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Proposed Amendment Text on Channel coding
Seunghyun Kang, Sukwoo Lee
LG Electronics

1. Introduction

This contribution proposes the text of channel coding section to be discussed and adopted in the 802.16m amendment. The proposed text is developed such that it can be readily combined with IEEE P802.16 Rev2/D8 [1].
2. Modification from the SDD text
The proposed text in this contribution is based on sub clause 11.13.1 in the IEEE 802.16m SDD [2]. For the consistency with IEEE P802.16Rev2/D8, the terminologies used in the SDD are cleaned up using the definitions in Section 2.1. Also, the high level outline of the proposed text is provided in Section 2.2 with the detailed subsections for the Convolutional Turbo Codes (CTC).
2.1. Notation

The following are the definitions used in the proposed amendment text.

NBurst
Burst size 
CRCBurst
Burst CRC size
NInfo
Information block size

δ

Block size resolution depending on the ranges of information block size or (NBurst + CRCBurst)

NPadding
Number of padding bits 
NFEC
Number of FEC blocks (after burst partitioning) 
CRCFEC
FEC block CRC size
NEP
FEC block size (before encoding)

NEP,i
FEC block size for i-th FEC block, where i = 0, …, NFEC -1

NMaxEP
Maximum FEC block size

NBaseEP
Base FEC block size for FEC block segmentation
NDataTone
Number of data subcarriers

NDataTone,i
Number of data subcarriers for i-th FEC block, where i = 0, …, NFEC -1
NRU
Number of resource units allocated

NDataTonePerRU, j
Number of data tones in j-th RU, where j =0, …, NRU -1
NTotalDataTone 
Total number of data tones in NRU RUs allocated for a data burst

M

Modulation order 2, 4 and 6 (QPSK, 16QAM and 64QAM)

R

Code rate

RMC
Mother code rate (for convolutional turbo coding scheme RMC=1/3)

RCB
Lowest code rate of subpacket without repetition
NCB
Size of circular buffer, where NCB=NEP/RCB
2.2. High level outline of the channel coding section

The following is the high level outline of the channel coding section.

15.13.1
  Channel coding

15.13.1.1
  Block diagram

15.13.1.2
  Padding bit insertion and information block size
15.13.1.3
  Burst CRC encoding

15.13.1.4
  Partition into FEC blocks

15.13.1.4.1
  FEC block CRC encoding
15.13.1.5
  FEC encoding

15.13.1.5.1
  Convolutional turbo codes (CTCs) 

15.13.1.5.1.1
  CTC encoder

15.13.1.5.1.2
  Determination of CTC circular states

15.13.1.5.1.3
  CTC inner interleaver

15.13.1.5.1.4
  CTC concatenation rule

15.13.1.5.1.4.1  FEC block segmentation

15.13.1.5.1.4.2  Tone(Data subcarrier) allocation 

15.13.1.5.1.5
  Subpacket generation (or Bit selection and repetition)
15.13.1.5.1.5.1  Bit separation

15.13.1.5.1.5.2  Subblock interleaving

15.13.1.5.1.5.3  Bit grouping

15.13.1.5.1.5.4  Bit selection

15.13.1.6
  Modulation

15.13.1.6
  Collection

3. References
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4. Proposed Amendment Text on 15.13.1 Channel coding

-----------------------------------------------------------Start of the Text---------------------------------------------------------
15.13.1. Channel coding

15.13.1.1. Block diagram

Channel coding procedures include one padding(see 15.13.1.2), burst CRC encoding (see 15.13.1.3), burst partitioning (see 15.13.1.4), FEC CRC encoding (see 15.13.1.4.1), FEC encoding (see 15.13.1.5), bit selection & repetition (see 15.13.1.5.1.5), modulation (see 15.13.1.6) and collection (see 15.13.1.7). 
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Figure xx1 Channel coding block diagram

15.13.1.2. Padding bit insertion and information block size
A data burst is the basic unit of the channel coding, modulation and HARQ transmission. When the amount of data burst bits and burst CRC bits (and FEC block CRC bits if they are required) does not fit exactly an information block size which is the input of FEC encoder, padding of ‘1’ shall be added at the end of the data burst. Note that the information block comprises data burst bits, burst CRC bits (and FEC block CRC bits) and padding bits. Table xx1 specifies the information block size resolutions and their block size ranges. The information block sizes are regularly increased with the block size resolutions.
Table xx1 Information block size resolutions
	Information block size range
	Resolution

