall be the inverse of the
processing defi ned h 2.2.2.9.1.

1.5.1.10 RESET REQUEST

1.5.1.10.1 Translation htto Mode S packets

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

follows:

DP:1 l{P:1 SP2 ST:2 F|LUOa2 FtU-, sN$ CH:4 TILL4 RC:8 DC:8

Fields shown in the packet forrnat and not specified in the following paragraphs shall be
set as specified in 2.2.2.1.

1.5. I . 10. I .2 Data packet type (DP). This field shall be set to 0.

1.5. t. 10. I .3 MSP packet type (MP). This freld shall be set to I .

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

1.5. I . 10. I .5 Supervisoty type (ST). This field shall be set to 2.

1.5.1.10.1.6 Reset cause code (RC) and diagnostic code (DC). The reset cause and
diagnostic codes used in the Mode S RESET REQUEST packet shall be as

speciflred in the ISO 8208 packet when the reset procedure is initiated by the



1.5.1.10.2

l.5.l. r r

t.5.2

1.5.2.1

1.5.2.1. r

Ls.2.t.2

t.5.2.t.3

1.5.2.1.4

t.5.2.1.5

1.5.2.t.6

t.5.2.2

I .5.2.2.t

DP:i MP:1 SP2 ST:2 FILL2{ or 2 FIII, SN$ CH:tl PR4
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DTE. If the reset procedure originates with the DCE, the DCE State tables
shall specify the diagnostic fields coding. In this case, bit 8 of the reset
cause field shall be set to 0.

Translation into ISO 8208 packets. Reception by the XDLP reformatting
process of a Mode S RESET packet from the local XDCE shall result in the
generation of a corresponding ISO 8208 RESET packet to the local DCE.
The translation from the Mode S packet to the ISO 8208 packet shall be the
inverse of the processing defined in2.2.2.10.1.

ISO 8208 RESTART REQUEST to Mode S CLEAR REQUEST. The receipt
of an ISO 8208 RESTART REQUEST frorn the local DCE shall result in
the reformatting process generating a Mode S CLEAR REQUEST by
ADLP or Mode S CLEAR REQUEST by GDLP for all SVCs associated
with the requesting DTE. The fields of the Mode S CLEAR REQUEST
packets shall be set as specifiedin2.2.2.5 and2.2.2.6.

PACKETS LOCAL TO THE MODE S SUBNETWORK

MODE S RECEIYE READY

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

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

MSP packet type (MP). This field shall be set to l.
Supervtsoty packet (SP). This field shall be set to 2.

Sttpervisory type (57). This field shall be set to 0.

Packet receive sequence number (PI/. This field shall be set as specified in
3.3.4.4.

MODE S RECEIVE NOT READY

Packet format. The Mode S RECEM NOT READY packet aniving from an
XDLP is not related to the control of the DTE/DCE interface and shall not
cause the generalion ofan ISO 8208 packet. The format ofthe packet shall be
as follows:

SN:6 CH:4

Fields shown in the packet format and not specified in the following paragraphs shall be
set as specified in2.2.2.1. The packet shall be processed as specified in 3.3.6.

1.5.2.2.2 Datapackettype (DP). This fieldshall besetto0.

1.5.2.2.3 MSP packet type (MP). This field shall be set to l.

DP:1 MP:1 SP:2 ST:2 FILL2:0 or 2 FILL:2 PFr4



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

1.5.2.2.5 Supentisory type (ST).This field shall be set to l.

1.5.2.2.6 Packet receive sequence number (PR/. This field shall be set as specified in
3.3.4.4.

1.5.2.3 MODE S ROUTE

1.5.2.3.1 Packet format. The format for the packet shall be as follows;

ml lf:l ffiz SI:2 tr:1 rlrl RILS RIr 0tLilu0 ffir

Fields shown in the packet format and not specificd in thc following paragraphs shall be
set as specifiedin2.2.2.l. The packct shall only bc gcncrated by the GDLP. tt shall be
processed by the ADLP as specified in 1.8.1.2 and shall have a maximum size as

specified ;l,l.2.3.4.2.1.

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

1.5.2.3.3 MSP packet type (MP). This field shall be sct to l.

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

1.5.2.3.5 Supervisory type (ST). This field shalt be set to 0.

1.5.2.3.6 Option /lag (OF,). This field shall indicate the presence of the optional data
lengh (ODL) and optional data (OD) fields. OF shall be set to I if ODL and
OD are prcscnt. Otherwise it shall be set to 0.

1.5.2.3.7 hritializatlon bit (IN). This field shall indicate the rcquirement for subnetwork
initialization. It Bhall be set by the GDLP as specificd in 1.8. 1.2(d).

1.5.2.3.8 Route table length (RTL). This ficld shall indicate thc size of the route table,
expressed in bytes.

1.5.2.3.9 Route table (RT)

- -l 5JJ9,t- -- Gontents--4his-table-shall-aonsist-of-a-variable-number of entries each
containing information specifying the addition or deletion of entries in the tI
code-DTE cross-reference table.

1.5.2.3.9.2 Entt'ies. Each enhry in the route table shall consist of the II code, a list of up
to 8 ground DTE addresses, and a flag indicating whether the resulting II
code-DTE pairs shall be added or deleted from the [I code-DTE cross-
refercnce table. A route table entry shall be coded as follows:

tL4 AD:1 ND:3 DilU:v

1.5.2.3.9.3 Interrogator identilier (II).This field shall contain the 4-bit II code.
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1.5.2.3.9.4 Add/delete /lag (AD) This field shall indicate rvhether the II code-DTE
pairs shall be added (AD : l) or deleted (AD = 0) from the II code-DTE
cross-reference table.

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

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

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

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

MODE S CLEAR CONFIRMATION BY ADLP

Packet fornat The format for this packet shall be as follows:

1.s.2.3.9.6

1.5.2.3.10

t.5.2.3.t I

t.5.2.4

t.5.2.4.1

DP:l MP:'l sP2 ST:2 FlLl2:0 o 2 TC2 SN:5 CH:,1 Ar\,1:4 AG:8

Fields shown in the packet format and not specified in the following paragraphs shall be
set as specifiedin2.2.2.l and2.2.2.5. This packet shall be processed as specified in2.3.3.

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

1.5.2.4.3 MSP packet type (MP). This field shall be set to l.

L5.2.4.4 Supervisotl, packet (SP). This field shall be set to l.

1.5.2.4.5 Channel nuntber (CH): lf a channel nurnber has been allocated during the
call acceptance phase, then CH shall be set to that value, otherwise it shall be
set to zero.

1.5.2.4.6 Tentporary channel (TC): lf a channel number has been allocated during the
call acceptance phase, then TC shall be set to zero, otherwise it shall be set to
the value used in the CALL REQUEST by CDLP.

1.5.2.4.7 Supenboty type (ST). This field shall be set to 3.

1.5.2,5 MODE S CLEAR CONFIRMATION BY GDLP

1.5.2.5.1 Packetforntat. The format for this packet shall be as follolvs:

DP:1 llP:l SP:2 ST:2 Fll 2 1C2 SN:5 CH:4 ,{u:4 AG:8

Fields shown in the packet format and not specified in the following paragraphs shall be
set as specifiedin2.2.2.l and2.2.2.6. This packet shall be processed as specified in2.3.3.

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

1.5.2.5.3 MSP packet typc (MP). This field shall be set to l.
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Supenisoty packet (SP). This field shall be set to l.

Channel nunrber (CIl): lf a chantrel uumber has been allocated during the
call acceptance phase, then CH shall be set to that value. otherwise it shall
be set to zero.

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

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

MODE S RESET CONFIRMATION

Packetfornrat The format for this packet shall be as follows:

t.5.2.5.4

1.5.2.5.5

t.5.2.s.6

t.5.2.5.7

1.5.2.6

1.5.2.6.1

oft1 LlP:1 SP, ST:2 FlLlZ:0 or 2 FlLI:2 sNs cH* FILL:4

Fields shown in the packet format and not specified in the following paragraphs shall be
set as specified ia2.2.2.1 . This packet shall be processed as specified in Table 2.4-14.

1.5.2.6.2 5.2.5.3.6.2 Data packet type (DP). This field shall be set to 0.

1.5.2.6.3 5.2.5.3.6.3 MSP packet type (MP). This held shall be set to l.

1.5.2.6.4 5.2.5.3.6.4 &tpervisory packet (SP). This field shall be set to 2.

1.5.2.6.5 5.2.5.3.6.5 Supervisory type (ST). This field shall be set to 3.

1.5.2.7 MODE S REJECT

I .5.2.7 .l Packet fornat. The format for this packet shall be as follows:

DP:1 MPI sP2 ST:2 SS:2 FILL2:0 cr 2 SN:5 CH:4 PR1

'Fields-shown-inthe-packet'format and'not specified in-the-following paragraphs'shall-be- - --
set as specified in2.2.2.1. This packet shall be processed as specified in 2.3.6.8.

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

1.5.2.7.3 MSP packet type (MP). This field shall be set to l.

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

1.5.2.7.5 Supentisory type (S7). This field shall be set to 3.

1.5.2.7.6 Supervisory subset (SS). This field shall be set to l.

1.5.2.7.7 Packet receive sequence nunrbcr (PRl. This field shall be set as specified in
2.3.4.4.

1.6 XDCE operation

Note.- The ADCE process within thc ADLP acls as a peer proccss to the GDCE
process in lhe GDLP.
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1.6. I State transitiorr.s. The XDCE shall operate as a State machine. Upon entering a

State, the XDCE shall perform the actions specified in Table 2.4-14. State
transition and additional action(s) shall be as specified in Table 2.4-15 through
Table 2.4-22.

Note l.- The next State transition (rf any) that occurs when theXDCE receives
a packet from the peer XDCE is specified by Table 5-15 through Table 5-19.
The same transitions are defined in Table 5-20 through Table 5-22 when tlrc
XDCE receives a packet ft'om the DCE (via the reformatting process).

Note 2.- The XDCE State hierarchy is the sane asfor the DCE as presented in
Figure 5-2, except that States 12, r3 and p5 are onitted

1.6.2 DISPOSITION OF PACKETS

1.6.2.1 Upon receipt of a packet from the peer XDCE, the packet shall be forwarded or
not forwarded to the DCE (via the reformatting process) according to the
parenthetical instructions contained in Tables 2.4-15 to 2.4-19. If no
parenthetical instruction is listed or if the parenthetical instruction indicates "do
not forward" the packet shall be discarded.

1.6.2.2 Upon receipt of a packet from the DCE (via the reformatting process), the
packet shall be forwarded or not forwarded to the peer XDCE according to the
parenthetical instructions contained in Tables 2.4-20 to 2.4-22. lf no
parenthetical instruction is listed or if the parenthetical instruction indicates "do
not forward" the packet shall be discarded.

I.6.3 SVC CALL SETUP AND CLEAR PROCEDURE

L6.3.1 Setup procedures. Upon receipt of a CALL REQUEST from the DCE or peer
XDCE, the XDLP shall determine if sufflrcient resources exist to operate the
SVC. This shall include: sufficient buffer space (refer to 2.2. l.l 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 CALL
REQUEST packet shall be forwarded to frame processing. Upon acceptance of a

Mode S CALL REQUEST from the peer XDCE (via frame processing), the
Mode S CALL REQUEST shall be sent to the refornwtting process.

1.6.3.2 Aborting a call requcst. If the DTE and/or the peet'XDCE abort a call before
tlrcy have received a CALL ACCEPT packet, they shall indicate this condition
by issuirtg a CLEAR REQUEST packet. Procedures for handling these cases
shall be as specified in Table 2.4-16 and Table 2.4-20.

I.6.3.3 I/IRTUAL CALL CLEARING

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

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

1.6.3.3.3 A means shalt be provided to advise the DTE whether an SVC has bccn
cleared due to the action of thc pecr DTE or due to a problenr within the sub
network itself.
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1.6.3.3.4 The requirement of 2.3.3.3.3 shall be satisfied by setting bit 8 of the cause field
to I to indicate that the problern originated in the Mode S sub network and not
in the DTE. The diagnostic and cause codes shall be set as follows:

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

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

c. DTEnotoperational, DC = 162,CC = l4l; and

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

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

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

(b) retuming these SVCs to the ADCE ready State (pl); and

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

1.6.3.4 Clear confirmatiort. When the XDCE receives a Mode S CLEAR
CONFIRMATION packet, the remaining allocated resources to manage the
SVC shall be released (including the resequencing buffers) and the SVC shall
be returned to thepl State. Mode S CLEAR CONFIRMATION packets shall
not be transferred to the reformatting process.

1.6.3.5 Clear collision A clear collision occurs at the XDCE when it receives a Mode
S CLEAR REQUEST packet from the DCE (via the reformatting process) and
then receives a Mode S CLEAR REQUEST packet from the peer XDCE (or
vice versa). In this event, the XDCE does not expect to receive a Mode S

CLEAR CONFIRMATION packet for this SVC and shall consider the clearing
complete.

_ _ 1.0J.6_ PsekelpJ ece$iagJhe_XDQEjhallfrsa!_trt_S:,bilssiquence pf I!4od_e_glALL- -
REQUEST, CALL ACCEPT and CLEAR REQUEST packets as a single
entity.

1.6.4 DATA TRANSFER AND INTERRUPT PROCEDURES

I.6.4.I GENERALPROVISIONS

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

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

1.6.4,2 MODE S PACKET SIZE

1.6.4.2.1 The maximum size of Mode S packets shall be 152 bytes in the uplink
direction and 160 bytes in the downlink direction for installations that have full
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uplink and downlink ELM capability. The maximum downlink packet size for
level four transponders with less than l6 segment dorvnlink ELM capability
shatl be l0 bytes times the maximum number of downlink ELM segments that
the transponder specifies in its data link capability report. If there is no ELM
capability, the maximum Mode S packet size shall be 28 bytes.

1.6.4.2.2 The Mode S sub network shall allow packets of less than the maximum size to
be transferred.

1.6.4.3

L6.4.3.t

t.6.4.4

1.6.4.4.1

t.6.4.4.2

1.6.4.4.3

1.6.4.4.4

t.6.4.4.5

FLOI,Y CONTROL WINDOI,Y SIZE

The flow control window size of thc Mode S sub network shall be independent
of that used on the DTEiDCE interface. Thc Mode S sub network window size
shall be l5 packets in the uplink and downlink directions.

SYC FLOW CONTROL

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

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

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

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

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

a) outside the window; or

b) out ofsequence; or

c) not equal to 0 for the first data packet after eutering FLOW CONTROL
READY State (dl); shall be considered an error (1.6.8).
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1.6.4.4.6 The receipt of a Mode S DATA packet with a valid PS number (i.e. the next
PS in sequence) shall cause the lower window PR to be changed to that PS

value plus l. The packet receive sequence number (PR) shall be conveyed to
the originating XDLP by a Mode S DATA, RECEM READY, RECEM
NOT READY, or REJECT packet. A valid PR value shall be transmitted by
the XDCE to the peer XDCE after the receipt of 8 packets provided that
sufficient buffer space exists to store l5 packets. Incrementing the PR and PS
fields shall be perfomred using modulo I6 arithmetic.

1.6.4.4.7 A copy of a packet shall be retained until the user data has been successfully
transferred. Following successful transfer, the PS value shall be updated.

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

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

1.6.4.5 INTERRUPT PROCEDURES FOR SWITCITED YIRTUAL CIRCUITS

1.6.4.5.1 If user data is to be sent via the Mode S subnetrvork without following the flow
control procedures, the interrupt procedures shall be used. The interrupt
procedure shall have no effect on the normal data packet and flow control
procedures. An intemrpt packet shall be delivered to the DTE (or the
transponder or interrogator interface) at or before the point in the stream of
data at which the interrupt was generated. The processing of a Mode S

INTERRUPT packet shall occur as soon as it is received by the XDCE.

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

1.6.4.5.3 Intemrpt processing shall have precedence over any other processing for the
SVC occurring at the time of the intemrpt.

1.6.4.5.4 The reception of a Mode S INTERRUPT packet before the previous intemrpt
of the SVC has been confirmed (by the receipt of a Mode S INTERRUPT
CONFIRMATION packet) shall be defined as an error. The error results in a

reset (see Table 5-18).

I.6.5 RECEIVE READY PROCEDURE

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

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

1.6.5.3 Upon receipt of thc Mode S RECEM READY packet, the XDCE shall go into
the ADLP(GDLP) RECEIVE READY State (gl).

RECEIVE NOT READY PROCEDURE

The Mode S RECEM NOT READY packet shall be used to indicate a

temporary inability to accept additional DATA packets for the given SVC. The

r.6.6

I .6.6.1
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Mode S RNR condition shall be cleared by the receipt of a Mode S RR packet or
a Mode S REJECT packet.

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

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

RESET PROCEDURE

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

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

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

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

(d) the lower window edge shall bc set to 0 and the next packet sent shall have
a sequence number (PS) of0;

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

(0 any Mode S INTERRUPT packet awaiting transfer shall be discarded;

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

(h) the transition to dl shall also include a transition to il,jl, f I and gl.

The reset procedure shall apply to the DATA TRANSFER State (P4). The error
procedure iu Table 5-16 shall be followed. In any other State the reset procedure
shall be abandoned.

REJECT PROCEDURE

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 windorv (Table 5-t9) or is out ofsequence, it shall discard the received
packet and send a Mode S REJECT packet to the peer XDCE via frame
processing. The Mode S REJECT packet shall indicate a value of PR for which
retransmission of the Mode S DATA packets is to begin. The XDCE shall
discard subsequent out-of-sequer.rce Mode S DATA packets whose receipt
occurs while the Mode S REJECT packet response is still outstanding.

t.6.7

1.6.7 .l

1.6.8

I .6.8.l

1.6.7 .2
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1.6.8.2 When the XDCE receives a Mode S REJECT packet from the peer XDCE, it
shall update its lower window value with the new value of PR and begin to
(re)transrnit packets with a sequence number of PR.

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

t.6.9

1.6.9. r

PACKET RESEQUENCING AND DUPLICATE SUPPRESSION

Resequencing. Resequencing shall be performed independently for the uplink
and downlink transfers of each Mode S SVC. The following variables and
parameters shall be used: Sir'R A 6-bit variable indicating the sequence number
of a received packet on a specific SVC. It is contained in the SN field of the
packet (2.2-2.1.1.7).

NESN The next expected sequence number following a series of cousecutive sequence
numbers. t/Sl{R The highest value of SNR in the resequencing window.

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

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

1.6.9.2 Duplicatiott window. The range of SNR values between NESN - 32 and NESN

- I inclusive shall be denoted the duplication window.

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

I.6.9.4 TRANSMISSIONFUNCTIONS

1.6.9.4. I For each SVC, the first packet sent to establish a connection (the first Mode S

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

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

1.6.9.5

1.6.9.5.1

t.6.9.5.2

1.6.9.5.3

RECEIVE FI.'NCTIONS

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

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

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

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

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

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

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

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

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

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

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

Mode S specific services processing

Mode S specific services shall be processed by an entity in the XDLP termed
the Mode S specific services entity (SSE). Transponder registers shall be used
to convey the information specified in Table 5-24.The data structuring of the
registers in Table 5-24 shall be implemented in such a way that interoperability
is ensured.

Note I .- The data fonnats and protocols for nrcssages transfcrred via Mode S
specific set-vices are specified in lhe Technical Provisions for Mode S Services
and Extended Squitter (Doc 9871) (in preparation).

Note 2.- Undorm implementation of tlrc data formats and protocols for
messages transferred via Mode S specific services will ensure interoperability.

Note 3.- This section describes the processittg of cotttrol and message data
receivedfrom the Mode S specific services interface.

Note 4.- Conlrol data consists of informatiotr permitting the determination of,,

for exantple, nrcssage length, BDS code used to access the data format for a
particular register, and aircraft address.

ADLP PROCESSING

DOWNLINK PROCESSING

Specific services capability. The ADLP shall be capable of receiving control
and message data from the Mode S specific services interface(s) and sending
delivery notices to this interface. The control data shall be processed to
determine the protocol type and the length of the rnessage data. When the
message or control data provided at this interface are erroneous (i.e.

t.7.t

l.7.t.l
1.7.l.l.l
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incomplete, invalid or inconsistent), the ADLP shall discard the message and
deliver an error report at the interface.

Note. - The diagnostic conlent and error reporting mechanism are a local
issue.

I .7 .L.l .2 Broadcast processing. The control and message data shall be used to format the
Comm-B broadcast message as specified in 1.7.5 and transferred to the
transponder.

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

1 .7 .l .1.4 MSP processing

1.7.1.1 .4.1 The MSP message length, channel number (M/CH) (1.7.3.1.3) and
optionally tlre interrogator identifier (II) code shall be determined frorn the
control data. The MSP message content shall be extracted from the received
nressage data. If thc message length is 26 bytes or less, the SSE shall format
an air-initiated Comm-B message (1.7.1.1.4.2) for transfer to the
tlansponder using the short fonn MSP packet (1.7.3.1). If the message
length is 27 to 159 bytes and thc transponder has adequate downlink ELM
capability, the SSE shall format an ELM message for transfer using the
short form MSP packet. If the message length is 27 to 159 bytes and the
transponder has a limited downlink ELM capability, the SSE shall format
multiple long fomr MSP packets (1.7.3.2) using ELM messages, as required
utilizing the L-bit and M/SN fields for association of the packets. If the
rnessage length is 27 to 159 bytes and the transponder does not have
downlink ELM capability, the SSE shall format multiple long form MSP
packets (1.7 .3.2) using air initiated Comm-B messages, as required utilizing
the L-bit and M/SN fields for association of the packets. Different frarne
types shall nevel be used in the delivery of an MSP message. Messages
longer than 159 bytes shatl be discarded. The assignment of downlink MSP
chanirel irurnbers shall bc as spd-Cified in TaU-5-25.

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

UPLINK PROCESSING

Note.- This section describes the processirtg of Mode S specific services
messages received./iom the transponder.

| .7 .t.1.4.2

t.7.t.2
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Specific setvices capability. The ADLP shall be capable of receiving Mode
S specific services messages from the trausponder via frame processing.
The ADLP shall be capable ol delivering the messages and the associated
control data at the specific services interface. When the resources allocated
at tlris interface are insufficient to accommodate the output data, the ADLP
shall discard the message and deliver an error report at this interface.

Nota- The diagnostic content and the error reporting meclnnism are a
local issue.

Broadcast processing. If the received lnessage is a broadcast Comm-A, as

indicated by control data received over the transponder/ADlP interface, the
broadcast ID and user data (1.7.5) shall be forwarded to the Mode S specific
services intcrface (1.3.2.1) along with the control data that identifies this as

a broadcast message.The assignment of uplink broadcast identificr nulnbers
shall be as specified in Table 5-23.

MSP processing. If the received message is an MSP, as indicated by the
packet format header (1.7.3), the user data field of the received MSP packet
shall be forwarded to the Mode S specific services interface (1.3.2.1)
together with the MSP channel number (l{/CH), the IIS subfield (1.2.1.1.1)
together with control data that identifies this as an MSP message. L-bit
processing shall be performed as specified in 1.7.4. The assignment of
uplink MSP channel numbers shall be as specified in Table 5-25.

GDLP PROCESSING

UPLINK PROCESSING

Specific serviccs capability. The GDLP shall be capable of receiving
control and rnessage data fron'r the Mode S specific services interface(s)
(1.3.2.2) and sending delivery notices to the interface(s). The control data
shall be processed to deterrnine the protocol type and the length of the
message data.

Broadcast processing. The GDLP shall determine the interogator(s),
broadcast azimuths and scan times from the control data and format the
broadcast message for transfer to the interrogator(s) as specified in 1.7.5.

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

MSP processing. The GDLP shall extract from the control data the message
length, the MSP channel nurnber (M/CH) and the aircraft address, and

obtain the message content frorn the message data. If the message length is
27 bytes or less, ttre SSE shall fomrat a Comm-A message for transfer to the
interrogator using the short forrn MSP packet (1.7.3.1). If the message
length is 28 to l5l bytes and the transponder has uplink ELM capability,
the SSE shall format an ELM mcssagc for transfer to the interrogator using
the short forrn MSP packet. If the nressage length is 28 to l5l bytes and the
transponder does not have uplink ELM capability, the SSE shall format
muttiple long form MSP packets (l .7.3.2) utilizing the L-bit and the M/SN
fields for association of the packets. Messages longer than l5l bytes shall
be discarded. The interogator shall provide a delivery notice to the Mode S

t.7.2

1.7.2.1

t .7 .2.t.1

t.'1.2.t.2

t.7 .2.t .3

t.7 .2.t.4
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specific serviccs intorface(s) indicating successful or unsuccessful delivery,
for each uplinkcd packct.

DOWNLINK PROCESSING

Specific services capability. Thc CDLP shall be capablo of receiving Mode
S specific services messages from the interrogator via frame processing.

Broadcast processing. If the rcceived message is a broadcast Comm-B, as

indicated by the interrogator/GDlP interface, the GDLP shall:

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

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

(c) forward this data to the Mode S specific services interface(s) (1.3.2.2).

GICB processing. If the receivcd message is a GICB, as indicatcd by the
interrogator/GDLP interface, the GDLP shall:

(a) generate conhol data indicating the presence of a GICB message. the
register numbcr and the 24-bit address of the aircraft from which the
message was received;

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

(c) forward this data to the Mode S specific services interface(s) (1.3.2.2\.

MSP processing. If the received message is an MSP as indicated by the
packet format header (1.7.3), the GDLP shall:

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

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

(c) forward this data to the Mode S specifrc serviccs interface(s) (1.3.2.2).

L-bit processing shall be performed as specified in 1.7.4.

t.7.2.2.2

1.7.2.2.3

_-1:7:3-_.lfi 
SP--PACKETTORIVTATS

L7.3.1 Short fiorm MSP packet. The format for this packet shall be as follows:

DP:l lr,tP:1 tt/cH:6 FILL1:0 or 6 [.D:v

I .7.3. l. I Data packet type (DP). This field shall be set to 0.

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

1.7.3.1.3 MSP channel uumber (M/CH). Thc treld shall be set to the channel number
derived from the SSE control data.

1.7.2.2

t.7.2.2-l

1.7.2.2.4
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1.7.3.1.4 Fill freld (FILLI:0 or 6). The fill length shall be 6 bits for a downlink sLM
frame. Otherwise the fill length shall be 0.

1.7.3.1.5 User data (UD). The user data field shall contain message data received fronr
the Mode S specific services interface (1.3.2.2).

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

DP:1 MP:1 SP:2 L1 l,[8N:3 FILL2:0 or 2 I,TCH:6 UDv

1.7.3.3

1 .7 .3 .3.1

t.7.3.3.2

t.7.3.3.3

t.7.3.3.4

1.7 .4

1.7.4.1

t.7.4.2

Fields shown in the packet format and not specified in the following
paraglaphs shall be set as specified in 1.5.2.1 and 1.7.3.1

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

MSP packet type (MP). This field shall be set to l.
Supervisoty packet (SP). This field shall be set to 0.

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

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

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

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

(a) verifring that the packet order is correct using the M/SN field (1 .7 .3.2);

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

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

Nota- Truncatiott of thc user data field is trot permittcd as this is treated as
an errot'conditiott.

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

In the processing of an L-bit sequence, the XDLP shall discard any MSP
packets that have duplicate M/SN values. The XDLP shall discard the entire L-
bit sequence if a long form MSP packct is deterrnined to be missing by use of
the M/SN field.
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1.7.4.3 The packets associated with any L-bit sequence whose reassembly is not

completed in Tm seconds (Tables 5-l and 5-13) shall be discarded.

1.7.5 BROADCAST FORMAT

1.7.5.1 Uplink broadcast. The format of the broadcast Conrm-A shall be as follows:
The 83-bit uplink broadcast shall be inserted in an uplink Comm-A frame. The
MA field of the Comm-A frame shall contain the broadcast identifrer specified
in Table 5-23 in the first 8 bits, followed by the first 48 user data bits of the

broadcast message. The last 27 user data bits ofthe broadcast message shall be

placed in the 27 bits immediately following the UF field of the Cornm'A
frame.

1.7.5.2 Downlink broadcast. The format of broadcast Comm-B shall be as follows:
The 56-bit downlink broadcast message shall be inserted in the MB field of the

broadcast Comm-B. The MB field shall contain the broadcast identifier
specihed in Table 5-23 in the first 8 bits, followed by the 48 user data bits.

