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Introduction
In RAN #94-e meeting [1], the WID for Rel-18 NR sidelink evolution was approved [2]. This includes the study and support of sidelink on FR1 unlicensed spectrum (SL-U) as shown below. In this contribution, we provide potential V2X use cases and requirements for SL-U.
	To check in RAN#97 for objectives 1 and 3, taking into account the progress on objectives 2 and 4, aiming to have specification work for both objective 1 and 3.
1. Specify mechanism to support NR sidelink CA operation based on LTE sidelink CA operation [RAN2, RAN1, RAN4] (This part of the work is put on hold until further checking in RAN#97)
· Support only LTE sidelink CA features for NR (i.e., SL carrier (re-)selection, synchronization of aggregated carriers, handling the limited capability, power control for simultaneous sidelink TX, packet duplication)
· The work is limited to FR1 licensed spectrum and ITS band in FR1.
· No specific enhancements of Rel-17 sidelink features with sidelink CA support.
· This feature is backwards compatible in the following regards
· [bookmark: _Hlk89619097]A Rel-16/Rel-17 UE can receive Rel-18 sidelink broadcast/groupcast transmissions with CA for the carrier on which it receives PSCCH/PSSCH and transmits the corresponding sidelink HARQ feedback (when SL-HARQ is enabled in SCI)
2. Study and specify support of sidelink on unlicensed spectrum for both mode 1 and mode 2 where Uu operation for mode 1 is limited to licensed spectrum only [RAN1, RAN2, RAN4]
· Channel access mechanisms from NR-U shall be reused for sidelink unlicensed operation
· [bookmark: _Hlk89917081]Assess the applicability of sidelink resource reservation from Rel-16/Rel-17 to sidelink unlicensed operation within the boundaries of unlicensed channel access mechanism and operation
· No specific enhancements for Rel-17 resource allocation mechanisms
· If the existing NR-U channel access framework does not support the required SL-U functionality, WGs will make appropriate recommendations for RAN approval.
· [bookmark: _Hlk89917101]Physical channel design framework: Required changes to NR sidelink physical channel structures and procedures to operate on unlicensed spectrum
· [bookmark: _Hlk89917118]The existing NR sidelink and NR-U channel structure shall be reused as the baseline.
· [bookmark: _Hlk89917140]No specific enhancements for existing NR SL feature
· [bookmark: _Hlk89917215]The study should focus on FR1 unlicensed bands (n46 and n96/n102) and is to be completed by RAN#98.
3. [bookmark: _Hlk89917254]Study and specify enhanced sidelink operation on FR2 licensed spectrum [RAN1, RAN2, RAN4] (This part of the work is put on hold until further checking in RAN#97)
· [bookmark: _Hlk89917271]Update evaluation methodology for commercial deployment scenario
· [bookmark: _Hlk89917283]Work is limited to the support of sidelink beam management (including initial beam-pairing, beam maintenance, and beam failure recovery, etc) by reusing existing sidelink CSI framework and reusing Uu beam management concepts wherever possible.
· [bookmark: _Hlk89917309]Beam management in FR2 licensed spectrum considers sidelink unicast communication only.
4. Study and specify, if necessary, mechanism(s) for co-channel coexistence for LTE sidelink and NR sidelink including performance, necessity, feasibility, and potential specification impact if any [RAN1, RAN2, RAN4]
· Reuse the in-device coexistence framework defined in Rel-16 as much as possible
5. UE Tx and Rx RF requirement for supporting new features introduced in this WI, sidelink frequency bands for single-carrier operation and frequency band combinations for carrier aggregation operation [RAN4]
· The exact frequency bands for both licensed and ITS-dedicated spectrum in FR1 and FR2 are to be determined based on company input during the WI.
· The exact frequency band combinations for both FR1 licensed and ITS-dedicated spectrum are to be determined based on company input during the WI.
· Frequency bands for the unlicensed spectrum in FR1 are [n46 and n96/n102] (i.e., 5GHz and 6GHz) in accordance with corresponding national regulatory requirements.
· Support of new sidelink frequency bands and band combinations should ensure coexistence between sidelink and Uu interface in the same and adjacent channels in licensed spectrum.
6. UE RRM core requirement for the new features introduced in this WI [RAN4]

Rel-18 sidelink should be able to coexist with Rel-16/17 sidelink in the same resource pool. This does not preclude the possibility of operating Rel-18 sidelink in a dedicated resource pool.



