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1 Introduction

In RAN#80, a SI [1] was approved for NR V2X including the objective: 

Sidelink design [RAN1, RAN2]:

· Identify technical solutions for a BNR sidelink design to meet the requirements of advanced V2X services, including:
· Study sidelink synchronization mechanism

On RAN1#94bis, the agreements for NR V2X sidelink synchronization included the following [2]: 

Agreements:

· At least GNSS, gNB, NR UE, and eNB are supported as the synchronization source for NR V2X.

· eNB as a synchronization source for NR V2X UEs supporting LTE Uu/PC5 or Uu only (no change to the eNB behaviour) 

· Whether a source is supported is for further NR V2X UE capability consideration

Agreements:

· NR V2X sidelink operation includes the following cases:

· NR V2X sidelink is synchronized with LTE V2X sidelink

· NR V2X sidelink synchronization procedure operates independently to the LTE V2X sidelink synchronization procedure

Agreements:

· The design of NR V2X sidelink synchronization signals and PSBCH uses NR SSB structure as the starting point with the following properties,

· NR V2X synchronization signals include sidelink PSS (S-PSS) and sidelink SSS (S-SSS) and are structured with PSBCH in a block format (S-SSB)

Agreements:

· Periodic transmission of S-SSB in NR V2X  is supported

FFS:  whether one/more S-SSB is transmitted in a period

In this contribution, revised from R1-1811412, we provide considerations on some sidelink synchronization aspects.

2 Discussion
2.1
Synchronization sources and procedures
In LTE V2X, the synchronization references defined include: GNSS, Network (i.e. eNB), and UE. TS 36.331 specifies the procedure of selection/reselection of synchronization reference and priority generally depends on (pre-)configuration (i.e. the priority rule can be overridden by eNB configuration) and coverage status. 

In NR V2X, it was agreed at last RAN1 meeting to support as synchronization sources at least GNSS, gNB, NR UE and eNB for NR V2X UEs supporting LTE Uu/PC5 or Uu only. An important aspect that needs further study regards the synchronization source selection and priority when an out of network coverage UE receives S-SSBs from different UEs synchronized to different network sources (i.e. eNB and gNB). For a NR V2X UE which can support both NR V2X and LTE V2X communication, prioritizing eNB as synchronization source may enable faster sidelink synchronization and/or harmonic coexistence among LTE and NR vehicle UEs. It could prove useful then to consider ways to differentiate sidelink synchronization signals/channel originating from different network source type.
In case of different gNB and eNB priority for synchronization, it should also be considered whether SyncRef UE should be differentiated between NR UE and LTE UE within synchronization procedures. In a similar direction, it could also be considered whether groups of UEs with specific characteristics that affect synchronization performance could account for distinct synchronization sources (e.g. RSU SyncRef UEs or same platoon members could serve as more accurate synchronization sources due to their stationarity or relative static location, respectively). Such practice could lead to a more organized sidelink synchronization procedure with reduced complexity.  However, further study is needed on how to differentiate S-SSBs originating from different UE source types as well and such mechanism can be aligned with the eNB/gNB differentiation.
Proposal 1: Study the need to support differentiation of UE and/or network source types at NR V2X UE.

Considering specifically the platooning use case, each UE in such closed-group should not select its synchronization reference independently from other members of the group. Members of the same platoon will need to ‘run on the same clock’ to communicate with each other. If the legacy LTE synchronization mechanism is followed where priority is based on (pre-)configuration and coverage status, in case of full or partial out-of-coverage platooning (i.e. where all or few platoon members’ synchronization priority cannot be configured by eNB/gNB) it is possible that different platoon members end up to select different synchronization references. Such problem can also appear even in case of in-coverage platooning; for example, all platoon members can be configured to give priority to GNSS but some may not be able to have reliable GNSS connection. To avoid such issues a mechanism to prioritize S-SSB received from platoon manager or members may need to be considered, e.g. a platoon/group ID could be used to determine priority. 
Proposal 2: Consider LTE UE, RSU and platoon manager/members as distinct synchronization source types for NR V2X sidelink.

