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1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In 3GPP RAN1#94, the agreement on synchronization mechanism was made as follows [3]:
	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



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], platooning is operating a group of vehicles in a closely linked manner so that the vehicles move like a train with virtual strings attached between vehicles. When the vehicles are travelling to the road, they can dynamically form a platoon. The platoon manager 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 member UEs should synchronize to unified reference source. 
As shown in Figure 1, for the formed platoon, there may be several different cases due to different network coverage of platoon member 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.  

Figure 1 Coverage scenarios of vehicle platooning
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 network coverage scenario or vehicle locations. Specifically, for case 1 that all UEs are in coverage of gNB, gNB can be selected as synchronization reference source; For case 4 that all UEs are out of coverage, GNSS can be selected as synchronization reference source if it is reliable, when GNSS signal becomes weak for some vehicle UEs (e.g. vehicle is located in tunnel), SyncRefUE can be selected as a synchronization reference source; For case 2 and case 3, gNB is used as synchronization reference source for those in coverage UEs, while GNSS (when it is reliable) or SyncRefUE is used as synchronization reference source for other out of coverage UEs. Therefore, orderly communication within the platoon cannot be guaranteed if different selected synchronization reference source cannot synchronized with each other.
Moreover, advanced V2X use cases poses a new challenge in terms of adapting changing network conditions. If the platoon runs fast on highway, during the trip, it may pass different coverage scenarios, so synchronization reference source may change frequently. In this way, the higher reliability requirement cannot ensure and the power consumption on scanning synchronization reference source will be higher. 
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.
Observation 1: Frequent change of synchronization reference may happen and degrade the performance of communication in the case of the platoon, especially for high-speed platoon.
Observation 2: LTE synchronization mechanism cannot be used for advanced V2X service, 
Proposal 1: New synchronization mechanism needs to be studied.
2.2 Sidelink synchronization channel structure
In the offline discussion of 3GPP RAN1#94, the sidelink synchronization channel structure was discussed. Two structures were proposed, one is NR-SSB structure and other one is LTE V2X SLSS+PSBCH structure. 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. The NR SSB is designed for both FR1 and FR2 and it supports beam sweeping in time domain for UEs on FR2. According to the SID[1], NR sidelink can should support both FR1 and FR2, so it is benefit to adopt the NR SSB structure as the starting point for NR V2X synchronization.
[image: ]
Figure 2. Structure of NR SSB
Proposal 2: NR SSB as the starting point 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 latency, searching synchronization the SSB on sync raster may be not feasible. 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. Further considering the shared carrier case, the NR-Uu UE will search the NR-SSB on sync raster for initial access. If the SSB for NR-PC5 can be also transmitted on sync raster, it will cause misunderstanding of the received SSB and also incorrect soft combining of NR-Uu SSB and NR-PC5 SSB. So it is better to configure the sidelink transmission on off-raster position in frequency domain.
· 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.
[image: ]
Figure 4: Example of time domain resource for NR V2X synchronization
Proposal 3: Study the synchronization resource configuration for NR sidelink SSB, including resource configuration in both frequency domain and time domain.
· Sidelink SSB should be transmitted on off-raster in frequency domain
3 Conclusion
In this contribution, we provided our views on the synchronization mechanisms for NR V2X and the following proposals are made: 
Observation 1: Frequent change of synchronization reference may happen and degrade the performance of communication in the case of the platoon, especially for high-speed platoon.
Observation 2: LTE synchronization mechanism cannot be used for advanced V2X service, 
Proposal 1: New synchronization mechanism needs to be studied.
[bookmark: _GoBack]Proposal 2: NR SSB as the starting point for NR V2X synchronization.
Proposal 3: Study the synchronization resource configuration for NR sidelink SSB, including resource configuration in both frequency domain and time domain.
· Sidelink SSB should be transmitted on off-raster in frequency domain
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