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Introduction
[bookmark: OLE_LINK6][bookmark: OLE_LINK7]In the last RAN1 meeting the following agreements on PC5 interface based V2V communication was agreed [1]:
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 this contribution, we will discuss the synchronization schemes for the remaining scenarios and necessary enhancement for synchronization mechanism.
Discussion
2.1 Scenario with eNB in different carrier
For the scenario where there is no eNB detectable in the same carrier as that vehicle performs PC5 V2V, while there is eNB detectable in a different carrier, if there is reliable GNSS/GNSS-equivalent, the optional synchronization source can be GNSS/GNSS-equivalent or the detected eNB. As eNB may not always have GNSS or GNSS-equivalent, vehicles locating in different cells may not be synchronized if they synchronize to respective eNB. For an in-coverage vehicle and an out-of-coverage vehicle, they may not synchronize to each other either. Furthermore, a high speed vehicle may need to reacquire synchronization source frequently because of handover or cell reselection, which can interrupt the ongoing data transmission. On the contrary, the issues above can be avoided if vehicles synchronize to GNSS/GNSS-equivalent. As Uu transmission is on a different carrier, so there is no risk of interference between V2V transmission and Uu transmission even though the eNBs are not synchronized to GNSS/GNSS-equivalent.
If there is no reliable GNSS/GNSS-equivalent, it is beneficial for the vehicle to synchronize to an inter-carrier eNB. In this case, vehicle may have to receive V2V signal on PC5 V2V carrier and monitor synchronization signal (PSS/SSS) on another carrier simultaneously, so two receiver chains are required for the vehicle.
Proposal 1: For the scenario where there is no eNB detectable in the same carrier as that vehicle performs PC5 V2V, GNSS/GNSS-equivalent should be prioritized over eNB-based synchronization.
2.2 Scenario with no eNB and GNSS/GNSS-equivalent
When a vehicle is running through a tunnel, or locating in basement or city canyon, it may not detect eNB on any carrier and reliable GNSS/GNSS-equivalent. Basically, the occurrence probability of this scenario is very low, as almost every corner in urban areas has been covered by cellular signal; for the roads in rural area where coverage hole may exist, the GNSS/GNSS-equivalent signal is usually in good condition as there are rarely obstructions surrounding the roads. On the other hand, the range of the area with there is no eNB and GNSS/GNSS-equivalent coverage (e.g. tunnel, basement, and city canyon mentioned above) is very limited, it can be easily covered by e.g. RSU, which can provide timing reference for vehicles or V2I communication service to guarantee the traffic safety. If a vehicle is equipped with precise oscillator, it can also keep the time offset within the acceptable level until it retrieves reliable synchronization signal.
Synchronization mechanism based on Rel-12/13 SLSS can be introduced as a compensation for this scenario, as discussed in [2]~[4]. However, the motivation of introducing SLSS based synchronization mechanism for Rel-12/13 is to support the communication/discovery in partial coverage, out-of-coverage scenario, and asynchronous inter-cell scenario.  As vehicles may always have GNSS/GNSS-equivalent receiver, vehicles perform V2V communication in the three scenarios above can be synchronized as long as there is reliable GNSS/GNSS-equivalent. Furthermore, as the low latency requirement, high Doppler property, and high user density of V2V communication, the SLSS synchronization mechanism is hardly applicable anymore, considerable enhancements on the existing mechanism are necessary to satisfy the requirements of V2V communication [5][6].  It is not efficient to implement such a complicated functionality in a vehicle for an infrequent event.
Proposal 2: It is not preferable to enhance existing SLSS based synchronization mechanism for supporting the synchronization in the scenario where there is no eNB coverage and GNSS/GNSS-equivalent coverage,  V2V communication issues existing in this scenario can be resolve by RSU deployment or vehicle implementation.

We summarize our preferred synchronization source prioritization rules for various scenarios in the table below.
	GNSS/GNSS-equivalent
	eNB on PC5 V2V carrier
	eNB on different carrier
	Prioritized synchronization source

	-
	YES
	-
	According to eNB instruction

	YES
	NO
	-
	GNSS/GNSS-equivalent

	NO
	NO
	YES
	eNB on different carrier

	NO
	NO
	NO
	Up to implementation



2.3 eNB assistant information
In case that eNB-based synchronization source is used, it is beneficial for the vehicle to synchronize to a universal timing (e.g. UTC or OAM coordinated timing) instead of eNB DL timing.  For this, vehicle has to compensate the timing offset between eNB and the universal timing reference and the propagation delay from eNB, as shown in the figure below. So timing offset with respect to the universal timing reference is definitely needed. As to the propagation delay, the vehicle can identify the value based on DL timing and TA, this manner requires the vehicle to keep in RRC connected state. Considering the high mobility of the vehicle which may cause frequent TA update, as well as the high vehicle density within the cell, to keep the vehicle in RRC connected state for synchronization purpose is not beneficial. Since it is a reasonable assumption that a vehicle performing V2V communication is aware of its location, vehicle can calculate the propagation as long as the location of eNB is known. This manner does not require vehicle specific signaling, so including eNB location in the assistant information is preferred.


Proposal 3: eNB assistant information for synchronization should include timing offset to a universal timing reference and eNB location.
Conclusions
In this contribution we discussed the synchronization schemes for the remaining scenarios and necessary enhancement for synchronization mechanism, we made the following proposals:
Proposal 1: For the scenario where there is no eNB detectable in the same carrier as that vehicle performs PC5 V2V, GNSS/GNSS-equivalent should be prioritized over eNB-based synchronization.

Proposal 2: It is not preferable to enhance existing SLSS based synchronization mechanism for supporting the synchronization in the scenario where there is no eNB coverage and GNSS/GNSS-equivalent coverage,  V2V communication issues existing in this scenario can be resolve by RSU deployment or vehicle implementation.

Proposal 3: eNB assistant information for synchronization should include timing offset to a universal timing reference and eNB location.
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