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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In [1], a procedure to select one polar code sequence was agreed as shown in appendix A. Its clarifications are in Appendix B in [2]. In this contribution, we abide to the procedure and the clarifications in evaluating the 7 submitted candidate sequences [2]. 
Discussion 
Candidates
In [2], 7 candidate sequences were submitted as listed in Table 1.
Table 1.  Candidate Sequences  
	Submitted Sequences
	Sequences files attached in [2]

	HW sequence
	(NRAH2-11) Polar sequence template_update 20170802_2200 - HW.xls

	SS sequence
	(NRAH2-11) Polar sequence Samsung.xls

	QC sequence
	Polar sequence QC.xls

	Eri sequence
	[NRAH2-11]_Polar_code_sequence_Ericsson_submit.xls

	LGE sequence
	[NRAH2-11] Polar sequence template_LGE.xls

	MTK sequence
	Polar sequence MTK.xls

	ZTE sequence
	[NRAH2-11] Polar Sequence and result_ZTE.xls



Note that:
· SS-sequence submitted by Samsung is claimed as a joint design by DCM, Intel, Samsung, Qualcomm and Ericsson
· Eri-sequence submitted by Ericsson is claimed as a joint design by DCM, Intel, Samsung, Qualcomm and Ericsson. 
· QC-sequence is independently submitted by Qualcomm as single candidate.
Observation-1: 7 candidate sequences are submitted in [2].
Performance Comparison
According to clarification in [2], simulation should reach at least 200 error blocks for each simulation case. For a stable statistical result, we simulate 2000 error blocks for each simulation case. 
We summarize the performance comparison in Table 2. The performance is total WinCount of one sequence and pair-wise WinCount between any two sequences. 



Table 2. Performance summary of 7 candidate sequences
	Sequences
	HW
	Eri
	QC
	SS
	ZTE
	LGE
	MTK
	Total WinCount
	Total LoseCount

	HW
	0
	0
	20
	20
	57
	56
	78
	231
	0

	Eri
	0
	0
	17
	17
	42
	53
	74
	203
	0

	QC
	0
	0
	0
	9
	48
	34
	36
	127
	55

	SS
	0
	0
	7
	0
	35
	30
	42
	114
	61

	ZTE
	0
	0
	2
	7
	0
	17
	21
	47
	222

	LGE
	0
	0
	5
	1
	21
	0
	14
	41
	197

	MTK
	0
	0
	4
	7
	19
	7
	0
	37
	265



According to the procedure in Appendix-A, no sequence is eliminated due to an outstanding “OverallFail” number. Therefore, all 7 candidates are used for the measurement of the total wincount.  
The number on the row ‘A’ and column ‘B’ indicates the number of winning cases (pair-wise winCount) that ‘A’-sequence defeats ‘B’-sequence. 
Thus, abiding to the agreed rule [2], we have: 
Observation-2: HW-sequence has the highest WinCount in term of the sequence decision procedure.
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Cross-check results
The cross-check results among the simulation raw data from several companies are submitted to [2] and listed in Tables 3 and 4. 
Table 3. Submitted cross-check simulation results
	
	Cross-check Simulation Results in [2]

	HW
	NRAH2-11 cross check all raw data -- Huawei.xls
NRAH2-11 cross-check results -- Huawei.xls
NRAH2-11 Polar seq cross-check results -- Huawei.pdf
N256_K23_27_L4.xlsx

	Eri
	Ericsson_evaluation_results_submit_20170811.xlsx

	QC
	statistics_Qc_0pt1dB_Step_500error_Counts.xlsx

	SS
	(NRAH2-11) Cross Check Result_Samsung -_Results.xlsx

	ZTE
	[NRAH2-11] Polar Sequence and result_ZTE.xlsx

	LGE
	NRAH2-11 LGE evaluation results.xlsx

	MTK
	(NRAH2-11)_Result_MTK.xls
Polar_sequence_evaluation_MTK_20170810PST.pptx
N256_K23_27_L4_MTK_update.xlsx



From Table 4, it can be observed that:
Observation-3: 7 out of the 8 cross check results are consistent with Huawei’s simulation result: HW-sequence has the highest WinCount than the rest. 
Observation-4: Ericsson’s cross-check result is not consistent with the others.


