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1. Introduction

In RAN1#82bis, synchronization mechanism for PC5 based V2V has been discussed and following agreement has been reached [1]. In the agreement, eNB controlled synchronization source priority is newly introduced. As the agreement on synchronization priority does not consider the case for multi-carrier and out of coverage operation, we will discuss these remaining cases in this contribution.

	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


2. Discussion
In coverage case
For inter-carrier and inter-PLMN discovery in Rel-13, RAN1 made the agreement that DL carrier which is not paired to the carrier on which the UE performs PC5 operation can be utilized for synchronization [2] and RAN2 made agreement to introduce inter-carrier configuration signaling [3]. The enhancements in Rel-13 are targeted to enable load balancing among Uu carriers. Without the enhancements, UE is mandated to connect to the carrier where PC5 is operated. Similar can be said to PC5-based V2X. If inter-carrier synchronization is supported for PC5-based V2V, configuration on synchronization priority would be aligned without mandating to monitor the DL carrier paired to the carrier for PC5. Therefore, configurable synchronization priority should be extended to inter-carrier synchronization for PC5-based V2V.
Observation 1: If eNB controlled synchronization priority signalling is only for the same carrier for PC5 operation, operational flexibility for load balancing among Uu operating carriers will be limited.
Proposal 1: Configurable synchronization priority is extended to inter-carrier synchronization for PC5-based V2V.
Out of coverage case
For out of coverage case, GNSS will be a major synchronization source. For the remaining case other than direct GNSS based synchronization, e.g., tunnel and underground, alternative synchronization source is required. Considering that Rel-12 D2D communication already supports SLSS based synchronization, it is straightforward to reuse SLSS based synchronization for PC5-based V2V. In case of out of coverage, reducing the number of independent synchronization cluster was one of the major issues in Rel-12. Therefore, even with GNSS, synchronization relay is still necessary for PC5-based V2V. We will discuss SLSS differentiation, priority order for synchronization reference selection and transmission condition of SLSS in the following.
Proposal 2: SLSS and SLSS relay is utilized for synchronization for the scenarios with no eNB coverage and GNSS coverage.
With GNSS synchronization, most of the out of coverage UEs may have common synchronization based on GNSS. Therefore GNSS based SLSS should be distinguished from and prioritized to SLSS from isolated UEs. Considering that both in coverage UE and out of coverage UE may transmit SLSS based on GNSS, dedicated SLSS ID or additional indicator in the PSBCH is necessary.
Proposal 3: SLSS for the UE synchronized to GNSS is differentiated from that for isolated UE.
In Rel-12, three priority groups are defined to have a priority rule for synchronization reference selection. If fixed priority order is specified for synchronization reference UE selection similar to Rel-12, miss-matched priority between in coverage UEs and out of coverage UEs could happen because eNB configuration on synchronization priority is only applied to in coverage UEs according to the current agreement. However, relaying priority instruction by eNB is not essential because most of out of coverage UEs may synchronize to GNSS directly. Furthermore, SLSS transmitted by in coverage UEs will be dominated by prioritized source, i.e., either eNB based SLSS or GNSS based SLSS. Therefore, it is sufficient to have same priority between eNB based SLSS and GNSS based SLSS for synchronization reference selection. Necessity of further optimized priority group exploiting differentiation of GNSS based SLSS needs further study.
Observation 2: Following priority order for synchronization reference selection out of coverage is considered as minimum set for PC5-based V2V.
· GNSS (Direct) > GNSS or eNB (SLSS) > GNSS or eNB (SLSS relay) > Isolated (SLSS)
Similar to Rel-12 D2D communication, it should be possible that SLSS transmission by out of coverage UE is disabled, e.g., by pre-configuration. If sufficient eNB or GNSS coverage is expected, it is possible that PC5-based V2X does not rely on SLSS. Another example is multi-carrier operation. In case of multi-carrier operation of PC5-based V2X, it is possible that specific carrier is used for SLSS based synchronization while SLSS is not transmitted on other carriers. Further detail on multi-carrier operation needs to be discussed.
Extension for PC5 based V2P

Although natural extension to the vulnerable users is considered regarding synchronization, further discussion is necessary whether handset terminal can rely on GNSS based synchronization. Feasible UE complexity and power consumption should be taken into account.
Proposal 4: Feasibility of GNSS based synchronization for pedestrian UE (PC5 based V2P) needs to be clarified in terms of UE complexity and power consumption.
3. Conclusion

In this contribution, we discussed. Observation and proposals are summarized below.
· Proposal 1: Configurable synchronization priority is extended to inter-carrier synchronization for PC5-based V2V.
· Proposal 2: SLSS and SLSS relay is utilized for synchronization for the scenarios with no eNB coverage and GNSS coverage.
· Proposal 3: SLSS for the UE synchronized to GNSS is differentiated from that for isolated UE.
· Proposal 4: Feasibility of GNSS based synchronization for pedestrian UE (PC5 based V2P) needs to be clarified in terms of UE complexity and power consumption.
· Observation 1: If eNB controlled synchronization priority signalling is only for the same carrier for PC5 operation, operational flexibility for load balancing among Uu operating carriers will be limited.
· Observation 2: Following priority order for synchronization reference selection out of coverage is considered as minimum set for PC5-based V2V.
· GNSS (Direct) > GNSS or eNB (SLSS) > GNSS or eNB (SLSS relay) > Isolated (SLSS)


References

[1] Chairman notes, RAN1#82bis, Malmö, Oct. 2015
[2] Chairman notes, RAN1#82, Beijing, Aug. 2015
[3] 3GPP, R2-153002, “Draft report of RAN2 #90,” Fukuoka, July 2015.
- 3/3 -

