DP[1] 1 »  DATA PACKET
MP1} @ - SHORT MSP

o SPI2E 0 «  LONG MSP

1 ST[2) D - CALLREQUEST

1 - CALLACCEPT

-  CLEAR REQUEST
CLEAR CONFIRMATION
- RECEIVE READY
RECEWE NOT READY

o|lwLPiNn
.

+  RESET REQUEST
3 - RESET CONFIRMATION
e - ROUTE

- INTERRUPT

2 = MULTIPLEX
5S[2] 0 - INTERRUFPT CONFIRMATION
1 » REJECT

2 <«  UNASSIGNED
3 » UNASSIGNED

Figure 5-23. Control fields used in MODE S packets



SCHEDULE 5

(Regudation 52(2}, (4), 53(1),(2),(3), (4),(5), (6), 54(1), 55, 56, 57, 58, 59, 60(1), (2), 61,
62(1), (2}, 63, 64(1), (2), (3), (4}, 65(1)(8). (2), (3))

VHF AIR GROUND DIGITAL LINK (VDL)

1. SYSTEM CHARACTERISTICS OF THE GROUND INSTALLATION FOR VHF
AIR-GROUND DIGITAL LINK

1.1 Ground station transmitting function

1.1.1  Frequency stability. The radio frequency of VDL ground station equipment operation
shall not vary more than plus or minus 0.0002 per cent (2 paris per million) from the
assigned frequency.

Note. — The frequency stability for VDL ground stations using DSB-AM maodulation
is specified in Fifteenth Schedule for 25 kHz channel spacing.

1.2 Power

The effective radiated power shall be such as to provide a field strength of at least 75 microvolts
per metre (minus {09 dBW/m?2) within the defined operational coverage of the facility,
on the basis of free-space propagation.

1.3 Spurious emissions

1.3.1 Spurious emissions shall be kept at the lowest value which the State of the technique
and the nature of the service permit.

Note. — Appendix 53 to the Radio Regulations specifies the levels of spurious emissions
to which transmitters must confor,

1.4 Adjacent channel emissions

{.4.1 The amount of power from a VDL ground transmitter under all operating conditions
when measured over the 25 kHz channel bandwidth of the first adjacent chanuel shall
not exceed 0 dBm.

14,1.1 After Ist January, 2002, the amount of power from all new installations of a VDL
: ground transmitter under all operating conditions when measured over the 25 kHz
channel bandwidth of the first adjacent channel shall not exceed 2 dBin,

142 The amount of power from a VDL ground transmitter under all operating conditions
when measured over the 25 kHz channel bandwidth of the second adjacent channel
shall be less than minus 25 dBm and from thereon it shall monotonicalty decrease
ai the minimum rate of 5 dB per octave to a maximum value of minus 52 dBm.

1.4.2.1 After Ist January, 2002, the amount of power from all new installations of a VDL
ground transmitter under all operating conditions when measuyed over the 25 kHz
channel bandwidth of the second adjacent channel shall be less than minus 28 dBm,



1422 After Ist January, 2002, the amount of power from all new installations of a VDL
ground fransmitter under al! operating conditions when measured over the 25 kHz
channel bandwidth of the fourth adjacent channel shall be less than minus 38 dBm,
and from thereon it shall monotonically decrease at the minimuom rate of 5 dB per
octave to a maximum value of minus 53 dBm.

143 The amount of power frem a VDL ground transmitter under all operating cgtiditions
when measured over a 16 kHz channel bandwidth centred on the first adjacent channel
shall not exceed minus 20 dBm.

1.4.3.1 After 1st January, 2002, the amount of power from all new installations of a VDL
ground transmitter under all operating conditions when measured over a 16 kHz
channel bandwidth centred on the first adjacent channel shall not exceed minus 18
dBm.

1.44 After 1st January, 2005, all VDL ground transmitters shall meet the provisions of
14.1.1,142.1,1422 and { 4.3.1, subject to the conditions of 1.4.5,

1.4.5 Requircments 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 the implementation timescales. The agteements shall provide at least two years’
notice of mandatory compliance of ground systecms.



SCHEDULE 6
{Regulation 57, 58, 59, 60(1}, (2), 61,62(1),{2), 63, 64(1), (2),(3), (4}, 65(1) (g), (2), (3)}
VHF AIR GROUND DIGITAL LINK (VDL)

1. SYSTEM CHARACTERISTICS OF THE AIRCRAFT INSTALLATION FOR
VYHFE AIR-GROUND DIGITAL LINK

1.1 Frequency stabifity. The radio frequency of VDL aircraft equipment shall not vary mote
than plus or minus 60,0005 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 microvolts per metre (minus 120 dBW/m?2) 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 lowest valuc which the State of the technigue
and the npature of the service permit.

Note. — Appendix 83 to the Radio Regulations specifies the levels of spurious eniissions
to which transmitters must conform.

1.4 Adjacent channel enissions

14.1 The amount of power from a VDL aircraft transmitter under all operating conditions
when measured over the 25 kHz channel bandwidth of the first adjacent channel
shall not exceed 0 dBm.

14.1.1 After {st January, 2002, the amount of power from all new instatlations of a VDL
aircraft transmitter under all operating conditions when measured over the 25 kHz.
channel bandwidth of the first adjacent channel shall nat exceed 2 dBm,

142 The amount of power from a VDL aircraft transmitter under all operaling conditions
when measured over the 25 kHz channel bandwidth of the second adjacent channel
shall be Jess than minus 25 dBm and from thereon it shall monotounically decrease
at the minimum rate of 5 dB per octave to a maximum valve of minus 52 dBm.

1.4.2.1 After Ist January, 2002, the amount of power from all new installations of a VDL
aircraft transmitter under all operating conditions when measured over the 25 kHz
channel bandwidth of the second adjacent channel shall be less than minus 28 dBm.

1.4.2.2 After 1st January, 2002, the amount of power from all new installations of a VDL
aircraft transmitter under all operating conditions when measured over the 25 kHz
chaonel bandwidth 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.



1.4.3 The amount of power from a YDL aircraft transmitter under all operating conditions
when measured over a 16 kHz channel bandwidth centred on the first adjacemt channef
shall not exceed minus 20 dBm.

1.4.3.1 After Ist January, 2002, the amount of power from all new installations of a VDI,
aircraft transmitter under all operating conditions when measured over a 16 kHz
channel bandwidth centred on the first adjacent chaunel shall not exceed minus 18 dBm.

144  After st January, 2005, all VDL aircraft transmitters shall meet the provisions of
14.1.1,14.2.1,14.2.2 and 1.43.1, subject to the conditions of 1.4.5.

1.4.5 Reguirements 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
the implementation timescales, The agreements shall provide at least two years’ notice
of mandatory compliance of aircraft systems.

1.5 Receiving function

1.5.1 Specified error rate. The specified error rate tor Mode 2 operation shall be the maximum
corrected Bit Eiror Rate (BER) of { in 104, The specificd error rate for Mode 3 operation
shall be the maximumn uncorrected BER of 1 in 103. The specified error rate for Mode
4 operation shall be the maximum uncorrected BER of 1 in 104,

Note. — The above physical luyer BER requtirements are derived from the BER
requirement imposed by ATN at the sub-network interface,

[.5.2 Sensitivity. The receiving function shall satisfy the specified error rate with a desired
signat strength of not more than 20 microvolts per metre (minus 120 dBW/m2),

Note.— The required signal strength ai the edge of the service volume takes into
acconnt the requirements of the system and signal losses within the system, and considers
envirommental noise sources.

1.5.3  Ouwr-of-band inmumity performance. The receiving function shall satisty the specified
error rate with a desired signal field strength of not more than 40 microvolts per metre
(minus |14 dBW/m2) and with an wndesired DSB-AM D8PSK or GFSK signal on the
adjacent or any other assignable channel being at least 40 dB higher than the desired signal,

{.5.3.1 After st January, 2002, the receiving function of all new instaliations of VDL shajl
satisfy the specified error rate with a desired signal field strength of not more than 40
microvolts per metre (minus 114 dBW/m2) and with an undcsired VHF DSB-AM,
DBPSK or GFSK signal at least 60 dB higher than the desired signal on any assignable
channel 100 kHz or more away from the assigned channel of the desired signal,

Note. — This level of interference innnunity performance provides a receiver performance
consistent with the influence of the VDL RF spectrum mask as specified in 1 4 with
an effective isolation transmifterfreceiver isolation of 69 dB. Better transmitter and
receiver performance conld result in less isolation vequired. Guidance material on the
measurement technigeee is inchuded in the ICAO Handbook on Radio Irequency Spectrimt
Reqguirements for Civil Aviation including statement of Approved ICAO Policies (Doc
9718).



{.5.3.2 After 1st January, 2005, the receiving function of all installations of VDL shall meet
the provisions of 1.5.3.1, subject to the conditions of 1.5.3.3.

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.

1.5.4 INTERFERENCE IMMUNITY PERFORMANCH

1.5.4.1 The receiving function shall satisfy the specified error rate with a desired field strength
of not morc than 40 microvolts per metre, and with one or more out-of-band signals,
except for VHF FM broadcast signals, having a fotal level at the receiver input of minus
33 dBm.

Note. — In areas where adjacent higher band signal interference exceeds this specification,
a higher immunity requiremment 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 one or more VHF FM broadcast
sighals having a total Jevel at the receiver input of minus 5 dBm,



SCHEDULE 7
{Regulation 58 and 59)

VHF AIR GROUND DIGITAL LINK SYSTEMS

1. PHYSICAL LAYER PROTOCOLS AND SERVICES

The aircraft and ground stations shall access the physical medium operating in simplex maode,

1.1 TFunctions

1.1.1 The physical layer shall provide the following functions:

{r) transmitter and receiver fiequency control;
(&) digital reception by the receiver;

(¢) digital transmission by the transmitter; and
{d) notification services

1.1.1.1

1112

1.1.1.3

Transmitteriveceiver frequency control, The VDL physical layer shall set the trapsmitter
or receiver {requency as commanded by the link management entity (LME),

Noie: The 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 laycrs for processing.

Digital transmission. The VDL physical layer shall appropriately encode and transmit
information received from higher layers over the RF channel.

1.2 Modes 2 and 3 common physical layer

121

1211

Modulation scheme. Modes 2 and 3 shall use differentially encoded & 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 symbaol
(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 encoding. 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 + 1 form Y, and bits 3n + 2 form Z. The triplet at time k (Xx, Y, Zx) shall



be converted 1o a change in phasc as shown in Table 6-1*, and the absolute phase
@k is the accumulated series of Agy, that is;

Ok = Pi-1 + A

Table 6-1 Modes 2 andd 3 data encoding

Xy Yy Zy Ady
0 0 ¢ On/4
0 0 1 Irid
0 1 1 2n/4
0 1 0 3n/4
i 1 0 4n/l4
1 i 1 5n/4
1 0 1 6n/4
1 0 0 Tnid

1.2.1.2 Transmitted signal form, The phase-modulated baseband signal as defined in
1.2.1.1 shail excite the pulse shape filter.

S0 =X 1 .t~ kT,)

where:

h is the complex impulse response of the pulse shape filter;
k is defined in 1.2.1.1;

@ is defined by the equation in 1.2.1.1;

t is time;

Ts is titne duration of each symbol

The output (function of time) of the pulse shape filter (s(f)) 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 10 500 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 modulatien stability

Airceaft Modulatior Gronad Modulation
VDL Mode Stability Stability
Mode 2 + 0,0050 per cent +0.0050 per cent
Mode 3 + 0.0005 per cent % (0.0002 per cent

1.3 Mode 2 specific physieal layer
Note— The Mode 2 specific physical layer specification incliides a description of
the Made 2 training sequeiice, forward error corvection (FEC), interleaving, bil
scrambling, chawnel sensing, and physical layer system parameters.

1.3.1  To transmit a sequence of frames, a stafion 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), interleave
(per 1.3.1.3), prepend the training sequence (per 1.3.1.1), catry out bit scrambling
(per 1.3.1.4} and finally encode and modulate the RF signal (per 1.2.1).

1.3.1.1 Training sequence, Data transmission shall begin with a demodulator training
sequence consisting of five segments;

{a) transmilter ramp-up and power stabilization;
(b) synchronization and ambiguity resojution;
(¢) reserved symbol,
(d} transmission fength; and
{(e) header FEC.
Note. - Immediately afler these segments follows an AVLC frame with the format

as contained in the data link service description in the Manual on VDL Mode 2
Teclmical Specifications.



1.3.1.1.1 Transmitter ramp-up and power sfabilization. The purpose of the first segment
of'the training sequence, called the ramp-up, is to provide for transmitter power
stabilization and receiver AGC scttling, and it shall immediately precede the
fitst symbol of the unique word. The duration of the ramp-up shall be five
symbol pertods. The time reference point (t), for the following specification is
the centre of the first unique word symbol, a point that occurs half a symbol
period afler the end of the ramp-up. Conversely Stated, the beginning of the
ramp-up starts at t = -5.5 symbol periods. The transmitted power shall be less
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 transmitted power is 90 per cent of the
manufacturer’s Stated output power or greater (see Figare 6-1). Regardless of
the method vsed to implement (or truncate) the raised cosine filter, the outpug
of the transmifter between times t = 3.0 and t = -0.5 will appear as if ‘000
symbols were transmitted during the ramp-up period.

FPowez al 30 per cent
byi=-3

Major divisions are Centre of first symbok of unique word
symbol periods

Figure 6-1 Transmitter power stabilization

Note. 1.— For Mode 3, the timing reference point is the same as the “power
reference point”,

Note 2.— It is desirable to maximize the time allowed for the AGC settling time.
Efforts shall be made to have power above 90 per cent of nominal output power at
{— 3.5 symbol periods.

1.3.1.1.2 Synchronization and ambiguity resolution, The second segment of the training
sequence shall consist of the unique word:

000010011 110000 001 101 110001 100011 111101 111 100 010

and shall be transmitted from left to right.



1.3.1.1.3 Reserved symbol. The third segment of the training sequence shall consist of
the single symbol representing 000,

Notc.— This field is reserved for future definition.

1.3.1.{.4 Transmission length. To allow the receiver to determine the length of the final
Reed-Solomon block, the fransmitter shall send a [7-bit word, ftom least
significant bit (Isb) to most significant bit (imsb), indicating the total number of
data bits that follow the header FEC

Note.— The length does not include those bits transmitted for: the Reed Solomon
FEC, extra bits padded to ensure that the intevieaver generaies an integral number
of 8-bit wards, or the extra bifs padded to ensure that the data encoder generates
an integral number of 3-bit symbols.

1.3.1.1.5 Header FEC. To correct bit errors in the header, g (25, 20) block code shall be
compuicd over the reserved symbol and the transmission length segments, The
block code shall be iransmitted as the fifth segment. The encoder shall accept
the header in the bit sequence that is being transmiitted, The five parity bits to
be fransmitted shall be generated using the following equation:

Py, ...Ps]={Ry,...,Rs, TLy, ..., TLyy] H'
where:

P is the parity symbol {P1 shall be transimitted first);
R is the reserved symbol;

TL is the transmission Length symbol;

T is (he matrix transposc function; and

H is the parity matrix defined below:

i
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1.3.1.1.6  Bit transmission order, The five parity bits of the resultant vector product shall
be transmitted from the left bit first.

1.3.1.2 Forward error correction. In order to improve the effective channel throughpu! by
reducing the number of required retransmissions, FEC shall be applicd after the
training sequence, regardless of frame boundarics,

£.3.1.2.1 FEC calculation, The FEC coding shall be accomplished by means of a
systematic fixed-length Reed- Solomon (RS) (255,249) 2%..ry code.



Note [: This code is capable of correcting up to three octets for data blocks of 249
octets (1992 bits). Longer transmissions must be divided up into 1992 bit
transmissions and shorter transmissions must be extended by virtual fill with
trailing zeros. Six RS-check octets are appended for a total block of 255 octets.

The field defining the primitive polynomial of the code shall be as follows:
pE=03 "+t e x4 1)

The generator polynomial shall be as follows:

125

1_[ (x—o.i)

i=120
where:

« is a primitive element of GF (256);
GF (256) is a Galois field (G17) of size 256.

Note 2! The Reed-Solomon codes are described in the vecomniendation for Space
Data System Standards Telemetry Channel Coding, by the Consuftative Commitiee
Jor 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 of shorter 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 ot fewer non-fill octets, no etror
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 onty 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.Twa~byfe error corvection. For blocks with 31 to 67 non-fill octets, all six RS-
check octets shall be generated, but only the first four shall be transmitted. The
last two RS-check octets shail be treated as erasures at the decoder,

1.3.1.2.3.3 Three-byte error correction. For blocks with 68 or more non-fill octets, all six
RS-check octets shall be generated and transimitted.

1.3.1.3 Interfeaving. 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 ¢ rows, where :



transmission length (bits)
1992 (bits)

c =

where:
(a) the transmission length is as defined in 1.3.1.1.5; and

(h) c = the smallest intcger greater than ot cqual to the value of the fraction.

After extending the data to an even muitiple of 1992 bits, the interleaver shall write
the transmission sirecam into the first 249 octets of each row by taking each
consecutive group of eight bits and storing themn from the first column to the 249th,
The first bit in cach 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 erasures) shall be stored in columns 250 through 255. The interleaver shall then
pass the data to the scrambier by reading out column by columy, skipping any octet
which contains erasures or all fill bits, All of the hits in an octet shall be transmilled
from bit 8 fo bit I.

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.

1.3.1.4 Bit scrambling. To aid clock recovery and to stabilize (he shape of the transmitted
spectrum, bit scrambling shali be applied. The pseudo noise (PN) sequence shall
be a 15-stage generator (sec Figure 6-2) wilh the characteristic polynomial;

XP+x+1

The PN-sequence shall statt after the frame synchronization pattern with the initial
value 1101 0010 1011 001 with the leftimost 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 side
(scrambling) and to the scrambled data at the receive side (descrambling) per Table
6-3.



Table 6-3 Scrambler function

Function Datain Data out
scrambling clean data scrambled data
descrambling scrambled data clean data
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Figure 6-2 PN genergtor for bit scrambling

Note: The concept of a PN scrambler is explained in ITU-RS.446-4, Amnex 1,

Section 4.3.1, Method 1}.

13.2 MODE 2 CHANNEL SENSING

1.3.2.1 Chammel busy fo idle detection. When a station receives on-channel power of at

tcast —87 dBm for at lcast 5 milliseconds, then:

(a) with a likelihood of 0.9, it shall continue to consider the channel occupied
if the signal level is attenuated to below -92 dBm for lcss than 1 millisecond,

and

() with a likelihood of 0.9, it shall consider the channel unoccupied if the
signal level is attenuated to below —92 dBBm for at keast 1.5 miiliseconds.



Note.— The maximum link throughpui available to all nsers is highly sensitive to the RF
chamel sense delay (from the time when the channel actually changes State until a station
detects and acts on that change) and RF channel seizure delay (from the time when a
station decldes to transmit until the transmitter is sufficiently ramped up to lack out other
stations). Accordingly, it is imperative that all efforts are made fo redce those times 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 ! 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 miltiseconds.

Note. — A higher probubility of fulse alarm is acceptable on the idle to busy detection
than the busy to idle detection becanse of the effects of the twa different ervors.

1.3.3 MOBDE 2 RECEIVER/TRANSMITTER INTERACTION

1.3.3.1 Receiver to transmitter turnaround fime. A station shall transmit the training
sequence such that the centre of the first symbol of the unique word will be
transmitted within 1.25 milliseconds after the result of an access aftempt is
successtul (see Figure 6-3). The total frequency change during the transmission
of the unique word shall be less than 10 Hz. After transmission of the unique
word, the phase acceleration shall be less than 500 Hz per second.

Cument Accoss
receplion allempt - 80 per oenl power, corresponds 1o lime -3
completes oOCUSS & ({see Figure 6-1)

\ | |

I |
______ ___t A\bmssec
M
125 msec

Figure 6-3 Receive to transmit turnaround fime



1.3.3.2 Transmitter to receiver turnaround time. 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 lcakage when the transmiller is in the “off” State shall be less
than —83 dBm. A station shall be capable of recciving and demodulating with
nominal performance, an incoming signal within 1.5 milliseconds after
transmission of the final information symbol.

Note: Reference DO-160D section 21, category H for antenna radiated signals.
1.3.4 MODE 2 PHYSICAL ILAYER SYSTEM PARAMETERS
1.3.4.1 The physical layer shall implement the system parameters as defined in Table 6-4,

Table 6-4 Physical services system parameters

Symbol Parameter name Mode 2 value

Pi Minimue tragsmission {ength 131071 bits

1.34.1.1 Parameter P! {(minimum fransmission length). Parameter P! defines the
minimum fransmission length that a receiver shall be capable of demodulating
without degradation of BER.

14  Mode 3 specific physical layer

Note; The Mode 3 specific pliysical layer specification includes a description of Mode 3
management (M} burst and handoff check message (H) burst uplink, M burst downlink,
voice/data (V/D) burst, and bit scrambling.

1.4.1  Management (M) burst and handoff check nressage (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
Made 3 Technical Specificaions) shall consist of three segments, the training
sequence followed by the handoff check message and the transmitter ramp down,

1.4.1.1 Iraining sequence. Uplink M burst and IT burst training sequences shall consist of
two components as follows:
(a) transmitter ramp up and power stabilization; and

(b)  synchronization and ambiguity resolution,

1.4.1.1.1  Transmitter ramp-up and power stabilization. This shall be as defined in
section 1.3.1.1.1.



L4.1.1.2  Synchronization and ambiguity resolution. The second component of the
training sequence shall consist of the synchronization sequence, known as S2%,
as follows:

000 001 101 100 110010 111 100010011 10000 111 0GD 011 0O1
and shall be transmitted fron: left to right,

Note: The sequence S2% is very closely related to the sequence §2 (Section 1.4.3.1.2). The
{3 phase changes hetween the 16 symbols of S2* are each exactly 1800 ot of phase from
the 15 phase changes associated with 82. This relationship can be used to simplify the
process of simuliancously 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) sysiem data shali consist
of 32 transmitted symbols. The 96 transmitted bits shall include 48 bits of
information and 48 parity bits, generated as 4 Golay (24, 12) code words. The 3T
configuration as contained in the Manuval on VDL Mode 3 Techinical Specifications
shall consis( of 128 transmiticd symbols, The 384 {ransmilted 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 fransmitted
symbaols. The 120 transtnitted 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 12 bit input bit sequence is written as a row
vector x, then the 24 bit output sequence can be written as the row vector y, where
y = x (3, and the matrix G shall be given by

00011060006000002¢0
1001010000000000
01010010000600000
1011000100000000
11000000100G00000
011060000061000000
i1011000000100000
110000000001 0000
1110000000001000
1111060600000001900
01108000600000010
0011000000000001

_ s D 0D e e e (D )
Qo DD e D b e i et
O D e DO s et e e e O
S e e (D e e e D0 O e
bt D ek d e D D D e e O
L e Y e - B e B -
e D e O e D e e m DO s
OO = D e = D

Note.— The extended Golay code allows for the correction of any error patiern with 3 or
Jewer bit ervors 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
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periods of the middle of the final symbo! of the burst. The transmitter power
leakage when the transmitter is in the “off” State shall be less than -83 dBm,

Note. — Reference RTCA/DQ-1601) section 21, category H for anterma radiated signals.
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 followed by the system data and the transmitter ramp down,

1.4.2.1 Training sequence. The M downlink burst training sequence shall consist of two

components as follows:
(w) transmitter ramp vp and power stabilization; and

{h} synchronization and ambiguity resolution.

1.4.2.1.1  Transmifter ramp-up and power stabilization. This shall be as defined in

1.4.1.1.1,

1.42.1.2 Synclronization and ambiguity resolution. Three separate synchronization

sequences shall be used for this burst type. The standard sequence, known as
S1, shall be as follows:

000 111001 001 010 110000011 100 110011 111 010 161 100 161

and shall be transmitted from lefl to right. The special sequence used lo identify
poll responses shall be as defined in 6.4.4.1.1.2,

The special sequence used to identify net entry requests (S1%) shall use the
following sequence:

000001 111 111 100000 110 101 G10 Q00 101 001 160011 010011
and shall be transmitted from left to right.
Note.— The sequence S1* is very closely related to the sequence S1. The 15 phase changes
between the 16 symbols of S1% are each exactly 1800 out of phase fiom the 15 phase

changes associated with S1. This relationship can be used to simplify the process of
simtiltaneously searching for both sequences.

