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Introduction
At the RAN#80 meeting, the new SID on NR V2X was approved [1]. The study item includes the following objective about synchronization mechanism:
Sidelink design [RAN1, RAN2]:
· Identify technical solutions for a NR sidelink design to meet the requirements of advanced V2X services, including 
· Study sidelink synchronization mechanism

[bookmark: OLE_LINK5]In this contribution, we mainly discuss some problems about NR V2X synchronization.

Discussion
Synchronization mechanism
NR V2X is a sidelink communication based on NR system to support V2X services. In some aspects, NR is different from LTE, such as multiple numerology, different frame structure and beam transmission. So, the sidelink synchronization mechanism in LTE V2X cannot be fully reused in NR V2X.
However, from a functional point of view, LTE sidelink and NR sidelink synchronization would both be used to realize the timing alignment between the transmitter and receiver. 
On the other hand, it seems that there is no significant difference in the scenarios of sidelink synchronization between NR V2X and LTE V2X. For example, the transmitter and the receiver are in the common serving cell, the timing will be aligned if they both synchronize to eNB or gNB. If the transmitter and the receiver are in different cells respectively or one is in coverage of network while the other is out of network coverage or both are out of coverage, the timing can be aligned by means of SLSS/PSBCH transmission. In general, some schemes in LTE V2X synchronization can be reused or be used as a reference in NR V2X synchronization. And the synchronization mechanism in LTE V2X can be looked upon as the starting point for NR V2X synchronization study, which avoids unnecessary standardized effort.
Proposal 1: The synchronization mechanism in LTE V2X can be used as the starting point for NR V2X synchronization study and to be modified considering new characteristics in NR, e.g., multiple numerologies, frame structure and beam transmission.
Synchronization signal/channel
Transmission of SLSS/PSBCH
In LTE V2X, sidelink synchronization signal (SLSS) and Physical Sidelink Broadcast Channel (PSBCH) are transmitted for sidelink synchronization. In NR V2X, the requirement for synchronization does not change. In some scenarios, e.g., out of network coverage, SLSS/PSBCH still need to be transmitted to realize sidelink synchronization in the sidelink communication range. 
SS/PBCH block may be a natural selection for NR V2X SLSS/PSBCH (named NR-based SLSS/PSBCH) resource format, including several symbols in time domain and several or tens of PRBs in frequency domain. Like the SLSS transmission in LTE V2X, NR-based SLSS can be transmitted in the SLSS/PSBCH resources with fixed period which can be configured or preconfigured. The number and pattern of symbols occupied by PSSS or SSSS or PSBCH need to be considered. The number of symbols may be related to the design of PSSS and SSSS sequences. The pattern may be similar to the SS/PBCH of block in NR. But other patterns would not be precluded.  
In NR, synchronization signal is transmitted by means of beam sweeping. This transmission format may be reused for SLSS and PSBCH transmission. At the same time, for low frequency bands, i.e., frequencies below 6 GHz, beam sweeping may not be mandatory for saving the resources used for NR-based SLSS/PSBCH transmission. 
Proposal 2: SS/PBCH block in NR can be reused as the starting point for Resource pattern of NR-based SLSS/PSBCH.  Other patterns would not be precluded.
Proposal 3: Beam sweeping should be considered for transmission of NR-based SLSS/PSBCH. 
PSBCH content
In LTE V2X, PSBCH indicates some essential information for synchronization, such as bandwidth, tdd-config, subframe timing and coverage indicator. It should be noted that in NR the slot format indication includes Semi-Persistent configuration and dynamic indication. PSBCH in NR V2X can indicate the Semi-Persistent configuration but not the dynamic indication. On the other hand, a UE may be in coverage of NR network and LTE network at the same time (e.g., EN-DC) or only in LTE network coverage. A redefinition of the coverage indicator in PSBCH may be needed in NR V2X. 
In addition, both NR V2X and LTE V2X can be supported by NR V2X UEs. NR-based SLSS/PSBCH transmission and LTE-based SLSS/PSBCH (SLSS/PSBCH in LTE V2X) transmission may coexist. So, coexistence mechanisms may need to be studied.
Proposal 4: The contents of PSBCH should be studied considering the new characteristics of the network coverage scenario.
Synchronization procedure
In NR V2X, the selection of synchronization reference may be similar to that of LTE V2X. It should be noted that the eNB may also need to be considered as a source of synchronization reference because both NR V2X and LTE V2X can be supported by NR V2X UE. 
An example is illustrated in Figure 1. It is assumed that both of UE1 and UE2 are NR UE and out of gNB coverage but in coverage of eNB. UE1 and UE2 cannot detect NR-based SLSS/PSBCH but can detect synchronization signal from the eNB. Based on the timing reference from the eNB, UE1 and UE2 can realize sidelink synchronization quickly and avoid the processes of NR-based SLSS/PSBCH detecting and reselection of synchronization reference. 


Figure 1: An example for synchronization reference selection, where the eNB is a source for NR V2X UEs
In some other cases, NR UE may be in coverage of NR network and LTE network at the same time. NR V2X communication and LTE V2X communication may coexist. As shown in Figure 2, UE1 is LTE UE and UE2 is NR UE. For UE2, it can communicate with other’ NR UEs based on NR V2X and with UE1 based on LTE V2X (may be in different carrier). The synchronization mechanism for this case should be considered. For example, UE2 selects timing reference from gNB or eNB for LTE V2X data transmission.


[bookmark: _GoBack]Figure 2: An example for coexistence between NR V2X and LTE V2X
According to the study item, unicast is supported in NR V2X. From the point of synchronization, the synchronization mechanism for broadcast can also be used for unicast. 
Proposal 5: Mechanisms for synchronization reference selection should be based on network coverage scenarios in NR V2X.
Conclusion
This contribution focused on synchronization mechanism for NR V2X. It also includes the following proposals:
Proposal 1: The synchronization mechanism in LTE V2X can be used as the starting point for NR V2X synchronization study and to be modified considering new characteristics in NR, e.g., multiple numerologies, frame structure and beam transmission.
Proposal 2: SS/PBCH block in NR can be reused as the starting point for Resource pattern of NR-based SLSS/PSBCH.  Other patterns would not be precluded.
Proposal 3: Beam sweeping should be considered for transmission of NR-based SLSS/PSBCH.
Proposal 4: The contents of PSBCH should be studied considering the new characteristics of the network coverage scenario.
Proposal 5: Mechanisms for synchronization reference selection should be based on network coverage scenarios in NR V2X.
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