	48 ~ 512
	8

	512 ~ 1024
	16

	1024 ~ 2048
	32

	2048 ~
	64


When the total amount of NBurst data burst bits and CRCBurst burst CRC bits exceeds the maximum FEC block size NMaxEP (NMaxEP = 4800 bits for the case of convolutional turbo coding scheme in 15.13.1.5.1), the data burst including burst CRC is partitioned into a number of smaller FEC blocks, and an FEC block CRC is appended to each FEC block before FEC encoding. Considering an FEC block CRC of CRCFEC bits, the number of FEC blocks NFEC is given by Equation (xx1).
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(xx1)
Depending on the number of FEC blocks NFEC, the information block size NInfo is given by Equation (xx2). 
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Note that δ is the block size resolution in Table xx1 and it shall be specified by using (NBurst + CRCBurst) instead of the information block size for chasing its range.

Especially, for the case of convolutional turbo coding scheme in 15.13.1.5.1, the information block size NInfo shall be given by Equation (xx3).
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(xx3)
When the amount of data burst including a burst CRC and FEC block CRCs does not fit exactly the amount of information bits, padding of ones shall be added to the end of the data burst, and the amount of padding bits NPadding is given by Equation (xx4). 
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The order of padded data burst which is input into the burst CRC encoding block is 
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15.13.1.3. Burst CRC encoding

A burst CRC is appended to the data burst including padding bits before the burst is further processed by the burst partitioning. The burst CRC is calculated based on all the bits in the burst. The size of a burst CRC CRCBurst is 16 bits. CRC 16-CCITT, as defined in ITU-T Recommendation X.25, shall be included at the end of the data burst. 

After burst CRC encoding, the order of data burst including a burst CRC and padding bits, which is input into the burst partitioning block, is 
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15.13.1.4. Partition into FEC blocks

After burst CRC encoding, if the amount of data burst bits including burst CRC bits exceeds the maximum FEC block size of 4800 bits, it is partitioned into NFEC FEC blocks, each of which is encoded separately after FEC CRC encoding in 15.13.1.4.1. For i-th FEC block, the FEC block size NEP,i is specified by the FEC block segmentation rule for each channel coding scheme. The result of the burst partitioning is depicted in Figure xx2.
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Figure xx2 The result of burst partition

Note that the FEC block size NEP,i includes an FEC block CRC. The relationship between the information block size NInfo and the FEC block size NEP,i is as follows.
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The input order of the burst partitioning is 
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After FEC CRC encoding, the order of the information block is 
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For convolutional turbo coding scheme, the FEC block segmentation rule is specified in 15.13.1.5.1.4.1.

[For other channel coding schemes like CC and LDPC, the FEC block segmentation rules are FFS.]

15.13.1.4.1. FEC block CRC encoding

[TBD]
15.13.1.5. FEC encoding

[Other coding schemes like CC and LDPC are FFS.]

15.13.1.5.1. Convolutional turbo codes (CTCs) 

15.13.1.5.1.1. CTC encoder
The CTC encoder, including its constituent encoder, is depicted in Figure xx3. It uses a double binary Circular Recursive Systematic Convolutional code. 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 encoder is fed by blocks of k bits or N couples (k = 2×N bits). 
The polynomials defining the connections are described in octal and symbol notations as follows: 
· For the feedback branch: 0xB, equivalently 1 + D + D3 (in symbolic notation) 
· For the Y parity bit: 0xD, equivalently 1 + D2 + D3
· For the W parity bit: 0x9, equivalently 1 + D3
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Figure xx3 CTC encoder
First, the encoder (after initialization by the circulation state Sc1, see 15.13.1.5.1.2) is fed the sequence in the natural order (position 1) with the incremental address i = 0 … N-1. This first encoding is called C1 encoding. Then the encoder (after initialization by the circulation state Sc2, see 15.13.1.5.1.2) is fed by the interleaved sequence (switch in position 2) with incremental address j = 0 … N-1. This second encoding is called C2 encoding.