1.8 Mode S sub-network management

I.8.I INTERROGATORLINKDETERMINATIONFUNCTION

Note.- The ADLP interrogator link deternination functiott selecls the II code of the

Mode S interrogator through which a Mode S sub-network packet may be

routed to the desit'ed dcstination ground DTE.

1.8. 1.1 II code-DTE address correlation. The ADLP shall construct and manage a

Mode S interrogator-data terminal equipment (DTE) cross-reference table whose
entries are Mode S intenogator identifier (II) codes and ground DTE addresses

associated with the ground ATN routers or other ground DTEs. Each entry of
the II code-DTE cross-reference table shall consist of the 4-bit Mode S II code

and the 8-bit binary representation of the ground DTE.

Note l.- Due to the requirement for non-anbiguous addresses, a DTE address also
wiquely identifi.es a GDLP.

Note 2.- An ATN router may have nrore than one ground DTE address.

1.8.1.2 Protocal. The following procedures shall be used:

(a) whqn.the GDLP iuitiallyiglqc-ls- !Lle-p-rcs9!9q ot al-auqqft, or dqte-c-t! - -
contact with a currently acquired aircrall through an interrogator with a new
II code, the appropriate fields of the DATA LINK CAPABILITY report
shall be examined to determine if, and to what level, tlre aircraft has the

capability to participate in a data exchange. After positive determination of
data link capability, the GDLP shall uplink one or more Mode S ROUTE
packets as specified in 1.5.3.3. This infornration shall relate the Mode S II
code with the ground DTE addresses accessible through that interrogator.
The ADLP shall update the II code-DTE cross-reference table and then

discard the Mode S ROUTE packet(s);

(b) a II code-DTE cross-refcrence table entry shall be deleted when
cotnmanded by a Mode S ROUTE packet or when the ADLP recoguizes
that the transponder has not beetr selectively interrogated by a Mode S

interrogator with a given II code for Ts seconds by monitoring the IIS
subfield irr Mode S surveillance or Comm-A interrogations (Table 5- I );
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(c) when the GDLP determines that modification is required to the Mode S

interrogator assignment, it shall transfer one or more Mode S ROUTE
packets to the ADLP. The update information contained in the Mode S

ROUTE packet shall be used by the ADLP to modify its cross-reference
table. Additions shall be processed before deletions;

(d) when the GDLP sends the initial ROUTE packet after acquisition of a Mode
S data link-equipped aircraft, the IN bit shall be set to ONE. This value
shall cause the ADLP to perform the procedures as specified in 1.6.3.3.3.
Otherwise, thc IN bit shall be set to ZERO;

(e) when the ADLP is initialized (e.g. after a power-up procedure), the ADLP
shall issue a search request by sending a broadcast Comm-B message with
broadcast identifier equal to 255 (FFl6, as specified in Table 5-23) and the
remaining 6 bytes unused. On receipt of a search request, a GDLP shall
respond with one or more Mode S ROUTE packets, clear all SVCs
associated with the ADLP, as specified in 1.6.3.3, and discard the search
request. This shall cause the ADLP to initialize the II code-DTE cross-
reference table; and

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

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

I.8.I.3 PROCEDURES FOR DOWNLINKING MODE S PACKETS

1.8. L3.1 When the ADLP has a packet to downlink, the following procedures shall apply:

(a) CALL REQUEST packet. If the packet to be transferred is a Mode S CALL
REQUEST, the ground DTE address field shall be examined and shall be
associated with a connected Mode S interrogator using the II code-DTE
cross reference table. The packet shall be downlinked using the multisite-
directed protocol. A request to transfer a packet to a DTE address not in the
cross-reference table shall result in the action specified in 1.6.3.3.1.

(b) Other SVC packets. For an SVC, a request to send a packet to a ground
DTE shall cause the packet to be multisite directed to the last Mode S

intenogator used to successfully transfer (uplink or downlink) a packet to
that DTE, provided that this Mode S interrogator is currently in the II code-
DTE cross-reference table. Otherwise, an SVC packet shall be downlinked
using the multisite-directed protocol to any other Mode S interrogator
associated with the specified ground DTE address. Level 5 transponders
shall be permitted to use additional interrogators for downlink transfer as

indicated in the II code-DTE cross-refereltce table.

1.8.1.3.2 A downlink franre transfer shall be defined to be successful if its Cornm-B or
ELM close-out is received from the transponder within Tz seconds as specified
in Table 5-1. If the atternpt is not successful and au SVC packet is to be seut,
the II code-DTE cross-reference table shall be examined for another entry with
the sat.ue callcd ground DTE address and a different Mode S II code. The
procedure shall be retried using the multisite-directed protocol with the new
Mode S iuterrogator. If there are no entries for the required called DTE, or all
entries result in a flailed attempt, a link failure shall be declared (1.8.3.1).
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suPPoRT FOR THE DTE(S)

GDLP connectivity reporting. The GDLP shall noti$ the ground DTE(s) of the
availability of a Mode S data link-equipped aircraft ("join event"). The GDLP
shall also inform the ground DTEs when such an aircraft is no longer in
contact via that GDLP ("leave event"). The GDLP sha[ provide for
notification (on request) of all Mode S data link equipped aircraft currently in
contact with that GDLP. The notifications shall provide the ground ATN router
with the sub-network point of attachmeut (SNPA) address of the mobile ATN
router, with the position of the aircraft and quality of service as optional
parameters. The SNPA of the mobile ATN router shall be the DTE address
formed by the aircraft address and a sub-address of0 (1.3.1.3.2).

ADLP connectivity reportiug. The ADLP shall notify all aircraft DTEs
whenever the last rernaining entry for a ground DTE is deleted from the II
code-DTE cross-reference table (1.8.1.1). This notification shall include the
address of this DTE-

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

ERROR PROCEDURES

Link failure. The failure to deliver a packet to the referenced XDLP after an
attempt has been made to deliver this packet via all available interrogators
shall be declared to be a link level failure. For an SVC, the XDCE shall enter
the State pl and release all resources associated with that channel. This shall
include the cancellation in the transponder of any frames associated with this
SVC. A Mode S CLEAR REQUEST packet shall be sent to the DCE via the
reformatting process and shall be forwarded by the DCE as an ISO 8208
packet to the local DTE as described in 1.6.3.3. On the aircraft side, the
channel shall not be returned to the ADCE channel pool, i.e. does not retum to
the State pl, until Tr seconds after the link failure has becn declared (Table 5-
r).

ACTIVE CHANNEL DETERMINATION

Procedure fot' d I State. The XDLP shall monitor the activity of all SVCs, not
in a READY State (pl ). If an SVC is in the (XDCE) FLOW CONTROL
READY State (dl) for rnore than Tx seconds (the active channel timer, Tables
5-l and 5-13) without sending a Mode S RR, RNR, DATA, or REJECT
packet, then:

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

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

Procedurefor other States.lf an XDCE SVC is in the p2, p3,p6,p7, d2 or d3
State fior more than Tx seconds, the link failure procedure of 5.2.8.3.1 shall be
performed.

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

1.8.2

1.8.2. r

1.8.3

1.8.3.1

t.8.2.2

1.8.2.3

1.8.3.2

1.8.3.2. r

1.8.3.2.2

1.8.3.2.3
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The data link capability report

The data link capability report shall be as specified in the Civil Aviation
(surveillance and collision avoidance system) Regulations.

System timers

The values for timers shall conform to the values given in Tables 5-l and 5-13.

Tolerance for all timers shall be plus or minus one per cent.

Resolution for all timers shall be one second.

System requirements

Data integrity. The maximum bit error rates for data presented at the
ADlP/transponder interface or the GDLP/interrogator irrterface measured at
the local DTE/XDLP interface (and vice versa) shall not exceed l0-9 for
undetected errors and 10-7 for detected errors.

Note.- The nnxinrunt error rate includes all errors resultittg front data
lransfers across the interfaces and.from XDLP intennl operation.

TTMINGl.l 1.2

l.t 1.2.1 ADLP timing. ADLP operations shall not take
regular traffic and 0.125 seconds for intemrpt
defined as follows:

longer
traffic.

than 0.25 seconds for
This interval shall be

(a) Transponders with downlink ELM capability. The time that the final bit of
a 128-byte data packet is presented to the DCE for downlink transfer to
the time that the final bit of the first encapsulating frame is available for
delivery to the transponder.

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

(c) Tran.sponder.s with uplink ELM capability. The time that the final bit of
the last segment of an ELM of 14 Comm-C segments that contains a user
data field of 128 bytes is received by the ADLP to the time that the final
bit of the correspondiug packet is available for delivery to the DTE.

(d) Transpottders with Comm-A capability. The time that the final bit of the

last segment of four linked Comm-A segments that contains a user data
field of 25 bytes is received by the ADLP to the time that the final bit of
the corresponding packet is available for delivery to the DTE.

1.11.2.2 GDLP TIMING

The total time delay across the GDLP, exclusive of transmission delay, shall not
be greater than 0. I 25 seconds.
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1.11.2.3 Interface rate. The physical interflace between the ADLP and the transponder
shall have a minirnum bit rate of 100 kilobits per second.
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Figure 5-1. The SD ficld structure

Figure 5-2. DCE substate hierarchy
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Table 5-1. ADLP Mode S subnetwork timers
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Table 5-2. DCE actions at state transition
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THIRD SCHEDULE

Regulation 49(b)

t. DCE AND XDCE STATE TABLES Regulation 49(b)

1.4 Kenya Civil Aviation Authority (KCAA) table requirements. The DCE and XDCE
shall function as specified in Tables 5-3 to 5-22. CAA-U Tables 5-15 through 5-22
shall be applied to:

(a) ADLP CAA-U transitions when the XDCE or XDLP terms in parenthesis are
onritted; and

(b) GDLP State transitions when the terms in parenthesis are used and the XDCE
or XDLP preceding them are omitted.

1.5 Diagnostic and cause codes. The table entries for certain conditions indicate a

diagnostic code that shall be included in the packet generated when entering the
State indicated. The term, "D = ,'t shall define the diagnostic code. When "l =
DIAG ", the action taken shall be to generate an ISO 8208 DIAGNOSTIC packet
and transfer it to the DTE; the diagnostic code indicated shall define the entry in
the diagnostic field of the packet. The cause field shall be set as specified irr
1.6.3.3. The reset cause field shall be set as specified in ISO 8208.

Note l.- The tables provided belorv specify State requirentents in the lollowittg
order:

5-3 DCE special cases

5-4 DTE ellect on DCE restart States

5-5 DTE ellect on DCE call setup and clearing States

5-6 DTE etlect on DCE reset States

5-7 DTE ellect on DCE interrupt transfer States

5-8 DTE ellect on DCE/low control transfer States

5-9 XDCE ellect ot, DCE restart States

5-10 XDCE etlect on DCE call senrp and clearing States

5- I I-XDCE AIJAA o[DCE-resel Statdi

5- I 2 XDCE etlecl on DCE internet transfer States

5-15 GDLP (ADLP) cJlect on ADCE (GDCE) packet layer ready States

5-16 GDLP (ADLP) etlect on ADCE (GDCE) call setup and clearing States

5-17 GDLP (ADLP) ellect on ADCE (GDCE) reset States

5-18 GDLP (ADLP) e/lect on ADCE (GDCE) interrupt trans/er States

5-19 GDLP (ADLP) eJfect on ADCE (GDCE) flow control transfer States

5-20 DCE elfect on ADCE (GDCE) call setup and clearing States

5-2 I DCE elkct on ADCE (GDCE) reset States

5-22 DCE e/fect on ADCE (GDCE) interrupt tansfer States

Note 2.- All tables specdy both ADLP and GDLP actions.



Kenya Subsidiary Lc gislation, 20 I E 2479

Note 3. - llithin the Mode S subnetwork, States p6 and d2 are transient Stater..

Note 4- - References to "notes" in the State tables refer to table-speciJic notes that
follow each State table.

Note 5. - All diagnostic and cause codes are interpreted as decimal numbers.

Note 6. -An SYC between an ADCE and a GDCE ma:y be identtlled by a
temporary and/or permanent channel number, as defined ln 1.5.1.2.

Table 5-3. DCE special cases
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Table 5-4. DTE effect on DCE restart states
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Table 5-4. DTE eflect on DCE restart states
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Table 5-5. DTE effect on DCE call setup and clearing states
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Table 5-6 DTE effect on DCE reset states
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Table 5-7. DTE effect on DCE interrupt transfer states
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Table 5-8. DTE effect on DCE flow control transfler states

Prdrt mcircd ioo DIE

DCE flow confol u-rulfcr strtc! (s.c Nbtrr I rld,i)

DCI RECEIIE P.E.I.DT DCE RECM,T NOT RL{DT-

tt2

D.{TA pxta sit iantit PP.

prlct nitl rdid PR hrt iunlid PS

&tr 6eld sjt iDpmpc, fonorl (prros PR dru)

(pr*-ar PRdru)

DATA prditt nittr rdid Pl, ?S ud urtt
drb 6ddfoma (proc$i PR drh)

.{.DIJC{RD

DATA .{=DISCIlD
fi&r

.l=Olsc,,lRD

.{.DIlC.lRD

D.{T.{ ptlnt niti ks tu { blrn
g6 

"&g rn:dulo 128 rrobrrb-r

l.ERi0R
S.dl

D-2
(rc. Note 4)

D.{TAp*crsithr,did PRllil! hl.bitrt
to I q'ho &uitt &u 6ddir pinidly to[

.{.Ei.Q0X

5.di
D-18

(sct Notc 4)

A-ER20R
S'd3

D.1

Gc. Not( 4)

.l.EXX0i
S=dl

D"l (udidPS)

D=i9 (l,rD r ou rcgotfutrd lcqttr)

D.8l(lJD!trdiS0
(scrNotc{)

.l.IXR0i
J{,

D.l6J
(ft. Notr.l)

.{.,\O.RV4I
(fomtd)

Prctrt mdnd frmDIE

DCE [or conbol inarfa rbtc! G* ]io(.! I ud.i)

DTEREGN'ERTADY
gl

DIE RECEN;E NOT RT.ADY

92

L Thafin yocdwtt nt ttot rcgriffd.
I IroRX,X,\XandXEJICTprxcfutsoraalrr.alDfcDCEaan:rordtfuconrryordingpxtasnemifomnddtoilaIDCE.
3. Tobkenmuned$txdalollors:l,.oclontoDrtalr4S.tlr;lalolohrxordD.tftrdiagrmrnccalcio6rucdirprctr,aganraedao

rcrlto/tlr&acrb4DISCARDtdrrtesrldrt rr(cirrdportoirrbhclroredjwthtIDLPbufsr:.mdD.l'.lUDtudkaarhilithteo(bt/so!.
coabimtion canot ocw.

!. Ihcamrpocrdll.rcolsitlolpfitoningthctytiftdactiolst*uarritg,itrdriiletwliciincludrr/alodrirgaRfSfTBIQU-zSTpachetn
the DTD anl saulhry a flESEI REQWSI pa*a ro rtc lD(E tila rtu r{orruangprus:).

.{.DISC,LRD .l=Disc.{RD

,{=,\ORtl{l
s=gl

.{=l'0RUlI .{=.\Of,il1l
s=gl

.t.I0tl1rl .{.,\ORV,II
s=tl

.{"tff0n
5-d3
n!,

(r.r Notc 4)

.l=,\OR]lil,

l=[Ri0R
5=dJ
rE,

(nNor4)

RRp&tmthrvdidPP.

&\Rpdittnit rulilPR

REIECI pda nit r nlid PR

IOI[S:

RR. RfiR, c R.EJECI p*ct witb lers tm
3 \tcs rhtn wiry mdulo 128 uubuiug
(r..Noh l)

RR. RM.. ot RIJECI pdrl nilt ru ianlil
PP,



Kenya Subsidiary Le gis lation, 20 I 8 2487

Table 5-9. XDCE effect on DCE restart statcs

Table 5-10. XDCE effect on DCE call setup and clearing states
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Table 5-l l. XDCE effect on DCE reset states

Table 5-12. XDCE effect on DCE interrupt transfer states
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Table 5-13. GDLP Mode S subnetwork timers
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Table 5-15. CDLP (ADLP) effect on ADCE (GDCE) packet layer ready states

Table 5-16. GDLP (ADLP) effect on ADCE (GDCE) call setup and clearing states
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Table 5-17. GDLP (ADLP) effect on ADCE (GDCE) reset states
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Table 5-18. GDLP (ADLP) effect on ADCE (GDCE) intemrpt transfer states
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Table 5- 19. GDLP (ADLP) effect on ADCE (GDCE) flow control transfer states
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Tablc 5-20. DCE effect on ADCE (GDCE) call setup and clearing states
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Table 5-21. DCE effect on ADCE (GDCE) reset states
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Tabla 5-22. DCE effect on ADCE (GDCE) intemrpt transfer states
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Table 5-23. Broadcast identifier number assignments
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idon(JIur .{uftamr,nJ

00re

0l ro

J0ra

]l ro

3l,o
Ofters

Noilulid
Xrsen ed (difhreofhl CNS9 corectim)
Notrilid
Reserted rtr ACt S (R,{. buadost)
Beien'ed for AC.{,S (AC,{S tnoa&ast!
u*,nessipen
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00ra
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,t0ro
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Seuctr reqreil
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Table 5-24. Register number assignments
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I?oryordlrrqiswL'o. -Is,iaror



2500 Kenya S ubsidiary k gis lation, 20 I 8

Irorlaondrr rrgnfil Yo. Tsttglrl.tat

45.
46v
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,l8x

{Prr{Fr!
i0.
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i2"
iir
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66r16Frr
i0r-i5r
?6u-EOr
EI,r-E!r'

E3,.
Erlrr
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.t i!-ref€ruEed nrte r:ctor
Il rTpoiat I
Wrlpobt I
Wrpoiut i
L'n^r:sipat
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Eeadbg ald speed rrpon
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-.l,inrrft ops-irioE l drtu5
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Ersrnei fcr [!ode ! BIIE
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-\C{Sultput mmbcr
-{CAS uit :oin'ar: rsrisiol mmhrr
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hlititul'applicadoa;
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Unssigmt

Note.- In the context ofTable 5-24, lhe ternt "aircraft" can be understood as
"transponder carryingai,craft","pseudo-aircraft (e.g. an obstacle)" or "vehicle"
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Table 5-25. MSP channcl number assignments
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FOURTH SCHEDULE

-Regulation 49(c

I. MODES PACKETFORMATS)

l.l. Formars. The Mode S packet formats shall be as specified in Figures 5-3 to 5-22
as contained in the this schedule.

1.2. Sigttificance of conrol fields.The structure of the format control fields used in
Mode S packets shall be as specified in Figure 5-23. The significance of all
control fields used in these packet formats shall be as follows:

Field symbol Definition

AG Address. Ground; the 8-bit binary representation of the ground DTE
address

AM Address, Mobile; the 4-bit binary representation of the last two
BCD digits of the mobile DTE address

CC Clearing cause as defined in ISO 8208

CH Channel number (1 to 15)

DC Diagnostic code as defined in ISO 8208

DP Data packet type (Figure 5-23)

F S-bit sequence, flrrst packet flag

FILL Fill field

FILLI Has a length of 6 bits for a non-multiplexed packet in a downlink SLM
frame; otherwise it is 0 bit

FILLZ Has a length of 0 bit for a non-multiplexed packet in a downlink SLM
frame and for a multiplexing header; otherwise it is 2 bits

FIRST PACKET The contents of the first of the multiplexed packets

FS Fast select present

IN Initialization bit

L

LAST PACKET

LENGTH

LV

M/CH

MP

M/SN

OD

ODL

"More bit" for long-form MSP packets

The contents of the last of the multiplexed packets

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

User data field length; number of user bytes M "More bit" for SVC
DATA packets

MSP channel number

MSP packet type (Figure 5-23)

Sequence number; the sequence number for the long form MSP packet

Optional data

Optional data length
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OF

P

PR

PS

RC

RT

RTL

s

Option flag

Priority field

Packet receive sequence number

Packet send sequence number

Rcsetting cause code as defined in ISO 8208

Route table

Route table length expressed in bytes

"More bit" for CALL REQLJEST, CALL ACCEPT, CLEAR

REQUEST and INTERRUPT packets

Sequence number; the sequence number for this packet type

Supervisory packet (Figurc 5-23)

Supervisory subset number (Figurc 5-23)

Supervisory typc (Figure 5-23)

Temporary channel numbcr (l to 3)

User data field

SN

SP

ss

ST

TC

UD

2 3 .1 5 G7

UO

Figure 5-3. CALL REQUEST by ADLP packet
2 3 45

l,n)

d7

DP-o MP-l SP-l sr4 FIl2
P FILL slt

CH LAr

AS

s FS F LV

DP.0 f,tht SP=l ST.{l FT.L

P FILL SN

FILL TC Af,I

AG

s FS F LV
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Figure 5-4. CALL REQUEST by GDLP packet

3 45 67

UO

Figure 5-5. CALL ACCEPT by ADLP packet

3 45 a7 o

DP{ ttP=l SP=l ST=1 FILL

FILL SN

CH All

AG

FILL F LV

UO

Figure 5-6. CALL ACCEPT by GDLP packet

3 45 B7 8

UO

a

1

.,

DP=O HP=l SP=l ST=l F.ILL2

TC SN

cH Alr

AG

F LVs FILL

DP=0 f,tP=l SP=l ST=2 FILLz

TC SN

CH AM

AG

CC

DC

F LVS FILL
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Figure 5-7. CLEAR REQUEST by ADLP packet

3 45 o7 I

UO

Figure 5-8. CLEAR REQUEST by GDLP packet

2 3 4 6 A7

OF-{l lvlP-l SP.1 ST-3 F}LII

TC SN

CH AM

AG

Figure 5-9. CLEAR CONFIRMATION by ADLP packet

2505

t 2

s

3 45 67

DH} UP=l SP=l 9T!2 FLL

TC SN

CH Att

Ag

cc

DC

s FILL F LV

DP'{l IvtP- I SP=l sT-3 FILL

TC SN

CH AM

AG
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Figure 5-10. CLEAR CONFIRMATION by GDLP packet

3 45

UO

Ia fr7

Figure 5-l l. DATA packet

aa 45 67 I

UO

Figure 5-12. INTERRUPT packet

2 3 4E E7 8

Figure 5-13. INTERRUPT CONFIRMATION packet

3 46 87

DF=0 tvlF=1 sh3 ST-3 SS=1

FILL2 SN

CH PE

2 I

DP.-1 M SN

FILL I

PS Pfl,

CH LV

DP=0 MP=1 SP-3 5I-1 FILL2

S F SN

CH LV

DP-0 MP=1 SP=3 ST=3 SS=o

FILL2 SN

CH FILL
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Figure 5-13. INTERRUPT CONFIRMATION packet

2 3

Figure 5-14. REJECT packet

3 4t d?

Figure 5-15. RECEIYE READY packet

3 45 G7

DF=O MPEI SPra ST-l Fr-t:!

FILL gil

CH PR

Figure 5-16. RECEfVE NOT READY packet

45 67 I

I2

I?

2 3 4E

46

a7

G7

s

Figure 5-17. RESET REQUEST packet

3 I2

DP=0 MP=1 SP=3 ST=3 SS=1

FILL2 SN

CH PR

DP.0 MP=l SP=2 sT{ Fi-l-:l

FILL T}N

GH PR

DtsO MP='l SP=2 STa2 FT.UI

FILL SN

OH FILL

RC

DC

DP=0 MP=l SH sT-o F[.12

FILL SN

CH FIIL
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Figure 5- 18. RESET CONFIRMATION packet

2 15 67 8

0P=0 MP= I SP=3 ST=0 OF IN

RTL

RT

ODL

Figure 5-19. ROUTE packet

o7

3

3 45 e

DH) MP=1 SPE3 ST=2 FILL2

LENGTH

FIRST PACXET

LENGTH

L'!ST PAGKET

LENGTH = 0

Figure 5-20. MULTIPLEX packet

OD

?

46 67

DP=0 MP!{ MICH

FILLI

UD

I



Kenya Sub sidiary lz g is lation, 20 I 8

Figure 5-21. SHORT FORM MSP packet

3 45 E?

DP=O MP=1 SHt L M'SN

FILL2 MICH

UD

Figure 5-22. LONG FORM MSP packet

oflrl I

2509

2 s

ilPtrl 0

OATA PACT(ET

SHORTMSF

LOilG lrSP

CATIREOI'EST

CATIACCEPT

CI.EAR RECIUE$T

CTEAR@NNMTATION

RECETT/E READY

RECETVE I{('T READ\I

R*ETREOUEST

RESET COflFtSfiiAnoit

RotJTE

II.ITERRI,PT

MULNPIg(

INTERFUPT @fl FIRIiIATION

REJECT

0 0

sTr:1

srlzl

3rl2l 0

u

3

o

3

3

2

sstrl 0

3

UTIASSI('NED

UNTSSOI{ED

Figure 5-23. Control fields used in MODE S packets
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FIF.TH SCHEDULE

Regulation 53

VHF AIR GROUND DIGITAL LINK

SYSTEM CHARACTERISTICS OF THE GROUND INSTALLATION FOR
VHF AIR-GROUND DIGITAL LINK

Ground station transmitting function

Frequency stability. The radio frequency of VDL ground station equiPment
operation shall not vary morc than plus or minus 0.0002 per cent (2 parts Per
million) from the assigned frequency.

Note.- The fi'equency stability for VDL ground statio,ts using DSB-AM
modulation is specified in Part ll, Chapter 2 for 25 kiloHertz channel spacing.

Power

The effective radiated powcr shall be such as to provide a field strength of at least
75 microvolts per metre (minus 109 dBWm2) within the defined operational
covcrage of the facility, on the basis of free-space propagation.

Spurious emissions

Spurious emissions shall be kept at the lowest value which the State of the
technique and the nature ofthe service permit.

Note.- Appendix 53 to thc Radio Regulations specifies the levels oJ spurious
emissions to which transmitters must conform.

Adjacent channel emissions

ground transmitter under all operating
kiloHertz channel bandwidth of the first

1.1

1.1.1

1.2

1.3

1.3.1

1.4

1.4.1 The amount of power from a VDL
conditions when measurcd over the 25
adjacent channel shall not exceed 0 dBm

l.4.l.l After I January 2002, the amount of powcr from all new installations of a VDL
ground transmitter under all operating conditions when measured over the 25
kiloHertz channel bandwidth ofthe first adjacent channel shall not exceed 2 dBm.

-42--The--amount-of-power-f.rom-a-VDL-ground-transmitter under -all -operating--
conditions when measured over the 25 kiloHertz channel bandwidth of the second
adjacent channel shall be less than minus 25 dBm and from thereon it shall
monotonically decrease at the minimum rate of 5 dB per octave to a maximum
value of minus 52 dBm.

1.4.2,1 After I January 2002,ahe amount of powerfrom all new installations of a VDL
ground transmitter under all operating conditions when measured over the 25
kiloHertz channel bandwidth of the second adjacent channel shall be less than
minus 28 dBm.

1.4.2.2 After I Ianuary 2002, the amount of power from a[[ new installations of a VDL
ground transmitter under all operating conditions when measured over the 25
kiloHertz channel bandwidth of the fourth adjacent channel shall be less than

minus 38 dBm, and from thcreon it shall monotonically decrease at the minimum
rate of 5 dB per octave to a maximum value of minus 53 dBm.
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1.4.3 The amount of power from a VDL ground transmitter under all operating
conditions when measured over a l6 kiloHertz channel bandwidth centred on the
first adjacent channel shall not exceed minus 20 dBm.

1.4.3.1 After I January 2002,the amount of power from all new installations of a VDL
ground transmitter under all operating conditions when measured over a 16

kiloHertz channel bandrvidth centred on the first adjacent channel shall not
exceed minus l8 dBm.

1.4.4 After I January 2005, all VDL ground transmitters shall rneet the provisions of
I .4. I . I, I .4.2.1, I .4.2.2 and l.4.3.l,subject to the conditions of I .4.5.

1.4.5 Requirements of mandatory compliance of the provisions of 1.4.4 shall be made
on the basis of regional air navigation agreements which specify the airspace of
operation and thc implementation timescales. The agreements shall provide at

least two years' notice of mandatory compliance of ground systems.

