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1 Introduction

In RAN#83, NR V2X WI was approved [1] to specify radio solutions that are necessary for NR to support advanced V2X services based on the study outcome captured in TR 38.885. The objectives regarding sidelink synchronization mechanism included:
· Sidelink synchronization mechanism as per the study outcome [RAN1, RAN2]

· 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

In this contribution, we focus on aspects relevant to synchronization sources as well as on issues regarding synchronization signals and SSB design.
2 Discussion
2.1
Synchronization sources and procedures
In NR V2X SI, RAN1 agreed to support as synchronization sources at least GNSS, gNB, NR UE and eNB for NR V2X UEs supporting LTE Uu/PC5 or Uu only. Furthermore, the following table was agreed after RAN1#98 introducing the option to prioritize GNSS over gNB even for in-coverage case [2]:
Agreements:
· For confirmation of the working assumption of synchronization priority rules, eNB/gNB should be included into the priority order of GNSS-based synchronization.
	GNSS-based synchronization
	gNB/eNB-based synchronization

	•                 P0: GNSS
•                 P1: UE directly synchronized to GNSS

•                 P2: UE indirectly synchronized to GNSS

•                 P3: gNB/eNB

•                 P4: UE directly synchronized to gNB/eNB

•                 P5: UE indirectly synchronized to gNB/eNB

•                 P6: 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. 


· When GNSS-based synchronization is (pre-)configured, it is also supported to disable the use of P3, P4, P5 by (pre-)configuration (i.e., a UE skips P3, P4, P5 in synchronization reference selection procedure). Details are up to RAN2.
Lastly, in RAN1#98b an additional agreement on synchronization reference was reached as follows:

Agreements:

· The procedure for signalling, identifying priority for one or more synchronization references and selecting the synchronization reference from the LTE is re-used (as a working assumption) for NR SL

· FFS SSIDs used for each priority

· FFS other potential impacts due to P3/P4/P5

· FFS whether there is an issue with prioritization among references of the same priority

Generally, for NR sidelink synchronization, reference determination and priority rules should address (at least) all the already defined 5G V2X advanced use cases. The agreed GNSS prioritization is important because it can improve synchronization performance in case of time and/or frequency network error and it supports wider coverage scenarios. Another use case that needs attention, however, is the platooning use case. In a closed-group, each UE should not select its synchronization reference independently from other members of the platoon. Members of the same group will need to ‘run on the same clock’ to communicate with each other in groupcast mode via sidelink. If the legacy LTE synchronization mechanism is followed (i.e. priority is solely based on (pre)configuration and coverage status) it is possible that different group members will end up selecting different synchronization references. This may happen in case synchronization priority of all (or few) group members cannot be configured by network (i.e. group is fully or partially out-of-coverage); for example:

· If all group members are configured to GNSS-based synchronization, some members may not be able to have reliable GNSS connection, e.g. when in tunnel. 
· If priority is configured to gNB/eNB-based synchronization instead, out-of-coverage group members are likely to connect to neighboring cell or GNSS with different synchronization timing (Figure 1b). One way to resolve such issue could be to signal some information to each UE operating in sidelink groupcast about how to correct when under specific neighboring cell or GNSS synchronization (this of course will incur signaling burden in the system and higher complexity at UE). However, the exact same approach could be used from a UE to receive broadcast signals from neighboring cells while being synchronized to the group. And in some specific cases like platooning, it is much more important to ensure the no disruption of communication among group members. 
The aforementioned issue may even arise in case all group UEs are in-coverage. Even if priority is configured to gNB/eNB-based synchronization, it is uncertain if all group members can always achieve same synchronization timing, e.g. consider the case where same group members are at both ends of a tunnel and are connected to non-synchronized cells (Figure 1a). 
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Figure 1: Synchronization issues for group communication in sidelink.
Observation 1: Without modification of the reference determination and the priority rules agreed as a working assumption in RAN1#96, communication among members in a group may not be ensured.
Observation 2: Synchronization source selection and prioritization mechanism in NR V2X should ensure prioritization of sync sources that provide common timing to UEs belonging to a group.

