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1. Introduction
At the 3GPP TSG RAN1 #86bis meeting, the following agreement has been achieved:
· The channel coding scheme for eMBB data is LDPC, at least for information block size > X

· FFS until RAN1#87 one of Polar, LDPC, Turbo is supported for information block size of eMBB data <= X

· The selection will focus on all categories of observation, including overall implementation complexity, regardless of the number of coding schemes in the resulting solution (except if other factors are generally roughly equal)

· The value of X is FFS until RAN1#87, 128 <= X <= 1024 bits, taking complexity into account

· The channel coding scheme(s) for URLLC, mMTC and control channels are FFS

In this contribution, we provide some performance comparison of LDPC code, Polar code for eMBB short block lengths. LTE Turbo code is taken as a bench mark of comparison.
2. Simulation conditions 

The specific simulation conditions are given in Table 1. The utilized Turbo code is LTE-turbo code, and some bits are padded to match the length of the LTE-turbo interleaver when it is necessary. However, the padded bits will be deleted to ensure transmitted code length is k/r bits, where k is the info length and r is the code rate. 

Table 1 Simulation conditions for eMBB short block length
	Channel*
	AWGN

	Modulation
	QPSK

	Coding Scheme
	  Turbo
	LDPC
	Polar

	Code rate 
	1/5, 1/3, 2/5, 1/2, 2/3, 3/4, 5/6, 8/9

	Decoding algorithm**
	Scaled Max-log-MAP
SF: 0.75
	Scaled min-sum
25 iterations
SF of systematic bits:0.75

SF of parity bits:0.875
	CRCless

 List SC with list size of 8 or 32

	Info. block length*** (bits w/o CRC)
	100, 400, 1000 


3. Performance of channel coding candidates for eMBB short block length
The performance of LDPC, Polar and Turbo code as a bench mark are shown in Figure 1 to Figure3. It should be noticed that the CRCless Polar code schemes including those of List 8 and those of List 32. Code rates 1/5, 1/3, 2/5, 1/2, 2/3, 3/4, 5/6, 8/9 are all obtained by a mother code rate 1/5 for Turbo code. And LDPC code adopts 3 different matrix as those described in R1-1610137 (Qualcomm) [1]. Polar codes’ code rates are absolute code rate.
Taking the results of Turbo code as bench marks, the results show that the performance of Polar codes is the best. Both the List8 schemes and List 32 schemes show superior performance than those of Turbo code and LDPC code. 
The SNR values at BLER=0.1 for 3 information lengths of 100, 400 and 1000 are given in Table 2, Table 3 and Table 4 respectively. Polar codes show their superiority. Obviously, the performance of Polar List 32 scheme is a little better than that of Polar List 8 scheme, and the difference is about 0.2dB or 0.3dB. The SNR gap is not very big, then taking the complexity into consideration; the list 8 schemes are potential.
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Figure 1 The performance of 100-bit info block length at different code rates
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Figure 2 The performance of 400-bit info block length at different code rates
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Figure 3 The performance of 1000-bit info block length at different code rates

Table 2 SNR values at BLER=0.1 for Inf Length=100 bit (dB)

	Code Type
	Turbo
	Polar List32
	Polar List8
	LDPC

	Code rate
	1/5
	-3.1
	-3.8
	-3.5
	-2.6

	
	1/3
	-0.5
	-0.96
	-0.8
	-0.3

	
	2/5
	0.6
	-0.15
	0.1
	0.7

	
	1/2
	1.94
	1.2
	1.33
	1.94

	
	2/3
	4.1
	3.44
	3.44
	4.0

	
	3/4
	5.22
	4.2
	4.52
	5.27

	
	5/6
	6.28
	5.28
	5.7
	6.52

	
	8/9
	7.25
	6.28
	6.3
	7.9


Table 3 SNR values at BLER=0.1 for Inf Length=400 bit (dB)

	Code Type
	Turbo
	Polar List32
	Polar List8
	LDPC

	Code rate
	1/5
	-3.66
	-4.0
	-3.73
	-3.09

	
	1/3
	-1.0
	-1.18
	-0.93
	-0.7

	
	2/5
	0.05
	-0.32
	-0.11
	0.33

	
	1/2
	1.38
	1.04
	1.25
	1.47

	
	2/3
	3.58
	3.13
	3.32
	3.48

	
	3/4
	4.62
	4.08
	4.27
	4.61

	
	5/6
	5.73
	5.16
	5.3
	5.6

	
	8/9
	6.71
	6.22
	6.36
	6.65


Table 4 SNR values at BLER=0.1 for Inf Length=1000 bit (dB)

	Code Type
	Turbo
	Polar List32
	Polar List8
	LDPC

	Code rate
	1/5
	-3.78
	-3.93
	-3.74
	-3.27

	
	1/3
	-1.17
	-1.36
	-1.14
	-0.88

	
	2/5
	-0.11
	-0.36
	-0.15
	0.04

	
	1/2
	1.25
	1.0
	1.14
	1.25

	
	2/3
	3.39
	3.0
	3.16
	3.24

	
	3/4
	4.42
	4.12
	4.27
	4.27

	
	5/6
	5.63
	5.21
	5.4
	5.38

	
	8/9
	6.56
	6.1
	6.27
	6.5


Observation 1: Performance curves of Polar codes are better than those of Turbo codes and LDPC codes for eMBB short code block length (100 , 400,  1000 bit) at code rate 1/5, 1/3, 2/5, 1/2, 3/4, 5/6, 8/9. 
Proposal 1: Polar code is selected for eMBB short block length.
4. Conclusion
In this contribution, we provide simulation results of the channel coding candidate codes, which include LDPC codes, Polar code, and LTE Turbo code. In summary,
Observation 1: Performance curves of Polar codes are better than those of Turbo codes and LDPC codes for eMBB short code block length (100 , 400,  1000 bit) at code rate 1/5, 1/3, 2/5, 1/2, 3/4, 5/6, 8/9. 
Proposal 1: Polar code is selected for eMBB short block length.
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