SIXTH SCHEDULE

Regulation 54

VHF AIR CROUND DIGITAL LINK (VDL)

1. SYSTEM CHARACTERISTICS OF THE AIRCRAFT INSTALLATION FOR
VHF AIR-GROUND DIGITAL LINK

LI Frequency stability. The radio frequency of VDL aircraft equipment shall not
vary more than plus or minus 0.0005 per cent (5 parts per million) from the
assigned frequency.

1.2 Power. The effective radiated power shall be such as to provide a field strength
of at least 20 rnicrovolts per metre (minus 120 dBW/m2) on the basis of free-
space propagation, at ranges and altitudes appropriate to the operational
conditions pertaining to the areas over which the aircraft is oPerated.

1.3 Spurious emissions

1.3.1 Spurious emissions shall be kept at the lorvest value rvhich the State of the
technique and the nature of the service permit.

Note.- Appendix 53 to the Radio Regulations specifies the levels of spurious enissions
to,tvhich h'ansnitters ntust confornt..

1.4 Adjacent channel emissions

1.4.1 The amount of power from a VDL aircraft transmitter under all operating
conditions rvhen measured over the 25 kiloHertz channel bandrvidth of the first
adjacent channel shall not exceed 0 dBm.

l.4.l.l After I January 2002, the amount of power from all new installations of a VDL
aircraft transrnitter under all operating conditions when measured over the 25

kiloHertz channel bandwidth of the first adjacent channel shall not exceed 2

dBm.

1.4.2 The amount of power from a VDL aircraft transmitter under all operating
conditions rvhen measured over the 25 kiloHertz channel bandwidth of the

second adjacent channel shall be less than minus 25 dBm and from thereon it
shall monotonically decrease at the minimum rate of 5 dB per octave to a

maximum value of minus 52 dBm.
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After I January 2002, the amount of power from all new installations of a VDL
aircraft transmitter under all operating conditions when measured over the 25
kiloHertz channel bandwidth of the second adjacent channel shatl be less than
minus 28 dBm.

After I January 2OO2, the amount of power from all new installations of a VDL
aircraft transmitter under all operating conditions when measured over the 25
kiloHertz channel bandrvidth of the fourth adjacent channel shall be less than
minus 38 dBm, and from thereon it shall monotonically decrease at the
minimum rate of 5 dB per octave to a maximum value of minus 53 dBm.

The amount of power from a VDL aircraft transmitter under all operating
conditions when measured over a 16 kiloHertz channel bandwidth centred on
the first adjacent channel shall not exceed minus 20 dBm.

After I January 2002,the anrount of power from all new installations of a VDL
aircraft transmitter under all operating conditions when measured over a l6
kiloHertz channel bandrvidth centred on the first adjacent channel shall not
exceed minus l8 dBm.

After I January 2005, all VDt. aircraft transmitters shall meet the provisions of
I .4. l. I, 1 .4.2.1, I .4.2.2 and 1 .4.3. I, subject to the conditions of I .4.5.

Requirements of mandatory compliance of thc provisions of 1.4.4 shall be made
on the basis of regional air navigation agreements rvhich specify the airspace of
opcration and the implementation timescales. The agreements shall provide at
least trvo years' notice of mandatory compliance of aircraft systems.

Receiving function

Specified error rate. The specified error rate for Mode 2 operation shalI be the
maximum corrected Bit Error Rate (BER) of I in 104. The specified error rate
for Mode 3 operation shall be the maximum uncorrected BER of I in 103. The
specified error rate for Mode 4 operation shall be the maximum uncorrectcd
BER of I in 104.

Note. - Tlrc abo+'e physical laycr BER requirements are derivedft'om tlrc BER
requirement im.posed by A?-N at the sub-network interface.

Se[silivity- Ibq rcreiving function siall satisfy the spegifipd error,ratc _rv_ith a

desired signal strength of not more than 20 microvolts per metre (minus 120
dBWm2).

Note.- Tlre required signal strengthat the edge of the service volunu takcs into
accou,tt tlrc requiremcnts of the system and signal losses witltin tlte systent, and
considers environntental noi.se sources.

Out-of-band inrmunity performance. The receiving function shall satisfy the
specified error rate with a desired signal field strength of not more than 40
microvolts per metre (minus I 14 dBWm2) and with an undesired DSB-AM
DSPSK or GFSK signal on thc adjacent or any other assignable channel being at
least 40 dB higher than the dcsired signal.

After I January 2002, the receiving function of all new installations of VDL
shall satisfy the specified error rate rvith a desired signal field strength of not
more than 40 microvolts per metre (rninus I l4 dBWAn2) and with an undesired
VHF DSB-AM, D8PSK or GFSK signal at least 60 dB higher than the desired

1.4.2.t

t.4.2.2

1.4.3

l.4.3.1

1.4.4

1.4.5

1.5

r.5.1

1.5.2

r .5.3

1.5.3.1



Kenya Subs idiary Le gislation, 20 I 8 2513

signal on any assignable channel 100 kiloHertz or more away from the assigned
channel of the desired signal.

Note.- This level of interference intmunity perjornance provides a recetver
petfornnnce consistent n'ith the influence ol the VDL RF spectrunr nnsk as
specified in 1.4 tvith an effective isolatiott transnitterlreceiver isolation of 69
dB. Better transmitter and receiver perfornwnce could result in less isolatiott
required. Guidance nruterial on the nrcasurement technique is included in the
ICAO Handbook on Radio Frequency Spectrum Requirenrcnts for Civil Aviatiott
including state,nent oJ Approved ICAO Policies (Doc 9718)..

1.5.3.2 After I January 2005, the receiving function of all installations of VDL shall
meet the provisions of l 5.3 . I , subject to the conditions of I .5 .3 .3 .

1.5.3.3 Requirements of mandatory compliance of the provisions of 1.5.3.2 shall be
made on the basis of regional air navigation agreements which specify the
airspace of operation and the implementation timescales. The agreement shall
provide for at least two years' notice of mandatory compliance of aircraft
systems.

I.5.4 INTERFERENCEIMMUNITYPERFORMANCE

1.5.4.1 The receiving function shall satisfy the specified error rate with a desired field
strength of not more than 40 microvolts per metre, and with one or more out-of-
band signals, except for VHF FM broadcast signals, having a total level at the
receiver input of minus 33 dBm.

Note.- In areas where adjacent higher band signal interference exceeds tltis
specification, a higher immunity requirement will apply.

1.5.4.2 The receiving function shall satisfy the specified error rate with a desired field
strength of not more than 40 microvolts per metre, and with onc or more VHF
FM broadcast signals having a total level at the receiver input of minus 5 dBm.

SEVENTH SCHEDULE

Regulation 55(a)

VHF AIR GROUND DIGITAL LINK SYSTEMS-

I. PHYSICAL LAYER PROTOCOLS AND SERVICES

The aircraft and ground stations shall access the physical medium operating in simplex
mode.

l.l Functions

I .l .l The physical layer shall provide the following functions:

(a) transmitter and receiver frequency control;

(b) digital reception by the reccivcr;

(c) cligital transmission by the transmitter; and

(d) notification services.

1.1.1.1 Transmitter/receiver frequency control. The VDL physical layer shall set the

transmitter or receiver frequency as commanded by the link management entity
(LME).
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Note.- Tlte LME is a link layer entity as contained in the Manuals on VDL
Mode 2 and VDL Mode 3 Technical Specifications.

Digital reception by the receiver. The receiver shall decode input signals and
forward them to the higher layers for processing.

Digital transmission. The VDL physical layer shall appropriately encode and
transmit information received from higher layers over the RF channel.

Modes 2 and 3 common physical layer

Modulation scheme. Modes 2 and 3 shall use differentially encoded 8 phase
shift keying (D8PSK), using a raised cosine filter with o = 0.6 (nominal value).
The information to be transmitted shall be differentially encoded with 3 bits per
symbol (baud) transmitted as changes in phase rather than absolute phase. The
data stream to be transmitted shall be divided into groups of 3 consecutive data
bits, least significant bit first. Zeros shall be padded to the end of the
transmissions if needed for the final channel symbol.

Data cncoding. A binary data stream entering a differential data encoder shall be
converted into three separate binary streams X, Y, and Z so that bits 3n form X,
bits 3n + I form Y, and bits 3n + 2 form Z. The triplet at time k (Xr, Y1, Q) shall
be converted to a change in phase as shown in Table 6-l*, and the absolute
phase Q* is the accumulated series of A$,,, that is:

9r: Qr.-r + Aqn

Table 6-1 Modes 2 and 3 data encoding

Xk Y1 Zy aqr\

t.t.t.2

l.l.l.3

1.2

t.2.t

1.2.t.t

0

0

o

0

I

I

0

0

I

1

0

0

0

1

1

I

I

0

0

0

I

I

I

I

0nl 4

ln/4
2nJ4

1nl4

4n/ 4

5n/4

6nl4

7 nt4
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1.2.1.2 Transmitted signal form. The phase-modulated baseband signal as defrned in
I .2. l.l shall excite the pulse shape filter.

s(t): I il* ft($r.r-,tr")

where:

h is the complex impulse response of the pulse shape filter;

k is defined in l.2.l.l;
g is defined by the equation in l.2.l.l;
t is time;

Ts is time duration of each symbol.

The output (function of time) of the pulse shape filter (s(t)) shall modulate the
carrier frequency. The pulse shape filter shall have a nominal complex
frequency response of a raised-cosine filter with o =0.6.

1.2.2 Modulation rate. The symbol rate shall be l0 500 symbols/second, resulting in a
nominal bit rate of 31 500 bits/s. The modulation stability requirements for
Modes 2 and 3 are provided in Table 6-2.

Table 6-2 Mode 2 and 3 modulation stability

\DLModc
Aircraft Modulation

Stabiliry
Ground Modtrlation

Stabilit5'

Mode 2 : 0.00i0 per cert * 0.0050 per celr

Mode f + 0.0005 per ce.nt + 0-0002 per cert

1.3 Mode 2 specific physical layer

Note.- The Mode 2 specific physical layer speci/ication includes a description of
the Mode 2 lraining sequence, forward error correction (FEC), interleaving, bit
scrambling, channel sensing, and ph;tsical layer system parameters.

1.3.1 To transmit a sequence of frames, a station shall insert 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 (per 1.3.1.2), interleavc
(per 1.3.1.3), prepend the training sequence (per l.3.l.l), carry our bit scrambling
(per 1.3.1.4) and finally encode and modulate the RF signal (per 1.2.1).

l.3.l.l Training sequence. Data transmission shall begin with a demodulator training
sequence consisting of five segments:

(a) transmitter ramp-up and power stabilization;

(b) synchronizationandambiguityresolution;

(c) reserved symbol;

(d) transmission length; and
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(e) header FEC.

Note.- Immediately after these segments follows an AVLC fratne with the format
as contained in the dala link service descriptiott in the Manual on VDL Mode 2
Technical Specilicat ions.

l.3.l.l.l Transmitter ralnp-up and power stabilization. The purpose of the first segnrent

of the training sequence, called the ramp-up, is to provide for transmitter
power stabilization and receiver AGC settling, and it shall immediately
precede the first symbol of the unique word. The duration of the ramp-up shall
be five symbol periods. The time reference point (t), for the following
specification is the centre of the first uttique word symbol, a point that occurs
half a symbol period after the end of the ramp-up. Conversely Stated, the

beginning of the ramp-up starts at t = -5.5 symbol periods. The transrnitted
power shall be lcss than --40 dBc prior to time t : -5.5 symbol periods. The
ramp-up shall provide that at time t = -3.0 symbol periods the transrnitted
power is 90 per cent of the manufacturer's Stated output power or greater (see

Figure 5-l). Regardless of the method used to implement (or truncate) the

raised cosine filter, the output of the transmitter between times t = -3.0 and t =

-0.5 will appear as if '000' symbols were transmitted during the ramp-up
period.

Figure 6-l Transmitter potver stabilizaliott

Note. l.- For Mode j, the timing reference point is the same as the "porver

reference poittt".

Nole 2.- It is desirable to maximize the time allowed for the AGC settlirtg titne.

Elforts shall be made to have power above 90 per cent ofnominal outPut power
at t - 3.5 syn$ol periods.

1.3.1.1.2 Synchronization and ambiguity resolution. The second segment of the

training sequellce shall consist of the unique word:

000010011u0000001 l0l ll000l l000ll lll l0l lll100010

Cenhe of firsl eymbol of unQue wotd

.5.5

Power at 90 per cent

byt=.3

Major dMsions are

symbol periods
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and shall be transmitted from left to right.

1.3. l. L3 Reserved synrbol. The third segment of the training sequence shall consist of
the single symbol representing 000.

Note.- This field is reserved for future definition.

1.3.1.1.4 Transmission length. To allow the receiver to determine the length of the

final Reed-Solomon block, the transmitter shall send a l7-bit word, from
least significant bit (lsb) to most significant bit (msb), indicating the total
number of data bits that follow the header FEC

Note.- The length does not include those bit.s lransmitted for: the Reed Solomon FEC.
extra bits padded to ensure that the interleaver generates an integral number
of 8-bit words, or the extra bits padded to ensure that the data encoder
generates an integral number of j-bit symbols.

1.3.1.1.5 Header FEC. To correct bit errors in the header, a(25,20) block code shall
be computed over the reserved symbol and the transmission length segments.

The block code shall be transrnitted as the fifth segment. The encoder shall
accept the header in the bit sequence that is being transmitted. The five parity
bits to be transmitted shall be generated using the following equation:

[P, , ... . F;] = [Rr ,..., Ri, TL: . ... . TLrz] Hr
where:

P is the parity symbol (P I shall be transmitted first);

R is the resewed symbol;

TL is the transmission Length symbol;

T is the matrix transpose function; and

H is the parity matrix defined below:

H_

1.3.1.1.6 Bit transmission order. The five parity bits of the resultant vector product
shall be transmitted frorn the left bit first.

I .3.1 .2 Forward error correction. In order to improve the effective chantte I

throughput by reducing the number of required retransmissions, FEC shall be

applied after the training sequence, regardless offrame boundaries.

1.3.1.2.1 FEC calculation. The FEC coding shall be accomplished by means of a

systematic fixed-lcngth Reed- Solomon (RS)(255,2a9) 2o-orcode.

Note l.- This code is capable of correcting up to three octets for data blocks of
249 octets (1992 bits). Longer transnrissions tnust be divided up into 1992 bit

00000000111111111111
00111111000011111111

11o11011010100110011
01101001111001010101

11000111001100001111
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transmissions and shorter trarrsmissiotts mu.st be extended by virtual fill with
lrailing zero,s. Six RS-check oclets are appended for a total block of 2 5 5 octets.

The field defining the primitive polynomial of the code shall be as follows:

p(-r) = (x8 +.r-7 + 1: + 1- + [)
The generator polynomial shall be as follows:

t]j

f] {'-o')
i-120

where:

o is a primitive element of GF(256);

GF(256) is a Calois field (GF) of size 256.

Nole 2.- The Reed-Solomon codes are described in the recommendalion for
Space Data System Standarcls Telemettlt Channel Coding, by the Consultative
Commiltee for Space Data Systems.

1.3.1.2.2 Block lengths. The six RS-check octets shall be calculated on blocks of 249
octets. Longer transmissions shall be split into blocks of 249 octets, per
1.3.1.3. Blocks ofshorter length shall be extended to 249 octets by a virtual
fill of trailing zeros. The virtual fill shall not be transmitted. Blocks shall be
coded according to 1.3.1.2.3 through 1.3.1.2.3.3.

1.3.1.2.3 No error correction. For blocks with 2 or fewer non-fill octets, no error
correction shall be used.

1.3.1.2.3.1 Single-byte error correction. For blocks with 3 to 30 non-fill octets, all six
RS-check octets shall be generated, but only the first two shall be
transmitted. The last four RS-check octets shall be treated as erasures at the
decoder.

1.3.1.2.3.2 Two-byte error correction. For blocks with 3l to 67 non-fill octcts, all six
RS-check octets shall be generated, but only the first four shall be
transmitted. The last two RS-check octets shall be treated as erasurcs at the
decoder.

1.3.1.2.3.3 Three-byte error correction. For blocks with 68 or more non-fill octcts, all
six RS-check octets shall be generated and transmitted.

1.3.1.3 Interleaving. To improve the performance of the FEC, an octet-based table-
driven interleaver shall be used. The interleaver shall create a table having
255 octets per row and c rows, where

fianstnission length (bt/l,)
c=

t992 (bits)

where:

(a) the transmission length is as defined in 1.3.1. 1.5; and
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(b) c = the smallest integer grcater than or equal to the valuc ofthe fraction.

After extending the data to an even multiple of 1992 bits, the interleaver shall
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 shall be stored in the eighth bit
position; the first group of 1992 bits shall 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 crasures) shall be stored in columns 250 througb 255. The
interleaver shall 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 octet shall be transmitted from bit 8 to bit L

On reception, the de-interleaver shall calculate the number of rows and size of
the last (potentially partial) row from the length field in the header. It shall only
pass valid data bytes to the higher layer.

Bit scrambling. To aid clock recovery and to stabilize the shape of the

transmitted spectrum, bit scrambling shall be applied. The pseudo noise (PN)
sequence shall be a ls-stagc getrerator (see Figure 6-2) with the characteristic
polynomial:

xls+x+ 1

The PN-sequence shall start after the frame synchronization Pattern with the
initial value llOt 0010 l0ll 001 with the leftmost bit in the first stage of the
register as per Figure 6-2. After processing each bit, the register shall be shifted
one bit to the right. For possible encryption in the future this initial value shall
be programmed. The sequence shall be added (modulo 2) to the data at the

transmit sidc (scrambling) and to the scrambled data at the receive side
(desmambling) per Table 5-3.

Table 6-i Scrambler function

tuoction Dmin lhtaout

scrambliag

diffienblhg

cliil&h

scrdmbld&tr

scmmbled&tl

clear data
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Oete in 0sto oul

1 clock

Legend:

delay

inilial value

rtege numbar/4

module 2 adder (erclusiveOR): @

Figure 6-2 PN generator for bit scrambling

Note.- The concep! of a PN scrambler is explained in ITU-R 5.446-4, Annex I,
Section 4.j.1, Method l).

1.3.2 MODE 2 CHANNEL SENSINC

1.3.2.1 Channel busy to idle detection. When a station receives on-channel power of at
least -87 dBm for at least 5 milliseconds, then:

(a) with a likelihood of0.9, it shall continue to consider the channel occupied if
---the-signal-level-is-attenuated*to-below--92-dBm for less-than I millisecond;

and

(b) with a likelihood of 0.9, it shall consider the channel unoccupied if the
signal level is attenuated to below -92 dBm for at least t.5 milliseconds.

Note.- The mcwinunt link throughpttt 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 delects and acls on lhat change) and RF channel seizure
delay (from lhe time when a station decides to transnrit until the transmitter is
suuicienily ramped up to lock out other statiotrs). Accordingly, it is imperative
that all etlorls are nnde lo reduce those tintes as the State-of-the-art advances.

1.3.2.2 Channel idle to busy detection. With a likelihood of at least 0.9, a station shall
consider the channel occupied within I millisecond after on-channel power rises
to at least -90 dBm.

1.3.2.3 The detection of an occupied channel shall occur within 0.5 milliseconds.
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l.3.3

I .3.3 .l

Note. - A higher probability oJlalse alarnr is acceptable on the idle to busy
detection than the busy to idle detection because of the effects of the two
different errors.

MODE 2 RECETVER/TRANSMITTER INTERACTION

Receiver to transmitter turnaround time. A station shall transmit the training
sequence such that the centre of the first symbol of the unique word will be

transmittcd within 1.25 milliseconds aftcr the rcsult of an access attempt is

successful (see Figure 6-3).The total frcquency change during the transmission
of the unique word shall be less than l0 Hertz. Aftcr transmission of the unique
word, the phase acceleration shall bc less than 500 Hertz per second.

fumot locos$

deryt
0cur6

rocqttn

maAUq

\
l/-

90 pel mntporu, mn*pn& to timo -3

(seoEgtm&1)

\

1.5 rnsc

+\
1.25 nrec

Figure 6-3 Receive to lransmit turnaround time

1.3.3.2 Transmitter to rccciver turnaround time. The hansmitter power shall be -20 dBc
within 2.5 symbol periods of the middle of the final symbol of the burst. The
transmitter power leakage when the transmitter is in the "off' State shall be less

than -83 dBm. A station shall be capable of rccciving and demodulating with
nominal performance, an incoming signal within 1.5 milliseconds after
transmission of the final information symbol.

Note.- Reference DO-160D sectiotr 21, category H for antenna radiated
signals.

1.3.4

I .3.4.1

MODE 2 PHYSICAL LAYER SYSTEM PARAMETERS

The physical layer shall implement the system parameters as defined in Table 6-
4.
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Table 6-4 Physical settices systen, pat'a,neters

Syrubol Puaueternaue Mo&2ralu

Pl lt{rniruuru lrauulrsion length 1ll07l bits

1.3.4. l.l Parameter Pl (minimum transmission length). Parameter Pl defines the
minimum transmission length that a receiver shall be capable of demodulating
without degradation of BER.

1.4 Mode 3 specific physical layer

Note.- The Mode j specific physical layer specificalion includes a descriptiott
of Mode j management (M) btu'sl and hando/f check nressage (H) burst uplink,
M burst downlink, voice/data (V/D) burst, and bit scranrbling.

1.4.1 Management (M) burst and handoff check message (H) burst uplink. The M
uplink burst (as contained in the Manual on VDL Mode 3 Technical
Specifications) shall consist 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 Specifications) shall consist
of three segments, the training sequence followed by the handoffcheck message
and the transrnitter ramp dorvn.

l.4.l.l Training sequence. Uplink M burst and H burst training sequences shall consist
of two components as follows:

(a) transmitter ramp up and power stabilization; and

(b) synchronizationandambiguityresolutiorr.

l.4.l.l.l Transmitter ramp-up and power stabilization. This shall be as defined in
section 1.3.1.1.1.

-l-.4;1.12-Synchronization-and- ambiguity 'resolution. -The-second-component- of 'the

training sequence shall consist o[ the synchronization sequence, known as

32*, as follows:

000001 l0l 100 ll00l0 lll l000l00ll l0l 000 lll 000011 001

and shall be transmitted from left to right.

Note.- The sequence 52* is very closely related to lhe sequence 52 (Section

1.4.3.1.2) . The 15 phase changes between the 16 synrbols of 32* are each
exactly l80o out of phase from the 15 phase changes associated wilh 52 .

This relationship can be used to sinplify the process of simultaneousll,
searching for both sequences.

1.4.1.2 System data and handoff check message. The non-3T configuration (as

contained in the Manual on VDL Mode 3 Technical Specifications) system
data shall consist of 32 transmitted symbols. The 96 transmitted bits shall
include 48 bits of information and 48 parity bits, generated as 4 Golay (24,
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l2) code words. The 3T configuration as contained in the Manual on VDL
Mode 3 Technical Specifications shall consist of 128 transmitted symbols.
The 384 transmitted bits shall include 192 bits of information and 192 parity
bits, generated as 16 Golay (24, 12) code words. The 3T configuration
handoff check message shall consist of 40 transtnitted symbols. The 120
transmitted bits shall include 60 bits of information and 60 parity bits,
generated as 5 Golay (24,12) code words. The specific definition of the
Golay encoder shall be as follows: If the l2 bit input bit sequence is written
as a row vector x, then the 24 bit output sequence can be written as th€ row
vector y, where y = x G, and the matrix G shall be given by

1

0
1

0
1

C-= 1

1
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11
11
11
11
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1
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I
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10
01
00
00
00
00
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000
000
000
000
000
000
000

010110r111000000000i 000
100
010

0
0
0

00101101111000000000
00010110111100000000
1 I 01 1 1 0001 I 00000000000 1 0
10101 1 I 000 i I 00000000000 I

Note.- The extended Golay code allows for the correction of any error pattern
with 3 or fewer bit errors and the detection of any 4-bit error pattern.

1.4.1.3 Transmitter ramp-down. The transmitter power shall be -20 dBc within 2.5
symbol periods of the middle of the final symbol of the burst. The transmitter
power leakage when the transmitter is in the "off' State shall be less than -83
dBm.

Note. - Reference RTCAIDO-160D section 21, category H for antenna radiated
signals.

t.4.2 Management (M) burst downlink. The M downlink burst (as contained in the
Manual on VDL Mode 3 Technical Specifications) shall consist of three
segments, the training sequence follorved by the system data and the transmitter
ramp down.

1.4.2.1 Training sequence. The M downlink burst training sequence shall consist of trvo
components as follows:

(a) transmitter ramp up and power stabilization; and

(b) synchronization and ambiguity resolurion.

1.4.2.1.1 Transmitter ramp-up and porver stabilization. This shall be as defined in
1 .4.1 .1 .1 .
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1.4.2.1.2 Synchronization and ambiguity resolution. Thrce separate synchronization
sequenccs shall be uscd for this burst type. Thc standard sequcncc, known as

S I , shall be as follows:

000 1u 00r 001 010 110 000 011 t00 t t0 0l l u l 0l0 l0l 100 101

and shall be Eansmitted from left to right. Thc special sequence used to
identify poll responses shall be as defined in6.44.1.1.2.

The special sequcncc used to identify net entry rcquests (Sl*) shall use the
following sequence:

000001 lll lll 100000 ll0 l0l 010000 l0l 001 l000ll 0l00ll

t.4.2.2

and shall be transmitted from left to right.

Note.- The sequencc S/* is vary closely related to the sequence Sl.The 15
phase clu.ngcs bctwccn the 16 symbols of Sl* are each exactly I80o out oJ
phase front the l5 plnse changes associated vith S I . This relationship can bc
used to simplily the proccss of sitttultaneously searching Jor both sequences,

System data. The system data segment shall consist of l6 transmitted symbols.
The 48 transmittcd bits shall be 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 tho (24, 12) Golay code words shouldl be as defined in 1.4.1.2

Transmittcr rampdown. This shall be as defined in l.4.1 .3.1.4.2.3

r.4.3 Voicc or data (VID) 6urst. Thc V/D burst (as contained in the Manual on VDL
Mode 3 Technical Spocifications) shall consist of four segments: the training
sequcnce followed by the headcr, the user information scgmcnt and thc
transmitter ramp down. The same V/D burst format shall be uscd for both
uplink and downlink.

1.4.3.1 Training scquence. V/D burst training sequence shall consist of two

-compo.nents-Es-fi ollorus:

(a) transmittcr rampup and powcr stabilization; and

(b) synchronization and ambiguity resolution.

1.4.3.1.1 Transmitter ramp-up and power stabilizatiott. This shall be as specificd in
1.4.1.1.1.

1.4.3.1 .2 Synchronization and ambiguity resolution. The second component of the
training scquence shall consist of the synchronization sequence, known as 52,
as follows:

000 lll 011010000 100001 010 100 l0l 0ll ll000l ll0 l0l lll
and shall be transmitted from left to right.

1.4.3.2 Header. The header segment shall consist of 8 transmitted symbols. The 24
transmitted bits shall bc encoded as 12 bits of header information and 12 parity
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bits, generated as a single (24,12) Golay code word. The encoding of the (24,
12) Colay code word shall be as defined in 1.4.1 .2.

User information. The user information segment shall consist of 192 3-bit
symbols. When transmitting voice, FEC shall be applied to the analysis output
of the vocoder specified in 6.8. The vocoder shall provide satisfactory
performance in a BER environment of l0-3 (with a design goal of l0-2). The
overall bit rate of the vocoder includirtg FEC is 4 800 bits/s (except when in
the truncated mode in which the bit rate is 4 000 bits/s).

When transmitting user data, the 576 bits shall be encoded as a single Reed-
Solomon (72,62) 28-ary code word. For user data input to the Reed-Solomon
encoder of length less than 496 bits, input data shall be padded with zeroes at
the end to a full length of 496 bits. The field defining the primitive polynomial
of the code shall be as described in 1.3.1.2.1.

The generator polynomial shall be as follows:

I19

lf i-.-o')
i-120

Note.- The Reed-Solomon (72, 62) code is capable of correcting up to five
28-ary (code word) symbol errors in the received word.

Tt'ansmitter ramp-dotvn. This shall be as defined in I .4. I .3.

Interleaving. There shall be no interleaving in Mode 3 operation.

Bit scrambling. Under Mode 3 operation, bit scrambling, as specified in I .3.1.4
shall be performed on each burst, starting after the training sequence. The
scrambling sequence shall be reinitialized on each burst effectively providing a
constant overlay for each of the Mode 3 fixed length bursts.

