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Proposed Text on Channel Coding and HARQ
for the IEEE 802.16m Amendment
Chongli Liu, Rongdao Yu, Tao Wu, Ying Jin, Qitao Song, Jung Woon Lee
Huawei
1. Introduction
The contribution proposes the text of Channel Coding and HARQ section to be included in the 802.16m amendment. It’s based on the sub-clause 11.13 in the IEEE 802.16m SDD [1]
2. Reference
[1] IEEE 802.16m-08/003r6, “The Draft IEEE 802.16m System Description Document”
[2] IEEE C802.16m-08/1237, “Style guide for writing the IEEE 802.16m amendment”
[3] IEEE 802.16m-08/050 “IEEE 802.16m Amendment Working Document”
Text Proposal for 802.16m amendment
------------------------------------Start text proposal------------------------------------
4. Abbreviations and acronyms
[Insert the following at the end of section 4]
CRC     cyclic redundancy check

CTC     convolutional turbo code

FEC     forward error correction
HARQ   hybrid automatic repeat request
MAC    media access control

PDU     protocol data unit
PHY     physical
QAM    quadrature amplitude modulation
QPSK    quadrature phase-shift keying
[Insert a new sub-clause into section 15 ]
15. Advanced Air Interface
15.3.  Physical Layer
15.3.X. Channel coding and HARQ
15.3.X.1. Channel coding
15.3.X.1.1. Burst partition
15.3.X.1.2. FEC block CRC encoding

15.3.X.1.3. FEC encoding
15.3.X.1.3.1. Convolutional turbo codes
The CTC encoder, including its constituent encoder, is depicted in Figure 1. 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 (
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bits).For the entire frame sizes, k is a multiple of 8 and N is a multiple of 4.

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
[image: image2.emf]
Figure 1 - CTC encoder

First, the encoder (after initialization by the circulation state
[image: image3.wmf]1
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) is fed the sequence in the natural order (position 1) with the incremental address 
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.The first encoding is called C1 encoding. Then the encoder (after initialization by the circulation state
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) is fed by the interleaved sequence (switch in position 2) with incremental address 
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.This second encoding is called C2 encoding.

The order in which the encoded bits shall be fed into the subblock interleaving block is 

[image: image7.wmf]1

,

2

1

,

2

0

,

2

1

,

1

1

,

1

0

,

1

1

,

2

1

,

2

0

,

2

1

,

1

1

,

1

0

,

1

1

1

0

1

1

0

2

1

2

1

,

,

,

,

,

,

,

,

,

,

,

,

,

,

,

,

,

,

,

,

,

,

,

,

,

,

,

,

-

-

-

-

-

-

=

N

N

N

N

N

N

W

W

W

W

W

W

Y

Y

Y

Y

Y

Y

B

B

B

A

A

A

W

W

Y

Y

B

A

L

L

L

L

L

L


The inner interleaver of CTC requires the parameters
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and 
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shown in Table 1.

Table 1 - CTC interleaver parameters
	i
	K
	N
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	1
	48
	24
	5
	0
	0
	0

	2
	72
	36
	11
	18
	0
	18

	3
	96
	48
	13
	24
	0
	24

	4
	120
	60
	7
	30
	28
	30

	5
	144
	72
	11
	6
	0
	6

	6
	192
	96
	7
	48
	24
	72

	7
	216
	108
	11
	54
	56
	2

	8
	240
	120
	13
	60
	0
	60

	9
	264
	132
	5
	6
	24
	6

	10
	288
	144
	17
	74
	72
	2

	11
	312
	156
	5
	2
	44
	54

	12
	360
	180
	11
	48
	48
	4

	13
	384
	192
	5
	4
	20
	44

	14
	408
	204
	11
	12
	44
	8

	15
	432
	216
	7
	54
	32
	26

	16
	456
	228
	13
	20
	44
	8

	17
	480
	240
	19
	34
	24
	94

	18
	528
	264
	5
	2
	36
	82

	19
	576
	288
	11
	34
	4
	78

	20
	624
	312
	11
	46
	52
	6

	21
	720
	360
	13
	2
	12
	58

	22
	768
	384
	11
	84
	84
	80

	23
	816
	408
	5
	6
	88
	62

	24
	864
	432
	19
	84
	56
	72

	25
	912
	456
	37
	8
	24
	16

	26
	960
	480
	53
	62
	12
	2

	27
	1056
	528
	43
	66
	4
	90

	28
	1152
	576
	29
	60
	16
	24

	29
	1248
	624
	31
	62
	8
	22

	30
	1440
	720
	37
	86
	32
	42

	31
	1536
	768
	47
	38
	28
	98

	32
	1632
	816
	43
	86
	12
	58

	33
	1728
	864
	53
	18
	20
	90

	34
	1824
	912
	53
	4
	24
	60

	35
	1920
	960
	49
	80
	68
	40

	36
	2112
	1056
	47
	34
	56
	62

	37
	2208
	1104
	67
	2
	32
	10

	38
	2304
	1152
	67
	22
	96
	10

	39
	2400
	1200
	59
	22
	32
	26

	40
	2496
	1248
	53
	60
	64
	92

	41
	2592
	1296
	47
	96
	28
	40

	42
	2784
	1392
	59
	20
	16
	96

	43
	2880
	1440
	47
	20
	60
	60

	44
	2976
	1488
	47
	72
	56
	96

	45
	3072
	1536
	59
	28
	72
	44

	46
	3168
	1584
	61
	52
	80
	32

	47
	3264
	1632
	37
	66
	12
	94

	48
	3456
	1728
	53
	22
	28
	94

	49
	3552
	1776
	53
	20
	60
	64

	50
	3648
	1824
	59
	46
	52
	82

	51
	3744
	1872
	31
	36
	96
	24

	52
	3840
	1920
	71
	88
	8
	20

	53
	3936
	1968
	67
	6
	88
	54

	54
	4128
	2064
	67
	14
	8
	58

	55
	4224
	2112
	59
	16
	8
	40

	56
	4320
	2160
	37
	54
	24
	66

	57
	4416
	2208
	37
	54
	4
	82

	58
	4512
	2256
	53
	68
	44
	4

	59
	4608
	2304
	31
	68
	4
	88

	60
	4800
	2400
	67
	98
	80
	90


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 
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if (i mod 2),let 
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(i.e., switch the couple )

