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1. Introduction
In RAN1 June ad-hoc meeting in Qingdao, the selection procedure of polar code sequences is agreed [1], and 7 sequences are submitted in the e-mail discussion thread NRAH2-11. The 7 sequences are indicated as follows:
Sequence-S (submitted by Samsung)
  Sequence-E (submitted by Ericsson)
  Sequence-Q (submitted by Qualcomm)
  Sequence-H (submitted by Huawei)
  Sequence-L (submitted by LG)
  Sequence-M (submitted by MediaTek)
  Sequence-Z (submitted by ZTE)
In this contribution, theses sequences are evaluated according to the procedure agreed in Qingdao.
2. Polar Code Sequence
2.1 Evaluation Procedure
In RAN1 June ad-hoc meeting, decision procedures are agreed after careful thought and discussion. The selection procedure is basically based on pairwise comparison. PerfThresh is set as a built-in margin to avoid unnecessary dispute over performance discrepancy in 0.0x dB level.
In the procedure below, there are three stages to select final candidate. First, all sequences are compared to each other and sequences, which do not achieve acceptable performance in pairwise comparison, are excluded. Then, among remained sequences, one with the most win counts is selected and denoted by sequence W. If another sequence is proved to achieve relatively good performance against the sequence W, then this sequence is also selected.
	Decision procedure: 
Candidate sequences shall have the property of simple nestedness, i.e. one sequence of length N/2 is nested with the sequence of length N 
· Presence or absence of any other property (including symmetry, arithmetic describability, down-nestedness (i.e. a sequence of length N/2 is nested within the lower half of the sequence of length N), up-and-down-nestedness (i.e. a sequence of length N/2 is nested in both the upper and lower halves of the sequence of length N)) shall not be used as a decision criterion. 

· Performance metric 
· SNR to achieve 10-2 and 10-3 BLER
· Simulation assumptions 
· Evaluate the block error rate (BLER) performance versus SNR

	Channel
	AWGN Channel

	Modulation
	QPSK

	Info. Block length (=K bits w/o CRC)
	K = 8:1:, where 

K = :24:, where

excluding any code rates below 1/8

	Codeword length (=N)
	{64, 128, 256, 512, 1024} 

	Decoding algorithm
	List-X with LLR-based min-sum

	List sizes
	1,2,4,8,16 (pruned to 8 best paths for CRC check)

	Code construction for evaluation
	CA polar

	Number of (J+J’) bits
	19 bits (0b10100010101101111001 where the last bit is d19) 



PerfThresh_K = 0.1dB for lower range of K, 0.3dB for higher range of K
PerfThresh_L = 0.4dB for L=1, 0.2dB for L=2, 0.1dB otherwise. 
PerfThresh = max (PerfThresh_K, PerfThresh_L)

Each company selects a winning sequence by the following algorithm:
. For sequence A, 
1. compare with sequence Bat each simulation case. 
1. For each simulation case:
1. if A’s performance is worse than B – PerfThresh, increment FailCount_AB
1. if A’s performance is better than B + PerfThresh, increment WinCount_AB
1. If (FailCount_AB – WinCountAB) / Total number of simulation cases > 2%, increment OverallFail_A
1. compare with sequence Cat each simulation case. 
2. For each simulation case:
1. if A’s performance is worse than C – PerfThresh, increment FailCount_AC
1. if A’s performance is better than C + PerfThresh, increment WinCount_AC
2. If (FailCount_AC – WinCountAC) / Total number of simulation cases > 2%, increment OverallFail_A
1. repeat for sequences D…N
. For sequence B, 
2. compare with sequence A at each simulation case
2. etc
. …
. For sequence N, 
4. compare with sequence A 
4. etc
. Select sequence with smallest OverallFail

If multiple sequences A to M have the same smallest OverallFail, 
. For sequence A, 
6. compare with sequence Bat each simulation case. 
1. For each simulation case, if A’s performance is better than B + PerfThresh, increment WinCount_AB
6. compare with sequence C at each simulation case. 
2. For each simulation case, if A’s performance is better than C + PerfThresh, increment WinCount_AC
6. WinCount A = ∑WinCount_AB…AM
6. repeat for sequences up to M
. Repeat for sequences B to M. 
. Select sequence with highest WinCount, referred to as sequence W. 
. If any WinCount_xW > WinCount Wx, then sequence(s) x is/are also selected. 

If more than 1 sequence is selected by at least one company, then the final sequence will be chosen from the sequences that were selected by at least one company according to the largest support in RAN1#90.


	
3. Performance Evaluation
	In this contribution, the performance of 7 polar code sequences submitted to RAN1 were evaluated. The results of the pairwise comparison are summarized in Table 1, and details about the performance evaluation are given in the companion spreadsheet. We have 5710  combinations to evaluate sequences, and for each combination of  and , 1000 block errors with 0.1dB SNR step have been observed.

Table 1  Pairwise Performance Comparison of 7 Sequences Submitted to RAN1
	Win counts of 
Seq. A
	Seq. B
	Win counts

	
	S
	E
	H
	L
	M
	Q
	Z
	

	Seq. A
	S
	0
	0
	0
	29
	47
	5
	41
	122

	
	E
	23
	0
	1
	58
	82
	18
	50
	232

	
	H
	26
	0
	0
	53
	85
	16
	59
	239

	
	L
	0
	0
	0
	0
	18
	3
	24
	45

	
	M
	7
	0
	0
	6
	0
	3
	20
	36

	
	Q
	14
	0
	1
	31
	33
	0
	39
	118

	
	Z
	7
	0
	1
	24
	24
	0
	0
	56



[bookmark: _GoBack]As a result, the sequence-H earns the most win-counts among all sequences, so it is selected as a final candidate. In addition, it is observed that sequence-E outperforms sequence-H in pairwise comparison. The sequence-E gets a win count against sequence-H when , while there is no case that sequence-H is better than sequence-E. Thus, sequence-E is also selected as another candidate according to the agreed procedure. 
Finally, we have two candidates, sequence-E and sequence-H, after following the procedure, and the other 5 sequences are excluded even though these sequences are also have good properties and performance. Then, Table 2 summarizes the performance comparison of two final candidates. 

Table 2  Pairwise Performance Comparison of Candidates after Code Selection Procedure
	Win counts of Seq. A
	Seq. B

	
	E
	H

	Seq. A
	E
	0
	1

	
	H
	0
	0



If we have to choose the final sequence from two candidates based on the technical evidence, then the results of pairwise comparison is a reasonable criterion. In the results shown in Table 2, sequence-E outperforms sequence-H with one winning point and no losing point, so sequence-E should be adopted for NR eMBB control channels according to technical observations.

Observation 1: Sequence-E is better than sequence-H in pairwise comparison.
Proposal 1: Sequence-E should be adopted for NR eMBB control channel

4. Conclusion
	In this contribution, polar code sequences submitted to RAN1 were evaluated. Strictly following the procedure agreed in the Qingdao meeting, two sequences – sequence-E and sequence-H – are selected as final candidates, but in pairwise comparison, sequence-E show the best performance. If we should choose the final code sequence based on our observation, sequence-E should be selected.

Observation 1: Sequence-E is better than sequence-H in pairwise comparison.
Proposal 1: Sequence-E should be adopted for NR eMBB control channel
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