The order in which the encoded bit shall be fed into the subpacket generation block (15.13.1.5.1.5) is:
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15.13.1.5.1.2. Determination of CTC circular states
The state of encoder is denoted S (0 ≤ S ≤ 7) with S =4s1+2s2+s3 (see Figure xx3). The circulation states Sc1 and Sc2 are determined by the following operations:
a)  Initialize the encoder with state 0. Encode the sequence in the natural order for the determination of Sc1 or in the interleaved order for determination of Sc2. In both cases the final state of the encoder is S0N-1.
b)  According to the length N of the sequence, use Table xx2 to find Sc1 or Sc2.
Table xx2 Circulation state lookup table (Sc)
	Nmod7 
	S0N–1 

	
	0 
	1 
	2 
	3 
	4 
	5 
	6 
	7 

	1 
	0 
	6 
	4 
	2 
	7 
	1 
	3 
	5 

	2 
	0 
	3 
	7 
	4 
	5 
	6 
	2 
	1 

	3 
	0 
	5 
	3 
	6 
	2 
	7 
	1 
	4 

	4 
	0 
	4 
	1 
	5 
	6 
	2 
	7 
	3 

	5 
	0 
	2 
	5 
	7 
	1 
	3 
	4 
	6 

	6 
	0 
	7 
	6 
	1 
	3 
	4 
	5 
	2 


15.13.1.5.1.3. CTC inner interleaver
CTC inner interleaver requires the parameters P0, P1, P2 and P3 shown in Table xx3. 
Table xx3 CTC inner interleaver parameters
	NEP
	N
	P0
	P1
	P2
	P3
	NEP
	N
	P0
	P1
	P2
	P3
	NEP
	N
	P0
	P1
	P2
	P3

	48
	24
	5
	0
	0
	0
	488
	244
	17
	140
	92
	220
	1696
	848
	37
	722
	136
	698

	64
	32
	11
	12
	0
	12
	496
	248
	17
	194
	0
	58
	1728
	864
	31
	176
	152
	516

	72
	36
	11
	18
	0
	18
	512
	256
	19
	64
	52
	124
	1760
	880
	23
	646
	484
	850

	80
	40
	7
	4
	32
	36
	528
	264
	17
	36
	196
	100
	1824
	912
	41
	774
	548
	898

	88
	44
	13
	36
	36
	32
	544
	272
	19
	222
	248
	134
	1856
	928
	47
	576
	212
	728

	96
	48
	13
	24
	0
	24
	576
	288
	23
	76
	220
	92
	1888
	944
	39
	342
	596
	798

	104
	52
	7
	4
	8
	48
	592
	296
	23
	96
	172
	36
	1920
	960
	43
	318
	556
	778

	120
	60
	11
	30
	0
	34
	608
	304
	23
	288
	244
	140
	1952
	976
	35
	94
	144
	686

	128
	64
	13
	46
	44
	30
	624
	312
	23
	286
	220
	70
	1984
	992
	43
	84
	488
	92

	136
	68
	13
	58
	4
	58
	640
	320
	23
	84
	296
	236
	2048
	1024
	31
	2
	332
	622

	144
	72
	11
	6
	0
	6
	656
	328
	23
	24
	300
	52
	2112
	1056
	43
	96
	720
	980

	152
	76
	11
	38
	12
	74
	688
	344
	19
	320
	4
	324
	2176
	1088
	37
	428
	976
	28

	160
	80
	13
	68
	76
	64
	704
	352
	19
	52
	76
	256
	2304
	1152
	41
	16
	484
	888

	176
	88
	17
	52
	68
	32
	720
	360
	23
	130
	156
	238
	2368
	1184
	47
	228
	440
	724

	184
	92
	13
	2
	0
	2
	736
	368
	29
	126
	208
	270
	2432
	1216
	43
	452
	888
	96

	192
	96
	7
	58
	48
	10
	752
	376
	23
	26
	24
	230
	2496
	1248
	43
	0
	208
	528

	200
	100
	11
	76
	0
	24
	768
	384
	29
	252
	0
	8
	2560
	1280
	53
	264
	488
	824

	208
	104
	11
	10
	32
	42
	800
	400
	23
	150
	216
	150
	2624
	1312
	47
	378
	1092
	1250