1.4.2.2 System data. The system data segment shall consist of 16 transmitted symbois, The

48 transmitted 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 the
(24, 12} Golay code words shouid! be as defined in 1.4.1.2

1.4.2.3 Transmitter ramp-down. This shall be as defined in 1.4.1.3.



1.43  Voice or data (V/D) birst. The V/D burst (as contained in the Manual on VDL
Mode 3 Technical Specifications) shall consist of four segments: the fraining
sequence followed by the header, the user information segment and the transmitter
ramp down., The same V/D burst format shall be used for both uplink and downlink,

1.4.3.]1 Training sequence. V/D burst training sequence shalt consist of two components
as follows: E

(cf) transmitter ramp-up and power stabilization; and
{e) synchronization and ambiguity resolution,

14.3.1.1 Trausmirtter ramp-up and pawer stabilization. This shall be as specified in
14.1.1.1.

1.43.1.2  Synchronization and ambiguity resofution. The second component of the
iraining sequence shall consist of the synchronization sequence, known as 52,
s follows:

000 111 011 010 000 100001 010 100 101011 110001 110 101 111
and shall be transmitted from left to right.

1.4.3.2 Header. The header segment shall consist of 8 transmitted symbols. The 24
transtnitted bits shall be encoded as 12 bits of header information and 12 parity
bits, generated as a single (24, 12) Golay code word. The encoding of the (24, 12)
Golay code word shall be as defined in 1.4.1.2,

1.4.3.3 User information. The user information segment shall consist of 192 3-bit symbais.
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 10-3 (with a design goal of 10 2). The overall bit rate of the
vocoder including FEC is 4 800 bits/s (except when in the truncated mode in which
the bit rate is 4 000 bits/s).

1.433.1 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:

in )
H (x—0')

i=l20



Note— The Reed-Solomon (72, 62) code is capable of correcting up to five 28-ary
(code word) symbol ervors in the received word,

1.4.3.4 Transmitter ramp-down. This shall be as defined in 1.4.1.3.
1.4.4 Interleaving. There shall be no interleaving in Mode 3 operation,

1.4.5 Bit scrambling. Under Mode 3 operation, bit scrambling, as specified in 1.3.1.4
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 bussts.

1.4.6  Receiver/transmilter interaction. The switching times in this subsection swill be
defined as the time between the middle of the last information symbol of one burst
and the middle of the lirst symbol of the synchronization sequence of the
subsequent burst.

Note.— This nominal time will be shortened by considerations stch as the finite width of
each symbol due fo Nyguist filtering and the ramp up and power stabilization sequence,
Swch alternative definitions could yield switching times up to 8 symbol periods shorter.

1.4.6.1 Receiver fo transmilter swifching time. An aircrafl radio shall be capable of

switching from reception to transmission within 17 symbol periods. This time can

.berelaxed to 33 symbol periods for aircraft radios which do not functions requiring
discrete addressing.

Note {.—— The shortest R/T switching time for an aircraft radio occis when the reception
of an uplink M channel beacon is followed by a V/1) transmission in the same slot. In
certain instances where aircraft radios do not implement functions requiving discrete
addressing, the R/T switching time can be increased since the last two Golay words of the
uplink M channel beacon need not be read.

Note 2— The minimum furnaround time assumes that in configurations 3ViD, 2VID, and
3T {(as contained in Section 55.2.4 of the Manual on VDI Mode 3 Technical
Specifications), the aircraft radios will be provided with software that will prevent them
Srom transmiiting a downlink M channel message in a slof following the reception of a
voice message from another aircrafl with a tong time defay.

1.4.6.2 Transmiitter to receiver switching time. An aircraft radio shall be capable of
switching from transmission to reception within 32 symbol periods.

Note.— The worst case T/R switching time for an aireraft radio occurs when it transmits
a downlink M charinel message and veceives a V/D message in the same slot,

1.4.7 Fringe coverage indication

1.4.7.1 Indication of near cdge-of-coverage shall be provided to the VDL Mode 3 aiccraft.



SCHEDULE 8
(Regulation 53(1), (2), (4}, (5), (6), 535, 56, 57, 58 and 59)
VHF AIR GROUND DIGITAL LINK SYSTEMS
1. LINK LAYER PROTOCOLS AND SERVICES
1.l  General information
1.1.1 Functionality. The VDL link layer shall provide the following sub layer functions:

(@) media access control (MAC) sub fayer, which requires the use of the carrier sense
multiple access (CSMA) algorithm for Mode 2 or TDMA for Mode 3;
(&) adata link service (DLS) sub layer;
1) for Mode 2, the DLS sub layer provides connection-oriented point-to-point
links using data fink entities (DLE) and connectionless broadcast link over the
MAC sub layer; and
2) for Mode 3, the DLS sub layer provides acknowledged connectionless point-
to-point and point-to-multipoint links over a MAC sub layer that guarantces
sequencing; and
{¢) a VDL management entity (VME), which establishes and maintains DLLs between
the aircraft and the ground-based systems using link management entitics (LME).

1.1.2 SERVICE

1.1.2.1 Connection-oriented. The VDL Mode 2 link layer shall provide a reliable point-to-
point service using a connection-oriented DLS sub layer.

1.1.2.2 Comnectionless. The VDL Mode 2 and 3 link layess shall provide an unacknowledged
broadcast service using a connectionless DLS sub layer.

1.1.2.3 Acknowledged connectioniess. The VDL Mode 3 Jink layer shall provide an acknowledged
point-to-point service using a connectionless DLS sub layer that relies upon the MAC
sub layer to guarantee sequencing.

12 6.5.2 MAC sub layer

1.2.1 The MAC sub layer shall provide for the fransparent acquisition of the shared communications
path. Tt makes invisible to the DLS sub layer the way in shich supporling communications
resources are utilized to achieve this.

Naote: Specific MAC services and procedures for VDL Modes 2 and 3 are contained in
the Munuals on VDL Mode 2 and VDL Mode 3 Teclnical Specifications.

1.3 Data link service sub layer

1.3.1 For Mode 2, the DLS shall support bit-oriented simplex alr-ground communications
using the aviation VHF link control (AVLC) protocol.



Note: Specific data link services, parameters and profocol definitions for VDL Mode 2
are contained in the Mamuial on VDL Mode 2 Technical Specifications.

1.3.2 For Mode 3, the DLS shall support bit-oriented, priority based, simplex air-ground
communications using the acknowledged conncetiontess data link (A-CLDL) protocol.

Note: Specific data link services, parameters and protocol definitions for VDL Mode 3
are contained in the Manual on VDL Mode 3 Technical Specifications.

1.4 VDL management entity

14.1 Services. The VME shall provide link establishment, maintenance and disconnection
services as well as support parameter modification, Specific VME services, parameter
formats and procedures for Modes 2 and 3 are contained in the Manuals on VDL Made
2 and Mode 3 Technical Specifications.



SCHEDULE 9
{Regulation 53 (1), (2), (4}, (5), (6}, 35, 56, 57, 58 und 59)

VHF AIR GROUND DIGITAL LINK SYSTEMS

i. SUB NETWORK LAYER PROTOCOLS AND SERVICLES

1.1 Architecture for Mode 2

1.1.1

12

1.2.1

The sub network layer protocol used across the VHE air-ground sub network for VI, Mode
2 is referred (o formally as a sub network access protocol (SNAcP) and shall conform to
ISQ 8208, except as contained in the Manual on VDL Mode 2 Technical Specifications.
The SNAcP is contained within the Manual on VDL Mode 2 Technical Specifications as
the sub network protacol. 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, On 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: Specific sub network layer profocol access points, services, packe! formats,
parameters and procedures for VDL Mode 2 are contained in the Mannal on VDL
Mode 2 Technical Specifications.

Architectare for Mode 3

The sub network layer used across the VIIF air-ground sub network for VDI Mode 3
provides the flexibility to simultaneously support multiple sub network protocols. The
cuerently defined options are to support ISO 8473 connectionless network protocol and
to support 18O 8208, both as contained in the Manual on VDI, Mode 3 Technical Specifications.
The Manual on VDL Mode 3 Technical Specifications shall have precedence with
respect (o any differences with the cited specifications. For the ISO 8208 interface, both
the air and ground sub network entities shall act as DCEs.

Note: Specific sub nemwork layer protocol access points, services, packet formats, pavamerers
and procedures for VDL Made 3 are cantained in the Mcanual on VDL Mode 3 Technical
Specifications,



SCHEDULE 10
(Regidation 57(b), 64(1), (2),{3), 65(1)(g), (2),(3))
VDLMODE 4
1. Physical layer protocols and services

Note: Unless otherwise Stated, the requirements defined in this section apply to both mobile
and ground stations,

1.1 PUNCTIONS
1.1.1 TRANSMITTED POWER

1.L.1.1 Airborne instailation. 'The effective radiated power shall be such as to provide
a ficld strength of at least 35 microvolts per mefre (minus 114.5 ABW/m?2)
on the basis of free space propagation, at ranges and altitndes appropriate to
the conditions pertaining to the areas over which the ajicraft is operated,

1.1.1.2 Ground installation.

The effective radiated power shall be such as to provide a ficld strength of
at least 75 microvolts per metre (minus 109 dBW/m2) within the defined
opcrational coverage of the facility, on the basis of free-space propagation,

1.1.2 TRANSMITTER AND RECEIVER FREQUENCY CONTROL

1.1.2.1 The YDL Mode 4 physical layer shall set the transmitter or receiver frequency
as commanded by the link management entity (LME). Channel selection
time shall be less thar [3 ins after the receipt of a command from a VS8 user.

1.1.3 DATA RECEPTION BY RECEIVER

1.1.3.1 The receiver shall decode input signals and forward them to the higher layers
for processing.

1.1.4 DATATRANSMISSION BY TRANSMITTER

1.1.4.1 Data encoding and transmission. The physical layer shall encode the data
received from the data link layer and transmit it aver the RF channel. RF
transmission shall take place only when permitted by the MAC,

1.1.4.2 Order of wansmission. The transmission shall consist of the foliowing stages
in the following order:
(@} transmitter power stabilization;
(b} bit synchronization;
{¢y ambiguity resolution and data transmission; and
(¢} transmitter decay.

Note: The definitions of the stuges are given in Sections 1.2.3.1 10 1.2.34.



1.1.4.3 Auiomatic fransmitter shutdown. A VDL Mode 4 station shall automatically
shut-down power to any finaj stage amplifier in the event that output power
from that amplifier exceeds =30 dBm for more than 1 second. Reset to an
operational mode for the affected amplifier shall require &« manual operation,

Note: This is {mtended to protect the shared channel resonrce against so-cafled

“stuck transmiiters” . -
£.1.5 NOTIFICATION SERVICES

1.1.5.1 Signal guality. The operational parameters of the equipment shali be moni-
tored at the physical Iayer. Signal quality analysis shall be performed in the
demodulator process and in the receive process.

Note: Processes that may be evaluated in the demodulator include bit error rate
(BER), signal to noise ratio (SNR), and timing jitter. Processes that may be
evalnated in the receiver include received signal level and group delay.

1.1.5.2 Arrivaf time. The arrival time of cach reccived transmission shall be measured
with a two-sigma error of 5 microseconds.

1.1.5.3 The recciver shall be capable of measuring the arrival time within a two-
sigma exror of 1 microsecond.

1.2 PROTOCOL DEFINITION FOR GFSK

1.2.1 Modulation scheme. The modulation scheme shall be GESK, The first bit transmitted
(in the training sequence} shall be a high tone and the transmitted tone shall be
toggled before transmitting a O (i.e. non-tetuin to zero inverted enceding).

1.2.2 Madularion rate. Binary ones and binary zeros shall be generated with a modulation
index of 0.25 + 0.03 and a BT product of 0.28 + 0.03, producing data transmission
at a bit rate of 19 200 bits/s + 50 ppm.

1.2.3 STAGES OF TRANSMISSION

{.2.3.1 Transmitrer 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 power level at the end of the transmitter power stabilization
segment.

1.2.3.2 Bit synchronization. The second segment of the fraining sequence shall be
the 24-bit binary sequence 0101 0101 G{G1 0101 0101 0101, transmitted
from left to right immediately before the stast of the data segment.

1.23.3 Ambiguity resolution and data transmission. The transmission of the first bit
of data shall start 40 bit intervals {approximately 2 083.3 microseconds) + |
microsecond after the nominal stait of transmission.



Note 1: This is referenced to emissions ai the output of the antenna.
Note 2 Ambiguity resolution is performed by the link layer.

1.2.3.4 Transmitter decay. The transmitted 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 within 832 microseconds after
completing a transmission.

[.3 CHANNEL SENSING

1.3.1 Estimation of noise floor. A VDL Mode 4 station shall estimate the noise floor based
on power measurements of the channel whenever a valid training sequence has not
been detected.

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 of the means
to delermine the State of the channel (idle or busy). One algorithin that can be used
to estimate the noise floor is described in the Manual on VDL Mode 4 Technical
Specifications.

1.3.3 Channel idie 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.

1.3.3.1 Detection of a naining 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 Measirremment 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 lcast a 95 per cent probability within 1 ms after
on channel power rises to the equivalent of at least four times the estitnated
noise floor for at least 0.5 milliseconds.

1.3.4 CHANNEL BUSY TO IDLE DETECTION

1.3.4.1 A VDL Mode 4 station shall employ the following meaas (o determiine the channel
busy to idle transition.

1.3.42 Measurenent of fransimission 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 Statc based on measurement of
channel 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 beiow the equivalent of twice the
estimated noise floor {or at least 0.9 milliseconds.



[ 4 RECEIVER/TRANSMITTER INTERACTION

14.1 Receiver to transminter trnaround time, A VDL Mode 4 station shall be capable of
beginning the transmission of the transmitter power stabilization sequence within 16
microseconds after terminating the receiver function.

14.2 Frequency change during transmission. The phase acceleration of the carrier from
the start of the synchronization sequence to the data end flag shall be less than 300
Hz per second,

143 Transmitter to receiver turnaronnd time. A YDL, Mode 4 station shall be capable of
receiving and demodulating with nominal performance an incoming signal within |
ms after completing a transmission.

Note: Nominal performance is defined as a bit error rate (BER) of 10,



1.5 PHYSICAL LAYER SYSTEM PARAMETERS
1.5.1 PARAMETER P} (MINIMUM TRANSMISSION LENGTH)

1.5.1.1 A receiver shall be capable of demodulating a transmissien of
minimum length P1 without degradation of BER.,

1,5.1.2 The value of P{ shall be 19 200 bits,

152 PARAMETER P2 (NOMINAL CO-CHANNEL INTERFERENCE
PERFORMANCE)

1.5.2.1 The parameter P2 shall be the nominal co-channel interference at which
a receiver shall be capable of demodulating without degradation in
BER,

1.5.2.2 The value of P2 shall be 12 dB

1.6 FM BROADCAST INTERFERENCE IMMUNITY PERFORMANCE FOR VDL
MODL 4 RECEIVING SYSTEMS

[.6.1 A VDL Mode 4 station shall conform fo the tequirements defined in scetion
1.5.4 when operating in the band 117.975-137 MHz

1.6.2 A VDL Mode 4 station shall conform to the requirements defined below
when operating in the band 108-117.975 MHz

1.6.2.1 The VDL Mode 4 receiving system shall meet the requirements specified
in 1.5.1 in the presence of two signal, third-order intermodulation products
caused by VHF FM broadcast signals having levels in accordance with the
following:

2N+ N, +72<0

for VHE FM sound broadcasting signals in the range 107.7-108.0 MHz

and

2N, +N, +3{24—20 logbéfz}s 0

for VIIF FM sound broadcasting signals below 107.7 MHz,



2,

where the frequencies of the two VHI I'M sound broadcasting signais
produce, within the receiver, a two-signal, third-order intermodulation
product on the desired V1. Mode 4 frequency.

N1 and N2 are the levels {(dBm) of the two VHF FM sound broadcasting
signals at the VDL Mode 4 receiver input. Neither level shall exceed the
desensitization criteria set forth in 1,6.2.2,

Af = 108.1 — ft, where f] is the frequency of NI, the VHF FM sound
broadcasting signal closer to 108.! MH?z

Note: The FM intermodulation immunity requirements are not applied 1o a VDL
Mode 4 chammel operating below 108.1 Mz, and hence frequencies below 108.1
Mliz are not intended for general assignments.

1.6,2,2 The VDL Mode 4 receiving system shall not be desensitized in the
presence of VHE ‘M broadcast signals having levels in accordance
with Table 6-5

Table 6-5 VD1 Mode o operating on frequencies between 112.0-117,975 MHz

Frequency Maximum level of unwanled
MIiz) signal at receiver input (dBm)
88-104 +1i5

106 +10
107 +5
107.9 ) 0

Note.— The rvalationship is linear betwean adjacent points designated by
the above fregitoncies.

Link layer

Note.— Detaifs on link layer functions are contained in the Manuaf on VDL Mode 4 Technical
Specifications.

Subnetwork layer and SNDCF

Note— Details on subnenvork layer fimctions and SNDCF are contained in the
Manual on VDL Mode 4 Technical Specifications.

ADS-B applications

Note.— Details on ADS-B application functions are contained in the Manual on VDL
Mode 4 Techmical Specifications.



SCHEDIULE 1}
(Regulation 83}

1. TECHNICALPROVISIONS RELATING TOINFERNATIONAIL GROUND-GROUND
DATA INTERCHANGE AT MEDIUM AND HIGHER SIGNALLING RATES

Note: Tinoughout this section in the context of coded character sets, the term “unit”
means the unit of seleciive information and is essentially equivalent to the term "bit".

1.} General

1.1.1 Inintermational data interchange of characters, a 7-unit coded character set providing a repes-
toire of 128 characters and designated as International Alphabet No. 5 (IA-3) shall be used.

1.1.2  When the provisions of 1.1.1 are applied, International Alphabet No. 5 (IA-5) contained
in Table 8-2 shall be used.

1.1.2.1 The serial transmission of units comprising an individual character of JA-5 shall be
with the low order unit (b') transmiited first.

1.1.2.2 When IA-5 is used, each character shall include an additional wnit for parity in the
eighth level position,

1.1.2.3 When the provisions of 1,1.2.2 are applied, the sense of the character parity bit shall
produce even parity in links which operate on the start-stop principte, and odd parity
in links using cnd-te-end synchronous operations.

1.1.2 4 Character-for-character conversion shall be as listed in Tables 8-3 and 8-4 for all characters
shich are authorized in the AFTN fonnat for transmission on the AFS in IA-.

1.1.2.5 Characters which appear in orly 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 transmission charactervistics

1.2.1 8.6.2.1 The dawa signalling rate shall be chosen from among the following:

1 600 bits/s 4 800 bits/s
1 200 bits/s 9 600 bits/s
2 400 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

1 600 bits/s Synchronous or asynchronous serial transmission
L 200 bits/s Synchronous or asynchronous serial transmission
2 400 bits/s Synchronous serial fransmission

4 800 bits/s Synchronous serizl transmission

9 600 bitsfs Synchronous serial transmission

123  The type of modulation for each data signalling rate shall be chosen as follows:



124

Data signalling rate Type of modulation

1 600 bits/s Frequency

1 200 bits/s Frequency

2 400 bits/s Phase

4 800 bits/s Phase

9 600 hitsfs Phase-amplitude

Note: This standard does not necessarily apply to ground-ground extensions of air-
ground links wsed exclusively for the transfer of air-ground data, in as much as such
circyits may be considered as part of the air-ground fink.

CHARACTER STRUCTURE ON DATA LINKS

1.2.4.1 Character parily shall not be used for error checking on CIDIN links. Parity appended

to 1A-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 1.1.2.3 -

1.2.4.2 Characters of less than eight bits in length shall be padded out to eight bits in length

124

1.2.5

1.3

132

before transmission over any octet-based ar bit-oriented communications network.
The padding bits shall occupy the higher order end of the octet, i.e. bit 8, bit 7 as required,
and shall have the binary values 0.

When exchanging data over CIDIN links using bit-oriented procedures, the eniry
centre address, exit centre addresses and destination addresscs in the Transport and
CIDIN Packet Headers shall be in the IA-5 character set contained in Table 8-2-

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-

Ground-ground character-orlented data link control procedares

Note: The provisions of this section perfain o ground-ground data interchange
applications using 1A-5 prescribed by 1.1 and which employ the ten transniission
control characters (SOH, STX, ETX, EOT, ENQ, ACK, DILE, NAK, SYN, and ETRB) for
daia link controf, over synchronous or asynchronotis tratisnitssion facilities.

Descriptions. The following descriptions shall apply to data link applications contained
in this section:

(¢) 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 & transmission from the
master station.

(¢) A control station is the single station on a muitipoint link that is permitted to assume
master stats 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.

MESSAGE COMPOSITION

- (@) A transmission shall consist of characters from TA-5 transmitted in accordance

with 1.1.2.2 and shall be either an information message or a supervisory sequence.
(&) An information message used for the exchange of data shall take one of the foliowing
forms:



1.33

1} S E B
T --TEXT-- T C
X X C
2) 8 E B
T --TEXT--- T C
X B C
3) 8 S E B
0O ---HEADING--- T ---TEXT--- T C
H X X C
4y S S E B
.. - O «--HEADING-- T mTEXT-~- T C
H X B C
5y 8 E B
O ---HEADING--- T C
H B C
B
Note I~ C is a block check character (BCC)
C

Note 2. In formats 2), 4), and 5) above which end with ETB, sonie 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 fransmission
control {ENQ) preceded by a prefix of up to 15 non-control chatacters,
or the character DLE used in conjunction with other graphic and control
characters to provide additional communication control functions.

Three system categories are specified in terms of their respective circuit
characteristics, terminal configurations, and message frapsfer procedures as
follows:

System category A: two-way alternate, multipoint allowing cither centralized or
non-centralized operation and singic or multiple message-oriented information
transfers without replies (but with delivery verification). System category B: two-
way situlianeous, point-to-point employing message associated blocking and
moduio 8 numbering of blocks and acknowledgements.

System category 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 system
categorics A and B, other parameters that shall be accounted for in order to ensure viable,
operationally reliable communications include:

(@) the number of SYN characters required to establish and maintain synclhronization;

Note: Normally the transmitiing station sends three contignous SYN characters and
the receiving station detects at least two befove any action is taken.

(&) the values of system time-outs for such functions as “idle line” and “ne response”
as well as the number of automatic retries that are (o be attemipted before manual
intervention is signalled; and

() the composition of prefixes within a 15 character maximum.

Note: By agreemeni between the admiinistrations concerned, it is permtissible for supervisory
signals to contain a station identification prefix using characters selected from colummns
4 through 7 of 1A-5,

1.3.3.1 lior multipoint implementations designed to permit only centralized (computer-to-terminal)
operations, the provisions of 1.3.7 shall be employed.

1.34 BLOCK CHECK CHARACTER

1.3.4.1 Both system category A and B shall utilize a block check character to determine the
validity of a transmission,

1.3.4.2 The block check character shall be composed of 7 bits plus a parity bit.

[.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 1 to bit 7 column of the successive characters of the
transmitted block.

1.3.4.4 The longitudinal parity of each column of the block, including the block check character,
shall be even. '

1.3.4.5 The sense of the parity bit of the block check character shall be the same as for the
information characters (see 1.1.2.3).

1.3.4.6 SUMMATION

1.3.4.6.1 The sumimation to obtain the block check character shali 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.

1.3.4.63 If an STX character appears after the summation has been started by SOH, then the
STX character shall be incinded in the sumimation as if it were a text character.

1.34.64 With the exception of SYN (synchronous idle), all the characters which ave transmitted
after the start of the block check summation shall be included in the summation,
including the ETB (end of transmission/block) or ETX {end of text) control character
which signals that the following character is the block check character.
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No character, SYN or otherwisc, shall be inserted between the ETB or ETX character
and the block check character.

13.5 DESCRIPTION OF SYSTEM CATEGORY A

System category A is one in which 2 number of stations are connccted by a multipoint
link and one station is permanently designated as the control station which monitors
the link at all times to ensure orderly operation.

1.3.5.1 LINK ESTABLISHMENT PROCEDURE

1.35.11

1.3.5.1.2

135.1.3

[.3.5.14

1.3.5.1.8

135.1.6

13517

To establish the link for transmission, the control station shall either:

(a) poll one of the tributary stations to assign it master status; or
(h) 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 ending in
ENQ.

