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1.1.1.1 Duo-binary convolutional Turbo code (CTC) mode (optional)

1.1.1.1.1 Duo-binary convolutional turbo coding

The duo-Binary Turbo Code is illustrated in Figure 1. It uses a Circular Recursive Systematic Convolutional (CRSC) Code as component codes, with double-binary input.

The bits of the data to be encoded are alternately fed to A and B, starting with the MSB of the first byte being fed to A. The encoding system is fed by blocks of k bits or N couples (k=2xN). N is a multiple of 4 (k is a multiple of 8) and should be between 32 and 4096.
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Figure 1 —Duo-binary convolutional turbo code: Encoding scheme

The polynomials, which shall be used for the connections, are described in octal and symbolic notations as follows:

· for the feedback branch: 15 (in octal), equivalently 1+D+D3 (in symbolic notation);

· for the Y1 and Y2 parity bits, 13, equivalently 1+D2+D3; 

The input A shall be connected to tap “1” of the shift register and the input “B” shall be connected to the input taps “1”, D and D2. 

This first encoding is called C1 encoding. After initialisation by the circulation state 
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, the encoder shall be fed by the sequence in the natural order with incremental address i = 0,…,N-1.

This second encoding is called C2 encoding. After initialisation by the circulation state 
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, the encoder shall be fed by the interleaved sequence with incremental address j = 0,… N-1.

The function ((j) that gives the natural address i of the considered couple, when reading it at place j for the second encoding, is given in 1.1.1.1.2.

1.1.1.1.2 CTC interleaver

In the CTC interleaver, the permutation shall be done on two levels:

· The first one inside the couples (level 1)

· The second one between couples (level 2)

The permutation is described in the following algorithm.

· Set the permutation parameters P0, P1, P2 and P3. These parameters depend on the size of the sequence to be encoded. The table below gives the block size, code rates, and code parameters for the different modulation and coding schemes.  Optimized code parameters are given for data block sizes upto 240 bytes.

· j = 0,… N-1.

· level 1

if j mod. 2 = 0, let (A,B) = (B,A) (invert the couple)

· level 2

· if j mod. 4 = 0, then P = 0;

· if j mod. 4 = 1, then P = N/2 + P1;

· if j mod. 4 = 2, then P = P2;

· if j mod. 4 = 3, then P = N/2 + P3.

· i = P0*j + P + 1 mod. N
	Data
block size
(byte)
	Encoded data block size (bytes)
	N
	P0
	P1
	P2
	P3

	
	QPSK 
	16QAM
	64QAM
	
	
	
	
	

	
	  1/2 
	  3/4 
	  1/2 
	  3/4 
	  1/2 
	  2/3 
	  3/4 
	  5/6 
	
	
	
	
	

