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1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In the 3GPP RAN#80 meeting a new SID ‘Study on NR V2X’ [1] was approved. The objectives related to sidelink design are as following:
	1: Sidelink design [RAN1, RAN2]:
· 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

NOTE: Only the performance of advanced V2X use cases will be evaluated in the design of NR sidelink.



In this contribution we provide our views on synchronization mechanisms for NR V2X, including the synchronization reference and physical channel/signal for NR V2X synchronization.

2 Discussion
2.1 NR V2X synchronization reference
According to TR 22.886 [2], when the vehicles are travelling to the road, they can dynamically form a platoon. The platoon creator is responsible for platoon management, which shares real-time traffic information with RSU and platoon UEs. To ensure the synchronous communication of the platoon, all the platoon members should synchronize to unified reference source. 

Figure1: Coverage scenarios of vehicle platooning
As shown in Figure 1, for one formed platoon, there may be several different cases due to different coverage scenarios of vehicle UEs:
· Case1: All the platoon members are in network coverage;
· Case2: The platoon manager is in network coverage and some platoon members are out of coverage 
· Case3: The platoon manager is out of coverage and some platoon members are in network coverage.
· Case4: All the platoon members are out of coverage.  
For above cases, according to legacy LTE sidelink synchronization mechanism, each UE selects synchronization reference independently based on the eNB configured synchronization priority order (e.g. cell>GNSS>SyncRefUE). There may be the case that different vehicle UEs in the same platoon select different synchronization references due to coverage scenario and vehicle locations. In detailed, for case 2 and case 3, vehicle UEs in same platoon are in different coverage scenario, different synchronization references may be selected for the intra platoon communication. Even GNSS is used as unified synchronization reference source, when GNSS signal becomes weak for some vehicle UEs (e.g. vehicle is located in tunnel), the synchronization source reselection may cause different synchronization references within same platoon. For case 4, all vehicle UEs are out of coverage, UEs may select different synchronization reference sources due to different vehicle locations and eNB configured synchronization priority order. Therefore, legacy LTE synchronization mechanism has problem to support advanced service of NR V2X. So new synchronization mechanism should be studied to select and maintain unified synchronization source especially for platooning use case.
Proposal 1: New synchronization mechanism needs to be studied for advanced V2X service.
2.2 Physical signal/channel for NR V2X synchronization
In LTE V2X SLSS and PSBCH are used for synchronization. In NR SSB is used for synchronization. Different to the structure of LTE PBCH, NR SSB has a compact structure as shown in Figure 2. Each SSB contains four continuous symbols, the DMRS is distributed in the last three symbols in time domain. Considering NR is designed to support up to 500Km/h, this is well suitable for V2X requirements of supporting relative speed up to 500km/h. Therefore, there is no need to enhance the DMRS in SSB. The structure of NR SSB can be reused for NR V2X synchronization.
[image: ]
Figure 2. Structure of NR SSB
Proposal 2: Reuse the structure of NR SSB for NR V2X synchronization.
2.3 Resource configuration for NR sidelink SSB
In LTE V2X the SLSS and PSBCH transmission are confined within central 6 PRBs in frequency domain, and the transmission occasions are (pre-) configured in time domain using the SL-OffsetIndicatorSync as shown in Figure 3.
[image: ]
Figure 3: Time domain resource of LTE V2X synchronization
In NR the SSBs are transmitted on sync raster in frequency domain for initial access purpose, and the gNB can also configure the additional SSBs for RRM measurement. For NR V2X, the resources including frequency domain and time domain for sidelink SSB transmission should be studied.
· Frequency resources for NR sidelink SSB
In NR, a UE searches the SSB for synchronization at the sync raster in frequency domain, the UE may attempt several times to detect the cell defining SSB for synchronization. In NR V2X, considering the latency of searching synchronization the SSB on sync raster may be not suitable. Therefore the frequency location of NR sidelink SSB can be fixed or configured by gNB for UEs which are in coverage or pre-configured for UEs which are out of coverage.
· Time resources for NR sidelink SSB
In LTE V2X an offset is used to determine the time domain resources for SLSS and PSBCH transmission, and the offset is indicated in subframe level. The similar configuration method as in LTE V2X can be used to determine the time domain resources for NR sidelink SSB transmission. However, in NR the SS burst set is transmitted in a half frame. Therefore the granularity of offset indicator can be in half frame level as shown in Figure 4.
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Figure 4: Example of time domain resource for NR V2X synchronization
Proposal 3: Study the synchronization resource configuration for NR sidelink SSB including frequency domain and time domain resources.
2.4 Contents of NR sidelink PSBCH
In LTE V2X only broadcast is supported for sidelink transmission, however in NR V2X unicast, groupcast and broadcast should be supported [3]. The contents of LTE V2X MIB are summarized in Table 1. These are essential information for sidelink broadcast communication. However for NR sidelink unicast and groupcast, other information may be needed for subsequent communication. The detailed contents of NR sidelink PSBCH should be studied to support sidelink unicast and groupcast.
Table 1. Contents of LTE V2X MIB
	sl-Bandwidth-r14

	tdd-ConfigSL-r14

	directFrameNumber-r14

	directSubframeNumber-r14

	inCoverage-r14

	reserved-r14



Proposal 4: Study the contents of V2X PSBCH to support sidelink unicast and groupcast.
3 Conclusion
In this contribution, we provided our views on the synchronization mechanisms for NR V2X and the following proposals are made: 
Proposal 1: New synchronization mechanism needs to be studied for advanced V2X service.
Proposal 2: Reuse the structure of NR SSB for NR V2X synchronization.
Proposal 3: Study the synchronization resource configuration for NR sidelink SSB including frequency domain and time domain resources.
Proposal 4: Study the contents of V2X PSBCH to support sidelink unicast and groupcast.
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