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Feasibility Verification of LDPC codes for HARQ Operation
Ji Wook Chung, Sukwoo Lee, Kihyoung Cho
LG Electronics
1. Introduction 
Low-Density-Parity-Check (LDPC) code is one of data channel coding schemes specified in IEEE 802.16e system, which provides large decoder throughput and comparable performance with CTC. However, there are several technical challenges to accommodate enhanced HARQ operation. This contribution shows some technical feasibility and rationale for IEEE 802.16m system, and then proposes that LDPCC is incorporated in SDD.
2. A proposed LDPC codes to support HARQ operation

HARQ techniques for 802.16m should be enhanced in terms of full HARQ mode, large block transmission and larger size of MCS set. In order to support the IEEE 802.16m HARQ operation, it is required to flexible H-matrix structure because unlike CTC, LDPCC does not fully support rate compatibility. Thus, we propose a LDPC coding method satisfying this technical requirement without scarifying flexibility, complexity and performance. The basic attributes in the proposed LDPC codes are summarized as follows.
· Various code word support by the same method of IEEE 802.16e (Size adaptation)
· Similar encoding mechanism to IEEE 802.16e (Dual diagonal parity part)
· Rate compatible H-Matrix structuring by row-combining and matrix dividing (HARQ IR support)
2.1. Size adaptation for the support of various code words
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Scaling and expansion described in IEEE 802.16e LDPC code is reused as a method to support various sizes of codewords. 
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where the shift sizes {p(f, i, j)} for a code size corresponding to expansion factor zf  are derived from {p(i,j)} and where     denotes arithmetic flooring function.
2.2. Parity part structure for the support of simplified encoding

LDPC Code in IEEE 802.16e is generated by a simplified encoding method since parity part of H matrix is based on block accumulator as shown in Figure 4. This basic concept is also reused for IEEE 802.16m system.
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Figure 1. The block accumulator parity structure of H matrix for supporting multi-rates
2.3. Code rate adaptation method

2.3.1. Row-Combining

H matrix is manipulated by row-combining to support higher code rate. The simple rule of row-combining is that if two rows of H matrix do not have weight in the same column position, then the two rows can be combined to reduce the number of rows. Figure 3 shows one example of combining two rows based on Row-Combining rule.


[image: image2]
Figure 2. Basic concept of row combing

[image: image3]
Figure 3. H-Matrix extension by row- combining 
2.3.2. Matrix dividing

H matrix is manipulated by matrix-dividing to support higher code rate. The accumulator parity structure is divided to support higher code rates as shown in Figure 4. For example, if we assume that the size of mother H matrix is 40 by 60 and mother code rate is 1/3, then to support higher code rate (1/2) than mother code rate, we can get reduced H matrix whose size is 20 by 40 by reducing the size of row and column in the mother H matrix.  Thus, higher code rate can be achieved easily with matrix dividing method over the block accumulator parity structure.
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Figure 4. One example of Matrix Dividing

3. Complexity Evaluation
We summarized the well-known complexity of TC and LDPCC in Table 1. It is assumed that average column degree of LDPCC is around 3 for all code rates. As showin in the table, the complexity of LDPCC is lower than TC [2], and it would be much lower if we compare with CTC which is known as having much higher complexity than TC.
Table 1. Operations count comparison of sub-optimal decoders LDPC and TC decoders.
	
	LDPCC
	TC
	Complexity of LDPC / Complexity of TC

	Algorithm
	Min-Sum+Offset
	Max Log Map

+extrinsic scaling
	

	Number of Iterations
	25
	8
	

	Total cost (R=1/3)
	38K x 25 = 950K
	171K x 8 = 1368K
	69%

	Total cost (R=1/2)
	25K x 25 = 625K
	171K x 8 = 1368K
	45%

	Total cost (R=2/3)
	18.5K x 25 = 462.5K
	171K x 8 = 1368K
	33%

	Total cost (R=3/4)
	16.3K x 25 = 407.5K
	171K x 8 = 1368K
	29%

	Total cost (R=5/6)
	14.6K x 25 = 365K
	171K x 8 = 1368K
	26%


4. Decoding Throughput

Decoding throughput of LDPCC and TC are calculated with parallel processing factor. In the case of LDPCC, the parallel processing is inherited in the phase of LDPC code design while TC is dependent on the capability of contention-free interleaver. For detailed comparison, it is assumed that LDPCC and TC of mother code rate equal to 1/3, and the maximum clock frequencies of two decoders both are 100MHz, the maximum numbers of iteration for turbo codes is 8, and the maximum numbers of iterations for LDPC codes is 25, 
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 is internal clock rate (100 MHz), z is the expand factor of structured LDPC codes, and K is the information block size of 5114 [4].
[Decoder Throughput of LDPCC]
The information data throughput of LDPC decoders has been calculated as follow:
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In case of no parallel processing, 
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= 30Mbps, 
In case of maximum parallel processing factor, 
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 is 8*100*639/26=20Gbps.
[Decoder Throughput of TC]
The information data throughput of turbo decoders has been calculated as follow:
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Here we assume that the I/O operation needs 1 clock cycle. If sliding window algorithm is used, interleaver and de-interleaver have been considered, 
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=5.88/1.2 = 5.2(Mbps).
In case of no parallel processing, 
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In case of parallel processing factor (60), 
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 is 5.2 *60 = 312Mbps.
5. Performance Evaluation 

We will show the performances of 16e LDPC Codes and the LDPC Codes with proposed design structures. The H matrix with proposed design structures can support not only multiple code rate but also HARQ-IR only with a single base H-matrix, while 16e LDPCC can not support HARQ-IR. The performance evaluation is carried out comparing with 16e LDPCC and CTC in Figure 5 and Figure 6 respectively. For simulation assumption: AWGN channel, QPSK, Layered Decoding of Max-iteration 25 for LDPCC, Max-LogMap with scaling factor of 0.75 for CTC

Table 2.Average variable node comparison of proposed LDPCC 

	Code Rate
	Average Variable node 16e LDPCC
	Average Variable node of proposed LDPCC

	5/6
	3.33
	2.92

	3/4
	3.67
	2.83

	2/3
	3.38
	2.94

	1/2
	3.17
	3.12

	1/3
	Not support
	2.89
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Figure 5. Performance comparison of the proposed LDPCC
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Figure 6. Performance comparison of proposed LDPCC
6. Conclusion
LDPC Codes is one of promising coding schemes in terms of performance, throughput, simplicity, and flexibility. Especially the parallel decoding capability of LDPC coding has strength in reducing large decoding latency which can be a bottle neck for broadband wireless service. Thus we propose that LDPCC should be considered on IEEE 802.16m SDD as follows.
======================Text Proposal for the 802.16m SDD======================
LDPC Codes shall be used to support HARQ in the IEEE 802.16m
======================================================================
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