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1.  Introduction
In last RAN meeting (RAN#80 in June 2018), the new NR V2X study item [1] was approved. The new study item of NR V2X includes the following objectives:
4.1 Objective of SI or Core part WI or Testing part WI 

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.

2: Uu enhancements for advanced V2X use cases [RAN1, RAN2, RAN3]:
· Evaluate whether Rel-15 NR Uu and LTE Uu interfaces will support advanced V2X use cases

· Identify enhancements, if any, that are needed to meet advanced V2X use cases

NOTE: Also consider other Rel-16 NR and LTE SI/WI enhancements to avoid overlap.

3: Uu-based sidelink resource allocation/configuration (LTE V2X Mode3-like and Mode4-like) [RAN1, RAN2]:
· Identify necessary enhancements of LTE Uu and NR Uu to control NR sidelink from the cellular network 

· Identify necessary enhancements of NR Uu to control LTE sidelink from the cellular network 
…..
In this contribution, we will focus on considerations of synchronization enhancement for NR V2X communication, including synchronization source priority and synchronization carrier selection with mode 4 carrier aggregation for the scenario that only gNB around NR V2X UEs and the scenario that eNB & gNB coexistence around NR V2X UEs.
2.  Discussion
For NR V2X, we assume that each NR V2X UE can provide both NR V2X service and LTE V2X service. It means that the NR V2X transceiver and LTE V2X transceiver are both equipped in the NR V2X UE. We will discuss synchronization aspects including synchronization source priority and synchronization carrier selection with mode 4 carrier aggregation for two scenarios, where one scenario is that there are only 5G base stations , i.e. gNB, around the NR V2X UEs, and the NR V2X UEs can receive signal from gNB; Another scenario is that there are eNB & gNB coexistence around the NR V2X UEs, and the NR V2X UEs can receive signal from both eNB and gNB.
Observation 1: For NR V2X, both NR V2X service and LTE V2X service can be provided by each NR V2X UE, where the NR V2X transceiver and LTE V2X transceiver are both equipped in the NR V2X UE.
2.1 Scenario for only gNB around NR V2X UEs
In the scenario for only gNB around the NR V2X UEs, as shown in Figure 1, three types of synchronization sources GNSS, gNB and UE (deriving timing from GNSS, gNB, other UEs, for example NR V2X UE 1 & NR V2X UE 2 in the figure) can be used for NR sidelink synchronization. Firstly, the priority orders of synchronization sources for NR V2X UEs, for example NR V2X UEs 3~7 in the figure, should be considered. The agreements of synchronization source priority in Rel-14 LTE V2X can be reused in NR V2X, where the related agreements in LTE-based V2X Services WI in [2] can be shown as follows,
Agreements:
· If the UE detects no eNB in a carrier which is (pre-)configured as the carrier which potentially includes eNBs used as sync reference, the following priority rules should be applied: 

· P1: GNSS

· P2: the following UE has the same priority:

· UE directly synchronized to GNSS

· UE directly synchronized to eNB 

· P3: the following UE has the same priority:

· UE indirectly synchronized to GNSS (if RAN1 decides to differentiate between direct and indirect synchronization to GNSS)

· UE indirectly synchronized to eNB 

· P4: the remaining UEs have the lowest priority.

· The priority order between P1 and P2 can be (pre-)configured.
· Note: It is RAN1 understanding that P1 will be prioritized over P2 if the eNB prioritizes GNSS over eNB timing. 
Agreements:
· If the UE detects an eNB in a carrier which is (pre-)configured as the carrier which potentially includes eNBs used as sync reference, 
· If GNSS is prioritized over eNB by eNB configuration, UE directly or indirectly synchronized to GNSS has a higher priority than eNB.
In the other words, we just replace eNB by gNB in the above agreements related to synchronization source priority in Rel-14 LTE V2X. 
Proposal 1: For the scenario that only gNB around the NR V2X UEs, the agreements related to synchronization source priority in Rel-14 LTE V2X can be reused in NR V2X.