	216
	108
	11
	54
	56
	2
	816
	408
	29
	342
	132
	42
	2752
	1376
	37
	430
	880
	970

	232
	116
	11
	70
	60
	58
	832
	416
	23
	354
	164
	198
	2816
	1408
	31
	624
	704
	400

	240
	120
	13
	60
	0
	60
	848
	424
	29
	234
	388
	82
	2880
	1440
	43
	720
	360
	540

	248
	124
	13
	6
	84
	46
	864
	432
	29
	216
	272
	180
	2944
	1472
	41
	338
	650
	646

	256
	128
	11
	64
	8
	8
	880
	440
	29
	410
	328
	218
	3008
	1504
	43
	916
	1136
	912

	264
	132
	13
	72
	68
	8
	912
	456
	29
	14
	264
	94
	3072
	1536
	53
	184
	824
	1368

	272
	136
	13
	82
	44
	38
	928
	464
	23
	446
	392
	186
	3200
	1600
	43
	1382
	632
	1086

	288
	144
	17
	74
	72
	2
	944
	472
	23
	356
	68
	332
	3264
	1632
	49
	142
	828
	1354

	296
	148
	13
	0
	84
	64
	960
	480
	53
	62
	12
	2
	3328
	1664
	37
	258
	28
	1522

	304
	152
	13
	130
	112
	46
	976
	488
	31
	134
	124
	366
	3392
	1696
	51
	460
	56
	1608

	312
	156
	11
	32
	124
	108
	992
	496
	29
	358
	480
	362
	3456
	1728
	43
	170
	920
	1518

	320
	160
	17
	84
	108
	132
	1024
	512
	29
	320
	236
	324
	3520
	1760
	57
	776
	1232
	1012

	328
	164
	17
	148
	160
	76
	1056
	528
	31
	86
	380
	250
	3648
	1824
	49
	132
	720
	276

	344
	172
	17
	160
	116
	52
	1088
	544
	31
	432
	216
	524
	3712
	1856
	41
	1328
	772
	1036

	352
	176
	17
	106
	56
	50
	1152
	576
	31
	534
	372
	246
	3776
	1888
	53
	772
	256
	408

	360
	180
	17
	40
	132
	128
	1184
	592
	31
	2
	568
	94
	3840
	1920
	53
	92
	1124
	476

	368
	184
	19
	88
	0
	172
	1216
	608
	31
	368
	584
	524
	3904
	1952
	51
	664
	200
	64

	376
	188
	13
	110
	92
	14
	1248
	624
	31
	88
	404
	608
	3968
	1984
	57
	1296
	760
	1360

	384
	192
	11
	96
	48
	144
	1280
	640
	29
	152
	8
	24
	4096
	2048
	55
	148
	808
	308

	400
	200
	19
	142
	0
	142
	1312
	656
	31
	214
	160
	506
	4160
	2080
	79
	214
	308
	262

	408
	204
	23
	42
	20
	46
	1376
	688
	31
	218
	20
	670
	4224
	2112
	59
	14
	668
	1474

	416
	208
	17
	102
	132
	178
	1408
	704
	29
	474
	584
	118
	4288
	2144
	57
	662
	1516
	42

	424
	212
	17
	138
	56
	18
	1440
	720
	41
	288
	556
	672
	4352
	2176
	59
	2052
	712
	1804

	432
	216
	17
	126
	92
	74
	1472
	736
	29
	164
	424
	76
	4416
	2208
	59
	1342
	1968
	1562

	440
	220
	19
	48
	20
	144
	1504
	752
	31
	254
	416
	474
	4544
	2272
	65
	1380
	1068
	1036

	456
	228
	17
	184
	0
	48
	1536
	768
	31
	34
	564
	710
	4608
	2304
	67
	954
	1140
	1566

	464
	232
	17
	62
	52
	114
	1600
	800
	31
	454
	216
	234
	4672
	2336
	67
	410
	1020
	114

