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1. Introduction
The contribution proposes the text of channel coding and HARQ section to be included in the 802.16m amendment ([1]). 
2. References
[1] IEEE 802.16m-09/0010r1a, “802.16m Amendment Working Document (AWD)”

[4] IEEE 802.16m-08/003r8, “IEEE 802.16m System Description Document”
[5] IEEE 802.16m-08/043, “Style guide for writing the IEEE 802.16m amendment”
3. Text proposal for inclusion in the 802.16m amendment
-------------------------------  Text Start  ---------------------------------------------------
4. Abbreviations and acronyms
Insert the following at section 4 in alphabetic order:
CoRe

constellation re-arrangement
HARQ

hybrid-ARQ
IR

incremental redundancy
MCS

Modulation and Coding Scheme
SPID

subpacket ID

Insert the following subsection at section 15: 
<<//////////          Proposed text #1 ////////////////////////>>
15.x.1.3. 
Burst partition
Only the burst size NDB limited in Table 15.x,1-1 are supported in PHY layer. These sizes include the addition of CRC (per burst and per FEC block) when application. Other sizes require padding to the next burst size. When the burst size including 16 burst CRC bits exceeds the maximum FEC block size, NFB_MAX, the burst is partitioned into KFB FEC blocks. The modulation order, the nominal code rate, the number of resource elements allocated for data transmission, the spatial multiplexing order, and the maximum FEC block size are denoted by Nmod, RFEC, NRE, NSM, NFB_MAX, respectively.  
Nmod 
is the modulation order of the burst transmission, which is specified by MCS index 
RFEC 
is the nominal code rate of the burst transmission, which is specified by MCS index
NRE 

is the number of resource elements allocated for burst transmission. The calculation of NRE shall exclude the resource elements used by pilot channels 
NSM

is the spatial multiplexing order of the resource elements allocated for burst transmission. The value of NSM depends on the MIMO transmission mode and is defined in section x.x.x.x.

NFB_MAX
is the maximum FEC block size, which equals to 4800 bits. 
Table 15.x.1-1. Burst size table

	idx
	NDB 
	KFB
	idx
	NDB 
	KFB
	idx
	NDB (bytes)
	KFB

	1
	6
	1
	23
	90
	1
	45
	1200
	2

	2
	8
	1
	24
	100
	1
	46
	1416
	3

	3
	9
	1
	25
	114
	1
	47
	1584
	3

	4
	10
	1
	26
	128
	1
	48
	1800
	3

	5
	11
	1
	27
	145
	1
	49
	1888
	4

	6
	12
	1
	28
	164
	1
	50
	2112
	4

	7
	13
	1
	29
	181
	1
	51
	2400
	4

	8
	15
	1
	30
	205
	1
	52
	2640
	5

	9
	17
	1
	31
	233
	1
	53
	3000
	5

	10
	19
	1
	32
	262
	1
	54
	3600
	6

	11
	22
	1
	33
	291
	1
	55
	4200
	7

	12
	25
	1
	34
	328
	1
	56
	4800
	8

	13
	27
	1
	35
	368
	1
	57
	5400
	9

	14
	31
	1
	36
	416
	1
	58
	6000
	10

	15
	36
	1
	37
	472
	1
	59
	6600
	11

	16
	40
	1
	38
	528
	1
	60
	7200
	12

	17
	44
	1
	39
	600
	1
	61
	7800
	13

	18
	50
	1
	40
	656
	2
	62
	8400
	14

	19
	57
	1
	41
	736
	2
	63
	9600
	16

	20
	64
	1
	42
	832
	2
	64
	10800
	18

	21
	71
	1
	43
	944
	2
	65
	12000
	20

	22
	80
	1
	44
	1056
	2
	66
	14400
	24


The burst size index is calculated as 
[image: image1.wmf]MinimalSizeSizeOffset

idxII

=+

, where 
[image: image2.wmf]{0,1,,31}

SizeOffset

I

Î

K

 is a 5 bits index in A-MAP IE, and 
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 is calculated based on Table 15.x.1-2 and the allocation size, The allocation size is defined as the number of LRUs multiplied by the MIMO rank that are allocated for the burst . 

