3GPP TSG RAN WG1 Meeting #86					R1-166891
Gothenburg, Sweden 22rd - 26th Aug 2016
Agenda Item:	8.1.4.1
Source: 	LG Electronics
Title: 	Performance evaluation of LDPC codes
[bookmark: Source][bookmark: Title][bookmark: DocumentFor]Document for:	Discussion
1. Introduction
From RAN1 #85 meeting, we reviewed the variable channel coding scheme. Several company proposed the comparison of error correction performance between new LDPC code which the proponent designed and the existing LTE turbo code. From [1], we are proposing new enhanced quasi-cyclic (QC) LDPC code for channel code study which is targeted for high data rate service. In this contribution, this LDPC code would be compared to LTE turbo code on performance perspective.
Comparison of LDPC code vs Turbo code
1. Optimal vs sub-optimal decoding algorithm
There are many iterative decoding algorithms used for QC-LDPC code and binary turbo code.
The best performing decoding algorithm for LDPC codes is known as log-domain belief propagation or sum-product algorithm (SPA). Even cycle-free graphs might be not realistic on short LDPC code, the optimality of SPA on the assumption was proved in [2]. The min-sum algorithm (MSA) is another popular algorithm to simplify computational operation thus significantly to reduce hardware complexity. Based on the major properties of MSA, there are many variant algorithm with trade-off between performance and simplicity. Offset min-sum (OMS) and normalized min-sum (NMS) can be introduced as the example [3]. Since the simplified algorithms can be thought of as high-SNR approximation of SPA, those performances show the “best-practice” performance close to SPA in some channel conditions.
The best performing decoding algorithm for turbo decoding is log-MAP algorithm which is the equivalent of MAP algorithm or BCJR algorithm in the log-domain [4]. The MAP algorithm for turbo decoding can be closely approximated by belief propagation with cycles [5][6]. Lower-complexity max log-MAP algorithm was devised at the cost of performance degradation. According to [6], max log-MAP has the equivalent simplification factor with MSA of LDPC decoding. Max-log-MAP with appropriate extrinsic LLR scaling seems to be the good trade-off between log-MAP performance and max log-MAP complexity. This is analogous to the NMS in case of LDPC decoding.
If the performances of QC-LDPC code and LTE turbo code cannot be compared based on the equivalent complexity, the performance comparison between LDPC code and turbo code should be considered in the case of best-performing algorithms and in the case of basic algorithms respectively.
Proposal 1: For fair comparison, LDPC performance from SPA algorithm should be compared to Turbo performance from log-MAP algorithm.
Proposal 2: For fair comparison, Turbo performance from max log-MAP algorithm should be compared to LDPC performance from MSA algorithm.

2. Simulation result
The simulation parameters are given in the Table 1. 
	Channel
	AWGN

	Modulation
	QPSK, 64-QAM

	Coding Scheme
	QC-LDPC code
	LTE Turbo code

	Code rate
	1/3, 2/5, 1/2, 2/3, 3/4, 5/6, 8/9

	Decoding algorithm
	Standard flooding with SPA / / MSA
	Log-MAP / 
max log-MAP

	# of decoding iteration
	40
	8

	Info. Block Length
	6000, 8000
	6016, 8000*


· * QPP interleaver parameters are applied as defined in [7].
Table 1 Simulation Parameters
We evaluated best performing both algorithm and simple algorithm for LDPC and turbo as preliminary. LDPCs using SPA show slightly better performance than turbo using log-MAP in every case. Turbos using max log-MAP seem to be better compared to LDPC using MSA. NMS and scaled max log-MAP performances are not shown because it must be existed between best performing algorithm and basic algorithm.
Observation 1: Based on the best performing algorithm, the proposed QC-LDPC code has slightly better performance than LTE turbo code.
As the code-rate decreases, LDPC performance shows larger gap between SPA and MSA, which leads up to 2 dB gap at 1/3-rate. As mentioned in the previous paragraph, it is suspected that the high SNR approximation such as MSA used in any simplified HW decoder could deteriorate the LDPC performance at the lower operating SNR.
Observation 2: At the low-rate, the LDPC performance gap between SPA and MSA becomes larger than the turbo performance gap between log-MAP and max log-MAP.
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Figure 1 BLER performance for QC-LDPC and LTE turbo code (QPSK, 8k)

[image: Z:\qpsk_6k_LG_MELDPC_v4.jpg]
Figure 2 BLER performance for QC-LDPC and LTE turbo code (QPSK, 6k)
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Figure 3 BLER performance for QC-LDPC and LTE turbo code (64QAM, 8k)
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Figure 4 BLER performance for QC-LDPC and LTE turbo code (64QAM, 6k)

2. Conclusions
[bookmark: _GoBack]In this contribution, we present performance results to evaluate the proposed LDPC code. We would like to summarize our observations and proposals.
Observation 1: Based on the best performing algorithm, the proposed QC-LDPC code has slightly better performance than LTE turbo code.
Observation 2: At the low-rate, the LDPC performance gap between SPA and MSA becomes larger than the turbo performance gap between log-MAP and max log-MAP.
Proposal 1: For fair comparison, LDPC performance from SPA should be compared to Turbo performance from log-MAP algorithm.
Proposal 2: For fair comparison, Turbo performance from max log-MAP algorithm should be compared to LDPC performance from MSA algorithm.
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