To avoid disruption of communication among group members (which is of paramount importance in case of platooning), a mechanism to prioritize synchronization received from group manager or members is needed. We foresee two possible ways:

Way-1: Following the LTE paradigm, where priority for selection of a SL synchronization reference depends on the source type, a new synchronization source type could be considered. A “UE-in- group” synchronization reference type can be introduced so as it can be (pre-)configured as main synchronization preference for a NR V2X UE when in groupcast. Upon network configuration indicating UE-in-group as SyncRef preference, the UE could prioritize synchronization reference obtained e.g. from group leader or other members within its group. Similarly, such group-first synchronization preference could be achieved by pre-configuration and determination of membership within a group. It is noted that a UE generating the sync source for other members in the group should be synchronized to either gNB/eNB or GNSS and not just creating a random sync signal of its own.
Proposal 1: Consider a new synchronization source type for NR V2X sidelink, i.e. UE-in-group, which can be configured as main preference for synchronization.

Way-2: Another possibility is to slightly modify priority rules such that a group-first prioritization can be possible, i.e. to allow the possibility of prioritizing synchronization from UE in same group. Such option can be sanctioned to the UE via configuration (when in coverage) or pre-configuration (when out of coverage) and the relevant parameters can be updated based on UE status. For example, when group-first prioritization is configured and UE becomes a group member, it may start searching sidelink for higher priority sync originating from other group member(s) (e.g. by using group-specific SLSS IDs). Priority could be fixed to follow gNB/eNB-based synchronization in that case and the priority rules could be slightly modified as in the following:
P0’: 
· If group-first prioritization is not configured, gNB/eNB

· If group-first prioritization is configured, UE group leader/member

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.
Proposal 2: Consider modification of synchronization priority rules to allow the possibility of prioritizing synchronization from UE in same group. Configuration from gNB can control if such group-first prioritization is enabled or disabled.
When UE is configured for group-first synchronization, the most direct approach would be to select receive timing from the group leader. If it is considered common case that the group leader sync signal is not directly available to the UE, lower priority entities in the group (which are directly connected to the leader) could be also introduced in priority rules. However, to avoid unnecessary re-search for higher priority entities within the group, the direct/indirect LTE approach to connect to a source type could be omitted; a UE could assume same priority among group members and simply receive timing from any group member.

One additional aspect to be considered is how to differentiate between synchronization signals originating from UE-in-group source and synchronization signals originating from other sources to identify a SyncRef position in sync chain. NR PSS/SSS design could be reused or, if necessary, slightly modified to provide extra info related to group-first priority while providing at least equivalent capacity to LTE V2X design. For example, considering the NR PSS design, two PSSID sets in PSSS could be used to differentiate between in-coverage and out-of-coverage UEs as in LTE V2X, while a third set could be used to denote UEs belonging in a group. One other possibility could be to use group-specific SLSSID(s) in a similar way as done for GNSS in LTE V2X wherein SLSSID = 0 identifies that a SyncRef UE is synchronized to GNSS. Alternatively, an in-coverage indicator similar to the one in LTE V2X MIB could be also existent in NR V2X MIB but combined with other SyncRef info such as group-first priority related information; or, SLSS sync resources could be also used to determine that a SyncRef UE is member of a group. 
Proposal 3: NR V2X UE should be able to distinguish between synchronization signals originating from UE (leader or member) in group and synchronization signals from other UE.
Furthermore, multi-group synchronization signal searching and tracking could be examined for NR V2X, considering the preference to achieve global synchronization. Such UE capability becomes more relevant when considering eNB/gNB coexistence, support for advanced use cases (extended sensors, advanced driving, platooning), as well as the possible advantage of vehicles connected to different operators being able to communicate with each other. With multi-group synchronization signal searching and tracking, it could be possible to manage more than one synchronization group-sources per UE. In that case for example, a vehicle belonging to a platoon willing to share its sensor information with other vehicle(s) external to the platoon should maintain at least two synchronization sources: one for the platoon, and one to communicate with vehicle(s) outside the platoon.

Proposal 4: Consider tracking of multiple synchronization references for NR V2X UE.

