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1
Introduction
Substantial progress on V2V sidelink synchronization enhancements was made in the previous meeting [1]. There are only a few working assumptions and issues for further study that need to be concluded. In this contribution we discuss those open issues.
2
Differentiation between indirect and direct synchronization to GNSS 
The following agreements were made in RAN1 #86bis [1]:
Agreements:
· For the V2V PC5 SLSS

· If the vehicle UE has selected the GNSS as syncRef and acts as a synchronization source, SLSS ID is set to 0 for SLSS transmissions.

· FFS whether a UE that selected SLSS ID = 0 as its sync reference transmits SLSS = X (FFS 0 or 168) and PSBCH in a different resource.

If UE that selects SLSS ID = 0 as its sync reference also transmits SLSS so that ID is set to 0, then it is not possible for receiving UE to know whether the UE that acts as a synchronization source is receiving GNSS directly or if the synchronization signal is already forwarded over multiple UEs. The quality of SLSS synchronization degrades when multiple hops are used. Degradation can be large in the case that relative speed between transmitting and receiving UE is high. We think that differentiation between direct and indirect synchronization should be supported. In the tunnel scenario multiple hops may be needed to provide common synchronization source for all the UEs in the tunnel. It should be noted that UE synchronized to GNSS can for some period of time maintain accurate enough synchronization after the signal from GNSS is lost e.g. when entering a tunnel. During that period UE can send SLSS ID = 0 but at the same time UE could start to search SLSS signals from other UEs. Because of these issues we propose that UE that has selected indirect GNSS as its sync reference, transmits SLSS in the following way:
Proposal 1: UE that selected SLSS ID = 0 or 168 as its sync reference transmits PSBCH and SLSS ID = 168 in a pre-configured  sync resource that is different from the resource used by the selected SyncRef UE.
3
Offset between GNSS timing and eNB timing
In the RAN1#86 meeting the following agreement was made [2]:

· 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.

The agreement can be interpreted from UE point of view so that UE could deduce eNB timing by using GNSS timing and applying offset received from eNB. Because of this, the need to align eNB timing to GNSS timing may not need to be considered. Another benefit of this operation would be that potential Doppler shift between high speed UE and eNB can be eliminated also in the case that eNB timing is prioritized. Another way of applying offset signaling is that eNB configures GNSS as a timing reference for V2V transmissions and signals also offset between GNSS and eNB timing. Then UEs that do not receive GNSS can deduce GNSS timing from the eNB timing. We think that offset should be applicable in both cases.
If offset signalling is configured to indicate timing difference between GNSS and eNB timing:

· If based on offset signalling, UE deduces eNB timing from GNSS, it selects SLSS index 1 – 167

· If based on offset signalling, UE deduces GNSS timing from eNB timing, it selects SLSS index 168 (offset maybe 0 in this case)

Proposal 2: Configured offset can be used to shift the DFN #0 w.r.t the reference timing derived from GNSS or from eNB. 

Offset signaling means that eNB has knowledge of GNSS timing but does not use it for eNB timing. It is somewhat questionable why eNB would have GNSS receiver if it is not used for synchronization. On the other hand all the V2V UEs (likely) have a GNSS receiver. One option proposed in [3] could be that V2V UEs that receive both GNSS and eNB timing, signal the offset to eNB and eNB distributes the offset to all the UEs in the cell.
Proposal 3: eNB can configure UE to measure and report timing difference between eNB and GNSS.
4
SLSS and PSBCH transmission of out-coverage UE
In the RAN1#86bis meeting it was agreed [1] that priority of different synchronization references is the following:

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. 

If P2 is prioritized over P1 then according to the agreement above indirect GNSS has higher priority than direct GNSS reception. We think that if UE is going to use GNSS based synchronization it should as a first priority use its own GNSS receiver. 
Proposal 4: If P2 is prioritized over P1 by (pre-)configuration in the sync priority agreement above, the same highest priority is given to the following options: “UE directly synchronized to eNB”, “GNSS” and “UE directly synchronized to GNSS”. UE selects indirect GNSS only if it cannot receive GNSS directly.
In the RAN1#86bis meeting the following working assumption was made [1]:

· Working assumption: An out-coverage UE directly synchronized to GNSS transmits SLSS/PSBCH on the pre-configured sync resource which is one of the two preconfigured sync resources.

