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[bookmark: _Ref534820708]Introduction
A study item on NR V2X [1], approved at the RAN#80 plenary and intended to support advanced V2X services [3] beyond services supported in LTE Rel-15 V2X, rendered its conclusions in TR 38.824. A new work item on NR V2X [2] was approved at the RAN#83 plenary to specify radio solutions that are necessary for NR to support advanced V2X services based on the study outcome captured in TR 38.885 .
One of the main challenges is the specification of NR sidelink synchronization mechanism as per the study outcome , including [2].
· Procedures selecting synchronization reference
· S-SSB and procedures to transmit and receive it, including when GNSS and gNB/eNB are unavailable
· Use of RS for sidelink synchronization if specification impact is identified

During the study item phase, the following agreements concerning sidelink synchronization were made at RAN1 NR-AH#1901[4]:
· At least for single-carrier operation:
· For the SL synchronization procedure, each type of synchronization reference has a respective sync priority 
· FFS the priority between eNB and gNB (if necessary)
· For the SL synchronization procedure, among the available references, a UE selects the synchronization reference with the highest priority as the reference to derive its transmission timing
· FFS other potential usage
· FFS how to handle the case when there are two or more references of a same priority to be selected as the highest priority

Furthermore, at the RAN1#96 meeting [5], it was decided that
· Whether GNSS-based synchronization or gNB/eNB-based synchronization is used is (pre)-configured.  
· The following table is a working assumption
	GNSS-based synchronization
	gNB/eNB-based synchronization

	· P0: GNSS 
· P1: the following UE has the same priority: 
· UE directly synchronized to GNSS 
· P2: the following UE has the same priority: 
· UE indirectly synchronized to GNSS
· P3: the remaining UEs have the lowest priority.
	· P0: gNB/eNB
· P1’: UE directly synchronized to gNB/eNB 
· P2’: UE indirectly synchronized to gNB/eNB 
· P3’: GNSS 
· P4’: UE directly synchronized to GNSS 
· P5’: UE indirectly synchronized to GNSS
· P6’: the remaining UEs have the lowest priority. 



Concerning RS-based synchronization, the following was decided:
1. NR V2X supports using a sidelink RS for synchronization purpose
0. Applicable only on unlicensed (ITS) carrier with no network deployment on this carrier
0. This RS is not a standalone RS and not part of SLSS.  
0. This RS will not appear in the synchronization procedure for the selection of sync sources.
0. RS used for the synchronization purpose would not impact any sidelink RS design
0. FFS:  Whether this RS is DM RS or other RS
0. FFS: Whether this could be achieved by UE implementation 
0. FFS: Specification impact 

In the last RAN plenary meeting [6], given the current progress of the work item, the following guidance was endorsed:
In order to expedite the V2X sidelink work, RAN1 is advised to reuse NR Uu design and/or LTE sidelink design to the greatest extent appropriate, unless there are strong reasons to deviate from these.

In this contribution, we give our view on synchronization procedure for NR V2X. This contribution is revised from R1-1907025 [8].