This step gives a sequence 
[image: image19.wmf])]

,

(

,

),

,

(

),

,

(

),

,

(

),

,

[(

1

1

3

3

2

2

1

1

0

0

1

-

-

=

N

N

A

B

A

B

B

A

A

B

B

A

u

K


Step 2:
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The function 
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 provides the address of the couple of the sequence 
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that shall be mapped onto the address j of the interleaved sequence (i.e.
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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 
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is the input to the second encoding C2.

The state of the encoder is denoted S (
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are determined by the following operations:

a) 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 determination of 
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.In both cases the final state of the encoder is 
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;

b) According to the length N of the sequence, use Table 2 to find 
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or
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Table 2 - Circulation state lookup table
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	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


15.3.X.1.3.1.2 Subblock interleaving

Block diagram of the interleaving scheme for CTC is shown in Figure 2. First, all of the encoded symbols shall be demultiplexed into six subblocks denoted A, B, Y1, Y2, W1 and W2. The encoder output symbols shall be sequentially distributed into six subblocks with the first N encoder output symbols 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.

[image: image43.emf] 
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Figure 2 - Block diagram of interleaving scheme
The six subblocks shall be interleaved separately. The interleaving is performed by the unit of symbol. The sequence of interleaver output symbols for each subblock shall be generated by the procedure described below. The entire subblock of symbols to be interleaved is written into an array at addresses from 0 to the number of the symbols minus one (N–1), and the interleaved symbols are read out in a permuted order with the i-th symbol being read from an address, ADi ( i = 0... N–1), as follows: 
a) Determine the subblock interleaver parameters, m and J. Table 3 gives these parameters. 
b) Initialize i and k to 0. 
c) Form a tentative output address Tk according to the following formula: 
Tk =2m(k mod J) + BROm((k/J ()
where BROm(y) indicates the bit-reversed m-bit value of y (i.e., BRO3(6) = 3). 
d) If Tk is less than N, ADi = Tk and increment i and k by 1. Otherwise, discard Tk and increment k only. 
e) Repeat steps c) and d) until all N interleaver output addresses are obtained. 
[Editor’s Note: The parameters for the subblock interleavers are FFS. ]
Table 3 - Parameters for the subblock interleavers
	Block size (bits) NEP
	N
	Subblock interleaver parameters

	
	
	m
	J

	
	
	
	


After interleaving, every C bits of the interleaved subblock are further permuted to prevent the contiguous bits from to be allocated into same level in constellation bits at 64QAM.  Each interleaved subblock is formed into R groups, where each group has C elements, where C is set to the modulation order (QPSK=2, 16QAM = 4, 64QAM = 6) and R= (N/C( .  Bits in each group of six interleaved subblocks are further permuted as followings;


[image: image44.wmf]C

C

i

j

j

A

i

mod

))

mod

(

(

)

(

+

=

    


[image: image45.wmf]C

C

i

j

j

B

i

mod

))

mod

)

1

((

(

)

(

+

+

=

                 


[image: image46.wmf]C

C

i

j

j

Y

i

mod

))

mod

(

(

)

(

,

1

+

=

           

[image: image47.wmf]C

C

i

j

j

W

i

mod

))

mod

)

1

((

(

)

(

,

1

+

+

=

                 


[image: image48.wmf]C

C

i

j

j

Y

i

mod

))

mod

)

2

((

(

)

(

,

2

+

+

=

                 


[image: image49.wmf]C

C

i

j

j

W

i

mod

))

mod

)

3

((

(

)

(

,

2

+

+

=

      
Where Ai(j), Bi (j), Y1, i (j), W1, i (j), Y2, i (j), and W2, i (j), indicate the permutation formula for j -th element of i-th group of sub-block A, B, Y1, W1, Y2 and W2, respectively.  It’s noted that different blocks may have different permutation formulas to avoid the parity bits of each systematic bit being allocated into same constellation layer as the corresponding systematic bit.
The channel interleaver output sequence shall consist of the interleaved A and B subblock sequence, followed by a symbol-by-symbol multiplexed sequence of the interleaved Y1 and Y2 subblock sequences, followed by a symbol-by-symbol multiplexed sequence of the interleaved W1 and W2 subblock sequences. The symbol-by-symbol 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 symbol-by-symbol 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 2 shows the interleaving scheme.
15.3.X.1.4. Bit selection and repetition
15.3.X.1.5. Encoded blocks concatenation

15.3.X.1.6. Modulation
The data bits are entered serially to the constellation mapping. Gray-mapped QPSK、16-QAM and 64-QAM (as shown in Figure 3) shall be supported. The constellations (as shown in Figure 3) shall be normalized by multiplying the constellation point with the indicated factor c to achieve equal average power. 
Each M interleaved bits (M = 2, 4, 6) shall be mapped to the constellation bits b(M – 1) – b0 in MSB-first order (i.e., the first bit shall be mapped to the higher index bit in the constellation). The constellation-mapped data shall be subsequently modulated onto the allocated data subcarriers. 
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Figure 3 - QPSK, 16-QAM, and 64-QAM constellations
------------------------------------End text proposal------------------------------------
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