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1 Introduction
In this contribution, we focus on analyzing further issues related to sidelink synchronization based on current V2X specification, and provide the associated solutions.
2 The SLSS transmission issue
Currently, the serving cell is allowed to configure a UE to use either GNSS timing or eNB timing as the synchronization reference source for V2X communication on another carrier. However, the associated SLSS transmission mechanism and the synchronization priority order have not been specified due to limited time. The absence of SLSS transmission may cause adjacent UEs which are using different synchronization references to not be able to communication with each other on the sidelink carrier.
We use the case shown in Figure 1 as an example. All of these three UEs perform sidelink V2X communication on Carrier 1 but synchronize to different timing. UE1 synchronizes to GNSS timing (may be configured by Cell 1 or based on its own selection), while UE 2 is configured by Cell 2 to use eNB timing and UE3 selects its own timing. According to the current specification, neither UE1 nor UE2 can transmit SLSS or detect each other’s SLSS transmission, and therefore the V2X communication link between them is unavailable. Besides, due to the lack of SLSS transmission from UE1 and UE2, UE3 cannot synchronize to their DFNs and thus cannot receive messages transmitted by UE1 and UE2. Furthermore, UE1 and UE2 cannot receive UE3’s V2X massages either, as  they do not support SLSS reception even though UE3 is able to broadcast SLSS. Consequently, the UEs with different synchronization reference sources cannot communicate with each other, even though they are adjacent to each other.
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To address this critical issue, we suggest RAN2 to discuss the SLSS transmission mechanism. The following provides more details:

· If the UE that is configured by the serving cell to use eNB timing for sidelink synchronization, we think the SLSS transmission triggering mechanisms defined in Rel-12/13 D2D (i.e., by RRC dedicated signalling and RSRP-based criterion) should be reused.

· If the UE uses GNSS timing for sidelink synchronization, we think the following two options can be considered for the SLSS transmission.

· Option 1: the SLSS transmission could be triggered by RRC dedicated signalling.

This option applies only to UEs in RRC_CONNECTED mode, and which UEs transmit the GNSS specific SLSS is up to eNB implementation. In this way, the eNB could control the number of Synchronization Reference UEs.
· Option 2: a UE directly synchronized to GNSS should always transmit SLSS.

Option 2 applies to all UEs regardless of the network coverage. Considering that power consumption is not a problem for a vehicle UE, Option 2 can be a unified solution for in-coverage and out-of-coverage UEs.

Proposal 1: For a UE configured by the serving cell to use eNB timing for sidelink synchronization,  the SLSS transmission triggering mechanisms defined in Rel-12/13 D2D (i.e. by RRC dedicated signalling and RSRP-based criterion) can be reused.

Proposal 2: For a UE that uses GNSS timing for sidelink synchronization, two options can be considered for the SLSS transmission:

· Option 1: SLSS transmission is triggered by RRC dedicated signalling.

· Option 2: a UE directly synchronized to GNSS should always transmit SLSS.

Considering the priorities of different synchronization reference sources are still being discussed in RAN1, we think RAN2 could wait for their further inputs.
3 The sidelink synchronization failure issue
As shown in Figure 2, cross-carrier scheduling is supported for inter-carrier V2X sidelink transmission, where the UE uses the serving cell’s timing to monitor the PDCCH on Carrier 2 to receive the sidelink grant and then transmits V2X messages based on network-configured sidelink timing (eNB timing or GNSS) on Carrier 1.
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According to the current specification, a UE that is configured to use “eNB timing” as its synchronization reference source, will use the exceptional pool if the UE detects RLF of the serving cell. For a UE configured to use GNSS timing for V2X sildelink communication, it may also face a similar situation in that GNSS becomes unreliable (e.g., the UE is located in tunnel, underground parking, or has GNSS module malfunction, etc.) In this case, the UE should trigger a synchronization source reselection procedure as per the current synchronization selection mechanism, which could cause a DFN misalignment between this UE and other surrounding GNSS-based UEs. If the UE keeps on performing cross-carrier scheduling, it may interfere with the other GNSS-based UEs in the mode 3 resource pool configured by serving cell. Therefore, to address this issue, we think the exceptional pool may be used not only for the case of RLF of the Uu link but also for the case that GNSS becomes unreliable.
Proposal 3: For a UE which is cross-carrier scheduled by the eNB to transmit V2X on the sidelink carrier with GNSS timing, it should change to exceptional pool transmission by using eNB timing when GNSS timing becomes unreliable.
4 Conclusion

In this contribution, we analyze the synchronization issues and propose:

Proposal 1: For a UE configured by the serving cell to use eNB timing for sidelink synchronization,  the SLSS transmission triggering mechanisms defined in Rel-12/13 D2D (i.e. by RRC dedicated signalling and RSRP-based criterion) can be reused.

Proposal 2: For a UE that uses GNSS timing for sidelink synchronization, two options can be considered for the SLSS transmission:

· Option 1: SLSS transmission is triggered by RRC dedicated signalling.

· Option 2: a UE directly synchronized to GNSS should always transmit SLSS.

Proposal 3: For a UE which is cross-carrier scheduled by the eNB to transmit V2X on the sidelink carrier with GNSS timing, it should change to exceptional pool transmission by using eNB timing when GNSS timing becomes unreliable.
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