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1 Introduction
In RAN1 #86bis meeting, the details of the GNSS related sidelink synchronization procedures were fully discussed and a number of related agreements were made. Based on these agreements, this contribution will provide some further considerations for the synchronization of V2X sidelink communications from RAN2’s perspective.
2 Issues on SLSS transmission
Currently, the serving cell is allowed to configure a UE to use either GNSS timing or eNB timing as the synchronization reference source for its V2X communication on another carrier, and the trigger mechanism of the GNSS related SLSS transmission was agreed in the last RAN1 meeting as follows [1]:
	Agreements:

· If the vehicle UE has selected the GNSS as syncRef, 

· For the OOC case: 

· The UE transmits SLSS and PSBCH every synchronization period when the SLSS resource is pre-configured and the UE is capable of SLSS/PSBCH transmission;

· FFS whether any SLSS/PSBCH dropping behaviour is specified, e.g., for congestion control.

· For the InC case:

· Rel-12 D2D mechanism is reused, i.e.:

· RSRP threshold or dedicated signaling to determine the SLSS transmission

· When GNSS is the highest priority, the UE is not expected to read SLSS from other UEs.


However, for a UE configured by the serving cell to use eNB timing for sidelink synchronization, the trigger mechanism of the inter-frequency SLSS transmission is still not defined. To minimize the standard impact and also to align with the GNSS related synchronization procedure as much as possible, we think the trigger mechanism of the SLSS transmission defined in Rel-12/13 D2D (i.e., by RRC dedicated signalling and RSRP-based criterion) can be reused for the UE that synchronizes to the eNB for its V2X sidelink communication.
Proposal 1: For a UE configured by the serving cell to use eNB timing for the synchronization of V2X sidelink communication,  the trigger mechanism of SLSS transmission defined in Rel-12/13 D2D (i.e. by RRC dedicated signalling and RSRP-based criterion) can be reused.
3 Issues on Tx pool configuration
In RAN1 #86bis meeting, it was agreed that only one transmission synchronization reference is applicable at a specific time based on the selection criterion, and the priority order for different synchronization references was also defined. The associate agreements are described as follows [1]:
	· UE selects only one transmission synchronization reference at a time based on the synchronization reference selection procedure.

	Agreements:

· If the UE detects no eNB in a carrier which is (pre-)configured as the carrier which potentially includes eNBs used as sync reference, the following priority rules should be applied: 

· P1: GNSS

· P2: the following UE has the same priority:

· UE directly synchronized to GNSS

· UE directly synchronized to eNB 

· P3: the following UE has the same priority:

· UE indirectly synchronized to GNSS (if RAN1 decides to differentiate between direct and indirect synchronization to GNSS)

· UE indirectly synchronized to eNB 

· P4: the remaining UEs have the lowest priority.

· The priority order between P1 and P2 can be (pre-)configured.

· Note: It is RAN1 understanding that P1 will be prioritized over P2 if the eNB prioritizes GNSS over eNB timing. 

Agreements:

· If the UE detects an eNB in a carrier which is (pre-)configured as the carrier which potentially includes eNBs used as sync reference, 

· If GNSS is prioritized over eNB by eNB configuration, UE directly or indirectly synchronized to GNSS has a higher priority than eNB.


Observation 1: For V2X sidelink communication, the UE only selects one synchronization reference as per the defined priorities of synchronization references at a specific time.
Furthermore, from the resource pool configuration perspective, RAN1 also agreed that a TX pool is allowed to be (pre-)configured with multiple synchronization references as follows [1]:
	· The TX pool (pre-)configuration includes the type(s) of sync reference that is allowed in using each pool.

· For a pool, specification supports any combination of the following:

