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1. Introduction

One of the most important advantages of LDPC is its higher decoding efficiency compared to Turbo codes. Therefore, a high throughput link such as BS-MS could be achieved with lower hardware cost.  Unfortunately, current 802.16e LDPC is not rate compatible and does not support 1/3 code rate.  In addition, the current LDPC only support HARQ with chase combining but not incremental redundancy (IR).  
1/3 code rate and IR HARQ are known to improve reliability or robustness in links with hostile channel conditions. 
We proposed an enhanced version of 802.16 LDPC using the current 802.16e LDPC as the baseline.  We called rate compatible RC-LDPC will support 1/3 rate code and also provide the means to support HARQ with incremental redundancy to provide the BS-MS  links operating in hostile channel condition, with high throughput, improved robustness and increased decoding efficiency.
2. Summary of Proposal

We proposed the construction of an extended parity-check matrix of the RC (Rate-Compatible)-LDPC codes to achieve good performance for wide range of code word length and code rate. The parity-check matrix construction method can support code rates ranging from 1/3 to 4/5 and codeword lengths ranging from 288 bits to  14400bits. The RC-LDPC codes are constructed using a code-rate 1/2 parity-check matrix for code-rate greater than or equal to 1/2. For code rate smaller than ½ an additional parity check matrix is being extended to the ½ parity-check matrix.

The proposed RC-LDPC uses the current 802.16 LDPC as the baseline matrix.  It also uses the same four sub-packets protocol for its HARQ operation.  The proposal provides some small additions and requires no change to the current 802.16e LDPC.

3. Performance Results
We show the complexity comparison between LDPC and CTC decoder in table 1 and the performance of the proposed RC-LDPC codes as shown in figures 1 and 2. As for the complexity comparison, under the condition of same constraint length as the 3GPP turbo code in [1] [2], the total cost of CTC is twice than that of 3GPP turbo codes. So, from the reference paper [2], we calculate the cost value of LDPC vs CTC as shown in table 1.
Table 1:Operations count comparison of sub-optimal decoders LDPC and CTC decoders
	 
	LDPC
	CTC
	Complexity of LDPC / Complexity of CTC

	Algorithm
	LBP 

Min-Sum+Offset
	Max Log Map
+extrinsic scaling
	   

	Number of Iterations
	20
	8
	 

	Total cost

(R=1/2)
	28.8K x 20 = 576K
	171K x 8 x 2

 = 2736K
	21%

	Total cost

(R=3/4)
	20.6K x 20 = 412K
	171K x 8 x2 

= 2736K
	15%


Table 2 gives the parameters for simulation.

Table 2 Parameters

	Parameter
	Value

	Coding rate
	1/3,1/2,2/3,3/4,5/6

	Modulation scheme
	QPSK

	Channel model
	AWGN

	Decoding scheme
	LDPC: Log-BP MaxIterner=30
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Figure 1: Performance for RC LDPC codes based on the 16e LDPC codes
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Figure 2: Performance of RC LDPC codes based on the 16e LDPC

The codeword with less than code-rate 1/3 can be constructed by cyclically repeated from the rate 1/3 codeword.
Figure 2 show the performance comparison between a IR code (cyclically repeated code) and a CC code (simple repeat code). 
The IR code with rate 1/4 (cyclically repeat from rate 1/3 code) out performs the CC code with rate 1/4(simple repeat of rate 1/2 code) by 0.5dB. So we should make low-rate code by RC-LDPC codes based on the 1/3 code.  
4. Conclusions

LDPC support high throughput with less hardware complexity and lower cost compared to Turbo Codes.  Our RC-LDPC is an enhanced version of the current 802.16e LDPC.  It uses the 802.16e LDPC as a baseline.  RC-LDPC is rate compatible and can provide 1/3 code rate and Hybrid ARQ with incremental redundancy. For operation in very hostile channel conditions as shown in Figure 3, such as those encountered by mobile MS or non-LOS MS and nomadic MS, RC-LDPC would be able to provide improved robustness to the BS-MS links.
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Figure 6: RC-LDPC is best for hostile channel conditions
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5. Text proposal for inclusion in the 802.16m amendment
===================Start of Proposed Text====================
15.13.X Channel Coding and HARQ

15.13.X.X LDPC Code structure and code description
15.13.X.X.1 Basic description of structured LDPC codes
   Based on 8.4.9.2.5.1 Code description on P802.16Rev2/D2(December 2007)
Insert new text at end of the subsection.
We propose the parity check matrix for rate-compatible LDPC(RC-LDPC) codes using the parity-check matrix for rate-1/2 specified in the 802.16e as the following Figure 4.
Extend for Code Rate=1/3
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                                  Figure 4 Parity check matrix for rate compatible LDPC codes
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The RC-LDPC encoder consists of a common LDPC encoder and a puncturing device that punctures the parity bits. The systematic bits are not punctured. The decoder for RC-LDPC codes is the same as an ordinary LDPC decoding algorithm with received LLR=0 for puncturing bits.
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15.13.X.X.2 Code block size adjustment
   Based on 8.4.9.2.5.2 Code block size adjustment on P802.16Rev2/D2(December 2007)
The LDPC code flexibly supports different block sizes for each code rate through the use of an expansion factor.

Each base model matrix has nb=24 columns, and the expansion factor (z factor) is equal to n/24 for code length n. In each case, the number of information bits is equal to the code rate times the coded length n.
Insert into  RC-LDPC block Sizes and the number of subchannels.
The code length N shall cover from 576 bits to 14400 bits for the RC-LDPC code. The supported code-rate shall be equal to and more than 1/3. 
The number of slots shall be calculated as follows, 

If N (bits) is a multiple of 96, 
QPSK can be used as Nsubchannels = N/96,

else if N (bits) is a multiple of 96x2, 

16QAM can be used as Nsubchannels = N/(96x2),

else if N (bits) is a multiple of 96x3,

64QAM can be used as Nsubchannels = N/(96x3),

             end.
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