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Rate Compatible LDPC Codes 
Chongli Liu, Ying Jin, Rongdao Yu
Huawei 
Introduction
In wireless communication system, channel coding is critical to ensure wireless link reliability. LDPC codes have approaching Shannon limit performance and linear encoding complexity and can support parallel decoding, which makes LDPC codes very suitable for high-rate and reliable wireless communication. In 802.16e [1], LDPC codes have different code rates and support multiple code lengths, where the lowest code rate is 1/2. Since code rate 1/2 is somewhat high, we propose code rate 1/3 LDPC codes and the corresponding IR-HARQ scheme in order to improve link quality and enlarge cell coverage.

Proposed Scheme 

In order to get LDPC codes with good performance and low decoding complexity, the proposed code rate 1/3 base model matrix for LDPC codes is obtained by splitting and extending code rate 1/2 base model matrix for LDPC codes in 802.16e[1]. The size of the base model matrix is
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 and the corresponding base model matrix is given in Figure 1.
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Figure 1 Base model matrix for the proposed code rate 1/3LDPC code

The shifts
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corresponding to expansion factor 
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in the base model matrix for code rate 1/3 LDPC codes are used to determine the shift sizes for all other code lengths. The shift sizes 
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 for a code size corresponding to expansion factor 
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are derived from 
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as equation below, where f is the index of the code length, and 
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   (1)
The codeword structure for the proposed LDPC code is shown in Figure 2 below. The parity bits for the proposed LDPC code consist of three parts, parity bits corresponding to code rate 1/2 LDPC code, parity bits obtained by row splitting and parity bits obtained by extending. In order to get rate compatible LDPC codes, the parity bits corresponding to code rate 1/2 LDPC code and the parity bits obtained by row splitting can be interleaved, where the parity bits corresponding to the two parts are partitioned into parity blocks by the unit of expansion factor. The parity blocks are interleaved according to the interleaving pattern, where the parity blocks corresponding to code rate 1/2 LDPC code are ahead of the parity blocks obtained by row splitting. After interleaving, information bits, the interleaved parity blocks and the parity bits obtained by extending are multiplexed into one codeword. The interleaved LDPC codeword structure is shown in Figure 3.Finally; rate compatible LDPC codes can be obtained by puncturing the interleaved codeword.
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Figure 2 Codeword structure for the proposed code rate 1/3LDPC code
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Figure 3 Interleaved codeword structure for the proposed code rate 1/3LDPC code

The interleaving pattern for the parity blocks corresponding to code rate 1/2 LDPC code and the parity blocks obtained by splitting is{5,14,9,1,7,11,3,15,6,13,10,0,2,12, 8,4},where index 0 denotes the first parity block for the proposed code rate 1/3 LDPC code and index 1 denotes the second parity block for the proposed code rate 1/3 LDPC code, and so on. 
For the IR -HARQ scheme, the bit selection for subpacket generation is similar with that of CTC in 802.16e [1], where it is done based on the interleaved codeword structure in Figure 3.
Simulation Results
The performance for the proposed code rate 1/3 LDPC code and the performance comparison between the IR-HARQ scheme for the proposed LDPC code and chase combining (CC) scheme for code rate 1/2 LDPC codes in 802.16e[1] are evaluated over the AWGN channel. The simulation parameters are given in Table 1 and Table 2. The simulation results are shown in Figures below. Simulation results in Figure 5 show that the gain of the IR-HARQ scheme for the proposed LDPC code is about 0.6dB at BLER = 10-2.
Table 1 Simulation parameters for the proposed LDPC codes
	Code Rate
	1/3

	Data Length
	288,480,720,1152

	Expansion Factor 
	24,40,60,96

	Decoding Algorithm
	Log-BP

	Maximal Iteration Number
	50

	Modulation
	QPSK


Table 2 Simulation parameters for the performance comparison between IR scheme and CC scheme
	Data Length
	1152

	Expansion Factor 
	96

	Maximal retransmission Number
	2

	Number of bits for first transmission subpacket and retransmission subpacket
	2304

	Decoding Algorithm
	Log-BP

	Maximal Iteration Number
	50

	Modulation
	QPSK
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Figure 4 BLER performances for different data lengths with code rate 1/3
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Figure 5 BLER performance comparison for HARQ schemes
Conclusion
This proposal proposes code rate 1/3 LDPC codes with good performance and low decoding complexity. It can flexibly support multiple code lengths and code rates by puncturing. Since the proposed LDPC codes are designed based on LDPC codes in 802.16e [1], it has good legacy properties. 
Reference
[1] P802.16Rev2/D5 (June 2008) DRAFT Standard for Local and metropolitan area networks: Air Interface for Broadband Wireless Access Systems. 
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11.x Low density parity check (LDPC) codes 

The code rate 1/3 base model matrix for LDPC codes is obtained by splitting and extending code rate 1/2 base model matrix for LDPC codes in 802.16e. The size of the base model matrix is
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 and the corresponding base model matrix is given in Figure xx. 
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Figure xx  Base model matrix for code rate 1/3 LDPC code

The shifts
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in the base model matrix for code rate 1/3 LDPC codes are used to determine the shift sizes for all other code lengths. The shift sizes 
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 (xx)
The codeword structure for code rate 1/3 LDPC code is shown in Figure xx. The parity bits for the LDPC code consist of three parts, parity bits corresponding to code rate 1/2 LDPC code, parity bits obtained by row splitting and parity bits obtained by extending. In order to get rate compatible LDPC codes, the parity bits corresponding to code rate 1/2 LDPC code and the parity bits obtained by row splitting can be interleaved, where the parity bits corresponding to the two parts are partitioned into parity blocks by the unit of expansion factor. The parity blocks are interleaved according to the permutation pattern, where the parity blocks corresponding to code rate 1/2 LDPC code are ahead of the parity blocks obtained by row splitting. After permutation, information bits, the interleaved parity blocks and the parity bits obtained by extending are multiplexed into one codeword. The interleaved LDPC codeword structure is shown in Figure xx. Finally; rate compatible LDPC codes can be obtained by puncturing the interleaved codeword.
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Figure xx Codeword structure for code rate 1/3 LDPC code
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Figure xx Interleaved codeword structure for code rate 1/3 LDPC code

The interleaving pattern for the parity blocks corresponding to code rate 1/2 LDPC code and the parity blocks obtained by splitting is{5,14,9,1,7,11,3,15,6,13,10,0,2,12,8,4},where index 0 denotes the first parity block for code rate 1/3 LDPC code and index 1 denotes the second parity block for code rate 1/3 LDPC code, and so on. 
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