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Introduction
In this contribution, we would like share our views on the selection rules among multiple synchronization source discovered. Basically, our view is the selection should be based on the location of the vehicle UEs, i.e. in coverage, partial coverage and out of coverage. In the previous discussions, the multiple synchronization sources can be GNSS/GNSS-equivalent, eNB, eNB-based synchronization sources. In this paper we continue on this discussion and the agreements of the  RAN1 #83、RAN1 #84、RAN1 #84bis、 RAN1 #85 and RAN1 #86 relating to this topic are summarized as follows [1]-[5]:
In RAN1#83[1], the following agreements were made:

Agreements: Synchronization
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.
Agreements: The following sync procedure should be supported:
· Priority of synchronization source includes at least transmission timing reference.
· FFS whether there is any differentiation depending on whether eNB is synchronized to GNSS in the corresponding SLSS transmissions
· SLSS transmitted from out-coverage UE directly synchronized with GNSS or GNSS equivalent with sufficient reliability is differentiated from SLSS_net with in coverage indicator 1

Agreements:
· 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 [2], the following working assumption was made: 
Working assumption:
No new synchronization signal sequence is defined in V2V.

In RAN1 #84bis [3], the following agreements were made:
Agreements:
· Whether eNB timing or GNSS timing is prioritized can be per carrier cell-specifically configured by the cell on which an UE camps
· The carrier that UE camps on can be different carrier other than the carrier that the priority is configured
· If the UE does not receive such a configuration, UE selects synchronization source with the same priority order as out of coverage case
· FFS: The priority order for out of coverage case
In RAN1 #85 [4], the following agreements were made:
Agreements:
· Rel-12 DFN definition is reused.
· When GNSS is the synchronization reference, DFN is derived from GNSS.
· Details are up to RAN2.
· For the other cases, DFN is derived according to Rel-12 behavior.


Working assumption:
Working assumption for the V2V PC5 SLSS: 
· At least one value is reserved for SLSS ID used for SLSS transmissions from UEs having GNSS as the synchronization reference.
· FFS whether multiple values need to be reserved.
· The reserved value(s) of the SLSS IDs is(are) pre-defined.
· If it is agreed that SLSS/PSBCH is used for the purpose of detecting LTE ITS transmissions, this working assumption needs to be revisited.

Conclusion:
· Companies are encouraged to consider whether having GNSS as the highest sync priority for OOC UEs have significant impact on in-coverage UE operations.

In RAN1 #86 [5], the following agreements were made:
Agreement:
· GNSS is at the highest priority of synchronization source for time and frequency when the following conditions are met:
· The UE is out of coverage on the V2X carrier (as defined by RAN2)
· The UE does not receive any eNB synchronization configuration 
· The UE directly receives GNSS with sufficient reliability (as defined by RAN4)
· The UE does not receive any SLSS_net signal with in-coverage indicator 1
· The existing agreements apply when at least one of the above conditions is not met.
· FFS UE behaviour when the UE is out-of-coverage and receives SLSS_net.
· RAN1 observed the potential benefit of (pre)configuring an offset to shift the DFN #0 w.r.t the reference timing derived from GNSS. RAN1 assumes that RAN2 will decide whether this feature will be included in the outcome of V2V WI.
· The offset is in range [0, 1 ms] with the granularity of 1 us.
· LS to RAN2 to inform this (Stefano – Ericsson) in R1-168244. Approved in R1-168250 with adding RAN4 to CC.

Agreement:
· SLSS period is 160 ms. Note that this changes the existing working assumption.


 However, there are several issues that have not been defined. In this contribution, we would like to discuss the clear synchronization procedure for V2V communication. 
V2V communication applicable synchronization source selection

