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[bookmark: _Ref129681862][bookmark: _Ref124589705]1	Introduction
[bookmark: _GoBack]In the RAN1 meeting #84bis, a lot of contributions on the topic of channel coding design for the physical layer of the NR system were discussed. The initial agreements regarding the channel coding for NR include the following [1]:
· Candidates for 5G new RAT data transmission are identified as the following
· LDPC code 
· Polar code 
· Convolutional code (LTE and/or enhanced convolutional coding)
· Turbo code (LTE and/or enhanced turbo coding)
· Note: It is RAN1 common understanding that combination of above codes is not precluded
· Note: Outer erasure code is not precluded
· Selection of 5G new RAT channel coding scheme(s) will consider,
· Performance
· Implementation complexity 
· Latency (Decoding/Encoding)
· Flexibility (e.g., variable code length, code rate, HARQ (as applicable for particular scenario(s)))

In this contribution, we present our preliminary analysis and simulation results for turbo code, LDPC code and polar code for the enhanced Mobile Broadband (eMBB) use case. The comparison and evaluation of the performance of these codes are provided. 

2 Discussion
To facilitate unified performance evaluation, the simulation assumptions for channel coding for eMBB use case have been agreed [2] (see Appendix for details). Our simulations are based on these assumptions and our performance evaluation is in terms of the Block Error Rate (BLER) vs. SNR.
2.1   Performance Comparison of Channel Coding for eMBB
In our simulations, channel codes as in [3l for polar codes, LDPC codes and turbo codes are used.
We apply the max-log-MAP decoding algorithm for turbo codes with the maximum number of iterations = 8; the sum-product decoding algorithm for LDPC codes with the maximum number of iterations = 20; the CRC-aided successive cancellation list decoding algorithm with list sizes of 1, 4 and 32 for polar codes. 
We simulated coding rates 1/3 and 5/6 as specified in Table 4, with information block and coded block lengths details as summarized in Table 1. 
[bookmark: _Ref450836199]Table 1: Block length used in simulations
	
	R = 1/3
	R=5/6

	
	LDPC
	Turbo
	Polar
	LDPC
	Turbo
	Polar

	Information block length (bits)
	1356
	1344
	1356
	6825
	6825
	6825

	Coded block length w/o puncturing (bits)
	4068
	4032
	4096
	8192
	8192
	8192

	Punctured bits
	NA
	NA
	28
	NA
	NA
	2



Figure 1 provides the BLER performance comparison of rate 1/3 codes. It is shown from the figure that the turbo code has the best performance. LDPC code has similar performance as polar code with list 4.  
Observation 1: For medium information block length with rate 1/3, turbo code outperforms LDPC code and polar code. 

Figure 2 provides the BLER performance comparison of rate 5/6 codes. It is shown from the figure that the LDPC code has the best performance. Turbo code outperforms polar code.  
Observation 2: For medium-large information block length with rate 5/6, LDPC code outperforms turbo code and polar code. 
[image: ]
Figure 1: Performance comparison for rate 1/3 codes
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Figure 2: Performance comparison for rate 5/6 codes

For convenience, we summarize the minimum SNR (in dB) required for turbo, LDPC, and polar codes to achieve the target BLER levels, shown in Table 2. This table is derived from Figures 1 and 2. The numbers in green indicate the best performance, and the numbers in red indicate the worst performance. 
[bookmark: _Ref450830883]Table 2: The minimum SNR required for turbo, LDPC, and polar codes to achieve the target BLER (unit: dB)
	Code Rate
	BLER
	QPSK
	64QAM

	
	
	Turbo
	LDPC
	Polar-1
	Polar-4
	Polar-32
	Turbo
	LDPC
	Polar-1
	Polar-4
	Polar-32

	1/3
	1e-2
	-0.76
	-0.02
	0.26
	-0.36
	-0.73
	8.09
	9.11
	>10
	9.21
	8.67

	
	1e-3
	-0.56
	0.41
	0.57
	-0.07
	-0.41
	8.30
	9.52
	>10
	9.61
	9.06

	5/6
	1e-2
	5.84
	5.60
	6.75
	6.40
	6.38
	17.83
	17.31
	19.03
	18.41
	18.15

	
	1e-3
	6.01
	5.79
	7.19
	6.97
	6.88
	18.09
	17.49
	19.26
	18.89
	18.57



2.2 	Complexity Analysis
In this section, we compare the decoding complexity for the codes we have simulated. Specifically, our comparison is in terms of operations count. For turbo codes and LDPC codes, we apply the conclusions in [4], while for polar codes, we utilize the results from [5]. For the rate 1/3 LDPC code, we have the degree distribution, For the rate 5/6 LDPC code, we have the degree distribution, . 
The decoding complexity comparison of turbo, LDPC and polar codes is shown in Table 3. It is seen from the table that polar code with list 1 or 4 always has lower decoding complexity than turbo or LDPC code. LDPC code has lower decoding complexity than turbo code, and the gap is large at high coding rate. Polar code with list 32 has high decoding complexity at high coding rate and large block length. 
[bookmark: _Ref450836250]Table 3: Decoding complexity comparison of turbo, LDPC, polar codes (unit: operations count)
	
	Turbo (log- map)
	Turbo (max-log- map)
	LDPC (sum- product)
	LDPC (min-sum)
	Polar (L=1)
	Polar (L=4)
	Polar (L=32)

	R=1/3
	6,311,424
	1,838,592
	3,851,040
	1,030,560
	50,508
	212,880
	1,833,216

	R=5/6
	34,374,720
	10,013,760
	5,581,500
	1,665,300
	113,321
	507,884
	4,718,272



Taking into account both BLER performance and decoding complexity, we propose to consider LDPC code as a candidate channel code for eMBB at high coding rates, and consider either LDPC code or turbo code as a candidate channel code for eMBB at low coding rates. 
Proposal 1: Taking into account the BLER performance and decoding complexity, LDPC code could be considered as a candidate channel code for eMBB at high coding rates and medium-large information block lengths; either LDPC code or turbo code could be considered as candidate channel codes for eMBB at low coding rates and medium information block lengths. 
3	Conclusion
In this contribution, we discussed various coding schemes for eMBB, compared their performance and complexity. Our simulation results show that 
Observation 1: For medium information block length with rate 1/3, turbo code outperforms LDPC code and polar code. 
Observation 2: For medium-large information block length with rate 5/6, LDPC code outperforms turbo code and polar code. 
Hence, we have the following proposal:
Proposal 1: Taking into account the BLER performance and decoding complexity, LDPC code could be considered as a candidate channel code for eMBB at high coding rates and medium-large information block lengths; either LDPC code or turbo code could be considered as candidate channel codes for eMBB at low coding rates and medium information block lengths.
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Appendix: Evaluation Assumptions of Channel Coding for eMBB
[bookmark: _Ref450836183]Table 4: Simulation assumptions for eMBB [2]
	Channel
	AWGN

	Modulation
	QPSK, 64QAM

	Coding scheme
	Turbo
	LDPC
	Polar

	Code rate
	1/5, 1/3, 2/5, ½, 2/3, ¾, 5/6, 8/9

	Decoding algorithm
	Max-log-MAP
	min-sum
	List-X

	Info. block length (bits w/o CRC)
	100, 400, 1000, 2000, 4000, 6000, 8000 
Optional (12K, 16K, 32K, 64K)
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