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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: OLE_LINK28][bookmark: OLE_LINK29]As a key component of NR V2X sidelink design, synchronization mechanism was discussed in the RAN1 #94 meeting [1] and the following agreements were achieved. In order to take design advantage of both LTE V2X and NR Uu link, it is better to reuse synchronization design principles of both LTE V2X and NR Uu link by considering NR sidelink requirements. This contribution provides some design consideration on sidelink synchronization in NR V2X.Agreements:
· NR V2X Sidelink Synchronization includes at least the following
· Sidelink synchronization signal(s)
· PSBCH
· Sidelink synchronization sources and procedure(s)
· Study potential synchronization sources –GNSS, gNB, eNB, UE, LTE UE
· Note: this doesn’t mean all of them are to be supported


Sidelink synchronization mechanisms for NR V2X
[bookmark: OLE_LINK1]Sidelink synchronization sources and procedure(s)
[bookmark: OLE_LINK38][bookmark: OLE_LINK39]It was agreed in last meeting that GNSS, gNB, eNB, UE, and LTE UE could be considered as potential synchronization sources for NR V2X sidelink. It is straightforward that GNSS, gNB, and NR UE should be regarded as the synchronization sources in NR V2X. However, for eNB and LTE UE, there exists different views. This section will provide our consideration on this issue.
· eNB
At the initial NR deployment stage, the NR network is mainly to provide high-capacity hot spot rather than provide full coverage and the mature LTE network can have larger coverage than NR network. Supporting eNB as synchronization source is beneficial to obtain timing information from the LTE network in the NR-less and GNSS-less coverage region. Furthermore, utilizing the LTE timing information together with other timing information from GNSS, gNB, or NR-UE, sidelink UE can potentially more easily deal with the interference among NR sidelink, LTE Uu link, and NR Uu link.  
· LTE UE
The main functionality of Sideling Synchronization Signals (SLSS) is to extend the coverage of synchronization sources and to achieve time and frequency alignment among UEs. From this point, NR V2X may support LTE UE as synchronization source. However, considering that one of the motivations of deploying NR network is to provide the uniform performance with LTE network, it is most likely that NR network can compensate the LTE poor coverage in the cell edge region. Therefore, the synchronization sources eNB, gNB, NR UE could provide almost full coverage with the combination of GNSS. Furthermore, supporting LTE UE as synchronization source will increase the complexity of synchronization procedure and the implementation of NR V2X UE due to the additional LTE V2X mode and the interactive design between LTE V2X and NR V2X modes. 

Based on the above analysis of sidelink synchronization sources, we propose that
Proposal 1: eNB is considered as a synchronization source and LTE UE is not used as a synchronization source unless the potential gain of using LTE UE is clearly identified.

· [bookmark: OLE_LINK3][bookmark: OLE_LINK4]Synchronization priority order among multiple synchronization sources
Different combination of synchronization sources may have different priority order. For example, if eNB and LTE UE are not supported and the available synchronization sources are {GNSS, gNB, NR UE}, then the synchronization source priority order for NR V2X can be the same as that for LTE V2X. If the supported synchronization sources are {GNSS, gNB, eNB, NR UE} or {GNSS, gNB, eNB, NR UE, LTE UE}, a new priority order needs to be designed to carefully determine the priority order between eNB and gNB and the priority order between NR UE and LTE UE. It is suggested to first determine the priority order between eNB and gNB, where the evaluation of LTE and NR synchronization performance such as accuracy and latency can be used as a metric.
Proposal 2: Determining the synchronization source priority order between eNB and gNB should be first studied. 

Sidelink synchronization signals and PSBCH
Different with LTE, flexible design on physical layer is always preferred in NR, and naturally the feasibility of flexible configuration for NR SLSS and PSBCH should be investigated. 
· Waveform 
Considering the low CM and PAPR performance requirement on uplink transmission at LTE UE side, DFT-S-OFDM, i.e. SC-FDMA, is selected for both LTE D2D and V2X. In NR uplink, both CP-OFDM and DFT-S-OFDM are supported and can be configured by gNB. Supporting both waveforms in SLSS may bring additional complexity and latency of synchronization for NR V2X UE, since the blind detection on the waveform must be taken. Moreover, different SLSS structures may need to be designed for different waveforms, to obtain good autocorrelation performance in time domain. Therefore, it is preferred to fix a single waveform for SLSS and PSBCH.
· Numerology 
Although multiple numerologies are supported in NR, only one or two subcarrier spacing (SCS) and normal CP length configurations are supported for Synchronization Signal Block (SSB) in each frequency band to reduce the complexity and latency of initial access. Similarly, it is better to limit the numerology by pre-configuring a supportable table for each band like NR. Obviously, different numerology provides different time granularity, which may affect the resource allocation and timing indication, and different resistance of frequency error. And the short CP length may be not enough to cover the propagation delay, consequently limit the coverage of V2X communications. 
Proposal 3:  To reduce the synchronization complexity and latency, only single parameter value including waveform, SCS, and CP length is suggested to be configured for each frequency range or for each band.
· Structure and periodicity of NR SLSS
NR Uu link has defined beam-based SSB which consists of PSS, SSS and PBCH. This structure could also be used as the baseline for NR SLSS structure to reduce the standardization workload. In addition, some enhancements for NR V2X SSB structure need to be considered, i.e., more symbols for PSSS/SSSS within each SSB could help to increase the probability of successfully detecting NR SLSS. 
Compared to the fixed periodicity of LTE SLSS, flexible periodicity of synchronization signals is adopted to meet the different requirements in NR. Therefore, it’s better to also support flexible periodicity of NR SLSS to achieve the tradeoff between synchronization performance and resource overhead under different scenarios. When the synchronization signals from GNSS, gNB and eNB are weak, a short periodicity of NR SLSS could be adopted to achieve quick synchronization among NR V2X UEs. Otherwise, a long periodicity could be used to reduce the resource overhead.
Proposal 4: The NR SLSS structure and flexible periodicity should be investigated based on NR Uu SSB design.

Conclusion
[bookmark: _GoBack]In this contribution, we discuss the synchronization procedure and the related design for NR V2X sidelink and the following conclusions are proposed:
Proposal 1: eNB is considered as a synchronization source and LTE UE is not used as a synchronization source unless the potential gain of using LTE UE is clearly identified.
Proposal 2: Determining the synchronization source priority order between eNB and gNB should be first studied. 
Proposal 3:  To reduce the synchronization complexity and latency, only single parameter value including waveform, SCS, and CP length is suggested to be configured for each frequency range or for each band.
Proposal 4: The NR SLSS structure and flexible periodicity should be investigated based on NR Uu SSB design.
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