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Channel Coding Section for IEEE 802.16m Amendment

Ciou-Ping Wu, Yih-Shen Chen, Pei-Kai Liao and Paul Cheng

Mediatek Inc.

1. Introduction

This contribution includes the proposed text for the channel coding sections in the IEEE 802.16m Amendment. The technical text and ToC are inherited from the 802.16m SDD [1] and the IEEE P802.16 Rev2/D7 [2]. Moreover, this contribution follows the tentative outline and style guide in the IEEE 802.16m Amendment [6]. In this contribution, amendment text including several illustrations is proposed for the section in which 16m members have enough consensus. The sections which are continuing to be discussed in SDD were not described in this contribution. 

2. Modifications from the SDD and Key Ideas
· The main concept and structure are captured from the sections from “11.13.1 Channel coding” in the IEEE 802.16m SDD [1].
· We rearrange subsections from “11.13.1.1~11.13.1.5” in the IEEE 802.16m SDD [1] to “15.3.13.1.1~15.3.13.1.5” that will be aligned with IEEE 802.16m Amendment Working Document [5].
· We propose a table with parameters for CTC inner interleaver and channel interleaver, based on [3].
· We propose a channel interleaver for convolutional turbo code [4] 

3. References

[1] IEEE 802.16m-08/003r6, “The Draft IEEE 802.16m System Description Document”
[2] IEEE P802.16 Rev2 / D7, “Draft IEEE Standard for Local and Metropolitan Area Networks: Air Interface for Broadband Wireless Access,” Oct. 2008.
[3] IEEE C802.16e-05/159,”Larger CTC block sizes for OFDMA”

[4] IEEEC802.16m-09/0141,”Channel interleaver for Convolutional Turbo Code”

[5] IEEE 802.16m-08/050, “IEEE 802.16m Amendment Working Document”
[6] IEEE 802.16m-08/043, “Style guide for writing the IEEE 802.16m amendment”

4. Text Proposal for IEEE 802.16m Amendment

--------------------------------------------------------------- Start of Proposed Text ------------------------------------------------------------
15.3.13 Channel coding and HARQ

15.3.13.1 Channel coding

15.3.13.1.1 Block diagram

[image: image1.emf]
Figure 15.3.13.1.1-1 Channel coding block diagram

15.3.13.1.2 Partition into FEC blocks

Figure 15.3.13.1.1-1 shows the block diagram of channel coding. Before the burst of information bits is further processed by burst partition, a burst CRC is appended to a burst. The burst CRC is calculated based on all the bits in the burst. When the burst size exceeds the maximum FEC block size, the burst is partitioned into a number of smaller blocks, each of which is encoded separately. If a burst is partitioned into more than one FEC blocks, an FEC block CRC is appended to each FEC block before the FEC encoding. The FEC block CRC of an FEC block is calculated based on all the bits in that FEC block. The maximum FEC block size is 4800 bits. Concatenation rules are based on the number of information bits and do not depend on the structure of the resource allocation (number of LRUs and their size).

The concatenation rules are TBD.

15.3.13.1.3 FEC encoding

FEC encoding with CTC (convoultional turbo code) is described in 15.3.13.1.3.1. The use of CC and LDPC are TBD.

15.3.13.1.3.1 Convolutional turbo codes (CTCs)

Figure 15.3.13.1.3.1-1 shows a block diagram of FEC encoder using CTC, where Nep is the number of bits in the encoder packet (before encoding). The CTC encoded codeword goes through channel interleaving block and then feed into bit selection and repetition block. The CTC encoder is described in 15.3.13.1.3.1.1, and the channel interleaver block is described in 15.3.13.1.3.1.2.
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Figure 15.3.13.1.3.1-1 Block diagram of FEC encoder

15.3.13.1.3.1.1 CTC encoder

The CTC (convolutional turbo code) of code rate 1/3 is adopted, whose operation is the same as those defined in 8.3.9.2.3.1.

The CTC inner interleaver requires parameters P0, P1, P2 and P3 shown in Table 15.3.13.1.3.1.1-1, where N is the number of the couples fed into CTC encoder (i.e., N= Nep/2).

The operation of the CTC inner interleaver is defined in 8.4.9.2.3.2. The operation used to determine the CTC circulation states Sc1 and Sc2 is defined in 8.4.9.2.3.3.
Table 15.3.13.1.3.1.1-1 – CTC inner parameters for per data block size