	472
	236
	19
	40
	104
	28
	1632
	816
	29
	334
	564
	66
	4736
	2368
	59
	2
	956
	458

	480
	240
	13
	120
	60
	180
	1664
	832
	31
	156
	568
	56
	4800
	2400
	53
	66
	24
	2


The two-step interleaver shall be performed as follows:

Step 1: Switch alternate couples
Let the sequence 
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 be the input to 
first encoding C1 
for i=0 …N - 1
If ( i mode 2), let 
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This step gives a sequence 
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Step 2: P(j)

The function P(j) provides the address of the couple of the sequence u1 that shall be mapped
onto the address j of the interleaved sequence (i.e.. u2(j) = u1 (P(j))).
for j = 0…N - 1


switch (j mod 4):

case 0: 
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case 1: 
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case 2: 
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case 3: 
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This step gives a sequence 
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. Sequence 
u2 is the input to the second encoding C2.
15.13.1.5.1.4. CTC concatenation rule
The CTC concatenation rule is depicted in Figure xx4.
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Figure xx4 CTC concatenation rule block diagram

After burst CRC encoding, the data burst including padding bits and a burst CRC is partitioned into NFEC FEC blocks when the amount of input bits of the CTC concatenation block exceeds the maximum FEC block size of 4800. Note that the amount of input bits of the CTC concatenation block is NInfo-(NFEC·CRCFEC). 
The FEC block segmentation rule in 15.13.1.5.1.4.1 segments the information block into NFEC FEC blocks, each size of which is NEP,i, as the input of CTC encoders. Note that an FEC block size NEP,i includes an FEC block CRC.

When the order of input bits of FEC block segmentation block is
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, the order of inputs of CTC encoders after the FEC CRC encoding is as follows.
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The CTC encoder for i-th FEC block produces mother code rate codeword, of which the amount is 3·NEP,i for each FEC block. After CTC encoding, the subpacket generation (or bit selection and repetition) in 15.13.1.5.1.5 adapts the number of coded bits to the size of the resource allocation (in QAM symbol) for each FEC block. Note that a unit for loading a QAM symbol is a data tone (or data subcarrier). When there are NFEC FEC blocks in a data burst, the total amount of data tones for the transmission of a data burst shall also be segmented into NFEC FEC blocks. For i-th FEC block the number of data tones NDataTone,i is specified by the tone allocation rule in 15.13.1.5.1.4.2. The subpacket generation (or bit selection and repetition) adapts coded bits to M·NDataTone,i for each FEC block ,where M means the modulation order.
15.13.1.5.1.4.1. FEC block segmentation
When the information block size exceeds the maximum FEC block size of 4800 bits, it is partitioned into NFEC FEC blocks, each of which is encoded separately. For i-th FEC block, the FEC block size NEP,i is specified by the following FEC block segmentation rule. Note that the resolution value δ is 64 as shown in Table xx1.
FEC block segmentation rule:
a) First, the base FEC block size NBaseEP is given by the followings.
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b) The parameters α,
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, k and m are specified by the followings.
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c) Initialization of NEP,i , where i=0,…, NFEC -1 
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d) If m = δ, modify NEP,i as follows
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15.13.1.5.1.4.2. Tone (Data Subcarrier) allocation 
For the transmission of a data burst, a transmission format shall be specified, and a transmission format comprises modulation order M, code rate R and the number of Resource Units (RUs) NRU. After FEC encoding of an information block, subpacket generation (or bit selection and repetition) in 15.13.1.5.1.5 adapts the number of coded bits to the size of the resource allocation (in QAM symbol) which may vary depending on the LRU and subframe types. Table xx4 specifies the numbers of data tones in an RU.
Table xx4 Number of data tones per an RU
	