V2X use cases and requirements for SL-U
V2X use cases for SL-U
In this section, we provide potential V2X use cases for SL-U. In some regions/countries, only a limited ITS spectrum is allocated. For example, in the U.S., only 30 MHz is allocated for the 5.9 GHz ITS spectrum. Such a limited ITS spectrum is not enough to support all V2X applications [3]. The use of an unlicensed spectrum for V2X sidelink communication would be useful for some V2X applications that are robust to packet loss and increased latency due to harmful interference from other unlicensed devices, particularly when the available ITS spectrum is limited. Potential V2X use cases for SL-U can include but are not limited to:
· Sidelink Positioning Reference Signal (SL-PRS) transmission:
· Precise sidelink positioning requires a large amount of bandwidth. However, some regions/countries may not have enough bandwidth in the ITS spectrum for precise sidelink positioning. Also, MNO licensed spectrum cannot be used in out-of-coverage scenarios. In that case, the use of an unlicensed spectrum for SL-PRS transmission for sidelink positioning can be considered. In fact, in the SI for Rel-18 study on expanded and improved NR positioning [4], it was agreed that “the bandwidth requirements for sidelink positioning will be evaluated, and when the bandwidth requirements have been determined and the study of sidelink communication in the unlicensed spectrum has progressed, it can be reviewed whether unlicensed spectrum can be considered.”
· V2V, V2I, V2P/VRU communications
· Broadcast, groupcast, unicast
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Figure 1. [bookmark: _Ref100328246]SL-PRS transmission using SL-U.

Proposal 1: The following UE types and V2X communication types are supported:
· Vehicle-type UEs, RSU-type UEs, VRU-type UEs
· V2V, V2I, V2P/VRU communications
· Broadcast, groupcast, unicast

V2X requirements for SL-U
In this section, we provide potential V2X requirements for SL-U. V2X scenarios/use cases have unique aspects and requirements (e.g., mobility), compared with scenarios and use cases in LTE LAA/NR-U. Therefore, the following requirements need to be supported for SL-U in V2X scenarios:
· Enough communication range (e.g., > 300 m):
· V2X use cases using sidelink positioning require enough communication range (e.g., > 300 m) [5]. Therefore, we need to ensure enough communication range.
· Efficient use of radio resources:
· Precise sidelink positioning require a large amount of bandwidth. However, the radio resources are limited, particularly in congested scenarios. Therefore, we need techniques that efficiently use radio resources.
· Support of high mobility scenarios:
· In V2X scenarios, both Tx UEs and Rx UEs can move at high speed. So, channel contention and interference situation can change dynamically. On the other hand, in conventional unlicensed systems (e.g., LAA, NR-U), the main target scenarios are stationary or low-mobility scenarios (e.g., pedestrian UEs). Also, base stations in LAA/NR-U are stationary. Therefore, we need channel access mechanisms that effectively support outdoor mobility scenarios.
· Less contention and interference:
· In SL-U, there is no centralized scheduler/coordinator (i.e., base stations) unlike LAA and NR-U. Therefore, we need channel access mechanisms with less contention and interference within SL-U systems without centralized scheduler/coordinator, while coexisting with other unlicensed systems (e.g., Wi-Fi, LTE LAA, NR-U), where Wi-Fi can be Wi-Fi hotspot (public, commercial, and/or personal), in-car Wi-Fi, etc.

Proposal 2: The following V2X requirements are supported for SL-U:
· Enough communication range (e.g., > 300 m)
· Efficient use of radio resources
· Support of high mobility scenarios
· Less contention and interference

Conclusion
In this contribution we provided potential V2X use cases and requirements for SL-U. Our proposals are summarized as follows:
Proposal 1: The following UE types and V2X communication types are supported: 
· Vehicle-type UEs, RSU-type UEs, VRU-type UEs
· V2V, V2I, V2P/VRU communications
· Broadcast, groupcast, unicast
Proposal 2: The following V2X requirements are supported for SL-U:
· Enough communication range (e.g., > 300 m)
· Efficient use of radio resources
· Support of high mobility scenarios
· Less contention and interference
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