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Introduction
In RAN1#88bis, the following working assumption, agreements and conclusions related to the sequence design details of NR synchronization signals were made [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
Agreements:
· The number of antenna ports of NR-SSS is 1.
Agreements:
· 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 both single beam and multi-beam scenario, support only time division multiplexing of PSS, SSS and PBCH.
Conclusions:
· For NR-SS,
· Following remaining issues need to be finalized in the next meeting
· Confirmation of WA of NR-PSS
· NR-SSS M-sequence parameters and scrambling details
· Mapping from Cell IDs to sequences
· Maximum number of SS blocks in an SS burst set
· Mapping of NR-PSS, NR-SSS and NR-PBCH to SS block of SS burst set configurations
· Followings remaining issues need to be finalized by Nov. meeting
· Remaining details of SS burst set configurations
· Mapping of SS blocks to bursts
· Mapping of SS bursts to burst sets
· Indication of actually used SS blocks
· Note that all RRC related aspects need to be finalized by Oct. meeting































This contribution discusses the remaining design details of NR synchronization signals (e.g. NR-PSS and NR-SSS), with respect to the study points and remaining issues from the above agreements.
Number of NR-PSS Sequences
In the last RAN1 meeting, a working assumption of three NR-PSS sequences has been made, where single M-sequence with three different cyclic shifts is utilized to represent the cell ID hypotheses carried by NR-PSS. However, from our evaluation (as shown in FIGURE 1, FIGURE 2, and FIGURE 3), the design of three NR-PSS sequences does not show obvious performance gain over the design of single NR-PSS sequence, but will cause much larger detection complexity. 
[image: ]
[bookmark: _Ref481495318]FIGURE 1 Cell ID detection error from joint one-shot NR-PSS and NR-SSS detection.
[image: ]
[bookmark: _Ref481495319]FIGURE 2 CDF of residual CFO from one-shot NR-PSS detection at -6dB SNR.
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[bookmark: _Ref481495321]FIGURE 3 CDF of residual timing offset from one-shot NR-PSS detection at -6dB SNR.

The main issues with the design of multiple NR-PSS sequences are summarized as follows. First of all, NR-PSS sequence is utilized to detect the time-domain and frequency-domain synchronization hypotheses, such that the PSS detection stage contributes dominantly to the overall detection complexity. For example, if NR-PSS has  frequency-domain hypotheses and   time-domain hypotheses, the total number of blind detection in PSS-stage is , where  is the number of NR-PSS sequences, and the total number of blind detection in SSS-stage is . In general, , so associating smaller number of cell ID hypotheses in NR-PSS is beneficial for overall detection complexity. Note that if M-sequence is utilized to construct NR-PSS sequence, the property of conjugate sequences as for ZC-sequences cannot be utilized to decrease the detection complexity. Secondly, the two-stage cell ID detection scheme has a false alarm issue, especially for neighboring cell search. Due to the sequential nature of cell ID detection (where the detected cell ID is derived from the composition of two detected indices from the PSS and SSS detection stages, and the construction of SSS sequence is based on the scrambling using cell ID information within PSS), the UE on the cell edge ends up with detecting many false cell ID candidates. Those false candidates can be removed in the PBCH detection, however, the periodicity of PBCH is much larger than PSS and SSS, and the capability of cell ID correction from PBCH detection is limited. Hence, fully relying on PBCH to remove the false candidates is not efficient, and it also causes increased latency in cell ID acquisition and degrades the performance of handover. Thirdly, single NR-PSS sequence has better performance in term of residual time-domain and frequency-domain offset (as shown in FIGURE 2 and FIGURE 3 correspondingly), which is not only beneficial in NR-SSS detection (the one we study in this contribution), but also beneficial in other signal detection and/or decoding like NR-PBCH, where the later benefit has not been fully addressed yet in RAN1. Lastly but not leastly, from the above evaluation results (as shown in FIGURE 1), no obvious performance degradation is observed in term of cell ID detection accuracy by using single NR-PSS sequence for multi-cell scenario (where SFN effect is considered). Note that the evaluation assumption of the multi-cell scenario has exact three cells, which can be considered as the worst evaluation scenario for single NR-PSS sequence design comparing to three NR-PSS sequences design, and even in this scenario, no significant performance degradation is observed. In reality, multiple neighboring TRPs can utilize the same cell ID and more than three cells can interfere with each other, such that chance to see performance gap as evaluated in the simulation is very rare in practice. 
Based on above observations and discussion, we have the following proposal: 
Proposal 1: NR shall support single NR-PSS sequence, where no cell identity hypothesis is included in NR-PSS and all cell ID information is included in NR-SSS.
NR-SSS Sequence Design
In the last RAN1 meeting, it was agreed that long M-sequences with cyclic shifts and scrambling sequence are utilized for constructing NR-SSS. Details of the NR-SSS sequence design and its mapping to cell ID are described as follows: 
The sequence  used for NR-SSS is generated from a frequency-domain M-sequence with cyclic shift according to 

