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Proposed text for the 802.16m amendment (802.16m-08/050) for section 15.3.8 on Channel Coding and HARQ
Changlong Xu, Tom Harel, Yuval Lomnitz，Yang-seok Choi
Intel Corporation

1. Introduction
The contribution proposes the text on channel coding and HARQ schemes for 802.16m amendment. The proposed text is developed so that it can be readily combined with IEEE P802.16 Rev2/D7 [1], it is compliant to the 802.16m SRD [2] and the 802.16m SDD [3], and it follows the style and format guidelines in [4].
2. Modifications to the SDD text
The text proposed in this contribution is based on subclause 11.10 in the IEEE 802.16m SDD [3]. The modifications to the SDD text are summarized below:

· Removed unnecessary informative SDD text [3]

· Removed text describing general features (such as H-ARQ MIMO, frequency diversity).

· Added introductory text

· Added specific text regarding partitioning into FEC blocks (concatenation rule), CRC, Bit selection, Bit-Re. 

3. References
[1] IEEE P802.16 Rev2/D7, “Draft IEEE Standard for Local and Metropolitan Area Networks: Air Interface 
for Broadband Wireless Access,” Oct. 2008.

[2] IEEE 802.16m-07/002r6, “802.16m System Requirements” 

[3] IEEE 802.16m-08/003r5, “The Draft IEEE 802.16m System Description Document”

[4] IEEE 802.16m-08/043, “Style guide for writing the IEEE 802.16m amendment”
4. Text proposal for inclusion in the 802.16m amendment
------------------------------- Text Start --------------------------------------------------- 
15 Channel coding and HARQ
The following channel coding mechanisms are supported:

· CTC (convolutional turbo code) – traffic encoding is based on legacy code described in 8.4.9.2.3, is used for both UL and DL, and includes an H-ARQ scheme.
· TB-CC (tail biting convolutional code) – used for control channel
15 Channel coding for traffic
15 Overview of channel coding process
Burst encoding process includes 

· Appending burst CRC at the end of the burst. The next stages refer to the whole burst including the CRC.

· Partitioning into FEC blocks, each is separately encoded including:
· Addition of FEC block CRC when more than one FEC block is encoded
· CTC rate 1/3 encoding, including subblock interleaving

· Bit selection & repetition – produces the different H-ARQ sub packet versions; applies repetition coding as particular case; determines mother code rate.
· Bit rearrangement and Modulation 

· Bit collection – aggregation of subpackets generated separately for each FEC block

The coding rate is determined by the number of allocated QAM symbols and the number of bits to transmit. The number of inputs bits n divides by 8 (Byte) and is minimum 32. The number of output QAM symbols m divides by 2.
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Figure 1 CTC channel coding block diagram
15 Burst CRC 
A burst Cyclic Redundancy Check (CRC) is appended to a burst in H-ARQ mode before the burst is further partitioned into FEC blocks. The burst CRC is calculated based on all the bits in the burst. The detailed CRC is defined in section 15.3.8.1.4.
15 Partition into FEC blocks

The maximum uuencoded FEC block size is 4800 bits. 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. The partitioning is done as follows: 

The number of FEC blocks is
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The number of bits in FEC block k = 0,1,.. K-1 (before CRC addition) is


nk = 8 ( floor [ ( n/8 + k) / K ]
Note that n divides by 8 (Byte), nk divides by 8 so that the size of FEC block is in bytes granularity. The number of coded bits (3nk) divides by 24 and consequently by 2(Ncbps (Ncbps = number of coded bits per QAM symbol = 2/4/6)
15 CRC encoding
If a burst is partitioned into more than one FEC block, 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 size of the CRC is 16 bits. CRC16-CCITT, as defined in ITU-T Recommendation X.25, shall be included at the end of each FEC block.
15  FEC encoding

A double binary Circular Recursive Systematic Convolutional code of code rate of 1/3 defined in section 8.4.9.2.3 is used for channel coding. The CTC scheme is extended to support additional FEC block sizes. The additional FEC block sizes are TBD and they are independent of the transmission format, including code rate, modulation order, and resource allocation. Further, the FEC block sizes are regularly increased with pre-determined block size resolutions. The FEC block sizes which are multiple of 7 shall be removed for the tail-biting encoding structure.
15 CTC inner interleaver

The CTC inner interleaver is specified in 8.4.9.2.3.2 and parameters for additional FEC block sizes are TBD.
15  Subblock interleaver
The outputs of encoder block depicted in Figure 1 are inputs to sub-block interleavers. The interleaving details are TBD.

15 Bit selection and repetition
The bit selection process is controlled by the following parameters:

· The number of coded bits 3nk
· Mother code rate RMC
· Number of coded bits per QAM symbol (2/4/6) Ncbps
· Number of QAM symbols mk allocated to the FEC block defined in ‎15.3.8.1.8. 