Receiver/transmitter interaction. The switching times in this subsection rvill 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
subsequent burst.

r.4.3.4

1.4.4

1.4.5

1.4.6

Note.- Tlis noninal time will be shortened by cottsklerations such as the
Jinite width of each synbol due to Nyquist fltering and the ramp up and porer
stabilization sequence. Such alternative definitiotrs could yield switching ti,nes
up to 8 s),mbol periods shorter.

1.4.6.1 Receiver to transmitter switching time. An aircraft radio shall be capable of
srvitching from reception to transmission within l7 synrbol periods. This time
can be relaxed to 33 symbol periods for aircraft radios rvhich do not functions
requiring discrete addressing.

Note I .- The shortest RlT swilching tinte Jor an aircraft radio occurs when the
receplion oJ an uplink M channel beacon is Jollorvcd by a V/D transmission in
the sanrc slot. In certain instances vhere aircra,ft radios do not intplemcnt
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functions requiring discrete addressing, the RIT switching tine can be increased
since the last two Golay words of the uplink M channel beacon need not be read.

Note 2.- The minimum turnaround time assumes that in configurations 3VlD,
2VlD, and 3T (as contained in Section 552.4 of the Manual on VDL Mode 3
Technical Specifications), tlrc aircratt radios will be provided with soJtware that
will prevent thetn from transmitting a downlink M channel message in a slot
following the reception of a voice message trom another aircralt with a long
time delay.

1.4.6.2 Transmitter to rcceiver switching time. An aircraft radio shall be capable of
srvitching from transmission to reception within 32 symbol periods.

Note.- The worst case TlR switching time for an aircrafi radio occurs when it
lransmits a downlink M charuvl ntessage and receives a VlD message in lhe
sante slot.

t.4.7

1.4;t .r

Fringe coverage indication

Indication of near edge-of-coverage shall be provided to the VDL Mode 3

aircraft.
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EIGHTH SCHEDULE

Regulation 56

VHF AIR GROUND DIGITAL LINK SYSTEMS

I. LINK LAYER PROTOCOLS AND SERVICES

I .l General information

1.1.1 Functionality. The VDL link layer shall provide the following sub layer functions:

(a) media access control (MAC) sub layer, rvhich requires the use of the carrier
sense multiple access (CSMA) algorithm for Mode 2 or TDMA for Mode 3;

(b) a data Iink service (DLS) sub layer:

l) for Mode 2, the DLS sub layer provides connection-oriented point-to-point
links using data link entities (DLE) and connectionless broadcast link over the MAC sub
layer; and

2) for Mode 3, the DLS sub laycr provides acknorvledged connectionless point-
to-point and point-to-multipoint links over a MAC sub layer that guarantees sequencing;
and

(c) a Very High Frequency Digital Link managemenr entiry , which establishes
and maintains DLEs between the aircraft and the ground-based systems using link
management entities (LME).

1.1.2 SERVICE

l.l.2.l Connection-oriented. The VDL Mode 2 link layer shall provide a reliable point-
to-point servicc using a connection-oriented DLS sub layer.

1.1.2.2 Connectionless. The VDL Mode 2 and 3 link layers shall provide an
unacknowledged broadcast service using a connectionless DLS sub layer.

1.1.2.3 Acknowledged connectionless. The VDL Mode 3link layer shall provide an
acknorvledged point-to-point service using a connectionless DLS sub layer that
relies upon the MAC sub layer to guarantee sequencing.

1.2 6.5.2 MAC sub layer

1.2.1 The MAC sub layer shall provide for the transparent acquisition of the shared
communications path. It rnakes invisible to the DLS sub layer the way in which
supporting communications resources are utilized to achieve this.

Note.- Specific MAC services and procedures for VDL Modes 2 and 3 are
contained itt the Manuals ott VDL Mode 2 and VDL Mode 3 Technical
Specificatious.

Data link service sublayer

For Mode 2, the DLS shall support bit-oriented simplex air-ground
comnrunications using the aviation VHF link control (AVLC) protocol.

Note.- Spccific data link services, parameters and protocol definitions for VDL
Mode 2 are contained in the Manual on VDL Mode 2 Technical Specifications.

For Mode 3, the DLS shall support bit-oriented, priority based, simplex air-
ground communications using the acknorvledged connectionless data link (A-
CLDL) protocol.

1.3

l.3.1

t.3.2
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Notc.- Specific data link scrvices, parameters and protocol definitions for VDL
Modc 3 arc containcd in the Manual on VDL Mode 3 Technical Spccifications.

1.4 6.5.4 Vcry High Frequency Digital Link management entity

1.4.1 Services. The Very High Frequency Digital Link managcment entity shalt
provide link establishment, maintenance and disconnection services as well as

support parametcr modification. Specific Very High Frequency Digital Link
management cntity sorviccs, paramctcr fofmats and proccdures for Modos 2 and
3 arc contained in the Manuals on Vcry High Frequcncy Digital Link Mode 2
and Modc 3 Tochnical Specifications.



I

l.
l.l
l.l.l

1.2

t.2.1
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NINTH SCHEDULE

Regulation 57

VIIF AIR GROUND DIGITAL LINK SYSTEMS

SUBNETWORK LAYER PROTOCOLS AND SERVICES

Architccture for Mode 2

The sub network layer protocol used across the VHF air-ground sub network for
VDL Mode 2 is referrcd to formally as a sub network access protocol (SNAcP)
and shall conform to ISO 8208, except as contained in the Manual on VDL
Mode 2 Technical Specifications. The SNAcP is contained within thc Manual on
VDL Mode 2 Technical Specifications as the sub network protocol. If there are
any differences between the Manual on VDL Mode 2 Technical Specifications
and the cited specifications, the Manual on VDL Mode 2 Technical
Specifications shall have precedence. Ou the air-ground interface, the aircraft
sub network entity shall act as a DTE and the ground sub network entity shall
act as a DCE.

Note.- SpeciJic sub network layer protocol access points, servtces, paclet
formats, parameters and procedures for YDL Mode 2 are contained in the
Manual on YDL Mode 2 Technical Specilications.

Architecnrre for Mode 3

Thc sub nctwork layer used across the VHF air-ground sub network for VDL
Mode 3 provides the flexibility to simultaneously support multiple sub network
protocols. The currently defined options are to support ISO 8473 connectionless
nctwork protocol and to support ISO 8208, both as contained in the Manual on
VDL Mode 3 Technical Specifications. The Manual on VDL Mode 3 Technical
Specifications shall have precedence with respect to any differences with the
citcd spccifications. For the ISO 8208 interfacc, both the air and ground sub
network cntitics shall act as DCEs.

Note.- Specitic sub network layer prolocol access points, services, packet
formats, parameters and procedures for YDL Mode 3 are contained in the
Manual on YDL Mode 3 Technical SpeciJications.
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TENTH SCHEDULE

regulatiott 55(b)

VDLMODE 4

Physical layer protocols and services

Note.- Unless othetwise Stated, the requirements dcfined in this section apply
to both ntobile and ground statiotrs.

FUNCTIONS

TRANSMITTED POWER

Airborne installation. The effective radiated power shall be such as to provide a

field strength of at least 35 microvolts per metre (minus I14.5 dBW/m2) on the
basis of free space propagation, at ranges and altitudes appropriate to the
conditions pertaining to the areas over which the aircraflt is operated.

Ground installation.

The effective radiated power shall be such as to provide a field strength of at
least 75 microvolts per metre (minus 109 dBWm2) within the defined
operational coverage of the facility, on the basis of free-space propagation.

TRANSMITTER AND RECEIVER FREQUENCY CONTROL

The VDL Mode 4 physical layer shall set the transmitter or receiver frequcncy
as commanded by the link management entity (LME). Channel selection time
shall be less than l3 nu after the receipt of a command from a VSS user.

DATA RECETTION BY RECEIVER

The receiver shall decode input signals and forward them to the higher layers for
processing.

DATA TRANSMISSION BY TRANSMITTER

Data encoding and transmission. The physical layer shall encode the data
received from the data link layer and transmit it over the RF channel. RF
transmission shall take place only when permitted by the MAC.

Order of transmission. The transmission shall consist of the following stages iu
the follorving order:

(a) transmitter power stabilization;

(b) bit synchronizationl

(c) ambiguity resolution and data transmission; and

(d) transmitter decay.

Note.- The definitions of the stages are given in Sections I .2.3 .l to I .2.3 .4 .

Automatic transmitter shutdown. A VDL Mode 4 station shall automatically
shut-down power to any final stage anrplifier in the event that output power
from that amplifier exceeds -30 dBm for more than I second. Reset to an
operational mode for the affected amplifier shall require a manual operation.

l.l
l.l.l
l.l.l.l

t.l.t.2

t.t.2

t.t.2.t

1.1 .3

l.l.3.l

1.1.4

l.l.4.l

t.t.4.2

I .l .4.3



t.1.5

1.1.5.1

1.2

L2.t

l.t .5.2

l 1.5.3
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Note.- This is intended to protect the shared channel resource against so-
called "stuck ffansntitters" .

NOTIFICATION SERVICES

Signal quality. The operational parameters of the equipment shall be monitored
at the physical layer. Signal quality analysis shall be performed in the
demodulator process and in the receive process.

Note.- Processes that nruS, be evaluated in the dentodulator 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.

Arrival tinre. The arrival time of each received transmission shall be measured
with a trvo-sigma error of 5 microseconds.

The receiver shall be capable of measuring the arrival time within a two-sigma
error of I microsecond.

PROTOCOL DEFINITION FOR GFSK

Modulation schente. The modulation scheme shall be GFSK. The first bit
transmitted (in the training sequence) shall be a high tone and the transmitted
tone shall be toggled before transmitting a 0 (i.e. non-return to zero inverted
encoding).

Modulation rate. Binary ones and binary zeros shall be generated rvith a

modulation index of 0.25 t 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.

STAGES OFTRANSMISSION

Transmitter power stabilization. The first segment of the training sequence is the
transmitter power stabilization, which shall have a duration of 16 symbol
periods. The transmitter power level shall be no less than 90 per cent of the
steady State porver level at the end of the transmitter power stabilization
segment.

Bit synchronization. The second segment of the training sequence shall be the
24-bit binary sequence 0l0l 0l0l 0101 0l0l 0l0l 0101, transmitted from left
to right immediately before the start of the data segment.

Ambiguity resolution and data transmission. The transmission of the first bit of
data shall start 40 bit intervals (approximately 2 083.3 microseconds) + I
microsecond after the nominal start of transmission.

Note I .- Tltis is reJerenced to emissions at tlrc output of the antenna.

Note 2.- Anbiguiq' resolutiotr is performed by the link layer.

Transmitter decay. The transrnitted power level shall decay at least by 20 dB
within 300 microseconds after completing a transmission. The transmitter
power level shall be less than -90 dBm rvithin 832 microseconds after
completing a transmission.

CHANNEL SENSING

Estimation of noise floor. A VDL Mode 4 station shall estimate the noise floor
based on power measurements of the channel rvhenever a valid training
sequence has not been detected.

t.2.2

1.2.3

r.2.3.1

1.2.3.2

1 .2.3.3

1.2.3.4

1.3

t.3.1
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1.3.2 The algorithm used to estimate the noise floor shall be such that the estimated
noise floor shall be lower than the maximum power value measured on the
channel over the last minute when the channel is regarded as idle,

Note.- The VDL Mode 4 receiver uses an energy sensing algorithm as one oJ
the nreans to determine the State of the channel (idle or busy). One algorithnt
that can be usecl to estinrute the noise floor is described in the Manual on VDL
Mode 4 Technical Specificatiotts.

1.3.3 Channel idle to busy detection. A VDL Mode 4 station shall employ the
following means to determine the channel idle to busy transition at the physical
layer.

I .3 .3 . I Detection of a training sequence. The channel shall be declared busy if a VDL
Mode 4 station detects a valid training sequence followed by a frame flag.

1.3.3.2 Measurement of channel power. Regardless of the ability of the demodulator to
detect a valid training sequence, a VDL Mode 4 station shall consider the
channel busy with at least a 95 per cent probability within I ms after on channel
power rises to the equivalent of at least four times the estimated noise floor for
at least 0.5 milliseconds.

I.3.4 CHANNEL BUSY TO IDLE DETECTION

1.3.4.1 A VDL Mode 4 station shall employ the following means to determine the
channel busy to idle transition.

1.3.4.2 Measurement of transmission length. When the training sequence has been
detected, the channel busy State shall be held for a period of time at least equal
to 5 milliseconds, and subsequently allowed to transition to the idle State based
on measurement ofchannel power.

1.3.4.3 Measurement of channel power. When not otherwise held in the channel busy
State, a VDL Mode 4 station shall consider the channel idle with at least a 95
per cent probability if on-channel power falls below the equivalent of twice the
estimated noise floor for at least 0.9 milliseconds.

1.4 RECEIVER/TRANSMITTERINTERACTION

1.4.1 Receiver to transmitter turnaround time. A VDL Mode 4 station shall be capable- ' --oFbeginning the transmission-of'te ransmitter-powemtubilizatio-n--sequericE
within l6 microseconds after terrninating the receiver function.

1.4.2 Frequency change during transrnission. The phase acceleration of the carrier
from the start of the synchronization sequence to the data end flag shall be less
than 300 Hertz per second.

1.4.3 Transmitter to receiver turnaround time. A VDL Mode 4 station shall be capable
of receiving and demodulating with nominal performance an incoming signal
within I ms after completing a transmission.

Note.- Noninal perfornrance is defined as a bit error rate (BER) of I|a .

1.5

1.5.t

I .5.1 .1

PHYSICAL LAYER SYSTEM PARAMETERS

PARAMETER PI (MINIMUM TRANSMISSION LENGTH)

A receiver shall be capable of demodulating a transmission of minimum length
Pl rvithout degradation of BER.



I

I

t
I

1.5.1.2

t.5.2

1.5.2.1

t.5.2.2

1.6

1.6.1

t.6.2

t.6.2.1
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The value of Pl shall be l9 200 bits.

PARAMETER P2 (NOMINAL CO-CHANNEL INTERFERENCE
PERFORMANCE)

The parameter P2 shall be the nominal co'channel interference at which a
receiver shall be capable of demodulating without degradation in BER.

The value of P2 shall be 12 dB.

FM BROADCAST INTERFERENCE IMMUNITY PERFORMANCE FOR
VDL MODE 4 RECEIVING SYSTEMS

A VDL Mode 4 station shall conform to the requirements defined in section
1.5.4 when operating in the band L17.975-137 Megahertz.

A VDL Mode 4 station shall conform to the requirements defined below when

operating in the band 108-l17.975 Megahertz.

The VDL Mode 4 receiving system shatl meet the requiremcnts spccificd in
1.5.1 in the presencc of two signal, third-order intermodulation products caused

by VHF FM broadcast signals having levels in accordance with the following:

2Nt+ N?+7?<O

for VHF FM sound broadcasting signals in the range 107'7-108.0 Megahortz

and

zN, *% + s 
{z+ 

- 20 log{i . o

for VHF FM sound broadcasting signals below 107.7 Megahertz,

where the frequencies of the two vHF FM sound broadcasting signals produce,

within the reieiver, a two-signal, third-order intermodulation product on the

desired VDL Mode 4 frequency.

Nl and N2 are the levels (dBm) of the two VHF FM sound broadcasting signals

at the VDL Mode 4 receiver input. Neither level shall exceed the desensitization
criteria set forth in 1.6.2.2.

Af - 108.1 - fl, where fl is the frequency of Nl, the VHF FM sound

broadcasting signal closer to 108. I Megahertz.

Note.- The FM intermodulation irnmuni$t requirements are not applied to a
YDL Mode 4 channel operating below 108.1 Megahertz, and hencefrequencies
below I 08. I Megahertz are not intended for general assignments.
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1.6.2.2 The VDL Mode 4 receiving systern shall not be desensitized in the presence of
VHF FM broadcast signals having levels in accordance witlr Table 6-5

Table 6-5 VDL Mode 4 operating onfrequencies between I12.0-l 17.975 Megahertz

Frequcncy Muinllu leltl o f rulranted

signal at receivr iuput (dBru)

+15

+10

+5

0

(ltGlz)

88-104

t06

107

10i.9

Nole.- The relationship is linedr befi$eat atljacafi points desipated by

the aboyefi'aque,rcios.

Link layer

Note.- Details on link layer funclions are contained in tlrc Manual on YDL Mode 4
Technica I Specilications.

2. Subnetwork layer and SNDCF

Note.- Details on subnetwork layer functions and SNDCF are contained in the
Manual on VDL Mode 4 Technical Specifications.

3. ADS-B applications

Note.- Delails on ADS-B applicationfunctions are contained in the Manual on VDL
Mode 4 Technical Specilicatiotts.



t.t
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ELEVENTH SCHEDULE

regulation 66

TECHNICAL PROVISIONS RELATING TO INTERNATIONAL
GROUND.GROUND DATA INTERCHANGE AT MEDIUM AND
HIGHER SIGNALLING RATES

Note.- Throughout this sectiou in the context of coded character sets, the term
"uttil" means theunit of selective infonnaliott and is essentially equivalent to tlre
term "hit".

General

In international data interchange of characters, a 7-unit coded character set
providing a repertoire of I28 characters and designated as International
Alphabet No. 5 (IA-5) shall be used.

When the provisions of l.l.l are applied, International Alphabet No. 5 (lA-5)
contained in Table 8-2 shall be used.

t.t.2

l.l.2.l The serial transnrission of units comprising an individual character of IA-5 shall
be with the low order unit (bl) transmitted first.

1.1.2.2 Whcn IA-5 is used, each character shall include an additional unit forparity in
the eighth level position.

1.1.2.3 When thc provisions of 1.1.2.2 are applied, the sense of the characterparity bit
shall produce even parity in links which operate on the start-stop principle, and
odd parity in links using end-to-end synchronous operations.

l.1.2.4 Character-for-character conversion shall be as listed in Tables 8-3 and 8-4 for all
characters which are authorized in the AFTN format for transmission on the
AFS in IA-.

1.1.2.5 Characters which appear in only one code set, or which are not authorized for
transmission on the AFS shall be as depicted in the code conversion tables.

1.2 Data transrnission characteristics

1.2.1 8.6.2.1 The data signalling rate shall be chosen from among the following:

I 600 bits/s
I 200 bits/s
2 400 bits/s

4 800 bits/s
9 600 bits/s

1.2.2 The type of transmission for each data signalling rate shall be chosen as follows

Data signalling rate Type of transmission

I 600 bits/s
I 200 bits/s
2 400 bits/s
4 800 bits/s
9 600 bits/s

Synctu'onous or asynchronous serial transmission
Synchronous or asynchronous serial transmission
Synchronous serial transmission
Synchronous serial transmission
Syuchronous serial transrnission
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1.2.3 The type of modulation for each data signalling rate shall be chosen as follows

Data signalling rate Type of rnodulation

I 600 bits/s
I 200 bits/s
2 400 bits/s
4 800 bits/s
9 600 bits/s

Frequency
Frequency
Phase
Phase
Phase-amplitude

Note.- This standard does not necessarily apply to ground-ground exlensions
of air-ground links used exclusively for the transfer of air-ground data,
inasmuch as such circuits may be considered as part of the air-gromd link.

1.2.4

1.2.4.1

CHARACTER STRUCTURE ON DATA LTNKS

Character parity shall not be used for error checking on CIDIN links. Parity
appended to IA-5 coded characters per 1.1.2.2, prior to entry to the CIDIN shall
be ignored. For messages exiting the CIDIN, parity shall be generated in
accordance with I . 1.2.3 -Not applicable.

1.2.4.1 Characters of less than eight bits in length shall be padded out to eight bits in
length before transmission over any octet-based or bit-oriented communications
network. The padding bits shall occupy the higher order end ofthc octet, i.e. bit
8, bit 7 as required, and shall have the binary values 0.

t.2.5 When exchanging data over CIDIN links using bit-oriented procedures, the
entry centre address, exit centre addresses and destination addresses in the
Transport and CIDIN Packet Headers shall be in the IA-5 character set
contained in Table 8-2- Not applicable

t.2.6 When transmitting messages in AFTN format over CIDIN links using bit-
oriented procedures, the messages shall be in the IA-5 character set contained in
Table 8-2-Not applicable

1..3 . -Ground=ground-character=oriented-data,linkcontrol-procedures,- -- --

Note.- The provisions of this section pertain to ground-ground data
interchange applications usittg IA-5 prescribed by l.l and which employ the ten
transmissiott contt'ol characters (SOH, STX, ETX, EOT, ENQ, ACK, DLE, NAK,
SYN, and ETB) .for data link control, over synchronous or asynchronous
trans nr iss io n fac i I i ties.

1.3.1 Descriptions. The following descriptions shall 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.
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(c) A control station is the single station on a multipoint link that is permittcd
to assume master status and deliver messages to one or more individually
selected (non-control) tributary stations, or it is permitted to assign

temporary master status to any of the other tributary stations.

1.3.2 MESSAGECOMPOSITION

(a) A transmission shall consist of characters from LA-5 transmitted in
accordance with 1.1.2.2 and shall be either an infonnation message or a

supervisory sequence.

O) An information message used for the exchange of data shall take one of the

following forms:

l)
--TEXT---

--TEXT--

3)s
O -..I{EADING--
H

---TE)CI---

4)
---TEXT---

B
Note I.- C' i.s a block: check charactet' (BCC).

('
Note 2.- In fonnats 2), 4), and 5) above which end with ETB, some
continuation is required.

(c) A supervisory sequence shall be composed of either a single transmission
control character (EOT, ENQ, ACK or NAK) or a single transmission
control (ENQ) preceded by a prefix ofup to l5 non-control characters, or

EB
TC
XC

S

T
x

EB
TC
BC

2)s
T
x

B
c
C

S

T
x

S

T
x

E
T
B

...HEADINCi..-

---HEADiNCi--

s
o
H

s)s
o
H

EB
TC
XC

EB
TC
BC
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the character DLE used irr conjunction with other graphic and control
characters to provide additional communication control functions.

1.3.3 Three system categories are specified in temrs of their respective circuit
characteristics, terminal configurations, and message transfer procedures as

follows:

System categoD, A: two-way alternate, multipoint allowing either centralized or
non-centralized operation and single or multiple message-oriented information
transfers without replies (but with delivery verification). System catcgory B:
two-way simultaneous, point-to-point employing message associated blocking
and modulo 8 numbering of blocks and acknowledgements.

System catego,r/ C: two-way alternate, multipoint allowing only centralized
(computer-to-terminal) operation, single or multiple message transfers with
replies.

1.3.3.1 In addition to the characteristics prescribed in the paragraphs that follow for
both systenr categories A and B, other parameters that shall be accounted tbr in
order to ensure viable, operationally reliable communications includc:

(a) the number of SYN characters required to establish and maintain
synchronization;

Note.- Normally the transmitting station sends lhree contiguous SW
choracters and the receiving slation detects at least two before any action is
taken.

(b) the values of system time-outs for such functions as "idlc linc" and "no
response" as well as the number of automatic retries that are to be attempted
before manual intervention is signalled;

(c) the composition of prefixes within a l5 character maximum.

Nole.- By agreement between lhe adminisu'atiotrs concerned, it is permissible

for supervisory signals to contain a station identification prefix using characters
selectedfrom columns 4 through 7 of IA-5.

1.3.3.1 Fot multipoint implementations designed to permit only centralized (computer-
toterminal) operations, the provisions of 1.3.7 shall be employed.

1.3.4 BLOCK CHECK CHARACTER
--'1.3.4.1-Bo-th sy-ste.m--cEtegory A-and B Shall.titili2e tblockahEak character fiiaeteiniinC -

the validity of a transmission.

1.3.4.2 The block check character shall be composed of 7 bits plus a parity bit.

1.3.4.3 Each of the first 7 bits of the block check character shall be the modulo 2 binary
sum of every element in the same bit I to bit 7 column of the successive
characters of the transmitted block.

1.3.4.4 The longirudinal parity of each column of the block, including the block check
character, shall be even.

1.3.4.5 The sensc of the parity bit of the block check character shalt be the same as for
the intbrmation characters (see l.1.2.3).

1.3.4.6 SUMMATION

I .3.4.6. I The summation to obtain the block check character shall be started by the first
appearance of either SOH (start of heading) or STX (start of text).

1.3.4.6.2 The starting character shall not be included in the summation.
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If an STX character appears after the summation has been started by SOH,
then the STX charactcr shall be included in the summation as if it were a text
character.

With the exception of SYN (synchronous idle), all the characters which are
transnritted after the start of the block check summation shall be included in
the sunrmation, 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.

No character, SYN or otherwise, shall be inserted between the ETB or ETX
character and the block check character.

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 pennanently designated as the coutrol statiou
which monitors the link at all times to ensure orderly operation.

LINK ESTABLISHMENT PROCEDURE

To establish the link for transmission, the control station shall 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.

Polling shall be accomplished by the control station sending a polling
supervisory sequence consisting of a prefix identifying a single tributary
station and errding in ENQ.

A tributary station detecting its assigned polling supervisory sequence shall
assume master status and respond in one of two ways:

(a) ifthe station has a message to send, it shall initiate a selection supervisory
sequence as described in 1.3.5.1.5;

(b) if the station has no message to send, it shall send EOT, and master status
shall revert to the control station.

If the control station detects an invalid or no response resulting from a poll, it
shall terrninate by sending EOT prior to resuming polling or selection.

Selection shall be accomplislred by the designated master station sending a

selection supervisory sequence consisting of a prefix identiffing a single
station and ending in ENQ.

A station detecting its assigned selection supervisory sequence shall assume
slave status and send one oftwo replies:

(a) if the station is ready to receive, it shall send a pre fix followed by ACK.
Upon detecting this reply, the master station shall either select another
station or proceed with rnessage transfer;

(b) if the station is not ready to receive, it shall send a prefix followed by
NAK and thereby relinquish slave status. If the master station receives
NAK, or no reply, it shall either select another or the same tributary
station or terrninate;
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(c) it shall be permissible for N retries (N > 0) to be made to select a station
for which NAK, an invalid reply, or no response has been received.

1.3.5.1.7 If one or more stations have been selected and have properly responded with
ACK, the master station shall proceed with message transfer.

1.3.5.2 MESSAGETRANSFERPROCEDURE

1.3.5.2.1 The master station shall send a message or series of messages, with or without
headings to the selected slave station(s).

1.3.5.2.2 The transmission of a message shall:

(d) begin with:

l. SOH if the message has a heading,

2. STX ifthe message has no heading;

(e) be continuous, ending with ETX. immediately followed by a block check
character (BCC).

1.3.5.2.3 After transmitting one or more messages, the nraster station shall veriff
successful delivery at each selected slave statiorr.

I.3.5.3 DELIVERY VERIFICATION PROCEDURE

1.3.5.3.1 The master station shall send a delivery verification supervisory sequence
consisting of a prefix identiffing a single slave station and ending in ENQ.

1.3.5.3.2 A slave station detecting its assigned delivery verification supewisory
sequence shall send one oftwo replies:

(a) if the slave station properly received all of the transmission, it shall send
an optional prefix followed by ACK;

(b) if the slave station did not receive all of the transmission propcrly, it shall
send an optional prefix followed by NAK.

1.3.5.3.3 If the master station receives no reply or an invalid reply, it shall request a
reply from the same or another slave station until all selected stations have
been properly accounted for.

t.r.s.r.a r the malGr staiion-receives a neeatiG repty (NAKi ;r, aft;aN> o-iEpiat
attempts, rro reply, it shall repeat that transmission to the appropriate slave
stations at a later opportunity.

1.3.5.3.5 After all messages have been sent and delivery verified, the master station
shall proceed with link termination.

1.3.5.4 LINKTERMINATION PROCEDURE

1.3.5.4. I The ternrinate function, negating the master or slave status of all stations and
returning master status to the control station, shall be accomplished by the
master station transmitting EOT.

I.3.6 DESCRIPTION OF SYSTEM CATEGORY B

System category B is one in which two stations are on a point-to-point, 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 and both stations can transmit simultaneously.
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LINK ESTABLISHMENT PROCEDURE

To establish the link flor message transfers (from the calling to the called
station), the calling station shall 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.