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 (o send, it shall initiate a selection supervisory
segquence as described in 1.3.5.1.5; and

(b) if the station has no message to send, it shall send EOT, and master status shall
revert to the control station.

If the controtl station detects an invalid or no response resulting from a poll, it shall
terminate by sending EOT prior to resuming polling or selection,

Selection shall be accomptlished by the designated master station sending a selec-
tion supervisory sequence consisting of a prefix identifying a single station and
ending in ENQ.

A station detecting its assigned selection supervisory sequence shall assume slave
status and send onc of two replies:

(a) if the station is ready to receive, it shail send a prefix followed by ACK, Upon
detecting this reply, the master station shall either select another station or
proceed with message transfer;

{b) if the station is not ready to receive, it shall send a prefix fo] lowed 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 terminate; and

(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.

¥ 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 MESSAGE TRANSFER PROCEDURE

1.3.5.2.] 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 shallf —
(a) begin with;
1. SOH if the message has a heading; and
2. STX if the message has no heading;
{b) be continuous, ending with ETX, immcdiately followed by a block check character

(BCC).

1.3.5.2.3 After transmitting one or more messages, the master station shall verify successful
delivery at each selected slave station.

1.3.53 DELIVERY VERIFICATION PROCEDURE

1.3.5.3.1 The master station shall send a delivery verification supervisory sequence consisting
of a prefix identifying a single slave station and cnding in ENQ.

1.3.5.3.2 A slave station detecting its assigned delivery verification supervisory sequence
shall send one of two replies:

(a) if the slave station properly received all of the transmission, it shall send an
optional prefix followed by ACIC; and

(D) if the slave station did not receive all of the transmission properly, it shail 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 anather slave station until all selected stations have been properly
accounted for.

1.3.5.3.4 If the master station receives a negative reply (NAK) or, after N 2 O repeat attempts,
no reply, it shafl repeat that transmission to the appropriale slave stations at a later
opportunity.

1.3.5.3.5 After all messages have been sent and delivery verified, the nraster station shall
proceed with link termination.

1.3.54 LINK TERMINATION PROCEDURE

1.354.1 The terminate function, negating the master or slave status of all stations and refurn-
ing master status to the control station, shall be accomplished by the master station
transmitiing EOT.

1.3.6 DESCRIPTION OF SYSTEM CATEGORY B

System category B is one in which two stations are on a poini-to-point, full-duplex link
and each station has the capability 1o 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 simultancously.



13.6.1 LINK ESTABLISHMENT PROCEDURE

1.3.6.1.1 To establish the link for 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 foliowed by a
colon character, an optional prefix, and ENQ.

1.3.6.1.2 The called station, upon detecting ENQ, shall send one of two replies:

{a)

()

if ready to receive, it shall send a sequence consisting of a DLE followed by a
colon, a prefix which includes its identity and ended by ACKO (see 1.3.6.2.5),
This establishes the link for message transters from the calling to the called
station; and

if not ready to receive, it shall send the above sequence with the ACKO replaced
by NAK.

1.3.6.1.3 Establishment of the link for message transfers in the opposite direction can be initiated at
any time following circuit connection in a similar manner to that described above,

1.3.6.2 MESSAGE TRANSFER PROCEDURE

1.3.6.2.1 Systcm category B message transfer provides for message associated blocking with
longitudinal checking and modulo 8 numbered acknowledgements.

1.3.6.2.2 Itis permissible for a transmission block o be a complete message or a portion of a
message. The sending station shali initiate the transmission with SOTB N followed

by:

(@)
G}
()
(D)

SOH if it is the beginning of a message that contains a heading;
STX if it is the beginning of a message that has no heading;
SOH if it is an intetmediate block that continues a heading; and
STX if it is an intermediate block that continues a text.

Note: SOTB N is the nvo-character transnission conirol sequenice DLE = (characters
170, and 3113) followed by the block number, N, where N is one of the 1A-5 characters

o 1..

. 7 (characters 310, 3/1 ... 3/7}.

1.3.6.2.3 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.

1.3.6.2.4 It shall be permissible for each station to initiate and continuc to send messages to
the other concurrently according to the following sequence.,

(a)

&)

Tt shall be permissible for the sending station (master side) to send blocks, containing
messages or parts of messages, continuously to the receiving station (slave
side) without waiting tor a veply;

1t shall be permissible for replies, in the form of slave responses, to be transniitted
by the receiving station while the sending station is sending subsequent biocks;
and:



1.362.5

13626

1363

1.36.3.1

13632

1364

1.3.64.1

Note: By use of modulo 8 numbering of blocks and replies, it shall be permissible
Jor the sending station to send as many as seven blocks ahead of the received replies
before being required to stop transmission wilil six or less blocks are outstanding .

(¢} Tfanegative reply is received, the sending station (master side) shall start
retransmission with the block following the last block for which the proper
affirmative acknowledgement was received.

Slave responses shall be according to one of the following:

(@) 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
approptiate acknowledgement ACKN (referring 1o the received block beginning
with SOTB N, e.g. ACKQ, transmitted as DLEO is used as the affirmative reply
to the block numbered SOTBO, DLE! for SOTBI, etc.); and

(b) if a transmission block is not acceptable, the receiving station shall send DLE,
a colon, an optional prefix, and NAK,

Slave responses shall be interleaved between message blocks and transmiited at the
carlicst possible time,

LINK TERMINATION PROCEDURE

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 EQT, the link shall be
re-established in that direction,

EOT shall only be transmitted by a station after ali outstanding slave responses have
been received or otherwise accounted for,

CIRCUIT DISCONNECTION

On switched connections, the data links in both directions shall be terminated before
the connection is cleared. In addition, the station iilialing clearing of the conneetion
shall first announce its intention to do so by transmitting the two-character seguence
DLE EOT, followed by any other sighals required to clear the connection.

£.37 DESCRIPTION OF SYSTEM CATEGORY C (CENTRALIZED)

System category C (centralized) is one (like system category A) in which a number of
stations arc connccted by a multipoint tink 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 sclected tributary station,

1.3.7.1 LINK ESTABLISHMENT PROCEDURE

1.3.7.1.1

To establish the link for transmission the control station shall either:

()} poll one of the tributary stations to assign it master status; or

(b) assume master status and sclect a tributary station (o assume slave status and
receive a transmission according to either of two prescribed selection procedures:
|. selection with response (see {.3.7.1.5); or
2. fast select (see 1.3.7.1.7).



1.3.7.12

137.13

137.14

137.1.5

13.7.1.6

137.17

13723

Polling is accomplished by the control station sending a polling supervisory scquence
consisting of a prefix identifying a single tributary station and ending in ENQ.

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, it shall initiate message transfer. The control
stalion assutnes slave status; and

(D) if the station has no message to send, it shall send EOT and master status shall
revert to the control station.

Tf the control station detects an invalid or no response resulting from a poll, it shail
terminate by sending EOT prior to resiming polling or selection,

Sclection with responsc is accomplished by the control station assurning master status
and sending a selection supervisory sequence consisting of a prefix identifying a
single tributary station and ending in ENQ.

A tributary station detecting its assigned selection supervisory sequence shall

assume slave status and send one of two replies:

(a) ilthe station is rcady to receive, it shall send an optional prefix followed by
ACK. Upon detecting this reply, the master station shall proceed with message
transfer; and

(&) il the station is not ready to receive, it shall send an optional prefix followed by
NAK. Upon detecting NAK, it shall be permissible for the master station to
again attempt selecting the same tributary station or initiatc lcrmination by
sending EOT.

Note: — [f the control station receives an invalid or no reply, it is perntitted to
attempt again to select the same tributary or after N retries (N 2 0) either ro exit to
a recovery procedure or to initiate termination by sending EOT.

Fast select is accomplished by the control station assuming master status and sending
a selection supervisory sequence, and without ending this transroission with ENQ
or waiting for the selected tributary to respond, proceeding directly to message
transfer.

MESSAGE TRANSFER PROCEDURE

The station with master status shall send a single message to the station with slave
status and wait for a reply.

The message transmission shall begin with:
(a) SOH if the message has a heading, — STX if the message has no heading; and
(&) be continuous, ending with ETX, immediately followed by BCC.

The slave station, upon detecting ETX {ollowed by BCC, shall send one of two

replies:

(@) if the messages were accepted and the slave station is yeady to rcceive another
message, it shall send an optional prefix followed by ACK. Upon detecting
ACK, the master station shall be permitted either to transmit the next message
or initiate termination; and



(b) if the message was not accepted and the slave station is ready to receive an
other message, it shall send an optional prefix followed by NAK. Upon delecting
NAK, the master station may either transmit another message or initiate
termination. Following the NAK reply, the next message transmitted need not
be a relransmission of the message that was not accepled.

1.3.7.2.4 If the master station receives an invalid or no reply fo a message, it shall be permitted
to send a delivery verificalion supervisory sequence consisting of an optional prefix
followed by ENQ. Upon receipt of a delivery verification supervisory sequence, the
slave station repeats its last reply.

1.3.7,2,5 N retries (N = 0) may be made 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 LINK TERMINATION PROCEDURE

1.3.7.3.1 The station with master status shall transmit EOT to indicate that it has no more
messages to transmit, EQT shall negate the master/slave status of both stations and
return master status to the control station,

14  Ground-ground bit-oriented data link control procedures

Note: The provisions of this section pertain to ground-ground duta inferchange applications
using bit-oriented data link control procedures enabling transparent, synchronons
ransmission that is independent of any encoding,; data link control functions are
accomplished by interpreting designated bit positions in the transmission envelope of
a frame.

14.1 The following descriptions shall apply to data link applications contained in this section:

{a) bit-oriented data link control procedures enable transparent transmission that is
independent of any encoding;

{b) a data link is the logical association of two interconnected stations, including the
communication control capability of the interconnected stations;

{¢) a station is a configuration of logical elements, from or to which messages are
transmitted on a data link, including those elements which control the message
flow on the link via communication contrel procedures;

(d) a combined station sends and receives both commands and responses and is
responsible for control of the data link;

(e) data communication control procedures arc the means used to control and protect
the ordesly interchange of information between stations on a data link;

(/) acomponent is defined as a number of bits in a prescribed order within a
sequence for the control and supervision of the data link;

{g) anoctet is a group of 8 consecutive bits;

(1) asequence is one or more components in prescribed order comprising an integral
number of octets;

() a field is a series of a specified number of bits or specified maximum number
of bits which performs the functions of data link or communications control or
constitutes data to be transferred; and

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



14.2 BIT-ORIENTED DATA LINK CONTROL PROCEDURES FOR POINT-TO-
POINT, GROUND-GROUND DATA INTERCHANGE APPLICATIONS
EMPLOYING SYNCHRONOUS TRANSMISSION FACILITIES

14.2.1 Frame format. Frames shall contain not less than 32 bits, exciuding the opening and
closing flags, and shall conform to the following format;

FLAG ADDRESS | CONTROL | INFORMATION HCS FLAG
F

A C 1 F

142.4.1

142.1.1.1

142112

142113

142.i.14

14.2.1.1.5

A framc 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 sequence (F), and shall be transmitted in that order,

The flag (F) shali be the 8-bit sequence O 1110 which delimits 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, which shall contain the link address of the combined
station.

The control (C) field shall consist of one octet, excluding 0 bits added to achieve
transparent transmission, and shall contain the commands, responses, and frame
sequence number components for the control of the data link.

The information (I) ficld shall contain digital data which may be presented in any
code or sequence but shall not exceed a maximum of 259 octets, exclading O bits
added to achieve transparent transmission, The 1 field shall always be a multiple
of 8 bits in lengili.

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.



1.4.2.2 A frame check sequence (FCS) shall be included in each frame for the purpose of
errot checking,

1.4.2.2.1 The error checking algorithm shall be a cyclic redundancy check (CRC).

1.4.2.2.2 The CRC polynomial (P(x)) shal! be

P R N

1.4.2.23 The FCS shall be a 16-bit sequence, This FCS shall be the ones’” complement
of the remainder, R(x), obtained from the modulo 2 division of

1716[6(.\7)] FAREC AP 2+ 1)

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 nor the first bit of the FCS, excluding bits inserted for
transparent transmission,

K shall be the tength of G(x) (number of bits).
1.42.24 The generation and checking of the FCS accumulation shall be as follows:

(@) the transmitling station shall initiate the FCS accumulation with the first
(teast 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;

(h) upon completion of the accumulation the FCS shall be transmitted,
starting with bit bl {highest order coefficient) and proceeding in
sequence to bit b]16 {lowest order cocfficient) as shown below;

First bit fransmitted |

First bit
transmitted 1

bi6 | b15 | bt4 b3 b2 b1

X0 x! xz xﬂ- x14 X1




(c)

c

the receiving station shall carry out the cyclic redundancy check (CRC)
on the content of the frame commencing with the first bit received
following the 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 transparency; and
vpon completion of the FCS accumulation, the receiving station shall
examine the remainder. In the absence of fransmission etror, the
remainder shall be 11110000101 11600 (x°® through x'%, respectively).

1.4.2.3 Achievement of ttansparency. The frame format contents (A, C, link data field,
and FCS) shall be capable of containing any bit configuration.

1.4.2.3.1 The following rules shall apply to all frame contents, except flag sequences:

(@

(®

the transmitiing station shall examine the frame contents before
transmission, and shall insert a single 0 bit immediately foliowing each
sequence of 5 consecutive 1 bits; and

the receiving station shall examine the received frame contents for
patterns consisting of 5§ consecutive 1 bits immediately followed by one
{or more)} 0 bit(s) and shall remove the 0 bit which directly follows 5
consecutive | bits.

1.4.2.4 Special transmission sequences and related link States. Tn addition to employing
the prescribed repertoire of commands and responses to manage the interchange
of data and control information, stations shall use the following conventions to
signal the indicated conditions:

@

()

{c)

Abort is the procedure by which a station in the process of sending a
frame ends the frame in an unusual manoer such that the receiving
station shall ignore the frame. The conventions for aborting a frame shail
be -

1. transmitting at least seven, but less than fifteen, one bits (with
no inserted zeros);
2. receiving seven one bits.

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 fink is in the active State, the right of the {ransmitting station to
continue transmission shall be reserved;

Interframe time fill. Interframe time fill shall be accomplished by
transmitting continuous flags between frames. There is no provision for
time fill within a frame;



(d) Idlelink State, A link is in an idle State when a continuous one condition
is detected that persists for 15 bit times, or longer. [dle link time fill shall
be a continuous one condition on the link; and

(¢) 1nvalid frame. An invalid frame is one that is not properly bounded by
two flags or one which is shorter than 32 bits between flags.

1425 MODES

1.4.2.5.1 Operational mode, The operational mode shall be the asynchronous balanced
mode (ABM).

1.4.2,5.1.1 11 shall be pernissible for a combined station in ABM to transmit without
invitation from the associated station.

1.4.2.5.1.2 A combined station in ABM shall be permitted to transmit any command or
response type frame except DM.

1.42.5.2 Non-operational mode. The non-operational mode shall be the asynchronous
disconnected mode (ADM) in which a combined station is logically
disconnected from the data link,

1,4.2,5.2.1 It shall be permissible for a combined station in ADM to transmit without
invitation from the associated station.

1.4.2.5.2.2 A combined 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 frame types refer.)

1.4.2.5.2.3 A combined station in ADM shall transmit 4 DM when a DISC is received, and
shall discard al! other received command frames except SABM. If a discarded
command fraie has the P bit set to “1”, the combined station shall transmit a
DM with the F bit set to “1”.

1.4.2.6 Control field functions and parameters. Conirol fields contain a command or a
response and sequence numbers where applicable. Three types of control fields
shall be used to perform: '

(@) numbered information transfer (I-frames);
(b) numbered supervisory functions (S-frames); and
(¢} unnumbered control functions (U-frames).

The control field formats shall be as shown in Table 8-5. The functional frame
designation associated with each type control field as well as the control field
parameters employed in performing these functions shall be described in the
foliowing paragraphs.



14.2.6.1

1.42.6.2

14.2.63

14.2.64

The 1-frame type is used to perform information transfers. Except for some
special cases it is the only format which shall be permitted to contain an
information field.

The S-frame type is used for supervisory commands and responscs that perform
link supervisory control functions such as acknowledge information frames,
requcst transmission or retransmission of information frames, and to request a
temporary suspension of transinission of I-frames. No information field 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 field; all other
frames of the U-frame type shall not contain an information field.

The station parameters associaled with (he three control ficld types shall be as
follows:

(@) Maodulus. Fach I-frame shall be sequentially numbered with a send
sequence count, N(S), having value ¢ through modulus minus one
{where modulus is the modulus of the sequence numbers), The modulus
shall be 8. The maximum number of sequentially numbered I-frames that
a station shall have outstanding (i.e. unacknowledged) at any given time
shall never exceed one less than the modulus of the sequence numbers.
This restriction on the number of outstanding frames is to prevent any
ambiguity in the association of transmussion framcs with sequence
numbers during normal operation and/or error recovery;

{8) The send State variable V(8) shall denote the sequence number of the
next in-sequence [-frame to be transmitted.

i, The send State variable shall take on the value 0 through modulus
minus one {modulus is the modulus of the sequence numbering
and the numbers cycle through the enlire range);

il The value of V(S) shall be incremented by onc with each
successive in-sequence I-frame fransmission, but shall not
exceed the value of N(R) contained in the last received frame by
more than the maximum permissibie number of outstanding I-
frames (k). See i) below for the definition of k.

(¢} Priot to transmission of an in-sequence I-frame, the value of N(S) shall
be updated to equal the value of V(8);

(d}  The receive State variable V(R) shall denote the sequence number of the
next in-sequence I-frame to be received;



1. V{(R) shall take on the values 0 through modulus minus
one.

2. The value of V(R) shall be incremented by one after the
receipt of an error-free, in-sequence I-frame 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  or
an S type frame, the value of N(R) shall be updated to equal the current
value of the reccive State variable. N(R) indicales that the stalion
transmitting the N(R) has concectly received all I-frames numbered up to
and including N(R} - I;

(/ Eachstation shall maintaim an independent send State variable, V(S), and
receive State variable, V(R), on the I-frames it sends and receives. That
is, each combined station shall maintain a V(S) count on the I-frames it
transmils and a V(R) count on the [-frames ii has correetly 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 of responses from the remote combined station;

() 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; and

(i) The maximum number (k) of sequentially numbered I-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 buffering limitations and should be the subject of
bilateral agreenient al the tisne of circuit establishment,

1.4.2.77 Commands 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 resporise shall contain the sending station address. The
mnemonics associated with all of the commands and responses prescribed for cach
of the three frame types (I, S, and U) and the corresponding encoding ol the control
field are as shown in Table 8-6.



1.42.7.1 The I-frame command provides the means for transmitting sequentially
miunbered frames, each of which shaii be permitted to contain an information
field.

1.42.7.2 The S-frame commands and responses shall be used to perform numbered
supervisory functions (such as acknowledgement, polling, temporary
suspension of information transfer, or crrot recovery),

1.4.2.7.2.1 The receive ready command or response {RR) shall be used by a station to:

(@) indicate that it is ready to receive an I-frame;

(b) acknowledge previously received I-frames numbered up to and
including N(R) - 1; and

(¢} clear a busy condition that was initiated by the transmission of RNR.

Note: It is permissible for a combined station io use the RR command fo solicit a
response fiom the remote combined station with the poll bit set to "1,

1.4.2.7.2.2 It shall be permissible to issue a reject command or response (REJ} to request
retransmission of frames starting with the 1-frame numbered N(R) where:

(a)  I-frames numbered N(R) — | and below are acknowledged;

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

(¢) only one REJ exception condition, from one given station to another
station, shall be established at any given time: another REJ shall not be
issued until the first REJ exception condition has been cleared; and

() the REJ exception condition is clcarcd (reset) upon the receipt of an I-
frame with an N(S) count equal to the N(R) of the REJ
command/response.

1.42.7.2.3 The receive not ready command or response (RNR) shall be used to indicate a
busy condition, i.e. temporary inability to accept additional incoming I-frames,
whete:

(@) frames numbered up to and including N(R) — 1 are acknowledged;
(&) 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); and



(c) theclearing of a busy condition shall be indicated by the transmission of
an RR, REJ, SABM, or UA with or without the P/F bit set to “1”,

14.2.7.2.3.1
(@) a station receiving an RNR frame when in the process of transmitting
shall stop transmitting I-frames at the earliest possible time,

(b) any REJ command or response which was received prior to the RNR
shall be actioned before the termination of transmission.

{c) it shall be permissible for a combined station to use the RNR command
with the poll bit set to *“1” to obtain a supervisory frame with the final
bit set to “1” from the remote combined station.

1.4,2.7.2 4 Tt shall be permissible for the selective reject command or response (SREJ) to
be used to request retransmission of the single I-frame numbered N(R) where:

(a)  frames numbered up to N(R) - 1 are acknowledged; frame N(R} is not
accepted; the only I-frames accepted are those received correctly and in
sequence foltowing the I-frame requested; the specific 1-frame 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(8) count equal to the N(R) of the SREJ;

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

(d) l-frames (hat have been penmitted to be transmitted following the I-
frame indicated by the SREJ are not retransmitted as the result of
recetving a SREJ; and

fe) it is permissible for additional I-frames pending initial transmission to
be transmitted following the retransimission of the specific I-frame
requested by the SREJ.

1.4.2.7.3 The U-frame cominands and responses shall be used to extend the number of
link control funections, Transmitted U-frames do not increment the sequence
counts al gither the transmitting or receiving station,

(q) 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:



i, upon acceptance of the command, the station send and receive
State variables, V(8) and V(R), are set to zero;

ii, the addressed station confirms acceptance at the earliest possible
time by fransmission of a single unnumbered acknowledgement,
UA;

iii. previously transmitted frames that are unacknowledged when the

command is actioned remain unacknowledged; and

iv. 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 ficld
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 nntil the UA response is transmitted. No information field shall
be permitted with the UA response,

(¢c) The frame reject response (FRMR), employing tite information field
described below, shall be used by a combined station in the operational
mode (ABM) to report that one of the following conditions resulted from
the receipt of a frame without an FCS error;

i a command/response that is invalid or not implemented;

it. a frame with an information field that exceeds the size of the
buffer availabie;

iit. a frame having an invalid N(R) count,

Note:  Aninvalid N(R) is a count which poinis to an frame which has previously
been transmitfed and acknowledged or to an I-fiame which has not been transmitied
and is not the next sequential I-frame pending transmission.

{d} The disconncctled mode yesponse (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 remote combined station to
issue a mode-setting command or, if sent in response to the reception of a mode-
seffing command, fo inform the remote combined station that the transmitting station
is stifl in ADM and cannor action the mode-setting conmand.
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i4.34

EXCEPTION CONDITION REPORTING AND RECOVERY

This section specifies the procedures that shatl be employed to effect recovery
following the detection or occurrence of an ¢xceplion condition at the link level,
LException conditions described are those situations that may occur as the result of
{ransimission errors, sialion malfunction, or operational situations,

Busy condition, A busy condition occurs when a station temporarily cannot receive
or continue (o receive I-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 transmission at the busy
station to be transmitted prior to or following the RNR,

Note: The continued existence of a busy condition miust be reported by
retransmission of RNR at each P/F frame 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 I-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 “17, the receiving station
shall respond with an S-frame with the F bit set to *“1”.

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, REJ, SABM, or UA
frame (with or without the T/F bit set to “[”),

1.4.3.2 N(S) sequence error, An N(S) sequence exception shall be established in the

receiving station when an I-frame that is received ecror free (no FCS error) contains
an N(S) sequence number that is not equal to the receive variable V(R) at the
receiving station. The receiving station shall not acknowledge (shall hot increment
its receive variable V(R}) the frame causing the sequence error, or any I-frames
which may follow, until an I-frame with the correct N(S) number is received. A
station that reccives one or more I-frames having scquence ecrors, bul which are
otherwise error free, shall accept the control information contained in the N(R)
field and the P/F bit 1o perform link conlrol functions, c.g. to receive
acknowledgement of previously transmitted I-frames (via the N(R)}, to cause the
station to respond (P bit set (o “17).

