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1
Introduction
In Rel-16, NR sidelink operation was supported in 5G V2x work item, mainly focusing on advanced V2x use cases and applications. It can also be used for public safety use cases if the service requirement of PS can be satisfied. In Rel-17, enhancement on NR sidelink operation was proposed on power saving schemes and inter-UE coordination for latency and reliability improvement. The enhancements considers use cases including V2x, Public safety and commercial, and aiming to design enhancement which can achieve most commonality among all the use cases. On the other hand, Relay functionality was supported in NR sidelink relay SI/WI in Rel-17.
In Rel-18, further enhancement on NR sidelink operation should be considered. In this contribution, our opinions on the motivation and scope of potential enhancements are given. 
2
Multi-carrier/ flexible-BWP support
Multi-carrier operation
Multi-carrier operation for sidelink can effectively increase the data rate of sidelink communication. Some advanced V2x applications especially including fully automatic driving use cases have very high data rate requirements, which would be difficult to be supported by a single carrier. For example, 700M/1Gbps is required for some extended sensors services of 5G V2x [1]. On the other hand, very high peak data rate can also be required for some commercial use cases. For example, sidelink can be considered as one of the potential solution for wireless tethering XR/Cloud gaming devices [2]. Compared with wireless solutions using other RAT, sidelink is expected to introduce less latency/cost and have less negative impact by avoiding inter-RAT relay. To meet the stringent requirement on throughput and latency of XR/CG services, supporting multi-carrier operation for NR sidelink would be beneficial. 
Supporting multi-carrier operation for sidelink can also be beneficial from network operation point of view. Flexible combinations among licensed band, unlicensed band and dedicated ITS band ban be used for varieties of V2x/PS/Commercial sidelink services. For example, critical safety related V2x services can use dedicated ITS band to guarantee the reliability and latency requirement, while some commercialized V2x services such as navigation and entertainment can be offloaded to licensed or unlicensed band to reduce their interference to critical safety services. For commercial services, the network can also allocate different unicast/groupcast sidelink communications on different licensed carriers to achieve a more balanced traffic load. 
Flexible Sidelink BWP
Bandwidth Part (BWP) is an important feature introduced in NR to enable flexible frequency resource management and UE power saving. However, in Rel-16 NR sidelink, to simplify the design, it is assumed that only a single sidelink BWP is (pre)configured for all the UEs supporting sidelink operation. 
Flexible sidelink BWP can be useful for many V2x/PS/commercial use cases, especially on power saving and UE cost/complexity reduction. Sidelink operation can be supported between wearable devices and smart phone to improve the communication efficiency and reduce the power consumption of wearable devices. Sidelink operation can be also supported in smart home scenario where various sensors, controllers, surveillance devices, and entertainment devices are connected via sidelink operation. To reduce the power consumption, cost and complexity, some devices can only support sidelink communication within a limited bandwidth. The performance of sidelink communication would be severely restricted if forcing each UE with sidelink operation to use the same sidelink BWP. Therefore, it would be necessary to support flexible sidelink BWP configurations, and enable sidelink communication among UEs with different sidelink BWP configurations.
Proposal 1: Flexible sidelink BWP configuration and multi-carrier aggregation on sidelink can be considered for Rel-18 enhancement
3
Sidelink in unlicensed spectrum
In Rel-15 and Rel-16, NR sidelink operation is supported in licensed or ITS dedicated spectrum. For critical V2x and public safety services, operation in licensed or ITS dedicated band can be beneficial to guarantee the stringent QoS requirement e.g. on reliability and latency. However, since Rel-16 the application of NR sidelink operation is also extend to wider range of services such as commercial use cases. For many non-critical or non-safety-related use cases such as entertainment and gaming, it is more and more important and interesting to considering using unlicensed spectrum as a complementary source of spectrum to improve the data connectivity among sidelink devices.
NR operation in unlicensed spectrum has been discussed and supported in Rel-16. To allow an efficient design, the work on NR sidelink operation in unlicensed spectrum should reuse the feature of NR-unlicensed as much as possible. Similar as in NR-U discussion, 5GHz/6GHz unlicensed band can be considered. Unlicensed band in FR2 or even above 52.6G can also be considered based on the consensus from majority companies. 
For the deployment scenario, both in-coverage, partial-coverage and out-of-coverage should be considered. Sidelink operation purely in unlicensed spectrum without assistant of licensed or ITS spectrum should be supported. 
Proposal 2: NR sidelink operation in unlicensed spectrum can be considered for Rel-18 enhancement.
4. 
Sidelink relay

In R17 sidelink relay study phase, both U2N and U2U relay were studied. However, due to load limitation, only U2N relay is specified in R17. U2U relay is beneficial in public safety use cases. Also, both U2N and U2U relay include single hop in R17. Multi-hop relay could further extend the coverage of network or UE.

In R17 U2N relay, group mobility is not supported, which restricts the relay deployment. If relay UE performs handover, remote UE would be released to trigger relay re-selection. If remote UE and relay UE are moving together, for example in vehicle or train, it's preferred to manage the mobility of relay and remote UE together.

With specification of unlicensed sidelink operation (see 3. above), networks may prefer to configure sidelink operation in unlicensed bands, so for U2N support mixed licensed and unlicensed operation should be considered to reduce interference from Remote UEs whilst supporting existing Relay access via Uu.

Further enhancement on sidelink relay feature can also be considered, including:

· UE-to-UE Relay support

· Multi-hop for U2N and U2U

· Mixed licensed and unlicensed configuration

· priority on U2N with Uu licensed and PC5 unlicensed operation

· Mobility Enhancement

· Inter-gNB

· Group mobility (Relay UE and Remote UEs)

· Multi-link (Remote UE support simultaneous UP Uu and PC5(relay) connectivity)
Proposal 3: Further enhancement on sidelink relay can be considered for Rel-18 enhancement

5. 
Rel-17 leftovers

There may be some leftovers for Rel-17 sidelink enhancement to support further enhancements for inter-UE coordination and power saving which may be considered for Rel-18. For example, sidelink wake up signal has been discussed but is concluded as low priority enhancement in Rel-17. Also how to coordination resource allocation from different RATs when in coverage e.g. LTE, can also be considered in Rel-18. Details of other Rel-17 leftovers can also be further discussed after Rel-17 sidelink specification is finalized.
6.
Others

Some other enhancements on sidelink operation may also be possible, including enhancement on PSFCH, sidelink operation optimization in FR2, and sidelink MIMO enhancement, etc. Considering the work scope limitation, these enhancements can be deprioritized.
7.
Conclusion
In this contribution, we discussed the potential further enhancement for Rel-18 NR sidelink operation. Based on the discussion, we propose:
Proposal 1: Flexible sidelink BWP configuration and multi-carrier aggregation on sidelink can be considered for Rel-18 enhancement
Proposal 2: NR sidelink operation in unlicensed spectrum can be considered for Rel-18 enhancement.
Proposal 3: Further enhancement on sidelink relay can be considered for Rel-18 enhancement
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