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1. Introduction
The following agreements were made on NR sidelink synchronization in the RAN1 #95 meeting [1]:
· Confirm the working assumption that initial frequency error before synchronized to any synchronization source should be within ±5 ppm for the purpose of evaluation.  
· S-SSB has the same numerology, which includes SCS and CP length, as that of control and data channels for a given carrier 
· The transmission bandwidth for S-SSB is within the BW of the (pre)-configured SL-BWP.  
· FFS:  The actual transmission BW for S-SSB and sync raster
· For evaluation of V2X S-SSB, the transmission bandwidth of S-SSB is in proportion to the SCS for the design of V2X S-SSB.  
· Alt1: 24 PRBs 
· Alt2: 20 PRBs  
· Other values are not precluded
· For the evaluation of S-PSS/S-SSS, the sequences and/or polynomials used in NR Uu PSS/SSS are used as the starting point of the NR V2X S-PSS/S-SSS design.
· Others are not precluded.
· The aspects of synchronization sequence for NR V2X to be considered for the evaluation include,
· The length of S-PSS and S-SSS sequences
· If and how to distinguish from NR Uu PSS and SSS sequences
· The number of NR SL-SSID targeted in the design of NR V2X S-PSS/S-SSS 
· Use cases of NR SL-SSID should be addressed

Based on these agreements, we discuss design considerations for NR sidelink synchronization. 

2. Discussion
[bookmark: _Hlk534978560]2.1 NR sidelink S-PSS/S-SSS sequence design consideration 

Like NR Uu PSS/SSS, NR V2X SL S-PSS/S-SSS may carry SL-SSID for indication of synchronization sources [2]. In addition, NR SL S-PSS/S-SSS may need to consider minimizing the cross-correlation between SL S-PSS/S-SSSS and NR Uu PSS/SSS to avoid the timing estimation ambiguity when SL S-PSS/S-SSS and NR SSS/PSS are TDMed on the shared carrier on Uu interface. Therefore, the sequence design for S-PSS/S-SSS needs to be studied. 
In this contribution, we addressed the design SL S-PSS/S-SSS sequences based on M-sequence which is similar to the Uu NR PSS/SSS sequence design specified in [3]. 
NR V2X Sidelink S-PSS bandwidth may be based on 20 RB as NR Uu PSS. The base sequence dS-PSS(n) is defined by:

where  is an m-sequence with polynomial f(x) = x7 + x4 + 1 and the initial value specified in [3]. To evaluate the cross-correlation property between S-PSS and PSS, the Mean Square Aperiodic Cross-Correlation (MSACC) with the NR Uu PSS sequences may be used for assessment [5], [6].  
The MSACC can be expressed as follow 
,
where  denotes the total number of NR Uu PSS sequences,  denotes the -th cyclic shift value for the  sequence,  {0, 1, 2, …, N-1} and  denotes the aperiodic cross-correlation value [5], [6], between -th NR Uu PSS sequence and -th cyclic-shift of  sequence. 
To evaluate the auto-correlation property of SL S-PSS, the mean square auto-correlation (MSAAC) can be used for assessment [6].  The MSAAC can be expressed as follow
,
[bookmark: _Hlk534890724]where  denotes the aperiodic auto-correlation value for -th cyclic-shift of  sequence. Selecting m-sequence sets with good cross-correlation properties may result in the degradation of auto-correlation properties [6]. Therefore, it is desired to select cyclic-shift m-sequences which have lower MSACC and MSAAC values. 
From Figure 1 (a) and (b), the simulation results show that the cyclic-shift values {20, 63, 106} have lower aperiodic cross-correlation with the NR Uu PSS and lower aperiodic auto-correlation values.   
[image: ]

[bookmark: _Ref534887337]Figure 1 (a) Mean square aperiodic cross-correlation (MSACC) with the NR Uu PSS sequences (b) Mean square aperiodic auto-correlation (MAAAC) for each cyclic-shift 

Proposal 1: M-sequence with cyclic-shift may be used for NR S-PSS sequence design.    
Proposal 2: NR SL S-PSS sequences carrying  with low cross-correlation with NR Uu PSS sequences may be studied.
Similarly, SL S-SSS sequence generation may be like Uu SSS sequences specified in [3]. The sequence  is defined by:  

where  denotes modulo-2 addition (or XOR) operation,  is an m-sequence generating from primitive polynomial , and   is an m-sequence generating from polynomial . Any non-zero vector can be used for the initial value for  and . Similar to  and  defined in NR Uu SSS specified in [3], where , ,  ∊ {0, 1, …, 335}.   
Proposal 3: NR SL S-SSS sequences carrying  and  with the sequences similar to NR Uu SSS sequences may be studied.

2.2 Resources for SL SS/PBCH
For shared carrier scenario, SL SS/PBCH resources may be allocated in a sub-band which may be fully, partially, or non-overlapped with Uu SS/PBCH in time and frequency. 
As shown in Figure 2, for paired spectrum, SL SS/PBCH can be allocated to a UL frequency band thus UEs under network coverage may not receive SL SS/PBCH. However, this allocation method may sacrifice the utilization of UL resources allocation.  In addition, for unpaired spectrum, DL and UL are at a same frequency band, and the allocation of SL SS/PBCH resources may be overlapped with Uu SS/PBCH in frequency domain.  To avoid the possible overlapping, SL SS/PBCH and Uu SS/PBCH may be TDMed [4] as shown in Figure 3. However, in this case, SL S-PSS/S-SSS design has to consider how to reduce the correlation between Uu SS/PBCH and SL SS/PBCH to avoid the timing estimation ambiguity.
Proposal 4: NR should study SL SS/PBCH resource allocation methods especially when sharing the carrier with the Uu interface.  



[bookmark: _Ref494708040]Figure 2 SL SS/PBCH and Uu SS/PBCH are FDMed



[bookmark: _Ref525917797]Figure 3 SL SS/PBCH and Uu SS/PBCH are TDMed
   
3. Conclusion
In this contribution, we discussed the NR V2X sidelink synchronization design considerations, and we propose the follows.
Proposal 1: M-sequence with cyclic-shift may be used for NR S-PSS sequence design.    
Proposal 2: NR SL S-PSS sequences carrying  with low cross-correlation with NR Uu PSS sequences may be studied.
Proposal 3: NR SL S-SSS sequences carrying  and  with the sequences similar to NR Uu SSS sequences may be studied.
Proposal 4: NR should study SL SS/PBCH resource allocation methods especially when sharing the carrier with the Uu interface.  
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