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1	Introduction
This contribution discusses enhancements related to SL synchronization reference search (sync search) operation in NR sidelink Rel.17 for power saving at power constrained UEs, in particular DRX-enabled UEs. It is noted, power saving is considered as key requirement in NR SL [RP-201516]  to increase applicability of SL communication to power-constrained devices such as vulnerable road users (VRU) and wider use cases such as public safety, entertainment and other commercial applications:
· Power saving enables UEs with battery constraint to perform sidelink operations in a power efficient manner. Rel-16 NR sidelink is designed based on the assumption of “always-on” when UE operates sidelink, e.g., only focusing on UEs installed in vehicles with sufficient battery capacity. Solutions for power saving in Rel-17 are required for vulnerable road users (VRUs) in V2X use cases and for UEs in public safety and commercial use cases where power consumption in the UEs needs to be minimized.
DRX for SL operation is considered at UEs to meet the power saving goals in Rel.17. By defining DRX cycles with DRX ON and DRX OFF periods, UEs may turn off their radio components during DRX OFF period to save power. However, Rel.16 NR SL design which includes the SL synchronization operation with full sync search considered SL UEs which were not constrained by power (e.g., always ON vehicular UEs). Hence, there is a need for optimization of SL synchronization reference search considering the Rel-17 power saving requirement for power constrained UEs, particularly SL DRX UEs. 
2	Discussion
UEs perform SL synchronization to have the same SL timing reference for SL communication among nearby UEs by synchronizing with a reference. In case gNB/eNB or GNSS are not available as a synchronization reference source, a UE may select a SyncRef UE as the synchronization reference (SyncRef) source among candidate SyncRef UEs (as specified in Section 5.8.6.2 of TS 38.331) that are transmitting SL synchronization information (SLSS, PSBCH) in S-SSB with a fixed periodicity of 160ms (i.e., 16 radio frames). Currently, when there is no gNB/eNB or GNSS available as synchronization reference source, a UE must perform a full search (i.e., covering all subframes and all possible SLSSIDs) to detect S-SSB (or candidate SLSS) transmitted at every 160ms to look for SyncRef UEs for SL synchronization [TS 38.331, Section 5.8.6.2]. This is particularly the case when UEs are in e.g., a tunnel, an indoor environment, an underground area (e.g. parking lot) where gNB/eNB or GNSS coverage may not be available.  
Observation 1: A UE must perform a full search to detect S-SSB transmitted at every 160ms to look for SyncRef UEs, when there is no gNB/eNB or GNSS available as synchronization reference source.
Performing the full search for SL synchronization reference is power consuming and particularly expensive (in terms of power) for a power constrained UE such as a VRU or SL DRX UEs. For example, even though a power constrained UE is configured with SL DRX to save power, the SL DRX UE may not get a chance to switch-off the RF components completely (or fall into the deep sleep) due to full SL sync search. This may significantly reduce the power saving gain from SL DRX. It is noted, even when the SyncRef UE is selected, the UE may still need to perform full synchronization reference search (full sync search) to identify candidate SyncRef UEs which may potentially be more suitable (in terms of e.g., stronger PSBCH-RSRP, higher priority) to be a synchronization reference source.
Observation 2: Full SL sync search significantly reduces the power saving gain from SL DRX since it may not give the SL DRX UE a chance to switch-off the RF components completely.
It is noted, Rel. 16 NR SL design which includes the SL synchronization operation with full search considered SL UEs which were not constrained by power (e.g., always ON vehicular UEs). Hence, there is a need for optimization of SL synchronization reference search considering the Rel.17 power saving requirement for power constrained UEs, particularly SL DRX UEs. It is noted that [R2-2106441] also highlights the need for SL sync search optimization for power saving at a SL DRX enabled UE.
Proposal 1: RAN2 to support SL sync search optimization for power saving at SL DRX UEs.
To this end, a straightforward way to improve power saving at SL DRX UE is to avoid performing the full sync search at every 160ms by allowing the UE to retain the SyncRef UE that it has selected (referred as the current SyncRef UE in the following) for multiple S-SSB periods until the current SyncRef UE is potentially no longer suitable as a SyncRef source. Here, the UE needs to perform reselection of synchronization reference with full SL sync search only when the current SyncRef UE is potentially unsuitable (e.g. PSBCH-RSRP may not meet the minimum required threshold) or when there may potentially be a significantly more suitable (e.g. high priority) SyncRef UE in the vicinity. 
Proposal 2: A UE may perform full SL sync search only when the current SyncRef UE is potentially no longer suitable or when there may potentially be a significantly more suitable SyncRef UE in the vicinity.
However, when not performing a full SL sync search, the UE may not be aware of link quality and priority information of its current SyncRef UE and candidate SyncRef UEs to decide on either retain the current SyncRef UE for the S-SSB period or perform resection with full SL sync search. In this regard, an indication in PSBCH from the current SyncRef UE can be considered to trigger reselection of the reference with full SL sync search, until which a UE may keep the current SyncRef UE without any need of searching new SyncRef UE. This is particularly beneficial in scenarios where the priority of the current SyncRef UE is lowered i.e. changed from e.g., priority group P1 or P4 so that the UE can then perform full sync search to look for higher priority SyncRef UE. Furthermore, in addition to PSBCH-RSRP, PSSCH-RSRP measurements can be considered at the UE to determine the suitability (e.g., in terms of link quality) of current and candidate SyncRef UEs as the sync source. In addition, PSCCH/PSSCH messages can be considered by SyncRef UEs to provide information on the SyncRef UE such as SLSS ID and InCoverage indicator so that UE can be aware of priority of the SyncRef UEs in the vicinity without requiring to perform full SL sync search.      
Proposal 3: PSBCH message conveys an indication to perform reselection of synchronization reference with full SL sync search.
Proposal 4: RAN2 to consider PSCCH/PSSCH transmissions for conveying SL sync related information such as SLSS ID and InCoverage indicator.
Moreover, in a SL DRX UE group, a UE may act as a group specific SyncRef to take the role of SyncRef to the group as well be the only UE in the group that performs full SL sync search. The remaining group UEs, obtain their synchronization from the group SyncRef and do not perform full sync search, allowing these UEs to save power. To ensure that all SL DRX UEs group members experience fair/equal power saving gains in regard to SL sync search in the group, group-specific SyncRef UE can be passed among the member UEs of the group so that a SL DRX UE acts as SyncRef to the group only for certain no. of consecutive DRX cycles.
Proposal 5: RAN2 to consider a group specific SyncRef UE for SL DRX UE group.
3	Conclusion
Observation 1: A UE must perform a full search to detect S-SSB transmitted at every 160ms to look for SyncRef UEs, when there is no gNB/eNB or GNSS available as synchronization reference source.
Observation 2: Full SL sync search significantly reduces the power saving gain from SL DRX since it may not give the SL DRX UE a chance to switch-off the RF components completely.
Proposal 1: RAN2 to support SL sync search optimization for power saving at SL DRX UEs.
Proposal 2: A UE may perform full SL sync search only when the current SyncRef UE is potentially no longer suitable or when there may potentially be a significantly more suitable SyncRef UE in the vicinity.
Proposal 3: PSBCH message conveys an indication to perform reselection of synchronization reference with full SL sync search.
Proposal 4: RAN2 to consider PSCCH/PSSCH transmissions for conveying SL sync related information such as SLSS ID and InCoverage indicator.
Proposal 5: RAN2 to consider a group specific SyncRef UE for SL DRX UE group.








