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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1 NR Ad Hoc meeting [1], the following agreement for NR SSS has been made. 
Agreement: 
Confirm Working Assumption for NR-SSS design from RAN1#89, except for:
. Ordering of initial state:
1. NR-SSS, initial value x(0) = 1, x(1) = 0, x(2) = 0, x(3) = 0, x(4) = 0, x(5) = 0, x(6) = 0
. Cyclic shift values m0 and m1:
2. FFS between formulae in the RAN1#89 working assumption and the following formulae, to be evaluated during this week and confirmed by Friday: 

In this contribution, we will evaluate the performance of NR SSS proposals with the aforementioned two mappings between cyclic shifts and cell IDs, which are also listed in Table 1 for convenience. 
  Table 1. Mappings between the cyclic shifts and cell ID of NR SSS.
	Mapping 1
	

	Mapping 2
	



Evaluation results
[bookmark: _Ref469320941][bookmark: _Ref473289860]PAPR, CM and cross-correlation performance 
Tables 2-6 list the PAPR, CM and various cross-correlation performance of NR SSS with the two mappings between cyclic shifts and cell ID. Appendix contains the definitions of various evaluation metrics. From these tables we can make the following observation.
Observation 1: Regarding the two cyclic shift mappings
· Mapping 1 has lower PAPR and CM than mapping 2;
· Mapping 2 has lower cross-correlation among SSS sequences than mapping 1;
· Mapping 1 has lower time-domain-, but slightly higher frequency-domain, cross-correlation between SSSs and PSSs than mapping 2.
In brief, both the two mappings in Table 1 have their pros and cons. Hence to make down-selection between them, we perform further simulation evaluation.  
Table 2. PAPR and CM of NR-SSS with FFT size 2048
	
	PAPR (dB) (min, mean, max)
	CM (dB) (min, mean, max)

	Mapping 1
	5.6336, 7.6156, 9.6449
	2.3503, 3.2931, 4.6744

	Mapping 2
	5.5042, 7.6381, 10.7833
	2.2412, 3.3234, 5.0416



Table 3. Frequency-domain Maximum Normalized Cross-Correlation Power between all SSSs, .
	
	

	 sample

	
 SCS
	 sample
 SCS

	Mapping 1
	0.0179
	0.0640
	0.4990
	0.4990

	Mapping 2
	0.0179
	0.0624
	0.0987
	0.0987



Table 4. Frequency-domain Maximum Normalized Cross-Correlation Power between SSSs associated with the same PSS, .
	
	

	 sample

	
 SCS
	 sample
 SCS

	Mapping 1
	0.0179
	0.0467
	0.1221
	0.1221

	Mapping 2
	0.0179
	0.0561
	0.0938
	0.0938



Table 5. Time-domain Maximum Normalized Cross-Correlation Power between PSS and SSS, .
	
	

	 samples

	 samples

	 samples


	Mapping 1
	0.0179
	0.0736
	0.0858
	0.0867

	Mapping 2
	0.0179
	0.0830
	0.0875
	0.0961



Table 6. Frequency-domain Maximum Normalized Cross-Correlation Power between PSS and SSS, .
	
	

