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Introduction
In the RAN1#86bis meeting, it was agreed [1] that 
1) the channel coding for eMBB data channel is LDPC code, at least for information block size > X, 
2) FFS until RAN1#87 one of Polar, LDPC, Turbo is supported for information block size of eMBB data <= X, 
3) the value of X is FFS until RAN1#87, 128 <= X <= 1024 bits, taking complexity into account. 
It is well-known that polar code under the list decoding with so many lists has a coding performance approaching maximum likelihood performance. However, there is some debate about possibility for its implementation. Some companies assert that list decoding with large list size doesn’t meet simultaneously reasonable implementation complexity, latency, coding performance, and flexibility even for short information size. Even if it is possible, the performance of LDPC and polar codes is still comparable under the assumption of the same computational complexity. 
In this contribution, we present the simulation results of the coding performance with the same computational complexity and information block size (<= 1000) for fair comparison. Especially, we compare the performance of LDPC codes with that of polar code with list-32 decoding. 
List-32 Decoder for Polar Code
In [3], the hardware efficiency (information bits Gbps/mm2) of SCL decoder for the proposed polar code is measured at 1GHz frequency and 14nm ASIC technology for R=1/8 and R=8/9, respectively, as follows:. 
	
	N=1K
	N=2K
	N=4K
	N=8K
	N=16K

	L=2
	4.46
	4.53
	5.20
	5.96
	6.22

	L=4
	2.76
	2.99
	3.51
	4.03
	

	L=8
	1.66
	1.89
	2.26
	
	

	L=16
	0.90
	0.68
	
	
	

	L=32
	0.52
	
	
	
	


Table 1	Hardware Efficiency (Info Gbps/mm2) at R=1/8
	

	N=1K
	N=2K
	N=4K
	N=8K
	N=16K

	L=2
	9.44
	10.40
	11.45
	13.31
	13.43

	L=4
	6.25
	7.62
	8.69
	10.45
	

	L=8
	3.96
	5.31
	6.30
	
	

	L=16
	2.03
	1.50
	
	
	

	L=32
	1.25
	
	
	
	


Table 2	Hardware Efficiency (Info Gbps/mm2) at R=8/9

First, 1GHz system clock is very unrealistic. Furthermore, even if it is possible and 14nm-technology is usual, List-16 or List-32 decoder doesn’t seem to be reasonable due to low efficiency. It looks that List-2/4/8 decoder for only N=1K may be implementable with a reasonable complexity. However, a small list size induces a performance degradation. Consequently, it is challenging for polar codes to meet simultaneously reasonable implementation complexity and coding performance even for short information size.
In Section 3, we present polar code with list-32 decoder and show that the performance of LDPC and polar codes is still comparable even if the list-32 decoder is reasonably implementable. 
Performance of NR Candidate Channel Codes of Short-Length
Since LDPC codes have the self-error-detection capability based on syndrome check, LDPC codes usually can provide a certain level of FAR without CRC bits. In general, FAR of LDPC codes is varying according to codeword size. For example, FARs of LDPC codes of information block size KLDPC = 117 and 1014 for each code rate are presented in Figures 1 and 2, respectively. The LDPC code proposed in [3] is used for simulation. As shown in Figures 1 and 2, FARs are always lower than 2-7 and 2-10, respectively. These results can be interpreted that LDPC codes have self-error-detection capability corresponding to CRC 7 and 10 bits, respectively. Therefore, if we allocate 17 and 14 bits among 117 and 1014 LDPC information bits to CRC parity bits, respectively, then we can obtain FAR = 2-24 corresponding to CRC 24 bits (similar to LTE standard). 
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Figure 1. FAR of LDPC Codes with KLDPC=117
[image: ]
Figure 2. FAR of LDPC Codes with KLDPC=1014

