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1 Introduction
During RAN1#88bis meeting, regarding new RAT (NR) primary/secondary synchronization signal (PSS/SSS), RAN1 agreed or set as working assumptions the followings: the number of NR-PSS sequences, NR-PSS/SSS sequence details, the length of NR-PSS/SSS sequences and subcarrier mapping, subcarrier spacing for NR-PSS/SSS, the number of cell ID hypotheses to be supported, and the number of antenna port for NR-SSS [1]: 
Agreements:
· Working assumption: Number of PSS sequences: 3

· PSS sequence details:

· Frequency domain-based pure BPSK M sequence (fixing the time/freq. offset ambiguity)

· 1 polynomial: Decimal 145 (i.e. g(x) = x7 + x4 + 1)
· In freq. domain 3 cyclic shifts (0, 43, 86) to get the 3 PSS signals

· Initial poly shift register value: 1110110

· FFS modified ZC: 2 ZC sequences concatenation or interleaving in time or freq., 4 ZC sequences concatenation in time

· Number of SSS signals: 1000 post-scrambling

· PSS sequence length: 127 for frequency domain-based pure BPSK M sequence
· Note that PSS will be mapped to consecutive 127 subcarriers

· SSS sequence length: 127

· Subcarrier spacings for PSS/SSS for difference freq. ranges: 15kHz/30kHz for below 6 GHz, and 120kHz/240kHz for above 6 GHz

· Note: RAN1 assumes that RAN4 will decide it depending on frequency ranges
· SSS sequence details: Long M-sequence with scrambling
· The number of antenna ports of NR-SSS is 1  
· Support about 1000 hypotheses provided by NR-PSS/SSS to represent NR physical cell ID for NR-SS design.

· FFS: indication of radio frame boundary by NR-SSS
In this document, we discuss remaining design details on NR-SSS such as scrambling and mapping from cell IDs to sequences, and provide PSS/SSS detection performances for the proposed NR-SSS.   
2 Remaining details on NR-SSS design
Details on the proposed NR-SSS sequence generation method are provided below: 
Sequence generation (L=127)
A SSS sequence 
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 is an identity carried by PSS, and 
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 is an identity carried by SSS. The index 
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 corresponds to a SS burst set index within 20ms default SS burst set periodicity, in order to indicate radio frame boundary.
The sequences
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 are defined by cyclic shifts of the m-sequences 
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The first m-sequence 
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with initial conditions 
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The second m-sequence 
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with initial conditions [image: image33.wmf].
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The third m-sequence 
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with initial conditions 
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Since the m-sequences 
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 additional sequences resulting in bounded low cross-correlation, 1000 sequences generated by 
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 are a set of Gold sequences and their cyclic shifts. Employing the third m-sequence 
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 as a scrambling sequence can avoid potential high cross-correlation among the sequences 
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 due to residual carrier frequency offset (CFO). Furthermore, different cyclic shifts of the m-sequence 
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 can indicate radio frame boundary (e.g., SS burst set index) as explained in our companion paper [2]. 
Proposal 1: Consider applying a scrambling sequence to Gold codes (and their cyclic shifts) for generating SSS sequences robust to residual CFO. Cyclic shifts of the scrambling sequence can be considered to indicate radio frame boundary in SSS. 
3 Performance evaluation

Figure 1 shows comparison of cross-correlation performances with various residual CFO values (0.2, 0.3, 0.5, and 0.7 subcarrier spacing) for the following two cases: 

· SSS with a scrambling sequence: SSS 
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, consisting of 3 sequences  including a scrambling sequence 
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· SSS without a scrambling sequence: SSS 
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For the residual CFO of 0.5 subcarrier spacing (SCS), SSS with the scrambling sequence has the maximum cross correlation-to-auto correlation ratio less than 0.7, while SSS without the scrambling sequence has the maximum cross correlation-to-auto correlation ratio close to 1. For the residual CFO of 0.7 SCS, SSS without the scrambling sequence results in the cross correlation-to-auto correlation ratio up to 3.2.

Joint PSS/SSS detection performances for PSS working assumptions and the proposed SSS sequences were evaluated according to simulation assumptions shown in Table 1. Assuming that the SS burst set periodicity is 5ms or 20ms, SSS sequences generated from 
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, i.e. 1000 hypotheses, and SSS sequences with 4000 hypotheses are considered for evaluation. Figure 2 shows similar detection performances for slowly moving UEs (3km/h) and fast moving UEs (120km/h). Moreover, it is shown that increasing SSS hypotheses from 1000 to 4000 results in similar SNR performance at 10% mis-detection rate and approximately 0.5dB degradation at 1% mis-detection rate.  
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(a) SSS with a scrambling sequence                                                     
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(b) SSS without a scrambling sequence     
Figure 1 NR-SSS cross-correlation performances (CDF of cross-correlation normalized by auto-correlation)
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Figure 2 PSS/SSS misdetection rate for single-cell scenario
4 Conclusion
In summary, we propose the followings for NR-SSS design:

· Proposal 1: Consider applying a scrambling sequence to Gold codes (and their cyclic shifts) for generating SSS sequences robust to residual CFO. Cyclic shifts of the scrambling sequence can be considered to indicate radio frame boundary in SSS. 
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Appendix
Table 1 Link-level evaluation assumptions
	Parameter
	Value

	Carrier Frequency
	4GHz

	Default subcarrier spacing
	30kHz

	Channel model
	CDL-C with delay scaling values of 100ns for 4 GHz, and 30 ns for 30 GHz

ASA, ASD, ZSA, and ZSD scaling values: 
ASA = 5 degree, ASD = 30 degree, ZSA = 5 degree, ZSD = 1 degree 
The CDL table is translated so that the strongest cluster’s AoD and AoA occur at a random angle for both the antenna panels of TRP and UE in the local coordinate. The value of the random angle is selected to be uniformly distributed from +30 to -30 degree. The random value is chosen independently for both AoD and AoA.

	Antenna configuration at the TRP
	(1,1,2) with omni-directional antenna element, 1 antenna port

	Antenna configuration at the UE
	(1,1,2) with omni-directional antenna element, 2 antenna ports

	Antenna port virtualization at the TRP
	Same signal transmitted on two cross polarized antenna elements with equal power splitting between the two antenna elements.   

	UE speed
	3km/h, 120km/h

	Time window to search NR-PSS
	20ms 

	Target received baseband SNR 
	-6dB

	Frequency Offset
	TRP: uniform distribution +/- 0.05 ppm

UE: uniform distribution +/- 5 ppm
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