Table 15.x.1-2 - Minimal size index as function of number of allocated LRUs
	Alloc.
size
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	1
	1
	33
	21
	65
	27
	97
	30
	129
	32
	161
	34

	2
	1
	34
	21
	66
	27
	98
	30
	130
	32
	162
	34

	3
	1
	35
	21
	67
	27
	99
	30
	131
	32
	163
	34

	4
	2
	36
	22
	68
	27
	100
	30
	132
	33
	164
	34

	5
	4
	37
	22
	69
	27
	101
	30
	133
	33
	165
	35

	6
	6
	38
	22
	70
	27
	102
	30
	134
	33
	166
	35

	7
	8
	39
	22
	71
	27
	103
	31
	135
	33
	167
	35

	8
	9
	40
	22
	72
	27
	104
	31
	136
	33
	168
	35

	9
	10
	41
	23
	73
	28
	105
	31
	137
	33
	169
	35

	10
	11
	42
	23
	74
	28
	106
	31
	138
	33
	170
	35

	11
	11
	43
	23
	75
	28
	107
	31
	139
	33
	171
	35

	12
	12
	44
	23
	76
	28
	108
	31
	140
	33
	172
	35

	13
	13
	45
	23
	77
	28
	109
	31
	141
	33
	173
	35

	14
	14
	46
	24
	78
	28
	110
	31
	142
	33
	174
	35

	15
	14
	47
	24
	79
	28
	111
	31
	143
	33
	175
	35

	16
	15
	48
	24
	80
	28
	112
	31
	144
	33
	176
	35

	17
	15
	49
	24
	81
	28
	113
	31
	145
	33
	177
	35

	18
	15
	50
	24
	82
	28
	114
	31
	146
	34
	178
	35

	19
	16
	51
	25
	83
	29
	115
	31
	147
	34
	179
	35

	20
	16
	52
	25
	84
	29
	116
	31
	148
	34
	180
	35

	21
	17
	53
	25
	85
	29
	117
	32
	149
	34
	181
	35

	22
	17
	54
	25
	86
	29
	118
	32
	150
	34
	182
	35

	23
	18
	55
	25
	87
	29
	119
	32
	151
	34
	183
	35

	24
	18
	56
	25
	88
	29
	120
	32
	152
	34
	184
	35

	25
	18
	57
	25
	89
	29
	121
	32
	153
	34
	185
	36

	26
	19
	58
	26
	90
	29
	122
	32
	154
	34
	186
	36

	27
	19
	59
	26
	91
	30
	123
	32
	155
	34
	187
	36

	28
	19
	60
	26
	92
	30
	124
	32
	156
	34
	188
	36

	29
	20
	61
	26
	93
	30
	125
	32
	157
	34
	189
	36

	30
	20
	62
	26
	94
	30
	126
	32
	158
	34
	190
	36

	31
	20
	63
	26
	95
	30
	127
	32
	159
	34
	191
	36

	32
	20
	64
	26
	96
	30
	128
	32
	160
	34
	192
	36


The modulation order Nmod (2 for QPSK, 4 for 16-QAM and 6 for 64-QAM) depends on the parameter 
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 according to Table 15.x.1-3 rule. Allocation size of 1 or 2 LRUs are special cases (separate columns in the table). For allocation of at least 3 LRUs the modulation order depends only on 
[image: image11.wmf]SizeOffset

I

.

Table 15.x.1-3 - Rule for modulation order
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	Nmod (allocation size ≥ 3)
	Nmod (allocation size = 2)
	Nmod (allocation size = 1)
	
[image: image13.wmf]SizeOffset

I


	Nmod (allocation size ≥ 3)
	Nmod (allocation size = 2)
	Nmod (allocation size = 1)

	0
	2
	2
	2
	16
	2
	4
	6

	1
	2
	2
	2
	17
	2
	4
	6

	2
	2
	2
	2
	18
	2
	4
	6

	3
	2
	2
	2
	19
	4
	4
	6

	4
	2
	2
	2
	20
	4
	4
	6

	5
	2
	2
	2
	21
	4
	4
	6

	6
	2
	2
	2
	22
	4
	6
	6

	7
	2
	2
	2
	23
	4
	6
	6

	8
	2
	2
	2
	24
	6
	6
	6

	9
	2
	2
	2
	25
	6
	6
	6

	10
	2
	2
	4
	26
	6
	6
	6

	11
	2
	2
	4
	27
	6
	6
	6

	12
	2
	2
	4
	28
	6
	6
	6

	13
	2
	2
	4
	29
	6
	6
	6

	14
	2
	2
	4
	30
	6
	6
	6

	15
	2
	2
	4
	31
	6
	6
	6


The nominal MCS used in a data transmission rank-1 CQI feedback shall be selected from Table 15.x.1-1. 
Table 15.x.1-14. MCS table for rank-1 CQI downlink and uplink data channel 
	MCS index
	Modulation
	Code rate

