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Introduction
In RAN1 #86bis meeting, it is agreed that LDPC codes are selected for large block sizes in eMBB data channel [1].
	Agreement:
· The channel coding scheme for eMBB data is LDPC, at least for information block size > X
· FFS until RAN1#87 one of Polar, LDPC, Turbo is supported for information block size of eMBB data <= X
· The selection will focus on all categories of observation, including overall implementation complexity, regardless of the number of coding schemes in the resulting solution (except if other factors are generally roughly equal)
· The value of X is FFS until RAN1#87, 128 <= X <= 1024 bits, taking complexity into account
· The channel coding scheme(s) for URLLC, mMTC and control channels are FFS



In this contribution, we propose the performance evaluation results of coding candidates with information block sizes between 128 and 1024. LDPC codes and polar codes are evaluated based on [2, 3] and [4], respectively. For turbo codes, Enhanced turbo codes [5] are evaluated for coding rates 1/5, and LTE turbo codes are evaluated for other coding rates.
Evaluation assumptions
The observations for coding candidates for eMBB data channel are agreed during RAN1 #86bis meeting [1]. Parts of these observation are shown as follows.
	Observations:
· Implementation complexity
· LDPC:
· Some variants of min-sum based iterative decoders are considered implementable, and allow a trade-off between complexity and performance 
· BP and sum-product decoders are not considered implementable for NR by some companies
· Polar:
· For list decoders, the implementation complexity increases with increasing list size, especially with larger block sizes
· Some companies consider that a List 8 decoder is implementable for codeword sizes N up to 4k (with larger codeword sizes requiring a segmented design)
· List 4 decoder is considered implementable for codeword sizes N up to at least 2k, with some companies considering it implementable up to 8k (with larger codeword sizes requiring a segmented design)


[bookmark: _GoBack]Based on these observations, we choose sum-product (SP) and list 8 decoding as baselines for LDPC codes and polar codes, respectively, and choose normalized min-sum (NMS), offset min-sum (OMS) and list 4 decoding as explicitly disclosed implementable decoders, which are considered implementable by all the companies. In addition, adjusted min-sum (AdjMS) of LDPC codes is also evaluated.
The maximum numbers of iterations for flooding SP decoding and AdjMS are setted to 50, and the the maximum number of iterations for flooding min-sum decoding is setted to 25, which is corresponding to layered decoding with 12 iterations applied in [3].
The infromation block sizes are selected as 128, 320, 512, 768 and 1024, which are directly supported by LTE Turbo code internal interleaver.
The evaluation assumptions are shown in Table 1.

Table 1 Evaluation assumptions for eMBB data channel in this contribution
	Channel
	AWGN

	Modulation
	QPSK

	Coding Scheme
	LDPC [2]
	LDPC [3]
	Polar [4]
	Turbo [5]

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

	Decoding algorithm
	Sum-Product/Normalized Min-Sum (fatcor: 0.8) /Adjusted min-sum
	Sum-Product /Offset Min-Sum (fatcor: 0.5) /Adjusted min-sum
	List SC with list size of 8/4
	Max-log-MAP (factor: 0.75)
8 iterations

	Info. block length (bits w/o CRC)
	128, 320, 512, 768, 1024


Performance evaluation results
Performance of LDPC codes
The evaluation results of LDPC codes are shown in Fig. 1 ~ Fig. 10.
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Fig. 1 The performance of LDPC codes with info. block length K = 128
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Fig. 2 The performance of LDPC codes with info. block length K = 128 by AdjMS
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Fig. 3 The performance of LDPC codes with info. block length K = 320
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Fig. 4 The performance of LDPC codes with info. block length K = 320 by AdjMS
[image: ]
Fig. 5 The performance of LDPC codes with info. block length K = 512
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Fig. 6 The performance of LDPC codes with info. block length K = 512 by AdjMS
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Fig. 7 The performance of LDPC codes with info. block length K = 768
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Fig. 8 The performance of LDPC codes with info. block length K = 768 by AdjMS
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Fig. 9 The performance of LDPC codes with info. block length K = 1024
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Fig. 10 The performance of LDPC codes with info. block length K = 1024 by AdjMS
Based on the evalution results, we have the following Observations.
Observation 1: The performance of LDPC codes are depended on the decoding algorithms.
Performance of Polar codes
The evaluation results of Polar codes are shown in Fig. 11 ~ Fig. 15.
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Fig. 11 The performance of Polar codes with info. block length K = 128
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Fig. 12 The performance of Polar codes with info. block length K = 320
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Fig. 13 The performance of Polar codes with info. block length K = 512
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Fig. 14 The performance of Polar codes with info. block length K = 768
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Fig. 15 The performance of Polar codes with info. block length K = 1024
Observation 2: The performance of Polar codes are depended on the decoding algorithms.
Performance of Turbo codes
The evaluation results of Turbo codes are shown in Fig. 16 ~ Fig. 20.
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Fig. 16 The performance of Turbo codes with info. block length K = 128
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Fig. 17 The performance of Turbo codes with info. block length K = 320
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Fig. 18 The performance of Turbo codes with info. block length K = 512
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Fig. 19 The performance of Turbo codes with info. block length K = 768
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Fig. 20 The performance of Turbo codes with info. block length K = 1024
Performance Comparison
Based on the previous observations, we propose the following.
Proposal 1: When draw the observation for performance of different candidates, the decoding algorithm should be clarified.
Possible comparison results are listed in Figure 21~25.
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Fig. 21 The performance comparison between different coding schemes with info. block length K = 128
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Fig. 22 The performance comparison between different coding schemes with info. block length K = 320
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Fig. 23 The performance comparison between different coding schemes with info. block length K = 512
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Fig. 24 The performance comparison between different coding schemes with info. block length K = 768
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Fig. 25 The performance comparison between different coding schemes with info. block length K = 1024
Summary
In this contribution, we provide evaluation results of channel codes for eMBB data channel with information block sizes between 128 and 1024. Based on the results, we have the following observations.
Based on this result, we have the following Observations and Proposal.
Observation 1: The performance of LDPC codes are depended on the decoding algorithms.
Observation 2: The performance of Polar codes are depended on the decoding algorithms.
Proposal 1: When draw the observation for performance of different candidates, the decoding algorithm should be clarified.
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