	Number of Tx streams
	Number of pilot tones
	NDataTonePerRU

	Type-1 subframe with 
5 OFDMA symbols (18 by 5)
	2 Tx
	10
	80

	
	4 Tx
	16
	74

	Type-1 subframe
(18 by 6)
	2 Tx
	12
	92

	
	4 Tx
	16
	88

	Type-2 subframe
(18 by 7)
	2 Tx
	14
	112

	
	4 Tx
	16
	110


Note that an LRU may include control information. When NControlTonePerRU denotes the number of tones used for the control information, the number of data tones shall be given by subtracting NControlTonePerRU from NDataTonePerRU specified in Table xx4.
For NRU RUs, the total number of data tones NTotalDataTone which shall be used for loading the same amount of QAM symbols after modulation (15.13.1.6) and collection (15.13.1.6) is specified by Equation (xx5).
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(xx5)
When there are NFEC FEC blocks, the total number of data tones shall also be partitioned into NFEC FEC blocks. For i-th FEC block, the number of data tone NDataTone,i is specified by the following tone allocation rule.
Tone allocation rule:

a) First, the number of base data tones for i-th FEC block NBaseTone,i is given by the following equation.
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b) The parameters
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, k and m are specified by the following equations.
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c) The number of data tones NDataTone,i is given as follows, where i=0… NFEC -1.
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15.13.1.5.1.5. Subpacket generation (or Bit selection and repetition)
Proposed FEC structure punctures the mother codeword to generate a subpacket with various coding rates. The subpacket is also used as HARQ packet transmission. Figure xx5 shows the block diagram of subpacket generation. 1/3 CTC encoded codeword goes through interleaving block and the puncturing is performed. Figure xx6 shows block diagram of the interleaving block. The puncturing is performed to select the consecutive interleaved bit sequence that starts at any point of whole codeword. For the first transmission, the subpacket is generated to select the consecutive interleaved bit sequence that starts from the first bit of the systematic part of the mother codeword. The length of the subpacket is chosen according to the needed coding rate reflecting the channel condition. The first subpacket can also be used as a codeword with the needed coding rate for a burst where HARQ is not applied.
[image: image43.emf]
Figure xx5 Block diagram of subpacket generation
[image: image44.emf]
Figure xx6 Block diagram of the interleaving scheme

15.13.1.5.1.5.1. Bit separation
All of the encoded bits shall be demultiplexed into six subblocks denoted A, B, Y1, Y2, W1, and W2. The encoder output bits shall be sequentially distributed into six subblocks with the first N encoder output bits going to the A subblock, the second N encoder output going to the B subblock, the third N to the Y1 subblock, the fourth N to the Y2 subblock, the fifth N to the W1 subblock, the sixth N to the W2 subblock.

15.13.1.5.1.5.2. Subblock interleaving
The six subblocks shall be interleaved separately. The interleaving is performed by the unit of bits. The sequence of interleaver output bits for each subblock shall be generated by the procedure described below. The entire subblock of bits to be interleaved is written into an array at addresses from 0 to the number of the bits minus one (N-1), and the interleaved bits are read out in a permuted order with the i-th bit being read from an address, ADi (i = 0…N-1), as follows:

1) Determine the subblock interleaver parameters, m and J. Table xx5 gives three parameters.
2) Initialize i and k to 0.
3) Form a tentative output address Tk according to the formula:
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where BROm(y) indicates the bit-reversed m-bit value of y (i.e., BRO3(6) = 3).
4) If Tk is less than N ADi = Tk and increment i and k by 1. Otherwise, discard Tk and increment k only.
5) Repeat steps 3) and 4) until all N interleaver output addresses are obtained.
The parameters for the subblock interleavers are specified in Table xx5. 

Table xx5 Parameters for the subblock interleavers
	NEP
	N
	m
	J
	NEP
	N
	m
	J
	NEP
	N
	m
	J