	‘0000’
	QPSK
	31/256

	‘0001’
	QPSK
	48/256

	‘0010’
	QPSK
	71/256

	‘0011’
	QPSK
	101/256

	‘0100’
	QPSK
	135/256

	‘0101’
	QPSK
	171/256

	‘0110’
	16QAM
	102/256

	‘0111’
	16QAM
	128/256

	‘1000’
	16QAM
	155/256

	‘1001’
	16QAM
	184/256

	‘1010’
	64QAM
	135/256

	‘1011’
	64QAM
	157/256

	‘1100’
	64QAM
	181/256

	‘1101’
	64QAM
	205/256

	‘1110’
	64QAM
	225/256

	‘1111’
	64QAM
	237/256


The size of the k-th FEC block is denoted by NFB, k, k = 0, 1, …, KFB-1. The set of supported FEC block sizes is shown in Table 15.x.1-2. 
Table 15.x.1-2. FEC block size table for downlink and uplink data channels
	Index
	NFB
	Index
	NFB
	Index
	NFB
	Index
	NFB
	Index
	NFB

	0
	48
	30
	328
	60
	720
	90
	1424
	120
	2752

	1
	64
	31
	344
	61
	736
	91
	1448
	121
	2816

	2
	72
	32
	352
	62
	752
	92
	1480
	122
	2880

	3
	80
	33
	360
	63
	768
	93
	1504
	123
	2944

	4
	88
	34
	368
	64
	776
	94
	1536
	124
	3008

	5
	96
	35
	376
	65
	800
	95
	1560
	125
	3072

	6
	104
	36
	384
	66
	824
	96
	1600
	126
	3200

	7
	120
	37
	400
	67
	848
	97
	1640
	127
	3264

	8
	128
	38
	416
	68
	872
	98
	1672
	128
	3328

	9
	136
	39
	432
	69
	888
	99
	1712
	129
	3392

	10
	144
	40
	440
	70
	912
	100
	1752
	130
	3456

	11
	152
	41
	456
	71
	936
	101
	1784
	131
	3520

	12
	160
	42
	472
	72
	960
	102
	1824
	132
	3648

	13
	176
	43
	480
	73
	984
	103
	1864
	133
	3712

	14
	184
	44
	496
	74
	1000
	104
	1896
	134
	3776

	15
	192
	45
	512
	75
	1024
	105
	1920
	135
	3840

	16
	200
	46
	528
	76
	1048
	106
	1952
	136
	3904

	17
	208
	47
	544
	77
	1072
	107
	2000
	137
	3968

	18
	216
	48
	552
	78
	1096
	108
	2048
	138
	4096

	19
	232
	49
	568
	79
	1112
	109
	2096
	139
	4160

	20
	240
	50
	584
	80
	1136
	110
	2144
	140
	4224

	21
	248
	51
	600
	81
	1160
	111
	2192
	141
	4288

	22
	256
	52
	608
	82
	1184
	112
	2232
	142
	4352

	23
	264
	53
	624
	83
	1216
	113
	2280
	143
	4416

	24
	272
	54
	640
	84
	1248
	114
	2328
	144
	4544

	25
	288
	55
	656
	85
	1280
	115
	2368
	145
	4608

	26
	296
	56
	664
	86
	1312
	116
	2432
	146
	4672

	27
	304
	57
	680
	87
	1336
	117
	2496
	147
	4736

	28
	312
	58
	696
	88
	1368
	118
	2560
	148
	4800

	29
	320
	59
	712
	89
	1392
	119
	2624


The burst size NDB including burst CRC and FEC block CRC is defined by the following equation:
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The payload size excluding burst CRC and FEC block CRC is defined by the following equation:
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where,

IMFB

equals 0 when KFB =1, 1 when KFB >1,
NFB-CRC
equals 16, which is the size of FEC block CRC,
NDB-CRC
equals 16, which is the size of burst CRC. 
The burst partition block generates KFB FEC blocks, with each FEC block processed by the FEC block CRC encoding block as described in 15.x.1.4.
<<//////////          Proposed text #2 ////////////////////////>>
15.x.1.5.1.7 

Bit grouping
Corresponding to section 8.4.9.2.3.4.3.

The interleaved subblocks shall be multiplexed into four blocks; those four blocks consist of an interleaved A subblock, an interleaved B subblock, a bit-by-bit multiplexed sequence of the interleaved Y1 and Y2 subblock sequences, which is referred to Y, and a bit-by-bit multiplexed sequence of the interleaved W1 and W2 subblock sequences, which is referred to W. Information subblocks, A and B, are by-passed while parity subblocks are multiplexed bit by bit. 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. 

After multiplexing subblocks into four blocks, Subblock B is circularly left-shifted by 1 bit. The multiplexed subblock W is circularly left-shifted by k bits. When the FEC block size Nep is equal to multiple of the modulation order, k is set as 1. Otherwise, let k be 0. Figure 461 shows interleaving scheme as explained above.
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Figure 15.1-1.x Block diagram of interleaving scheme
<<//////////          Proposed text #3 ////////////////////////>>
15.x.1.5.1.9

Bit selection and repetition

Bit selection and repetition are performed to generate the subpacket. 

