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1. Introduction

V2x study item [1] has been agreed in RAN#68 since some applications like safety application requires low latency end-to-end communication which is enabled by V2V, V2I and V2P using PC5. In the SID, GNSS based synchronization is considered at least for out of coverage. On the other hand, SS and SLSS based synchronization is supported in Rel-12 D2D. So we discuss appropriate synchronization scheme for PC5-based V2x in this contribution.
2. Discussion
Rel-12 D2D synchronization

In Rel-12 D2D, PSS/SSS is prioritized for synchronization reference and it is assumed that inter-cell D2D communication requires synchronous network. SLSS transmission from in coverage UE and synchronization reference relay is utilized to expand synchronization cluster to out of coverage UEs. For isolated UEs out of coverage, SLSS is also utilized to establish synchronization cluster based on UE autonomous synchronization. Such network centric synchronization is also beneficial to reduce the cross interference between D2D and WAN because it is assumed that subset of the uplink resource is utilized in Rel-12 D2D. Such co-existing between D2D and WAN is beneficial to reduce unutilized radio resource when the traffic volume of D2D is limited.
Synchronization for V2x

Out of coverage case
For PC5-based V2x, GNSS based synchronization will be assumed for out of coverage case because synchronization relay using SLSS will become unstable due to high mobility. However, there are some exceptional situations where GNSS is not available such as tunnel, underground and possibly urban canyon. In those cases, it is not realistic to deploy GNSS repeater considering additional deployment cost. As DSRC supports UE autonomous synchronization, LTE based V2x should also support UE autonomous synchronization. Therefore we propose to supplementary utilize SLSS as a synchronization source when GNSS is not available. As long as GNSS based synchronization is available, GNSS based synchronization will be prioritized to isolated synchronization source based on SLSS regardless it is direct GNSS reception or indirect synchronization via SLSS. Assuming the prioritization, SLSS is utilized to relay the synchronization reference of GNSS. Thus with combinational operation with GNSS and SLSS, mostly common synchronization among out of coverage UEs will be realized. Further synchronization priority (if any) is FFS.
Proposal 1: For out of coverage case, GNSS based synchronization is introduced as a synchronization source for PC5-based V2x.
Proposal 2: SLSS is supplementary utilized to cover the case that GNSS is not available
Proposal 3: For out of coverage case, GNSS based synchronization is prioritized to isolated synchronization source based on SLSS.
In-coverage case
If GNSS based synchronization is introduced for out of coverage case, it is also considered to apply GNSS based synchronization to align the synchronization reference. This could be realized either by GNSS or eNB which is synchronized to GNSS. In the latter case, eNB may broadcast time-offset indicator to deliver UTC from PSS/SSS. Therefore it is possible that GNSS and eNB are utilized as complementary synchronization reference to realize common synchronization. With common synchronization reference, these two synchronization source is mostly equivalent each other except synchronization accuracy. Thus prioritization between GNSS and eNB could be determined by synchronization accuracy analysis as related LS has been sent to RAN4 during RAN1#82 [2]. 

If synchronization reference carrier is asynchronous, common synchronization is not achievable. So prioritization between GNSS and eNB should be clarified. If synchronization reference carrier is asynchronous and V2x carrier is dedicated carrier, benefit of eNB as a synchronization reference is limited to the case when GNSS is not available because eNB timing may introduce multiple synchronization cluster due to asynchronous network. On the other hand, if synchronization reference carrier is asynchronous and V2x carrier is shared with Uu, WAN should be protected to enable the resource sharing by prioritizing eNB timing. Table 1 summarizes the prioritization between GNSS and eNB synchronization. As asynchronous network is not efficient operation for PC5-based V2x, it is proposed to study synchronous case first and discuss asynchronous case later.
Table 1: Prioritization between GNSS and eNB synchronization
	
	Dedicated V2x carrier
	V2x carrier shared with Uu

	Synchronous network
	GNSS and eNB synchronization timing is aligned
Prioritization could be determined by synchronization accuracy analysis

	Asynchronous network
	GNSS is prioritized
	eNB is prioritized


Observation 1: It is possible that the UE obtains UTC from the eNB or RSU.
Observation 2: Both GNSS and eNB can be considered as a synchronization reference for in coverage.
Proposal 4: Study appropriate prioritization rule for synchronous network first according to expected synchronization accuracy and discuss asynchronous case later.
Latency due to SLSS synchronization

If SLSS based synchronization is supported in the V2x, latency due to initial synchronization by SLSS search will be a major issue. In TS36.133, maximum 20 sec is assumed for initial search for SLSS [3] and such long latency is not acceptable for V2x with mobility. Therefore latency should be minimized. Following options are considered to reduce the latency for SLSS search.

· Option 1: Avoid full search to detect SLSS when the UE lost UTC
· Option 2: Reduce the latency due to full search to detect SLSS (e.g., More SLSS accumulation at a given period)

· Option 3: Vehicular UE is equipped with accurate clock

Proposal 5: Latency due to initial search for SLSS should be minimized.

3. Conclusion

In this contribution, we discussed. Observation and proposals are summarized below.
· Observation 1: It is possible that the UE obtains UTC from the eNB or RSU.
· Observation 2: Both GNSS and eNB can be considered as a synchronization reference for in coverage.
· Proposal 1: For out of coverage case, GNSS based synchronization is introduced as a synchronization source for PC5-based V2x.
· Proposal 2: SLSS is supplementary utilized to cover the case that GNSS is not available
· Proposal 3: For out of coverage case, GNSS based synchronization is prioritized to isolated synchronization source based on SLSS.
· Proposal 4: Study appropriate prioritization rule for synchronous network first according to expected synchronization accuracy and discuss asynchronous case later.
· Proposal 5: Latency due to initial search for SLSS should be minimized.
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