· SyncRef directly or indirectly derived from eNB

· This includes UE’s own timing and SLSS originated from a stand-alone UE

· SyncRef directly or indirectly derived from GNSS


As mentioned above, a UE only selects one transmission synchronization reference at a time, in order to decrease the potential for transmission interference and collisions, the UE should only select a TX pool which supports the current synchronization reference for V2X sidelink transmission. For example, an in-coverage UE is configured with two mode 4 pools: Pool 1 supports using GNSS and the UE directly synchronized to GNSS as the synchronization reference, and Pool 2 only supports eNB as synchronization reference. Assuming GNSS has a higher priority than eNB synchronization reference, the UE should synchronize to GNSS first. If the UE detects the GNSS becomes unreliable and receives a reliable GNSS based SLSS from a UE in proximity, it will reselect the associated SynchRef UE as the new synchronization reference according to synchronization reference selection criterion. Considering that only Pool 1 supports using GNSS based SLSS for V2X sidelink synchronization, the UE should keep using Pool 1 for sidelink transmission. Otherwise, if the eNB is selected as the synchronization reference, the UE should use Pool 2 for V2X transmission.
Proposal 2: Considering that each of the TX pools may be (pre-)configured with one or multiple synchronization references, in order to decrease the potential for transmission interference and collisions, a UE should only choose one TX pool which supports the current selected synchronization reference for V2X sidelink transmission.
In the current specification, the eNB could provide only one mode 3 TX pool for a UE and use a specified sidelink timing (GNSS or eNB) for resource assignment as per the V2X configuration. However, according to the RAN1 agreement, the mode 3 TX pool may also be configured with multiple synchronization references, but the current eNB is not aware of the synchronization reference selected/reselected by a UE. As the serving cell controls the sidelink transmission resource assignment, the eNB should know exactly which specific synchronization reference is being used at a specific time by each Mode 3 UE. Otherwise, the eNB may schedule resources to the UE based on a synchronization timing different from what the UE is using, which may cause interference and transmission resource collision. For example, in case both GNSS timing and eNB timing are included in the v2x-SchedulingPool configuration, and the UE is configured to preferentially select GNSS timing for its sidelink synchronization first, and the serving cell should therefore schedule sidelink resources for the UE based on GNSS timing. As per the current synchronization reference selection criterion, when the UE moves into a tunnel where it cannot detect the GNSS synchronization signals, it may select eNB timing as the new synchronization reference. However, according to current specification, the serving cell will continue using the GNSS timing for resource assignment as it does not know the change of UE’s sidelink timing, and a misalignment between the SFN and the GNSS-based DFN may cause severe transmission collisions and interference.

Observation 2: For a mode 3 Tx pool configured with multiple synchronization references, the eNB is not aware of the synchronization reference selected/reselected by a UE, so that it may schedule the sidelink resources for the UE based on a timing different from what the UE is using. This leads to transmission collisions and interference.
To address this problem, the UE should indicate the sidelink timing update to the serving cell, when it selects a new synchronization reference based on the synchronization selection criterion. Then the eNB could schedule the current mode 3 TX pool based on the updated sidelink timing or provides a new V2X configuration (e.g a new mode 3 or mode 4 configuration) to the UE.
Proposal 3: For a UE in mode 3 transmission mode, the UE should indicate the sidelink timing update to the serving cell when it changes the synchronization reference.
For the mode 4 transmission, as the UE can autonomously change the synchronization reference,  it selects a transmission pool from the pools that allows the new synchronization reference, and then transmits V2X messages based on the new timing. Therefore, there is no need to send information to the serving cell to indicate the sidelink timing update.

Proposal 4: For the mode 4 transmission, there is no need for a UE to send the sidelink timing update information to the serving cell.
4 Conclusion

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

Observation 1: For V2X sidelink communication, the UE only selects one synchronization reference as per the defined priorities of synchronization references at a specific time.

Observation 2: For a mode 3 Tx pool configured with multiple synchronization references, the eNB is not aware of the synchronization reference selected/reselected by a UE, so that it may schedule the sidelink resources for the UE based on a timing different from what the UE is using. This leads to transmission collisions and interference.
Proposal 1: For a UE configured by the serving cell to use eNB timing for the synchronization of V2X sidelink communication,  the trigger mechanism of SLSS transmission defined in Rel-12/13 D2D (i.e. by RRC dedicated signalling and RSRP-based criterion) can be reused.
Proposal 2: Considering that each of the TX pools may be (pre-)configured with one or multiple synchronization references, in order to decrease the potential for transmission interference and collisions, a UE should only choose one TX pool which supports the current selected synchronization reference for V2X sidelink transmission.
Proposal 3: For a UE in mode 3 transmission mode, the UE should indicate the sidelink timing update to the serving cell when it changes the synchronization reference.
Proposal 4: For the mode 4 transmission, there is no need for a UE to send the sidelink timing update information to the serving cell.
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