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1
Introduction
In this contribution we present our view on synchronization procedure for V2V communication. 
· In Section 2 we present the synchronization procedure and PSBCH content
· In Section 3 we conclude the contribution
2
Synchronization Procedure
During RAN1#85 the following agreements related to V2V synchronization were achieved [1].

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.

Working assumption:
· SSSS for V2V uses sequences of subframe-5 SSS

· If it is agreed that SLSS/PSBCH is used for the purpose of detecting LTE ITS transmissions, this working assumption may need to be revisited.

For in-coverage UEs, it has been agreed that the eNB can configure their synchronization source (either eNB timing or GNSS timing) when the eNB is in the same or different carrier as V2V. If an eNodeB prioritizes GNSS timing in coverage it can transmit an offset with respect to GNSS timing. This will be used by vehicles and other entities that don’t have access to GNSS time to get the correct GNSS timing.

Proposal 1: The eNodeB can broadcast a timing offset between its timing and GNSS timing.
In the following, we will focus on out-of-coverage (OOC) UEs. An OOC UE may or may not receive GNSS signals. The latter case may apply to a vehicle in basement or in a tunnel. To specify a synchronization protocol, it is natural to reuse the D2D synchronization procedure as defined in Release 12 & 13 [2]. More particularly, we propose reusing the out-of-coverage protocol defined for D2D synchronization as a baseline. Some changes to the protocol are needed and are discussed below.

Proposal 2: OOC UEs reuse the out-of-coverage D2D synchronization protocol for V2V with changes proposed below.

Our first proposed change is related to priority order of synchronization sources for OOC UEs. In RAN1#83 it was agreed that the priority order of in-coverage UEs, OOC UEs synched to in coverage UEs, and other OOC UEs should be reused. There are some gaps with respect to where GNSS fits in the prioritization scheme. We make the following proposal to fill the gaps. The new parts in the proposal are in bold. 
Proposal 3: For OOC UEs, the synchronization source priority should be in-coverage UE with eNB timing = in-coverage UE with GNSS-derived timing > GNSS > OOC UE directly synchronized to GNSS > OOC UE indirectly synchronized to GNSS > OOC UE synched to in coverage UEs > other OOC UEs.
Note that that part "in-coverage UE with eNB timing = in-coverage UE with GNSS-derived timing" is confirming the working assumption made in RAN1#83 [3].
The reason for this priority order is as follows. Consider a UE A which is just outside the coverage of an eNB and can receive synch signals from in-coverage UEs associated with the eNB. It is possible that the eNB instructs it’s associated UEs to use the eNB timing and the eNB timing is different from GNSS timing. In this case, if UE A uses GNSS timing, then its transmission may interferes with the WAN traffic (especially for TDD deployments) within the cell. To avoid such potential interference, UE A should follow the synchronization signals transmitted by in-coverage UEs. Therefore, the priority level of in-coverage UE should be higher than GNSS and GNSS-derived timing. 
If an OOC UE B is farther away from the eNBs and cannot receive synch signal from any in-coverage UE, then it is preferable for it to follow GNSS timing or GNSS-derived timing. This makes sure that OOC UEs far away from any eNB uses a uniform timing, since in most cases OOC UEs either have GNSS coverage or are close to other OOC UEs with GNSS coverage. Consequently, the priority level of GNSS or GNSS-derived timing should be higher than OOC UEs synched to in coverage UEs and any other OOC UEs. 

Note that it is possible that an OOC UE receives different timings from synch sources in the same priority level. For example, an OOC UE can receive synch signals from multiple in-coverage UEs associated with different eNBs. In this case, it is natural to let the UE follow the timing of the strongest synch signal among them, such that the UE uses the same timing as nearby UEs.
Proposal 4: If an OOC UE receives different timings from synchronization sources in the same priority level, it should use the timing associated with the strongest synchronization signal.
One issue is to differentiate the synch signals transmitted by UEs in different priority levels in Proposal 3. For distinction between in-coverage UE, OOC UEs synched to in-coverage UEs, and other OOC UEs, we can reuse the procedure from Release-12/13 D2D synchronization of having different sets of SLSS ids and the in-coverage indication bit in PSBCH. However two separate SLSS ids need to be reserved for GNSS derived timing. Specifically, an id from SLSS_net is reserved for in-coverage UEs who use GNSS-derived timing, and an id from SLSS_oon is reserved for OOC UEs who use GNSS-derived timing. V2X UEs who do not use GNSS-derived timing shall not use the reserved ids. This allows SFN of the synch signals with GNSS-derived timing.
Proposal 5: For transmission of GNSS-derived timing, reserve a SLSS id in SLSS_net for transmission by in-coverage UEs, and reserve a SLSS id in SLSS_oon for transmission of GNSS-derived timing by OOC UEs.
It is also important to distinguish timing that is derived directly from GNSS to timing that is indirectly derived from GNSS. One simple way is to use a reserved bit in PSBCH to indicate whether the timing is derived directly or indirectly derived from GNSS.
Proposal 6: Use a reserved bit in PSBCH to indicate whether GNSS timing is directly derived or not. 
Our next proposal is related to transmission behavior of a synchronization source. We propose that a synchronization source uses Behaviour 2 as defined in Release 13, i.e., a synchronization source transmits SLSS every synchronization period. There are a few reasons to do so. Transmitting SLSS more often should lead to better performance. Furthermore vehicles are typically not battery life limited so power consumption is less of an issue compared to normal handheld UEs. Also, vehicles are likely transmitting a BSM every 100 ms, so the increase in power consumption due to synchronization transmission should be relatively small.
Proposal 7: Vehicles acting as a synchronization source transmit synchronization signal every synchronization period.
3
Conclusion

In this contribution we presented our view on V2V synchronization procedure. We made the following observations and proposals.
Proposal 1: The eNodeB can broadcast a timing offset between its timing and GNSS timing.

Proposal 2: OOC UEs reuse the out-of-coverage D2D synchronization protocol for V2V with changes proposed below.

Proposal 3: For OOC UEs, the synchronization source priority should be in-coverage UE with eNB timing = in-coverage UE with GNSS-derived timing > GNSS > OOC UE directly synchronized to GNSS > OOC UE indirectly synchronized to GNSS > OOC UE synched to in coverage UEs > other OOC UEs.
Proposal 4: If an OOC UE receives different timings from synchronization sources in the same priority level, it should use the timing associated with the strongest synchronization signal.
Proposal 5: For transmission of GNSS-derived timing, reserve a SLSS id in SLSS_net for transmission by in-coverage UEs, and reserve a SLSS id in SLSS_oon for transmission of GNSS-derived timing by OOC UEs.

Proposal 6: Use a reserved bit in PSBCH to indicate whether GNSS timing is directly derived or not. 
Proposal 7: Vehicles acting as a synchronization source transmit synchronization signal every synchronization period.
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