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Enhanced Interleaver for LDPC codes
Chongli Liu, Ying Jin
Huawei 
Introduction
This contribution proposes an interleaving scheme to enhance the performance of LDPC codes. Simulation results demonstrate that significant gain of the proposed interleaving scheme has been obtained.
Problems
In wireless communication systems, channel estimation is very important to ensure high data-rate and reliable communication. Thus, known pilots should be transmitted to make the receiver attain accurate channel estimation. In order to further improve channel estimation, some data subcarriers may be overridden by pilots in some communication systems. Especially in 802.16e [1], additional pilots should be inserted for each antenna to improve channel estimation in some STC zones. These pilots override some data subcarriers, and hence the data puncturing for CC or the data truncation for CTC has been performed before IFFT packet mapping. Since CTC and LDPC codes are both systematic codes, the data truncation should be adopted for LDPC codes. Therefore, continuous parity bits of LDPC codes will not be transmitted after IFFT packet mapping.
An example for the number of the data subcarriers overridden by additional pilots is given below.Figure 1 specifies the cluster structure for downlink STC PUSC using 4 transmit antennas in 802.16e [1]. According to the number of data subcarriers overridden by additional pilots in each subchannel shown in Table 1, we can calculate the number of discarded parity bits of each LDPC codeword. Table 2 shows the number of discarded parity bits of each LDPC codeword for different modulation formats. 
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Figure 1 Cluster structure for STC PUSC using 4 transmit antennas

Table 1 Number of data subcarriers overridden by additional pilots

	Parameters
	Subchannel index
	Number of data subcarriers  overridden by additional pilots

	1024-FFT

DL_PermBase = 0

Symbol index = 0

Group = 0

Number of subchannels = 6


	0
	4

	
	1
	4

	
	2
	4

	
	3
	4

	
	4
	4

	
	5
	4


Table 2 Number of discarded parity bits of each LDPC codeword 
	Parameters
	Modulation 
	Number of

required slots
	Number of discarded modulated symbols
	Number of discarded parity bits

	Code length = 2304

Matrix A
	QPSK
	24 
	24*8 
	192*2 

	
	16 QAM
	12 
	12*8 
	96*4 

	
	64 QAM
	8 
	8*8 
	64*6 


As Table 2 shows, the numbers of discarded parity bits for different modulation formats are identical and multiples of the expansion factor 96.

Proposed Scheme 
As shown above, continuous parity bits of LDPC codes are deleted, and hence it will lead to serious performance degradation. To lessen the effect of discarding continuous parity bits of LDPC codes, an interleaving scheme for LDPC codes has been proposed.

The interleaving scheme is described as follows. An LDPC codeword contains information bits and parity bits. First, the parity bits are partitioned into parity blocks by the unit of expansion factor. Then, according to the interleaving pattern for LDPC codes, the parity blocks are interleaved. Finally, the interleaved codeword in which the information bits are ahead of interleaved parity blocks is sent to the modulator. Figure 2 shows the proposed interleaving scheme.
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Figure 2 Proposed interleaving scheme for LDPC codes
Performance
The interleaving scheme is evaluated over AWGN channel and the simulation parameters are given in Table 3 below. The code length for the base LDPC codes in 802.16e [1] is 24. For code rate 1/2, the number of the parity blocks is 12. For code rate 2/3A and 2/3B, the number of the parity blocks is 8.For code rate 3/4A and 3/4B, the number of the parity blocks is 6.The interleaving pattern of the parity blocks for LDPC codes with different code rates is given in Table 4, where Original Pattern is the sequential index of the parity blocks and Interleaving Pattern is the permutated index of the parity blocks. The numbers of discarded parity bits of each LDPC codeword are given in Table 2.The simulation results are shown in Figure 3 for original code rate 1/2, Figure 4 for original code rate 2/3A, Figure 5 for original code rate 2/3B, Figure 6 for original code rate 3/4A and Figure 7 for original code rate 3/4B, respectively, where original scheme denotes discarding continuous parity bits of LDPC codes.
Table 3 Simulation Parameters
	Original Code Rate
	1/2,2/3A,2/3B,3/4A ,3/4B

	Data Length
	1152 ,1536,1728

	Decoding Algorithm
	Log-BP

	Maximal Iteration Number
	50

	Modulation
	QPSK


Table 4 Interleaving Pattern 
	Code rate
	Original Pattern 
	Interleaving Pattern

	1/2
	{0,1,2,3,4,5,6,7,8,9,10,11}
	{3,10,6,1,5,8,2,11,4,9,7,0}

	2/3A
	{0,1,2,3,4,5,6,7}
	{2,5,4,1,7,3,6,0}

	2/3B
	{0,1,2,3,4,5,6,7}
	{6,1,3,7,5,2,4,0}

	3/4A
	{0,1,2,3,4,5}
	{5,3,1,4,2,0}

	3/4B
	{0,1,2,3,4,5}
	{3,2,5,1,4,0}
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Figure 3 BLER Performance comparison with original code rate 1/2
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Figure 4 BLER Performance comparison with original code rate 2/3A
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Figure 5 BLER Performance comparison with original code rate 2/3B
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Figure 6 BLER Performance comparison with original code rate 3/4A 
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Figure 7 BLER Performance comparison with original code rate 3/4B 

At BLER = 10-4, comparing with discarding continuous parity bits of LDPC codes, the gain of the proposed interleaving scheme is at least 0.5dB with original code rate 1/2, and up to 1.15dB with original code rate 2/3B.
Conclusion
The interleaving scheme is proposed to enhance the performance of LDPC codes. It can be used to reduce the effect of discarding continuous parity bits of LDPC codes. The simulation results prove the effectiveness of the proposed interleaving schemes.
Reference
[1]P802.16Rev2/D5 (June 2008) DRAFT Standard for Local and metropolitan area networks: Air Interface for Broadband Wireless Access Systems. 

Text Proposal 
--------------------------------------------------- Start of the Text --------------------------------------------------------------
Adopt the following text in System Description Document (SDD)

11. x Low density parity check (LDPC) codes 

11. xx interleaver
The interleaving scheme is described as follows. An LDPC codeword contains information bits and parity bits. First, the parity bits are partitioned into parity blocks by the unit of expansion factor. Then, according to the interleaving pattern for LDPC codes, the parity blocks are interleaved. Finally, the interleaved codeword in which the information bits are ahead of interleaved parity blocks is sent to the modulator. Figure xx shows the proposed interleaving scheme.
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Figure xx Interleaving scheme for LDPC codes
--------------------------------------------------End of the Text -----------------------------------------------------------------
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