 The  RAN1 #83、RAN1 #84、RAN1 #84bis、 RAN1 #85 and RAN1 #86 relating to this synchronization topics was discussed. However, there are multiple synchronization sources that vehicle UE may discover in V2V communication, it should consider for in-coverage 、partial-coverage and out-of-coverage. In the other hand, there are some occasions that GNSS can be exploited to insure a synchronous network, we also should consider that coordinated mechanism between eNB and GNSS or GNSS-equivalent synchronization sources. 
Multiple synchronization sources
Before, we discuss on the selection or priority among multiple synchronization sources for in-coverage and partial- coverage. We need to list the potential synchronization sources that vehicle UE may discover first. They are
· GNSS/GNSS-equivalent 
The GNSS/GNSS-equivalent is its wide coverage and self calibrating.  At the previous RAN1 WG meetings, it was agreed that GNSS (or equivalent) is at the highest priority of synchronization source when the vehicle UE directly receives GNSS or GNSS-equivalent with sufficient reliability and the UE does not detect any cell in any carrier. However, the GNSS is prioritized then V2V communication may cause the interference for DL reception, assuming that DL reception timing and GNSS transmission timing are not aligned or significantly different. . Therefore, GNSS/ GNSS-equivalent synchronization may not a reliable and efficient synchronization in cellular communications system
· eNB
It is the one of the reliable and efficient synchronization source for LTE-based V2X Communication. However it is not available in out-of-coverage area and not the highest priority in V2X service. 
· eNB-based synchronization sources
In order to enhance the coverage of eNB, small-cell and eNB/UE type Road Side Units (RSUs) deployment can be useful.  However it is cost in some occasions. The Synchronization source acting by D2D UE defined in R12/R13 can be considered in some occasions when it is available.    
· Out-of-coverage synchronization sources
In out-of-coverage case, UE directly receive the GNSS or GNSS equivalent with sufficient reliability can be high priority. However, in some occasion the UE can’t receive the GNSS or GNSS signal, hence the vehicle UE may act as D2D synchronization source in out-of-coverage as defined in R12/R13. It can be considered in some occasions as well when it is available.

Observation 1: The synchronized timing is prioritized can be per carrier cell-specifically configured by the cell on which an UE camps. The synchronization timing can be eNB timing or GNSS timing. Either eNB timing or GNSS timing have their advantage and disadvantage.  
Proposal 1: Based on cell timing and GNSS timing should be coordinated for better performance in V2V communication. It also considers the coordinated mechanism between eNB and GNSS or GNSS-equivalent synchronization sources. The coordination introduce in [7] . 
Observation 2: If only consider cell performance or PC5-basde V2V performance. The synchronization source should be consistently. 
Observation 3: In RAN1 #84bis [3], the following agreements were made: Whether eNB timing or GNSS timing is prioritized can be per carrier cell-specifically configured by the cell on which an UE camps. Thus the prioritization of multiple synchronization sources on V2V communication should be based on the per cattier cell-specifically configured by the cell on which an UE camps.
Proposal 2:  If eNB timing is prioritized can be per carrier cell-specifically configured by the cell on which an UE camps. The LTE-based synchronization sources are eNB and eNB based synchronization sources, including the ones acting by D2D UE defined in R12/13.
Proposal 3: If GNSS timing is prioritized can be per carrier cell-specifically configured by the cell on which an UE camps. The synchronization sources are GNSS and GNSS based synchronization sources, including the ones also acting similar by D2D UE defined in R12/13. 
  
