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Introduction
In RAN1#89, the following offline agreement has been made: 
Offline Agreement: 
· Down select NR-SSS sequence design from following options within this meeting
· Option 1: 1 polynomial with 127 cyclic shifts, and 1 another polynomial with 9 cyclic shifts
· Two generator polynomials will be defined for m-sequences, and cyclic shift according to NR-cell ID is applied to each m-sequence
· See appendix A for detailed example
· With or without additional scrambling can be discussed
· Option 2: 3 polynomials with 127 cyclic shifts, and 1 another polynomial with 3 cyclic shifts
· Three generator polynomials will be defined for m-sequences, and one out of three is selected and cyclic-shifted according to the part of NR-cell ID
· One additional generator polynomial will be defined for scrambling sequence, and cyclic shift according to PSS ID is applied to generated scrambling-sequence
· See appendix B for detailed example
· Companies need to check PSS-SSS cross-correlation results with CFO in the proposed designs by Wednesday.













PSS-SSS cross-correlation evaluation results are required to down select from Option 1 and Option 2 in the meeting. 
Proposed NR-SSS Designs
Companies’ proposals for NR-SSS sequence design are summarized in TABLE 1: 
· Option 1: 1 polynomial (denoted by ) with 127 cyclic shifts, and 1 another polynomial (denoted by ) with 9 cyclic shifts
· Option 2: 3 polynomials (denoted by , , ) with 127 cyclic shifts, and 1 another polynomial (denoted by ) with 3 cyclic shifts
[bookmark: _Ref482715021]TABLE 1 Summary of NR-SSS sequence designs
	Design Option
	 or  
	Shifts of   or  
	
	Shifts of  

	Option 1a: Intel [1]
	
	
	
	}

	Option 1b: Huawei [2]
	
	
	
	

	Option 1c: Nokia [3]
	
	
	
	

	Option 2a: DOCOMO [4]
	


	
	
	

	Option 2b: Qualcomm [5]
	


	
	
	

	Option 2c: Ericsson [6]
	


	
	
	

	Option 2d: Samsung *
	


	
	
	



* Note that Option 2d is optimized regarding all possible combinations of the three M-sequence generators by fixing the scrambling sequence generator as . FIGURE 1 illustrates the evaluation results of maximum normalized PSS-SSS cross-correlation with respect to 680 combinations of the three M-sequence generators (3 out of the remaining 17 generators). It can be observed that there are multiple combinations that can achieve the same minimum maximum cross-correlation, and the proposal in Option 2d is one of them. 
[image: ]
[bookmark: _Ref482712853]FIGURE 1 Max normalized PSS-SSS cross-correlation for all combination of the three M-sequence generators.
Evaluation Results
The CDF of normalized PSS-SSS cross-correlations (normalized by auto-correlation of PSS and SSS) is shown in FIGURE 2.  The maximum normalized cross-correlations for different options are shown in TABLE 2. It can be observed that when both applied with optimal generators, Option 1 and Option 2 can achieve similar performance in term of normalized PSS-SSS cross-correlation (i.e., similar CDF and same maximum value). 
[image: ]
[bookmark: _Ref482713194]FIGURE 2 CDF of normalized PSS-SSS cross-correlation from different proposals.

[bookmark: _Ref482713537]TABLE 2 Max normalized PSS-SSS cross-correlation from different proposals.
	
	Mean normalized PSS-SSS cross-correlation
	Max normalized PSS-SSS cross-correlation

	Option 1a: Intel [1]
	0.0080
	0.0252

	Option 1b: Huawei [2]
	0.0080
	0.0252

	Option 1c: Nokia [3]
	0.0080
	0.1219

	Option 2a: DOCOMO [4]
	0.0080
	0.1219

	Option 2b: Qualcomm [5]
	0.0080
	0.1008

	Option 2c: Ericsson [6]
	0.0080
	0.0910

	Option 2d: Samsung 
	0.0080
	0.0252



Observation 1: Option 1 and Option 2 have same mean normalized PSS-SSS cross-correlation.
Observation 2: When both applied with optimal generators, Option 1 and Option 2 can achieve same performance in term of the CDF and maximum value.
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