	6
	12
	-
	-
	-
	-
	-
	-
	-
	24
	5
	0
	0
	0

	9
	-
	12
	-
	-
	-
	-
	-
	-
	36
	11
	18
	0
	18

	12
	24
	-
	24
	-
	-
	-
	-
	-
	48
	13
	24
	0
	24

	18
	36
	24
	-
	24
	36
	-
	-
	-
	72
	11
	6
	0
	6

	24
	48
	-
	48
	-
	-
	36
	-
	-
	96
	7
	48
	24
	72

	27
	-
	36
	-
	-
	-
	-
	36
	-
	108
	11
	54
	56
	2

	30
	60
	-
	-
	-
	-
	-
	-
	36
	120
	13
	60
	0
	60

	36
	72
	48
	72
	48
	72
	-
	-
	-
	144
	17
	74
	72
	2

	45
	-
	60
	-
	-
	-
	-
	-
	-
	180
	11
	90
	0
	90

	48
	96
	-
	96
	-
	-
	72
	-
	-
	192
	11
	96
	48
	144

	54
	108
	72
	-
	72
	108
	-
	72
	-
	216
	13
	108
	0
	108

	60
	120
	-
	120
	-
	-
	-
	-
	72
	240
	13
	120
	60
	180

	66
	132
	-
	-
	-
	-
	-
	-
	-
	264
	23
	2
	160
	30

	72
	144
	96
	144
	96
	144
	108
	-
	-
	288
	23
	50
	188
	50

	78
	156
	-
	-
	-
	-
	-
	-
	-
	312
	23
	102
	64
	38

	81
	-
	108
	-
	-
	-
	-
	108
	-
	324
	11
	172
	164
	16

	90
	180
	120
	-
	120
	180
	-
	-
	108
	360
	29
	56
	0
	68

	96
	192
	-
	192
	-
	-
	144
	-
	-
	384
	29
	68
	140
	56

	99
	-
	132
	-
	-
	-
	-
	-
	-
	396
	29
	36
	128
	76

	102
	204
	-
	-
	-
	-
	-
	-
	-
	408
	29
	124
	204
	40

	108
	216
	144
	216
	144
	216
	-
	144
	-
	432
	13
	0
	4
	8

	114
	228
	-
	-
	-
	-
	-
	-
	-
	456
	31
	100
	224
	104

	117
	-
	156
	-
	-
	-
	-
	-
	-
	468
	31
	98
	220
	98

	120
	240
	-
	240
	-
	-
	180
	-
	144
	480
	31
	52
	240
	52

	132
	264
	-
	264
	-
	-
	-
	-
	-
	528
	31
	24
	36
	104

	135
	-
	180
	-
	-
	-
	-
	180
	-
	540
	31
	42
	248
	34

	138
	276
	-
	-
	-
	-
	-
	-
	-
	552
	35
	14
	136
	6

	144
	288
	192
	288
	192
	288
	216
	-
	-
	576
	31
	42
	232
	18

	150
	300
	-
	-
	-
	-
	-
	-
	180
	600
	37
	20
	152
	0

	153
	-
	204
	-
	-
	-
	-
	-
	-
	612
	37
	6
	164
	14

	156
	312
	-
	312
	-
	-
	-
	-
	-
	624
	37
	312
	156
	468

	162
	324
	216
	-
	216
	324
	-
	216
	-
	648
	37
	62
	160
	34

	171
	-
	228
	-
	-
	-
	-
	-
	-
	684
	37
	108
	136
	8

	174
	348
	-
	-
	-
	-
	-
	-
	-
	696
	37
	0
	128
	12

	180
	360
	240
	360
	240
	360
	-
	-
	216
	720
	37
	92
	100
	68

	186
	372
	-
	-
	-
	-
	-
	-
	-
	744
	37
	54
	196
	50

	192
	384
	-
	384
	-
	-
	288
	-
	-
	768
	19
	384
	216
	600

	198
	396
	264
	-
	264
	396
	-
	-
	-
	792
	41
	0
	228
	24

	204
	408
	-
	408
	-
	-
	-
	-
	-
	816
	37
	408
	204
	612

	207
	-
	276
	-
	-
	-
	-
	-
	-
	828
	41
	136
	288
	192

	216
	432
	288
	432
	288
	432
	324
	288
	-
	864
	19
	2
	16
	6

	222
	444
	-
	-
	-
	-
	-
	-
	-
	888
	43
	10
	220
	18

	225
	-
	300
	-
	-
	-
	-
	-
	-
	900
	43
	8
	56
	20

	228
	456
	-
	456
	-
	-
	-
	-
	-
	912
	43
	96
	8
	124

	234
	468
	312
	-
	312
	468
	-
	-
	-
	936
	43
	120
	140
	124

	240
	480
	-
	480
	-
	-
	360
	-
	288
	960
	43
	52
	120
	28


1.1.1.1.3 Determination of the circulation states

The state of the encoder is denoted S (0 ( S ( 7) with S = 4.s1 + 2.s2 + s3 (see Table 2). The circulation states 
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 shall be determined by the following operations:

· Initialize the encoder with state 0. Encode the sequence in the natural order for the determination of 
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 or in the interleaved order for the determination of 
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 (without producing redundancy). In both cases, the final state of the encoder is denoted 
[image: image8.wmf]0

1

-

N

S

.

· According to the length N of the sequence, the following correspondence shall be used to find 
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 and 
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 (see Table 1).