	 sample

	
 SCS
	 sample
 SCS

	Mapping 1
	0.0179
	0.0586
	0.0763
	0.0763

	Mapping 2
	0.0179
	0.0586
	0.0761
	0.0761



Simulation evaluation
Similar to the discussion in [2], we consider the following two metrics to evaluate the simulation performance of NR SSS with the two mappings. 
· Cell ID detection probability: The probability that one cell ID (in the initial acquisition case) or all cell IDs (in the non-initial acquisition case) transmitted by the TRPs are successfully detected, and the corresponding residual time offset is within half CP length;
· Cell ID false-detection probability: The probability that a detected cell ID is not a cell ID transmitted by any of the TRPs.
The detailed simulation setting is exactly the same as that adopted in [2] and so is omitted here for brevity. Figure 1 shows the system performance in the initial acquisition case, and Figure 2 shows the system performance in the non-initial acquisition case. From these two figures we can see that the two mappings lead to almost the same performance in terms of both cell ID detection proability and cell ID false detection probability. They both provide sufficiently low cell ID false detection probabilities even under large frequency offsets. Hence we have the following observation.
Observation 2: The two cyclic shift mappings perform well and have almost the same performance in terms of cell ID detection probability and cell ID false detection probability.  
 [image: ][image: ]
(a)												(b)
[bookmark: _GoBack]Figure 1. Performance comparison between NR SSS with different mappings between cyclic shifts and cell ID in the initial acquisition case. The thresholds are set to guarantee false alarm probabilities not higher than 1% in both NR-PSS detection and NR-SSS detection. Both the cell ID detection performance (a) and cell ID false detection performance (b) are considered. 
 [image: ] [image: ]
Figure 2. Performance comparison between NR SSS with different mappings between cyclic shifts and cell ID in the non-initial acquisition case. The thresholds are set to guarantee false alarm probabilities not higher than 1% in both NR-PSS detection and NR-SSS detection. Both the cell ID detection performance (a) and cell ID false detection performance (b) are considered.
Recall from Tables 3 and 4 that mapping 2 has better cross-correlation performance between SSS sequences than mapping 1, which is expected to bring better cell ID detection false detection performance of the system. This is, however, not observed in Figures 1 and 2. 
Conclusion
In this contribution, we have discussed the performance of NR SSS with different mappings between cyclic shifts and cell IDs. Based on the discussion, we have the following observations.
Observation 1: Regarding the two cyclic shift mappings
· Mapping 1 has lower PAPR and CM performance than mapping 2;
· Mapping 2 has lower cross-correlation among SSSs than mapping 1;
· Mapping 1 has lower time-domain-, but slightly higher frequency-domain, cross-correlation between SSSs and PSSs than mapping 2.
Observation 2: The two cyclic shift mappings perform well and have almost the same performance in terms of cell ID detection probability and cell ID false detection probability.  
Appendix 
Peak-to-average power ratio (PAPR) and cubic metric (CM)
Given the time-domain waveform of the i-th SSS sequence without CP, i.e., and, its PAPR and CM values are calculated as

and [2] 

where  and . Note that here we let .
Time-domain cross-correlation between PSS and SSS
The time-domain waveform of the i-th SSS sequence is denoted by and. Here, we let  and  be the total number of SSS sequences after scrambling given in the SSS proposals of different companies. Let  be the signal that corresponds to an SSS with certain frequency offset , i.e.,

The normalized cross-correlation output power at the p-th PSS detector can then be expressed as

where  is the time-domain waveform of the p-th PSS sequence, i.e., the BPSK modulated m-sequence with generator polynomial x7 + x4 + 1, initial state 1110110 and cyclic shifts 0, 43 and 86. 
The maximum value of  for each SSS proposal under various constraints about the time offset  (unit: samples) and frequency offset  (unit: subcarrier spacing, SCS) is given by  

Frequency-domain cross-correlation
Denote by  and , respectively, the i-th SSS sequence and the p-th PSS sequence, both in the frequency domain. Here we have . Let  be the Fourier transform of the time-domain waveform. The normalized cross-correlation powers between an SSS sequence and a PSS sequence, and that between two SSS sequences, are respectively defined as 

and

Their maximum values for each SSS proposal under various constraints about the time offset  (unit: samples) and frequency offset  (unit: subcarrier spacing, SCS) are given by  

and

It should be noted that in the definition of  above, we assume that the SSS sequences  are associated with the p-th PSS sequence (). Hence   is calculated only among the SSS sequences associated with the same PSS sequence. This is because after successful PSS detection, the remaining SSS sequence hypotheses are only those associated with the detected PSS sequence, and the other SSS sequence hypotheses associated with the other two PSS sequences will not be considered.
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