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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
· In Section 3 we conclude the contribution
2
Synchronization Procedure
During RAN1#82bis following agreements related to V2V synchronization were achieved.

Agreements:
· “Vehicle” UE indicates UE in PC5 V2V. This terminology is only used for discussion convenience.

· 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.

· eNB instructs vehicle UE to prioritize either eNB-based synchronization or GNSS or GNSS-equivalent at least when the eNB is in the carrier where the vehicle UE operates on PC5 V2V

· Priority of GNSS or GNSS-equivalent for other cases needs further study

· Priority of other synchronization source needs further study

· Scenarios with there is no eNB coverage and GNSS or GNSS-equivalent coverage need to be studied

· RAN1 will not optimize only for this scenario

· This scenario needs to be supported from the synchronization perspective

· RAN1 assumes that eNBs may not always have GNSS or GNSS-equivalent

· Asynchronous network case should be supported.

· Perspectives for further study:

· eNB assistant information, e.g.

· Timing offset to UTC

· TA or eNB location

· Others
In LTE V2V it is important to reduce discontinuities in timing (below cyclic prefix length) between proximal vehicles. If vehicles in proximity have different timings a vehicle can easily miss safety messages from proximal vehicles. Some of this loss can be recovered using multiple timing hypothesis at the receiver but performance is still likely to be worse than the case where there is no discontinuity in timing. We also note that performing multiple timing hypothesis at the receiver will require additional complexity and lead to higher cost.
Observation 1: It is important that vehicles in proximity do not have discontinuity in timing. Otherwise there will be a loss in performance and/or lead to higher cost.

The agreement achieved during RAN1#82bis allows for support of GNSS. GNSS coverage is worldwide and synchronous and can be used to minimize the timing discontinuity between proximal vehicles.
The other alternative is to use eNodeB timing as a reference, for example, as is done in Release 12 D2D.  However we note that eNodeB themselves may not be synchronized. Even when eNodeBs are synchronized the timing there may be discontinuities in timing due to different cell sizes at cell edge. (In Fig. 1, for example, the timing difference between UE A and B may be significant due to different cell sizes.) Furthermore there will be areas where cellular coverage is not present. Therefore relying on eNodeB timing is clearly not sufficient.





Figure 1: Timing discontinuity due to different cell sizes

Observation 2: GNSS timing can be used to minimize the timing discontinuity between proximal vehicles.

If GNSS timing is used then the subframe boundary for GNSS timing based transmissions can be defined either in specification or can be pre-configured. This allows all UE to have common notion of subframe boundary.

Proposal 1: The subframe boundary for GNSS timing based transmissions can be defined either in specification or can be pre-configured.

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 2: The eNodeB can broadcast a timing offset between its timing and GNSS timing.
There may be cases where a vehicle does not have access to neither GNSS timing nor eNodeB coverage. For example a vehicle in basement or in a tunnel. It has been agreed that a synchronization protocol will be specified for this case. For such a case it is natural to reuse the D2D synchronization procedure as defined in Release 12 & 13 [1]. 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 3: When both GNSS and eNodeB coverage are not available then 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. If no eNodeB coverage and GNSS are available then a UE with timing directly derived from GNSS should be prioritized.
Proposal 4: When both GNSS and eNodeB coverage are not available then a UE with GNSS timing directly derived from GNSS should be prioritized as a synchronization timing source.

After a UE with direct GNSS timing, eNodeB should be prioritized as a synchronization source. If a vehicle cannot detect any of the synchronization sources discussed above. Following is the proposed priority order of synchronization: in coverage UE > out of coverage UE synchronized to in-coverage UE > UE synchronized indirectly with GNSS timing > out of coverage UE. This order is proposed to prioritize the more reliable sources and is similar to the D2D synchronization order. 
Proposal 5: For remaining synchronization sources the priority order followed should be: in coverage UE > out of coverage UE synchronized to in-coverage UE > UE synchronized indirectly with GNSS timing > out of coverage UE.
One issue with the current proposal is that some distinction is needed between timing used for D2D versus timing being used for V2V. We propose that this can be resolved by using different PSS sequences for V2V synchronization.

Proposal 6: Use different PSS sequences for V2V synchronization compared to D2D synchronization.
Another issue is to differentiate between timing derived from GNSS, in coverage and out of coverage timing. For distinction between in coverage and out of coverage timing we can reuse the procedure from D2D synchronization of having different sets of SLSS ids. However a separate SLSS id needs to be reserved for GNSS derived timing.

Proposal 7: Like D2D synchronization protocol use separate SLSS ids for in-coverage and out of coverage timing. Additionally, reserve a separate SLSS id for GNSS derived timing. 
Vehicles deriving timing directly from GNSS will transmit using the reserved SLSS id with the in coverage indicator set to 1 in PSBCH. Other vehicles following GNSS derived timing will also transmit using the reserved SLSS id but with the in coverage indication set to 0 in PSBCH.
Proposal 8: Vehicles deriving timing directly from GNSS will transmit using the reserved SLSS id with the in coverage indication set to 1. Other vehicles following GNSS derived timing will also transmit using the reserved SLSS id but with the in coverage indication set to 0.
Our final 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 9: Vehicles acting as a synchronization source transmit synchronization signal every synchronization period.
3
Conclusion

In this contribution we presented our view on V2V synchronization. We made the following observations and proposals.
Observation 1: It is important that vehicles in proximity do not have discontinuity in timing. Otherwise there will be a loss in performance and/or lead to higher cost.

Observation 2: GNSS timing can be used to minimize the timing discontinuity between proximal vehicles.

Proposal 1: The subframe boundary for GNSS timing based transmissions can be defined either in specification or can be pre-configured.

Proposal 2: The eNodeB can broadcast a timing offset between its timing and GNSS timing.

Proposal 3: When both GNSS and eNodeB coverage are not available then reuse the out of coverage D2D synchronization protocol for V2V with changes proposed below.

Proposal 4: When both GNSS and eNodeB coverage are not available then a UE with GNSS timing directly derived from GNSS should be prioritized as a synchronization timing source.

Proposal 5: For remaining synchronization sources the priority order followed should be: in coverage UE > out of coverage UE synchronized to in-coverage UE > UE synchronized indirectly with GNSS timing > out of coverage UE.
Proposal 6: Use different PSS sequences for V2V synchronization compared to D2D synchronization.
Proposal 7: Like D2D synchronization protocol use separate SLSS ids for in-coverage and out of coverage timing. Additionally, reserve a separate SLSS id for GNSS derived timing. 
Proposal 8: Vehicles deriving timing directly from GNSS will transmit using the reserved SLSS id with the in coverage indication set to 1. Other vehicles following GNSS derived timing will also transmit using the reserved SLSS id but with the in coverage indication set to 0.

Proposal 9: Vehicles acting as a synchronization source transmit synchronization signal every synchronization period.
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