14.3.2.1 The means specificd in 1.4.3.2.1.1 and 1.4.3.2,1.2 shall be available for

initiating the retransmission of lost or errored I-frames following the
occutrence of a segtience eirror,



1.4.3.2.1.1 Where the REJ command/response is used to initiate an exception recovery
fellowing the detection of a sequence escor, only one “sent REJ” exception
condition, from one station to anothes station, shall be established at a time. A
“scnl REJ” exception shall be cleared when the requested I-frame is received.
A station receiving REJ shall initiate sequential (re)transmission of i-frames
starting with the I-frame indicated by the N(R) contained in the REJ fiame,

FRMR INFORMATION FIELD BITS FOR BASIC (SABM) OPERATION

First bit

lransmilled
1 8|9 [10 121314 161718119120\ 24
rejected hasic conlrof field | 0 VISt |y VR) wixiylz sel to zeto

where:
rejected basic coatrol field is the control field of (he received frame which caused the frame 1¢ject;

V(S) is the current valug of the send sfate vaniable at the remote combined station reposting the error condition
{bit 10 = low order bit};

V(R) is the carsent value of the teceive state variable at the remote combined station reporting the error condition
(bif 14 = low order bit);

vsetto“1” indicates that the seceived frame which caused rejection was a respouse;

wset o “1” indicates thal the contiol field received and returned in bits 1 through 8 are invalid or not implemented;

xsetio “1” indicates that the control field received and retarned i bits | through § was considered invalid because the frame
contatned an information field which is not pemitted with fhis command. Bit w must be set to “1" in conjunction with thes bit;

3 set10 "1 indicates that the information field received exceeded the maxinwim information field Jength which can be
accommodated by ke station reporting the error condition, This bit is awfually exclusive with bits w and x above;

zsetd0 1" indicates thaf the control ficld roccived and seturued in bits 1 through 8 contained au iovalid N{R) count. This bit is
unfually exchisive with bat i

1.4.3.2.1.2 In the event a receiving station, due to a transmission evror, does not receive
(or receives and discards) a single I-frame or the last I-frame(s) in a sequence
of I-frames, it shall not detect an out-of-sequence exception and, therefore,
shall not transmit REJ. The station which transmitted the unacknowiedged I-



frame(s) shall, following the completion of a system-specified time-out period,
take appropriate recovery action to determine the sequence humber at which
retransmission must begin,

14.3.2,1.3 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 supcrvisory frame,

Note 1: If a station does retransmit all unacknowledged I-fiames after a time-out, it miist
be prepared 1o receive g siubsequent REJ frame with an N(R} greafer than its send variable
Vesh

Note 2: Since comtention may occur in the case of two-way afternate communications in
ABM or ADM, the time-out interval employed by one combined station must be greater
than that employed by the other combined station so as fo permit contention to be resolved.

1.4.3.3 FCS error. Any frame 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 resulit of that frame.

1.4.3.4 Frame reject exception condition. A frame reject exception condition shali be
established upon the receipt of an error-free frame which contains an tavalid 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 cccurs in a combined station, the siation shall eithes:

(@)  take recovery action without reporting the condition to ihe remote
combined station; or

(b)  report the condition to the remote combined station with a FRMR
response. The remote station will then be expected to take recovery action;
if, after waiting an appropriate time, no recovery action appears to have
been taken, the combined station reporting the frame reject exception
condition may take recovery action. Recovery action for balanced
operation includes the transmission ol an implemented mode-sctling
command. Higher level functions may also be involved in the recovery.

1.4.3.5 Mode-setting contention. A mode-setting contention situation cxists when a
combined station issues a modesetting command and, before receiving an
appropriate response (UA or DM), receives a mode-setting command from the
remole combined station. Contention situations shall be resolved in the following
manner;

(1) when the send and receive mode-setting commands are the same, each
combined station shall send a UA response at the earliest vespond
opportunity. Each combined station shall either enter the indicated



mode immediately or defer entering the indicated mode until receiving
a UA response. In the latter case, if the UA response is not received:

i the mode may be entered when the response timer expires; or
ii. the mode-setting command may be reissued;

(2) when the mode-setling commands are different, each combined station
shall enter ADM and issue a DM response at the earliest respond
opportunitly. In the case of DISC contention with a different mode-
setting command, no further action is required.

144  Time-out functions. 'lime-out functions shall be used to detect that a required or
expected acknowledging action or response (0 a previously transmitted frame has
not been received. Expiration of the time-out function shall initiate appropriate
action, ¢.g. crror recovery or reissuance of the P bit. The duration of the following
time-out functions is system dependent and subject fo bilateral agreement:

{a) combined stations shall provide a time-out function to detenmine that a
response frame with F bit set to “1”’ to a command frame with the P bit sct o
*1” has not been received. The time-out function shall automaticatly cease
apon receipt of a valid frame with the F bit set to “1”; and

(h) a combined station which has no P bit outstanding, and which has
transmitted one or more frames for which responses are anticipated shall start
a time-out function to detect the no-response condition. The time-out
function shall cease when an I- or S-frame is received with the N(R) higher
than the last received N(R) (actually acknowledging onc or more I-frames).



TABLES FOR THE ELEVENTH SCHEDULE

Table 8-2: International Alphabet No. 5 (1A-5)

by L] [t} 0 0 1 1 1 1
by 0 0 t 1 0 0 1 §
by 0 1 0 1 0 1 0 1
be b, b2 b, 0 1 2 3 4 5 [ 7
0 ] 0 ¢ 0 NUL | TG 5P 8 @ ‘ P
\DLE)
0 0 ¢ i 1 TG, DCy } [ A Q a q
E—— O - e ‘m PETS TSP .
0 0 t i 2 1¢; oc; v P 5 R b ¢
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(E¥2)
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t 0 0 1 9 FE, Eh } [ 1 ¥ § v
( ¢ I 0 10 FE,@ | SUB . : J z i z
“n peee. - e .
1 [ t 1 tH FE, | ESC * ; K [ k {
4 SRS ST B e
1 1 0 0 12 FEy 15, @ < L A } |
Ty 3y +
1 1 0 1 13 | rE@ | IS, - = 4 ] m }
o) | ©9
1 1 i 0 14 SO 1Sz . > N . n -
) @© @
1 1 1 1 15 St 1S, i ? [¢] _ o DEL
(L5)
NOTES
Note |—The format effectors ate ttended for equipment [n Wwinch hotizontar ond vertical | ts qre e icly.

equpment requires ihe aocton of CARRIAGE RETURN to be combined wah a vertical movement, the format effector for tal veftical
mavement may be used 1o efect e combined movement. Use of FE 2 for & combined CR and LF operlion /s nol aowed fof
fterndtional transmission on AFS nehvorks.

Note 2.—The symbola does nol designale the cuimency of a speciic counlry.

Hole J..-Posilion #/44 Is used for grophlc characler ~ (DVERLINE), the graphicat represenlation of which may vary according lo
national use (o repiesent (VILDE) or another dlacmicdl sign provided thal there I5 ne fisk of confusion with another grophle clraracta)
Inciyged m the table.

Note 4—The graphic choraciers v posiion 22, 2/7, 2/12 ond 5/14 have respeclively (ne sig e of QUOTATION MARK,
APOSTROPHE, COMMA and UPWARD ARROW HEAD, however, ihese choractess take on the significance of lie diatiilical signs
DIAERESIS, ACUTE ACCENT, GEDILLA and CIRGUMFLEX ACGCENT when they ore preceded or fottowed by ihe BACKSPACE
chatacler (0/8).

Nate 5—When gmpnrca!represenmuonol the conlrol characters of IA-8 Is required, /i 1s p ible (0 Use the Symbois specifed in
lor Standordization (150) Standard 2047-1975.




* See Naote 1,

CONTROL CRARACTERS GRAPHIC CHARACTERS
Pasition in the Position in the
Abbreviation Meaning code fable Graphic Note Name code fable

ACGK Acknovdedge e {space) Space {see 7.2) 20
BEL Geli o | Exclamation mark 21
BS Backspace o ° 4 Quolation mark, Dinesesis 2
CAN Caneel R # Number sign 213
CR Camiage retum* 13 " 2 Cusrency sign 204
DC Pevice coptrol - % Percent sign 2%
DEL Oelete 715 & Ampersand 246
DLE Data link escape M ' 4 Apaslrophe, Acute accent 217
EM End of medium 3 { Leit parenthesis 214
ENQ Cnquiry o5 ) Right parenthesis 219
EOT End of ransmission 04 . Aslerisk 210
ESC £scape 113 + Plus sign 211
EIB End of transmission blotk 14 . 4 Cannad, Cediia 2612
EIX End of text 3 - Hyphen, Minus sign 213
FE Fommal effector - . Full stop {peviod) 244
FF Form feed a2 7 Solidus 2415
FS File separalor 1712 : Colon 3110
GS Group separator 143 . Semi-colon 3ftt
HT Horizontal tabulation 019 < tess-than sign 3712
i8 Infermation separalor - = Equal sign 3/t3
LF Line feed* ano > Greater-than sign 3184
NAK, Negative acknowiedge 15 ? Quesbion mark 3415
NUL NuR [+h3] @ Commercial ‘al’ 4
RS Record separator 114 { LeR square brackel 511
Si Shifl-tn s \ Reverse solidus 512
SO Shit-out 014 1 Righl square bracket 513
SOH Start of heading on “ 4 Upward arvow head,

SP Space 210 Curcumflex accent 5/14
STX Start of lext 0r2 . Undenline 5/15
sSuUB Substilule chasacler 1/10 N Grave accent 80
SYN Synchronous idie 18 { teft curty bracket T
TG Transmission conlrot - i Vertical ine 12
us Unit separator #5 H Righl custy bracket 713
VT Vertical abudation 011 - 3 Overine, Tide T4

DIACRITICAL SIGNS

In the character sei, some prnling symbols may De designed (6 permit ek use for the composBion of accented lelters when necessary for general
inleschange of Informalion. A sequence of liree eharaclers, comprising a leiter, BACKSPACE and one ol these symbols, is needed ®f Ihis
composillon, and the symbad Is Lhen regatded as a dlacritical sign. it should be noted that these symbols tike on their disetical sigraiicance only when
lhey are proceded or followed dy the BACKSPACE character. for example, the symbol corresponding to the code combination 247 () normaly has the
snificance of APOSTROFHE , bul becomes lhe diacriticat sign ACUTE ACCENT when i precedes ot follows the BACKSPACE chafacler.

NAMES, MEANTINGS AND FONTS OF GRAPHIC CHARACTLRS

At least one name is assigned to denole each of the grapbic characters. These names ave intended fo reflect their cuslomary meantngs ang are ot
Inlended to define or restict the meanings of graphic characters. Ro parlicular style of Jont Jesign Is specified fof e graphic characlers.

UNIQUENESS OF CRARAGTER ALLOCATION

A character allocated ta » posiien i e table may nol be placed eisewhere i the table,




FUNGTIONAL CHARACTERISTICS RELATED TG CONTROI CHARACTERS

Some defnltions given below are staied in general lerms and more explcit definttions of use may be needed for specific implemenlation of the cade tnbie on
recorving media or on ansmission channels, These more explkd delinllions and (he use of these characters are the subject of 1ISO publicallens.

General designations of controf characfers

The general desigaalion of conlral charatiers INVoes a specific ¢1ass name followed by a SuLscTIpt nunker.
They are defined as tollows:

TC — 7 cuntrot — Conlrol chaiacters intended to contral or faciilate lrar of k aver lefec ation
networks.
The use of lhe TC characters on the geyeral telecormmunication networks 15 Lhe subjedd of ISO publicalions.
The Lransnusston conleol characters ore:
ACK, DLE, ENQ, EOT, ETB, ETX, NAK, SOH, STX and SYN.

FE — Foamat etfeclars — Contra? charaders malnly Inlended for ihe controt of the layout and positiening o Informallon on printing and/or dispiny
devices, in the dehmbions of specific formal effectors, any reference 1o printing devices showid be inteyprelad as includiap display devices. the
defintllons of Joqmat effeciors use he folowling cencepl:

a) apage Is composed of a pumber ©f Ines of characlers;
b)  {he characlers targing a (ne occupy a nomber of posilions cabad character pasivons;

¢} (pe aclive posilior is thal chacacter postilan in wihkeh the character pbout o be pocessed woald appear If It were fo be prinled. The acthve
posilion tofimatly agvances one charatier posiUon at a ime.

The (ommal effectof chaxacters are:
BS, CR, FF, HT, LF pod VT.

Bc — Device eonlrei charaglers — Coniel characters for the conlrol ot a local or remole ancillary device (or devices) connected lo a data processing
and/as lelecommimicalion system. These control chataclers are not itended lo coatrot ielecomnunication sysiems; This shadd be achieved by
the use of TCs.

Cenain preterred uses of the Individual DCs are given below under Specmc conteol characlers.

15 — mformotion separators — Conlrol characters that are used to separale and quaiily data fogically. There are four such characteys. They may be
used eilher int hieradchical order or non-hierarchically; In the lalter case Lhelt specfit meanings depend on Ihelr applications.
When they are used hlerarchically, the ascending order is!
Us, RS, GS, FS.
Iy this case data nuemally definied by a particel paralor cannot be splil by a higher order separatar bul wiit be considesed as delimiled
by any higher order separaior

Specific coniiol chiaraciers

ngitviduat mermbers of he ciasses of confrols are somelimes referved to by thelr abbrevialed clasa name and a subseripl numper (e0.q. TCy) and sometimes by
a2 speciic name Indicative of thelr vse (e.g. LNQ),

Different tut related meanings muy be assoclaled wilh some of the conlrol chatacless bid (i an intefchange of data this qui g i
between (bt sender and the reciplent.

ACK -— ge — A conbiol characler transmitied by o recelver as an affirmalive response ta Ly sender,

BEL — Betf— A conlrot characler thal Is tised vhen thate Is 9 need 1o calt for altention; B may contrel atarmn o allentinn devices.

BS — Backspace — A format effector which moves ihe aclive posilion nac characler pastilon backwards on lhe same: dine.

CAN — Goncel — A charactet, or fha Tirst : of 3 thal the data pfomd-ng It ore in eqov. As & fesull {hese Yata ora to be
Ignoted. The specific meaning of this chafacier must be defined (or eacn sender and reciplent.

CR — Camage relum — A format efleciar which moves the aclve posilion Lo the st eharacter posiion on the same line.

Devier: controls

DG, — A device controf characler which Is p on ot slarling an ancillary device. IN I IS not required o1 this purpose. L imay be
gs::e: to resfoqe 3 device fo (e lw;dr rnode of operatfon {see alsa (K3; and 0C3), or for any ather device confrol funclion not prayided by olher

[aTa3% — A device controt character which is primardly Intended for turning on or starling an anclilary device. if [t is nol required for Lhis purpose, i tnay be

used lo sel a device 1o a spectal mode of operation (In whith case DC) s used (b restore Ihe device {0 the basic made), or fof any other device
conlrol function aol provided by ather DCs.

DCy — A devite conirol ter which Is y Inlended for luming off of slopping an ancilary device. This function rmi;hbe 4 secondary leve!
slop, e.9. wall, pause, stand-Uy of hatl (I which case OC, is tsed 1o restore noamal operabion). If A is oot cequived for ks pupese, H may be
used fof any other device comrol lunclan not provided Ly othef DCs.,




A device vontrol characler wittich s pimaaily intended for fuming off, stopplng or Intermupling an ancitary device. IF it Is not required for this

0Cy —
purpnse, il may be used for any olher device controt function not provided by olher DCs.
Examples of use of the device controls
1) One swilching

on—NGC; off — DG,
2)  Tvwindependent switchings
Firsl one on—DC; o —DC;
Secorvd cie on—DC, O — DCy
3)  Two dependent swilchings
General on—DC; ot —DCy
Particutar on—DC of —DCy
4)  Input and oulpa svdtching
Output on--DC;  off —DCy
Input o — DCy olf — DGy

BEL — Deicfe — A characler used primarlly fo erasc.or oblilerale an eronecus o unwanted characler In punched fape, DEL characlers may als
serve ta accomplisiv inedia-ni% or Ume-fill. They may be inseried inle of removed from a siream of data witheul affecting the inforrmation conle
of {hat stredam, but then the addition or removal of hese characters may alfect the intormation fayout andsor the control of equipment.

DLE — Data fink escope-— A transmisston conlrol character which will change ihe meaning of a linil‘ed number of conlguously following characters. It
Is usexk exclusively lo provide supplernenlary data kansmission conlro! functions. Only graphic characters and fransmission conlrol characlers
oan be used i DL saquences.

EM — End of inedlum — A controd characler that may be used to Jdentify the physical end of a medivm, or the end of the used pordion of a medium, or
the end of the wanled podtion of data recorded on a medium. The pesilion ot LRls enaracier does not recessarity comespond to the physicat ena
of lhe redium.

CNQ - Enquiry — A lransmission controf character used as a request for a response from a remole station - - the respense may incdude slation
identification andfor stallon slatus. When a “Who are you?” unclion is regulred on the general swilched fransmission networ, the first use of
ENQ afler the connection Is established shah have the meaning "wWho are you?" {statlon identiication), Subsequent use of ENQ may, or may
nof, indude the funclion “Who are you?", as deleqmined by agreement.

CoTr ~ £nd of transmyssion — A transmission conlrol charactes used Lo indicale he conclssion of the transmission ol ene oF more lextis.

ESC — Escope — A control character which is used Lo previde an additonal conlrol function. [t atters the mean'ng of a limited number of configuousty
following Bif comblnalions which constilie the escape sequence.

Escape sequences are used to pbtaln aodlional control fumctions which may provide among olher Mings graphic sets outside the slandard
set. Such confrot junctions must nol be used as addilional transmission conteols.
The use of e character CSG and of Ihe eacape sequences In conjunclion wilh code exlension technlgues is the sulject of an 1SO Slandard.

ETB — End of lranstnission block — A transmission conliol character used to indicate the end of a Yansmission biock of data vhere data are divided
Inlo sireh Hlocks for transtiyssion paipases.

€1 — Eng of text — A fransinission conlsol chacacter which terminates a texd.

FF — Foin feed — A format effector which advances (he aclive posttion (o he same character position on a predetenmined ine ¢f the next form or
page.

HT — Horizontal tabwiation — A fomial effectorn which advances the active position to the next predelemined character position on the same dine.

Information separators

1S.{US) — A confrol character used fo separale ard qualify data togically; its specific meaning has to be dehned for each applicalion. 1f this character fs
used [n hierarchical order as specified in he genesal definilion of IS, [l deiimits a data llem calied a UNIT.

15;(HS) — A conlrol character used to separale akd qualify dala togically; ils specific meaning has to be defined for each application. if this chwacdter Is
used fn hlerarchical osder as specified in the generat detinflion of I3, if deiimils a data llem caltes 8 RECORD.

1S24GS} — A control character used to separale and qualify data togically; ils specific mesning has to be defined for each application. If this character is
used In hierarchlcal order as specified b Iha genetal definiion of IS, it delimils & data dein catted a GROUN.

1S4{FS) — A control characler used to separale and quality data togically; ils speciiic meaning has to be defined for each application. If this character Is
used [n hierarchical order as specified in the generat defittion of IS, i de!lmits a data ilem called a FILE.

LF Line feed - - A foomat effector which advances Ihe aciive position to the same character position of the next fine.

NAK — Negalive acknowledge — A Iransmission contvot character transnitied by a receiver as a negalve response to lhe sender.

NUL — Nu# — A controd characler used to accomplish media-iil or Ume-filk, NUL ¢haragiers may be inserted info or removed from a stream of data

wilhott affecling Ihe informalion content of fhat slkeam, bul then the addition or removal of lhese chataclecs may affec! e information layout
andror the conlrol of equipment.




Sl

§0

SCH

§

X

SUB

SN

i

— Sty — A controfcharacter which  used in coruniction with SHIET-CUT and ESCAPE b extend fhe graphic characler set of the code.
may seintale he standerd meaniags of e b combinations which ol . The effctof s charatler ehen s code extension teeinigues
is descrbedinan IS0 Standard,

— Shiftout — A controlchasacter whichis used i conjunclion with SHAF -IN an ESCAPE o extend the graphic chakactr set of e code.f may
e (he meaniey] of the bt combinalins of columis 210 7 which fofow it a SHIFT-N characler is teached. Howeves, ihe characlers
SPACE {20) and DELETE (7/15) are unaffecfed by SHIFT-CKIT. The efieed f S characler when using tode exlension iechniques IS
desribedinan (SO Stadard.

— Slaifofheading — A wansmission confol character used s e fstcharacler of 2 heading of &0 nfomialion message.

— Space — A characler which advances the:aclive pastion one character postion on [ne Sae Ine. This characler is alss fegarced as  hon-
Pining drapic.

— Starafext — A anssisskon con charactr which pecedes a e and which s used o erminate a heading

— Subsfde character — A Contiol characer vsed n he place of & characte hat as been foid fobe inveid or i enor. SUB s ntended b e
infroduced by autoniatic means.

~ Syehronous itle — A Wansnvission conlol chaacte used by a synchionous fansivission system i the absence of any ofer characler (e
condeion ko provice a signal rom which synchronism may be achieved or retained ebveen dala ferminal equipment,

— Vertcatabefalion — A fomat efieclos which advances the actve postion o the same characler posiion on fhe next predelemined e,




Table 8-5 Control field formats

Control field bits
Controt ficld format for 2 3 4 5 6 7
Information fransfer (I franic) N(sy p N®R)
Supervisory cotmmands/responses (S finme) 0 s s b2/ NR)
Unanmbered commands/responses 1 M M PIF M M
whese;
N(S) = send sequence count {bit 2 — low order bif}
M(R) = receive sequence conat (bit 6 = low order bit)
8§ —supervisory function bits
M — modifier fanction bits
P = poll bit (in conumands}
F = final bit (in responses)
Table 8-6. Commands and responscs
C flald encoding
Npe Commands Responses i 2 3 L] J 7
Information tansfes |1 {infomaation} Q NES) P N@E®
Supervisary RR freceive yeady) RR {receiva ready) | o 0 ¢ | FF NRj
RNR  {receive natready) RNR  (rective not rexdy) | 0 1 o | PF N}
RBJ freject) REF {reject) | ] 0 1 | PF NRi
Unmimbazad DM (disconnected t 1 1 1 | &#F 0
mode)
SABM  (setasyncimonous H i 1 1 P bl
balapred mode)
DISC  (discampect) i 1 qQ ] F 1
vA (umnumbezed 1 H 9 i} ¥ 1
acknonledgement)
FRMR  (fram:e psject) i 1 1 0 F 9
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4.3

SCHEDULE 12

{Reguiation 84)

A WORLDWIDE SCHEME FOR THE ALLOCATION, ASSIGNMENT AND
APPLICATION OF AIRCRATT ADDRESSES

GENERAL

Global communications, navigation and surveillance systems shalt use an individual air-
craft address composed of 24 bits. At any one time, no address shall be assigned to more
than one aircraft. The assignment of aireraft addresses requires a comprehensive scheme
providing for a balanced and expandable distribution of aircraft addresscs applicable
worldwide.

DESCRTIPTION OF THE SCHEME

Table 9-1 provides for blocks of consecutive addresses avaitable to States for assignment
to aircraft. Bach block is defined by a fixed pattern of the first 4, 6,9, 12 or 14 bits of the
24.bit address. Thus, biocks of different sizes {1 048 576, 262 144, 32 768, 4 096 and |
024 consecutive addresses, respectively) are made available.

MANAGEMENT O THE SCHEME

The International Civil Aviation Organization (JCAQ) shall administer the scheme so
that appropriate international distribution of aircraft addresses can be maintained.

ALLOCATION OF AIRCRAFT ADDRESSES

Blocks of aircraft addresses shall be allocated by ICAO to the State of Registry or common
mark registering anthority. Address allocations to States shall be as shown in Table 9-1.

A State of Registry or common mark registering authority shall notify ICAO when
allocation to that State of an additional block of addresses is required for assignment to
aircraft,

in the future management of the scheme, advantage shall be taken of the blocks of
aireraft addresses not yet atlocated. These spare blocks shall be distributed on the basis
of the relevant ICAO region:

Addresses starting with bit combination 00100: AFI region
Addresses starting with bit combination 00101: SAM region
Addresscs starting with bit coinbination 0101: EUR and NAT regions
Addresses starting with bit combination 01100: MID region
Addresses starting with bit combination 01101: ASTA region
Addresses starting with bit combination 1001: NAM and PAC regions
Addresses &tarting with Lit combination 111011: CAR region



44

4.5
50

5.1

52

In addition, aircraft addresses starting with bit combinations 1011, 1101 and 1111 have
been reserved for future use,

Any fulure requirement for additional zircraft addresses shall be accommodated through
coordination between ICAO and the States of Registry or common mark registering
authority concerned, A request for additional aircraft addresses shall only be made by
a registering authority when at least 75 per cent of the number of addresscs aiready
allocated to that registering authority have been assigned to aircraft.