Proposal 3: Synchronization source selection and prioritization mechanism needs to be studied for NR V2X to ensure prioritization of sync sources that provide common timing to UEs belonging to a platoon.
2.2
S-SSB design
For NR Uu, SSB including a compact structure of PSS/SSS/PBCH is used for synchronization. In NR V2X, it was agreed at last RAN1 meeting to use NR SSB structure as the starting point for the S-SSB design and to support periodic transmission of S-SSB. Since DL SSB has already been designed to support speeds up to 500Km/h it makes sense to reuse it as much as possible for NR V2X to reduce unnecessary standardization effort and complexity as well as UE/hardware complexity. On the other hand, mechanisms such as SSB repetition and multiplexing may need to be considered for flexible configuration to different V2X scenarios and to ensure minimal effect to legacy NR UE operation.
Proposal 4: For NR S-SSB, reuse NR Uu SSB design as much as possible to reduce unnecessary standardization effort and complexity as well as NR V2X UE/hardware complexity. 

NR PSSS/SSSS

in Rel-15 NR, the number of physical cell IDs is 1008, given by 𝑁_ID^cell=3𝑁_ID^(1)+𝑁_ID^(2)
· NR-PSS is a M-sequence with 3 cyclic shifts in to get 3 PSS signals: 𝑁_ID^(2)=0, 1, 2
· NR-SSS is a M-sequence with scrambling to give 336 different IDs: 𝑁_ID^(1)=0, 1, …, 335;

On the other hand, In Rel-14 LTE sidelink, there are two PSSID sets that are used to differentiate between in coverage and out-of-coverage UEs. In each PSSID set, there are 168 PSSIDs
NR PSS/SSS design could be reused for NR PSSS/SSSS or, if necessary, slightly modified to provide extra info (e.g. related to SyncRef Group) while providing at least equivalent capacity to LTE V2X design. For example, considering the NR PSS design as basis, two PSSID sets in PSSS could be used to differentiate between in-coverage and out-of-coverage UEs as in LTE V2X, while a third set could be used to denote UEs belonging a specific group (e.g. LTE UE, RSU or platoon). 
NR PSBCH

NR PSBCH should at least carry system timing information (i.e. SFN, half radio frame) and initial access information (i.e. SCS/DMRS-related info etc.) which are also part of Rel-15 NR PBCH. In addition, it could be considered if NR PSBCH should carry a coverage indicator as in LTE V2X for SyncRef determination (possibly modified if needed to combine with other SyncRef info such as eNB/gNB differentiation), information for unicast/groupcast communication, resource pool and resource configuration information, and indication about slot format. It is also very important to ensure that PSBCH content includes spare bits for future flexibility and forward compatibility.
2.3
Multiple synchronization references
Towards the V2X preference to achieve global synchronization, and considering eNB/gNB coexistence, the platoon use-case and other advanced use cases (extended sensors, advanced driving), as well as the possible advantage of vehicles connected to different operators being able to communicate with each other, multi-group synchronization signal searching and tracking could be considered for NR V2X. It could be possible to manage more than one synchronization group-sources per UE. In that case for example, a vehicle belonging to a platoon willing to share its sensor information with other vehicle(s) external to the platoon should maintain at least two synchronization sources: one for the platoon, and one to communicate with vehicle(s) outside the platoon.
Proposal 5: Consider tracking of multiple synchronization references for NR V2X UE.
3 Conclusions
In this contribution, we provide considerations on sidelink synchronization for NR V2X communication. Based on the discussion, we have the following proposals:  

Proposal 1: Study the need to support differentiation of UE and/or network source types at NR V2X UE.

Proposal 2: Consider LTE UE, RSU and platoon manager/members as distinct synchronization source types for NR V2X sidelink.

Proposal 3: Synchronization source selection and prioritization mechanism needs to be studied for NR V2X to ensure prioritization of sync sources that provide common timing to UEs belonging to a platoon.
Proposal 4: For NR S-SSB, reuse NR Uu SSB design as much as possible to reduce unnecessary standardization effort and complexity as well as NR V2X UE/hardware complexity. 

Proposal 5: Consider tracking of multiple synchronization references for NR V2X UE.
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