Discussion
For any sidelink communication, synchronization among the communicating devices is a prerequisite. UEs able to communicate together need to be aligned in time and frequency, which means that they have to have a common SyncRef.
In LTE V2X, the synchronization procedure relies on a strictly hierarchical pre-configuration of different synchronization source types among GNSS, eNB, and SyncRef UEs (which may themselves be directly synchronized to GNSS/eNB, or at 1 or several hops from a GNSS/eNB synchronization reference). The UEs search for available synchronization sources, measure their respective S-RSRP, and choose their SyncRef according to the synchronization procedure. For a synchronization reference to be considered as valid by a UE, the UE must be able of determining the SLSS ID and of decoding the MIB-SL information, and the associated S-RSRP measurement should be above a certain threshold. After having identified and ranked the available valid synchronization references, the UE synchronizes to the synchronization reference with the strongest S-RSRP from the highest priority group. LTE synchronization to eNB includes both the cases where the UE is in coverage or the UE is out of coverage on the frequency for V2X sidelink communication. In the latter case, the UE may still have eNB timing reference if it can connect to the eNB deployed on a different carrier and the frequency used to transmit V2X sidelink communication is included in a frequency list enumerated by the parameter v2x-InterFreqInfoList.
In NR V2X, a principle similar to LTE procedure was chosen as a starting point for the design of the synchronization procedure. A sync priority is associated to each type of SyncRef, and the UE selects its SyncRef among the SyncRefs with the highest priority. How to handle the case when there are two or more references of a same priority to be selected as the highest priority is still up for discussion.
Several main difference exist between NR and LTE V2X and need to be taken into account for the synchronization procedure. For example, NR also supports unicast and multicast sidelink transmission, and is not limited to broadcast only, as it was the case in LTE V2X. Thus, the quality and quantity of the ongoing sidelink communications needs to weight in whenever deciding is re-synchronization is necessary. Synchronization procedure should be adapted in order to allow preserving the established communication between vehicles whenever possible. In another example, especially at higher carrier frequencies, blocking may lead to the temporary loss of the link with the current synchronization source, which should not lead a UE involved in sidelink communication to automatically drop the current communication and search for a different SyncRef.
[bookmark: _Toc16698980]Observation 1:	Re-synchronization procedure should be adapted in order to allow preserving the established unicast/groupcast communication between vehicles, whenever possible.
In NR, in order to address the issues raised here-above, some simple enhancements can be made to the LTE procedure when dealing with multiple synchronization sources, potentially of the same priority. For example, each sidelink carrier can be associated, through configuration or pre-configuration, with a list of eNBs/gNBs (corresponding to network deployments on the same or on a different carrier) that can provide network-based synchronization, and some indication on which of the eNBs/gNBs are synchronized together. Whenever losing a sync reference (e.g. due to temporary blocking), a UE already involved in sidelink communication can prioritize a reference with the same (or higher) priority from the same synchronization class (whenever available) over a reference with the same (or higher) priority and from a different synchronization class, even when SyncRef from the different synchronization class have higher RSRP. 
This principle is also useful in other scenarios. In the example of partial coverage scenario in Figure 1, let us assume that the 2 gNBs are part of a same sync class. Based on the strict application of priority rules, the blue car UE3 performing a synchronization search would lock upon the SLSS signal with the highest priority (yellow path from UE4), although other signals originating from the same (or synchronized) sources with better RSRP exist (e.g. UE2, UE6). If the blue car UE4 had knowledge on the initial synchronization source(s) propagated through different paths, it would be able to achieve more robust synchronization by, e.g., combining the different received signals, and/or merge the different synchronization clusters in a single synchronization cluster. The exact contents of the report (e.g., some ID of the initial source, or ID of a group of eNB/gNBs synchronized together) is to be further investigated. This procedure also limits the search for asynchronous synchronization sources.
In order to close the FFS point “how to handle the case when there are two or more references of a same priority to be selected as the highest priority”, we make the following proposal
[bookmark: _Toc7728976][bookmark: _Toc7730915][bookmark: _Toc7731136][bookmark: _Toc7731782][bookmark: _Toc7731820][bookmark: _Toc16698981]Proposal 1:	Support defining (through configuration/pre-configuration) groups of eNBs/gNBs synchronized together (forming a synchronization class) that can provide synchronization for a given carrier supporting sidelink.
[bookmark: _Toc5034218][bookmark: _Toc5034587][bookmark: _Toc5034610][bookmark: _Toc5038110][bookmark: _Toc5038123][bookmark: _Toc5122041][bookmark: _Toc7727730][bookmark: _Toc7727734][bookmark: _Toc7728977][bookmark: _Toc7730916][bookmark: _Toc7731137][bookmark: _Toc7731783][bookmark: _Toc7731821][bookmark: _Toc16698982]Proposal 2:	Support reporting information on the initial synchronization source (e.g., ID of the initial source, or ID of a synchronization class (i.e., group of eNB/gNBs synchronized together)) when relaying the timing of another source through SLSS emission.
[bookmark: _Toc7730917][bookmark: _Toc7731138][bookmark: _Toc7731784][bookmark: _Toc7731822][bookmark: _Toc16698983]Proposal 3:	When there are two or more sync references of the same priority available during re-synchronization process:
·  If there are sync references from the same synchronization class as the latest used SyncRef, and if their RSRP is sufficient, the UE selects its SyncRef based on one (e.g. strongest) or a combination of synchronization references from the same synchronization class
· Otherwise, the UE selects its SyncRef based on one or a combination of synchronization references from a different synchronization class with highest RSRP
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[bookmark: _Ref5120764]Figure 1: Same initial sync source propagated through different paths

