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Rate-matching structure for IEEE 802.16m LDPC Codes
Kenichi KURI*,  Isamu YOSHI*, Takaaki KISHIGAMI*

* Panasonic Corporation
1. Introduction
LDPC code is one of attractive channel coding schemes in IEEE 802.16e system [1]. RC/QC (Rate Compatible / Quasi-Cyclic) LDPC has been proposed in IEEE 802.16m meeting [2],[3]. Also HARQ schemes for LDPC codes have been studied. In terms of HARQ, it should be considered rate-matching structure for LDPC codes and generating code rate lower than mother code rate [4]. 
In this contribution, we present a rate-matching structure for generating code rate lower than mother code rate and propose it in SDD.
2. Code rate lower than mother code rate
2.1. Background
Recently the circular buffer based rate-matching scheme has been studied in IEEE 802.16m system and 3GPP-LTE (Rel’8) system. Figure 1 shows the structure of 3GPP-LTE circular buffer [5] and Figure 2 shows a simple combination between LDPC code and circular buffer, in which the mother code rate of these codes is assumed R=1/3. Note that this structure shown in Figure 2 could be applicable to any form of parity check matrix, e.g., structured LDPC and LDPC-CC, etc.
From Figure 1 and Figure 2, it is easy to see how 1st transmission data to 3rd transmission data are read out from the circular buffer. Obviously, the last part of 3rd transmission data is repeated data of systematic bits.
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Figure 1 Circular Buffer Structure based on 3GPP-LTE Turbo codes
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Figure 2 Circular Buffer Structure for LDPC Codes
2.2. Issues on code rate lower than mother code rate
 In case of generating code rate lower than mother code rate, part of transmission data is repetition data from original codeword under circular buffer based rate-matching scheme. Additionally these repetition data should be selected intentionally for the purpose of improving error performance. One feasible way is to select repetition bits in terms of related column degree, which has been verified by simulation results given at the next section.
3. Simulation results
 The parity check matrix of LDPC codes has not been approved in IEEE 802.16m system yet. Therefore we assume the matrix described in 3GPP-LTE contribution (R1-060910[6]). This matrix structure is quite similar to [3]. 
As shown in Figure 3, the size of base parity check matrix is assumed 72*108. The detailed cyclic shift parameter is referred to [6]. The code rate is assumed 2/7 as shown in Figure 4. The transmission sequence includes repetition bits from the first half of systematic data. Figure 5 indicates column degree distribution of only systematic part, where Figure 5(a) and Figure 5(b) are corresponding to natural order based on parity check matrix and ascending order based on column degree, respectively. As shown in Figure 5, the first half of each sequence is repetition bits.
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Figure 3 Parity Check Matrix (Mother code rate = 1/3)
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Figure 4 example of codeword lower than mother code rate [R=2/7]
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Figure 5 Column degree distribution 
[ (a) natural order based on parity check matrix, (b) ascending order based on column degree ]
Table 1 provides a list of simulation parameters. Figure 6 shows the block error rate (BLER) vs SNR performance comparison between two rate-matching schemes. The first scheme is to select repetition bits according to natural order based on parity check matrix, and the second scheme is to select repetition bits according to ascending order based on column degree. As shown in Figure 6, compared with the first scheme, the second scheme can achieve about 0.3dB error performance improvement. Therefore we confirme that the error performance can be improved by selecting repetition bits in terms of related column degree
 We would like to discuss the detailed sorting order in circular buffer [including sub-block interleaving pattern] after the parity check matrix for LDPC code is confirmed in addition to sorting order of parity part.
Table 1 Simulation parameters
	Parameter
	Value

	Number of information bits for packet
	1044 [bit]

	Channel coding
	LDPC (mother rate = 1/3)

	Size of base matrix
	72 * 108

	MCS
	QPSK, R=2/7

	Channel model
	AWGN

	Parity check matrix
	R1-060910’s structure
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Figure 6 Block error rate vs. SNR
4. Conclusion

 In this contribution a rate-matching structure based on circular buffer is presented. We confirmed that the performance can be improved by selecting repetition bits in terms of related column degree. Therefore the rate-matching structure considering column degree shall be included in the SDD as shown below.
---------------------------- Begin Proposed Text -------------------------------------------------------------------------- 
11.13 Channel coding and HARQ

11.13.1 Channel coding

11.13.1.3 FEC encoding
IEEE 802.16m uses the CTC (convolutional turbo code) of code rate 1/3 defined in the IEEE 802.16e standard where the CTC inner interleaver parameters for additional FEC block sizes are FFS while maintaining IEEE 802.16e CTC interleaver. The code rate of the “FEC Encoder” block in Figure 53 is termed mother code rate (RMC). 802.16m also uses CC and LDPC as optional coding schemes.
The CTC scheme is extended to support additional FEC block sizes. FEC block sizes larger than the legacy ones are supported. The FEC block sizes are FFS 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.

The encoder block depicted in Figure 53 includes the sub-block interleavers. The interleaving details

are FFS.
11.13.1.4 Bit selection and repetition

Bit selection and repetition are used in 802.16m to achieve rate matching. Bit selection adapts the number of coded bits to the size of the resource allocation (in QAM symbols) which may vary depending on the LRU and subframe type. 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. In case that the size of the circular buffer Nbuffer is smaller than the number of Mother Code Bits, the first Nbuffer 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 for CTC and LDPC is done cyclically over the buffer.
---------------------------End of Text Proposal ---------------------------------------------------------------------------
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