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Introduction
In RAN1 NR AH2 meeting, the following agreements were decided on Polar code sequence selection [1].
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. 

In this contribution, we compared two sequences with the agreed criteria and conclude the better sequence.
Simulation results
WinCount calculation between HW and Ericsson sequence
According to the email discussion, there are seven sequences finally listed in reference [2]-[8]. And after the submissions on sequence evaluation in reference [9]-[13], we can find that, seven out of eight companies aligned the simulation results concluding that HW sequence and Ericsson sequence are the most powerful two sequences. Right now, companies tend to select HW sequence while the main concern is whether Ericsson sequence should also be selected. Based on these discussions, we evaluate HW sequence and Ericsson sequence in this section, and compare them with the agreed method mentioned above in RAN1#89. 
First, we calculate the corresponding SNR for targetBLER 10-2 and 10-3 for all simulation cases, the SNR to achieve 10-2 and 10-3 BLER is in the Attachment 1. Note that, in our simulation the error block number is 200 and the simulation block number is at least 20000 according to the email discussion.
Based on the SNR value for targetBLER 10-2 and 10-3, we calculate the Wincounts of HW and Ericsson sequence over each other in Table 1 below.

Table 1. WinCounts between HW and Ericsson sequence
	(row win column)
	HW
	Ericsson
	WinCounts

	HW
	0
	3
	3

	Ericsson
	1
	0
	1



Table 2 lists the four cases taken into the WinCounts in the above Table 1. The first three rows are the cases where HW wins Ericsson, while the last row is the case Ericsson wins HW.

Table 2. Four cases taken into the WinCounts
	TargetBLER
	ModOrder
	L
	N
	K
	EsN0_HW
	EsN0_Ericsson
	EsN0_Diff (HW over Ericsson)

	0.01
	2
	4
	128
	35
	1.2692
	1.4101
	-0.1409

	0.01
	2
	4
	128
	86
	5.7918
	5.9199
	-0.1281

	0.01
	2
	8
	128
	35
	0.968
	1.1027
	-0.1347

	0.01
	2
	8
	256
	25
	-3.4624
	-3.566
	0.1036



The above simulation results show that, first of all, HW sequence has more WinCounts than Ericsson. Besides, in the cases where HW sequence wins Ericsson, the gain is more than 0.13dB on average, while 0.10dB gain is observed at the case where Ericsson sequence wins HW. Therefore, for the NR polar code design, HW sequence is more suitable than Ericsson sequence.
Observation 1: HW sequence shows more WinCounts than Ericsson, and higher gain is observed at the cases HW sequence wins Ericsson than the opposite case.
1.1 One special case of simulation
From the latest email discussions, companies tend to simulate HW, Ericsson, QC and SS sequences with larger error block number in some cases for cross check. The main reason is that, in a few simulations, it is observed that Ericsson sequence wins HW in the case with parameter K=25, N=256, L=4 and targetBLER=0.01, where the EsN0_Diff is however quite close to 0.1dB. One focus of the debate is whether the simulation parameter (e.g. error number, SNR step) is suitable to get an accurate enough comparison. MTK has given their simulation results on this special case in reference [14] with error block number 10000 and SNR step 0.01dB. In this subsection, we simulate HW, Ericsson, QC and SS sequences with the above simulation parameters and give the raw data in the Attachment 2.
From the raw simulation data, we can see the EsN0_Diff of Ericsson over HW is 0.089dB -- within 0.1dB when error block number increases from 200 to 10000, and SNR step zooms in to 0.01dB scale.
Observation 2: Ericsson sequence does not win HW when error block number increased to 10000 on the mentioned special case (K=25, N=256, L=4).
Based on above simulation and analysis, we have the following proposal:
Proposal 1: The HW sequence is selected as the final sequence
Conclusion
In this contribution, we have the following observations and proposals:
Observation 1: HW sequence shows more WinCounts than Ericsson, and higher gain is observed at the cases HW win Ericsson than the opposite case.
Observation 2: Ericsson does not win HW when error block number increased to 10000 on the mentioned special case (K=25, N=256, L=4).
[bookmark: _GoBack]Proposal 1: The HW sequence is selected as the final sequence
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