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Introduction
NR Rel-16 V2X Work Item was approved in RAN#83 with detailed objective and scope in [1]. NR Rel-16 V2X is targeted to provide further enhancement to the existing LTE Rel-14/15 V2X by supporting enhanced V2X services. The enhanced V2X services and their requirement can be found in [2,3]. NR V2X needs to cover both the Uu interface and PC5 interface design, additionally, coexistence and joint operation with LTE V2X. From the spectrum perspective, NR V2X needs to support both the licensed and unlicensed spectrum which requires sidelink design.

In terms of RAN1 design goal, we think there are the following major difference between NR V2X and LTE V2X
· LTE V2X only targets for broadcast transmission, while NR V2X needs to support broadcast, groupcast and unicast transmission 
· LTE V2X only targets for periodic traffic, while NR V2X needs to support periodic and aperiodic traffic
· NR V2X needs to provide higher throughput, lower latency ad higher reliability compared to LTE V2X
· NR V2V needs to support mmW band (FR2) 
  
One fundamental problem NR V2X needs to resolve is how to design reliable and low latency sidelink. Among all the design topics in sidelink, synchronization is one of the most challenging one and it is also one of the goal for NR RE-16 V2X WI as listed in [1]

	· Sidelink synchronization mechanism as per the study outcome [RAN1, RAN2]
· Procedures selecting synchronization reference
· S-SSB and procedures to transmit and receive it, including when GNSS and gNB/eNB are unavailable
· Use of RS for sidelink synchronization if specification impact is identified



In RAN1#AH1 2019, agreement has been reached in terms of the managing different priorities between different synchronization sources [5]

	Agreements:
· At least for single-carrier operation:
· For the SL synchronization procedure, each type of synchronization reference has a respective sync priority 
· FFS the priority between eNB and gNB (if necessary)
· For the SL synchronization procedure, among the available references, a UE selects the synchronization reference with the highest priority as the reference to derive its transmission timing
· FFS other potential usage
· FFS how to handle the case when there are two or more references of a same priority to be selected as the highest priority



In this contribution, we focus on the synchronization mechanism.
Challenges on Sidelink Synchronization Design for NR V2X
NR V2X needs to support a wide range of deployment scenarios including the following

1. In coverage UE in licensed spectrum
2. Out of coverage UE in licensed spectrum
3. UE in unlicensed spectrum 

The requirement of versatile deployment scenario necessitates the need to support multiple synchronization sources. In RAN1 #94bis meeting, the following synchronization sources are agreed to be supported by NR V2X [4]

	Agreements:
At least GNSS, gNB, NR UE, and eNB are supported as the synchronization source for NR V2X.
eNB as a synchronization source for NR V2X UEs supporting LTE Uu/PC5 or Uu only (no change to the eNB behaviour) 
Whether a source is supported is for further NR V2X UE capability consideration




The fundamental problem of sidelink communication is that two devices cannot talk to each other unless they are synchronized to the same group/source. Figure 1 illustrates this problem
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Figure 1 Devices belongs to different synchronization group/source cannot communicate
Naturally, to ensure that two UEs can talk to each other, UE needs to find multiple sync sources nearby and sync to them by maintaining multiple timing. UE also need to receive signal based on different timing in order to decode safety message from all of the sources. More difficultly, UE may need to support multiple transmit timing in order to transit to different UE which can cause more challenges. It clearly adds UE implementation complexity and cost, and power consumption. Multiple sync sources and potential hidden device due to the lack of sync source also reduces the reliability of V2X.

In the following section, we focus on the potential high level solutions to enhancement the NR V2X synchronization mechanisms
NR V2X Synchronization Mechanism 
Synchronization relay enhancement
The legacy design on SLSS transmission triggering conditions includes (1) NW configures an in coverage UE as sync source. (2) An in-coverage UE decides to be sync source if RSRP of the reference cell for V2X < syncTxThreshIC. (3) Out of coverage UE decides to be sync source. (4) If the UE directly syncs to GNSS (no matter UE is in or out of cellular coverage).

Due to the high mobility of the vehicle, locations of the device can change very rapidly. When the sync relay device (due to low RSRP of the reference cell) comes towards the sync source again, it can decide to stop transmitting the SLSS as its measured RSRP exceeds the configure threshold. However, if there are other nodes already associated to it, those nodes will lose sync and likely to choose to be a sync source by itself, which could lead to multiple timings in the same system.

Solution to mitigate this problem is to allow the sync relay be aware of the devices that relies on it as sync sources. For example, when sending the SLSS, the sender (sync or relay source) can ask for feedback information to know if there is any device that is relying on him as sync source. The details on the feedback design can be for further study in order to reduce the overhead. With feedback from all associated UEs, the sync/relay resources will be able to tell whether it has associated UEs. A relay source will not go back to slave mode if it has associated UEs in order to guarantee the same timing is maintained for the system.

Proposal 1: NR V2X to consider support feedback to the sync (relay) sources from the associated UEs indicating the need for the sync (relay) sources.
Synchronization source consolidation
As we discussed before, it is desirable to maintain as small number of source groups/sources as possible in actual V2X deployment in order to ensure reliable communication. As results, it is useful to consider the support of sync source consolidation. 

For example, if a sync source detects another sync source (multiple source moving closer), they should merge to single source based on certain criterion such as priority. The lower priority sync source should relay the sync signal from the higher priority source. If a slave UE detects multiple sync sources, it can optionally relay the highest priority source, in order to let the lower priority part detects the sync signal and merge eventually. Figure 2 illustrates the concept
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Figure 2 synchronization sources consolidation

Proposal 2: NR V2X to consider support synchronization group/source dynamic merging and consolidation
Conclusion
Compared to LTE Rel-14/15 V2X, NR V2X is targeted to support large varieties of services that require broadcast/group/unicast communication, generate both periodic an a-periodic traffic, require higher data rate, lower latency and higher reliability. Synchronization design is a very challenging topic especially for sidelink. In this contribution, we focus on the synchronization schemes to reduce the device complexity and power consumption and improve the reliability. We have the following proposals

Proposal 1: NR V2X to consider support feedback to the sync (relay) sources from the associated UEs indicating the need for the sync (relay) sources.

Proposal 2: NR V2X to consider support synchronization group/source dynamic merging and consolidation
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