where   is a length-127 M-sequence with number index  and cyclic shift value , according to 

and  is the No. () sequence defined as follows.
	No.
	Recursive construction method
	Corresponding polynomial
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The mapping of cell ID  to  and  is according to 


where the set {1,2,3,4,5,6,7,8}, and set . 
Proposal 2: NR shall support using long M-sequences with cyclic shifts to construct NR-SSS sequences.
NR-PSS and NR-SSS Antenna Port
In RAN1 #88 and RAN1 #88bis, it has been agreed that the number of antenna port for NR-PSS and NR-SSS are both 1. In RAN1 # 88bis, it has also been made in a working assumption that the number of antenna port for NR-PBCH is 1. To enable coherent detection for NR-SSS using NR-PSS, as well as coherent detection for NR-PBCH using NR-SSS (at least as part of the demodulation RS), the same antenna port for NR-PSS, NR-SSS, and NR-PBCH should be utilized. FIGURE 4 illustrates the evaluation results on one-shot cell ID detection error with and without precoder cycling. It can be observed that the cell ID detection performance is not impacted significantly when applying the same precoder on NR-PSS, NR-SSS, and NR-PBCH. 
Proposal 3: NR UEs should assume same antenna port for NR-PSS, NR-SSS, and NR-PBCH.
[image: ]
[bookmark: _Ref481769544]FIGURE 4 One-shot cell ID detection error with and without precoder cycling.
Remaining Issues with NR-SS Bandwidth and Subcarrier Spacing
All above evaluation results are based on the assumption that 30 kHz subcarrier spacing is utilized for 4 GHz carrier frequency. If 15 kHz subcarrier spacing is utilized, and both NR-PSS and NR-SSS sequences are mapped to consecutive subcarriers, the capability of resisting CFO from NR-PSS detection may degrade. FIGURE 5 illustrates such an example.
[image: ]
[bookmark: _Ref481771237]FIGURE 5 One-shot cell ID detection error using different bandwidth and subcarrier spacing.

Conclusions
This contribution presented the remaining details of NR-SS sequence design. Based on the discussion above, we have the following proposals:
Proposal 1: NR shall support single NR-PSS sequence, where no cell identity hypothesis is included in NR-PSS and all cell ID information is included in NR-SSS.
Proposal 2: NR shall support using long M-sequences with cyclic shifts to construct NR-SSS sequences.
Proposal 3: NR UEs should assume same antenna port for NR-PSS, NR-SSS, and NR-PBCH.
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Appendix
[bookmark: _Ref474140471][bookmark: _Ref474140467]TABLE 1 Link level simulation assumptions [2] [3].
	Parameter
	Assumption

	Carrier frequency
	4.0 GHz

	Subcarrier spacing
	30 kHz 

	UE CFO 
	initial acquisition scenario: [-5 5] ppm

	SS block periodicity
	10 ms

	Antenna
	2×2

	Channel model
	CDL-C with 100 ns delay spread

	UE speed
	3 km/h

	NR-PSS and NR-SSS multiplexing
	TDM

	NR-PSS sequence
	Single NR-PSS sequence: length-127 M-sequence without cyclic shifts
Three NR-PSS sequences: length-127 M-sequence with three cyclic shifts

	NR-SSS sequence
	Single NR-PSS sequence: length-127 M-sequences with cyclic shifts
Three NR-PSS sequences: length-127 M-sequences with cyclic shifts and scrambling sequence

	Multi-cell scenario
	According to [2] and [3]
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