	48
	24
	3
	3
	488
	244
	7
	2
	1696
	848
	8
	4

	64
	32
	4
	3
	496
	248
	7
	2
	1728
	864
	8
	4

	72
	36
	4
	3
	512
	256
	7
	2
	1760
	880
	8
	4

	80
	40
	4
	3
	528
	264
	7
	3
	1824
	912
	8
	4

	88
	44
	4
	3
	544
	272
	7
	3
	1856
	928
	8
	4

	96
	48
	4
	3
	576
	288
	7
	3
	1888
	944
	8
	4

	104
	52
	5
	3
	592
	296
	7
	3
	1920
	960
	9
	2

	120
	60
	5
	3
	608
	304
	7
	3
	1952
	976
	9
	2

	128
	64
	5
	3
	624
	312
	7
	3
	1984
	992
	9
	2

	136
	68
	5
	3
	640
	320
	7
	3
	2048
	1024
	9
	2

	144
	72
	5
	3
	656
	328
	7
	3
	2112
	1056
	9
	3

	152
	76
	5
	3
	688
	344
	7
	3
	2176
	1088
	9
	3

	160
	80
	5
	3
	704
	352
	7
	3
	2304
	1152
	9
	3

	176
	88
	5
	3
	720
	360
	7
	3
	2368
	1184
	9
	3

	184
	92
	5
	3
	736
	368
	7
	3
	2432
	1216
	9
	3

	192
	96
	5
	3
	752
	376
	7
	3
	2496
	1248
	9
	3

	200
	100
	6
	2
	768
	384
	7
	3
	2560
	1280
	9
	3

	208
	104
	6
	2
	800
	400
	7
	4
	2624
	1312
	9
	3

	216
	108
	6
	2
	816
	408
	7
	4
	2752
	1376
	9
	3

	232
	116
	6
	2
	832
	416
	7
	4
	2816
	1408
	9
	3

	240
	120
	6
	2
	848
	424
	7
	4
	2880
	1440
	9
	3

	248
	124
	6
	2
	864
	432
	7
	4
	2944
	1472
	9
	3

	256
	128
	6
	2
	880
	440
	7
	4
	3008
	1504
	9
	3

	264
	132
	6
	3
	912
	456
	8
	2
	3072
	1536
	9
	3

	272
	136
	6
	3
	928
	464
	8
	2
	3200
	1600
	9
	4

	288
	144
	6
	3
	944
	472
	8
	2
	3264
	1632
	9
	4

	296
	148
	6
	3
	960
	480
	8
	2
	3328
	1664
	9
	4

	304
	152
	6
	3
	976
	488
	8
	2
	3392
	1696
	9
	4

	312
	156
	6
	3
	992
	496
	8
	2
	3456
	1728
	9
	4

	320
	160
	6
	3
	1024
	512
	8
	2
	3520
	1760
	9
	4

	328
	164
	6
	3
	1056
	528
	8
	3
	3648
	1824
	9
	4

	344
	172
	6
	3
	1088
	544
	8
	3
	3712
	1856
	9
	4

	352
	176
	6
	3
	1152
	576
	8
	3
	3776
	1888
	9
	4

	360
	180
	6
	3
	1184
	592
	8
	3
	3840
	1920
	10
	2

	368
	184
	6
	3
	1216
	608
	8
	3
	3904
	1952
	10
	2

	376
	188
	6
	3
	1248
	624
	8
	3
	3968
	1984
	10
	2

	384
	192
	6
	3
	1280
	640
	8
	3
	4096
	2048
	10
	2

	400
	200
	6
	4
	1312
	656
	8
	3
	4160
	2080
	10
	3

	408
	204
	6
	4
	1376
	688
	8
	3
	4224
	2112
	10
	3

	416
	208
	6
	4
	1408
	704
	8
	3
	4288
	2144
	10
	3

	424
	212
	6
	4
	1440
	720
	8
	3
	4352
	2176
	10
	3

	432
	216
	6
	4
	1472
	736
	8
	3
	4416
	2208
	10
	3

	440
	220
	6
	4
	1504
	752
	8
	3
	4544
	2272
	10
	3

	456
	228
	6
	4
	1536
	768
	8
	3
	4608
	2304
	10
	3

	464
	232
	6
	4
	1600
	800
	8
	4
	4672
	2336
	10
	3

	472
	236
	6
	4
	1632
	816
	8
	4
	4736
	2368
	10
	3

	480
	240
	7
	2
	1664
	832
	8
	4
	4800
	2400
	10
	3


15.13.1.5.1.5.3. Bit grouping

The channel interleaver output sequence shall consist of the interleaved A and B subblock sequence, followed by a bit-by-bit multiplexed sequence of the interleaved Y1 and Y2 subblock sequences, followed by a bit-by-bit multiplexed sequence of the interleaved W1 and W2 subblock sequences. The bit-by-bit multiplexed sequence of interleaved Y1 and Y2 subblock sequences shall consist of the first output bit from the Y1 subblock interleaver, the first output bit from the Y2 subblock interleaver, the second output bit from the Y1 subblock interleaver, the second output bit from the Y2 subblock interleaver, etc, The bit-by-bit multiplexed sequence of interleaved W1 and W2 subblock sequences shall consist of the first output bit from the W1 subblock interleaver, the first output bit from the W2 subblock interleaver, the second output bit from the W1 subblock interleaver, the second output bit from the W2 subblock interleaver, etc. Figure xx6 shows the interleaving scheme.