[image: image1.emf]In-Coverage

Out-of-Coverage

NR-PSS/NR-SSS

GNSS synchronization signal

NR V2X UE 1

/Synchronization source

NR V2X UE 5

NR V2X UE 4

NR V2X UE 2

/Synchronization source

GNSS

NR V2X UE 3

NR V2X UE 7

NR V2X UE 6

gNB


Figure 1: An illustration of synchronization source selection for the scenario that only gNB around NR V2X UEs
Secondly, for mode 4 carrier aggregation (CA) at this scenario, the synchronization carrier selection for NR V2X UEs also should be considered. Similarly, the agreements of synchronization carrier selection in Rel-15 3GPP V2X phase 2 can be reused in NR V2X, where the related agreements in 3GPP V2X phase 2 WI in [3] can be shown as follows,
Agreement:

· If two or more potential synchronization carriers are present in Set-B, select the carrier in Set-B with highest Rel-14 priority sync reference. Carrier is not reselected unless synchronization is lost. Rel-14 procedure applies to the selected carrier.
· A UE may assume that the configuration for sync reference priority is the same across all the aggregated carriers in CA. 

In the other words, if two or more potential synchronization carriers are present in Set-B, synchronization carrier selection in Set-B with highest Rel-14 priority sync reference can be reused in NR V2X for mode 4 CA. Besides, Rel-14 procedure can apply to the selected carrier in NR V2X.
Proposal 2: For mode 4 carrier aggregation at the scenario that only gNB around the NR V2X UEs, the agreements related to synchronization carrier selection in Rel-15 3GPP V2X phase 2 can be reused in NR V2X.
2.2 Scenario for eNB & gNB coexistence around the NR V2X UEs

In the scenario for eNB & gNB coexistence around the NR V2X UEs, as shown in Figure 2, four types of synchronization sources GNSS, eNB, gNB and UE (deriving timing from GNSS, gNB, other UEs, for example NR V2X UE 1 & NR V2X UE 2 in the figure) can be used for NR sidelink synchronization. An NR V2X UE, for example NR V2X UE 6 or 7 in the figure, may receive synchronization signals from both eNB and gNB, hence a new mechanism should be considered for synchronization source selection, especially the synchronization source priority between eNB and gNB should be handled. Besides, for mode 4 carrier aggregation at this scenario, synchronization carrier selection based on synchronization source priority also should be considered.
Proposal 3: For the scenario that eNB & gNB coexistence around the NR V2X UEs, a new mechanism for synchronization source selection should be FFS, especially the synchronization source priority between eNB and gNB should be handled. Besides, for mode 4 carrier aggregation at this scenario, another mechanism for synchronization carrier selection based on synchronization source priority also should be FFS.
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Figure 2: An illustration of synchronization source selection for the scenario that eNB & gNB coexistence around NR V2X UEs
3.  Conclusion
In this contribution, we discuss the considerations of synchronization enhancement for NR V2X communication. Based on the analysis, we have the following observation and proposals:
Observation 1: For NR V2X, both NR V2X service and LTE V2X service can be provided by each NR V2X UE, where the NR V2X transceiver and LTE V2X transceiver are both equipped in the NR V2X UE.

Proposal 1: For the scenario that only gNB around the NR V2X UEs, the agreements related to synchronization source priority in Rel-14 LTE V2X can be reused in NR V2X.
Proposal 2: For mode 4 carrier aggregation at the scenario that only gNB around the NR V2X UEs, the agreements related to synchronization carrier selection in Rel-15 3GPP V2X phase 2 can be reused in NR V2X.
Proposal 3: For the scenario that eNB & gNB coexistence around the NR V2X UEs, a new mechanism for synchronization source selection should be FFS, especially the synchronization source priority between eNB and gNB should be handled. Besides, for mode 4 carrier aggregation at this scenario, another mechanism for synchronization carrier selection based on synchronization source priority also should be FFS.
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