Vehicles communicating together have a common synchronization reference and form a synchronization cluster. Multiplying the number of clusters is not beneficial. Such fragmentation limits the efficient communication between users and increases the number of synchronization sources to be decoded/tracked, especially in out-of-coverage and partial coverage scenarios. In order to allow such a feature, it would be useful for UEs able of detecting multiple SyncRefs belonging to different synchronization classes to report, for example, the measured time difference between the detected SyncRefs and trigger merging the different synchronization clusters.
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[image: ]
Figure 2: Merge synchronization clusters for out of coverage scenario

In the case of multicast groups (e.g. platoons) moving out of coverage/towards a different non-synchronized cell/ entering a tunnel, strict application of a priority-based procedure may lead to users dropping out of the multicast group and/or group segmentation. In these cases, the interest keeping the unity of the communicating group is higher than the interest of having some users lock upon a slightly more accurate synchronization source. 
[bookmark: _Toc5034588][bookmark: _Toc5034611][bookmark: _Toc5038111][bookmark: _Toc5038124][bookmark: _Toc5122042][bookmark: _Toc7727731][bookmark: _Toc7727735][bookmark: _Toc7728979][bookmark: _Toc7730919][bookmark: _Toc7731140][bookmark: _Toc7731786][bookmark: _Toc7731824][bookmark: _Toc16698985]Proposal 5: 	For active members of a unicast/multicast group, consider the unity of the communicating group as a criterion during the synchronization procedure.
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Figure 3: Communication drop within a platoon

In some cases, systematically conducting a full synchronization search is a heavy procedure and may involve drop of data communication due to hardware limitations. It is useful to investigate means of rendering this procedure lighter, for example in the case where the UE would have some previous knowledge of the surrounding synchronization sources, allowing it, e.g., to conduct only a partial search.
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Conclusions
Based on the discussion in this contribution, we make the following observations and proposals:
Observation 1:	Re-synchronization procedure should be adapted in order to allow preserving the established unicast/groupcast communication between vehicles, whenever possible.

Proposal 1:	Support defining (through configuration/pre-configuration) groups of eNBs/gNBs synchronized together (forming a synchronization class) that can provide synchronization for a given carrier supporting sidelink.
Proposal 2:	Support reporting information on the initial synchronization source (e.g., ID of the initial source, or ID of a synchronization class (i.e., group of eNB/gNBs synchronized together)) when relaying the timing of another source through SLSS emission.
Proposal 3:	When there are two or more sync references of the same priority available during re-synchronization process:
· If there are sync references from the same synchronization class as the latest used SyncRef, and if their RSRP is sufficient, the UE selects its SyncRef based on one (e.g. strongest) or a combination of synchronization references from the same synchronization class
· Otherwise, the UE selects its SyncRef based on one or a combination of synchronization references from a different synchronization class with highest RSRP

Proposal 4:	Support mechanisms allowing to merge synchronization clusters.
Proposal 5: 	For active members of a unicast/multicast group, consider the unity of the communicating group as a criterion during the synchronization procedure.
Proposal 6: 	Consider support of mechanisms for simplified re-synchronization procedure.
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