The called station, upon detecting ENQ, shall send one of two replies:

(a) if ready to receive, it shall send a sequencc consisting of a DLE followed
by a colon, a prefix which includes its identity and ended by ACK0 (see

1.3.6.2.5). This establishes the link for message transfers from the calling
to the called station;

(b) if not ready to receive, it shall send the above sequence with the ACK0
replaced by NAK.

Establishment of the link for message trausfers in the opposite direction can be

initiated at auy time following circuit connection in a similar manner to that
described above.

MESSAGE TRANSFER PROCEDURE

System category B message transfer provides for message associated blocking
with longitudinal checking and rnodulo 8 numbered acknowledgements'

It is perrnissible for a transmissiou block to be a complete message or a portiou
of a message. The sending station shall initiate the transmission with SOTB N
foltowed 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 it is an intermediate block that continues a heading;

(d) STX if it is an iutermediate block that contitrues a text'

Note.- SOTB N is the hvo-character transntis.siott control sequeilce DLE =
(character.t I /0, and 3/l 3) followed by the block ttttmber, N, wlrcre N is one of
the IA-5 characters 0, L.. 7 (characters 3/0, 3/l ... 3/7).

A block which ends at an intermediate point within a message shall be ended

with ETB; a block which ends at the end of a message shall be ended with
ETX.

It shall be permissible for each. station to initiate and continue to send

nressages to the other concurrently according to the following sequence.

(a) It shall be permissible for the sending station (master side) to send blocks,
containing lnessages or parts of messages, continuously to the receiving
statiorr (slave side) rvithout waiting for a reply.

(b) It shall be perrnissible for replies, in the form of slave responses, to be

transmitted by the receiving station rvhile the sending station is sending

subsequent blocks.

Note.- B), ,,t" of ntodulo 8 ruunbering of blocks and replies, it shall be

perntissible for the sending statiort to send as man)' as seven blocks alrcad of
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the received replies before being required to stop transtnis.sion until sLu or les.s

blocl<s are oulstand ing.

(c) If a negative reply is received, the sending station (nlaster side) shall start
retransmission with the block following the last block for which the proper
affi rmative acknowledgement was received.

1.3.6.2.5 Slave responses shall be according to one of the following:

(a) if a transmission block is received without error and the station is ready to
receive another block, it shall send DLE, a colon, an optional prefix, and
the appropriate acknowledgement ACKN (referring to the received block
beginning with SOTB N, e.g. ACK0, transmitted as DLE0 is used as the
affirmative reply to the block numbered SOTB0, DLE I for SOTB I , etc.);

(b) if a transrnission block is not acceptable, the receiving station shall send
DLE, a colon, an optional prefix, and NAK.

1.3.6.2.6 Slave responses shall be interleaved between message blocks and transmitted
at the earliest possible time.

I.3.6.3 LINKTERMINATIONPROCEDURE

1.3.6.3.1 If the link has been established for message transfers in either or both
directions, the sending of EOT by a station shall signal the end of message
transfers in that direction. To resume message transfers after sending EOT, the
link shall be rc-established in that direction.

1.3.6.3.2 EOT shall only be transmitted by a station after all outstanding slave responses
have been received or otherwise accounted for.

1.3.6.4 CIRCUITDISCONNECTION

1.3.6.4.1 On switched connections, the data links in both directions shall be terminated
before the connection is cleared. In addition, the station initiating clearing of
the connection shall first announce its intention to do so by transmitting the
two-character sequence DLE EOT, followed by any other signals required to
clear the connection.

1.3.7 DESCRIPTTON OF SYSTEM CATEGORY C (CENTRALTZED)
---- -- ls-ystem carcgory C (aentralizeQls one (like system category A)in-wh:iaha

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 (computer-to-terminal) operations where message interchange
(with replies) shall be constrained to occur only between the control and a

selected tributary station.

1.3.7.1 LINKESTABLISHMENTPROCEDURE

1.3.7.1.1 To establish the link for transmission the control station shall either:

(a) poll one of tlre 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:

l. selection with response (see 1.3.7.1.5); or
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2. fast select (see 1.3.7.1.7).

1.3.7.1.2 Polling is accomplished by the control station sending a polling supervisory
sequence consisting ofa prefix identifying a single tributary station and ending
in ENQ.

1.3.7.1.3 A tributary station detecting its assigned polling supervisory sequence shall
assume master status and respond in one of two ways:

(a) if the station has a message to send, itshall initiate message transfer. The
control station assumes slave status;

(b) if the station has no message to send, it shall send EOT and master status
shall revert to the control station.

I .3.7 .l .4 If the control station detects an invalid or no response resulting from a poll, it
shall terrninate by sending EOT prior to resuming polling or selection.

1.3.7.1.5 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.

1.3.7.1.6 A tributary station detecting its assigned selection supervisory sequence shall
assume slave status and send one of two replies:

(a) if the station is ready to receive, it shall send an optional prefix followed
by ACK. Upon detecting this reply, the master station shall proceed with
message transfer;

(b) if the station is not ready to receive, it shall send an optional prefix
followed by NAK. Upon detecting NAK, it shall be pennissible for the
master station to again attempt selecting the same tributary station or
initiate termination by sending EOT.

Note.- If the control slation receives an invalid or no reply, it is permitted to
attenpt again to select the same tributary or after N reh'ies (N > 0) either to
exit to a recovery procedure or to irtitiate terminatiott by sending EOT.

1.3.7.1.7 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 message transfer.

1.3.7.2 MESSAGETRANSFERPROCEDURE

1.3.7.2.1 The station with master status shall send a single message to the station rvith
slave status and wait for a reply.

1.3.7.2.2 The message transmission shall begin with:

(a) SOH if the message has a heading, - STX if the message has no heading;
arrd

(b) be continuous, ending with ETX, immediately followed by BCC.

1.3.7.2.3 The slave station, upon detecting ETX followed by BCC, shall send one of two
replies:

(a) if the messages were accepted and the slave station is ready to receive
another message, it shall send an optional prefix follorved by ACK. Upon
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detecting ACK, the rnaster station shall be permitted either to transrnit the
l)cxt message or initiate tennination;

(b) if the nressage was not accepted and the slave station is ready to receive
another nressage, it shall send an optional prefix followed by NAK. Upon
detecting NAK, the master station may either transmit another message or
initiate tennination. Following the NAK reply, the next message
transmitted need not be a rctransmission of the message that was not
accepted.

1.3.7.2.4 If the rnaster station receives an invalid or no reply to a message, it shall be
permitted to send a delivery verification supervisory sequence corrsisting of an
optional prefix followed by ENQ. Upon receipt of a delivery verification
supervisory sequence, the slave station repeats its last reply.

1.3.7.2.5 N retries (N > 0) nray be nlade by the master station in order to get a valid
slave reply. If a valid reply is not received after N retries, the master station
exits to a recovery procedure.

1,3.7.3 LINKTERMINATION PROCEDURE

1.3.7.3.1 The station with master status shall trausmit EOT to indicate that it has no
more messages to transmit. EOT shall negate the master/slave status of both
stations and return master status to the control station.

1.4 Ground-ground bit-oriented data link control procedures

Note- The provisiotts of this secliott pertain to groutd-ground data
interchange applicalions using bil-orienled data link control procedures
enabling transparent, synclronous lransmission that is indepettdent of any
encoding; data link control functions are accomplished by interpreting
designated bit posiliotrs in the lransmission envelope of aframe.

1.4. I The following descriptions shall apply to data link applications contained in
this section:

(a) Bit-oriented data link control procedurcs enable transparent transmission
that is independent of any encoding.

(b) A data link is the logical association of two interconnected stations,
ineluding llie communication contiol-capabilitfl of-the interconriectbd
stations.

(c) A station is a configuration of logical elements, front or to which
messages are transnritted on a data link, irrcluding those elements which
control the message flow on the link via communication control
procedures.

(d) A cornbined station sends and receives both commands and responses and
is responsible for coutrol ofthe data link.

(e) Data comrnunication control procedures are the means used to control and
protect the orderly intcrchauge of iuformation between stations on a data
link.

(f) A cornponent is defined as a nurnbcr of bits in a prescribed order rvithin a

sequence for the control and supcrvision ofthe data link.

(g) An octet is a group ol8 consecutive bits.



1.4.2

t.4.2.t

t .4.2.1.t

| .4.2.t.r .t

1.4.2.1.1 .2

t.4.2.t.t.3

I .4.2.1.t.4

1.4.2.t.1.5

1.4.2.2

t.4.2.2.1

1.4.2.2.2

Kenya Subs idiary Lc gis lation, 20 I 8 2545

(h) A sequence is one or rnore cornponents in prescribed order comprising an
integral number of octets.

(i) A field is a series of a specified number of bits or specified maximum
nunrber of bits which performs the functions of data link or
communications control or constitutes data to be transferred.

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

BIT-ORIENTED DATA LINK CONTROL PROCEDURES FOR POINT-TO-
POINT, GROL'ND.GROUND DATA INTERCHANGE APPLICATIONS
EMPLOYINC SYNCHRONOUS TRANSMISSION FACILITIES

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

A frame shall 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 sequerrce (F), and shall be transmitted in that order.

The flag (F) shall be ttre 8-bit sequence 0llllll0 which detimits the
beginning and ending of each frame. It shall be permissible for the closing
flag of a frame to also serve as the opening flag of the next frame.

The address (A) field shall consist of one octet, excluding 0 bits added to
achieve transparent transmission, rvhich shall contain the link address ofthe
cornbined station.

The control (C) tield shall consist of one octet, excluding 0 bits added to
achieve transparent transmission, and shall contain the commands,
responses, and frarne sequence number components for the control of the
data link.

The inforrnation (t) field shall contain digital data which may be presented
in any code or sequence but shall not exceed a maximunr of 259 octets,
excluding 0 bits added to achieve transparent transmission. The I field shall
always be a rnultiple of 8 bits in length.

The frame check sequence (FCS) shall consist of two octets, excluding 0
bits added to achieve transparent transmission, and shall contain the error
detecting bits.

A frame check sequence (FCS) shall be included in each franre for the
purpose of error checking.

The error checking algorithm shall be a cyclic redundancy check (CRC).

The CRC polynomial (P(x)) shall be

FLAG

F

ADDRESS

A

CONTROL

c
INFORMATION

I

FCS FLAG

F
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x16+;r1?+f + l.

1.4.2.2.3 The FCS shall be a l6-bit scquence. This FCS shall be thc ones'
complement of the remainder, R(x), obtained from the modulo 2 division of

.rr6[G(*)] +#(.'ti + rla + rl3 + .,. +.d2 +.rl + I)

by the CRC polynomial, P(x)

G(x) shall be the contents of the frame existing between, but including
neither, the final bit of the opening flag northe first bit of the FCS,
excluding bits inserted for transparent transmission.

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

1.4.2.2.4 The generation and checking of the FCS accumulation shall be as follows

(a) the hansmitting station shall initiate the FCS accumulation with the
first (least significant) bit of the address (A) field and shall include all
bits up to and including the last bit preceding the FCS sequence, but
shall exclude all 0 bits (if any) inserted to achieve transparent
transmission;

(b) upon completion of the accumulation the FCS shall bc transmitted,
starting with bit bl (highest order coefticient) and proceeding in
sequencc to bit b I 6 (lowest order coefficicnt) as shown bclow;

First bit transmitted I

Fh$ut
transmltted J

b16 bl5 b14

)d ;{ v;2

b3 b2 bl

x13 x{+ xis

(c) the receiving station shall carry out the cyclic redundancy check
(CRC) on the contcnt of the frame commencing with the first bit
rcceived following thc opening flag, and shall include all bits up to
and including the last bit preceding the closing flag, but shall exclude
all 0 bits (if any) deleted according to the rules for achievement of
transParcncy;

(d) upon completion of the FCS accumulation, the receiving station shall
examine the remainder. In the absence of transmission eror, the
remainder shall be 1t I l000Ol0t I lfi)O (x0through xr5, respectively)
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| .4.2.3 Achievement of transparency. The frame forrnat contents (A, C, link data field,
and FCS) shall be capable ofcontaining any bit configuration.

1.4.2-3.lrhe following rules shall apply to all frame contents, except flag sequenccs:

(a) the transmitting station shall examine the frame contents before
transmission, and shall insert a single 0 bit imrnediately follorving each
sequence of 5 consecutive I bits;

(b) the receiving station shall examine the received frame contents for patterns
consisting of 5 consecutive I bits immediately followed by one (or more) 0
bit(s) and shall remove the 0 bit rvhich directly follows 5 consecutive I bits.

1.4.2.4 Special transmission sequences and related link States. In addition to employing
the prescribed repenoire of commands and responses to manage the inteichinge
of data and control information, stations shall use the following conventions to
signal the indicated conditions:

(a) Abort is the procedure by rvhich a station in the process of sending a frame
ends the frame in an unusual manner such that the receiving station shall
ignore the frame. The conventions for aborting a frame shall be:

l. transmitting at least seven, but less than fifteen, one bits (with no
inserted zeros);

2. receiving seven one bits.

(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 transnritting station to continue transmission
shall be reserved.

(c) Interframe rime fill. Interframe time fill shall be accomplished by
transrnitting continuous flags behveen frames. There is no provision for
time fill rvithin a frame.

(d) Idle link State. A link is in an idle State rvhen a continuous one
condition is detected that persists for l5 bit times, or tonger. Idle link
time fill shall be a continuous one conditiou on the link.

(e) Invalid frame. An invalid frame is one thar is not properly bounded by
two flags or one rvhich is shorter than 32 bits between flags.

1.4.2.5 MODES

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

1.4.2.5.1 .l It shall be permissible for a combined starion in ABM to transrnit without
invitation from the associated station.

I .4.2.5.1.2 A combined station in ABM shall be permitted to transmit any command or
response type frame except DM.

1.4.2.5.2 Non-operational mode. The non-operational modc shall be the asynchronous
disconnected mode (ADM) in rvhich a conrbined srarion is logically
disconnected from the data link.

1.4.2.5.2.1 It shall be permissible for a combined station in ADM to transmir rvithout
invitation from the associated station.
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A cornbined station in ADM shall transmit only SABM, DISC, UA and DM
frames. (See 1.4.2.7 for a description of the commands and responses to
which these frarne types refer.)

A combined station in ADM shall transmit a DM rvhen a DISC is rcceived,
and shall discard all other received conrntand frames except SABM. If a

discarded command frame has the P bit set to "1", the combined station shall

transmit a DM rvith the F bit set to "l".
Control field functions and parameters. Control fields contain a command or
a response and sequence numbers where applicable. Three types of control
fields shall be used to perform:

(a) numbered information transfer (I-frames);

(b) numbered supervisory functions (S-frames); and

(c) unnumbered control functions (U-frames).

The control field formats shall be as shorvn in Table 8-5. The functional
frame designation associated with each type colttrol field as rvell as the

control field parameters employed in pcrforming these functions shall be

described in the following paragraphs.

The I-franre type is used to perform information transfers. Except for some
special cases it is tlre only format which slrall be permitted to contain an

information field.

The S-frame type is used for supervisory commands and rcsponses that
perform link supervisory control functions such as acknorvledge information
franres, request transmission or retransmission of infornration fraurcs, and to
request a temporary suspension of transmission of I-frames. No infornration
fietd shall be contained in the S-frame.

The U-frame type is used for unnumbered commands and responses that
provide additional link control functions. One of the U-frame responses, the

frame reject (FRMR) response, shall contain an information ficld: all other
frarnes of thc U-frame type shall not contain an information field.

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

as follows:

(a) Modulus. Each I-frame shall be sequcntially numbered rvith a send

sequence count, N(S), having value 0 through modulus minus one
(where modulus is the modulus of the sequencc numbers). The
modulus shall be 8. The maximum number of sequentially numbercd I-
franres that a station shall have outstanding (i.e. unacknowledged) at

any given time shall never exceed onc less than the modulus of the

sequence numbers. This restriction on the number of outstanding
frames is to prevent any ambiguity in the association of transnrission
frames rvith sequence numbers during normal operation and/or error
recovery.

(b) The send State variable V(S) shall denote tlte seqrrence number of the

next in-sequence l-frame to be transmitted.

1.4.2.5.2.2

t.4.2.5.2.3

t.4.2.6

t.4.2.6.1

1.4.2.6.2

1.4.2.6.3

1.4.2.6-4
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l. The send State variable shall take on the value 0 through modulus
minus one (modulus is the modulus of the sequence nurnbering
and tlre numbers cycle through the entire range).

2. The value of V(S) shall be incremented by one rvith each
successive in-sequence I-frame transmission, but shall not exceed
the value of N(R) contained in the last received franre by more
than the maximum permissible number of outstanding I-frames (k).
See i) below for the definition of k.

(c) Prior to transmission of an in-sequence l-frame, the value of N(S) shall
be updated to equal the value ofV(S).

(d) The receivc State variable V(R) shall denote the sequence number of
the next in-sequence I-frame to be received.

l. V(R) shall take on the values 0 through modulus minus one.

2. The value of V(R) shall bc incremented by one after the receipt of
an error-free, in-sequence l-frarne whose send sequence number
N(S), equals V(R).

(e) All I-frames and S-frames shall contain N(R), the expected sequence
number of the next received frame. Prior to transmission of either an I
or an S type frame, the value of N(R) shall 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 all I-frames
numbered up to and including N(R) - l.

(f) Each station shall maintain an independent send State variable, V(S),
and receive State variable, V(R), on the l-frames it sends and receives.
That is, each conrbined station shall maintain a V(S) count on the I-
frames it transmits and a V(R) count on the I-frames it has correctly
received from the remote combined station.

(g) The poll (P/F) bit shall be used by a combined station to solicit (poll) a
response or sequence ofresponses from the remote combined station.

(h) The final (P/F) bit shall be 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 numbered l-frames that a
station may have outstanding (i.e. unacknowledged) at any given time
is a station parameter which shall never exceed the modulus.

Note.- k is determined by station bufieritry limitatiotts and should be
the subject of bilareral agreement at the tinre of circuit establishment.

Conrmands and responses. It shall be permissible for a combined station to
generate either commands or responses. A command shall contain the remote
station address while a response shall contain the sending station address.
The mnemonics associated with all of the commands and responses
prescribed for each of the three frame types (1, S, and U) and the
corresponding encoding of the control field are as shown in Table 8-6.
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1.4.2.7.1 The l-frame command provides the means for ransmitting sequentially
numbered frames, each of which shall be permitted to contain an information
field.

1.4.2J.2 The S-frame commands and responses shall be used to pcrform numbered
supervisory functions (such as acknowledgement, polling, temporary
suspension of information transfer, or error recovery),

1.4.2.7 .2.1 The receive ready command or rcsponse (RR) shall be used by a station to:

(a) indicate that it is ready to rcceive an l-frame;

(b) acknowledge previously received I-frames numbered up to and including
N(R)- 1;

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

Note.- It is permissible for a conrbitred station to use the RR command to
solicit a response trom thc remote combined station with the poll bit set to
"t".

1.4.2.7.2.2 It shall be permissible to issuc a rcject command or rcsponsc (REI) to
request retransmission of frames starting with the l-frame numbcred N(R)
where:

(a) I-frames numbered N(R) - I and below are acknowledged;

(b) additional l-frames pending initial transmission arc to be transmitted
following thc rctransmitted l-frame(sX

(c) only one REI exception condition, from one given station to another
station, shall be established at any given time: anothcr REI shall not be
issued until the first REI cxception condition has been cleared;

(d) the RE"I exception condition is cleared (reset) upon thc rcccipt of an I-
frame with an N(S) count equal to the N(R) of the REI
command/response.

1.4.2.7 .2.3 The rcceive not ready command or response (RNR) shall be used to indicate
a busy condition, i.e. temporary inability to accept additional incoming [-
frames, where:

t.4.2.7.2_3.r

(a) frames numbcred up to and including N(R) - I are acknowlcdged;

(b) frame N(R) and any subsequent I-frames received, if any, are not
acknowledged (the acceptance status of these frames shall be indicated
in subsequent exchanges);

(c) the clearing of a busy condition shall be indicatcd by the transmission
of an RR, REI, SABM, or UA with or wirhout the P/F bit sct to "1".

(a) A station receiving an RNR frame rvhen in the process of transmitting
shall stop transmitting l-frames at the earliest possible time.

(b) Any REJ command or rcsponse which was received prior to the RNR
shall be actioned before the termination of transmission.
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(c) It shall be permissible for a combined station to use the RNR command
rvith the poll bit set to "l" to obtain a supervisory frame rvith the final
bit set to " 1 " flrom the remote combined station.

1.4.2.7.2.4 It shall be permissible for rhe selective reject command or response (SREJ)
to be used to request retransmission of the single l-frame numbered N(R)
lvhere:

(a) frames numbered up to N(R) - I are acknowledged; frame N(R) is not
accepted; the only I-frames accepted are those received correctly and in
sequence following the I-frame requested; the specific I-frarne to be
retransmitted is indicated by the N(R) in the SREJ command/response;

(b) the SREJ exception condition is cleared (reset) upon receipt of an I-
frame with an N(S) counr 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 permirted to be transmitted following the I-
frame indicated by the SREI are not retransmitted as the result of
receiving a SREJ; and

(e) it is permissible for additional l-frames pending initial transmission to
be transmitted following the retransmission of the specific l-frame
requested by the SREJ.

1.4.2.7.3 The U-frame commands and responses shall be used to extend the number
of link control functions. Transmitted U-frames do not increment the
sequence counts at either the transrnitting or receiving station.

(a) The U-frame mode-setting commands (SABM, and DISC) shall be
used to place the addressed station in the appropriate response mode
(ABM or ADM) where:

l. upon acceptance of the command, the station send and receive State
variables, V(S) and V(R), are ser 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 rvhen 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 field shall
be permitted with the DISC command.

(b) The unnumbered acknowledge response (UA) shall 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 informarion field
shall be permitted with the UA response.
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(c)TheframerejectresPonse(FRMR),employingtheinformationfield
described betow, shall be used by a combined station in the operational

mode (ABM) ro report that one of the following conditions resulted

from the receipt of a frame rvithout an FCS error:

l. a command/response that is invalid or not implemented;

, 
:*i:tiJl,th 

an information field that exceeds the size of the buffer

3. a frame having an invalid N(R) count.

Note.- An invalid N(R) is a count which points to an l-frame tvhich

has previously been t,'ansmitted and acknowledged or to an l-ft'ame

which has not been transmittcd and is not the next sequential l-fi'ame

Pending transmission.

(d) The disconnected mode response (DM) shall be used to report a non-

operational status where the station is logically disconnected from the

link. No information field shall be permitted with the DM response'

Note.- The DM response shall be sent to request the renrote combined

station to issue a modc-setting conrmand or, if sent in response to the

reception oJ a mode-sctlirtg command, lo inform the remote combined

station that tlrc transmitting station is still in ADM and cannot action
the mode'setting conttnand.

1,4,3 EXCEPTION CONDITION REPORTING AND RECOVERY

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

following the detection or occurrence ofan exception condition at the link level.
Exception conditions described are those situations that may occur as the result

of transmission errors, station malfunction' or operational situations.

1.4.3.1 Busy condition. A busy condition occurs when a station temporarily cannot

.eceive or continue to receive l-frames due to internal constraints, e.g. due to

buffering limitations. The busy condition shall be reported to the remote

combined station by the transmission of an RNR frame with the N(R) number

of the next I-frame that is expected. It shall be permissible for traffic pending

______tranlmiss.iox.,atjhe-b.usy sta-tio,n to--b-e-transmitted-prior-to--or-following-the- - , - - , -

RNR.

Note.- Tlu continued existence of a busy condition must be reported by

retansmission of RNR at each PIF ftante exchange.

1.4.3.1.1 Upon receipt of an RNR, a combined station in ABM shall cease transmitting
I-frames at the earliest possible time by completing or aborting the frame in

process. The combined station receiving an RNR shall perform a time-out
operation before resuming asynchronous transmission of l-frames unless the

busy condition is reported as cleared by the remote combined station. If the

RNR was received as a command with the P bit set to "l", the receiving station

shall respond with an S-frame rvith the F bit set to "l".
1.4.3.1.2 The busy condition shall be cleared at the station which transmitted the RNR

when the internal constraint ceases. Clearance of the busy condition shall be

reported to the remote station by transmission of an RR, REI, SABM' or UA
frame (with or without the P/F bit set to " l").
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1.4.3.2 N(S) sequence error. An N(S) scqucnce cxccption shall be established in the
receiving station when an I-frame that is received error free (no FCS error)
contains an N(S) scquencc numbcr that is not equal to the rcceive variable
V(R) at the receiving station. The receiving station shall not acknowledge
(shall not increment is rcccivc variable V(R)) the frame causing thc sequcnce
eror, or any l-framcs which may follow, until an I-frame with thc correct N(S)
number is reccived. A station that receives one or more l-frames having
sequenco errors, but which are otherwise error free, shall acccpt the control
information containcd in the N(R) field and the P/F bit to perform link control
functions, e.g. to rcccive acknowlcdgcmcnt of previously transmitted I-frames
(via thc N(R)), to cause the station to rcspond (P bit scr to "l").

1.4.3.2.1 The means specified in 14.3.2.1.1 and 1.4.3.2.1.2 shall be availablc for
initiating the rctransmission of lost or errored l-frames following the
occurrcnce of a sequence error.

1.4.3.2.1.1 Where the REI command/rcsponsc is uscd to initiate an exccption recovcry
following the detcction of a scquence error, only one "sent REI" exception
condition, from one station to another station, shall be established at a time.
A "sent REI" exccption shall bc clcarcd when the rcquested l-frame is
rcceived. A station rccciving REI shall initiatc sequential (re)transmission of
I-frames starting with thc I-frame indicated by the N(R) contained in the REI
frame.
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FRMR INFORMATION FTELD BITS FOR BASIC (SABM) OPERATION
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1.4.3.2.1.2 In the event a receiving station, due to a transmission error, does not receive
(or receives and discards) a single I-frame or the last t-frame(s) in a sequence
of I-fi'arnes, it shall not detect an out-of-sequence exception and, therefore,
shall not transmit REJ. The station which transmitted the unacknowledged I-
franre(s) shall, following the completion of a system-specified time-out
period, take appropriate recovery action to detcrmirre the sequence number at
which retransrnission rnust begin.

1.4.3.2.1.3 A combined station which has timed out waiting for a response shall not
retransmit all unacknowledged frames immediately. The station may enquire
about status with a supervisory frame.

Note l.- If a statiott does retransmtt all unacknowlcdged l-ft'antes after a
titne-out, it must be prepared to receive a subsequcnt REJ frame with an N(R)
greater than its scnd variable V(S).

Note 2.- Since conlention may occur in the case of two-way alternale
communications in ABM or ADM, the time-out interval employed by one
combined station rzt$t be greater than that employed by the other conrbined
stalion so as to permit contenlion to be resolved.

1.4.3.3 FCS error. Any franre with an FCS error shall not be accepted by the
receiving station and will be discarded. No action shall be taken by the
receiving station as the result of that frame.

1.4.3.4 Frame reject exception condition. A frame reject exception condition shall be
established upon the receipt of an error-free frarne 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 condition occurs in a combined station, the station shall
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, uo lecovery action appears
to have been taken, the combined station rcporting the frame reject
exception condition may take recovery action. Recovery action for
balanced operation includes tlre transmission of an implemented urode-
setting command. Higher level functions may also be involved in the
recovery.

1.4.3.5 Mode-setting contention. A mode-setting contentiou situation exists when a

combined station issues a modesetting command and, before receiving an
appropriate response (UA or DM), receives a mode-setting command from
the remote combined station. Contention situations shall be resolved in the
following manner:

(a) when the send and receive mode-setting cornmands are the same, each
combined station shall send a UA response at the earliest respond
opportunity. Each combined station shall either enter the indicated rnode
immediately or dcfer entering the indicated nrode until receiving a UA
response. Iu the latter case, ifthe UA response is not received:
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l. thc mode may be entered when the response timer expires; or

2. the mode-settirrg command may be reissued;

(b) when the mode-setting commands are different, each combined station
slrall cnter ADM and issue a DM rcsponse at the earlicst rcspond
opportunity. In the case of DISC contention with a different mode-
setting command, no further action is required.

