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[bookmark: _Ref129681862][bookmark: _Ref124589705]1	Introduction
The BLER performance of TBCC, turbo code, LDPC code and polar code was examined in the RAN1 meeting #85 [1]. Due to different simulation environments, the simulation results from different companies are hard to align. This motivates the agreement of simulation data sharing in [2]. Furthermore, the excel file template was provided for this purpose.  
In this contribution, we present our simulation results for the data sharing purpose. All the simulated data are saved in the attached excel sheet. 

2	Discussion
We simulated the BLER performance of turbo code, LDPC code and polar code, at four fixed coding rates 1/3, 2/5, 1/2 and 2/3. The simulation assumptions are summarized in the Appendix.
 
2.1 	Turbo Code
We used the turbo code in LTE systems, with the max-log-MAP decoding algorithm at the maximum number of iterations 8. 
Figures 1—4 show the BLER performance of turbo code at the coding rates of 1/3, 2/5, 1/2 and 2/3 for both QPSK modulation and 64 QAM modulation. Different colored curves in the figures imply different information block lengths (denoted by ). In general, the larger the information block length, the better the BLER performance. 
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[bookmark: _Ref458599441]Figure 1: Turbo code with rate 1/3
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Figure 2: Turbo code with rate 2/5
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Figure 3: Turbo code with rate 1/2
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Figure 4: Turbo code with rate 2/3
2.2 	LDPC Code
We used the LDPC code provided by [3]. This protograph type LDPC code provides flexibility for different coding rates and information block lengths. The sum-product decoding algorithm with the maximum number of iterations 20 is applied. 
Figures 5—8 show the BLER performance of LDPC code at the coding rates of 1/3, 2/5, 1/2 and 2/3 for both QPSK modulation and 64 QAM modulation. Different colored curves in the figures imply different information block lengths (denoted by ). In general, the larger the information block length, the better the BLER performance. 
It should be mentioned that the LDPC code used here may not be the optimal one. This LDPC code simply provides good flexibility, probably in the sacrifice of BLER performance. Other LDPC codes with both flexibility and good performance are being explored. 
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[bookmark: _Ref458599846]Figure 5: LDPC code with rate 1/3
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Figure 6: LDPC code with rate 2/5
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Figure 7: LDPC code with rate 1/2
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Figure 8: LPDC code with rate 2/3
2.3 Polar Code
We used polar code constructed with the Bhattacharyya bounds with the design SNR given in Table 1. The puncturing scheme in [4] is used to match the desired coding rates. The CRC-aided successive cancellation list decoding algorithm with list size 32 is used for polar codes.
Figures 9—12 show the BLER performance of polar code at the coding rates of 1/3, 2/5, 1/2 and 2/3 for both QPSK modulation and 64 QAM modulation. Different colored curves in the figures imply different information block lengths (denoted by ) and coded block lengths before puncturing (denoted by ). In general, the larger the information block length, the better the BLER performance. 

Table 1: Design SNR (in dB) used for polar code construction at different coding rates and modulation schemes
	Rates
	QPSK
	64 QAM

	1/3
	-2
	-1

	2/5
	0
	0

	½
	0
	0

	2/3
	3
	2
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[bookmark: _Ref458599927]Figure 9: Polar code with rate 1/3[image: ]
Figure 10: Polar code with rate 2/5
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Figure 11: Polar code with rate 1/2[image: ]
Figure 12: Polar code with rate 2/3
2.4 	Performance Comparison
In this section, we plot the curves of SNR vs. information block length at target BLER levels of 10%, 1%, 0.1% for turbo codes, LDPC codes and polar codes. These curves are based on the simulation results shown in Figures 1—12.  
[bookmark: _GoBack]Figures 13 and 14 show the SNR vs. information block length at 10% BLER level for QPSK and 64QAM, respectively. Figure 15 and 16 show the SNR vs. information block length at 1% BLER level for QPSK and 64QAM, respectively. Figure 17 and 18 show the SNR vs. information block length at 0.1% BLER level for QPSK and 64QAM, respectively.
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[bookmark: _Ref458602773]Figure 13: SNR vs. information block length at 10% BLER for QPSK
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Figure 14: SNR vs. information block length at 10% BLER for 64QAM
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[bookmark: _Ref458602840]Figure 15: SNR vs. information block length at 1% BLER for QPSK
[image: ]
Figure 16: SNR vs. information block length at 1% BLER for 64QAM
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[bookmark: _Ref458602881]Figure 17: SNR vs. information block length at 0.1% BLER for QPSK
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Figure 18: SNR vs. information block length at 0.1% BLER for 64QAM
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Appendix: Simulation Assumptions
Table 1: Simulation assumptions
	Channel
	AWGN

	Coding scheme
	Turbo
	LDPC
	Polar

	Modulation
	QPSK, 64QAM
	QPSK, 64QAM
	QPSK
	64QAM

	Code rate
	1/3, 2/5, ½, 2/3,
	1/3, 2/5, ½, 2/3,
	1/3
	2/5
	1/2
	2/3
	1/3
	2/5
	1/2
	2/3

	Info. block length (bits)
	96, 400, 992, 2016, 3968, 6016
	96, 408, 1008, 1992, 4008, 6024, 8184
	84, 340, 682, 1364, 2728
	100, 408, 816, 1636, 3272
	128, 512, 1024, 2048, 4096
	168, 680, 1364, 2728, 5456
	84, 340, 682, 1362, 2730
	96, 408, 816, 1632,  3276
	126, 504, 1023, 2046, 4092
	168, 680, 1364, 2728, 5460

	Decoding algorithm
	Max-log-MAP
	Sum-product
	CRC-aided List-32
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