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1. Introduction

NR V2X is destined as 3GPP V2X phase 3 and would support advanced V2X services beyond services supported in LTE Rel-15 V2X. For the 3GPP V2X Phase 3, study item includes sidelink design as one of objectives with considering in-network coverage, out-of-network coverage and partial network coverage as below [1].

Sidelink design:
- Identify technical solutions for a NR sidelink design to meet the requirements of advanced V2X services, including
▪ Study the support of sidelink unicast, sidelink groupcast and sidelink broadcast

▪ Study NR sidelink physical layer structures and procedure(s)

▪ Study sidelink synchronization mechanism
▪ Study sidelink resource allocation mechanism (also including objective 3)

▪ Study sidelink L2/L3 protocols
In this contribution, we will discuss considerations on sidelink synchronization signal for NR V2X among above sidelink design objectives, and provide our views.

2. Considerations on sidelink synchronization signal for NR V2X
PSSID sets and number of the PSSIDs in a set
In LTE sidelink, there are two PSSID(Physical Sidelink Synchronization Identity) sets. In each PSSID set, there are 168 PSSIDs as below.

  - id_net={0, 1, ..., 167}
  - id_oon={168, 169, ...., 335}
  - NIDSL= {0, 1, ..., 335}
  - NID(1)= NIDSL mod 168
  - NID(2)= int(NIDSL /168), NID(2)={0, 1}
For NR sidelink, there could be also two PSSID sets, i.e., id_net and id_oon if synchronization reference from NR network and synchronization reference from LTE network are not distinguish or these are distinguish by the other scheme except PSSIDs. On the other hand, id_net could be divided further if NR sidelink UE distinguish between synchronization reference from NR network and synchronization reference from LTE network by PSSIDs in coexistence of the two networks.
In each PSSID set, the number of PSSIDs should be studied  with consideration that number of the NR PCIDs increase as 1008 from 504 which is number of the LTE PCIDs.  
Proposal 1:
For NR PSSID sets and number of the PSSIDs in a set, 
- two PSSID sets as same to the LTE sidelink, or three PSSID sets if there is need to distinguish between synchronization reference from NR network and synchronization reference from LTE network by PSSIDs
- the number of PSSIDs in a set could be increased 
PSSS and SSSS sequence design of NR sidelink
For NR downlink, PSS and SSS sequences are based on length 127 M-sequence as below. As well known, a M-sequence is generated from a primitive polynomial with certain initial value, and the other M-sequences can be generated with application of CS(cyclic shift) values from the generated M-sequence.
- PSS

  ▪ 
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   ▪ primitive polynomial for x(m): 221(8), 10010001(2), x7+x4+1, i.e., x(i+7)=(x(i+4)+x(i))mod2
  ▪ initial value for x(m):[x(6) x(5) x(4) x(3) x(2) x(1) x(0)] = [1 1 1 0 1 1 0]

   ▪ CS values for x(m): 0, 43, 86 (3 sequences)

- SSS

  ▪ 
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  ▪ primitive polynomial for x0(m): 221(8), 10010001(2), x7+x4+1, i.e., x0(i+7)=(x0(i+4)+x0(i))mod2

  ▪ primitive polynomial for x1(m): 203(8), 10000011(2), x7+x1+1, i.e., x1(i+7)=(x1(i+1)+x1(i))mod2
  ▪ initial value for x0(m) and x1(m):[x(6) x(5) x(4) x(3) x(2) x(1) x(0)] = [0 0 0 0 0 0 1]

   ▪ CS values for x0(m): 0, 5, 10, ....., 40 (9 sequences)

  ▪ CS values for x1(m): 0, 1, 2, ....., 111 (112 sequences)

NR sidelink SS sequences should be distinguish from NR downlink SS sequences if asynchronization network is considered. It is same to the LTE that LTE sidelink SS sequences can be distinguish from LTE downlink SS sequences by root indexes used for PSSS/PSS.
To distinguish between NR sidelink SS sequences and NR downlink SS sequences, following alternatives could be considered. 

- Alt. 1: By different  CS values
▪ primitive polynomial and initial value can be the same between NR sidelink SS sequences(PSSS/SSSS) and NR downlink SS sequences(PSS/SSS)
▪ different CS values between PSSS and PSS, and/or different CS values between SSSS and SSS is applied

- Alt. 2: By different primitive polynomials

▪ As primitive polynomial for  NR downlink SS sequences(PSS/SSS), 221(8) is used for PSS, and 221(8)/203(8)  are used for SSS. Although difference primitive polynomials are used for NR sidelink SS sequences(PSSS/SSSS), same good cross-correlation properties are applied if  primitive polynomials are included in "maximum connected set of M-sequences" as explained in [2]~[5]
Proposal 2:
For PSSS and SSSS sequence design of NR sidelink, NR sidelink SS sequences should be distinguish from NR downlink SS sequences as following alternatives
- Alt.1: by different  CS values between PSSS and PSS, and/or different CS values between SSSS and SSS
- Alt.2: by different primitive polynomials not used for PSS/SSS, but included in the same "maximum connected set of M-sequences"
3. Conclusion

In this contribution, we discussed considerations on sidelink synchronization signal for NR V2X among above sidelink design objectives, and provide our views with following our proposals.
Proposal 1:
For NR PSSID sets and number of the PSSIDs in a set, 

- two PSSID sets as same to the LTE sidelink, or three PSSID sets if there is need to distinguish between synchronization reference from NR network and synchronization reference from LTE network by PSSIDs
- the number of PSSIDs in a set could be increased 
Proposal 2:
For PSSS and SSSS sequence design of NR sidelink, NR sidelink SS sequences should be distinguish from NR downlink SS sequences as following alternatives
- Alt.1: by different  CS values between PSSS and PSS, and/or different CS values between SSSS and SSS
- Alt.2: by different primitive polynomials not used for PSS/SSS, but included in the same "maximum connected set of M-sequences"
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