	Data block size (bytes)
	N
	P0
	P1
	P2
	P3

	6
	24
	5
	0
	0
	0

	9
	36
	11
	18
	0
	18

	12
	48
	13
	24
	0
	24

	18
	72
	11
	6
	0
	6

	24
	96
	7
	48
	24
	72

	27
	108
	11
	54
	56
	2

	30
	120
	13
	60
	0
	60

	36
	144
	17
	74
	72
	2

	45
	180
	11
	90
	0
	90

	48
	192
	11
	96
	48
	144

	54
	216
	13
	108
	0
	108

	60
	240
	13
	120
	60
	180

	72
	288
	23
	50
	188
	50

	90
	360
	29
	56
	0
	68

	96
	384
	29
	68
	140
	56

	108
	432
	13
	0
	4
	8

	120
	480
	53
	62
	12
	2

	144
	576
	31
	42
	232
	18

	162
	648
	37
	62
	160
	34

	180
	720
	37
	92
	100
	68

	192
	768
	19
	384
	216
	600

	216
	864
	19
	2
	16
	6

	240
	960
	53
	64
	300
	824

	360
	1440
	43
	720
	360
	360

	480
	1920
	31
	8
	24
	16

	600
	2400
	53
	66
	24
	2


15.3.13.1.3.1.2 Channel interleaver for CTC 

The channel interleaver for CTC includes bits separation, subblock interleaving, and symbol grouping. Bits separation distributes sequentially all encoded bits into six subblocks; subblock interleaving interleaves the six subblocks independently; symbol grouping multiplexes the coded bits of the subblocks. Figure 15.3.13.1.3.1.2-1 shows block diagram of the channel interleaving block, where p is a basic unit for symbol grouping and expressed as
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Figure 15.3.13.1.3.1.2-1 Block diagram of the channel interleaving scheme

15.3.13.1.3.1.2.1 Bit separation

All of the encoded bits shall be demultiplexed into six subblocks, denoted A, B, Y1, Y2, W1, and W2, respectively. The encoder output bits shall be sequentially distributed, in which the first N encoder output bits are composed of subblock A, the second N encoder output bits are composed of subblock B, the third N output bits are composed of subblock Y1, the fourth N output bits are composed of subblock Y2, the fifth N output bits are composed of subblock W1, and the sixth N output bits are composed of subblock W2. Subblock A and B are information subblocks. Subblock Y1 and Y2 are the parity check subblocks encoded by the first channel coder; subblock W1 and W2 are the parity check subblocks encoded by the second channel coder.

15.3.13.1.3.1.2.2 Subblock interleaving

The six subblocks shall be interleaved separately. The interleaving is performed by the unit of bits. 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, Ci ( i = 0... N–1), as follows: 

a) Determine the subblock interleaver parameters, m and J. Table 15.3.13.1.3.1.2.2-1 gives these parameters.

b) Initialize i and k to 0.

c) Form a tentative output address Tk according to the following formula: 
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where BROm(y) indicates the bit-reversed m-bit value of y (i.e., BRO3(6) = 3). 

d) If Tk is less than N, the tentative address
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 and increment i and k by 1. Otherwise, discard Tk and increment k only.

e) Repeat steps c) and d) until all N tentative address are obtained.

f) Divide sequentially the whole N tentative addresses into p non-overlapped, equal size groups.

g) Shift circularly the addresses of j-th group by j-1 times (j = 1 …p), along the left-handed direction, to obtain to obtain the read address Ci.

The parameters for the subblock interleavers are specified in Table 15.3.13.1.3.1.2.2-1.

Table 15.3.13.1.3.1.2.2-1 Parameters for the subblock interleavers
	Data block size (bytes)
	N
	Subblock interleaver parameters

	
	
	m
	J

	48
	24
	3
	3

	72
	36
	4
	3

	96
	48
	4
	3

	144
	72
	5
	3

	192
	96
	5
	3

	216
	108
	5
	4

	240
	120
	6
	2

	288
	144
	6
	3

	360
	180
	6
	3

	384
	192
	3
	3

	432
	216
	6
	4

	480
	240
	7
	2

	576
	288
	7
	3

	720
	360
	7
	3

	768
	384
	7
	3

	864
	432
	7
	4

	960
	480
	8
	2

	1152
	576
	8
	3

	1296
	648
	8
	3

	1440
	720
	8
	3

	1536
	768
	8
	4

	1728
	864
	8
	4

	1920
	960
	9
	2

	2880
	1440
	9
	3

	3840
	1920
	10
	2

	4800
	2400
	10
	3


15.3.13.1.3.1.2.3 Symbol grouping

The channel interleaver output sequence shall consist of the interleaved A, B, Y1, Y2, W1 and W2 subblock sequence. Subblock A and B are information subblocks. Subblock Y1 and Y2 are the parity check subblocks encoded by the first channel coder; subblock W1 and W2 are the parity check subblocks encoded by the second channel coder. The information subblocks (A and B) are block-by-block multiplexed. Divide the parity check subblocks Y1, Y2, W1 and W2 into many units each of which is composed of p contiguous bits. The parity check subblocks Y1 and Y2 are unit-by-unit multiplexed. The parity check subblocks W1 and W2 are also unit-by-unit multiplexed. Figure 15.3.13.1.3.1.2-1 shows the interleaving scheme.

15.3.13.1.4 Bit selection and repetition

Bit selection adapts the number of coded bits to the size of the resource allocation (in QAM symbols). The total subcarriers in the allocated LRU are segmented to each FEC block. 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 first Nbuffer bits of Mother Code Bits are considered as selected bits, where Nbuffer is the size of the circular buffer. 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.

15.3.13.1.5 Modulation

Modulation constellations of QPSK, 16 QAM, and 64 QAM are supported. The mapping of bits to the constellation point depending on the constellation-rearrangement (CoRe) version used for HARQ re-transmission is TBD. QAM Symbols are mapped to the input of the MIMO encoder.

-------------------------------------------------------- End of Proposed Text ----------------------------------------------------
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