Table 4. Summary on cross check results 
	
	HW
	SS
	Intel
	MTK
	QC
	ZTE
	LGE
	Eri

	Error blocks
	2000
	1000
	500
	200
	500
	300
	200
	200

	SNR step (dB)
	0.1
	0.1
	0.1
	0.1
	0.1
	0.1
	0.1
	0.1

	Total WinCount
	HW
(231)
	HW
(239)
	HW
(285)
	HW
(320)
	HW
(277)
	HW
(350)
	HW
(275)
	SS
(338)

	
	E 
(203)
	E
(232)
	E
(244)
	E
(297)
	E
(250)
	E
(327)
	E
(253)
	LGE
(328)

	
	QC (127)
	SS
(121)
	QC
(141)
	QC
(180)
	QC
(165)
	QC
(188)
	LGE
(222)
	HW
(299)

	
	SS 
(114)
	QC
(118)
	SS
(133)
	SS
(141)
	SS
(135)
	SS
(178)
	SS
(177)
	E
(297)

	
	ZTE
(47)
	ZTE
(56)
	ZTE
(57)
	LGE
(101)
	LGE
(57)
	ZTE
(98)
	QC
(159)
	QC
(284)

	
	LGE
(41)
	LGE
(45)
	LGE
(57)
	ZTE
(89)
	MTK
(52)
	LGE
(89)
	ZTE
(142)
	MTK
(258)

	
	MTK
(37)
	MTK
(36)
	MTK
(51)
	Not passing step 1
	ZTE
(50)
	MTK
(70)
	MTK
(115)
	ZTE
(208)

	HW:Eri
	0:0
	0:1
	1:2
	5:4
	0:1
	2:2 (300 error blocks)
0:0 (2000 error blocks)
	14:5
	39:52

	Cases Eri wins over HW
(K, N, L, BLER, delta SNR)
	
	(25, 256, 4, 0.01, 0.119)
	(25, 256, 4, 0.01, 0.112)
(25, 256, 8, 0.01, 0.102)
	
	(25, 256, 4, 0.01, 0.120)
	(25, 256, 4, 0.01, 0.134)
(25, 256, 8, 0.01, 0.106)
	
	



In a pair-wise comparison between HW-sequence and Eri-sequence, the only controversial winning case of Eri-Sequence over HW one is (K=25, N=256, L=4, BLER=0.01), on which companies have different simulation results in Table 5. 
Observation-5: For the case of (K=25, N=256, L=4, BLER=0.01),  3 of the 4 cross checks show that this is not a Win case for Eri-sequences over HW-sequence.  
Table 5. Cross check results with more error blocks (K=25, N=256, L=4, BLER=0.01)
	
	HW
	SS
	MTK
	ZTE

	Error blocks
	2000
	10000
	1000
	3000
	200
	10000
	300
	2000

	SNR step (dB)
	0.1
	0.01
	0.1
	0.1
	0.1
	0.01
	0.1
	0.1

	WinCount (HW: Eri)
	0:0
	0:0
	0:1
	0:1
	0:0
	0:0
	0:1
	0:0

	SNR Gap (HW-Eri)
	0.0792
	0.08346
	0.1190
	0.104
	0.0531
	0.0866
	0.13459
	0.09796



To further investigate this single case, HW and MTK simulated more error  blocks. Tables 6.1 and 6.2 show the data for 0.01 SNR steps with 10000 error blocks from HW and MTK simulations respectively [2].

Table 6.1. Data from Huawei (10000 error blocks, 0.01 SNR step)
	Es/N0
	Huawei Simulation 

	
	HW
	Ericsson

	-3.2
	0.013511658
	0.0110569

	-3.19
	0.013137817
	0.010744095

	-3.18
	0.012880325
	0.010482788

	-3.17
	0.01256752
	0.010210991

	-3.16
	0.012253761
	0.009958267

	-3.15
	0.011965752
	0.009667873

	-3.14
	0.01166153
	-

	-3.13
	0.011392593
	-

	-3.12
	0.011068344
	-

	-3.11
	0.010826111
	-

	-3.1
	0.010536194
	-

	-3.09
	0.010276794
	-

	-3.08
	0.010041237
	-

	-3.07
	0.009813309
	-

	Es/N0 at BLER=0.01:
	-3.078207725
	-3.161668693

	Delta
(HW seq - Eri Seq)
	0.083460968




Table 6.2. Data from MTK (10000 error blocks, 0.01 SNR step)
	Es/N0
	MTK Simulation 

