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Introduction
In the previous meeting RAN1 #83, the details of V2X synchronization design were extensively discussed. Some related agreements were made in the following [1]:
	Agreements:
SLSS and PSBCH transmission of UE is supported for PC5 based V2V. 
· UE capability of SLSS transmission will be discussed later.
· Rel. 12/13 physical format of SLSS/PSBCH is the starting point.
· FFS number and location of PSBCH DM RS
· FFS PSSS root index, SLSS ID
· Rel. 12/13 sync procedure (e.g., sync reference priority) is the starting point.
· FFS PSBCH contents
· “GNSS or GNSS-equivalent is at the highest priority of synchronization source for time and frequency when the vehicle UE directly receives GNSS or GNSS-equivalent with sufficient reliability and the UE does not detect any cell in any carrier.”
· RAN1 needs to study the impact of this existing agreement on Uu operation.
· At least reuse priority order SLSS_net with in coverage indicator 1, SLSS_net with in coverage indicator 0, SLSS_oon

· FFS: any new priorities can be defined if benefits are shown
· FFS: Definition of SLSS_net, SLSS_oon
· FFS: GNSS or GNSS equivalent priority

· Working assumption: Priority of SLSS transmitted from in-coverage UE directly synchronized with GNSS or GNSS equivalent with sufficient reliability is the same as that of  SLSS_net with in coverage indicator 1
· FFS: SLSS transmitted from in-coverage UE using GNSS or GNSS equivalent is configured by eNB
· FFS: whether the configured SLSS uses the same configuration as Rel-12 D2D SLSS or not
· FFS: SLSS transmitted from in-coverage UE using GNSS or GNSS equivalent is taken from SLSS_net with in coverage indicator 1
· FFS: Periodicity of synchronization resource

· FFS: Criteria to select between signals received with the same priority (e.g., up to UE implementation)


  
In RAN1 #84, “No new synchronization signal sequence is defined in V2V” was further agreed for working assumptions in future study as well [2].
This contribution continues to provide discussions on details of V2X synchronization design.
Discussion
GNSS and GNSS equivalent as additional synchronization reference have already been identified during the study item phase of PC5-based V2X [3], which come up with the discussions of V2X synchronization source priority. Meanwhile, it is assumed that eNB doesn’t always have GNSS timing [3], which simply indicates the possibility that eNB timing may differ from GNSS timing. Therefore, no matter the priority relationship between thems, it is always necessary to distinguish eNB timing from GNSS timing for the purpose of normal V2X communications.    
Proposal 1: 
· GNSS timing should be explicitly distinguishable from eNB timing during synchronization procedures.

As a result, GNSS timing information should be considered in V2X synchronization signal design, with the baseline of Rel-12 and Rel-13 SLSS/PSBCH design. It can be FFS that how to carry this new timing information, either by SLSS sequence, or PSBCH, with the assumption that no new synchronization sequence will be defined.  
Another remaining V2X synchronization issue arised from [3] is as the following:
· At least reuse priority order SLSS_net with in coverage indicator 1, SLSS_net with in coverage indicator 0, SLSS_oon
· FFS: any new priorities can be defined if benefits are shown
· FFS: Definition of SLSS_net, SLSS_oon
· FFS: GNSS or GNSS equivalent priority

According to the specification [4], SLSS_net and SLSS_oon represent synchronization source type, whether the timing is from E-UTRAN, or out of coverage UEs. In order to be compatiable to D2D with least specification work and distinguish whether timing reference is eNB or not, we propose:
Proposal 2: 
· The definitions of SLSS_net and SLSS_oon should be kept the same as those in Rel-12/Rel-13 sidelink communications.
    
Recalling in D2D synchronization design, the number of timing hops is strictly restricted, because after multiple hops, the timing is not reliable any more. In V2V communications, synchronization signal reliability is still an issue. The research work in [5] and [6] show that the synchronization timing accuracy can be significantly affected by the velocity of UEs due to potential severe Doppler shift, especially when the UE is in very high velocity. Furthermore, the synchronization signal itself has no advanced technologies such as enhanced DMRS and channel coding to combat those errors. 

Observation:
· Different from D2D operating with low velocity UEs, V2X synchronization signal reliability should not be solely related to signal quality/strength; it also relates to UE’s velocity.

Therefore, if still adopting the legacy Rel-12 and Rel-13 SLSS transmission conditions, at the reception UE side, there may be timing error when the high velocity UE becomes synchronization source to transmit SLSS/PSBCH, comparing with low velocity synchronization source.
    
Proposal 3: 
· There should be extra condition considering UE’s velocity to limit the UE’s SLSS transmission, e.g., when the SyncRef UE increases its velocity to some level, it should stop SLSS transmission. 

During synchronization source selection, the reception UE should take velocity of SyncRef UE into account as well.

Proposal 4: 
· Velocity information should be carried by either SLSS or PSBCH. The details of velocity information definition, e.g., quatizied velocity or just the charisrictics of velocity (low or high), absolute velocity or relative velocity, and how to carry such information are FFS.

Conclusion
Based on the discussions above, we propose the followings:

Observations:
· Different from D2D operating with low velocity UEs, V2X synchronization signal reliability should not be solely related to signal quality/strength; it also relates to UE’s velocity.

Proposals: 
· GNSS timing should be explicitly distinguishable from eNB timing during synchronization procedures.
· The definitions of SLSS_net and SLSS_oon should be kept the same as those in Rel-12/Rel-13 sidelink communications.
· There should be extra condition considering UE’s velocity to limit the UE’s SLSS transmission, e.g., when the SyncRef UE increases its velocity to some level, it should stop SLSS transmission. 
· Velocity information should be carried by either SLSS or PSBCH. The details of velocity information definition, e.g., quatizied velocity or just the charisrictics of velocity (low or high), absolute velocity or relative velocity, and how to carry such information are FFS.
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