Let NCTC, k be the number of coded bits that shall be transmitted for the k-th FEC block. The value of NCTC, k is calculated by the following equation
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The index in the HARQ buffer for the j-th bit transmitted for the k-th FEC block, uk, j, i, shall be:
[image: image25.wmf], mod

, , CTC, , CTC, 

, , , , , FB_Buffer, 

;

()mod;

()mod;

shifti

kjikshiftik

kjiikkjik

NiN

indexNNjN

uPindexN

=×

=-+

=+


[image: image18.wmf]k

 

FB_Buffer,

k

i,

j

 

k,

mod

)

(

N

j

P

u

+

=


for k = 0, 1, …, KFB – 1, and j = 0, 1, …, NCTC, k – 1,

where i is the subpacket ID of the subpacket (SPID = i), Pi, k is the starting position for subpacket i of the k-th FEC block as specified in 15.x.2.1, and 
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 is the buffer size for the k-th FEC block.
15.x.2
HARQ
<<//////////          Proposed text #4 ////////////////////////>>
15.x.2.1
IR HARQ

HARQ IR is used in 802.16m by changing the starting position, Pi, k, of the bit selection for HARQ retransmissions. 
For downlink HARQ, the starting point for the bit selection algorithm as described in section 15.x.1.5.1.8 is determined as a function of SPID using Table 15.x.2-1 .

Table 15.x.2-1. Starting position determination for downlink HARQ
	SPID
	Starting position Pi,k

	0
	Pi,k =0

	1
	Pi,k =
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For uplink HARQ, the starting position for the bit selection algorithm as described in section 15.x.1.5.1.8 is determined as a function of SPID for the following equation. 
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For uplink HARQ, subpackets shall be transmitted in sequential order. In other words, for the t-th transmission, the subpacket ID shall be set to SPID = t mod 4. 
<<//////////          Proposed text #5 ////////////////////////>>
15.x.2.1.1.1.
Constellation Rearrangement 

Two constellation rearrangement (CoRe) versions shall be supported. Co-Re only applies to 16QAM and 64QAM. In case of QPSK, it is transparent. 

In one HARQ process, all transmissions/retransmissions use the same CoRe scheme. In this particular CoRe scheme, two CoRe versions are exploited for 16QAM and 64 QAM modulation respectively.
Following table describes the operations that produce different CoRe versions for 16QAM and 64QAM respectively, so that the four bits in a 16QAM symbol (the six bits in a 64 QAM) are of the same resilience. In other words, the two bits of higher quality at CoRe-version 0 are of lower quality at CoRe-version 1 while the two bits of lower quality at CoRe-version 0 are of higher quality at CoRe-version 1.
Table 15.x.2.1.1.1-1: Constellation rearrangement version (rank =1)
	Constellation
	Ncbps
	CRV
	Mapping rule

	16 QAM
	4
	0
	b0
	b1
	b2
	b3
	-
	-

	16 QAM
	4
	1
	b3
	b2
	b1
	b0
	-
	-

	64 QAM
	6
	0
	b0
	b1
	b2
	b3
	b4
	b5

	64 QAM
	6
	1
	b5
	b4
	b3
	b2
	b1
	b0


Table 15.x.2.1.1.1-2: Constellation rearrangement version (rank ≥ 2)
	Constellation
	Ncbps
	CRV
	Mapping rule

	
	
	
	First symbol
	Second symbol

	16 QAM
	4
	0
	b0
	b1
	b2
	b3
	-
	-
	b4
	b5
	b6
	b7
	-
	-

	16 QAM
	4
	1
	b1
	b4
	b3
	b6
	-
	-
	b5
	b0
	b7
	b2
	-
	-

	64 QAM
	6
	0
	b0
	b1
	b2
	b3
	b4
	b5
	b6
	b7
	b8
	b9
	b10
	b11

	64 QAM
	6
	1
	b2
	b7
	b0
	b5
	b10
	b3
	b8
	b1
	b6
	b11
	b4
	b9


<<//////////          Proposed text #6 ////////////////////////>>
In DL HARQ operation, CRV is signaled for each subpacket to an AMS as a starting value for CRV. In UL HARQ operation, the information on CRVs is implicitly known at AMS and ABS. The CRV shall be changed to the next version of CoRe in DL and UL HARQ operation whenever the transmitted bits wraparound at the end of circular buffer.
-------------------------------  Text End  ---------------------------------------------------[image: image24.png]
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