ICAQ shall allocate blocks of aircraft addresses to non-Contracting States npon regucst.
ASSIGNMENT OF AIRCRATFT ADDRESSES

Using its allocated block of addresses, the State of Registry or common mark registering
authority shall assign an individual aircraft address to each suitably equipped aircraft
entered on a nationat or international register (Table 9-1).

Note: For an aircrgft delivery, the aircraft operator is expected to inform the airframe
manufacturer of an address assiginment. The airframe manufacturer or other organization
responsible for a delivery flight is expected to ensure installation of a correctly assigned
address supplied by the State of Registry or conunon mark registering authority.
Exceptionally, a temporary address may be sipplied under the arrangements detailed in
paragraph 7.

Atrcraft addresses shall be assigned to aircraft in accordance with the following principles:

(@) at any one time, no address shall be assigned to more than one aircraft with the
exception of acrodreme surface vehicles on surface moveinent arcas. If such exceptions
are applied by the State of Registry, the vehicles which have been allocated the
same address shall not operate on aerodromes separated by less than 1 000 km;

(») only one address shall be assigned to an aircraft, irrespective of the composition of
equipment on board. In the case when a removable transponder is shared by several
light aviation aircraft such as balloons or gliders, it shall be possible to assign a
mique address to the removable transponder. The registers 0816,2016,2116, 2216
and 2516 of the removable transponders shall be correctly updated each time the
removable transponder is installed in any aircraft;

(¢) the address shall not be changed except under exceptional circumstances and shall
not be changed during flight;

(¢/) when an aircraft changes its State of Registry, the new registering State shall assign
the aircraft a new address from its own altocation address block, and the ald aircraft
address shall be returned to the allocation address block of the State that previously
registered the aircraft;

(&) 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

(H the addresses composed of 24 ZERQOS or 24 ONLS shall not be assigned to aircraft.

5.2.1 Any method used to assign aircraft addresses shall ensure efficient use of the entire address

biock that is allocated to Uganda.



6 APPLICATION OI' AIRCRAFT ADDRESSES

6.1

6.2

The aircraft addresses shall be nsed in applications swhich require the routing of information
to or from individual suitably equipped aiveraft.

Note 1. — Examples of such appliications are the aevonautical telecommunication nenwork
(ATN}, SSR Mode § and airborne collision avoidance system (ACAS).

Note 2. — This Standard does not preclude assigning the aircraft addresses for special
applications associated with the general applications defined therein. Examples of sucl
spectal applications are the wiilization of the 24-bit address in a psendo-aeronautical
earth station to monitor the aeronautical mobile-sateliite service ground earth station
and in the fixed Mode S transponders {(reporting the on-the-ground status as specified
in ANS Technical Standards, Part 1, Volime 1V, 3.1.2,6,10.1.2) to monitor the Mode §
ground station operation, Address assigrments for special applications are to be carried
oui in conforimance with the procedure established by Uganda to manage the 24-bit
address assignments to aircraft.

An address consisting of 24 ZEROs shall not be used lor any application.

7 ADMINISTRATION OF THE TEMPORARY AIRCRAI'T ADDRESS ASSIGNMENTS

7.1

7.2

73

74

7.5

Temporary addresses shatl be assigned to aircraft in exceptional circumstances, such as
when operators have been unable to obtain an address from their individual States of
Registry or Common Mark Registering Authority in a timely manner. ICAO shatl assign
temporary addresses from the block “ICAQ1” shown in Table 9-1,

When requesting a temporary address, the aircraft operator shall supply to ICAQO: aireraft
identification, type and make of aircraft, name and address of the operator, and an explanation
of the reason for the request.

7.2.1 Upon issuance of the temporary address to the aircraft operators, ICAC shall inform
the State of Registry of the isswance of the temporary address, reason and duration.,

The aircraft operator shall:

(@) inform the State of Registry of the temporary assignment and reiterate the request for
4 permanent address; and

(b) inform the airframe manufacturer,

When the permancnt aireraft address is obtained from the State of Registry, (he operator
shall:

(@) inform ICAQ without delay;

(b} relinquish histher temporary address; and

(¢) arrange for encoding of the valid unique address within 180 calendar days,

If a permancat address is not obtained within one year, the aiveraft operator shall reapply
for a new temporary aireraft address, Under o circomstatices shall a temporary aiveraft
address be wsed by the aircraft operator for over one year,



Table 9-1. Allocation of aircraft addresses to States

Note: The left-hand column of the 24-bit address patterns represents the most significant
bit (MSB) of the address.

Mimber of addrasses in Hlock

Allocation of blocks of addiesses

Stata 1024 | 4096 } 32768 262 144 | 1 048 570 (@ dash represents a bit valua ogial to 8 or 1)
Afglirnistan ¢ 611l GO 0090 0C0 -—
Albania . gLcl  co 000 001l 00
Alpgeria ¢ 0000 10 i0¢ - -
Angola . pooo 10 01¢ 000 -
Antigua and Basbuda * 6000 114 0ot oto 0c
Argentioa * 1110 00 U .
Amseniz + 01t0 0O 000 000 00 -
Avstemlia * 01ti1 11 -—— - -
Austria b 0100 Ot 000 - -
Azerbaijan * 0110 0o o0 000 10
Bahamas d 6000 190 101 600
Babtain i 1400 10 vie 100 -
Bangladesh * 0111} 00 000 910 -
Barbados * 0o00 10 101 010 00
Belarus * 01061 00 610 900 00
Belgium i ¢199 01 091 —_— —
Belize * ¢o090 10 101 o1t Q0
Beain - 0000 10 010 100 00
Bhuian * 6110 10 000 Q000 00
Bolivia hd 1110 10 ¢10 iao -
Bosmia and Hetzegovina » 0ic! 00 010 01t 00
Bolswana . 6000 00 ii{0 600 00
Brzil b 1110 01 —_— —_— —
Brnei Darussalam hd 1000 X¢] 010 101 00
Butgaiia * 0100 Ol 010 —-—— -
Burkina Faso ad c000 | 4] 011 106 -
Burundi . 60006 00 fi¢ 010 —
Cambodia * 01El OO0 601 110 -
Caneroan ¢+ Q000 00 tio 100 ——
Canada * 1100 0¢ _— - -
Cape Vesde ¢ ¢000 10 0id 11¢ 00
Central African Republic * 6000 0% 161 100 -
Chad . 0pog 19 000 109 -
Clule . 1110 10 0G0 000 -
China . G111} 10 - - - ==
Colonibia . 6000 19 101 100 -
Comoros hd G000 00 110 101 00
Congo * ¢000 00 110 110 -
Cook Islands * [001 00 geo 001 00
CostaRica = 0000 1¢ 101 110
Céie d'Ivoire * 0Ga0 0o¢ 111 000 -
Croatia . 0101 ot 060 ¢o1 11
Cuba * 0000 16 110 oo -
Cyprus . 0100 L1 g0t 000 00
Czech Republic . gro0 10 o1t - -




Stote

Mumber of addresses in block

4408

32 768

202 144

1048 570

Altocarion of blocks of addresses
(e dash represents a bit valus equal fo G or 1)

Democratic People’s
Republic of Korea

Dearocratic Republic of
the Conga

Denmark

Djibouti

Dominican Republic

Ecuador

Egypt

El Sadvador
Equatanat Guinea
Entren

Edtoniz
Ethiopia
Fiji
Finland
France

Gabon
Ganibia
Geuvigia
Geamany
Ghana

Greeee
Grenada
Guatemala
Gigea
Guinea-Bissau

Guyana
Haiti
Hondums
Hungary
Ieeland

India

Indoniesin

Iran, Istamic Republic of
Iraq

Ireland

Lsruel
Italy
Jamnica
Japan
Josdan

Kazakhsian
Keayn
Kinbati
Kuwait

Kysgyzstan

Lao Peopls’s Demacralic
Republic
Latvia

0ltl

0000

0100
0000
0000

I1io
9000
0000
0000
0010

olol
0000
1160
0100
6014

0000
0000
¢1e1
00t1
0000

0100
0000
0000
0080
0000

0000
0000
0000
01090
01090

1000
1000
oLll
oLil
0100

oLt
b1
0000
1000
Q1131

0Li0
0000
1100
¢l1l
0L10

¢111

0Ll

00

10

¢l
10
11

to
a0
10
0l
00

oo
0l
{0
01
Lo

00
t0
a0
bk
[

0i
11
10
81
01

Lo
10
i0
01
il

o¢
10
00
00
1t

a0
w0
10
¢!
01

10
01
10
00
00

a0

00

100
401

011
01t
000

000
o1¢
110
060
800

010
000
001
100

11
011
010

¢o0
101
cel

110
000
001
110
111
111
110
Qol
100
119
101
001

111

111

000

000
001
001
€00
0090

083

000

100

110
000
0F0

ico

110

011
100
110
1o
0Ot

G0




Niember of addvasses in block

{a dash represernits a bit value equel te D or 1)

Allocation of blocks of addresses

Stare 1024 | 4095 | 32 768 | 262 144 | 1 048 576

Lebanon M 01i1 01 001
Lesatha ¢ 0000 Ot 601
Libena N 0000 0t ¢lo
Libyan Arsb Janshinya . 0000 1])] 011
Lithvana N ofiot a0 000
Luxembowg - 0100 11 ¢io
Madagascar . 0000 01 ¢i1¢
Malawi o [Nt BT a1 01t
Malaysia * olil 91 cia
Maldives b 00040 01 [ %
Mal: . 0000 01 0l
Melta s 01040 il gl1o
Marshalt Tslands b i¢ol 0¢ coc
Mountana - 0000 01 a1l
Mausibus bt 000 o1 100
Moexica . 4000 i ole
Micronesia, Fedesated b 0ji¢ 10 000
States of

Monaco - o100 | 1 olo
Mongolia * ¢110 to 000
Mounteaegro b g101 00 0¥0
Morotco . 0000 00 ioo
Mozambique. v 0000 00 000
Myansnac . 2111 (+]] ooo
Nanubia o J01¢ [11t] 000
Nawas - 11086 [ §H] D01
Nepal ’ 0111 60 0¢1
Netherdands, Kingdom * 0100 10 000
of the

New Zealnnd . 110¢ 3¢] 000
Nicaragna = 8000 11 000
Niger . Q600 0t 100
Nigeria b 90606 01 100
Noeway . 0100 01 i1l
Oman . 0111 00 001
Pakistian . 0111 01 100
Palan o 0110 10 000
Panama » 0000 11 000
Papua New Guinea * 1000 10 011
Paraprtay * 11£0 10 001
Pern . 1110 10 001
Philippines * 011t G1 011
Potand * 4100 10 001
Potugal « 0igo 10 010
Qatar b 0000 01 101
Republic of Korea ¢ 01161 00 o1
Republic of Moldova * 0101 0o 400
Romania 4 0100 10 100
Russtan Federation ’ 0001 —— _——
Rwanda * 0000 01 101

010
0090

ottt
000
10690
000

01¢
10¢
019
000

i1¢
000

oot
100

010
1i0
110
100

901
00
oL0

000
019
oo

160

190
810
009
800

100

010

100

110




Niniber of addraiser in block
Allacation of blocks of addresses

Stata 1024 { 4096 | 32769 202 144 | 1 648 570 (a dash repracents a bit valna equal to @ or 1}
Saint Lucia * 1100 16 0601 100G 00 ~mm————e——
Saint Vincent and . 0000 106 11} 100 00 —eem—m——eeee
the Greasdices
Samon » 100! 00 000 010 00 —————mmeee
San Masino . 0101 00 000 000 00 ————m—me——
Sao Towe and Prutcipe * 00090 10 011t 110 00 —r——mmmm——
Saudi Arabis | * 0114 oo 0190 ——— e
Senegsl ¢ 0000 O1 i 000 = e
Serbia * 0160 1! 000 === me e
Seychelles » ¢00s 013 110 io0 00 wommmam
Steera Leone * 0000 91 110 [31] 0y -
Singapore * ¢1)1 o1 101 - —— memm e
Stovakia * 0101 00 006 101 4l ———— e
Sloveunia * 6101 00 000 11¢ 11
Solomen Elands . 1000 10 0190 it 00
Somatia ' 0000 0} i1t 0OD e
South Africa . 0000 @0 0C1 — S
Spain . [ 2 B (3] ——— R —— e e
$1i Lanka v arrt 01 110 ——=  -x
Sudan . 0000 01 1t} 100 -=
Suriname * 8000 11 L 000 -—
Swazitand * 6000 01} 16! 010 00 ——mmmn
Sweden . 0100 10 101 —-— -
SwitzesTuud i 2100 10 116 —— —=
Syrinn Amb Republic * 01tl Ot 1H! —-—= -
Tajikistan ¢ a1o1  ao ol 101 a0
Thniand " 100D 10 000 - —— e
The formes Yugoslav * 0101 an ole TN 00 - - -
Repnblic of Macedonia
Tego . 0000 10 00l 000 - -
Tooga * 1160 10 001 101 0B ———
Titidad and Tobage M 0000 1t 000 119 e —————
Tuaisia L4 o000 Q0 101 ——— S
Torkey * 0100 tO 11 —— e e
Tuskinenistan * 0110 00 0090 001 10 ————m—mme
Ugauda * 0000 0! 101 000 e e
Ukraine * a1eL 00 001 — —— e
United Arub Ewirates . 1000 10 010 110 O —
United Kingdom ¢ 0100 00 —— _— - -t e
United Republic of : 0000 10 060 Q00 S ——
Tanzania
Uniled Slates . 1010 - — — e e ————
Unugueay M 1t1¢ 10 a1¢ 000 e mm
Uzbelistan . 0i0l  0G¢ 008 Lt} [ J
Vinvaht * 1106 10O 010 000 00 —-v——enm
Yenemela ¢ 0000 i1 011 —_—— U
Viet Nam 4 1008€ 50 001 v —— mm
Yemen * 1000 to0 010 060 @ —— e
Zawbea * oone 10 001 ol0 —= mmmm—————
Zimbsbwe b 0000 00 000 100 06 ——————————




State

Nmnher of addvosses in block

1024

4006 | 32768 262 144 | 1 043 576

ARocation of blocks of addresses
{a dash represenis a bitvalue equal to @ or 1)

Other allocalions

ICAD
ICAQ
ICAQ

3R
1000
111

60 080
10 011
00 001

I, ICAO aduministers this black for assigning teraporary aircralt addresses as deseribed in section 7.

2. Block allocated for special use in the interest of flight safety.




1.1

SCHEDULE 13

(Regutlation 94)

HF DATA LINK PROTOCOL

Note: The HFDI, protocol is a layered protocol and is compatible with the open systems
interconnection (GSI) reference model. It permits the HFDL o function as an aeronantical
tefeconununication network (ATN)-compatible subnetwork. The details of the protocol are
described in the Manual on HF Data Link (FCA4O Doc 9741). '

Physical layer RF characteristics

The aircraft and ground stations shall access the physical medium operating in
simplex mode.

1.1.1 FREQUENCY BANDS

HFDL installations shall be capable of operating at any single sideband (SSB) carrier
(reference) frequency available to the acronantical mobile {R) setvice in the band 2.8
to 22 MHg, and in compliance with the relevant provisions of the Radio Regulations,
* All tables and figures are located at the end of this schedule.

1.1.2 CHANNELS

Channel utilization shall be in conformiiy with the table of carrier (refercnce)
frequencies of Appendix 27 to the I''U Radio Regulations.

1.1.3 TUNING
The equipment shall be capable of operating on integral multiples of | kHz,
1.1.4 SIDEBAND

The sideband used for transmission shal! be on the higher side of its carrier (reference)
frequency.

1.1.5 MODULATION

HFDL shall employ M-ary phase shift keying (M-PSK) to moduiate the radio
frequency carrier at the assigned frequency. The symbol rate shall be 1 800 symbols
per second £10 parts per miliion (i.e. 0.018 symbols per second), The value of M and
the information data rate shall be as specificd in Table 11-2.



1.1.5.1 M-PSK CARRIER

The M-PSK carrier expressed mathematically shall be defined as:

s(f) = AZ(p(t-kTDcos[2rfgt + @k}, k=0, 1 ..., N-{

where:

N = mumber of M-PSK symbols in transmitted physical layer pratocol data unit (PPDU)
s(t) = analog waveform or signal at time t

A = peak amplitude

fo = SSB canier (reference) + 1 440 Hz

T =  M-PSK symbol period (1/1 800 s)

ok} = phaseofkth M-PSK symbol
p{t-kT) pulse shape of kili M-PSK symbol at time t.

Note: The number of M-PSK symbols sent, N, defines the length (duration = NT
seconds) of the PPDU. These paramelers are defined in the Manual on HF Data Link
(ICAO Doc $741).

1.1.5.2 PULSE SHAPE

The pulse shape, p(t), shall determine the spectral distribution of the transmitted
signal. The Fourier transform of the puise shape, P(f}, shall be defincd by:

PO =1, o< < (1 —bL)2T
P(f) = cos {m(2[AT — 1 +b)/db},  if (1 —bY2T < |f < (1 +by2T
P(H) =0, it 1] > (1 +b)2T

where the spectral roll-off parameter, b = 0.31, has been chosen so that the —20 di3

points of the signal are at SSB carrier (reference} + 290 Hz and SSB carrier (reference)

+ 2 590 Hz and the peak-to-average power ratio of the waveform is less than 5 dB,
1.1.6 TRANSMITTER STABILITY

The basic frequency stability of the transmitting function shall be better than:

{a} £20 Hz for HEDL aircraft station subsystems; and

(6} £10 11z for HEDL ground station subsystems.



£.1.7 . 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 70 Hz.

1.1.8 PROTECTION

A 15 dB desired to undesired (D/U} signal ratio shall apply for the protection of co-
channel assignments for HFDL as follows:

(a) data versus data;

(&) data versus voice; and

{c} voice versus data.

1.1.9 CLASS OF EMISSION

The class of emission shall be 2K80J2DEN

1.1.10 ASSIGNED FREQUENCY

1,

——

The HFDL assigned frequency shall be 1 400 Hz higher than the SSB carrier (reference)
frequency.

Note: By convention, the HF DL assigned frequency is offset from the SSR carrier (reference)
frequency by 1 400 Hz,

The HFDL M-PSK carrier of the digilal modelation is offset from the SSB camier (reference)
frequency by 1 440 Hz, The digital modulation is fully contained within the same overall
channel bandwidth as the voice signal and complies with the provisions of Appendix 27
to the ITU Radio Regulations.

J1 EMISSION LIMITS

For HEDL aircraft and ground station transmitters, the peak envelope power (Pp) of any
emission on any discrete frequency shall be less than the peak envelope power (Pp) of the
transmit{er in accordance with the following (see Figure f1-1):

{¢) on any frequency between 1.5 kHz and 4.5 kHz lower than the HFDL assigned frequency,
and on any frequency between 1.5 kHz and 4.5 kHz higher than the HFDL assigned
frequency: at least 30 dB;

(&) on any frequency between 4.5 kHz and 7.5 KHz fower than the HFDL assigned frequency,
and on any frequency between 4.5 kHz and 7.5 kHz higher than the HFDL assigned
frequency: at teast 38 dB; and

{c) on any frequency fower than 7.5 kHz below the HFDL assigned frequency and on any
frequency higher than 7.5 kHz above the HEDL assigned frequency:

i. HFDL aireraft station transmitters; 43 dB;

ii. HFDL ground station transniitters up to and including 50 W: [43 + L0 log]0 Pp(W)]
dB; and

iii. HFDL ground station transmitters more than 50 W: 60 dB.



1.1.12 POWER

1.1.12.1 Ground station installations. The peak envelope power (Pp) supplied to the antenna
transmission line shall not exceed a maximum value of &6 kW as provided for in
Appendix 27 of the ITU Radio Regulations.

1.1.12.2 Aircraft station installations. The peak envelope power supplied to the antenna
transmission line shall not cxeeed 400 W, except as provided [or in Appendix 27/62
of the Radio Regulations.

{.1.13 UNDESIRED SIGNAL REJECTION

For HFDL aircraft and ground station receivers, undesired input signals shall be attenuated
in accordance with the following:

{a@) on any frequency between fc and (fc — 300 Hz), or between (fc + 2 900 Hz) and (fc
+ 3 300 Hz): at least 35 dB below the peak of the desired signal levei; and

(5) on any frequency below (fc — 300 Hz), or above (fc -+ 3 300 Hz): at least 60 dB
below the peak of the desired signal level, where fc is the cairier (reference) frequency,

1.1.14 RECEIVER RESPONSE TO TRANSIENTS

The receiving function shall recover from an instantaneous increase in RF power at the
antenna terminal of 60 dB within 10 milliseconds. The receiving function shall recover
from an instantaneous decrease in RF power at the antenna terminal of 60 dB within 25
mitliscconds.

1.2 Physical layer functions
1.2.1 FUNCTIONS

The functions provided by the physical layer shall include the following:
(@) transmitter and receiver control;
{b) transmission of data; and
(¢) reception of data.

122 TRANSMITTER AND RECEIVER CONTROL

The HFEDL 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 1o transmit a packet.

12.2.1 TRANSMITTER TO RECEIVER TURNAROUND TIME

The transmitted power tevel shall decay at least by 10 dB within 100 milliseconds after
completing a transmission, An HFDL station subsystem shalf be capable of receiving
and demodulating, with nominal performance, an incoming signal within 200 milliseconds
of the start of the subsequent receive siot,



1.2.2.2 RECEIVER TO TRANSMITTER TURNAROUND TIME

An HFDL station subsystem shall provide nominal output power within plus or minus |
dB to the antenna transmission line within 200 milliseconds gf the stait of the transmit slot.

1.23 TRANSMISSION OF DATA

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 1117 data link modulaior shall hegin outputting a
pre-key segment at the beginning of a time slot plus or minus 10 milliseconds.

1.2.3.1 TDMA STRUCTURE

Bach TDMA frame shall be 32 seconds, Each TDMA frame shall be divided into thirteen
equal duration slots as follows:

{a) the first slot of each TDMA frame shall be reserved for use by the HFDL ground
station subsystem to broadcast link management data in SPDU packets; and

{h) 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 HEDL 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.

1.2.3.2 BROADCAST

The HFDL ground station subsystem shall broadeast a squitter protocol data unit
(SPDU) every 32 seconds on each of its operating frequencies.

Note, — Details on the TDMA fraire and slot structures, pre-key segment, data structures,
including the SPDU, are conmtained in the Marnual on HF Data Link (ICAO Doc 9741),

124 RECEPTION OF DATA
1.2.4.1 FREQUENCY SEARCH

Bach HI'DL aivcraft station shall automatically search the assigned frequencies until
it deteets an operating frequency.

1.24.2 RECEPTION OF PPDUS

The HF data link receiver shall provide the means to detect, synchronize, demodulate
and decode PPDUs modulated according to the waveform defined in 1.1.5, subject to
the following distortion:

(a) the 1 440 Hz audio cartier offset by plus or minus 70 Hz;

(h) discrete and/or diffuse multipath distortion with up to 5 ms multipath spread;

{c) multipath amplitude fading with up to 2 Hz two-sided RMS Doppler spread and
Rayleigh statistics; and



(o) additive Gaussian and broadband impulsive noise with varying amplitude and random
arrival times,

1,2.4 3DECODING OF PP]PUS
Upon receipt of the preamble segment the receiver shall:

(a) detect the beginning of a burst of data;

(b) measure and correct the frequency offset between the transmitter and receiver due to
Doppler shift and transmitter/receiver frequency offsets;

(¢) determine the data rale and interleave settings to use duving data demodulation;

(d) achieve M-PSK symbol synchronization; and

() train the equalizer.

1.244 SYNCHRONIZATION

Each HFDL aircraft station subsystem shall synchionize its slot timing to that of its
corresponding ground station with respect to the reception time of the last received
SPDU.

1,2.4.5 SPECIHFILD PACKET ERROR RATE PERFORMANCE

1.2.4.5.1 The number of HFDL media access protocol data units (MPDUs) received with ote
or more bit errors shall not exceed 5 per cent of the total humber of MPDUs received,
when vsing a 1.8 sccond interleaver and under the signal-in-space conditions shown
in Table 11-3,

1.2.4.5.2 The number of HFDL MPDUSs received with one or more bit errors shall not exceed
5 per cent of the total number of MPDUSs received, when using a 1.8 second interleaver
under the conditions shown in Table 11-3a.