Time-out functions. Time-out functions shall be used to detect that a required
or expected acknowledging action or response to a previously transmitted
frame has not been received. Expiration of the time-out function shall initiate
appropriate action, e.g. eror recovery or reissuance ofthc P bit. The duration
of the followiug tinre-out functions is system dependent and subject to
bilateral agreement:

(a) combincd stations shall provide a time-out function to dctermine that a

response frame with F bit set to "1" to a command frame with the P bit
sct to "t" has not been received. The time-out function shall
automatically ccasc upon receipt of a valid framc with the F bit set to
,. 

I 
rr;

(b) a combined station which has no P bit outstanding, and which has

transmitted one or more frames for which rcsponses are anticipatcd shall
start a time-out function to detect the no-response condition. The time-
out function shall ceasi when an I- or S-frame is received with the N(R)
higher than the last received N(R) (actually acknowledging one or more
I-frames).

1.4.4
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TABLES FOR THE ELEVENTH SCHEDULE
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Table 8-5 Conffol field formats
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Table 8-6. Commands and responses
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TWELFTH SCHEDULE

regulation 67

A WORLDWIDE SCHEME FOR THE ALLOCATTON, ASSIGNMENT AND
APPLICATION OF AIRCRAFT ADDRESSES

I. GENERAL

1.1 Global communications, navigation and surveillance systems shall use an

individual aircraft address composed of 24 bits. At any one time, no address shall
be assigned to more than one aircraft. The assignment of aircraft addresses requires
a comprehensive scheme providing for a balanced and expandable distribution of
aircraft addresses applicable worldwide.

2. DESCRIPTION OFTHE SCHEME

2.1 Table 9-l 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,
12or14 bitsof the24-bitaddress.Thus,blocksof differentsizes(l 048576,262
144,32 768, 4 096 and I 024 consecutive addresses, respectively) are made
availablc.

3. MANAGEMENTOFTHESCHEME

3.1 The International Civil Aviation Organization (ICAO) shall administer the scheme
so that appropriate international distribution of aircraft addresses can be
maintained.

4.0

4.1

ALLOCATION OF AIRCRAFT ADDRESSES

Blocks of aircraft addresses shall be allocated by ICAO to the State of
common mark registering authority. Address allocations to States
shown in Table 9-1.

4.2 A State of Registry or common mark registering authority shall notify ICAO when
allocation to that State of an additional block of addresses is rcquired for
assignmcnt to aircraft

4.3 In the future management of the scheme, advantage shall be taken of the blocks of
aircraft addresses not yet allocated. These spare blocks shall be distributed on the

Addresses starting with bit combination 00100: AFI region

Addresses starting with bit combination 0010 I : SAM region

Addresses starting with bit combination 0 l0 I : EUR and NAT rcgions

Addresses starting with bit combination 0l100: MID region

Addresses starting with bit combination 0l l0l: ASIA region

Addresses starting with bit combination l00l : NAM and PAC regions

Addresses starting with bit combination I I l0l l: CAR region

In addition, aircraft addresses starting with bit combinations l0ll, 1101 and llll
have bccn rescrvcd for future use.

4,4 Any future rcquirement for additional aircraft addresses shall be accommodated
through coordination between ICAO and the States of Registry or common mark

Registry or
shall be as
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registering authority concerned. A request for additional aircraft addresses shall
only be made by a registering authority when at least 75 per cent of the number of
addresses already allocated to that registering authority have been assigned to
aircraft.

4.5 ICAO shall allocate blocks of aircraft addresses to non-Contracting States upon
l'equest.

5.0 ASSIGNMENT OF AIRCRAFT ADDRESSES

5.1 Using its allocated block of addresses, the State of Registry or common mark
registering authority shall assign an individual aircraft addrcss to each suitably
equipped aircraft entered on a national or international register (Table 9-l).
Note.- For an aircrafi delivery, the aircraft operator is expectcd to inform the
airfi'anre manufacturer ol an address assignntent. The airfi-ame manufactu-er or
other organization responsible Jor a delivery flight is expectcd to ensure
installation of a correctly assigned address supplied by the State of Registry or
comr,ron mark registering authority. Exceptionally, a temporary address nruy be
supplied under the arrangement.e detailed in paragraph 7.

5.2 Aircraft addresses shall be assigned to aircraft in accordance with the following
principles:

(a) at any one time, no adclrcss shall be assigned to more than one aircraft with the
exception of aerodrome surface vehicles on surface movement areas. If such
exceptions are applied by the State of Registry, the vehicles rvhich have been
allocated the same address shall not operate on aerodromes separated by less
than I 000 km;

(b) only one address shall be assigned to an aircraft, irrespective of the
composition ofequipment on boarcl. In the case rvhen a removable transponder
is shared by several light aviation aircraft such as balloons or gliders, it shall
be possible to assign a unique address to the removable transponder. The
registers 0816,2016,2116,2216 and 2516 of the removable transponder shall
be correctly updated each time the removable transponder is installed in any
aircraft;

(c) the address shall not be changed except under exceptional circumstances and
shall not be changed during flight;

(d) rvlren an aircraft changes its State of Registry, the new registering State shall
assign the aircraft a new address from its orvn allocation address block, and the
old aircraft address shall be returned to the allocation address block of the
State that previously registered the aircraft;

(e) the address shall serve only a technical role for addressing and identification of
aircraft and shall not be used to convey any specific information: and

(0 the addresses composed of 24 ZEROS or 24 ONES shall not be assigned to
aircraft.

5.2.I Any method used to assign aircraft addresses shall ensure efficient use of the entire
address block that is allocated to Uganda.

6 APPLICATION OF AIRCRAFT ADDRESSES

6.1 The aircraft addresses shall be used in applications rvhich requirc the routing of
information to or from individual suitably equipped aircraft.
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Note l.- Examples of such applications are tlre aeronautical telecommunication
network (Al'iV), SSR Mode S and airborne collision avoidance systcm (ACAS).

Note 2.- This Standard does not preclude assigning the ait'crafi ddresses Jor
special applicalions associated with the general applicatiotu defined therein-
Exanrples of such special applications are the utilization of the 24-bit address in a
pseuclo-aeronautical carth station to monitor the aeronautical nwbile-satellite
service ground earth stalion and in the fixed Mode S tansponders (reporting the

on-the-grotutd status as specified in ANS Technical Standards, PartIl, Volume lV,
3.1 .2.6.10.1 .2) to monitor the Mode S ground station operation. Address
asstgnments for special applications are to be carricd out in conformancc with the
procedure established by Uganda to manage the 24-bit addrcss assigrunents to
aircra,ft.

An addrcss consisting of 24 ZEROs shall not be used for any application.

ADMINISTRATION OF THE TEMPORARY AIRCRAFT ADDRESS
ASSIGNMENTS

Temporary addresses shall be assigned to aircraft in exceptional circumstance$,
such as when opcrators have been unable to obtain an address from their individual
States of Registry or Common Mark Registcring Authority in a timely manner.
ICAO shall assign temporary addresses from the block "ICAOl" shown in Table 9-
l.

When requesting a temporary address, the aircraft operator shall supply to ICAO:
aircraft identification, typc and make of aircraft, name and addrcss of the operator,
and an explanation ofthe reason for the request.

Upon issuance of the temporary address to the aircraft oPeratoni, ICAO shall
inform the Statc of Registry of the issuance of the temporary addrcss, rcason and

duration.

The aircraft operator shall:

(a) inform the State of Registry of the temporary assignment and reiterate the

request for a permanent address; and

(b) inform the airframe manufacturer.

when the p-drmlinerit-trncrafr fddrEss-ts-obtdined ffom-th-€-statrof-Reg:rstry;te
operator shall:

(a) inforrn ICAO without delay;

(b) relinquish his/hertemporary addrcss; and

(c) arrange for cncoding of the valid unique address within I 80 calendar days.

If a permanent address is not obtained within one year, the aircraft oPerator shall
reapply for a ncw temporary aircraft addrcss. Under no circumstances shall a

temporary aircraft address be used by the aircraft operator for over one ycar.

6.2

't

7.t

7.2

7.2.1

7.3

7.4

7.5
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Table 9-1. Allocation of aircraft addresses to Statcs

Note.- The leJl-hand column of the 24-bit address patterns represents the most
significant bit (MSB) of the address.
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THIRTEENTH SCHEDULE

regulation 77

HF DATA LINK PROTOCOL

Note.- The HFDL protocol is a layered protocol and is compatible with the
open systents interconnection (Oil) reference modcl. lt pcrnits the HFDL to

lunction as an aeronautical telecontmunication network (ATN)-compatible
subnetwork. The details of the protocol are described ra tta Manual on HF Data
Link ( ICAO Doc 974 I ).

Physical layer RF characteristics

The aircraft and ground stations shall access the physical medium opcrating in
simplex mode.

FREQUENCY BANDS

HFDL installations shall be capable of opcrating at any single sideband (SSB)
carrier (rcfercnce) frcquency availablc to the aeronautical mobile (R) service in
the band 2.8 to 22 Mcgahertz, and in compliance with the relevant provisions of
the Radio Regulations.

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

CHANNELS

Channel utilization shall be in conformity with the table of carrier (refercnce)
frequencics of Appendix 27 to the ITU Radio Regulations.

TUNING

Thc equipment shall be capable of operating on integral multiples of I
kiloHertz.

SIDEBAND

The sidcband used for transmission shall bc on thc higher sidc of its carrier
(rcfcrence) frequency.

MODULATION

l.t

l.l.l

1.t.2

1.1.3

1.1.5

l.1.4

HFDL shall employ M-ary phase shift keying (M-PSK) to modulate the radio
frequency canier at the assigned frequency, The symbol rate shall be I 800
symbols pcr second tlO parts per million (i.e. 0.018 symbols per second). The
value of M and the information data rate shall be as spccified in Table I l-2.

I.1.5.I M-PSK CARRIER

The M-PSK carrier expressed mathematically shall bc dcfined as:



t
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(0 =Ax(p(t-kT)cos[2rfer + 9{k)0. k = 0, I

where:

P(0 = 1,

P(0 : eos {r(zlflT- 1 + b)/4b}.
P(0:0,

ifo<|fl<(1-b)/27
if (1 - b)tzT < lfl < (1 + by2r
if lIl> (i + b)/2r

N.l

N = nunber ofM-PSK syurbols in bausurifted physical layer protocoldata rurit (PPDU)

s(t) = aunlog nnrefouu or sigual nt tinre t
A = peakaurplihrde

f0 = SSB curier (reference) + 1 449 11t

T = M.PSK syurbol period (l/l 800 s)

I(k) = pbnseofkthlvl-PSK qrubol
p(t-kT) = pulse shape of kth Ivt-PSK syurbol at tirne t,

Note.- The nunber of M-PSK symbols sent, N, defines the length (duration = NT
seconds) otke PPDU.These parameters are defincd in the Manual on HF Data Link
(ICAO Doc 9741).

I.I.5.2 PUISESHAPE

The pulse shape, p(t), shall determine the spcctral distribution of the transmiued
signal. The Fourier transform of the pulse shape, P(f). shall bc defined by:

l.l.6

t.1.7

t.l.8

where the spectral roll-off parameter, b = 0,31, has bcen chosen so that the -20
dB points of the signal are at SSB carrier (refercnce) + 2X) Hertz and SSB
carrier (refercnce) + 2 590 Hertz and the peak-to-average power ratio of the
wavcform is less than 5 dB.

TRANSMITTER STABILITY

The basic frequency stability of the transmitting function shall bc bener than:

(a) t20 Hertz for HFDL aircraft station subsystems; and

(b) tlO Hertz for HFDL ground station subsystems.

RECEIVER STABILITY

The basic frequency stability of the receiving function shall be such that, with
the transmitting function stability specified in 1.1.6, the overall frequency
difference between ground and airborne functions achieved in service does not
exceed 7O Hertz.

PROTECTION

A 15 dB desired to undesired (D/U) signal ratio shall apply for the protection of
co-channel assignments for HFDL as follows:



2574 Kenya Subsidiary legislation, 20 I 8

(a) data versus datai

(b) data versus voice; and

(c) voice versus data,

CLASS OF EMISSION

The class of emission shall be 2K80J2DEN

ASSIGNED FREQUENCY

The HFDL assigned frequency shall be t 400 Hertz higher than the SSB carier
(reference) frequency.

Note.- By convention, the HFDL assigned Jrequency is offset fi'om tlre SSB

carrier (reJerence)lrequency by I 400 Hertz.

The HFDL M-PSK carrier of the digital modulation is offset from the SSB

carrier (reference) frequency by I 440 Hertz. The digital modulation is fully
contained within the same overall channel bandwidth as the voice signal and

complies with the provisions of Appendix 27 to the ITU Radio Regulations.

EMISSION LIMITS

For HFDL aircraft and ground station transmitters, the peak envelope power
(Pp) of any emission on any discrete frequency shall be less than the peak

envelope powcr (Pp) of the transmitter in accordance with the following (sce

Figure ll-l):
(a) on any frequency between 1.5 kiloHertz and 4.5 kiloHertz lower than the

HFDL assigned frequency, and on any frequency between 1.5 kiloHertz and

4.5 kiloHertz highcr than the HFDL assigncd frequency: at least 30 dB;

(b) on any frequency between 4.5 kiloHertz and 7.5 kiloHertz lower than the

HFDL assigned frequency, and on any frequcncy betwecn 4.5 kiloHertz and

7.5 kiloHertz highcr than the HFDL assigncd frequcncy: at least 38 dB; and

(c) on any frequency lower than 7.5 kiloHertz below the HFDL assigned

frequency and on any frequency highcr than 7.5 kiloHertz above the HFDL
assigned frcquency:

l. HFDL aircraft station transmitters: 43 dB;

1.1.9

l.l.l0

l.1.ll

l.l.l2
l.l.l2.t

2. HFDL ground station transmitters up to and including 50 W: [43 + t0
logl0 Pp(W)l dB; and

3. HFDL ground station transmitters morc than 50 W: 60 dB.

POWER

Ground station installations. The peak envelope power (Pp) supplied to the

antenna transmission line shall not exceed a maximum value of 6 kW as

provided for in Appendix 27 of the Radio Regulations.

Aircraft station installations. The peak envelope power supplied to the antenna

transmission line shall not exceed 400 W, cxcept as provided for in Appendix
21 162 of the Radio Regulations.

UNDESIRED SIGNAL REIECTION

For HFDL aircraft and ground station receivers, undesired input signals shall be

attenuated in accordance with the following:

1.t.t2.2

l.l.13



l.l.l4

t.2

t.2.1

t.2.2

t.2.2.t

1.2.2.2

t.2.3

1.2.3.t
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(a) on any frequency between fc and (fc - 300 Hertz), or betwern (fc + 2 900
Hertz) and (fc + 3 300 Hertz): at least 35 dB below the peak of the desired
signal Ievel; and

(b) on any frequency belorv (fc - 300 Hertz), or above (fc + 3 300 Hertz): at

least 60 dB below the peak of the desired signal level, where fc is the carrier
(reference) frequency.

RECEIVER RESPONSE TO TRANSIENTS

The receiving function shall recover from an instantaneous increase in RF power
at the antenna terminal of 60 dB within l0 milliseconds. The receiving function
shall recover from an instantaneous decrease in RF power at the antenna
terminal of 60 dB within 25 milliseconds.

PHYSTCAL LAYER FUNCTIONS

FUNCTIONS

The functions provided by the physical layer shall include the following:

(a) transmitter and receiver control;

(b) transmission of data; and

(c) reception ofdata.

TRANSMITTER AND RECEIVER CONTROL

The HFDL physical layer shall implement the transmitter/receiver switching and
frequency tuning as commanded by the link layer. The physical layer shall
perform transmitter keying on demand from the link layer to transmit a Packet.

TRANSMITTER TO RECEIVER TURNAROUND TIME

The transmitted porver level shall decay at least by l0 dB within 100

milliseconds after completing a transmission. An HFDL station subsystem shall
be capable of receiving and demodulating, with nominal performance, an

incoming signal within 200 miltiseconds of the start of the subsequent receive
slot.

RECEIVER TO TRANSMITTER TURNAROUND TIME

An HFDL station subsystem shall provide nominal output power within plus or
minus I dB to the antenna transmission line rvithin 200 milliseconds of the start
of the transmit slot.

TRANSMISSION OFDATA

Transmission of data shall be accomplished using a time division multiple
access (TDMA) technique. The HFDL data link ground station subsystems shall
maintain TDMA frame and slot synchronization for the HFDL system. To
ensure that slot synchronization is maintained, each HF data link modulator shall
begin outputting a pre-key segment at the beginning of a time slot plus or minus
l0 milliseconds.

TDMA STRUCTURE

Each TDMA frame shall be 32 seconds. Each TDMA frame shall be divided
into thirteen equal duration slots as follows-
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(a) the first slot of each TDMA framc shall be reserved for use by the HFDL
ground station subsystcm to broadcast link management data in SPDU
packets; and

(b) the remaining slots shall be designated either as uplink slots, downlink slots
reserved for specific HFDL aircraft station subsystems, or as downlink
random access slots for use by all HFDL aircraft station subsystems on a

contention basis. These TDMA slots shall be assigned on a dynamic basis
using a combination of reservation, polling and random access assignments.

BROADCAST

The HFDL ground station subsystem shall broadcast a squitter protocol data unit
(SPDU) every 32 seconds on cach of its operating frequencies.

Note.- Details on thc TDMAframe and slot structures, pre-key segment, data
structures, including the SPDII, are containcd in the Manual on HF Data Unk
(ICAO Doc 9741).

RECEPTION OF DATA
FREQUENCY SEARCH

Each HFDL aircraft station shall automatically search the assigned frequencies
until it detects an op€rating frequency.

RECEPTION OF PPDUS

The HF data link receiver shall provide thc means to detcct, synchronize,
demodulatc and decode PPDUs modulated according to the waveform defined in
I . I .5, subject to the following distortion:

(a) the I 440Hertz audio carricr offset by plus or minus 70 Hertz;

(b) discrete and/or diffuse multipath distortion with up to 5 ms multipath
spread;

(c) multipath amplitude fading with up to 2 Hertz two-sided RMS Doppler
spread and Rayleigh statistics; and

(d) additive Gaussian and broadband impulsive noise with varying amplitude

t.2.3.2

t.2.4

t.2.4.t

1.2.4.2

and random arrival timcs.

- - - .. -. --. - No te . - Refe rc nc e C C l R Rep-ort 549-=2..

1.2.4.3 DECODING OF PPDUS

1.2.4.4

Upon receipt of the preamblc segmcnt the receiver shall:

(a) detect the beginning of a burst of data;

(b) measure and correct the frequency offset betwccn the transmitter and

receiver due to Doppler shift and transmittcr/rcccivcr frcquency offses;

(c) determinc the data rate and intcrlcavcr settings to use during data
demodulation;

(d) achieve M-PSK symbol synchronization; and

(e) train the equalizer.

SYNCHRONIZATION

Each HFDL aircraft station subsystem shall synchronize is slot timing to that of
its corresponding ground station with resPect to the reception time of the last
received SPDU.
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1.2.4.5 SPECIFIED PACKET ERROR RATE PERFORMANCE

1.2.4.5.1 The number of HFDL media access protocol data units (MPDUs) received
rvith one or more bit errors shall not exceed 5 per cent of the total number of
MPDUs received, when using a 1.8 second interleaver and under the signal-in-
space conditions shorvn in Table I l-3.

1.2.4.5.2 The number of HFDL MPDUs received with one or rnore bit errors shall 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 I l-3a.

I.3 LINK LAYER

Note.- Details on link layer functions are contained in the Manual on HF Data
Link (ICAO Doc 9741).

The link layer shall provide control functions for the physical layer, link
management and data service protocols.

I.3.I CONTROLFUNCTIONS

The link layer shall pass commands for frequency tuning, transmitter keying and
transmitter/receiver switching to the physical layer.

1.3.2 LINK MANAGEMENT

The link layer shall manage TDMA slot assignments, log-on and log-off
procedures, ground station and aircraft station TDMA synchronization, and
other functions necessary, taking into account message priority, for the
establishment and maintenance of communications.

I.3.3 DATA SERVICE PROTOCOLS

1.3.3.1

t.4

1.5

The tink layer shall support a reliable link service (RLS) protocol and a direct
link service (DLS) protocol.

RLS

The RLS protocol shall be used to exchange acknowledged user data packets
benveen aircraft and ground peer link layers.

1.6

t.7

1.8

1.9

l 1.3.3.3.2 DLS

The DLS protocol shall be used to broadcast unsegmented uplink high
frequerrcy network protocol data units (HFNPDUs) and other HFNPDUs not
requiring automatic retransmission by the link layer.

SUB NETWORK LAYER

Note.* Details ott sub network layer protocols and services are contained itt the
Matrual on HF Dara Link ( ICAO Doc 974 I ).

PACKET DATA

The HFDL sub network layer in the HFDL aircraft station subsystem and HFDL
ground station subsystem shall provide connection-oriented packet data service
by establishing sub network connections between sub network service users.

1.4

1.4.1
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CONNECTIVITY NOTIFICATION SERVICE

The HFDL sub network layer in the HFDL aircraft station subsysrcm shall
provide the additional connectivity notification service by sending connectivity
notification event messages to the attached ATN router.

CONNECTIVITY NOTIFICATION EVENT MESSAGES

The connectivity notification service shall send connectivity notification event
messages to the attachcd ATN router through the sub network access function.

HFDL SUBNETWORK LAYER FUNCTIONS

The HFDL sub network layer in both the HFDL aircraft station subsystcm and

HFDL ground station subsystcm shall include the following three functions:

(a) HFDL sub network dependent (HFSND) function:

(b) sub network access function; and

(c) interworking function.

HFSND FUNCTTON

The HFSND function shall pcrform the HFSND protocol between each pair of
HFDL aircraft station subsystems and HFDL ground station subsystems by
exchanging HFNPDUs. It shall perform the HFSND Protocol aircraft function in
the HFDL aircraft station subsystem and the HFSND protocol ground function
in the HFDL ground station subsystem.

SUBNETWORK ACCESS FUNCTION

The sub network access function shall perform the ISO 8208 protocol between
the TIFDL aircraft station subsystem or HFDL ground station subsystem and the
sttachcd routers by exchanging ISO 8208 Packets. It shall perform the ISO 8208

DCE function in the HFDL aircraft station subsystem and the HFDL ground

station subsystem.

INTERWORKTNG FUNCTION

The interworking function shall provide the necessary harmonization functions
bctween the HFSND, the sub network acccss and the conncctivity notification
functions

t.4.2

t.4.2.r

t.4.3

1.4.3.1

t.4.3.2

1.4.3.3
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TABLES FOR THIRTEENTH SCHEDULE

Table I l-1. Transfcr delays

Table I l-2. Value of M and information data rate

hforzlrlfiondraru&l
(h,Fps" str,ard,

3CI o1600

I 200
I 800

Note.- When M equals the value 2, the data rate nay be 300 or 600 bits per second as
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depending on the data rate selected.

The channel coding rate is described in r/re Manual on IIF Data Link (Doc 9741).

M
2

4
g

Ditwtion hiotity Drday

Affisrf dera1,
To-aircraft 7 thruugh 1^{ 45 s

Frou-rircorft 7 thrsugh l4 60 s

Txttsfw dekq, r95 percanitQ

To-aircrff U tusrgh t4
Tthmugh 10

90s
120 s

Frour-rirrmft U drugh 14 150
Tthrouih 10 250

I
s



2580 Kenya Subsidiary Le gislation, 20 I 8

Table I l-3. HF signal-in-space conditions
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FIGURES FOR THE THIRTEENTH SCHEDULE

Figure I l-1. Required spectrum limits (in terms of peak power)

for HFDL aircraft and ground station transmitters
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FOURTEENTH SCHEDULE

regulation 79

UNMRSAL ACCESS TRANSCEMR (UAT) regulation 79

UAT overall system characteristics ofaircraft and ground stations

Note.- Details on technical requirements related to the implementation of UAT
SARPs are contained in Pan I olthe Manual on the Universal Access Transceiver
(UAT) (IACO Doc 9861). Part II of the Manual on the Universal Accgss

Transceiver PAD (CAO Doc 9861) (in preparation) will provide additional
guidance mateial.

TRANSMISSION FREQI'ENCY

The transmission frequency shall be 978 Megahertz.

FREQUENCY STABILITY

The radio frequency of the UAT equipment shall not vary more than *0.002 per

cent (20 ppm) from the assigned frequency.

TRANSMIT POWER

TRANSMIT POWER LEVELS

UAT equipment shall operate at one of the power levels shown in Table l2-l*.

MAXIMUM POWER

The maximum equivalcnt isotropically radiatcd power (EIRP) for a UAT aircraft
or ground station shall rrct exceed +58 dBm.

Note.- For example, the maximum EIRP listed above could result from the

maximum allowable dircrafi transmitter power shown in Table l2-I with a
maximum antenna gain of 4 dBi.

TRANSMIT MASK

The spectrum of a UAT ADS-B messagc transmission modulated with
pseudorandom mcssage data blocks (MDB) shall fall within the limits specificd in
Table l2-2 when measured in a 100 kiloHertz bandwidth.

Nole.- l2-Ir k a I 2-2

SPURIOUS EMISSIONS

Spurious emissions shall be kept at the lowest value which the State of the
technique and the nature of the service permit.

Note.- Appendix 3 of the ITU Radio Regulations requires that transmilling
stations shall conform to lhe maimum permitted power levels for spurious
emissions orfor unwanted emissions in the spurious donrain.

POLARIZATION
* All tables and figurcs are located at the end of the chapter.

The design polarization of emissions shall be vertical.

TIME/AMPLITUDE PROFILE OF UAT MESSAGE TRANSMISSION

The time/amplitude prolile of a UAT message transmission shall meet the
following requirements, in which the reference time is defined as the bcginning of

I.3

1.3.1

l.l

1.2

t.3.2

1.3.3

1.4

1.5

r.6
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the first bit of the synchronization sequence appearing at the output port of the
equipment.

Notes.-
l. All power requirentenls for subparagraphs "a" through "f' below apply to the
PMP. For installations that ntpport tansmitter diversity, the RF power output on
the non-selected antenna port shottld be at lea.tt 20 dB below the level on the
selected port.

2. All power requiremenlsfor subparagraphs "a" and "f' assume a 300 kiloHertz
measurement bandwidth. All porver requirementsfor subparagraphs "b", "c", "d"
and "e" assunrc a 2 Megahertz measurement bandwidth.

3. The beginning of a bit is l/2 bit period prior to the optimum sample poittt.

4. These requirements are depicted graphically in Figure l2-2.
(a)Prior to 8 bit periods before the reference time, the RF output power at the PMP
shall not exceed -80 dBm.

Note- This unwanted radiated power restrictiott is necessary to ertsure that the
UAT transmitting subsystenr does not prevent closely located UAT receiving
equipment on the sante aircraft from meeting ils requirentetlts. It assumes tlmt the
isolation between lransmitter and receiver equipntent at the PMP exceeds 20 dB.

(b) Between 8 and 6 bit periods prior to the reference time, the RF output power at the
PMP shatl remain at least 20 dB below the minimum power requirement for the
UAT equipment class.

Note.- Guidance on definition of UAT equipment classes will be provided in Part II
of the Manual on the Universal Access Transceiver (UAT) (ICAO Doc 9861) (itt
preparation).

(c) Duling the Active State, defined as beginning at the reference time and continuing
for the duration of the message, the RF output power at the PMP shall be greater than
or equal to the minimum power requirement for the UAT equipment class.

(d) The RF output power at the PMP shall not 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 the
PMP shall be at a level at least 20 dB below the minimurn 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
PMP shall fall to a level not to exceed -80 dBm.

Note.- This unwanted radiated power re.striction is necessary to ensure that the
transmittirtg subsystem does not prevent closely located UAT receiviug equipment on
lhe same aircraft fi'otn meeling its requirements. It assunes that the isolation
between transrnittet'and receiver equipment at the PMP exceeds 20 dB.

2. SYSTEM CHARACTERISTICS OF UNIVERSAL ACCESS TRANSCEIVER
GROUND INSTALLATTON

2.1 Ground station transmitting function

2.1.1 GROUND STATION TRANSMITTER POWER

2. I . I . I The effective radiated power shall be such as to provide a field strength of at least
280 microvolts per metre (minus 97 dBWm2) within the service volume of the
facility on the basis offrec-space propagation.
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Note.- This is detennined on the basis of delivering a-91 dBm (corresponds to

200 mtcrovolts per ntett'e) signal level at the PMP (asruming an omnidirectional
antenna). The 280 pl//m standard corresponds to the delivery ofa -88 dBn signal
level at the PMP of thc receiving equipment. The 3 dB difference between -88
dBm and -91 dBtn provides margin for excess path lo,ss over free-space
propagaliott.

