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SECTION 4SECTION 4

CHANNEL FORMAT TYPES AND RATESCHANNEL FORMAT TYPES AND RATES

4.1  General4.1  General

4.1.1 AircraftAircraft system-timing reference point system-timing reference point.  The reference timing point for signals generated
and received by the AES shall be at the antenna.

4.1.2 ChannelChannel rates rates.  The channel rates as applicable to the system capability levels defined in
Section 1 shall be as shown in Table 4-1.

Table 4-1.  Channel rates

Channel rates (kbits/s) Applicable channels

AES receive AES transmit

0.6 P R,T

1.2 P R,T

2.4 P R,T

4.8 P ---

5.25 C C

6.0 C C

10.5 P,C R,T,C

21.0 C C

4.1.3 SignalSignal units (SUs) units (SUs).  All information to be transmitted over the P, R, T, and sub-band
C channels shall be in the format of signal units.  For the P, T, and sub-band C channel each signal unit shall
consist of 96 bits.  For the R channel each signal unit shall consist of 152 bits.  The signal unit formats shall
be as specified in Appendix B.

4.1.3.1 CyclicCyclic redundancy check (CRC) redundancy check (CRC).  The last two bytes of each SU shall form a CRC of the
SU.  Any received SU which fails the CRC shall be discarded.

4.1.3.2 SignalSignal quality estimation quality estimation.  The AES shall make information such as P channel
degradation/loss, and C channel bit error rate available to the AES management functions, and GES
management functions as appropriate.
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4.2  P channel4.2  P channel

4.2.1 Channel rate accuracyChannel rate accuracy.  The channel rate error shall not exceed one part in 106.

4.2.2 Frame formatFrame format

4.2.2.1 GeneralGeneral characteristics characteristics.  All P channel frames shall be either 500 ms, or a multiple of
500 ms to provide simple derivation of an 8-second superframe which shall be used for R channel and
T channel slot allocation.  Each P channel frame shall consist of five fields identified as:  format identifier,
superframe boundary marker, dummy field (for data rates greater than 2.4 kbits/s), information field and
unique word, as shown in Figure 4-1 for channel rates of 2.4 kbits/s and less, and in Figure 4-2 for channel
rates greater than 2.4 kbits/s.

4.2.2.2 FormatFormat identifier identifier.  This field shall consist of the 4 bits:  0001.  Other values for this field
are reserved for future use.

4.2.2.3 Superframe boundary markerSuperframe boundary marker.  This field shall consist of 12 bits.

- 4 bits to indicate the start of a new superframe:
1111 for frame 0 in a superframe of 8 seconds
0000 for all remaining frames in the superframe

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

- 4 bits which repeat the previous 4 bits

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

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

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

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

4.2.2.5 InformationInformation field field.  The information field shall contain multiple signal units which are
scrambled, coded and interleaved, in that order.  The number of bits in the information field shall be as
indicated in Table 4-2.
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Table 4-2.  P channel information field components

Channel rate
(kbits/s) 0.6 1.2 2.4 4.8 10.5

No. of bits 1152 1152 1152 2304 4992

No. of interleaver blocks 3 2 1 1 1

No. of SUs/ interleaver block 2 3 6 12 26

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

Figure 4-1.  P channel format (0.6, 1.2 and 2.4 kbits/s)



4-4

Figure 4-2.  P channel format (4.8 and 10.5 kbits/s)

4.2.2.5.1 ScramblingScrambling.  A scrambler with a 15-stage generator register shall be used for data
scrambling before FEC coding.  The polynomial for the generator register of the scrambler and the
descrambler shall be 1 + X + X15.  The scrambler and descrambler shall be clocked at the information rate
with the first scrambled bit output before the first shift.  In the absence of programming commands, the shift
register shall be initialized to 1101 0010 1011 001 (leftmost bit in shift register stage 1) at the beginning of
the information field of each frame.  The scrambler and descrambler functions shall be as illustrated in Figure
4-3.  The scrambler shall be re-initialized at the beginning of the information field of each frame.

Note.! The concept of a scrambler is explained in CCIR Report 384-3, Annex III, Section 3, Method 1.

4.2.2.5.2 ForwForward error correction (FEC)ard error correction (FEC).  The information field shall use rate ½ forward error
correction coding.  The FEC coding shall be implemented with a constraint length 7 rate ½ convolutional
encoder.  The generator polynomials for this code shall be:

G1:  1 + X2 + X3 + X5 + X6

G2:  1 + X + X2 + X3 + X6

The output sequence of the encoded symbols shall be G1, G2 as shown in Figure 4-3.  The convolutional
encoder shall not be initialized between frames.

