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1 Introduction

In RAN1 #86bis, it is agreed that LDPC is adopted for eMBB scenario with block size larger than X (X is FFS) and that the channel coding scheme for small block size cases will be chosen from Polar, Turbo and LDPC codes [1]. In this contribution, we first calculate the MCL (Maximum-Coupling-Loss) values of the systems that employ either polar code or LDPC code and compare their coverage performance. Then, we compare the system level performance between the LDPC-only scheme and hybrid Polar+LDPC scheme. In the end, we will compare the spectral efficiency (SE) of Polar and LDPC codes. 
2 Evaluation

2.1 MCL calculation
MCL is used for identifying the coverage performance. It is the limit value of the total long-term channel loss over a link with a specific link configuration including antenna configuration, MCS (modulation-coding-scheme) requirement, MIMO mode, frame structure, RS design, and so on. To have an apple-to-apple comparison between Polar and LDPC codes, we use the same link configuration (shown in Appendix A.1), i.e. LTE uplink MCL evaluation. 

To eliminate any other factors contributing to the MCL value except required SNR value, we assume that all factors but required SNR value are the same for both channel codes. Thus, a required SNR value represents the performance of a channel coding scheme.

· Required SNR

The required SNR values for the MCL comparison are obtained through the link level simulations, in which TU (Typical-Urban) channel models with UE velocity 30km/h is assumed. Other simulation parameters are given in Appendix Table A.1.
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Figure 1 BLER performance of Polar with PC-SCL-32 decoder [7] 
and LDPC with 20-iterations LOMS decoder [8]
As in the example in Figure 1, this 1.6dB coding gain of Polar code over LPDC code is used for the ensuing MCL comparison. 
· MCL comparison

Table 1 summarizes an example of the MCL calculation for Polar and LDPC codes. Thank to the 1.6dB coding gain, Polar code has better MCL performance than LDPC code.

Table 1 MCL gain over LDPC

	Coding scheme
	LDPC
	Polar

	Transmitter
	
	

	(0) Actual Tx power (EIRP) (dBm)
	23.0
	23.0

	Receiver
	
	

	(1) Receiver antenna gain (dB)
	17
	17

	(2) Thermal noise density (dBm/Hz)
	-174
	-174

	(3) Receiver noise figure (dB)a
	5
	5

	(4) Receiver interference density (dBm/Hz)
	-165.7
	-165.7

	(5) Implementation margin (dB)
	2
	2

	(6) H-ARQ gain
	0.5
	0.5

	(7) Occupied channel bandwidth (Hz)
	900000
	900000

	(8) Effective noise power   
= 10log(10^(((2) + (4))/10) + 10^((4)/10)) + 10 log((7)) (dBm)
	-104
	-104

	(9) Required SINR (dB)
	1.6
	0

	(10) Receiver sensitivity = (8) + (9) + (5) – (6)(dBm)
	-100.9
	-102.5

	(11) MCL = (0) + (1) ( (10) (dB)
	140.9
	142.5


Note that although Polar code has more HARQ coding gain than LDPC code as in [2], the same HARQ gain is assumed for both Polar and LDPC codes in Table 1. 
Suppose the cell radius of system using LDPC is dldpc and that of Polar is dpolar. According to path loss formula under UDN and Uma scenarios, with all the other system parameters the same, and taking the worst case (NLOS) for analyzing, we have:
Table 2 Coverage gain over LDPC

	Scenario
	Analyzing based on TR36.873 [NLOS]
	Coverage gain[cell radius]

	UDN based on TR38.913
	36.7log10(dpolar/ dldpc) = 1.6 dB

dpolar/ dldpc = 1.1056
	10.56%

	Uma based on TR38.913
	(43.42 – 3.1 log10 (25)) log10(dpolar/ dldpc) = 1.6 dB

dpolar/ dldpc = 1.0989
	9.89%


Polar code can support ~10% longer cell radius than LDPC code. This is equivalent to 21% larger coverage area than LDPC, as shown in Figure 2.
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Figure 2 Coverage comparison between Polar and LDPC

Based on the above evaluation, we have the following observation.
Observation 1: Polar can achieve better coverage than LDPC.

2.2 System-level simulation

The performances of the Polar-only, LDPC-only, and hybrid Polar+LDPC schemes are evaluated on the system level with the inputs of the link-level simulations that follow the eMBB assumptions agreed in [3] (more detailed assumptions are listed at Table A.2 in the Appendix). The simulation results on the link-level are from [4] and [5]. 
Table 3 Performance comparison of coding schemes under UMA scenario
	Performance Metrics
	Channel coding schemes
	Polar Gain over LDPC

	
	Polar
	LDPC
	

	Cell-average throughput [Mbps]
	18.31
	16.97
	7.93%

	Cell-edge user throughput [kbps]
	432.59
	382.15
	13.20%


Table 4 Performance comparison of coding schemes under UDN scenario
	Performance Metrics
	Channel coding schemes
	Polar Gain over LDPC