Multiple synchronization sources are prioritized for V2V communication
Whether eNB timing or GNSS timing is prioritized can be per carrier cell-specifically configuration by the cell on which UE camps. Again, we propose that the selection of multiple synchronization sources should be based on the location of vehicle UE, i.e. in-coverage, partial-coverage.  In general, there are two main dominant synchronization sources in the V2V communication deployment scenarios. Therefore different strategies and priority order of synchronization sources should be considered. Based on the different dominant synchronization sources, we discuss priority rules for GNSS and eNB dominant synchronization sources. 
Case 1: eNB is a dominant synchronization source
 In this case, the eNB timing is prioritized can be per carrier cell-specifically configuration by the cell on which UE camps. The following prioritization rules are proposed in this case. 
· P1: eNB - It is the one of the reliable and efficient synchronization source for LTE-based V2X Communication. It has some benefits to protect more cellular communication. 
· P2: First Hop after eNB – The UE follow eNB’s timing. It could be a synchronization source for the second hop after eNB. The mainly reasons is prevented UE at cell edge utilize the clock timing from OoC synchronization source and improve the whole system performance under following the same eNB’s time. It is also treated as a synchronization source to protect the UEs at cell edge/border. 
· P3: Second Hop after eNB – The UE follow eNB’s timing.  The mainly reasons is prevented OoC UEs utilize the own clock timing and extend the cell coverage to improve the whole system performance under following the same eNB’s time.
· P4: OoC synchronization source – The UEs could not discovery any synchronization sources from eNB or GNSS. It should be act as D2D synchronization source in out-of-coverage as defined in R12/R13.
Case 2:  GNSS is a dominant synchronization source
In this case, the GNSS timing is prioritized can be per carrier cell-specifically configuration by the cell on which UE camps. The following prioritization rules are proposed in this case. 
· P1: GNSS - The GNSS/GNSS-equivalent is its wide coverage and self-calibrating.  At the previous RAN1 WG meetings, it was agreed that GNSS (or equivalent) is at the highest priority of synchronization source when the vehicle UE directly receives GNSS or GNSS-equivalent with sufficient reliability and the UE does not detect any cell in any carrier.  The GNSS with the wide coverage characteristic, it is beneficial to enable global sync and absolute timing among the GNSS of coverage scenario. 
· P2: First Hop after GNSS – The UE follow GNSS’s timing. It could be a synchronization source for the second hop after GNSS. The mainly reasons is extended GNSS’s timing for UE lose GNSS’ timing and improve the whole system performance under following the same GNSS’s time. 
· P3: Second Hop after GNSS – The UE follow GNSS’s timing. The mainly reasons is extended GNSS’s timing for UE lose GNSS’ timing and improve the whole system performance under following the same GNSS’s time. 
· P4: OoC synchronization source – The UEs could not discovery any synchronization sources from eNB or GNSS. It should be act as D2D synchronization source in out-of-coverage as defined in R12/R13.
In our view, current RAN1 WG should be defined the suitable synchronization procedure for V2V communication. The suitable V2V communication synchronization procedure will improve performance and reliability for V2V services based on LTE sidelink.
Proposal 4: 
· Follow prioritization rules described for case 1: eNB is a dominant synchronization source, it should be allow eNB’s timing within network coverage for V2V communication. 
· However, It should consider some eNB without GNSS. It may require a proper coordination to introduce in [6].
· Follow prioritization rules described for case 2: GNSS is a dominant synchronization source, it should be allow GNSS’s timing within network coverage for V2V communication. 
· However consider the coordination between eNB and GNSS. It may require a proper coordination to introduce in [6].
Conclusions
We propose the location of vehicle UE should be considered when we define the selection rules or priority among multiple synchronization sources. Our proposals and observations are 
Observation 1: The synchronized timing is prioritized can be per carrier cell-specifically configured by the cell on which an UE camps. The synchronization timing can be eNB timing or GNSS timing. Either eNB timing or GNSS timing have their advantage and disadvantage.  
Proposal 1: Based on cell timing and GNSS timing should be coordinated for better performance in V2V communication. It also considers the coordinated mechanism between eNB and GNSS or GNSS-equivalent synchronization sources. The coordination to introduce in [6].. 
Observation 2: If only consider cell performance or PC5-basde V2V performance. The synchronization source should be consistently. 
Observation 3: In RAN1 #84bis [3], the following agreements were made: Whether eNB timing or GNSS timing is prioritized can be per carrier cell-specifically configured by the cell on which an UE camps. Thus the prioritization of multiple synchronization sources on V2V communication should be based on the per cattier cell-specifically configured by the cell on which an UE camps.
Proposal 2:  If eNB timing is prioritized can be per carrier cell-specifically configured by the cell on which an UE camps. The LTE-based synchronization sources are eNB and eNB based synchronization sources, including the ones acting by D2D UE defined in R12/13.
Proposal 3: If GNSS timing is prioritized can be per carrier cell-specifically configured by the cell on which an UE camps. The synchronization sources are GNSS and GNSS based synchronization sources, including the ones also acting similar by D2D UE defined in R12/13. 
Proposal 4: 
· Follow prioritization rules described for case 1: eNB is a dominant synchronization source, it should be allow eNB’s timing within network coverage for V2V communication. 
· However, It should consider some eNB without GNSS. It may require a proper coordination to introduce in [6].
· Follow prioritization rules described for case 2: GNSS is a dominant synchronization source, it should be allow GNSS’s timing within network coverage for V2V communication. 
· However consider the coordination between eNB and GNSS. It may require a proper coordination to introduce in [6].
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