· FFS: Out-coverage UE indirectly synchronized to GNSS
· In the other resource, the UE receives PSBCH potentially transmitted from an in-coverage UE.

According to the priority agreement above out-coverage UE directly synchronized to GNSS can always select GNSS independently of (pre)configuration of priority between P1 and P2. This means that out-coverage UE that receives GNSS can simply ignore SLSS transmission from other UEs. Our understanding is that good UE implementation tries to determine if most of the other UEs are in-coverage and follow network timing. Then the UE would change its sync reference to “UE directly synchronized to eNB”, if P2 is prioritized over P1. If UE is synchronized to GNSS and cannot receive any in-coverage UE then the above working assumption is reasonable. Also the FFS point about indirect synchronization to GNSS can be treated in the same way as direct GNSS sync. But if the network prioritizes P2 over P1 and UE receives this information from in-coverage UE and still decides to use direct or indirect GNSS as its sync reference then it is likely that there will be interference issues between in-coverage and out-coverage UEs. In this case it might be better that out-coverage UE does not act as a synchronization reference because it would then reduce the area where eNB timing is used around the cell. On the other hand if out-coverage UE does not send synchronization signals, transmissions of the UE are likely received by fewer UEs 
Proposal 5: The working assumption about SLSS/PSBCH transmission of out-coverage UE directly or indirectly synchronized GNSS can be agreed for all other cases except further study is needed for the case when eNB timing is preferred by the network and the UE receives PSBCH of in-coverage UE but still decides to use GNSS timing. 
Regarding PSBCH contents we think that the existing D2D PC5 PSBCH is the starting point. In some cases some synchronization related information could be added to the PSBCH. For example according to the sync priority agreement there are cases when out-coverage UE can select GNSS timing even if it knows that eNB timing is preferred in the network. In this kind of situation timing preference of network cannot probably be known from the SLSS transmission of the UE. A bit could be added to PSBCH to indicate network preference. Another method is that UE choosing different sync reference than network preference do not act as sync source to other UEs. Another potential enhancement is that difference between eNB and GNSS timing is included in the PSBCH. This would enable use of eNB timing over multiple hops of out-coverage UEs. We think that in this kind of scenarios selection of GNSS as sync source should be preferred.
Proposal 6: The current D2D PC5 PSBCH content is a starting point. New synchronization related parameters are not added to PSBCH.
5
Conclusions
In this contribution we discussed remaining details of V2V synchronization enhancements and made the following proposals:
Proposal 1: UE that selected SLSS ID = 0 or 168 as its sync reference transmits PSBCH and SLSS ID = 168 in a pre-configured  sync resource that is different from the resource used by the selected SyncRef UE.
Proposal 2: Configured offset can be used to shift the DFN #0 w.r.t the reference timing derived from GNSS or from eNB. 
Proposal 3: eNB can configure UE to measure and report timing difference between eNB and GNSS.
Proposal 4: If P2 is prioritized over P1 by (pre-)configuration in the sync priority agreement above, the same highest priority is given to the following options: “UE directly synchronized to eNB”, “GNSS” and “UE directly synchronized to GNSS”. UE selects indirect GNSS only if it cannot receive GNSS directly.
Proposal 5: The working assumption about SLSS/PSBCH transmission of out-coverage UE directly or indirectly synchronized GNSS can be agreed for all other cases except further study is needed for the case when eNB timing is preferred by the network and the UE receives PSBCH of in-coverage UE but still decides to use GNSS timing. 

Proposal 6: The current D2D PC5 PSBCH content is a starting point. New synchronization related parameters are not added to PSBCH.
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