On the other hand, polar codes do not have self-error-detection capability, therefore, a concatenation with CRC is needed to guarantee a certain level of FAR. Furthermore, in CRC-aided list decoding, some CRC bits are used for improving BLER. For example, in polar decoding with list-32 and CRC 8 bits, 5 (= log232) CRC bits and the other 3 bits are used for decoding and error detection, respectively. Therefore, FAR becomes just 2-3. Similarly, since PC-polar code proposed in [2] also has no self-error-detection capability, its FAR is very high without additional CRC bits. 
Consequently, to achieve FAR = 2-24, polar codes need at least CRC 24 bits. The more lists, the more CRC bits in the case of polar codes. To compare LDPC codes and other coding schemes in a fair way, we present the code block error rate performance for each coding scheme when false alarm rates and decoding complexity are almost the same for all codes.
To evaluate the coding performance for each coding scheme with the same computational complexity, we conduct simulations under the following assumptions: 
· Code: Polar code proposed by Huawei and HiSilicon in [3], LDPC code proposed by Samsung in [4].
· K = 100, 200, 400, 1000 
· R = 1/5, 1/3, 2/5, 1/2, 2/3, 3/4, 5/6, 8/9
· Decoding algorithm: 
· LDPC: Layered scheduling, OMS (offset min-sum, offset = 0.5) / AMS (adjust min-sum)
· Polar: min-sum with list 4, 32
· KLDPC = K + (CRC bits)
· K=100, 200; KLDPC = K+17, 
· K=400; KLDPC = K+16,
· K=1000; KLDPC = K+14, 
· KPolar = K + (CRC bits)
· K=100, 200, 400, 1000; KPolar = K+24+log2(#list)
· Note: 
· SCL decoding complexity for polar decoding is calculated based on bitonic sorting algorithm.
· More simulation data is included in an Excel Sheet attached separately. 

Since LDPC codes have the self-error-detection capability based on syndrome check, LDPC codes usually employ an early stopping decoding. Therefore, to compare LDPC codes and other coding schemes in a reasonable way, we should analyse the coding performance of LDPC codes based on early stopping decoding.
Average iteration numbers due to employing early stopping in LDPC decoder are presented as follows: 

[OMS average iteration]
	
	R15
	R13
	R25
	R12
	R23
	R34
	R56
	R89

	K=100
	-
	-
	4.89
	4.69
	5.67
	6.51
	6.16
	8

	K=200
	-
	7.97
	6.06
	5.41
	6.91
	7.9
	8.06
	7.85

	K=400
	11.7
	6.63
	6.38
	6.83
	8.29
	9.34
	9.6
	10.1

	K=1000
	10.8
	8.99
	8.2
	9.16
	11.3
	13.6
	13.1
	13.5



[AMS average iteration]
	
	R15
	R13
	R25
	R12
	R23
	R34
	R56
	R89

	K=100
	-
	-
	2.85347
	3.4485
	4.54042
	5.00825
	5.10507
	6.18333

	K=200
	-
	3.59866
	4.24324
	4.52664
	5.87565
	6.11949
	6.58754
	7.00476

	K=400
	3.58468
	4.39257
	5.13979
	5.57337
	6.65291
	7.68508
	7.7555
	8.79234

	K=1000
	5.87247
	6.68772
	7.0908
	8.60337
	10.2916
	10.1893
	11.8385
	13.6533
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Figure 3. Performance of LDPC and Polar codes (OMS vs List-4/32 decoding, R=2/3, 3/4, 5/6, 8/9)

[image: ]
Figure 4. Performance of LDPC and Polar codes (OMS vs List-4/32 decoding, R=1/5, 1/3, 2/5, 1/2)
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Figure 5. Performance of LDPC and Polar codes (AMS vs List-8/32 decoding, R=2/3, 3/4, 5/6, 8/9)
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Figure 6. Performance of LDPC and Polar codes (AMS vs List-8/32 decoding, R=1/5, 1/3, 2/5, 1/2)

[bookmark: _GoBack]Observation 1: List-16 or List-32 decoder doesn’t seem to be reasonable due to low efficiency. It looks that List-2/4/8 decoder for only N=1K may be implementable with a reasonable complexity. However, a small list size induces a performance degradation. Consequently, it is challenging for polar codes to meet simultaneously reasonable implementation complexity and coding performance even for short information size.
Observation 2: Even if List-32 decoder for polar codes can be implementable, the performance of LDPC and polar codes is still comparable. Therefore, there is no benefit for dual codec. Dual codec induces only a lower HW efficiency. 

Based on the above observations, we would like to suggest the following proposal:
Proposal 1: Even for short packet service scenarios, LDPC code is a proper channel coding scheme for NR and furthermore a single codec for eMBB data channel is reasonable since there is no benefit for dual codec. 
Observations and Proposals 
In this contribution, we present the following observations and proposal: 

Observation 1: List-16 or List-32 decoder doesn’t seem to be reasonable due to low efficiency. It looks that List-2/4/8 decoder for only N=1K may be implementable with a reasonable complexity. However, a small list size induces a performance degradation. Consequently, it is challenging for polar codes to meet simultaneously reasonable implementation complexity and coding performance even for short information size.
Observation 2: Even if List-32 decoder for polar codes can be implementable, the performance of LDPC and polar codes is still comparable. Therefore, there is no benefit for dual codec. Dual codec induces only a lower HW efficiency. 

Proposal 1: Even for short packet service scenarios, LDPC code is a proper channel coding scheme for NR and furthermore a single codec for eMBB data channel is reasonable since there is no benefit for dual codec. 
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