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1 Introduction

In this contribution, we mainly focus on the comparison of system-level simulation performance and spectral efficiency between LDPC codes and Polar codes. 
2 Simulation
2.1 System level simulation

We obtain the system results for LDPC and Polar codes by a link-to-system simulation approach for the eMBB simulation assumptions agreed in RAN84bis [1]. The link-level simulation results are provided in [2]. The simulation settings are listed in Table A1 in the Appendix, which are partially taken from [3].
Table 1 Performance comparison of coding schemes under UMA scenario

	Performance Metrics
	Channel coding schemes
	Polar Gain over LDPC

	
	Polar
	LDPC
	

	Cell-average throughput [Mbps]
	18.3137
	16.9674
	7.93%

	Cell-edge user throughput [kbps]
	432.589
	382.151
	13.20%


Table 2 Performance comparison of coding schemes under UDN scenario
	Performance Metrics
	Channel coding schemes
	Polar Gain over LDPC

	
	Polar
	LDPC
	

	Cell-average throughput [Mbps]
	18.0015
	16.7136
	7.71%

	Cell-edge user throughput [kbps]
	486.8185
	405.074
	20.18%


Table 1 shows the average T/P comparison between LDPC and Polar under the UMA scenario where cell-edge user T/P indicates the 5% T/P of all the users. Table 2 shows the average T/P comparison between LDPC and Polar under UDN scenario. Performance plots are in Appendix 2. 
In both cases, polar outperforms LDPC in cell-average throughput and cell-edge user throughput. In both cases, polar outperforms LDPC. This is because packets with large code-words and high code rates take a small portion of the entire network traffic. It is more critical for a channel coding scheme to have better performance on those packets with small code-words and low code rates (low-level MCS) to cover the users on the edge of a cell or those in a deeper fading condition. 
Observation 1: Polar scheme has better system-level performance than LDPC. 
2.2 Spectral efficiency
We provide the spectral efficiency comparison between LDPC and Polar in terms of MCSs from 36.213[4] with different RB numbers. The comparison in Fig 1 shows the required SNR to achieve the same spectral efficiency at FER=0.1 at each MCS index with small, medium and large RB number. Here, the spectral efficiency is defined as the number of bits can be successfully transmitted per channel use, which is aligned with the method used in [5]. We simulate the PC-SCL-32 decoder for Polar codes [6] and 20 iterations LOMS decoder for LDPC. LDPC codes are from the design in [7]. 
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Fig. 1 Spectral Efficiency Gain of Polar vs LDPC
A PC-SCL-32 decoder has a positive spectral efficiency gain over 20-iteration LOMS decoder of LDPC for all the MCS indices, especially in low MCS index and small-RB number area (up to 2 dB). However, these two coding schemes become comparable when more RBs are used. It is expected that the spectral efficiency gain will increase over fading channels [2]. 
Observation 2: Polar scheme has higher spectral efficiency than LDPC. 
3 Conclusion
Based on the evaluation results of spectral efficiency and system performance, we have the following observations:

Observation 1: Polar scheme has better system-level performance than LDPC. 
Observation 2: Polar scheme has higher spectral efficiency than LDPC. 

It is then proposed that 
Proposal 1: Polar codes scheme is the best candidate for NR eMBB scenario.
References

[1] Chairman’s notes, 3GPP TSG RAN WG1 #84bis meeting. 
[2] R1-1608864, Performance Evaluation for NR Channel Coding, Huawei, HiSilicon.
[3] 3GPP TR 38.913, Study on Scenarios and Requirements for Next Generation Access Technologies
[4] 3GPP TS 36.213, Technical Specification Group Radio Access Network; Evolved Universal Terrestrial Radio Access (E-UTRA); Physical layer procedures.

[5] R1-164698, LDPC - Performance evaluation, Qualcomm Incorporated.
[6] R1-1608862, Polar Code Construction for NR, Huawei, HiSilicon.
[7] R1-167889, Design of Flexible LDPC Codes, Samsung
Appendix 1
Table A1 System level simulation assumptions

	Parameter 
	Value 

	Deployment Scenario
	UMA/UDN(Macro_only)

	Cellular Layout 
	Hexagonal grid, 19 cell sites, 3 sectors per site with wraparound

	Number of users per cell
	10

	Inter-site distance(ISD) 
	500m for UMA and 200 for UDN(Macro only)

	Minimum site to UE distance
	25m

	Carrier frequency
	4.0 GHz 

	System bandwidth 
	10 MHz (50RBs) 

	Channel model
	3D-Uma based on TR36.873

	eNB antenna configuration
	2 TX (+/-45)

	UE antenna configuration 
	2 RX

	eNB antenna pattern
	Following TR36.873

	UE antenna pattern
	OMNI

	BBU maximum transmission power
	46dBm for UMA and 44dBm for UDN(Macro_only)

	UE maximum transmission power
	23dBm

	noise figure
	9

	traffic model
	Full buffer

	UE distribution
	According to Table 6-1 based on TR36.873

	CQI/PMI/RI reporting interval
	10ms for CQI/PMI and RI

	CQI/PMI granularity 
	Subband CQI/PMI, 5RB granularity

	Link adaptation 
	SU CQI feedback and BF CQI adjustment with OLLA

	Receiver
	Ideal channel estimation 

	
	Ideal interference modelling 

	
	MMSE receiver 

	HARQ Scheme
	Chase Combining

	Maximum number of retransmissions
	4

	Sub-frame length 
	1 ms

	UE mobility
	Indoor: 3 km/h ,Outdoor: 30km/h

	Scheduling algorithm 
	Proportional fairness 

	PHY abstraction for the post SNR calculation
	EESM


Appendix 2
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Fig. 2 Performance comparison under UMA scenario
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Fig. 3 Performance comparison under UDN scenario