Table 1 —Circulation state correspondence table
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Nmod.7
	0
	1
	2
	3
	4
	5
	6
	7

	1
	Sc=0
	Sc=6
	Sc=4
	Sc=2
	Sc=7
	Sc=1
	Sc=3
	Sc=5

	2
	Sc=0
	Sc=3
	Sc=7
	Sc=4
	Sc=5
	Sc=6
	Sc=2
	Sc=1

	3
	Sc=0
	Sc=5
	Sc=3
	Sc=6
	Sc=2
	Sc=7
	Sc=1
	Sc=4

	4
	Sc=0
	Sc=4
	Sc=1
	Sc=5
	Sc=6
	Sc=2
	Sc=7
	Sc=3

	5
	Sc=0
	Sc=2
	Sc=5
	Sc=7
	Sc=1
	Sc=3
	Sc=4
	Sc=6

	6
	Sc=0
	Sc=7
	Sc=6
	Sc=1
	Sc=3
	Sc=4
	Sc=5
	Sc=2


1.1.1.1.4 Code rate and puncturing

Four code rates are defined here, to match those define for the mandatory convolution code: R = ½, 2/3, ¾ and 5/6.  These rates shall be achieved through selectively deleting (punct~C4~C4.1~251~4~T~The duo-binary turbo is missing some parts.  Specifically the interleaver parameters (P,P1,P2,P3) are not defined for relevant block sizes for 802.22.  In addition the block concatention scheme is not defined.~The missing parts are included in an updated version of the duo-binary turbo code.  The changes are only the addition of the interleavers parameters, the concatention scheme, and a puncturing scheme for a rate 5/6 code.  Everything else remains the same~~X~Ouring) the parity bits. The puncturing pattern defined in Table 2 shall be applied, to both codes C1 and C2, even when the number of couples is not a multiple of 5 for rate 5/6, or of 6 for rates ½, 2/3, and ¾ .

Table 2 —Puncturing patterns for turbo codes (“1”=keep, “0”=delete)

	Code Rate
	Puncturing vector

	1/2
	Y = [1 1 1 1 1 1]

	2/3
	Y = [1 0 1 0 1 0]

	3/4
	Y = [1 0 0 1 0 0]

	5/6
	Y = [1 0 0 0 0]


1.1.1.1.5 Channel Concatenation

The concatenation scheme of the CTC blocks is defined to allow data block sizes up to 240 bytes.  The rules to be used with the concatenation scheme are defined fully in Tables x and y.  In Table Y 'slot' refers to the number of subchannels slots allocated (in both time and frequency).   This is used for OFDMA subchannelization with QPSK, 16-QAM and 64-QAM. 
Table x – Encoding subchannel concatenation for different rates in CTC

	Modulation and rate
	j

	QPSK 1/2
	j = 40

	QPSK 3/4
	j = 26

	QAM16 1/2
	j = 20

	QAM16 3/4
	j = 13

	QAM64 1/2
	j = 13

	QAM64 2/3
	j = 10

	QAM64 3/4
	j = 8

	QAM64 5/6
	j = 8


Table y – Subchannel concatenation rule for CTC

	Number of Subchannels
	Subchannels concatenated

	n ≤= j   AND

n mod 7 ≠ 0
	1 block of n slots

	n<=j AND

n mod 7 = 0  
	1 block of 4n/7 slots
1 block of 3n/7 slots


	n > j
	If( n mod j = 0 )

q blocks of j slots
else

(q-1) blocks of j slots
1 block of Lb1 slots

1 block of Lb2 slots

Where:

q = n div j

Lb1 = ceil((n-(q-1)*j)/2)
Lb2 = floor((n-(q-1)*j)/2)

If (Lb1 mod 7= 0) or (Lb2 mod 7= 0)

Lb1 = Lb1 + 1; Lb2 = Lb2 – 1;



Abstract


Completed definition of Duo-Binary Turbo Code.  Definition and code is not changed.  Additional information includes support for a large range of block sizes to optimize code for each MCS/sub-channelization.  Sub-channel concatenation rules are also defined for OFDMA transmission.
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