15.13.1.5.1.5.4. Bit selection
Lastly, bit selection is performed to generate the subpacket. The puncturing and repetition block is referred as bits selection in the viewpoint of subpacket generation. Mother Code Bits, the total number of information and parity bits generated by FEC encoder, are considered as a maximum size of circular buffer. The bits in a subpacket are formed by selecting specific sequences of bits from the interleaved CTC encoder output sequence in the circular buffer. In case that the size of the circular buffer NCB is smaller than the number of Mother Code Bits, the first NCB bits of Mother Code Bits are considered as selected bits. Repetition is performed when the number of transmitted bits is larger than the number of selected bits. The selection of coded bits is done cyclically over the buffer. The resulting subpacket sequence is a binary sequence of bits for the modulator.

Let

k
be the subpacket index when HARQ is enabled. k = 0 for the first transmission and increases by one for the next subpacket. k = 0 when H-ARQ is not used. When there are more than one FEC block in a burst, the subpacket index for each FEC block shall be the same.
NEP     
be the number of bits in the encoder packet (before CTC encoding).

NEP,i     
be the number of bits in the encoder packet for i-th FEC block, where i = 0 …NFEC -1 (before CTC encoding).

RCB

be the lowest code rate of subpacket without repetition.
NCB

be the size of circular buffer, where NCB=NEP/RCB
NDataTone

be the number of data tones for the transmission of a data bust.
NDataTone,i
be the number of data subcarriers for i-th FEC block, where i = 0 …NFEC -1.

Mk
be the modulation order for the k-th subpacket (Mk = 2 for QPSK, 4 for 16-QAM, and 6 for 64-QAM).
SPIDk

be the subpacket ID for the k-th subpacket, (for the first subpacket, SPIDk=0 = 0).
For NRU RUs, the total number of data tones NTotalDataTone is specified in Equation (xx5). For the case that there is only one FEC block in a burst, the number of data tones NDataTone is equal to NTotalDataTone, and it is used for the subpacket generation. In addition, when there are more than one FEC block in a burst, total number of data tones NTotalDataTone is partitioned into NFEC FEC blocks by using the tone allocation rule. For i-th FEC block, the number of data tone NDataTone,i is specified, and the NDataTone,i is used for the subpacket generation instead of NDataTone for i-th FEC block (See also 15.13.1.5.1.4.2).
Let the scrambled and selected bits be numbered from zero with the 0-th bit being the first bit in the sequence. Then, the index of the j-th bit for the k-th subpacket shall be:
Sk,j = ( Fk +j ) mod NCB









(xx6)

where


j = 0 … Lk-1



Lk= NDataTone · Mk


Fk=(SPIDk · Lk) mod NCB
The above bit selection makes the following possible.
a) The first transmission includes the systematic part of the mother code. Thus, it can be used as the codeword for a burst where the HARQ is not applied or when Chase HARQ is applied. 
b) The location of the subpacket can be determined by the SPID itself without the knowledge of previous subpacket. It is very important property for IR HARQ retransmission.
15.13.1.6. Modulation 

Modulation constellations of QPSK, 16 QAM, and 64 QAM are supported as depicted in Figure xx7. QAM symbols are collected from each FEC block and mapped to the input of the MIMO encoder.
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Figure xx7 QPSK, 16-QAM, and 64-QAM constellations
15.13.1.7. Collection

After data modulation of the subpackets, there are NDataTone,i QAM symbols for each FEC block, where i = 1 … NFEC -1. The QAM symbols of FEC blocks shall be serially collected from 0-th FEC block to (NFEC-1)-th FEC block.

------------------------------------------------------------End of the Text---------------------------------------------------------
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