2.2 Ground station receiving function

Note.- Att example ground statio,t receiver is discussed in Section 2.5 of Part II of
,ie Manual on the Universal Access Transceiver (UAT) (ICAO Doc 9861), with

UAT air-to-g'ound pedonnance estimates corrsistent tt'ith use of that recciver
provided in Appendlu B of that manual.

3. SYSTEM CHARACTERISTICS OF THE AIRCRAFT INSTALLATION

3.1 Aircraft hansmitting functiou

3. I.I AIRCRAFT TRANSMITTER POWER

The effective radiated power shall be such as to provide a field strength of at least

225 microvolts per metre (rninus 99 dBWm2) on the basis of free-space
propagation, at ranges and attitudes appropriate to the operational conditions
pertaining to the areas over which the aircrall is operated. Transmitter power shall
not exceed 54 dBnr at the PMP.

Note l.- Tlte above field strength is delernrined on the basis of delivering a -93
dBnr (corresponds to 160 nicrovolts per ntetre) signal level al the PMP (assuning
an omnidirectional antenna). The 3 dB dilference betvveen 225 pV/m and 160 pV/nr
provides ntarginfor excess path loss overfree-space propagation when receiving a
long \JAT ADS-B message. A 4 dB margin is provided when receivittg a basic UAT
ADS-B ntessage.

Note 2.-Various aircraft operations may have diJlerent air-air range requiretnents
depending on the inlended ADS-B funclion of the UAT equipment. Therefore
di/ferenl installations may operate at dillerent power levels.

3.2 Receiving function

3.2. I RECEIVER SENSITIVITY

3.2.I.I LONG UAT ADS-B MESSAGE AS DESIRED SIGNAL

A desired signat level of -93 dBm applied at the PMP shall produce a rate of
successful messagc 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

kiloHertz) and at the maximum signal frequency offsets, and subject to

relative Doppler shift at +l 200 knots;

(b) When the desired signal is of maximum modulation distortion allowed in
12.4.3, at the nominal transmission frequency tI parts per million (ppm), and

subject to relative Doppler shift at +l 200 knots.

Note. - The receiver criteria for successful n essage tcception of UAT ADS-B
messages are provided in Seclion 4 of Part I ol the Manual on the Universal
Access Transceiver (UAT) (Doc 9861).
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3.2.I.2 BASIC UAT ADS-B MESSAGE AS DESIRED SIGNAL
A desired signal level of -94 dBm applied at the PMP shall 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
kiloHertz) and at the maximum signal frequency offsets, and subject to
relative Doppler shift at +l 200 knots;

(b) When the desired signal is of maximum modulation distortion allowed in
12.4.3, al the nominal transmission frequency +l ppm, and subject to relative
Doppler shift at + I 200 knots.

Note.- Tlte receiver criteria for successful message reception of UAT ADS-B
messages are provided in Section 4 of Part I of the Manual on the llniversal
Access Transceiver (UAT) (ICAO Doc 9861).

3.2.I.3 UAT GROUND UPLINK MESSAGE AS DESIRED SIGNAL
A desired signal level of -91 dBm applied at the PMP shall produce a rate of an
SMR of 90 per cent or better under the followirrg conditions:

(a) When the desired signal is of nominal modulation (i.e. FM deviation is 625
kiloHertz) and at the maximum signal frequency offsets, and subject to
relative Doppler shift at +850 knots;

(b) When the desired signal is of maximum modulation distortion allowed in
12.4.3,at the nominal transmission frequency +l ppm, and subject to relative
Doppler shift at *850 knots.

Notes.-
l. Tlrc receiver criteriafor successful message reception of UAT growrd uplink

tnessages are provided in Section 4 of Part I of the Manual on the (Jnivet.sal Access
Transceiver (UAD QCAO Doc 9861) (in preparation).

2. This requirernent ensures the bit rate accuracy supporting denodulation in the
UAT equipnent is adequate to properly receive the longer UAT ground uplink message.

3.2.2 RECEIVERSELECTIVITY

Notes.-

l. The undesired signal used is an urunodulated carrier applied at tlrc ft.equency
o/fset.

2. This requirement establishes tlrc receivet"s rejectiou ofthe off-channel energt.

3. It is assunrcd that ratios in between the specified o/fsets will fall near the
interpolated value.

4. The desired signal used is a UAT ADS-B long message at -90 dBn at the PMP,
lo be receivcd with a 90 per cent successful message reception rate.

5. Thc tolerable co-channel continuous wave intetference pov'er levelfor aircraft
UAT receivers is assunted to be -101 dBtn ot' less at the PMP.

6. See Section 2.4.2 of Part II of the Manual on the Univer.yal Access Transceiver
(UAT) (Doc 9861) for a discussion of when a high-petformance receiver is desirable.

a) Standard UAT receivers shall nrcet the selectivity characteristics given in
Table l2-3.

b) High-perfornrance receivers shall meet the more stringent selectivity
clruracleristics given in Table l2-4.
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Note.- See Sectiott 2.4.2 of Part II of the Manual on the Universal Access

Tt'arcceiver (UAT) (Doc 9861) for guidance material on the inplententatton of
hi gh-pe{o rmance r ece i ve rs.

3.2.3 RECETVER DESIRED SIGNAL DYNAMIC RANGE

The receiver shall achieve a successful message recePtion rate for long ADS-B
messages of 99 per cent or better when the desired signal level is between -90
dBm and -10 dBm at the PMP in the absence of any interfering signals'

Note.- The value of -t0 dBm represents 120-foot separatiott from an aircraft
transmilter h'ansmitling at ntaxintum allowed power.

3.2.4 RECEIVER TOLERANCE TO PULSED INTERFERENCE

Note.- All power leve I requirenrcnts in this section are referenced to tlre PMP.

(a) For Standard and High-Perfornance receivers the following requirements
shall apply:

l. The receiver shall be capable of achieving 99 per cent SMR of long UAT
ADS-B messages when the desired signal level is between -90 dBm and -
l0 dBm when subjected to DISTANCE MEASURING EQUIPMENT
interference under the following conditions: DISTANCE MEASURING
EQUIPMENT pulse pairs at a nominal rate of 3 600 pulse pairs per second

at either l2 or 30 microseconds pulse spacing at a level of-36 dBm for any
I Megahertz DISTANCE MEASURING EQUIPMENT channel frequency
between 980 Megahertz and I 213 Megahertz inclusive'

2. Following a 2l microsecond pulse at a level of ZERO (0) dBm and at a
frcquency of I 090 Megahertz, the receiver shall retum to within 3 dB of
the specified sensitivity level (see 3.2.1) within 12 microseconds.

(b) For the standard UAT receiver the following additional requirements shall
apply:

l. The receiver shall be capable of achieving 90 per cent SMR of long UAT
ADS-B messages when the desired signal level is between -87 dBm and -
l0 dBm when subjected to DISTANCE MEASURING EQUIPMENT
interference under the following conditions: DISTANCE MEASURINC
EqurrMEN r Purse pziiisaranciiil-iRa-l-rate-of 3-600Pf llseTairs-p-ersecofi l--.-
at a 12 microseconds pulse spacing at a level of-56 dBm and a frequency
of 979 Megahertz.

2. The receiver shall bc capable of achieving 90 per cent SMR of long UAT
ADS-B messages when the desired signal level is between -87 dBrn and -
l0 dBm whetr subjected to DISTANCE MEASURING EQUIPMENT
interference under the following conditions: DISTANCE MEASURING
EQUIPMENT pulse pairs at a nominal rate of 3 600 pulse pairs per second

at a 12 microseconds pulse spacing at a level of-70 dBm and a frequency

of 978 Megahertz.

(c) For the high-perfornrance receiver the following additional requirements

shall apply:

l. The receiver shall be capable of achieving 90 per cent SMR of long UAT
ADS-B messages when the desired signal level is between -87 dBm and -
t0 dBm when subjected to DISTANCE MEASURING EQUIPMENT
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interference under the following conditions: DISTANCE MEASURING
EQUIPMENT pulse pairs ar a nominal rate of 3 600 pulse pairs per second
at a 12 microseconds pulse spacing at a level of-43 dBm and a frequency
of 979 Megahertz.

2. The receiver shall be capable of achieving 90 per cent SMR of long UAT
ADS-B messages when the desired signal level is between -87 dBm and -l0 dBrn when subjecred to DISTANCE MEASURINC EQUIPMENT
interference under the following conditions: DISTANCE MEASURING
EQUIPMENT pulse pairs at a nominal rate of 3 600 pulse pairs per second
at a 12 microseconds pulse spacing at a level of-79 dBm and a frequency
of 978 Megahertz.

PHYSICAL LAYER CHARACTERISTICS

Modulation rate

The modulation rate shall be 1.041 667 Mbps with a tolerance for aircraft
trarrsmitters of +20 ppm and a tolerance for ground transmitters of +2 ppm.

Note.- The tolerance on the modulation rate is consistent with the requirement
on modulation distortion.

Modulation type

(a) Data shall be modulated onto the carrier using binary corrtinuous phase
frequency shift keying. The modulation index, h, shalt be no less than 0.6;

(b) A binary ONE (t) shall be 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.

Notes.-

l. Filtering of the transmitted signal (at base band and/or after frequency
modulation) will be required to meet the spectral containment requirement of
1.3.3. This filtering may cause the deviation to exceed the.se valLres at points
other than the optimum sampling points.

Because of the filtering of the transmitted signal, the received ft.cquency o.ffset
varies continuously between the noninal values of +312.5 kiloHertz (and
be1,sn41, and tlte optimal sanrpling point nray not be easily identi,fied. This point
can be defined in ternts of the so-called "eye diagratn" of the received signal.
The ideal eye diagranr is a superposition of samples ol the (undistorled) post
detection waveform shifted by multiples of the bit period (0.96 microseconds).
The optimunt sampling point is the point during the bit period at which the
opening of the eye diagram (i.e. the nrinimum separalion between positive and
negative frequency olfsets at very high signal-to-ttoise ratios) is maxinized. An
example "eye diagranr" can be seen in Figure l2-3. The tining of the points
where lhe lines converge defines the "optimunt sampling point". Figure l2-4
shows an eye pattern that has been partially closed b|, modulation distortion.

Modulation distortion

(a) For aircraft transmitters, the minimum vertical opening of the eye diagranr
of the transmitted signal (measured at the optimum sarnpling points) shall
be no less than 560 kiloHertz when nreasured over an entire long UAT
ADS-B message containing pseudorandom message data blocks.
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(b) For ground transmitters, the minimum vertical opening of the eye diagram

of thc transmitted signal (measured at the optimum sampling points) shall

be no less than 560 kiloHertz when measurcd over an entire UAT ground

uplink message containing pseudorandom messagc data blocks.

(c) For aircaft transmitters, the minimum horizontal opening of the eye

diagram of the transmitted signal (measurcd at 978 Megahertz) shall be no

less than 0.624 microseconds (0.65 symbol periods) when measured over
an entirc long UAT ADS-B message containing pseudorandom message

data blocks.

(d) For ground transmitters, the minimum horizontal opening of the eye

diagram of the transmitted signal (measured at 978 Megahertz) shall 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.

Noles.-

I. Section 4.4 detines the UAT ADS-B message types-

2. The ideal eye diagranr is a superpositiorr ofsantples ofthe (undistorted) post
detection waveform shdted by nrultiples of the btt period (0.96 microseconds).

Broadcast message characteristics

The UAT system shall supPort two different message types: the UAT ADS-B
message and the UAT ground uplink message.

UAT ADS-B MESSAGE

The Activc portion (see 1.6) of a UAT ADS-B message shall contain the

following elements, in the following order:

- Bit synchronization

- Message data block

- FEC parity.

BIT SYNCHRONIZATION
-Th-trrrsrclement- of-ihEAaive-portiori oT-tli6 uA-TeDs:rmesscce'sliall-be a-_

36-bit synchronization sequence. For the UAT ADS-B messages the sequence

shall be:

I I l0l0l0l l00l l0l I l0l l0l00l00l I 100010

with the left-most bit transmitted first.

THE MESSAGE DATA BLOCK

The second elcment of the Active portion of the UAT ADS-B message shall be

the rnessage data block. There shall be two lengths of UAT ADS-B message

data blocks supported. The basic UAT ADS-B message shall have a 144-bit

message data block and the long UAT ADS-B message shall have a 272-bit
message data block.

Note.- The format, encoding and transmission order of the message data block
element is provided in Section 2.1 of Part I of the Manual on the Universal
Access Transceiver (UAT) (Doc 9861).

4.4

4.4.t

4.4.t.1

4.4.t.2
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4.4.1,3 FEC PARITY

Tlp third and final element of the Active portion of the UAT ADS-B message
shrll be the FEC pariry.

4.4. I .3.1 Code tlpc

The FEc parity generation shall be based on a systematic Reed-Solornon (RS)

?56-ny code with 8-bit code word symbols. FEC parity generation shall be per
the following code:

(a) Basic UAT ADS-B mcssagc: Parity shall be a RS (30, 18) code.

Note.- This results in 12 bytes (code symbok) of parity capable of
correcting up to 6 symbol errors per block.

O) Long UAT ADS-B message: Pariry shall be a RS (48,34) code.

For cither message length the primitive polynomial of the code shall be as
follows:

p(x)=x8+17+f +1-+ !

The generator polynomial shall bc as follows

P

fI(, - e-')
i=I20

where:

P= l3l forRS (30, l8)code,
P = 133 for RS (48, 34) code, and

a is a primitive element of a Galois field of size 256 (i.e. GF(256)).
4.4.l.3.2Transmission order of FEC pariry

FEC parity bytes shall be ordered most significant to least significant in terms of
the polynomial coefticients they represent. The ordering of bits within each byte
shall bc most significant to least significant. FEC parity bytes shall follow ihe
mossagc data block.

4.4.2 UATGROUNDUPLINKMESSAGE

The Active portion of a UAT ground uplink message shall contain the following
elernenB, in the following order:

- Bit synchronization

- Interleaved message data block and FEC parity.

4.4.2.1 BIT SYNCHRONZATION
The first element of the Active portion of the UAT ground uplink message shall
be a 36-bit synchronization sequence, For the UAT ground uplink message the
sequence shall be:
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000101010011001000100101 l0l 10001 I l0l
with the left-most bit transmitted first.

4,4.2.2 INTERLEAVED MESSAGE DATA BLOCK AND FEC PARITY

4.4.2.2.1 Message data block (before interleaving and after de-interlcaving)

The UAT ground uplink message shall have 3 456 bits of messagc data block.
These bits are divided into 6 groups of 576 bits. FEC is applied to each group

as described in 4.4.2.2.2.

No!e.- Further details on the format, encoding and trawmission order of the

uAT ground uplink message data hlock are provided in section 2.2 ofPart I of
the Manual oi the Unlversal Acces't Transceiver (UAT) (ICAO Doc 9861)'

4.4.2.2.2 FEC parity (before intcrleaving and after de-interleaving)

4.4.2.2.2.1 Code type

The FEC parity gcneration shall be bascd on a systcmatic RS 256-ary code

with 8-bif codl word symbols. FEC parity generation for each of the six
blocks shall be a RS (92,72) code.

Notes.-
I. Section 1.4.2.2.3 provides detoils on the interleaving procedure.

2. This results in 2a bytes (symbols) of parity capable of correctitrgup to I0
symbol errors per btock. The additional use of interleaving for the UAT
ground uplink message allows additional robuslness against burst errors'

The primitive polynomial of the code is as follows:

p(x)---Ys+/+f +1'+ [

The generator polynomial is as follows:

P

( ,

4.4.2.2.2.2

4.4.2.2.3

x.-fr

where:

P - 139, and

o is a primitive element of a Galois fteld of size 256 (i'e. GF(256)).

Transmission order of FEC parity

FEC parity bytes are ordered most significant to least significant in terms of
the polynomial coeffrcients they represent. The ordering of bits within each

byte stiall be most significant to least significant. FEC parity bytcs shall

follow the message data block.

Interleaving procedure

UAT ground uplink messages shall be interleaved and transmitted by the

ground station, as listed below:
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(a) Interleaving procedure: The interleaved message data block and FEC
parity consists of 6 interleaved Recd- Solomon blocks. The intedcavcr
is represented by a 6x92 matrix, where cach cntry is a RS 8-bit symbol.
Each row comprises a sirrgle RS (92,72) block as shown in Tabtc l2-5.
In this table, block numbers prior to interlcaving are represented as "A,'
through "F'. The information is ordcrcd for transmission column by
column, starting at the upper left corner of thc matrix.

(b) Transmission order: The bytes are then tansmitted in the following
order:

1,73,145,217,289,361,2,74,146,219,290,362,3,..,Cr20,Dn0,En0,Fn0.

Note.- On reception these bytes need to be de-interleaved so that the RS
blocks can be reassembled prior to error correclion decodlng.

GUIDANCE MATERIAL

Noles.-

l. The Manual on the Universal Access Transceiver (UAT) (ICAO Doc
9861), Part I, provides detailed technical speclfcations on UAT, tncluding
ADS-B messdge dala bloclcs and formats, procedures for operation ol UAT
transmilting subsystems, and avionics interface requirements with other
aircrafl systems-

2. The Manual on the Universal Access T?anscelyer (UAI) (ICAO Doc
9861), Part II, provid.es inJormation on UAT system operation, description ot
a range of example avionics equipment classes and their applications,
guidance on UAT atrcratl and ground statton lnstallatlon aspeets, and
detailed idormation on UAT system performance simulation.
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TABLES FOR THE FOURTEENTH SCHEDULE

Table 12-1. Transmitter power levels

trvlrsn,it*r type
llinimun potccr

atPf,IP
Tlaintutr, porl-'tl"

dt PtrIP
Intcn.lcd minimud
oir-ttabturtgct

Ajrnfi (Lo*) ? \rrttr (+i8.5 aIBq) 18 nrte (+*?.5 tlBu) !0 ![}{

Airtnnff{rdue) l6 $o!ts (+4! dBt!) 40 n'cts 1+46 654 ,t0 N$

rurcr.ft GItt) l0O *-rtc (+J0 itBD!) ?50 u;uu (+5{ dBD) 130 !,f,\I

Groud Strtioa
Spccifed bry the rerrrice pro(idE ro Elat locrl rrquinmotr n'itil iht colsErirt
ofltr-I.3.i-2-

Notes.-

l. The three levels listed for the avionics are available to supPort apPltcations with
varying rangerequitenrcnts. See the discussion of UAT aircraft Equipage Classes in

section 2.4.2 of Part II of the Manual on the universal Access Transceiver (uAT) (Doc
9 8 6 I ) (in p reparation).

2. The intended ninilnum air-to-ai,'ranges arefor high-density air tralfic envit'onnrenls.

Larger airloair ranges will be achieved in low-densily air lrafic environments.

Table l2-2. UAT transmit spectrum

. latad on attn uorlon in dB wl a lhroltequrrvy scolc
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Tablc l2-3. Standard UAT recoiver rejection ratios

hvE*awS'ffiat
Jboncfifra

J&?dartnl rqloalrirr rrra{
lunt r{iratrud$$it*d l*vl ht dB !

-f.0MEz l0

+l"0MIIZ I5

(*)t-0ME! 50

(s) 10.0IfHz 60

Note.- It is assumed thdt ratios in between the specified ollsets will fall near the
interpolated value.

Tablc l2-4. High-performancc rccciver rcjcction ratios

fmqrcag.@.t
tlonceafrr

'Vinirr,lotrqitniannrio
(l,hdesindiluirrd nhol in dE)

-t.0MEr m

+1.0$IIIg {0

(*)?-0MEz ,0

(a) l0,O MIIZ 60

Trblc l2-5. Ground uplink intcrleaver maFix

iRSBJort I4DB.8pre # EEC Poiq (ElochByai,)

I 2 , 7l T! tu'l -[.19 .trno

73 ?4 ?5 l*r 144 B/l BJ19 BXl0

t4J t46 I4? 215 ?t6 c/1 cIl9 c/20

2t7 218 2lt n7 2t8 D'I D/19 DO0

ts t90 ?9t ,5' 360 EJI Et9 p20

361 36t 3(B {31 43! Fil F/I9 Fr20

Note.- In Table l2-5, message data block Byte #I through #72 are the 72 byt* (8 birs
each) of message data block inlormation carrted in thefirst RS (92,72) bloclc FEC parity
A/l through A/20 are the 20 bytes of FEC parity associated with hat block (A).

a

B

c

D

E

F
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Figures for the Fourteenth Schedule

UAT specual mask
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Notes.-

I . 99 per cent of the power ol the UAT spectrum is contained in I . 
j Megahertz (*0.65

Megahertz). This is roughly equivalent to the 20 dB bandwidth.

2. Spurious emissions requiremenls begin at *250 per cenl of the 1.3 Megahertz value,
therefore the transmit mask requiremenl extends to *j.25 Megahertz.
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Figurc l2-1. UAT transmit spectrum
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Figure l2-3. Ideal eye diagram

Figure l2-4. Distorted eye diagram

I]IF|EENTH SCHEDULE

Regulations 76,81 and 82

AERONAUTICAL MOBILE SERVICE

I. AIR.GROUND VHF COMMUNICATION SYSTEM CHARACTERISTICS

Note.- In the lollowing text tlrc channel spacing for 833 kiloHcrtz channel

assignments is defined as 25 kiloHertz divided by 3 which is 83333 ... kiloHertz.

l.l The characteristics of the air-ground VHF communication system used in the

International Aeronautical Mobile Service shall be in conformity with the

following specifi cations :

Ll.t Radiotelephone emissions shall be double sideband (DSB) amplitude modulated
(AM) carricrs. The dcsignation of emission is A3E, as specified in thc ITU Radio

1.1.2 Spurious emissions shall bc kept at the lowest value rvhich the State of technique

and the nature of the service permit.

Notc.- Appendix 53 to thc ITIJ Radio Regulations specifics the levels of sputious
cmissions to which lransnritters musl con;form.

I .l .3 The radio frequcncies used shall be selected from the radio frequencies in the band

ll7.g75 - 137 Megahertz. The separation between assignable frequencies (channel

spacing) and frequency rolerances applicable to elements of the system shall bc as

specified in Civil Aviation (Aeronautical Frequency Management) Regulations

2017.

Note.- The band 1t7.975 - 132 Megahertz was allocated to the Aeronautical
Mobile (R) Servicc in the tTll Radio Regulations (1947). By subsequent revisions

at ITU World Administrative Radio Conferences the bands 132 - 136 Mcgahertz

and 136 - 137 Megahertz were added under conditions which differ for ITU
Regions, or for specified countries or contbinations of countries (sec RRs 55.203,

i,'r.r,t'',* iY ;G,'?,4d,
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s5-2034 and s5.2038 for additional allocatiotrs in the band 136 - 137 Megahertz,
and 55.201for tlu band 132 - 136 Megahertz).

1.1.4 The design polarization of emissions shall be vertical.

2. SYSTEM CHARACTERISTICS OF THE GROUND INSTALLATION
2.1 Transmittingfunction

2.1-l Frequetrcystability.Theradiofrequencyofoperationshallnotvarymorethanplus
or minus 0.005 per cent from the assigned frequency. Where 25 kiloHertz channel
spacing is introduced in accordance with volume V, the radio frequency of
operation shall not vary more than plus or minus 0.002 per cent from the assigned
frequency. Where 8.33 kiloHertz channel spacing is introduced in accordance with
volume v, the radio frequency of operation shall not vary more than plus or minus
0.0001 per cent from the assigned frequency.

Note.- The above frequency stability requirenrcnts will not be sufJicient for offset
carrier systems using 25 kiloHertz channel spacing or higher.

2.1.1.1 offset carrier systems in 8.33 kiloHertz,2-5 kiloHertz,50 kiloHertz and 100
kiloHertz channel spaced environnrents. The stability of individual carriers of an
offset carrier system shall be such as to prevent first-order heterodyne
frequencies of less than 4 kiloHertz and, additionally, the maximum frequency
excursion of the outer carrier frequencies from the assigned carrier frequency
shall not exceed 8 kiloHertz. Offset carrier systems for 8.33 kiloHertz channel
spacing shall be limited to two-carrier systems using a carrier offset of plus and
minus 2.5 kiloHertz.

2.1.2 POWER

On a high percentage of occasions, the effective radiated power shall be such as
to provide a field strength of a least 7-5 microvolts per metre (minus 109
dBWm2) rvithin the defined operational coverage of the facility, on the basis of
free-space propagation.

2.t.3

2.1.4

Modulation. A peak modulation factor of at least 0.85 shall be achievable.

Means shall be provided to maintain the average modulation factor at the highest
practicable value without over-modulation.

RECEIVING FUNCTION

Frequency stability. Where 8.33 kiloHerrz channel spacing is introduced in
accordance with Volume V, the radio frequency of operation shall not vary more
than plus or minus 0.0001 per cent frorn the assigned frequency.

sensitivity. After due allowance has been made for feeder loss and antenna polar
diagram variation, the sensitivity of the receiving function shall be such as to
provide on a high percentage of occasions an audio output signal with a
wanted/unwanted ratio of l5 dB, rvith a 50 per cent amplitude modulated (A3E)
radio signal having a field strengtlr of 20 microvolts per metre (minus 120
dBW/m2) or more.

Effective acceptance bandrvidth. Whcn tuned to a channel having a width of 25
kiloHertz, 50 kiloHertz or 100 kitoHcrrz, the receiving system shall provide an
adequate and intelligible audio ourpur when the signal specified at 2.2.2 has a
carier frequency rvithin plus or rninus 0.00-5 per cent of the assigned frequency.

2.2

2.2.1

2.2.2

2.2.3
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when tuned to a channel having a width of 8.33 kiloHertz, the receiving system

shall provide an adequate and intelligible audio output when the signal specified

at2.i.2.2 has a carrier frequency within plus or minus 0.0005 per cent of the

assigned frequency.

Note.- The elfective acceptance bandwidth includes Doppler shift.

Adjacent channel rcjection. The receiving system shall ensure an effective
rejection of60 dB or more at the next assignable channel.

Note.- The next assignable fi'equency will normally be plus or minus 50

kiloHertz. where this channel spacing will not suffice, the next assignable

fi.equency will be plus or minus 25 kiloHertz, or plus or minus 8.33 kiloHertz,
-inplemented 

in aicordance with the provisions of Volume V. h is recogniTed

that in certain areas of the world receivers designed for 25 kiloHertz, 50

kiloHertz or 100 kiloHertz channel spacing may continue lo be used.

SYSTEM CHARACTERISTICS OF THE AIRBORNE INSTALLATION

Transmitting function

Frequency stability. The radio frequency of operation shall not vary more than

plus or minus 0.005 per cent from the assigned frequency. Where,2s-kiloHertz
ihannel spacing is introduced, the radio frequency of operation shall not vary

morc tha; pluJ or minus 0.003 per cent from the assigned frequen-cy' Where

8.33 kiloHerrz channel spacing is introduced, the radio frequency of operation

shall not vary more than plus or minus 0o005 per cent from the assigned

frequency.

Power. On a high percentage of occasions, the effective radiatcd power shall be

such as to provide a field strength of at least 20 microvolts per metrc (minus 120

dBWm2) on the basis of free space propagation, at ranges and altitudes

appropriate to the operational conditions pertaining to the ereas over which the

aircraft is operated.

Adjacent channel power. The amount of power from a 8.33 kiloHertz airborne

transmitter under all operating conditions when measured over a 7 kiloHertz
channel bandwidth centred on the first 8.33 kiloHertz adjacent channel shall not

exao€tt -45 dB-bEld\r-th-rmn-sniiftEr-eanic-fFowEr.-ThE-ab-oveaajace-nrchznnel
power shall take into account the typical voice spectrum

Note.- The voice spectrum is assumed to be a constant level between i00 and
800 Hertz and attenuated by I0 dB per octave above 800 Hertz.

Modulation. A peak modulation factor of at least 0.85 shall be achievable'

Means shall be provided to maintain the average modulation factor at the highest

practicable value without over-modulation.

RECEIVING FUNCTION

Frequency stability. Where 8.33 kitoHertz channel spacing is introduced in

accordance with Volume V, the radio frequency of operation shall not vary more

than plus or minus 0.0005 per cent from the assigned frequency.

