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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In the SI phase, the following agreements on synchronization for PC5 interface based V2V communication were reached [1]:
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
While significant progress was achieved during the WI on synchronization, synchronization for partial coverage has not been extensively discussed. In this contribution, we discuss synchronization for this scenario.
[bookmark: _Ref129681832]Discussion
[bookmark: OLE_LINK4]Synchronization issue for out of coverage of GNSS or eNB
[bookmark: OLE_LINK13]There are areas, such as a tunnel or an underground parking lot, where UEs cannot receive either GNSS or eNB signals. Once a UE loses GNSS synchronization, it will attempt to find a synchronization reference UE that transmits synchronization information. However, the timing of the reference UE may be different than GNSS timing. Thus, UEs in coverage of GNSS may not be synchronized with nearby UEs without GNSS timing. An example is shown in Figure 1. UE 1 and UE 5 use GNSS timing. UE 2, UE 3 and UE 4 use OOC timing derived based on UE timing. UE 5 and UE 4 may not be able to communicate with each other due to different timing without reestablishing timing synchronization. The same issue happens for UE 2 and UE 1 as well. In addition, due to different timing, UEs that are out of GNSS coverage may cause interference to in-GNSS coverage UEs. A similar problem occurs for in-GNSS coverage UEs. 
For D2D, a UE can be configured by network to transmit synchronization information irrespective of having data to transmit. Unless a UE is configured, it shall deliver eNB timing as long as the RSRP is good enough. For V2V, synchronization is more crucial since it is a safety service. To avoid switching timing during which vehicles may miss some messages, it is crucial for a UE to be able to find a timing quickly. Even when a UE is not transmitting V2V messages, it should transmit synchronization information to provide timing when it is close to being in partial coverage. 
Observation 1: A procedure is needed to provide GNSS or eNB timing to UEs without GNSS timing or out of coverage.
[image: ]
[bookmark: _Ref446404009]Figure 1. Example scenario of out of GNSS or eNB coverage
Sidelink synchronization enhancement in V2V
According to observations on GNSS timing maintenance [2], synchronization can be maintained at the UE for several minutes after GNSS synchronization is lost. A synchronization source that recently lost GNSS synchronization has more precise GNSS timing than a source that has lost GNSS for a longer time. In Figure 1, although UE 4, UE 3 and UE 2 all lost GNSS timing, UE4’s timing is closer to GNSS timing than UE 3 and UE 2. It is reasonable for UE 4 to transmit synchronization information rather than to synchronize with UE 3. If a UE that recently lost GNSS transmits synchronization information, a still relatively accurate GNSS timing can be provided to other UEs. A similar observation can be made for eNB-based timing. 
Proposal 1: 
· When a UE loses GNSS timing out of coverage and no other synchronization source is available with sufficient quality, the UE still transmits the synchronization signal based on its previous GNSS timing
· When a UE loses eNB timing, has no GNSS timing, and no other synchronization source is available with sufficient quality, the UE still transmits the synchronization signal based on its previous eNB timing
We need to look at the dual problem of a UE with no GNSS timing getting into satellite coverage. After the UE enters GNSS coverage, it should transmit synchronization information based on the new timing reference for at least as long as the timing is deemed accurate enough. This enables neighboring UEs to have an accurate time reference. 
Proposal 2: When a UE acquires GNSS or eNB timing, it starts transmitting synchronization signals
Conclusions
In this contribution, we discuss synchronization information transmission procedure in V2V and make the following observations and proposals:
Observation 1: A procedure is needed to provide GNSS or eNB timing to UEs without GNSS timing or out of coverage.
Proposal 1: 
· When a UE loses GNSS timing out of coverage and no other synchronization source is available with sufficient quality, the UE still transmits the synchronization signal based on its previous GNSS timing
· When a UE loses eNB timing, has no GNSS timing, and no other synchronization source is available with sufficient quality, the UE still transmits the synchronization signal based on its previous eNB timing
Proposal 2: When a UE acquires GNSS or eNB timing, it starts transmitting synchronization signals
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