13  Link layer

Nate: Details on fink layer functions are contained in the Manual on HF Data Link
(TCAO Doc 9741),

The link layer shall provide control functions for the physical layer, link management
and data service protocols.

1.3.1 CONTROL FUNCTIONS

The link layer shall pass commands for frequency tuning, transmitter keying and
transmitter/receiver switching to the physical layer.

132 LINK MANAGEMENT

The link layer shall manage TDMA slot assignients, 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,



1.3.3 DATA SERVICE PROTOCOLS

The link fayer shall support a rcliable link service (RLS) protocol and a direct link
service (DLS) protocol.

133.1 RLS

1.33.1.1 The RLS protocol shall be used to exchange acknowledged user data packets
between aircraft and grownd pecer link layers.

1332 DLS

1.33.2.{ The DLS protocol shall be used to broadcast unsegmented uplink high frequency
network protocol data units (HINPDUs) and other HENPDUSs not requiring
automatic refransmission by the hink layer.

1.4 Sub network layer

Note: Details on sub network layer protocols and services are contained in the Manwal
on HFF Data Link (1CAO Doc 9741),

14.1 PACKET DATA

The HFDI. sub network layer in the HFDL aircraft station subsystem and HFDL
ground station subsystem shall provide connection-oriented packet data seivice by
establishing sub network connections between sub network service users,

142 CONNECTIVITY NOTIFICATION SERVICE

The HFDL. sub network layer in the HFDL aircralt station subsystem shall provide the
additional connectivity notification service by sending connectivity notification event
messages to the attached ATN router.

14.2.1 CONNECTIVITY NOTIFICATION EVENT MESSAGES

The connectivity notification scrvice shall send connectivily notification event messages
to the attached ATN router through the sub network access function.

14.3 HEDL SUB NETWORK LAYER FUNCTIONS

The HFDL sub network layer in both the HFDI. aircraft station subsystem and HFDL
ground station subsystem shall include the following three functions:

{a) HFDL sub network dependent (JIFSND) function;
{#) sub network access function; and
(¢) interworking function,



1.4.3.1 HI'SND FUNCTION

The HESND function shall pecrform the HESND protocol between each pair of HEDL
aircraft station subsystems and HEDI. ground station subsystems by exchanging
HFNPDUSs. 1t shall perform the HESND protocol aireralt function in the HFDL aircrafl
station subsystem and the HESND protocol ground function in the HFDL ground station
subsystem.

1432 SUBNETWORK ACCESS FUNCTION

The subnetwork access function shall perform the ISO 8208 protocol between the
BFDL aircraft station subsystem or HI'DL ground station subsystem and the attached
routers by cxchanging ISO 8208 packcts. It shall perform the 1SO 8208 DCE function
in the HFDL aircraft station subsysten and the HFDL ground station subsystem.

1.43.3 INTERWORKING FUNCTION

The interworking function shall provide the necessary harmonization functions between
thec HFSND, the subnetwork access and the connectivily notification functions.

TABLES FOR THIRTEENTH SCHIEDULE

Tahle 11-1. Transfer detays

Direction Priority Delay
To-aircraft 7 through 14 458
Transit delay
From-aircraft 7 through 14 60 ¢
To-aircraft 1l through 14 90s
7 through 10 120¢
Transfer delay (95 parcentils)

From-aircraft 1l throughld 150
7 through 10 250s




Table 11-2, Value of M and information data rate

Information data rate
A (bifs por second)
2 300 or 60D
4 1200
8 1800

Nove.— When M equals the value 2, the data vate may be 300 or 600 hits per second as detersrined by the channel
coding rate. The value of Minay change from one data transmission fo another depending on the data rate selected.
The channel coding rvate is described in the Manual on HF Dala Link (Doc 9741).

\Ji_’.‘able 1{-3. HF signal-in-space conditions

Fading Signal to notse
bandmd!ﬁ ) Frequency rafio (gﬂ
Data rate Nunbar of Mnmﬂlh spread  per Ct o%i ma3 MPDU siza
(bits per second)  channel paths ecanids) aport 1492 {: bandwidth foctets)
1200 { fixed - - 40 4 256
1800 2 fading 2 1 40 16 400
1200 2 fadmg 2 1 40 115 256
600 2 fading 2 1 40 8 128
300 2 fading 2 i 40 5 64
Table 11-3a, HF signal-in-space conditions
Fading Signal fo noise
bendwidth (Hr)  Frequency atto (@
Data rate Number of Muilfﬁa!h spread Rpa' Ct olfset a3 MPDU size
(bits per second)  chomel paths  (milliseconds) aport 3492 (Hz) bandwidth {octats)
1200 2 fading 4 1 40 13 256

1200 2 fading 2 2 40 115 256




FIGURES FOR THE THIRTEENTH SCHEDULE
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SCHEDULE 14
{Regulation 96 and 97)
UNIVERSAL ACCESS TRANSCEIVER (UAT)
1. UAT overall system characteristics of aircraft and ground stations
Note.~ Details on technical requirenents related to the implemeniation of UAT SARPs
are comtained in Part I of the Manual on the Universal Access Transceiver (UAT) (TACO
Doc 9861 ). Part I of the Manual on the Universal Access Transceiver (UAT) (ICAQ Doc
9861) (in preparation} will provide additional guidance material.
1.1 TRANSMISSION FREQUENCY
The transmission frequency shall be 978 MHz.
1.2 FREQUENCY STABILITY

The radic frequency of the UAT equipment shall not vary more than £0.002 per cent (20
ppm) from the assigned frequency.

1.3 TRANSMIT POWER
1.3.1 TRANSMIT POWER LEVELS

UAT equipment shall operate at one of the power levels shown in Table 12-1%,

1.3.2 MAXTMUM POWER

The maximum equivalent isotropically radiated power (EIRP) for a UAT aircrafl or
ground station shall not exceed +58 dBm.

Note.. - For example, the maximum EIRP listed above could result from the maxinmum
allowable aircraft iransmitter power shown in Table 12-1 with a maxinien antenna
gain of 4 dBi.
1.3.3 TRANSMIT MASK

The spectrum of a UAT ADS-B message transmission modutated with pseudorandom
message data blocks (MIDB}) shall fall within the limits specified in Table 12-2 when
measured in a 100 kHz bandwidtl.
Note.— Figure 12-1* is a graphical represeitation of table 12-2.

14 SPURIOUS EMISSIONS

Sputious emissions shall be kept at the lowest vailue which the State of the technique and
the nature of the service permit,



1.5
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Note.— Appendix 3 of the ITt] Radio Regulations requires that transmitting stations shall
conform fo the maxinum permitted power levels for spuriows emissions or for wmvanted
emissions in the spurious domain.

POLARIZATION

* All tables and figures arc located al the end of the chapter.

The design polarization of emissions shall be vertical,
TIME/AMPLITUDE PROFILE OF UAT MESSAGE TRANSMISSION

The time/amplitude profile of a UAT message transmission shall meet the following
requirements, in which the reference time is defined as the beginning of the first bit of the
synchronization sequence appearing at the output port of the equipment.

Notes.—

All pawer requirements for subparagraphs “a” through "f below apply to the PMP. For
installations that supporf transmitter diversity, the RF power oufput on the non-sefected
antenna port should be at least 20 dB below the level on the selected port.

All power requirements for subparagraphs “a«” and “f” assime a 300 kHz measurement
p 8

bandwidih. All power requirements for subparagrapls “b”, “c”, “d” and “e” asstone a
2 MHz measurement bandwidth.

The beginning of a bit is 12 bit period prior to the optistum sainple point.
These requivenents are depicted graphically in Figure 12-2.

(@) Prior to 8 bit periods before the reference time, the RF output power at the PMP shail
not exceed —80 dBm. :

Note. — This umvanted radiated power restriction is necessary to ensure that the UAT
transntitting subsystem does not prevent closely located UAT receiving equipment on the
scune aircraff from meeting its reguivemenis. It assumes that the isolation between transniitier
and receiver equiipment ar the PMP exceeds 20 dR.

{b) Between 8 and 6 bit periods prior to the reference time, the RF output power at the
PMP shall remain at least 20 dB below the rinimum power requirement for the UAT
equipment class.

Note, — Guidauce on definition of UAT equipment classes will be provided.in Part If of
the Manual on the Universal Access Transceiver (UAT) (ICAO Doc 9861 ) (in preparation). -

(¢) During the Active State, defined as beginning at the reference time and continning
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 eguipment class,

(d) The RF output power at the PMP shall not exceed the maximum power for the UAT
equiprment class at any time during the Active State.
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2.1

(e) Within 6 bi¢ 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 (he minimum power requirement for the
UAT equipment class.

{f) Within 8 bit periods after the end of the Active State, the RF output power at the PMP
shall fall to a level not to exceed —80 dBm.

Note. — This unwanted radiated power restriction is necessary to ensure that the
transmitting subsystem does not prevent closely located UAT receiving equipnteni on
the same aiveraft from mecting its requirements. It assumes that the isalation between
transmitter and receiver equipient at the PMP exceeds 20 dB.

SYSTEM CHARACTERISTICS OF UNIVERSAL ACCESS TRANSCEIVER
GROUND INSTALLATION

Ground station transmitting finction

2.1.1 GROUND STATION TRANSMITTER POWER

2.1,1.1 The effective radiated power shall be such as to provide a field strength of at least 280

2.2

3.1

microvolts per metre (minus 97 dBW/m2) within the service volume of the facility on
the basis of free-space propagation.

Note. — This is determined on the basis of delivering a =91 dBw (corresponds to 200
microvolts per metre) signal level at the PMP (assuming an omnidivectional antenna),
The 280 pVim standard corresponds to the delivery of « — 88 dBm signal level af the PMP
af the receiving equipment. The 3 dB differerice berween —88 dBm and -91 dBm provides
margin for excess path loss over free-space propagation.

Ground station receiving function

Note. — An example ground station receiver is disciussed in Section 2.5 of Part 1 of the
Muanual on the Universal Access Transceiver (UAT) (fCAQ Doc 9861), with UAT air-1o-
ground performance estimates consistent with use of that receiver provided in Appendix
B of that manual.

SYSTEM CHARACTERISTICS OF THE AIRCRAFT INSTALLATION

Airvcrafl transmitting function

3.1.1 AIRCRAFT TRANSMITTER POWER

The effective radiated power shall be such as to provide a field strengih of af least 225
microvolts per metre (minus 99 dBW/m2) on the basis of frec-spuce propagation, at
ranges and altitudes appropriate to the operational conditions pertaining to the areas over
which the aircraft is operated. Transmitter power shall not exceed 54 dBm at the PMP,

Note 1. — The above field sirength is determined on the basis of delivering a —93 dBm
{corresponds 1o 160 microvolis per metre) signal level at the PMP (assuming an onmidivectional
antenna). The 3 dB difference between 225 uVin and 160 yVim provides margin for
excess path loss over free-space propagation whern receiving a long UAT ADS-B message.
A 4 dB margin is provided when receiving a basic UAT ADS-B message.



Note 2. - Various aircraft operations may have different air-air range reqiirements
depending on the intended ADS-B function of the UAT equipinent. Therefore different
installarions may operate at different porwer levels,

3.2 Receiving function
3.2.1 RECEIVER SENSITIVITY
3.2.1,1 1.LONG UAT ADS-B MESSAGE AS DESIRED SIGNAL

A desired signal level of —93 dBm applied at the PMP shall produce a rate of successful
message reception {SMR) of 90 per cent or better under the following conditions:

(@) When the desired signal is of nominal modulation (i.e. FM deviation is 625 kHz)
and at the maximum signal frequency offsets, and subject to relative Doppler shitt
at 1 200 knots; and

(by When the desired signal is of maximum modulation distortion allowed in 12.4.3,
at the nominal transmission frequency +1 parts per million (ppin), and subject to
relative Doppler shift at +1 200 knots,

Note. — The receiver criteria for successful message reception of UAT ADS-B messages
are provided in Section 4 of Part I of the Manual on the Universal Access Transceiver
(UAT) (Doc 9861).

3.2.1.2 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 hetter under the following conditions:

(@) When the desired signal is of nominal modulation (i.e. FM deviation is 625 kHz)
and at the maximun signat frequency offsets, and subject to relative Doppler shift
at £1 200 knots;

(5) When the desired signal is of maximum modulation distortion allowed in 124.3,
at the nominal transmission frequency =1 ppm, and subject to relative Doppler
shift at 1 200 knots.

Note. - The receiver criteria for successful inessage reception of UAT ADS-B messages
are provided in Section 4 of Part I of the Manual on the Universal Access {ransceiver
(UAT) (ICAC Doc 9861).

32.1.3 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 hetter under the following conditions:

(@) When the desired signal is of nominal modulation (i.e. FM deviation is 625 kHz)
and at the maximum signal frequency offsets, and subject to relative Doppler shift
at 850 knots: and



(») When the desired signal is of maximum modulation distortion allowed in 12,43,
at the nominal transmission frequency 1 ppm, and subjeet to refative Doppler
shift at =850 knots.

Notes.—

1.

The receiver criteria for successful message reception of UAT groind uplink inessages
are provided in Section 4 of Part I of the Mannal on the Universal Access Transceiver
{UAT} (ICAO Doc 98G1) (in preparation).

This requirement ensires the Dit rate accuracy supporting demodulation in the UAT
equipment is adequuie to properly receive the longer UAT ground uplink message.

3.2.2 RECEIVER SELECTIVITY

Notes. -

1. The undesired signal used is an unmodulated carrier applied ar the fregiency offset.

2. This requirement establishes the recetver’s rejection of the off-channel energy.

3. It is usswmed that ratios in between the specified offsets will fall near the interpolated
valie.

4. The desired signal used is a UAT ADS-B long message at -90 dBm at the PMP, to be received
with a 90 per cent successfitt message reception rate.

5. The tolerable co-chammel continuous wave interference power level for aircraft UAT
recefvers is assumed to be -101 dBm or less at the PMP.

6. See Section 24.2 of Part H of the Manual on the Universal Access Transceiver (TJAT)

(Doc 9861) for a discussion of when a liigh-perforsmance receiver is desirable,
@) Standard UAT receivers shail meet the sclectivity characteristics given in Table 12-3.

b) High-performance receivers shall meet the more steingent selectivity characteristics
given in Table 12-4.

Note.— See Section 24.2 of Part II of the Manual o the Universal Access Transceiver
(UAT) (Doc 9861) for guidance materiat on the implementation of high-performance
receivers.

3.2.3 RECEIVER 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 —10 dBin represents 120-foot separation from an aivcraft fransniitter
transmitting at maximum allowed power,



324 RECEIVER TOLERANCE TO PULSED INTERIFERLENCL

Note. — All power level requirements in this section are referenced to the PMP.

(7} for Standard and High-Performance receivers the following requirements shall apply:

@

(ii)

the receiver shall be capable of achieving 99 per cent SMR of long UAT ADS-B
messages when the desired sigral level is between —90 dBm and —10 dBm when
subjected to DME interference under the following conditions: DME pulse pairs
at a nominal rate of 3 600 pulse pairs per second at either 12 or 30 microseconds
pulse spacing at a level of =36 dBm {or any 1| MHz DME channel frequency
between 980 MHz and 1 213 MHz inclusive.

following a 21 microsecond pulse at a level of ZERO (0} dBmand ata frequency
of 1 090 MHz, the receiver shall returi to within 3 dB of the specified sensitivity
level (see 3.2.1) within 12 microseconds.

(b) for the standard UAT receiver the foHowing additional requirements shall apply:

(i)

(i)

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 —10 dBm when
subjected to DME interferencc under the following conditions: DME pulse pairs
at a nominal rate of 3 600 puise pairs per second at a 12 microseconds puise
spacing at a level of ~56 dBm and a frequency of 979 MHz.

the receiver shall be capable of achicving 90 per cent SMR of long UAT ADS-B
messages when the desired signal level is between —87 dBm and —10 dBnz when
subjected to DME interference under the following conditions: DME pulse pairs
at a nominal rvate of 3 600 pulse pairs per second at a 12 microseconds pulse
spacing at a level of =70 dBm and a frequency of 978 MHz.

(¢) for the high-performance receiver the following additional requirements shall apply:

(H

2

41

the receiver shall be capable of achicving 90 per cent SMR of long UAT ADS-B
messages when the desired signal level is between —87 dBm and —10 dBm when
subjected to DME interference under the following conditions: DME pulse pairs
at a nominal rate of 3 600 pulsc pairs per sceond at a 12 microseconds pulse
spacing at a level of -43 dBm and a frequency of 979 MHz.

the receiver shall be capable of achieving 90 per cent SMR of long UAT ADS-B
messages when the desived signal level is between ~87 dBm and ~10 dBm when
subjected to DME interference under the following conditions: DME pulse pairs
at a nominal rate of 3 600 pulse pairs per secand at a 12 microseconds pulse
spacing at a level of =79 dBm and a {requency of 978 MHz.

PHYSICAL LAYER CHARACTERISTICS

Modulation rate

The modulation rate shall be 1.041 667 Mbps with a tolerance for aircraft transmitters of
+20 ppm and 2 tolerance for ground transmitters of +2 ppn.

Note. — The tolerance on the modidation rate is consistent with the requirement on modtation
distortion.



4.2 Modulation type

(@)
()

Data shall be modulated onto the carrier using binary continuous phase frequency shift
keying. The modulation index, h, shall be no less than 0.6,

A binary ONE (1) shall be indicated by a shift up in frequency from the nominal carrier
frequency and a binary ZLERG (0) by a shift down from the nominal carrier frequency.

Notes!

1.

4.3

Filtering of the wransmitied signat (at base band and/or afier frequency modulation) will
be required to meet the spectral containment requirement of 1.3.3. This filtering may
cause the deviation fo exceed these values at poinis ather than the optimum sampling
points. '

Because of the filtering of the transniitted signal, the received frequency offset varies
continiousty between the nominal values of +312.5 kHz (and beyond), and the optimal
sampling point may not be easily identified. This point can be defined in terms of the
so-called "eye diagram” of the received signal. The ideal eye diagram is a superposition of
samples of the (undistorted) post detection waveform shified by muitiples of the bit period
(0.96 microseconds). The optinwm sampling point is the point during the bit period at
which the opening of the eye diagran (i.e. the mininutin separation benveen positive and
negative frequency offsets at very high signal-to-noise ratios) is maximized, An example
“eye diagram” can be seen in Figure 12-3. The timing of the points where the lines converge
defines the “optimumt sampling poimt” . Figure 12-4 shiows ait eye pattern that has been
partially closed by modilarion distortion.

Modualation distortion

(¢) For aircraft transimitters, the minimum vertical opening of the eye diagram of the
transmitted signal (measured at the optimum sampling points) shall be no less than
560 kHz when mecasurcd over an eatire long UAT ADS-B message containing
pseudorandom message data blocks.

(i For ground transmitters, the minimum vertical opening of the eye diagram of the
transniitted signal (measured at the optimum sampling points) shall be no less than
560 kHz when measured over an entire UAT ground uplink message containing
pseudorandom message data blocks.

(¢) For aircraft transmitters, the minimum horizontal opening of the eye diagram of the
transmitted signal (measured at 978 MHz) shail be no less than 0.624 microseconds
{0.65 symbol periods) when measured over an entire long UAT ADS-B message
containing pseudorandom message data blocks.

{¢fy For ground transmitters, the minimun: horizontal opening of the eye diagram of the
transmitted signal (measured at 978 MI1z) 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.

Notes:
1. Section 4.4 defines the UAT ADS-B message types.

2. The ideal eye diagram is a superposition of samples of the (undistoried) post detection
waveforn shifted by mudtiples of the bit period (0.96 nricroseconds).



4.4 Broadecast message chavacteristics

The UAT systern shall support two different message types: the UAT ADS-B messape and
the UAT ground uplink message.

4.4.1 UAT ADS-B MESSAGE

The Active portion {see 1.6} of a UAT ADS-B message shall contain the foliowing elements,
in the following order:

- Bit synchronization
- Message data block
FEC parity

4.4.1,1 BIT SYNCHRONIZATION

The first element of the Active portion of the UAT ADS-B message shall be a 30-bit
synchronization sequence. For the UAT ADS-B messages the sequence shall be:

111010101100410111011010010011100010
with the left-most bit transmitted first.

44.1.2 T MESSAGE DATA BLOCK
The second element of the Active portion of the UAT ADS-B message shall be the
message data block. There shall be two lengths of UAT ADS-13 message data blocks
sapported. The basic UAT ADS-B message shall have a 144-bit message data block and
the Jong UAT ADS-B message shall have a 272-bit message data block.
Note: The forinat, encoding and transmission vrder of the message data block element
is provided in Secrion 2.1 of Part I of the Manual on the Universal Access Transceiver
{UAT) {Doc 9861),

4413 FEC PARITY

The third and final clement of the Active portion of the UAT ADS-B micssage shall be
the FEC parity.

-4.4.1.3.1 Caode type

The FEC parity generation shall be based on a systematic Reed-Solomon (RS) 256-ary code
with B-bit code word symbols. FEC parity generation shall be per the following code:

(a) Basic UAT ADS-B message: Parity shall be a RS (30, 18) code.

Note, — This results in 12 bytes (code symbols} of pariry capable of correcting tp 10 6
symbol errors per block.

(&) Long UAT ADS-B message: Parity shall be a RS (48, 34) code.



For either message lengih the primitive polynomial of the code shall be as
follows:

plx)=xt+ 7+ +x+1

The generator polynonial shall be as follows:

P

H(x—a")

=126
where:

P =131 for RS (30, 18) code,
P =133 for RS (48, 34) code, and
¢ is a primitive element of a Galois field of size 256 (i.e. GF(256)).

4.4.1.3.2 ‘I'ransmission order of I'LiC parity

JFEC parity bytes shall be ordered most significant to least significant in terms of
the polynomial coefficients they represent. The ordering of bits within each byte
shall be most significant to least significant. FEC parity bytes shall follow the

message data block.

442 UAT GROUND UPLINK MESSAGE

The Active portion of a UAT ground uplink message shall contain the following

elements, in the following order:
- Bit synchronization
Interleaved message data block and FEC parity.



4.4.2.1 BIT SYNCHRONIZATION

The first element of the Active portion of the UAT gronnd uplink message shall be
a 36-bit synchronization sequence. For the UAT ground uplink message the
sequence shall be:

00010105001 1001000100101 101100011101
with the lefi-most bit fransmitted first.
4.4.22 INTERLEAVED MESSAGE DATA BLOCK AND FEC PARITY
4.42.2.1 Message data biock (before interleaving and after de-interleaving)
The UAT ground uplink message shall have 2 456 bits of message data block, These

bits are divided info 6 groups of 576 bits. FEC is applied to each group as described
in44222.

Note.— Further details on the format, encoding and transmission order of the UAT ground
upliik message data block are provided in Section 2.2 of Part I of the Marmal on the
Universal Access Transceiver (UAT) (ICAQ Doc 9861 ).

44222 FREC parily (before interleaving and alter de-intetleaving)

4.4.2.2.2.1 Code type

The ¥LEC parify generation shall be based on a systematic RS 256-ary code with 8-
bit code word symbols. FEC parity generation for cach of the six blocks shall be a
RS (92, 72) code.

Noftes:
1. Section 4.4.2.2.3 pravides details on the interleaving procedisre.

2. This results in 20 bytes (symbols) of pavity capable of correcting up to 1 symbol errors

per block. The additional use of inferleaving for the UAT ground uplink message altows
additional robustness against burst errors.

The primitive polynomial of the code is as follows:

pi)=xB+xT+ 2+ x+1

The generator polynomial is as follows:

[TGx—«"

=120



where:

P =139, and
o is a primitive element of a Galois field of size 256 (i.e. GF(256)).

4,4.2,2.2.2 Transmission order of FEC parity

FEC parity bytes are ordered most sighificant to least significant in terms of
the polynomial coefficients they represeni. The ordering of bits within each
byic shall be most significant to least significant. FEC parity bytes shall follow
the message data block.

44,223 Interleaving procedure

UAT ground uplink messages shall be interfeaved and transinitted by the
ground station, as listed below:

fa) Interleaving procedure: The interleaved message data block and FEC
parity consists of 6 interleaved Reed- Solomon blocks. The interleaver
is represented by a 0x92 matrix, where each entry is a RS 8-bif
symbol, Each row comprises a single RS (92,72) block as shown in
Table 12-5. In this table, block numbers prior to interleaving arc
represented as “A” through “F”. The information is ordered for
transmission column by column, starling at the upper feft corner of the
matfix.