Note.! There are no flush bits on the P channel.
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4.2.2.5.3 InterleavingInterleaving.  All P channels shall employ block interleaving.  The column depth (number of
rows) of the interleaver shall be 64 transmission bits, while the number of columns shall depend on the
transmission rate as shown in Table 4-3.  At the transmitter the output of the convolutional encoder shall be
written into the 64-bit columns, until the prescribed number of columns are full.  The rows shall then be
permuted using the algorithm Rowj = (Rowi * 27) modulo 64.  The content of the interleaver shall then be
transmitted row by row as shown in Figure 4-4.  At the receiver, the soft decision data from the demodulator
shall be written into the interleaver row by row, and when it is full the interleaver rows shall be permuted
using the converse algorithm Rowj = (Rowi * 19) modulo 64.  The soft decision data shall then be read
column by column into the FEC decoder.

Table 4-3.  P channel interleaver structure

Channel rate
(kbits/s) 0.6 1.2 2.4 4.8 10.5

Interleaver  columns 6 9 18 36 78

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

Figure 4-3.  Scrambler and convolutional encoder functions
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Figure 4-4.  Interleaver functions

4.2.3 PerformancePerformance.  The over-all physical layer shall be configured and operated such that the
average bit error rate is 10-5 or less after descrambling.

4.3  R channel4.3  R channel

4.3.1 Channel rate accuracyChannel rate accuracy.  The channel rate error shall not exceed one part in 2R, where R is
the channel rate, and one part in 104.

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

4.3.3 Burst formatBurst format

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

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

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

Table 4-4.  R and T channel preamble structure

Channel rate
(kbits/s) 0.6 1.2 2.4 10.5

Unmodulated carrier (equivalent bit
periods)

150 126 78 248

Modulated bits 74 74 74 256

Total 224 200 152 504
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Figure 4-5.  Timing references between P and R channel
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Figure 4-6.  R channel burst format
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4.3.3.3 Unique wordUnique word.  As per 4.2.2.6.

4.3.3.4 InformationInformation field field.  The information field of each R channel burst shall consist of 160 bits and
shall contain an extended signal unit plus 8 flush bits prior to convolutional encoding, where an extended SU
shall have 152 bits and a Flush field shall be 0000 0000.

The information field shall be scrambled, coded and interleaved, in that order.

4.3.3.4.1 ScramblingScrambling.  As per 4.2.2.5.1 except that the flush bits are not scrambled.

4.3.3.4.2 ForwardForward error correction (FEC) coding error correction (FEC) coding.  As per 4.2.2.5.2 except that the encoder is
re-initialized to the all 0s state at the beginning of the information frame of each burst.

4.3.3.4.3 InterleavingInterleaving.  All R channels shall employ block interleaving.  The number of rows in the
interleaver shall be 64 transmission bits, while the number of columns shall be 5.  Row interchanging in the
interleaver shall be performed as per 4.2.2.5.3.

4.3.4 PerformancePerformance.  As per 4.2.3.

4.4  T channel4.4  T channel

4.4.1 Channel rate accuracyChannel rate accuracy.  The channel rate error shall not exceed one part in 2R, where R is
the channel rate, and one part in 104.

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

4.4.3 Burst structureBurst structure

4.4.3.1 GeneralGeneral characteristics characteristics.  Each T channel burst shall consist of three fields:  the preamble,
the unique word, and the information field as shown in Figure 4-8.
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Figure 4-7.  Timing references between P and T channels
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Figure 4-8.  T channel format
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4.4.3.2 PreamblePreamble.  As per 4.3.3.2.

4.4.3.3 Unique wordUnique word.  As per 4.2.2.6.

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

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

n SUs - from 2 to 31 standard length signal units of 96 bits each, and
Flush - a field of 16 bits (all 0s) to flush out the convolutional encoder.

The information field shall be scrambled, coded and interleaved, in that order.

4.4.3.4.1 ScramblingScrambling.  As per 4.2.2.5.1 except that the scrambler shall be re-initialized at the
beginning of the information field of each burst.

4.4.3.4.2 ForwardForward error correction (FEC) coding error correction (FEC) coding.  As per 4.2.2.5.2 except that the convolutional
encoder shall be initialized to the all 0s state at the beginning of the information field of each burst.

4.4.3.4.3 InterleavingInterleaving.  All T channels shall employ block interleaving.  The number of rows in the
interleaver shall be 64 transmission bits, while the number of columns shall depend on the data rate as shown
in Table 4-5.  At the transmitter the output of the convolutional encoder shall be written into the 64-bit
columns, until the specified number of columns are full.  The interleaver row interchange algorithm shall be as
per 4.2.2.5.3.

4.4.4 PerformancePerformance.  As per 4.2.3.

Table 4-5.  T channel interleaver structure

Channel rate
(kbits/s) 0.6 1.2 2.4 10.5

Interleaver cols.
1st block 5 5 5 8-951

Subsequent blocks 3 3  3 NA
1 The number of interleaver columns is variable from 8 to 95 in steps of 3 and is chosen to

match the amount of data.