	
	HW
	Ericsson

	-3.2
	0.013642
	0.010894

	-3.19
	0.013304
	0.010589

	-3.18
	0.012958
	0.010363

	-3.17
	0.012682
	0.010107

	-3.16
	0.012335
	0.009842

	-3.15
	0.012023
	0.009607

	-3.14
	0.011718
	0.009357

	-3.13
	0.01147
	0.009099

	-3.12
	0.011144
	0.008885

	-3.11
	0.010874
	0.008656

	-3.1
	0.010585
	0.008433

	-3.09
	0.010281
	0.008252

	-3.08
	0.010016
	0.008047

	-3.07
	0.009771
	0.007831

	-3.06
	0.00951
	0.007618

	-3.05
	0.009238
	0.007423

	Es/N0 at BLER=0.01:
	-3.079361
	-3.165961

	SNR gap
(HW seq - Eri Seq)
	[bookmark: _GoBack]0.086600



The simulation results with fine SNR granularity of 0.01dB and large  error blocks of 10000 clearly show that the SNR gap between HW-seq and Eri-seq for the single case under consideration is not larger than the threshold agreed for the comparison. Hence this case should not even be considered in the comparison.
Observation-6: With 10000 error blocks, for the single case of (K=25, N=256, L=4) the SNR gap between HW-seq and Eri-seq is below the threshold. Hence this case should not be considered in the winning count.  
Based on the results provided by many companies, we propose the following 
Proposal-1: Adopt HW-sequence as Polar code sequence for NR control channel.
Conclusion

Observation-1: 7 candidate sequences are submitted in [2].
Observation-2: HW-sequence has the highest WinCount in term of the sequence decision procedure.
Observation-3: 7 out of the 8 cross check results are consistent with Huawei’s simulation result: HW-sequence has the highest WinCount than the rest. 
Observation-4: Ericsson’s cross-check result is not consistent with the others.
Observation-5: For the case of (K=25, N=256, L=4, BLER=0.01),  3 of the 4 cross checks show that this is not a Win case for Eri-sequences over HW-sequence..  
Observation-6: With 10000 error blocks, for the single case of (K=25, N=256, L=4) the SNR gap between HW-seq and Eri-seq is below the threshold. Hence this case should not be considered in the winning count.
Proposal-1: Adopt HW-sequence as Polar code sequence for NR control channel.
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Appendix A
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. 

Appendix B 

Clarification of decision procedure [2]:
1. In the agreed sequence selection procedures, replace “A’s performance is worse than B – PerfThresh” by “A’s performance is worse than B + PerfThresh”, and replace “A’s performance is better than B + PerfThresh” by “A’s performance is better than B - PerfThresh”. (Note: This is already corrected in the kick-off email.)
2. Use R =(K+J+J’) / N to calculate the coding rate. 
3. For each simulation case, the simulation can be terminated if the number of error blocks reaches at least 200 with 0.1dB SNR step size. Companies are encouraged to run sufficient blocks to get stable observations
4. Definition of decoding error: If any of the decoded (K+J+J’) bits is different from the transmitted (K+J+J’) bits, then block error count increments by 1. In other words, the geni-based approach (checking over all info bits, CRC bits, and assistant bits) is used for block error count. 
5. For reporting the SNR upon evaluation of all sequences, use the template “[NRAH2-11] result template.xls”, which contains all relevant simulation cases.
6. For proposing candidate sequences, use the template “(NRAH2-11) Polar sequence template_update 20170802_2200.xls”, where the sequence is defined in ascending order of reliability, and each element in the sequence corresponds to a bit position. (Note: One example sequence is provided in the kick-off email.) 
7. Use same random seed for each combination of (N, K, L, SNR) to generate the noise for comparing different sequences.
8. Each proponent describes how nested short sequences are generated from the long sequence of length N=1024. In addition, the short sequences can be explicitly provided by each proponent.
10. The simulate case of K = min(200, Kmax,N) belongs to the category of “PerfThresh_K = 0.1dB for lower range of K”.

Appendix C
Table C.1 Simulation cases according to the agreed decision procedure
	Codeword length(N)
	Info. Block length(K)
	Cases for each list size(L)

	64
	8:1:34
	27

	128
	8:1:87
	80

	256
	13:1:194
	182

	512
	45:1:200; 224:24:392 
	164

	1024
	109:1:200; 224:24:824
	118

	Total
	
	571



Table C.2 Thresholds for different cases
	List size(L)
	Info. Block length(K)
	Threshold

	L=1
	All
	0.4

	L=2
	<=200
	0.2

	
	>200
	0.3

	L=4, 8, 16

	<=200
	0.1

	
	>200
	0.3