SENSITIVTTY

After due allowance has been made for aircraft feeder mismatch, attenuation

loss and antenna polar diagram variation, the sensitivity of the receiving

2.2.4

2.2.5

3.

3.1

3.1.1

3.t.2

3.1.3

3.1.4

3.1.5

3.2

3.2.t

3.2.2

3.2.2.1
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function shall 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 dBWm2).

Note.- For planning extended range VHF facilities, an airbonte receiving
ftutctiott sensitivity of 30 nticrovolts per metre may be assumed.

Effective acceptance bandwidth for 100 kiloHertz, 50 kiloHertz and 25
kiloHertz channel spacing receiving instatlations. when tuned to a channel
designated in Volume V as having a width of 25 kiloHertz, 50 kiloHertz or l0O
kiloHertz, the receiving function shall ensure an effective acceptance bandwidth
as follows:

(a) in areas where offset carrier systems are employed, the receiving function
shall provide an adequate audio output when the signal specified,at2.3.2.Z
has a carrier frequency within 8 kiloHertz of the assigned frequency;

(b) in areas where offset carrier systems are not employed, the receiving
function shall provide an adequate audio output when the signal specified
at 2.3.2.2 has a carrier frequency of plus or minus 0.005 per cent of the
assigned frequency.

Effective acceptance bandrvidth for 8.33 kiloHertz channel spacing receiving
installations. when tuned to a channel designated in ANS Technical Standards
Part II, Volume V, as having a width of 8.33 kiloHertz, the receiving function
shall ensure an effective acceptance bandwidth as follows:

(a) in areas rvhere offset carrier systems are employed, the receiving function
shall provide an adequate audio output when the signal specified in 3.2.2
has a carrier frequency of plus or minus 2.5 kiloHertz of the assigned
frequency; and

(b) in areas rvhere offset carrier systems are not enrployed, the receiving
function shall provide an adequate audio output when the signal specified in
3.2.2 has a carrier frequency within plus or minus 0.0005 per cent of the
assigned frequency.

Note I .- Tlrc effective acceptance bandwidtlr irtcludes Doppler shift.

Note 2.- When usittg offset carrier systems (reJ.2.3.2.3 and 23.2.4), receiver
petfornrtnce may beconte degraded when receiving two or ntore sinilar
strength offset carriet'signals. Caution is therefore aclvised with the
i mp I e m e n tat io n of offs et carrier .ry.rterns.

Adjacent channel rejection. The receiving function shall ensure an effective
adjacent channel rejection as follows:

(a) 8.33 kiloHertz channels: 60 dB or more at plus or minus 8.33 kiloHertz with
respect to the assigned frequency, and 40 dB or more at plus or minus 6.5
kiloHertz;

Note.- The receiver local oscillator phase noise should be suficiently low
to avoid any degradation of the receiver capability to reject off carrier
signals. A phase noise level better than ntinus 99 dBclHertz 8.33 kiloHertz
away from the carrier is neccssary to comply with 45 dB adjacent channel
rejection under all operating conditiorts.
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3.2.6

(b) 25 kiloHertz channel spacing environment: 50 dB or more at plus or minus

25 kiloHertz with respect to the assigned frequency and 40 dB or more at

plus or minus l7 kiloHertz;

(c) 50 kiloHertz channel spacing environment: 50 dB or more at plus or minus

50 kiloHertz rvith respect to the assiSned frequency and 40 dB or more at

plus or minus 35 kiloHertz;

(d) lO0 kiloHertz channel spacing environment: 50 dB or more at plus or minus

100 kiloHertz with respect to the assigned frequency.

Whenever practicable, the receiving system shall ensute an effective adjacent

channel rejection characteristic of 60 dBor more at plus or minus 25 kiloHertz,
50 kiloHertz and 100 kiloHertz from the assigned frequency for receiving

systems intendecl to operate in channel spacing environments of 25 kiloHertz., 50

kiloHertz and 100 kiloHertz, respectively.

Note.- Frequency planning is normally based on an assurrtption o/ 60 dB

effective adjctcent channel rejection at plus or ninus 25 kiloHertz,50 kilollertz
or 100 kiloHartz front the assigncd fi'equency as appropriate to tlrc clrunnel
spacing ettvirorunent.

2.3.2.'t ln thc case of receivcrs comPlying with 3.2.3 or 3.2-4 used in areas

where offset carrier systems are in force, the characteristics of the receiver shall

be such that:

(a) the audio frequency response precludes harmful levels of audio heterodynes

resulting from the reception of trvo or more offset carrier frequencies;

(b) the receiver muting circuits, if provided, operate satisfactorily in the

prcsence of audio heterodynes resulting from the reception of two or more

offset carricr frequencies.

VDL _ INTERFERENCE IMMUNITY PERFORMANCE

For equipmcnt intended to be used in indcpendent operations of services

applying DSB-AM and VDL technology on board the same aircraft, the

receiving function shall provide an adequate and intelligible audio output with a

desired signal ficld strength of not more than 150 microvolts per metre (minus

l02d3W1nr2)-a-tcl with,an uq<lcsired YLL signal field,,qtrqlgth of all9Ast 50 dB

above the desired field strength on any assiSnable channel 100 kiloHertz or
more away from the assigned channel ofthe desired signal.

Note.- This level of VDL intetference inntunity perfonnance provides a

receivcr petJornruncc consistenl with the inJluence of the VDL RF spectrunt

mask as specifiett ln ANS Technical Standards, Part II , Volunrc III, Part l, 6 -3 .4

with an ef|ective transntirterlreceiver isolation of 68 dB. Better transrnitter and

receiver petJorntance could result in less isolation required.

3.2.7

3.2.8.2 After I January 2O02, the receiving function of all new installations intended to

be used in indcpendent operations of services applying DSB-AM and VDL
technology on board the same aircraft shall meet the provisions 3.2.8.1 .

3.2.8.3 After I January 2005, the receiving function of all installations intended to be

usetl in independent operations of services applying DSB-AM and VDL
technology on board the same aircraft shall meet the provisions of 3.2.8.1,

subject to the conditions of 3.2.8.4.

3.2.8

3.2.8.1
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3.2.8.4 Requirements for mandatory compliance of the provisions of 3.2.8.3 shall be
made on the basis of regional air navigation agreements which specify the
airspace of operation and the implementation timescales.

3.2.8.4.1 The agreement indicated in3.2.8.4 shall provide at least two years'notice of
mandatory compliance of airborne systems.

3.3 2.3.3 INTERFERENCE IMMUNITY PERFORMANCE

3.3.1 After I January 1998, the VHF communications receiving system shall provide
satisfactory performance in the presence of two signal, third-order
intermodulation products caused by VHF FM broadcast signals having levels at
the receiver input of minus 5 dBm.

3.3.2 After I January 1998, the VHF communications receiving system shall not be
desensitized in the presence of VHF FM broadcast signals having levels at the
receiver input of minus 5 dBm.

3.3.3 After I January 1995, all nerv installations of airborne VHF communications
receiving systems shall meet the provisions of 3.3.1 and 3 .3 .2.

3.3.4 Airborne VHF communications receiving systems meeting the immunity
performance Standards of 2.3.3.1 and 2.3.3.2 shall be placed into operation at
the earliest possible date.

4. SINGLE SIDEBAND (SSB) HF COMMUNTCATION SYSTEM
CHARACTERISTICS FOR USE IN THE AERONAUTICAL MOBILE
SERVICE

4.1 The characteristics of the air-ground HF SSB system, where used in the
Aeronautical Mobile Service, shall be in conformity with the following
specifications.

4.t.1

4.1.1.t

FREQUENCY RANCE

HF SSB installations shall be capable of operation at any SSB carrier (reference)
frequency available to the Aeronautical Mobile (R) Service in the band 2.8
Megahertz to 22 Megahertz and necessary to meet the approved assignment plan
for the region(s) in which the system is intended to operate, and in compliance
with the relevant provisions of the Radio Regulations.

Note I .- See Intoduction to Volunrc V, Chapter 3, and Figures 2-l and 2-2*.

Note 2.- The ITU World Administrative Radio Confet'ence, Aeronautical
Mobile (R) Service, Geneva, 1978, established a new Allotnent Plan (Appendix
27, Aer to tlrc Radio Regulations) based on single sideband replacing the earlier
double sideband Allotnrcnt Plan. Tlrc World Radio communication Conference
1995 redesigtoted it as Appendix 5.27. Minor editorial changes were made at
tlrc World Radio comntunication Conference 1997.

The equipment shall be capable of operating on integral multiples of I
kiloHertz.

SIDEBAND SELECTION

The sideband transmitted shall be that on the higher frequency side of its carrier
(reference) frequency.

CARRIER (REFERENCE) FREQUENCY

Channel utilization shalI be in conformity with the table of carrier (reference)
frequencies at 27116 and the Allotment Plan at 271186 to 271207 inclusive (or

4.t.1.2

4.1.2

4.t.2.1

4.1.3

4.1.3.1
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frequencies established on the basis of 21-121, as may be appropriate) of
Appendix S27.

Note.- It is intended that only the carrier (reference) fi'cquency bc prontulgated
in Regional Plans and Aeronautical Publications.

CLASSES OF EMISSION AND CARRIER SUPPRESSION

The system shall utilize the suppressect carrier class of emission J3E (also J7B

and J9B as applicable). When SELCAL is employed as specified in Chapter 3 of
Part II, the installation shall utilize class H2B emission.

By I February 1982 aeronautical stations and aircraft stations shall have

introduced the appropriate class(es) of emission prescribed in 2.4 .l .4 .l .

Effective this date the use of class A3E emission shall be discontinued except as

provided in2.4.l .4.4.

Until I February 1982 aeronautical stations and aircraft stations equippecl for
single sideband operations shall also be equipped to transmit class H3E emission
where required to be compatible rvith reception by double sideband equipment.
Effective this date the use of class H3E emission shall be discontinued except as

provided in 4.1 .4 .4 .

For stations directly involved in coordinated search and rescue operations using
the frequencies 3 023 kiloHertz and 5 680 kiloHertz, the class of enrisslon J3E

shall be used; horvever, since maritime mobile and land mobile scrvices shall be

involved, A3E and H3E classes of emission shall be used.

After I April l98l no new DSB equipnrent shall be installed.

Aircraft station transmitters slrall be capable of at least 26 dB carrier suppression

with respect to peak envelope power (Pp) for classes of emission J3E' J7B or

J9B.

All figures are located at the end of tlris chapter.

Aeronautical station transmitters shall be capable of 40 dB carrier suppression

with respect to pcak envelopc power (Pp) for classes of cmission J3E' J7B or
J9B.

AUDIO FREQUENCY BANDWIDTH

For radiotetephone emissions the audio frequencies shall be linrited to between

300-Ana2 700 Hdi.Eand the occupied ban,Crtiiltliof other- authorized enrissioni
shall not exceed the upper limit of J3E emissions. In specifying these limits,
horvever, no restrictiou in their extension shall be imptied in so far as cnrissions

other than J3E are concerned, provided that the limits of unrvanted emissions are

met (see 2.4.1.7).

Notc.- For aircraft and acronautical statiott lransmilter types first installcd
beforc t Fcbruary 1983 the audio fi'equencies will bc limited to 3 000 Hcrtz.

For other authorized classes of emission the modulation frequcncie.s shall bc

such that the required spectrum limits of 4.1.7 will be met.

FREQUENCY TOLERANCE

The basic frequency stability of thc transmitting function for classes of crnission

J3E. J7B or J9B shall be such that the difference betrveen the actual carrier of
the transmission and the carrier (reference) frcquency shall not exceed:

- 20 Hcrtz for airborne installationsi

4.1.4.2

4.1 .4.3

4.1 .4.4

4.t .4 .5

4.1.4.6

4.t .4 .7

4.1.4

4.t.4.t

4.1.5

4.1 .5.1

4.t .6

4.I .6.1

4.1 .5.2
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- 10 Hertz for ground installations.
4.1.6.2 The basic frequency stability of the receiving function shall be such that, with

the transrnitting function stabilities specified in 4.1.6.1, the overall frequency
difference between ground and airborne functions achieved in service and
including Doppler shift, does not exceed 45 Hertz. However, a greater frequency
difference shall be permitted in the case ofsupersonic aircraft.

4,1.7 SPECTRUM LIMITS
4.1 .7 .l For aircraft station transmitter types and for aeronautical station transmitters first

installed before I February 1983 and using single sideband classes of emission
H2B, H3E, J3E, J7B or J9B the mean power of any emission on any discrete
frequency shall be less than the mean power (pm) of the transmitter in
accordance with the following:
- on any frequency removed by 2 kiloHertz or more up to 6 kiloHertz from

the assigned frequency: at least 25 dB;
- on any frequency removed by 6 kiloHertz or more up to l0 kiloHertz from

the assigned frequency: at least 35 dB;
- 

n:J, 
frequency removed from the assigned frequency by l0 kiloHertz or

(a) aircraft station transmitters: 40 dB.
(b) aeronautical station transmitters:

4.1.7.2

[43 + l0 logr+P,, $l)l dB
For aircraft station transmitters first installed after I February 1983 and for
aeronautical station transmitters in use as of t February 1983 and using single
sideband classes of emission H2B, H3E, J3E, J7B or J9B, the peak envelope
power (Pp) ofany emission on any discrete frequency shall be less than the peak
envelope power (Pp) of the transmitter in accordance with the following:

- on any frequency removed by 1.5 kiloHertz or more up to 4.5 kiloHertz
fronr the assigned frequency: at least 30 dB;

- on any frequency removed by 4.5 kiloHertz or more up to 7.5 kiloHertz
from the assigned frequency: at least 38 dB;

- on any frequency removed from the assigned frequency by 7.5 kiloHertz or
lnore:

(a) aircraft station transmitters: 43 dB;

(b) aeronautical station transmitters: for transmitter power up to and
including 50 W:

4.1.8

4. t.8.1

[43 + t0logr,1Pp (lTlldB

For transnrittet'power more than 50 W: 60 dB

Note- See Figw'es 2-l and 2-2.

POWER

Aeronautical station installations. Except as perrnitted by the relevant provisions
of Appendix S27 to the tTU Radio Regulations, the peak envelope power (pp)
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supplied to the antenna transmission line for H2B, H3E, J3E, J7B or J9B classes

of emissions shall not exceed a maximum value of 6 kW.

Aircraft station installations. The peak envelope power supplied to the antenna

transmission line for H2B, H3E, J3E, J7B or J9B classes of emission shall not

exceed 400 W except as provided for in Appendix S27 of the ITU Radio

Regulations as follows:

527168 It is recognized that the power employed by aircraft transmitters may, in
practice, exceed the limits specified in No. 27160. However, the use of such

increased power (which normally should not exceed 600 W Pp) shall not cause

harmful interference to stations using frequencies in accordance with the

technical principles on which the Allotment Plan is based.

S27160 Unless otherwise specified in Part II of this Appendix, the peak envelope
powers supplied to the antenna transmission line shall trot 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:

-[ftx.pat&
anelol,€

Closs of*uissiou Statioru Pfrivt'fP/

4.t.8.2

4. 1.8.3

4.2

IilB. J]L J7B.

JgB, AJE*. H3E"
(l00PZ npdulatiou)

Otlr,er emissicru

strdr as AlA, FIB

Aerouautical stfitiom
Aircraft stations

Aerorautical stntions
Aircnft statioBs

6tw
400 $,r

rJlw
r00 $i

A3E srd HiE to be used olt1'ol ! O$ [IIz sod 5 690kIIa

Method of operation. Single channel simplex shall be employed

SATELLITE VOICE COMMI.'NICATION (SATVOICE)
CHARACTERISTICS

Manual on the Aeronautical Mobile Satellite (Route) Service (Doc 9925). Additional
guidance for SATVOICE systenrs is contairted in the Satellite Voicc Operations Manual
(Doc 10038), and the Performance-based Communication and Surveillance (PBCS)

Manual (Doc 9869).

4.2.1 For ground-to-air calls, the SATVOICE system shall 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 Table 2-l; and

c) aiicraft SATVOICE nunrber, which is the aircraft address expressed as an 8-

digit octal number.

4.2.2 For ground-to-air calls, the SATVOICE systeln shall bc capable of locating the

aircraft in the approptiate airspace regardless of the satellite and ground earth

station (GES) to which the aircraft is logged on.

SYSTEM
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For air-to-ground calls, the SATVOICE system shall be capable of:

a) contacting the aeronautical station via an assigned SATVOICE number,
which is a unique 6-digit number or public switched telephone network
(PSThD number; and

b) allowing the flight crew and/or aircraft system to specify the priority level for
the call as defined in Table 2-1.

Table 2-1. Priority levels for SATVOICE calls (air-to-ground/ground-to-air)

Htuityhd AdimlfuGdefny

r/EuG/Ql5
fmqwl'ftrSml)
Selhtyofflidt

Dbhssaldugmp

Fm use \' fligil crnv, wim qproFirh.
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Sddydflidt
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0ptrefimlllnr(eirdWd)
Sdctyofflid

Rrpkity of 0r#, ffimhgkd rhtiffiive
Tnelly rs@ t0 ollsbitrnil rtmfr qmhm dfoirlilud"
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FIGURES FOR FIFTEENTH SCHEDULE
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Figure 2-1. Required spectrum limits (in tcrms of mean power) for aircraft station

Trinsmitter types and for aeronauticsl station transmitters first installed before I

February, 1983
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use after I February 1983
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SIXTEENTH SCHEDULE

regulation 83 (l) and (2)

1. SELCALSYSTEM-

1.1 Where a SELCAL system is installed, the following system characteristics shall be
applied:

(a) Transmitted code. Each transmitted code shall be made up of two consecutive
tone pulses, with each pulse containing two simultaneously transmitted tones.
The pulses shall bc of 1.0 plus or minus 0.25 scconds duration, separated by
an interval of 0.2 plus or minus 0.1 second.

(b) Stability. The frequcncy of transmitted tones shall be held to plus or minus
0.15 per cent tolerance to ensurc proper oPeration ofthe airborne decoder.

(c) Distortion. The overall audio distortion present on the transmitted RF signal
shall not exceed 15 per cent.

(d) Per cent modulation. The RF signal transmitted by the ground radio station
shall contain, within 3 dB, equal amounts of the two modulating tones. The
combination of tones shall result in a modulation cnvelope having a nominal
modulation percentage as high as possible and in no case less than 60 pcr
cent.

(e) Transmitted tones. Tone codes shall be made up of various combinations of
the tones listed in the following tablc and designated by colour and letter as

indicated:

Designation
Red A
Red B
Red C
Red D
Rcd E
Red F
Rcd C
Red H

--Red-I. -
Red K
Red L
Red M
Red P
Red Q
Red R
Red S

Note l.- It shall be noted that tlu tones arc spaced by log-l 0.045 to avoid the
possibility of harmonic combinations.

Note 2.- ln accordance with the applicatiotr pt'inciplcs developed by the Sixth Session of
the Commurications Division, the only codes at prcsent used internationally are selected

from the red group.

Note 3.- The tones Red P, Red Q, Red R, and. Rcd S are applicable afier I Scptenber
1985, in accordance with 3 .2.

Frcquency (Hcrtz)
312.6
346.7
384.6
426.6
473.2
524.8
582.1
645.7
1tR I

794.3
881.0
977.2
I 083.9
| 202.3
I 333.5
t 479.1
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SEVENTEENTH SCHEDULE

Regulatiott 89(2)

EMERGENCY LOCATOR TRANSMITTER CODING

Note.- A detailed description of beacon coding is contained in specification for
COSPAS-SARSAT 406 Megahertz Distress Beacons (C/S 7.001). The foltowing
technical specifications are specific to emergency locator transnritters used in
aviation.

I. GENERAL

I .l The emergency locator transmitter (ELT) operating on 406 Megahertz shall have the
capacity to transmit a programmed digital message rvhich contains information
related to the ELT and/or the aircraft on which it is carried.

1.2 The ELT shall be uniquely coded in accordance with 1.3 and be registered with the
appropriatc authority.

1.3 The ELT digital message shall contain either the transmitter serial numbcr 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.

I '4 All ELTs shall be designed for operation with the cosPAs-SARSAT* system and
be type approved.

Note.- Transnission characteristics oJthe ELT signal can be confirnted by making
use of the COSPA.!-SARSAT Type

2, ELTCODING

2.1 The ELT digital message shall contain information relating to the message format,
coding protocol, country code, identification data and location data, as appropriate.

2-2 For ELTs lvith no navigation data provided, the short message format c/s r.001
shall be used, making use of bits I through l12. For ELTs with navigation data, if
provided, the long message format shall be used, making use of bits I through 144.

2.3 Protected data field

2.3.1 rhe prorected data field consisting of bits 25 through 85 shall be protected by an
error corecting code and shall be the portion of the message which shall be unique
in every distress ELT.

2.3.2

2.3.3

2.3.4

A message forrnat flag indicated by bit 25 shall be set to "0" to indicate the short
message format or set to "l" to indicate the long format for ELTs capable of
providing location data.
A protocol flag shall be indicated by bit26 and shall be set ro "l" for user and
user location protocols, and "0" for location protocols.
A country code. rvhich indicates the State where additional data are available on
the aircraft on which the ELT is carried, shall be contained in bits 27 through 36
which designate a three-digit decimal country code number expressed in binary
notation.
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Note.- Country codes are based on the lnternationalTelecomnunication Union
(ITU) country codes shown in Table 4 of Part I, Volurne I oJ the ITU List of Call
Signs and Numcrical ldentities.

2.3.5 Bits 37 through 39 (user and user location protocols) or bits 37 through 40
(location protocols) shatl designate one of the protocols where values "001" and

"01 l" or nool t', 'oloo', *0101", and "1000" arc used for aviation as shown in
the examples contained in this appendix.

2.3.6 The ELT digital message shall contain either the transmitter serial number or an

identification of the aircraft or oPerator as shown below'

2.3.7 In the serial uscr and serial user location protocol (designated by bit 26=l and bits

37 through 39 being'011"), the serial identification data shall be encoded in
binary notation with the least significant bit on the right. Bits 40 through 42 shall

indicate type of ELT serial identification data encoded where:

(a) ..000" indicates ELT serial number (binary notation) is encoded in bits 44

through 63;

(b) "001" indicates aircraft operator (3 letter encoded using modified Baudot
code shown in Table 5-l) and a serial number (binary notation) are encoded

in bits 44 through 6l and 62 through 73, respectively;

(c) "0ll" indicates the 24-bit aircraft address is encoded in bits 44 through 67

and each additional ELT number (binary notation) on the same aircraft is
encoded in bits 68 through 73.

Note.- States will ensure that each beacon, coded with the country code of the

State, is uniqucly coded and registered in a database. Unique coding of serialized

coded beacons can be facilitated by including the COSPAS-SARSAT Type
Approval

2.3.8 Ccrtificate Number which is a unique number assigned by COSPAS-SARSAT for
each approved ELT model, as part of the ELT message.

2.3.9 Bits 84 and 85 (user or user location protocol) or bit I 12 (location protocols) shall

indicatc any homing that may be integrated in the ELT.

2.3.10 In standard and national location protocols, all identification and location data
' 

--'-Th-all-E-€nr6dd-in-b-inarrrotation-wirh-tllE-l.rest-siElrrfiraTrbit 
fif,htJustifr6tl:-' "

The aircraft opcrator designator (3 letter code) shall be encoded in 15 bits using a

modified Baudot code (Table 5-l) using only the 5 right most bits per letter and

dropping the lcft most bit which has a value of I for letters.
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Table 5-1. Modified Baudot

Letter
Code

A,{SB LSB Figre
Code

MSB LSB

A
B
C

D
E

F

G
H
I
J

K
L
M
N
o
P

a
R
s

T
U
v
w
x
Y
z
)**

G)*I r 1000

I 1001 I
l0l I l0
r r0010
I 10000

I l0r l0
101011

10010t

l0l 100

I I I010
lllll0
l0l00l
1001 I I
l00l l0
10001 I
l0l t0l
tllr0l
l0l0r0
I 10100

100001

llll00
l01l l l
1 1 l00t
1101tl
I l0l0l
I t0001

100100

3

8

0l 1000

010000

00 r 100

00001 r

001 t0l
0l I l0r
001010

000001

0l I 100

0l 1001

0l0l I I
0l0l0l

9

0

I
4

5

7

2

6

(

MSB
LSB*=

= lnost sigrificaut bit
= least significaut bit
hlphen
space

code
EXAMPLES OF CODING
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2!

2C 27

ELT serial number

Aircraft address

3?

3a B na 73

{0 e7 08 71 71 tt

Aircraft operator designator and scrial number
26 n 3C {0 4 0t 73 71 83

Aircraft registration marking
27 30 37 ,o 8r &t 86

T: Beacon type TTT : = 000 indicates ELT serial number is cncoded;
:001 indicates operating agency and serial number are

encodcd;- 
0l I indicates 24-bit aircraft address is cncodcd.

C = Certificate flag bit I = to indicatc that COSPAS-SARSAT T1rye Approval
Certificate number is encodcd in

Bits 74 through 83 and
0 = otherwise

F = Format flag: 0 = Short Mcssage
I = Long Message

A: Auxiliary radio-locating device: 00 = no auxiliary radio-locating device
0l = 121.5 Megahertz
I I = other auxiliary radio-locating device

' 
N o t e I . - I O- bit t' a ll-0 s o r-T-aionat tts e- -

Note 2.- COSPAS-SARSAT Type Approval Certificate number in binary notatiort with
the least signilicant bit on the right, or Nalional use.

Note 3.- Serial number, in binary notalion with the least significant bil on the right, of
additional ELTs carried in the sante aircraft or default to 0s when only one ELT is
carried.

t I COU}ITRY 0 T T T c
gERIILNUUAER OATA

p0 Bns)
SEE NOTE I SEE IIOTE 2 A A

A AF Co{JNTRY 0 I T T T c ARCRAFIAOORESS
e,r BITS)

sEE NOTE 3 sEE NOIE 2

SERIAL
NUITIEER

l-,l0e0
SEE NOTE 2 A AF GOUNTRY 0 I 'I T T T c OP€RATOR}LETIER

DESEI{^TOR

0 0 A AF I COTJTITRY 0 0
ANCRAFT REGBTRANON UAFfflG (UP TO
7 AIPt|^NUMERTC CHTnACTERS) (42 BITS)
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EXAMPLE OF CODTNG (USER LOCATTON PROTOCOL)

CC = Country Code;
E = Encoded position dala source: I : Internal navigation device, 0 = External navigation
device

EXAMPLE OF CODTNG (STANDARD LOCATION PROTOCOL)

CC:
PC:

Country Code;
Protocol Code 001 I indicates 24-bit aircraft address is encoded;

0l0l indicates operating agency and serial number are
encoded;

0100 indicates ELT serial number is encoded.
SD : Supplementary Data bits 107 - I l0 = I l0l;

bit I I I : Encoded Position Data Source (l : internal; 0 =
external)

bit I l2: I = 121.5 Megahertz auxiliary radio locating device;
0 = other or no auxiliary radio locating device.

Note I .- Further details on protocol coding can be found in speci,fication for CospAS-
SARSAT 406 Megahertz Distress Beacon(C/S T.001).

Note 2. - All identification and location data are to be encoded in binary notation v'itlt
the least sigttificant bit on the rigltt exceptfor the aircraft operator designator (3 letter
code).
Note 3. - For details on BCH crrot correcting code see Specification for COSpAS-
SARSAT 406 Megahertz Distress Beacon (C/S f.001).
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EXAMPLE OF CODING (NATIONAL LOCATION PROTOCOL)

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 = I l0;
bit I l0 = Additional Data Flag describing the use of bits I l3
to 132:

I = Delta position; 0 = National assignment;

bit I l1 : Encoded Position Data Source: I : internat, 0 =
external;

bit I l2: | = 121.5 Megahertz auxiliary radio locating device;

NU = National use = 6 bits reserved for national use (additional beacon type

identification or other uscs).

Note I.- Further details on protocol coding can befound in Specificationfor COSPAS-

SARSAT 406 Megaherz 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.

Note 3.- For details on BCH en.or correcting code see Specilicatiotrfor COSPAS-

SARSAT 406 MEGAHERTZ Distress Beacon (C/S T.00 I ).

Dated the l2th June, 2018.

JAMES MACHARIA,
Cabinet Secretary lor Transport, Infrastructure, Housing and Urban Developntenl
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