4.5  C channel4.5  C channel

4.5.1 Channel rate accuracyChannel rate accuracy.  The channel rate error shall not exceed one part in 2R, where R is
the channel rate, and one part in 104.
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4.5.2 Transmission formatsTransmission formats

4.5.2.1 PreamblePreamble.  The preamble for the C channel shall consist of an unmodulated carrier portion
followed by a modulated portion.  The length of these shall depend on the channel rate as shown in Table 4-7
as applicable to the system capability levels defined in Section 1.  The preamble shall be as described in the
text of 4.3.3.2 and in Table 4-6.

Table 4-6.  C channel preamble structure

Channel rate
(kbits/s) 5.25 6.0 10.5 21.0

Unmodulated carrier (equivalent bit
periods) 80 96 160 336

Modulated bits 128 144 256 504

Total 208 240 416 840

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

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

4.5.2.4 From-aircraftFrom-aircraft.  The C channel shall operate in continuous mode in the from-aircraft
direction.  Each transmission shall begin with the preamble described in 4.5.2.1.  In this mode, the C channel
frame shall consist of three fields:  the unique word, a dummy field, and the information field as in
Figures 4-9 and 4-10.  Each frame shall be 500 ms long.

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

4.5.3 Frame formatFrame format

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

4.5.3.2 DummyDummy field field.  Where the channel rates are implemented as defined in Section 1, the number
of bits in the dummy field shall be:

- 62 at 10.5 kbits/s, and
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- 44 at 21.0 kbits/s.
- 37 at 5.25 kbits/s
- 32 at 6.0 kbits/s

The dummy bits shall consist of the sequence 0101 1010 0011 1100 repeated until the required number of
bits is obtained.

4.5.3.3 Information field for coded channelsInformation field for coded channels

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

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

4.5.3.3.3 InforInformation field structure including sub-band datamation field structure including sub-band data.  Prior to scrambling, FEC encoding
and interleaving, the information field shall consist of a fill-in field followed by 25 alternating sub-band data
and transparent data (voice) subfields as shown in Figure 4-9.

4.5.3.3.3.1 At a channel rate of 21.0 kbits/s the fill-in field shall consist of 84 zeros, each subfield shall
contain 12 sub-band data bits and 192 primary bits, and the last 12 bits of the 25th sub-band data subfield
shall be filled with zeros.

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

4.5.3.3.4 ScramblingScrambling.  As per 4.2.2.5.1.

4.5.3.3.5 Forward error correction (FEC) codingForward error correction (FEC) coding.  As per 4.2.2.5.2.

4.5.3.3.6 InterleavingInterleaving

4.5.3.3.6.1 At the channel rate of 21.0 kbits/s the number of rows in the interleaver shall be 64
transmission bits, while the number of columns shall be 6.

4.5.3.3.6.2 RecommendationRecommendation.! At the recommended channel rate of 6.0 kbits/s the number of rows in
the interleaver should be 64 transmission bits and the interleaver columns should be 3.

4.5.3.3.6.3 At the transmitter the output of the convolutional encoder shall be written into the 64-bit
columns, until the specified number of columns are full.  The rows shall then be permuted using the algorithm
described in 4.2.2.5.3.

4.5.3.4 InformationInformation field for uncoded channels field for uncoded channels.  Where the channel rates are implemented as
defined in Section 1, at the channel rate of 10.5 kbits/s this field shall contain 5 100 bits and at the
recommended channel rate of 5.25 kbits/s this field shall contain 2 500 bits.
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4.5.3.4.1 InformationInformation field structure including sub-band data field structure including sub-band data.  Prior to scrambling this field shall be
divided into 25 alternating sub-band data and primary fields as shown in Figure 4-10.  Where the channel
rates are implemented as defined in Section 1, at the channel rate of 10.5 kbits/s each subfield shall contain
12 sub-band data bits and 192 primary bits; the last 12 bits of the 25th sub-band data subfield shall be filled
with zeros.  Where the channel rates are implemented as defined in Section 1, at the channel rate of
5.25 kbits/s each subfield shall contain 4 sub-band data bits and 96 primary bits; the last 4 bits of the 25th
sub-band data subfield shall be filled with zeros.

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

4.5.4 PerformancePerformance.  The C channel physical layer shall be configured and operated such that the
average bit error rate is 10-3 or less after descrambling.

Note.! GES measurements of received BER permit GES commands to the AES for adjustment of the AES
transmitted power.  The GES also receives performance data measurement results made by the AES to enable
GES output power adjustments.
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Figure 4-9.  C channel format at 21.0 kbits/s channel rate
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Figure 4-10.  C channel format at 10.5 kbits/s channel rate

! ! ! ! ! ! ! !