· SPID (subpacket ID) [alternatively: Subpacket starting index i0]
The output of the bit selection is the sequence of mk(Ncbps bits and the parameters i0, NRMC.
The mother code rate is determined as follows. The default mother code rate is 1/3. The mother code rate is fixed within the H-ARQ session and may be changed (per MS) by the BS by sending a TBD control message specified in 15.X.X.X. The new mother code rate then applies to new generated H-ARQ sessions starting following and including the second frame after the frame in which the TBD control message was received (i.e. next – next frame). The mother code rate for non H-ARQ transmissions is 1/3. The mother code rates are specified in table 1
Table 1: mother code rates  
	Index
	Mother code rate (RMC)

	0
	1 / 3

	1
	1 / 2

	2
	3 / 4

	3
	5 / 6


Denote the bit index following CTC encoding and subblock interleaving by i = 0, … , 3nk-1. The first 

NRMC = 24 ( ceil(nk / (24 ( RMC)) 
coded bits are used for bit selection. The subpacket start index i0 is determined by SPID (subpacket ID = 0, .., 7) as

i0 = 24 ( floor[ SPID(nk / (192 ( RMC) ]
The output bit j (=0, .., mk(Ncbps-1) equals input bit

i = (i0 + j) mod NRMC
15 
Modulation

Modulation constellations of QPSK, 16 QAM, and 64 QAM defined in section 8.4.9.4 is used for the legacy system. The mapping of bits to the constellation point depends on the bit-rearrangement (BitRe) version transmitted with two possible values (0,1) used for HARQ re-transmission and affect the mapping of bits over the QAM constellation and over 2 symbols. The flipping over 2 QAM symbols is intended for MIMO operation but is applied in all modes. 
The bit rearrangement scheme is applied separately to each 2 Ncbps bits before modulation according to table 2:
Table 2 – Bit Rearrangement

	Constellation
	Ncbps
	Version (v)
	Bits

	
	
	
	First symbol
	Second symbol

	QPSK
	2
	0
	b0
	b1
	-
	-
	-
	-
	b2
	b3
	-
	-
	-
	-

	QPSK
	2
	1
	b2
	b3
	-
	-
	-
	-
	b0
	b1
	-
	-
	-
	-

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

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

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

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


The version v is determined as follows: v=BitRe Version (from USCCH described in 15.xx.xx) for the first kvf bits (kvf/Ncbps symbols) and is then flipped for the next NRMC bits (NRMC/Ncbps symbols) and flipped again each NRMC bits, i.e. for bit j (=0, .., mk(Ncbps-1) the version is:

vj = (floor[(j + i0) / NRMC] + BitReVersion) mod 2
Note that v is fixed over any symbol pair. Following the rearrangement every successive Ncbps bits are QAM modulated according to constellations defined in section 8.4.9.4. The constellations shall be normalized by multiplying the constellation point with the indicated factor c to achieve unit average power.
15 Collection

The total number m of available QAM symbols (m even) is partitioned into units of mk symbols as follows:

mk = 2 ( floor [ ( m/2 + k) / K ], 
k = 0, … K-1
Where K is the number of FEC blocks defined in ‎11.13.1.3. After modulation, the mk bits formed from each FEC block are concatenated in the same order (of k) to produce the m QAM symbols.
15 Channel coding for Control Channel
Each USCCH block is encoded by the binary tail-biting convolutional encoder with rate of 1/4, a constraint length equal to K = 7, and shall use the following generator polynomials codes to derive its four code bits: 
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15 HARQ

15 HARQ type

Incremental redundancy Hybrid-ARQ (HARQ IR) is used in 802.16m by determining the starting position of the bit selection for HARQ retransmissions. Chase Combining is supported and treated as a special case of IR. The rule for determining the starting position is TBD.

15 Bit re-arrangement

Bit re-arrangement (BitRe) is supported in 802.16m. Bit re-arrangement includes a bit-level interleaver and an inverter. For each transmitted burst, the BitRe-version is selected by the transmission number of this burst. The specific bit-level interleaver and inverter mechanism is TBD.
15 DL HARQ buffer management
MS reports its HARQ buffering capability as part of capability negotiation defined in 15.xxxx. The DL HARQ buffering capability indicates the number coded soft-bits that can be stored for combining.

The buffer size is indicated by a value of K=0. 63, where the number of soft-bits is floor (8192*2K/4).

The buffer is aggregated between all of the HARQ channels. When the sum of the number of soft-bits stored in HARQ buffer for all HARQ channels is smaller than the buffer size, the MS shall fully combine the soft-bits stored in the buffer with newly received re-transmissions.

If the MS receives more information than its buffering capability, it shall try to decode it (whether it is HARQ or non-HARQ) without saving the new soft bits in the HARQ buffer for combining.

The MS might use n/RMC soft-bits in the buffer after a first transmission, where n is the number of information bits in the transmission, including CRCs, and RMC is the mother-code-rate, even though the actual number of transmitted bits might be smaller.

When HARQ buffer occupancy characterization report is requested by BS, as described in section 15.xxxx, the MS shall respond the efficiency of its HARQ buffer usage. The efficiency is defined as the ratio between the amount of information received and the amount of information that could have been received without causing buffer overflow, under the same channel and allocation conditions.
15 Adaptive HARQ

The resource allocation and transmission formats in each retransmission in downlink can be adaptive according to control signaling. The resource allocation in each retransmission in uplink can be fixed or adaptive according to control signaling. The support of adaptive HARQ and the specific mechanism for adaptive HARQ are TBD, while the reduction of signaling overhead should be considered as an important criterion for those studies.

15 HARQ feedback

A basic ACK/NAK channel to transmit 1-bit feedback is supported.

An enhanced ACK/NAK control channel with some additional information is TBD.
------------------------------- Text End ---------------------------------------------------[image: image7.png]
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