(b)  Transmission order: The bytes arc {hen transmitted in the following
order;

1,73,145,217,289,361,2,74,146,21 8,290,362, 3,..,C/20,D/20,E/20,F/20.

Note: On recepiion these bytes need to be de-interleaved so that the RS
blacks can be reassembied prior to error correction decoding.

v. GUIDANCE MATERIAL

Noftes:

1. The Manual on the Universal Access Transceiver (UAT) (ICAO Doc 9861), Part
1, provides detailed teclmical specifications on UAT, including ADS-B message
data blocks and formats, procedures for operation of UAT transmitling subsystems,
and avionics interface requirements with other aircrafl systems.

2. The Manual on the Universal Access Transceiver (UA1) (ICAO Doc 9861}, Part
I, provides information on UAT system operation, description of a range of
example avionics equipment classes and their applications, guidance on UAT
aireraft and ground station insiallation aspects, and detailed information on UAT
system performance sintlation,



TABLES FOR THE FOURTEENTH SCHEDULE

Table 12-1. Transmitier power levels

Afinimum power Maxinium poeer Intended minimun
Tromsmiitter Dpe at PAMP ar BAR atr-to-atr ranges
Airceaft (Low) 7 watis (+38.5 dBm) 18 watts (+42.5 dBm) 20 NM
Aircraft (Madium) 16 watts {342 dBm} 40 watts (+46 dBm) 40 MM
Aircraft (High) 100 wetta (+50 dBm) 250 watty (+5¢ dBo1} 120 MM
. Specified by the service provider to meet Ipcal requirements within the constraint
Ground Statics 0f12.12.32.
Notes:

1. The three levels fisted for the avienics are available to support applications with varying range
requirements. See the discussion of UAT aireraft Equipage Classes In Section 2.4.2 of Part Il of the
Manuai on the Universal Access Transceiver (UAT) (Doc 9861) (in preparation).

2. The intended minimum alr-to-atr ranges are for high-density air traffic environments. Larger air-1o air
ranges will be achieved i lovw-density air traffic environnients.

Table 12-2, UAT transmit spectrum

Regquired atienuation from maxinium power level
Frequency afffet from centra (dB as measured at the PXF)

All frequencies in the range 0 — 0.5 MHz 1]

All frequencies in the range 0.5 - 1.0 MHz Rased on kinear* interpolation between {hese points

1.0 MHz 18

Al frequencies in the range 1.0 - 225 MHz Based on lnear* interpotation betwern these points
235MHz 50

Al frequencies in the range 2.25 - 3.25 MHz Based on linear® interpolation between these points
325 MHz 60

 based on attenuation in dB and a Iimeur frequercy seale



Table 12-3, Standard UAT recejver rejection ratios

Frequency qffer Minnnum rajection ratio
Jrom contre {Undesived/desirad level i dR )
-1.0 MHe 10
+1.0 MH2 15
() 2.0 MH= S6
{+) 10.0 MHz 60

Note-— It is assumed that ratios in between the specified offsets will fall near the interpolated vatice.

Table 12-4, High-performance receiver rejection ratios

Frequunicy aff§ef Minimun rejection rafio
from centra (Undesiredidesived level in dB)
-1.0 MHz 10
+1.0 MHz 40
#) 2.0 MHz 50
(=) 10.0 MKz 60

Table 12-5, Ground uplink interleaver matrix

RS Block AMDB Byte # FEC Parity (Block:By1e §}
A 1 2 3 | m | 2| an A/19 A0
B 7 | 74 | 15| . ]wa e B2 ] .. | BNo B0
C 145 | M8 | 97 | . | 25 | 216 | €n cie cno
D 217 | g { 219 287 | 288 | pn L) DRo
E 289 [ 200 | 201 | ... | 359 [ 30 | EA B9 B20
F 361 | 362 f 363 | . | 431 | 432 ] ®a F/9 R0

Nete.— In Table 12-5, message data block Byte #1 thvough #72 are the 72 bytes (8 bifs each) of message
duter black information carvied in the first RS (92,72) block. FEC pavity A/1 thraugh A720 ave the 20
bytes of FEC parity associated with hat block (A).



Figures for the Fourteenth Schedule
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Figure 12-2, Time/amplitude profile of UAT message transmission
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1.1.4

2.

2.1

2.1.1

SCIIEDULE 15
(Regulations 98(1) and 99)
AERONAUTICAL MOBILE SERVICE

ATR-GROUND VHF COMMUNICATION SYSTEM CHARACTERISTICS

Nofe: Ju the following text the chammnel spacing for 8.33 kHz chanmel assigmments is

defined as 25 kHz divided by 3 which is 83333 ... kHz.

The characteristics of the air-ground VHF communication system used in the
International Aeronautical Mobile Service shall be in conformity with the following

specifications:

Radiotclephone emissions shall be double sideband (DSB) amplitude modulated
{AM) catriers. The designation of emission is A3E, as specified in the ITU Radio
Regulations,

Spurious emissions shall be kept at the lowest value which the State of technique
and the nature of the service permit.

Note: Appendix 53 to the I'TU Radio Regrlations specifies the levels of spurious emissions
to which transmitters nust conform.

The radio frequencies used shall be selected from the radio frequencies in the band
117.975 - 137 MHz The separation between assignable frequencies (channel
spacing) and frequency tolerances applicable to elements of the system shall be as
specified in Civil Aviation (Radio Frequency Spectrum Ulilization) Regulations
2020.

Note:  The band 117.975 — 132 MHz way allocated to the Aeronauntical Mobile (R)
Service in the ITU Radio Regulations (1947). By subsequent revisions at 1TU World
Administrative Radio Conferences the bands 132 136 MHz and 136 - 137 MHz were
added under conditions which differ for ITU Regiouns, or for specified countries or
combinations of countries (see RRs 85203, S5.2034 and S5.203B for additional
aflocations in the band 136 — 137 MHz, and 85,201 for the band 132 — 136 AHz).

The design polarization of emissions shall be vertical,

SYSTEM CHARACTERISTICS OF THE GROUND INSTALLATION

Transmitting function

Freguency stabifity. The radio frequency of operation shall not vary more than plus
or minus 0.005 per cent from the assigned frequency. Where 25 kHz channel



spacing is introduced in accordance with Civil Aviation (Radio Frequency
Spectrum Ultilization) Regulations 2020, the radie frequency of operation shall not
vary mote than plus or minus 0.002 per cent fromn the assigned frequency, Where
8.33 kHz channel spacing is introduced in accordance with Civil Aviation (Radio
Frequency Spectrum Utilization) Regulations 2020, 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 requirements will not be sufficient for affset carrier
systemss using 235 kHz channel spacing or higher.

2.1.1.1 Offset carrier systems in 8.33 kHz, 25 kHz, 50 kHz and 100 kHz chamiel spaced

2.13

2,14

environments. The stability of individual carriers of an offset carrier system shall
be such as to prevent first-order heterodyne frequencies of less than 4 kllz and,
additionally, the maximum frequency excursion of the outer carrier frequencies
from the assigned carrier frequency shall not exceed 8 kHz, Offset carrier systems
for 8.33 klz channel spacing shall be limited to two-carrier systems using a carricr
oftset of plus and minus 2.5 kHz.

POWER

On a high percentage of occasions, the effective radiated power shall be such as to
provide a field strength of at Icast 75 microvolts per metre (minus 109 dBW/m2)
within the defined operational coverage of the facility, on the basis of free-space
propagation.

Modhilation. A peak modulation factor of at [cast 0.85 shall be achicvable,

Means shall be provided to maintain the average modulation factor at the highest
practicable value without over-modulation.

2.2 Receiving function

2.2.1

222

Frequency stability. Where 8.33 kHz channel spacing is introduced in accordance
wilh Civil Aviation (Radio Frequency Spectrum Utilization) Regulations 2020, the
radio frequency of operation shall not vary more than plus or minus 0.0001 per cent
from the assigned frequency.

Sensitivity. Afier duc 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 andio output signal with a
wanted/unwanted ratio of 15 dB, with a 50 per cent amplitude modulated (A3E)
radio signal having a ficld strengih of 20 microvolts per metre (minus 120
dBW/m2) or more.



223

2.24

Effective acceptance bandwidth. When tuned to a channel having a width of 25
kHz, 50 kHz or 100 kHz, the receiving system shall provide an adequate and
intelligible audic output when the signal specified at 2,2.2 has a carrier frequency
within plus or minus 0.005 per cent of the assigned frequency. When tuned to a
channel having a width of 8,33 kHz, the receiving system shall provide an adequate
and intelligible audio output when the signal specified at 2.2.2 has a cartier
frequency within plus or minus 0.6005 per cent of the assigned frequency.

Note:  The effective acceptance bandwidth includes Doppier shift.

Adjacent channel rejection. The receiving systein shall ensure an effective rejection
of 60 dB or more at the next assignable channel.

Note:  The next assignable frequency will normafly be plius or minus 50 kHz. Where this
chanel spacing will not suffice, the next assignable frequency witl be plus or minus 25
kHz, or plus or minus 8.33 kHz, implemented in accordance with the provisions of Volume
V. It is recognized that in certain areas of the world receivers designed for 25 kHz, 50 kHz
or 100 kHz channel spacing may contimte to be used.

3. SYSTEM CHARACTERISTICS OF THE AIRBORNE INSTALLATION

3.1

3.1l

3.14

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 25 kHz channel
spacing is introduced, the radio frequency of operation shall not vary more than
plus or minus 0,003 per cent from the assigned frequency. Where 8.33 kHz channel
spacing is introduced, the radio frequency of operation shall not vary more than
plus or minus 0.6005 per cent from the assigned frequency.

Power, On a high percentage of occasions, the effective radialed power shali be
such as to provide a field strength of at least 20 microvolts per metre (minus 120
dBW/m?2) on the basis of free space propagation, at ranges and altitudes appropriate
to the operational conditions pertaining to the arcas over which the aircraft is
operated.

Adjacent channel power. The amount of power from a 833 kHz airborne
transmitter under all operating conditions when measured over a 7 kHz channel
bandwidth centred on the first 8.33 ktz adjacent channel shall not exceed -45 dB
below the transmitter carrier power. The above adjacent channel power shall take
into account the typical voice spectrum,

Note: The vaice spectritm is assumed to be a constant level between 300 and 800
Hz and attennated by 10 dB per octave abaove 800 Hz.

Medulation. A peak modulation factor of at least 0.85 shall be achievable.
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Means shall be provided to maintain the average modulation factor at the highest
practicable value withaut over-modulation,

3.2 Receiving function

321

Fregquericy stability. Where 8.33 kHz channel spacing is introduced in accordance
with Civii Aviation (Radio Frequency Spectrum Utilization) Regulations 2020, the
radio frequency of operation shall not vary wmore than plus or minus 0.0005 per cent
from the assigned frequency.

3.2.2 SENSITIVITY

3.2.2.1 After due allowance has been made for aircraft feeder mismatch, attenuation loss

323

324

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 cutput signal with
a wanted/unwanted ratio of 1S dB, with a 50 per cent amplitude modulated {A3E)
racdio signal having a field strength of 75 microvolts per metre (minus 109
dBW/m2).

Note.— for planning extended range VHF facilities, an airborue receiving fimction
sensitivity of 30 microvolfs per metre may be assumed.

Effective acceptaiice bandwidth for 100 kHz, 50 kHz and 25 kHz channel spacing
receiving installarions. When tuned to a channel designated in Volume V as having
a width of 25 kHz, 50 kHz or 100 kHz, the receiving function shall enswre an
effective acceptance bandwidth as follows:

(@) in areas where offset carrier systems are employed, the receiving function
shall provide an adequate audio output when the signal specified al 3.2.2
has a carrier frequency within 8 kHz of the assigned frequency; and

D) in areas where offset carrier systems are not employed, the receiving
function shall provide an adequate audio output when the signal specified at
3.2.2 has a carrier frequency of plus or minus 0.005 per cent of the assigned
frequency.

Effective acceptance bandwidth for 8.33 kHz channel spacing receiving
installations. When tuned to a channel designated in Civil Aviation (Radio
Frequency Spectrum Ulilization) Regulations 2020, as having a width of 8.33 kHz,
the receiving function shall ensure an effective acceptance bandwidth as follows:

(a) in arcas where 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 kHz of the assigned ficquency; or
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3.2.7

(h) inarcas where offset carrier systems arc not employed, the recciving 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 I1:  The effective acceptance bandwidih inciudes Doppler shift.

Note2:  When using offSet carrier systems (ref. 3.2.3 and 3.2.4), receiver
performance may become degraded when receiving hwo or more similar strength
offset carrier signals. Cantion is therefore advised with the implementation of offsef
carrier systemis.

Adjacent channel rejection. The receiving function shall ensure an effective
adjacent channel rejection as follows:

(a)  8.33 kHz channels: 60 dB or more at plus or minus 8.33 kHz with respect to
the assigned frequency, and 40 dB or more at plus or minus 6.5 kHz,

Note: The receiver local osciflafor phase noise should be sufficiently ifow to
avoid any degradation of the receiver capability to reject off carvier signals. A phase
naise level hetter than minus 99 dBc/Hz 8.33 kHz away fiom the carrier is necessary
to comply with 45 dB adjacent channel refection under afl operating conditions.

(h) 25 kHy channcl spacing environment: 50 dB or more at plus or minus 25 kHz
with respect to the assigned frequency and 40 dB or more at plus or minus 17
kHz;

{c} 50 kHz channel spacing environment: 50 dB or more at plus or minus 50 kHz
with respect to the assigned frequency and 40 dB or more at plus or minus 35
kHz; and

{c) 100 kHz channel spacing environment: 58 dB or more at plus or minus 100
kHz with respeet to the assigned frequency.

Whenever practicable, the receiving system shall ensure an effective adjacent
channel rejection characleristic of 60 dB or more at plus or minus 25 kHz, 50 kHz
and {00 kHz from the assigned frequency for receiving systems intended to operate
in channel spacing environments of 25 kHz, 50 kHz and 100 kHgz, respectively.

Note: Frequency planning is normally based on an assumption of 60 dB effective
adfacent channel rejection at plus or minus 25 kilz, 50 kiiz or 100 kHz fion the assigned
frequency as appropriate to the channel spacing envivonment.

In the case of receivers 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:

(@) the audio frequency response precludes harmful levels of audio heterodynes
resulting from the reception of two or more offset carrier frequencies; and



(b} the receiver muting circuits, if provided, operate satisfactorily in the presence
of andio heterodynes resulting from the reception of two or more offset carrier
frequencies.

328 VDL  INTERFERENCE IMMUNITY PERFORMANCE

3.2.8.1 For equipment intended to be used in independent operalions of services applying
DSB-AM and VDL technology on board the same aireraft, the receiving function
shall provide an adequate and intelligible audio cutput with a desired signal field
strength of not more than 150 microvolts per metre (minus 102 dBW/in2) and with
an undesired VDL signal field strength of at least S0 dB above the desired field
strength on any assignable channel 100 kHz or more away from the assigned
channel of the desired signal.

Note: This level of VDL interference inmunity performenice provides a receiver
performasnice consistemt with the influence of the VDL RF spectytan mask as specified in
Siftlt schedule 1.4 with an effective transmitter/receiver ivolation of 68 dB. Betler
iransinitter aird receiver performance conld resudt in less isolation required,

3.2.8.2 After 1 January 2002, the receiving function of all new installations intended to be
used in independent operations of services applying DSB-AM and VDL technology
on board the same aircraft shall meet the provisions 3.2.8.1.

3.2.8.3 After | January 20085, the receiving function of all installations intended to be used
in independent operalions of services applying DSB-AM and VDL technology on
hoard the same aircraft shall meet the provisions of 3.2.8, 1, subjcct to the conditions
of 3,2.8.4.

3.2.8.4 Requirements for mandalory 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 in 3.2.8.4 shall provide at least two years’ notice of
mandatory compliance of airborne systems.

3.3 Interference immunity performance

3.3.1 After | Janvary 1998, the VHF conununications receiving system shall provide
satisfactory performance in the presence of fwo signal, third-order intermodulation
products caused by VHF FM broadcast signals having levels at the receiver input
of minus 5 dBm.

332 After | 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 1 January 1995, all new installations of airborne VHF communications
receiving systems shall meet the provisions of 3.3.1 and 3.3.2.

3.3.4 Airborne VIIF 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
carliest possible date.

4 SINGLE SIDEBAND (SSB) H¥ COMMUNICATION 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.

4.1.1 FREQUENCY RANGE

4,1.1.1 HF SSB installations shall be capable of operation at any SSD cairier (reference)
frequency available to the Aeronautical Mobile (R) Service in the band 2.8 MHz to
22 MHz and necessary to mest 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 2— The ITU World Administrative Radio Conference, Aeronautical Mobile (R)
Service, Geneva, 1978, established a new Allotment Plan (Appendix 27, Aer to the Radio
Regulations) based on single sideband replacing the earlier double sideband Allotment
Plan. The World Radio communication Conference 1995 redesignated it as Appendix
S.27. Minor ediforial changes were made at the World Radio communication Conference
1997.

4.1.1.2 The equipment shall be capable of operating on integral multiples of 1 kHz.
4.1.2 SIDEBAND SELECTION

4.1,2.1 The sideband transinitted shall be that on the higher frequency side of its carrier
(reference) frequency.

4.1.3 CARRIER (REFERENCE) FREQUENCY

4.1.3.1 Channel utilization shall be in conformity with the table of carrier (reference)
frequencies at 27/16 and the Allolment Plan at 27/186 to 27/207 inclusive (or
frequencies established on the basis of 27/21, as may be appropriate} of Appendix
S827.

Nofle: It is intended that only the carrier (reference} frequency be pronuilgated in Regional
Plans and Aeronautical Publications.



4.14 CLASSES OF EMISSION AND CARRIER SUPPRESSION

4.1.4.1 The sysicm shall utilize the suppressed catrier class of emission J3E (also J7B and
J9B as applicable). When SELCAL is employed as specified in Chapter 3 of Part
11, the installation shalt utilize ctass H2B emission,

4.1.4.2 By ! February 1982 aeronautical stations and airceaft stations shall have infroduced
use of class A3E emission shall be discontinued except as provided in 4,1.4.4,

4.1.4.3 Until | February 1982 aeronautical stations and aircraft stations equipped for single
sideband operations shall alsc be equipped to transmit class H3E emission where
required to be compatible with reception by double sideband equipment, Effective
this date the use of class H3E emission shall be discontinued except as provided in
4,144,

4,1.4.4 For stations directly involved in coordinated search and rescue operations using the
frequencies 3 023 kllz and 5 680 kHz, the class of emission J3E shall be used;
however, since maritime mobile and land mobile services shall be involved, A3E
and I13E classes of emission shall be vsed.

4.14.5 After 1 April 1981 no new DSB equipment shall be installed,

4.1.4.6 Aircraft station transmitters shall 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 this chapter.

4.1.4,7 Aeronautical station transmitters shall be capable of 40 dB carrier suppression with
respect to peak envelope power (Pp) for classes of emission I3E, J7B or J9B.

4.1.5 AUDIO FREQUENCY BANDWIDTH

4.1.5.1 For radiotelephone emissions the audio frequencies shall be limited to between
300 and 2 700 Hz and the occupied bandwidth of other authorized emissions shall
not exceed the upper limit of J3E emissions. In specifying these limits, however,
no restriction in their extension shall be implied in so far as emissions other than
J3E are concerned, provided that the limits of unwanted emissions are met (see
4.1.7).

Note: For aircraft and aeronautical station transmitter types fivsi installed before 1
February 1983 the audio frequencies will be limited to 3 000 Hz.

4.1.5.2 For other authorized classes of emission, the modulation frequencies shall be such
that the required spectrum limits of 4,1.7 will be met.

4.1.6 FREQUENCY TOLERANCE



4.1.6.1

4.1.6.2

417

4.1.7.1

4.1.7.2

The basic frequency stability of the transmitting function for classes of emission
I3E, F7B or J9B shall be such that the difference between the actual carrier of the
transmission and the carrier (reference) frequency shall not exceed;

- 24 Hz for airborne installations;
- 10 Hz for ground installations.

The basic frequency stability of the receiving function shall be such that, with the
transmitting 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 Hz. However, a greater frequency
-difference shall be permitted in the case of supersonic rircraft,

SPECTRUM LIMITS

For aircraft station transmitter types and for aeronautical station transmitters first
installed before 1 February 1983 and using single sideband classes of emission
H2B, H3E, J3E, J7B or 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 kHz or more up to 6 kHz from the
assigned frequency: at least 25 dB;

- on any frequency removed by 6 kHz or more up to 10 kHz from the
assigned frequency: at least 35 dB;

on any frequency removed from the assigned frequency by 10 kHz or
more: o '

{a) aircraf} station transmitters: 40 dB; and
(b) aeronautical station transmitters:

43 + 10 logyoPn ()] 4B

For aircraft station transmitters .first installed after 1 February 1983 and for
aeronautical station transmitters in use as of 1 February 1983 and using single
sideband classes of emission H2B, H3E, J3E, I7B or J9B, the peak envelope power
(Pp) of any emission on any discrete frequency shall be less than the peak envelope
power (Pp) of the transmitter in accordance with the following:

- on any frequency removed by 1.5 kHz or more up to 4.5 kHz from the
assigned frequency: at least 30 dB;



C.2603

- on any frequency removed by 4.5 kHz or more up to 7.5 kHz from the
assigned frequency: at least 38 dB;

- onany frequency removed from the assigned frequency by 7.5 kHz or more:

{a) aircraft station transmitters: 43 dB; and
(b) aeronautical station transmitters: for transmitter power up to and
including 50 W:

[43 + 10 logoP, (W)] dB

For transmitter power more than 50 W: 60 dB
4.1.8 POWER

4,1.8.1 deronautical station installations. Except as permitted by the relevant provisions
of Appendix S27 to the [TU Radio Regulations, the peak envelope power (Pp)
supplied to the antenna transmission linc for H2B, H3E, J3E, J7B or J9B classes of
emissions shall not cxceed a maximum value of 6 kW,

4.1.8.2 dircrajt 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 cxcept as provided for in Appendix S27 of the ITU Radio
Regulations as follows:

827/68 It is recognized that the power employed by aircraft fransmitters may, in
practice, cxcced the lanits specified in No, 27/60, 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 Alletment Plan is based.

527/60 Unless otherwise specified, the peak envelope powers supplied to the
antenna transmission line shall not exceed the maximum values indicated in the
table below; the corresponding peak effective radiated powers being assumed to be
equal 1o two-thirds of these values:



Max: peak

envelopa
Clnss of emission Stations power (PJ)
H2B, J3E, 7B, Aeronautical stations kW
J9B, A3E* H3E* Aircraft stations 400 W
(10074 modulation) :
Other emission Aeronautical stations 1.5kW
such as Al1A FIB Aircraft stations 100W

*  A3E and HIE to be used only on 3 023 kHz sud 5 630 kHz

4.1.8.3 Method of operarion. Single channel simplex shall be employed

42 SATELLITE VOICE COMMUNICATION (SATYOICE) SYSTEM CHARACTERISTICS

Manual on the Aeronautical Mobile Satellite (Route) Service (Doc 9925). Additional
guidance for SATVOICE systems is contained in tire Satellite Voice Operations Manual
(Doc 10038), and the Performance-based Communication and Surveitlance (PBCS)

Manual (Doc 986%).

42,1 For ground-to-air calls, the SA'TVOICK 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 Fable 2-1; and

(¢} aircraft SATVOICE number, which is the aircraft address expressed as an 8-

digit octal number

4.2.2  Yor ground-to-air calls, the SATVOICE system shall be capable of locating the
aircraft in the appropriate airspace regardless of the satellite and ground earth

station (GES) to which the aircraft is logged on.

423 Yor air-fo-ground calls, the SATVOICE systemi 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

(PSTN) number; and

(h) allowing the flight crew and/or aircraft system to specify the priority level

for the call as defined in Table 2-1.



