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1 	Introduction
RAN#80 plenary meeting agreed to start study on NR V2X. The following topics are listed in the study item description [1] to be considered in the NR 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 discuss synchronization aspects of NR V2X sidelink.

2 	Discussion
Synchronous operation within carrier or bandwidth part is natural choice for sidelink operation. Asynchronous operation where receiving UE should always synchronize to the transmission before communications is possible would create additional delays and potentially increase overhead required for synchronization
Proposal 1: Synchronous operation is used in NR sidelink V2X. Asynchronous operation is not supported. 

In LTE it was assumed that all the V2X UEs have GNSS receiver that provides universal timing reference for all the UEs. Satellite reception is not always possible for V2X UEs, e.g. in tunnels or underground parking lots some other means for transmitting synchronization signals is needed. Support for shared carrier operation where SL and uplink transmission are in the same carrier was also considered in LTE. In that case it is beneficial that same synchronization source i.e. eNB is used as the synchronization reference for both Uu and SL. In LTE, network-based and device-based synchronization procedures were specified in addition to GNSS based operation. We think that GNSS based positioning methods will be used in NR V2X and also GNSS-based synchronization will be widely used. 
NR network-based positioning methods are studied currently. Accuracy, reliability, availability and other properties of network-based positioning systems can be assumed to improve in the future. Satellite-based location services may not be the only or the main method to determine location, direction, speed etc. of the vehicle. If positioning services are provided by the network, then also synchronization should come from the network. Obviously, network-based synchronization cannot be assumed to be available everywhere and some alternatives are needed for the case when UE is out of network coverage. Device-based synchronization methods should be studied in NR V2X to handle coverage holes of the network and GNSS based synchronization. 
Proposal 2: GNSS-based, network-based and device-based synchronization is supported in NR V2X sidelink operation. 
When UE cannot receive its preferred synchronization source it has to find and switch to some lower priority synchronization source. The alternative synchronization source may not be exactly aligned with the primary synchronization source and that can create problems to sidelink transmissions.
One of the topics to be considered during this study item is Uu-based sidelink resource allocation/configuration. If the timing of the Uu-interface and sidelink are derived from different synchronization sources, it may be difficult for eNB or gNB to control resources of the sidelink transmissions because subframes are not aligned.
Proposal 3: Study methods that reduce problems related to switching of synchronization source and using different synchronization sources in the V2X UE for SL and Uu.

In NR, transmission that have different timing, cyclic prefix or frame structure should be allocated to different carriers or bandwidth parts. If sidelink and Uu transmissions take place in the same carrier it is likely they are in the different bandwidth parts. It should be studied if the interference between sidelink and Uu can be reduced by aligning timing of the SL and Uu.  
Proposal 4: Study interference between sidelink and Uu taking into account potential timing difference between SL and Uu.

For device-based sidelink synchronization operation SLSS (sidelink synchronization signal) and PSBCH (physical sidelink broadcast channel) are probably needed. These transmissions are intended for all the SL UEs close to the transmitting UE. Especially for FR2 and UEs with multiple panels, beam-based transmission is assumed in NR. In order to have wide-area coverage for SLSS/PSBCH beam sweeping mechanism should be introduced
Proposal 5: Study beam-based sidelink synchronization channel design.


3	Conclusions
In this contribution, we have discussed synchronization aspects of NR V2X. We have the following proposals:
Proposal 1: Synchronous operation is used in NR sidelink V2X. Asynchronous operation is not supported. 
Proposal 2: GNSS-based, network-based and device-based synchronization is supported in NR V2X sidelink operation. 
Proposal 3: Study methods that reduce problems related to switching of synchronization source and using different synchronization sources in the V2X UE for SL and Uu.
Proposal 4: Study interference between sidelink and Uu taking into account potential timing difference between SL and Uu.
Proposal 5: Study beam-based sidelink synchronization channel design.
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