	
	Polar
	LDPC
	

	Cell-average throughput [Mbps]
	18.00
	16.71
	7.71%

	Cell-edge user throughput [kbps]
	486.82
	405.07
	20.18%


Table 3 shows the average T/P comparison between LDPC-only and Polar-only schemes under the UMA scenario that a cell-edge user T/P indicates the 5-percentige point of the cumulative distribution function (CDF) of the T/P of all users. Table 4 shows the same average T/P comparison under UDN scenario. It is seen that the Polar-only scheme has better performance than the LDPC-only one on both average T/P and cell-edge user T/P. In particular, the Polar-only scheme has significant cell-edge user T/P performance gain over LDPC-only one: around 13.2% in Uma and 20.18% in UDN. The Polar-only scheme is more suitable for those low SINR users or cell-edge users.
The performance of the hybrid Polar+LDPC scheme is in Table 5 (figures in Appendix A3).
Table 5 Performance with coding combination scheme
	
	
	Cell-average throughput [Mbps]
	Cell-edge user throughput [kbps]
	Cell-average throughput gain over LDPC-only
	Cell-edge user throughput gain over LDPC-only

	UMA
	Polar_1000_LDPC*
	17.43
	413.39
	2.71%
	8.17%

	
	Polar_2000_LDPC
	17.85
	427.04
	5.19%
	11.75%

	
	Polar_4000_LDPC
	18.18
	436.18
	7.13%
	14.14%

	UDN
	Polar_1000_LDPC
	17.12
	466.25
	2.45%
	15.10%

	
	Polar_2000_LDPC
	17.52
	479.94
	4.85%
	18.48%

	
	Polar_4000_LDPC
	17.86
	486.02
	6.88%
	19.98%


*Polar_X_LDPC means to use Polar when block size is less than or equal to X bits, and to use LDPC when the block size is larger than X bits.
In both Uma and UDN scenarios, the hybrid scheme outperforms LDPC-only scheme in cell-average throughput and cell-edge user throughput. Especially, the cell-edge user throughput is attributed to more coding gain of Polar code on small blocks, because large blocks with high code rates take a small portion of the entire network traffic. Therefore, it is more critical for a channel coding scheme to have better performance on small blocks and low code rates (low-level MCS) to cover the cell-edge users or those users suffering from deep fading. 

Observation 2: The hybrid Polar+LDPC scheme has better system-level performance than LDPC-only scheme.
2.3 Spectral Efficiency
We provide the spectral efficiency comparison between LDPC and Polar in terms of MCSs from 36.213[9] with different RB numbers. The comparison in Figure 3 shows the required SNR to achieve the same spectral efficiency at BLER=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 [10]. We simulate the PC-SCL-32 decoder for Polar codes [7] and 20-iteration LOMS decoder for LDPC. LDPC codes are from the design in [8]. 
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Figure 3 Spectral Efficiency Gain of Polar vs. LDPC

A PC-SCL-32 polar decoder has a spectral efficiency gain over 20-iteration LOMS decoder of LDPC for all the MCS indices, especially for low MCS index and small-RB number (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 [4]. 
Observation 3: Polar scheme has higher spectral efficiency than LDPC, especially for low MCS levels.
3 Conclusion
Based on the evaluation results shown above, we have the following observations:
Observation 1: Polar can achieve better coverage than LDPC.

Observation 2: The hybrid Polar+LDPC scheme has better system-level performance than LDPC-only scheme.
Observation 3: Polar scheme has higher spectral efficiency than LDPC, especially for low MCS levels. 
It is then proposed that 
Proposal 1: Polar+LDPC scheme is the best candidate for NR eMBB scenario.
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Appendix
A1.  MCL evaluation assumptions

Table A.1 Link simulation configuration for the required SNR evaluation

	Configuration
	Value

	Carrier frequency
	4 GHz

	Antenna configuration
	1TX for UE, 4 RX for eNB 

	MCS
	2

	Data Bandwidth 
	5 PRBs

	Performance target
	10% BLER

	Reference signal
	LTE uplink DMRS for both Polar and LDPC

	Channel model 
	TU 30km/h

	Channel estimation
	ideal


A2. System-level evaluation assumptions
Table A.2 System simulation configuration
	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 


A3. System-level simulation figures

[image: image4.png]UMA

185

18.18

18

17.5

17

Cell-average throughput

16.5

16

mLDPC-only mPolar_1000_LDPC m Polar_2000_LDPC M Polar_4000_LDPC




 [image: image5.png]UMA

450

440 436.18

430 427.04

420 413-39
410
400
390
380
370
360
350

Cell-edge user throughput

mLDPC-only mPolar_1000_LDPC m Polar_2000_LDPC M Polar_4000_LDPC





Figure A.1 System-level simulation under UMA scenario
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Figure A.2 System-level simulation under UMA scenario
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