Tablc 2-1. Priority levels for SATYOICE ealls (air-to-ground/ground-to-air)

Prionty level _ Application category
1/EMG¢ Q15 Distress and wrgency:.
Ewmergency (highest) For use by flight crew, whes appropriate.
Safety of flight
2/HGH/Q12 Flight safety_
Operational high (second highest) Typically assigned to calls between aircraft and ANSPs.
Safety of flight
/10w /Qlo Regularity of flight, meleorological, adnunistrative,
Operational low {third highest) Typically assigned o calls between aircraft operators and their aircraft.
Safety of flight
4/PUB/QY Public conmespondente.
Non-operatonal {owest}
Non safety
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SCHEDULE 16

(Regulation 100 (.1), )

1. SELCAL SYSTEM

Il

Where a SELCAL system is installed, the following system characteristics shall be applied:

(a) Transmitted code. Fach transmitted code shall be made up of two consecutive tone pulses,
with cach pulse containing two simultaneously {ransmitted tones. The pulses shall be of
1.0 plus or minus 0.25 scconds duration, separated by an interval of 0.2 plus or minus 0.1
second.

() Frequency stability. The frequency of transmitted tonces shall be held to plus or minus
0.15 per cent tolerance to ensure proper operation of the airborne decoder.

(c) Distortion. The overalt audio distortion present on the transmitted RF signal shall not
exceed 5 per cent.

{(d) Level stability. The RF sighal transmitted by the ground radio stztion shalf contain, within
3 dB, equal amounts of the two modulating tones.

{e) Modulation envelope. The combination of tones shail result in a modulation envelope
having 4 nominal modulation percentage as high as possible and not less than 60 per cent,

1.2 The transmittcd codes shall be made up of various combinations of the tones listed in Table

3-1. They are designated by colour and letter or number as indicated:

Designation Frequency (Hz)
Red A 3126
Red B 346.7
Red C 384.6
Red D 426.6
RedE 4732
Red F 524.8
Red G 582.1
Red H 645.7
Red]J 716,1
Red K 794.3
RedL 881.0
Red M 977.2
Red P 1083.9




1.3

14

Red Q 1202.3
Red R 13335
Red S 1479.1
Red T 329.2
Red U 365.2
Red V 405.0
Red W 4493
Red X 498.3
Red Y 552.7
Red Z 613.1
Red 1 680.0
Red 2 754.2
Red 3 836.6
Red 4 927.9
Red § 1029.2
Red 6 1141.6
Red 7 1266.2
Red 8 14044
Red 9 1557.8

Table 3-1. SELCAL tones designated by colouwr and letter or nismber

Note 1.— that the frequencies of the tones are spaced by Log—1 0.0225 to avoid the
possibility of harmonic combinations.

Note 2.—- In accordance with the application principles developed by the Sixth Session of
the Communications Division, the only codes at present used internationaily are selected
Srom the rved group.

The aeronautical stations which are required to communicate with SELCAL-equipped
aircraft shall have SELCAL encoders that suppotts all tones in accordance with Table 3-1.

SELCAL codes using the tones Red T through Red 9 as given in Table 3-1 shalt only be
assigned to SELCAL-equipped aircraft with the capability of receiving these tones.



SCHEDULE 17
(Regulation 106 (1),(2))
EMERGENCY LOCATOR TRANSMITTER CODING
Note: 4 detailed description of beacon coding is contained in Specification for COSPAS-
SARSAT 406 MHz Distress Beacons (C/S T.001). The foftowing tecimical specifications are specific to
emergency locator traisntitters used in aviation.
1. GENERAL
1.1 The emergency locator transmitter (ELT) operating on 406 MHz shall have the capacity to
transmit a programmed digital inessage which contains information related to the ELT and/or

the aircraft on which it is carried.

1.2 The ELT shall be uniquely coded in accordance with 1.3 and be registered with the appropriate
authority.

1.3 The ELT digital message shall contain either the transmitter serial number or one of the
following information elements:
(a) aircraft operating agency designafor and a scrial number;
(b) 24-bit aircraft address; and
(c) aircraft nationality and registration marks.
1.4 All ELTs shall be desigued for operation with the COSPAS-SARSAT* system and be type
approved.

Note: Transmission characteristics of the ELT signal can be confirmed by niaking use of the
COSPAS-SARSAT Type

2. ELT CODING

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 with no navigation data provided, the short message format C/S T.001 shall be used,
making use of bits 1 through 112, For ELTs with navigation data, if provided, the long message
format shall be used, making use of bits 1 through 144.



2.3 Proetected data field

2.3.1

232

233

234

2.3.5

2.3.6

2.3.7

The protected data field consisting of bits 25 through &5 shall be protected by an error
correcting code and shall be the portion of the message which shali be unique in every
distress ELT.

A message format flag indicated by bit 25 shall be set to “0” to indicate the short message
format or set to “1" to indicate the long format for ELTs capable of providing location data.

“E”

A protocol flag shall be indicated by bit 26 and shall be sct to “1” for user and vser location

protocols, and “0” for location protocols.

A country code, which indicates the State where additional data are available on the aircraft
on which the ELT is carried, shall be contained in bits 27 through 36 which designate a
tiwree-digit decimal country code number expressed in binary notation,

Note: Country codes are based on the International Telecommunication Union (ITU) country
codes shovn in Table 4 of Part I, Volume I of the ITU List of Call Signs and Nwmerical Identities.

Bits 37 through 39 (uscr and user location profocols) or bits 37 through 40 (location
protocols) shall designate one of the protocols where values “601™ and “011” or “0011”,
“0100”, “0101”, and “1000” are used for aviation as shown in the examples contained in
this appendix,

The ELT digital message shall contain either the transmitter serial number or an
identification of the aircraft or operator as shown below,

In the serial user and serial user location protocol (designated by bit 26=1 and bits 37
through 39 being “011”), the serial identification data shall be encoded 1 binary notation
with the least significant bit on the right. Bits 40 through 42 shall indicate type of CLT
serial identification data encoded where:

() ““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 5-1) and a serial number (binary notation) are encoded in bits 44 through 61
and 62 through 73, respectively;

{c) “011” indicates the 24-bit aircraft address is encoded in bits 44 through 67 and each
additional ELT number {binary notation) on the same airceaft is encoded in bits 68
through 73.

Note:  The Authority will ensuve that each beacon, coded with the counfry code of the
State, is uniquely coded and registered in a database. Unique coding of serialized coded
beacons can be facilitated by inchuding the COSPAS-SARSAT Type Approval



238

239

23.10

2.3.11

Certificate Number, which is a unique number, assigned by COSPAS-SARSAT for each
approved ELT model, as part of the ELT message.

Tn the aviation user or user location protocol (designated by bit 26=1 and bits 37 through
39 being “001™), the aircraft nationality and registration marking shall be encoded in bits
40 through &1, using the modified Baudot code shown in Table 5-1 to encode seven
alphanumeric characters, This data shall be right justified with the modified Baudot
“space” (“100100™) being used where no character exists.

Bits 84 and 85 (user or user location protocol) or bit 112 (location protocols) shall indicate
any homing that may be integrated in the LLT.

In standard and national location protocels, zll identification and location data shall be
encoded in binary notation with the least significant bit right justified. The aircraft operator
designator (3 ietter code) shail be encoded in 15 bits using a modified Baudot code (Table
5-1) using only the 5 right most bits per letter and dropping the left most bit which has a
value of | for letters,



Table 5-1. Modified Baudot code

Code Code
Letter MSB LSB Figure MSR LSB
A 111000 (-)* 611000
B 110011
C 101110
D 110010
E 110000 3 016000
F 110116
G 101011
H 100101
1 101100
J 111010 8 001100
K 11110
L 101001
M 100111
N 100110
0 100011 9 000011
P 101101 0 001101
Q 11101 1 011101
R 101010 4 001010
S 110100
T 100001 5 00000t
U 111100 7 011100
\' 1011141
W 111001 2 011001
X 110111 / 010111
Y 110101 6 01010t
2 110001
(e 100100
MSB = ost significant bit
= least significant bit

LSB
* —  hyphen
¥& = gpace



EXAMYLES OF CODING

LLT serial wumber

25 27 26|37 40 44 6364 73] 74 83 85
Flt]| COUNTRY [a |1 |1|T|T c | SERALNUMBERDATA | v nNoTET | SEENOTEZ |A |4
{20 8{TS}
Aircraft address
25 27 38137 40 14 67 €8 73|74 a3 85
Fl1] country {o|t] 1|7 |v|T[c| ARORAFTADDRESS |opevorea) seenote2 [aa
(24 BITS)
Alreraft operator designator and serlal mnnber
28 27 B 40 44 6162 73|74 83 86
SERIAL
Fl1] counmmy [a|1|4]T]|T g| OFFRATORALETTER NUMBER | SEENOTEZ |A | A
DESIGNATOR
14088
Aircraft registration marking
pid 27 8137 40 Bi 83 85
AIRCRAFT REGISTRATION MARKING {(UP TO
Fl1] Coumsry jojatlt 7 ALPHANUMERIC CHARAGTERS) {42 BITS} afdiaia
T = Beacon lype TIT : = (00 indicates ELT serial number is encoded;

C = Certificale flag bit:

F = Format flag:

A = Auxiliary radio-locating device:

= 001 indicaics operaling agency and serial nunsber are encoded;
=911 indicates 24-bit aircraft address is encoded.
1 =to indicate that COSPAS-SARSAT Type Approval Certificate nuinber is encoded in

Bits 74 through 83 and

0 = otherwise
0 = Short Message
{ = Long Message

Ol =121.5 MHz
1 [ = other auxiliary radio-locating device

Note T.-— 10 bits, all Or or Nationaf use.

00 = vio auxiliary radio-localing device

Note 2— COSPAS-SARSAT Type Approval Certificate niontber in binary notation with the least significant bit on the right, or

National use.

Note 3.— Serial mumber, in binary natation with the least significant bit on the right, of additional ELTs carvied in the same
wirerafl or defoutt to O0s when only one ELT is carvied.




EXAMPLE OF CODING (USER LOCATION PROTOCOL}

B |z |z {7 | -8 107 3 PR
|v—i0 &
Mo {380 | 8 105+ 2. 32, 148
1 [ IEREE E 2 i 12 13 1
1 1 jec| 1 DENTIFICANDN A 1BV BCH E 12511 BLH
@s NA‘.}‘:;‘;F USER oOREERA bl LONGITUDE SORRECTG
FROTOCOLS ABOVE) LOLE oops
t |7 [ a1 ] 8|4
N EIEEEREIR
t |osa|osml ¢ oD%
$ | U | e} W Le1d | ftr}

CC = Country Code,
E = Encoded position data source: 1 = Internal navigation device, 0 = External navigation device

EXAMPLE OF CODING (STANDARD LOCATION PROTOCOL)

& |w (e |ear 85 [0 [t 1433
3G-v | 434 J+-A0 85--» 1% - 112 | 7489 4~
< - Co SLES > R 1t C
t|v] m] & 45 f [3 n 52
t|le|ecefwe LATIVOE N
IDENTFICATIIH DATA LOHGTUDE o A LATIGE AUONGALOE
Y 1 g [} 10 ] Y EREE
4 s u |s
t | E t|E
V.1 oy -=¢| w{c|-=0f n | ¢
Wi1t] ARCRAFT 24 BIVADDRESS | H=D E=D uia vt | o
0EG oEe | ¢18F esif T W Jemr) ¥ | x| 1200
ECH E D E o &CH
COOE s {8 s | g | comE
15 3 £=%| 090 | w=i [o-ita
0501 | ARCRAFTOPER. | SERWAL N> 0-30 {056 020 {0-56
EESHRATOR 1511
%) 14 {144) U8 d} () | {4} [ERIE!
0500 | cisTANS SERWUL Ko
1-1023 1-16383

CC= Country Code;
PC - Prolocol Code 0011 indicates 24-bit airerail address s encoded;
0101 indicates operating ngency and seriaf number are encoded;
0100 indicates ELT serial namber is encoded,
SD = Supplenzentary Data bits £07 - 110=1101;
bit 11§ = Encoded Posilion Data Source {1 = internal; § — extenmal)
bit 112: 1= 121.5 MIz auxiliary radio lecating device;
0 = other or ne auxiliary radio locating device,

Note 1.— Further details on protocol coding can be found in Specification far COSPAS-SARSAT 406 MFiz Distress Beacon(C/S
T.001),

Note 2. — All idenvification and location data are to be encoded i binary notation with the least significant bit on the right
exeept far the airevafi operator designotor (3 lefier code).

Note 3. For details on BCH ervor corvecting eode sec Specification jorr COSPAS-SARSAT 406 Mz Distress Beacon (C/S
T.00}).



EXAMPLE OF CODING (NATIONAL LOCATION PROTOCOL)

5 | % |l [N R O T T
s | Dyl 8| 1B | 102 Y ITTIN
| P e N T . BHTS e | BOH2
905 POF2
Y 1] 0] 4 & A | s 7 ? 61 1
i o e [wo| mes 97b
LATTVDE so | swgmee | siovemee
D LORGIUDE
w | 1251885 slztalilz]a|m
D[y B | M e Wl s
E ¢ E | || g R
wrons | w=0| & | n [e=a| ¢ | & | BET —so| N oj e [-=0| v ¢ 1281
Bes 80K
D g |y R v | oo vilo vio
ek [s=1] e | 7 E| T i TN et T Cooe
e | e |w| e | € £ |0 E D
s | s s | s s |s s s
050 | 058 o150 | 064 03 |0-56 03 | 056
{14) | {2m) (14 | 2m) (Im} |{49) {1m i {43

CC = Country Code;
ID = Identification Data = 8-bit identification data consisting of a serial munber assigned by the appropriate national
authorily

SD = Supplementary Data = bits 107 - 109=110;

bit 110 = Additional Data Flag describing the use of bits 113 to 132:

1 = Dclta position; 0 = National assignment;

bit 111 = Encoded Position Data Sovrce: 1 = internal, 0 = extemnal;

bit 112: 1 =121.5 MHz auxiliaty radio locating device;

0 = other or no device

NU = Nationel usg = 6 bits reserved for national use (sdditional beucun type idenfification or other uses),
Note 1.— Further details on protacol coding can be found in Specification for COSPAS-SARSAT 406 MHz Distress Beacon ("""
1.004). B
Note 2.— All identification and locarion data are to be encoded in binayy notation with the least significant bit on the right.
Note 3.-  For details on BCH error correcting code see Specification for COSPAS-SARSAT 406 MFZ. Distress Beacon (C/S
7.001).



SCHEDULE i8
(Regulations 72, 78)

Table 7-1. AeroMACS receiver sensitivity values

Modunistion scheme using

convolutional codes (CC) | Rep. Faclor MS Sensthivity BS Sensitivity
encading scheme

64 QAM 3/4 1 -74.3 dBm -74.5 dBm
64 QAM 273 1 -76.3 dBm -76.5 dBm
16 QAM 34 1 -80.3 dBm -80.5 dBm
16 QAM 172 1 -83.8 dBm -840 dBm
QPSK 3/4 1 -863 dBm -86.5 dBm
QPSK 112 1 -89.3 dBm -89.5 dBm
QPSK 172 with repetition 2 2 -92.3 dBm 92.5dBm

Notel — A 64 QAM transmission is aptional for MS,

Note 2- The values in Table 7-1 assume a receiver noise figure of 8 dB.
Note 3 - The sensitivity values in Table 7-1 assume absence of any source of interfevence except for thermal and
receiver noise,



SCHEDULE 19
(Regulation 67)

1. Physical layer protocols and services

Note.— Unless otherwise Stated, the requirements defined in this section apply to both mobile and ground
stations.

1.1 FUNCTIONS
1.1.1 TRANSMITTED POWER

1.1.1.1,1.1 Alrborne installation. The effective radiated power shall be such as to provide a ficld
strength of at least 35 microvolis per metre (minus 114.5 dBW/m2) on the basis of free
space propagation, at ranges and altitudes appropriate to the conditions pertaining Lo
the areas over which the aircraft is operated.

1.1.1.1. 1.2 Ground installation.

The effective radiated power shall be such as to provide a field strength of at least 75 microvolts
per mette (minus 109 dBW/m?2) within the defined operational coverage of the facility, on the
basis of free-space propagation.

11112 TRANSMITTER AND RECEIVER FREQUENCY CONTROL
[.1.1.1.2.1 The VDL Mode 4 physicat layer shall set the transmitter or receiver frequency as

commanded by the link management entity {LME), Channel selection time shall be less
than 13 ms after the receipt of 2 command from a VSS uset.

11113 DATA RECEPTION BY RECEIVER
[.1.1.1.3.1 The receiver shall decode input signals and forward them to the higher layers for
processing.

1.1.1.14 DATA TRANSMISSION BY TRANSMITTER

1.LL1.4.1 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 iransmission shall take
place only when permitied by the MAC.,



[.1.1.1.4.2 Order of transmission. The transmission shall consist of the following stages int the
following order:
(a) transtnitter power stabilization;

{b) bit syncironization;
(c) ambiguity resolution and data transmission; and

() transmitter decay.
Note.—- The definifions of the stages ave given in Sections 1.1.1.2.3.1 0 1.1.1.2.3.4.

L1.1L.1A3 Automatic transmitter sitdown. A VDL Mode 4 station shall automatically shut-
down power to any final stage amplifier in the cvent that oulput power from that
amplifier exceeds 30 dBm for more than 1 second. Reset to an operational mode for
the.affected amplifier shall require a manual operation.

Note.— This is intended to protect the shared channel resource agaiinst so-called “stuck transmitters ™,

11115 NOTIFICATION SERVICES

1.1.1.1.5.1 Signal guality. The operational parameters of the equipment shall be monitored at the
physical fayer. Signal quality analysis shall be performed in the demoduiator process
and in the receive process.

Note:  Processes that may be evaluated in the demodidator include bit error rate (BER), signal to noise
ratio (SNR), and riming jitter. Processes that may be-evaluated in the receiver include received sigial level
and group delay.

1.1.1.1.5.2 Aurival time. The arrival time of each received transmission shall be measured with a

two-sigma etror of 5 microseconds.

1.1.1.1.5.3 The receiver shall be capable of measuring the arrival thme within a two-sigma error
of | microsecond, '

1.1.1.2 PROTOCOL DEFINITION FOR GFSK
1.1.1.2.1 Modulation scheme. The modulation scheme shall be GFSK. The first bit transmitied

(in the training sequence) shall be a high tone and the transmitted tone shail be toggled
before transmitting a 0 {i.e. non-return to zero inverted encoding).



1.1.1.2.2  Medulation rate. Binary ones and binary zeros shall be generated with a modulation
index of 0.25 £ 0.03 and a BT produet of 0.28 £ 0.03, producing data iransmission at a
bit rate of 19 200 bits/s + 50 ppm.

11123 STAGES OF TRANSMISSION

1.1.1.2.3.1 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 powet level shall be no less than 90 per cent of the steady State power level
at the end of the transmitter power stabilization segment,

1.1,1,2,3.2 Bit synchronization. The second segment of the training sequence shall be the 24-bit
binary sequence 0101 0101 0101 0101 0101 0101, transmitted from left to right
immediately before the start of the data segment.

1.1.1.2.3.3 Ambiguity resolution and data transmission. The transmission of the first bit of data
shall start 40 bit intervals (approximately 2 083.3 microseconds) + 1 microsecond after
the nominal start of transmission,

Note 1.— This is referenced 1o emissions at the ontpul of the antenna.
Note 2.— Ambiguiity resolution is performed by the link lqyer.

1.1.1.2.3.4 Transmitter decay. The transmitted power level shall decay at least by 20 dB within
300 microsceonds after completing a transmission. The transmitter power level shall
be less than -90 dBm within 832 microseconds after completing a transmission,

1.1.L.3 CHANNEL SENSTNG

1.1,1.3.1  Estimation of noise floor. A VDL Mode 4 station shall estimate the noise floor based
on power measurements of the channel whenever a valid training sequence has not been
detected.

1.1.1.3.2  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 of the means to
determine the State of the channel (idle or busy). One algorithm that can be used to estimate the
noise floor is described in the Manual on VDL Mode 4 Technical Specifications.

1 1.1.3.3  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.



1.1.1.3.3.1 Detection of a training sequence. The channe shall be declared busy if a VDL Mode
4 station detects a valid training sequence foliowed by a frame flag.

1.1.1.3.3.2 Measurement of channel power. Regardiess of the ability of the demodulator to detect
a valid training sequence, a VDL Mode 4 station shall consider the channel busy with
af least a 95 per cent probability within 1 ms after on channel power rises to the
equivalent of at least four times the estimated noise floor for at least 0.5 milliseconds.

1.11.34 CHANNEL BUSY TO IDLE DETECTION

1.1.1.3.4.1 A VDL Mode 4 station shall employ the following means to determine the channel
busy to idle transition.

1.1.1.3.4.2 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 mcasurement of
channel power.

1.1.1.3.4.3 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.

1.1,1.4 RECEIVER/TRANSMITTER INTERACTION

1.1.1.4.1 Receiver to transmitter turnaround time. A VDL Mode 4 station shall be capable of
beginning the transmission of the (ransmiticr power stabilization sequence within 16
microseconds after terminating the receiver function.

1.1.1.42 Frequency change during transmission. The phase acceleration of the carrier from the
start of the synchronization sequence to the data end flag shall be less than 300 Hz per
second,

1,1,1.43  Transmitter to receiver turnaround time. A VDL Mode 4 station shall be capable of

rece¢iving and demodulating with nominal performance an incoming signal within 1 ms
after completing a transmission.

1.1.1.5 PHYSICAL LAYER SYSTEM PARAMETERS

LLLS. PARAMETER PI (MINIMUM TRANSMISSION LENGTH)



1.1.1.5.1.1 A receiver shall be capable of demodulaling & transmission of minimum length Pi
without degradation of BER.
1.1.1.5.1.2 The value of P{ shall be 19 200 bits.

1.1.1.52 PARAMETER P2 (NOMINAL CO-CHANNEL INTERFERENCE
PERFORMANCE)

1.1.1.5.2.1 The parameter P2 shall be the nominal co-channel interference at which a receiver
shall be capable of demodulating without degradation in BER.

1.1.1.5.2.2 The value of P2 shall be 12 dB.

1.1.1.6 FM BROADCAST INTERFERENCE IMMUNITY PERFORMANCE FOR VDL
MODE 4 RECEIVING SYSTEMS

1.1.1.6.1 A VDL Mode 4 station shall conform fo the requirements defined in section 6.3.5.4
when operating in the band 117.975-137 MHz.

1.L1.62 A VDL Mode 4 station shall conform to the requirements defined below when
operating in the band 108-117.975 MHz,

1.1.1.6.2.1 The VDL Made 4 receiving system shall meet the requirements specified in 6.3.5.1 in

the presence of twosignal, third-order intermodulation products caused by VHF FM
broadcast signals having levels in accordance with the following:

N+ N +72<0

for VHE I'M sound broadcasting signals in the range 107.7--108.0 MHz

and

2N, + N, +3{24—20 Iog%} =0



for VHF FM sound broadcasting signals below 107.7 M1z,

whete the frequencies of the twoe VIIF FM sound broadeasting signals produce, within the receiver,
a two-signal, third-erder intermodulation product on the desired VL. Mode 4 frequency.

N1 and N2 are the levels (dBm) of the two VHI? M sound broadcasting signals at the VDL Mode
4 rceeiver input. Neither level shall exceed the desensitization criteria set forth in 1.1.1.6.2.2,

Af--108.1 — £, where f1 is the frequency of N1, (he VHF I'M sound broadcasting signal closer to
108.! MHz.

Note: The FM intermodulation immmity requirements are not applied to @ ¥DL Mode 4 chanel
operating betow 108.1 MHz, and hence frequencies below (081 MHz are not intended for general
assignments.

1.1,1,6,2,2 The VDL, Mode 4 veceiving system shall not be desensilized in the presence of VHF
FM broadcast signals having levels in accordance with Table -]

Table [-1. VDL, Made 4 operating on frequencies between 112.0-117.975 MHz

Freguency Maximuere level of wworanted
dHz) signal at receiver inpat (dBo)
Bg~-104 +15

106 +10
107 +5
167 % 1]
Note:  The relationship is finear between wdiacent peints designated by the above frequencies.
1.2 Link layer

Note: Details on link layer functions are contaimed It the Manwal on VDL Mode 4 Technicol
Specifications.

13 Subnetwork layer and SNDCF

Nore:  Details on subnetwork layer functions and SNDCI are contained in the Manual on VDL Mode 4
Technical Specifications.

14 ADS-B applleations

Note:  Details on ADS-B application fivictions are comtained in the ICAQ Manuwal on VDL Mode 4
Technical Specifications.



MADE this 13th day of June, 2022,

ERIC MOTHIBI MOIL.ALE,
Minister for Transport and Public
Works.