2.2
Differentiating NR V2X S-SSB from NR Uu SSB
An essential aspect on S-SSB design is to ensure good co-existence between sidelink and cellular SSB transmissions. Considering the shared carrier scenario, where there is overlapping between NR licensed band and NR sidelink band, a legacy UE will be searching the NR SSB on sync raster for initial access in NR SA; if S-SSB is also transmitted in the same cell by other UEs with not good provision in place, there is the risk of interference to NR SSB and of legacy UE experiencing misunderstanding of received SSB. In RAN1#96bis, it was agreed that S-SSB bandwidth is 11RBs, while S-SSB is designed with length-127 M-sequences for S-PSS, length-127 Gold sequences for S-SSS and two symbols for each of S-PSS and S-SSS. Despite the different structure, the use of NR SSB sequences means that there can be correlation between S-SSB and NR SSB so that legacy UE may need further mechanisms to differentiate the synchronization signals transmitted from different interfaces (NR Uu and NR PC5).
Proposal 5: RAN1 should consider mechanisms to distinguish NR V2X S-SSB from NR Uu SSB.
When a cell employs less than the maximum number of SSB beams (i.e. number of actually transmitted SSBs in burst set < Lmax), NR PC5 UEs could be configured to transmit S-SSB on free candidate locations from the SSB set that is configured for DL-SSB. This may be the case for example when a) cell required coverage can be satisfied with low number of SSBs, b) cell desires to reduce DL sync control overhead, and/or c) legacy UEs in the cell, due to limited capability, can monitor a limited number of beams (less than the configured maximum number Lmax). 
Proposal 6: For S-SSB configuration, consider reuse of free SSB candidates from NR Uu SSB burst set.
RRC signaling may be used to configure such possibility to NR PC5 vehicle UE (VUE). Indication similar to the ssb-Positioninburst field in SIB1 may be provided to VUEs for transmitting S-SSB on free candidates within the NR SSB burst set of the cell, i.e. indicate the NR SSBs that are not present and that their resources can be used to transmit S-SSB. At the same time, legacy UE should be able to know that SSB indexes are used by sidelink. Misunderstanding can be reduced from different structure of S-SSB from NR Uu equivalents. An additional level of orthogonalization between SSBs (e.g. a DL-SSB_verification_indication bit) could be also introduced to indicate to legacy UEs, upon wrongly decoding a received SSB, if it is to be considered as NR SSB or not.
In case of gNB beam-sweeping on NR SSB, an overbooking of Rel-15 SSB indexes may also be considered where SSB indexes within a burst set are shared between downlink and sidelink SSBs. Priority can be given to NR SSB transmission and S-SSB transmission shall be muted when necessary. To achieve this, signaling similar to ssb-Positioninburst may be considered to share NR SSB beaming pattern with VUEs so as a VUE can expect strong NR SSB transmissions within its location and mute its own S-SSB transmissions (Figure 2). For example, VUE can perform measurement of expected NR SSBs and mute the X S-SSB transmissions that collide in time/frequency with the top X measured NR SSB beams; such muting operation can be configured by gNB and value of X could be (pre-)configured by the network.

.
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Figure 2: S-SSB muting according to cell SSB beaming pattern.

Proposal 7: Consider sharing of SSB burst set candidates between NR SSB and S-SSB transmissions. Muting operation of S-SSB transmission may also be considered to avoid interference.
Other possibilities of multiplexing DL-SSB and S-SSB include FDM/TDM and could be complementing the aforementioned resource reusing techniques. For TDM, the challenge will be to not limit periodicity of NR SSB or S-SSB transmissions. At least the minimum option of 5ms periodicity, that is the case in NR Rel-15 should be possible to also employ for S-SSB. For FDM, the challenges will be to contain the complexity at NR PC5 enabled UE and to consider the overhead introduced from orthogonal resource partitioning in frequency. Search of both DL-SSB and S-SSB frequency regions at the same time can stress the UE receiver implementation while latency constraints may not allow long SSB searching procedure.
3 Conclusions
In this contribution, we provide considerations on sidelink synchronization for NR V2X communication and we reach to the following proposals:  

Observation 1: Without modification of the reference determination and the priority rules agreed as a working assumption in RAN1#96, communication among members in a group may not be ensured.

Observation 2: Synchronization source selection and prioritization mechanism in NR V2X should ensure prioritization of sync sources that provide common timing to UEs belonging to a group.

Proposal 1: Consider a new synchronization source type for NR V2X sidelink, i.e. UE-in-group, which can be configured as main preference for synchronization.

Proposal 2: Consider modification of synchronization priority rules to allow the possibility of prioritizing synchronization from UE in same group. Configuration from gNB can control if such group-first prioritization is enabled or disabled.
Proposal 3: NR V2X UE should be able to distinguish between synchronization signals originating from UE (leader or member) in group and synchronization signals from other UE.

Proposal 4: Consider tracking of multiple synchronization references for NR V2X UE.
Proposal 5: RAN1 should consider mechanisms to distinguish NR V2X S-SSB from NR Uu SSB.
Proposal 6: For S-SSB configuration, consider reuse of free SSB candidates from NR Uu SSB burst set.
Proposal 7: Consider sharing of SSB burst set candidates between NR SSB and S-SSB transmissions. Muting operation of S-SSB transmission may also be considered to avoid interference.
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