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1. Introduction
In RAN Rel-18 workshop, a list of at least 18 high potential and possibly more topics are clearly identified and endorsed in [1]. For each of these potential topics, further 2 rounds of RAN email discussions were conducted in August and in October, target to identify a set of features to be worked on or studied in Rel-18 and to prepare a corresponding draft WID/SID aiming for approval in RAN#94 (this meeting).
For the topic on further enhancements for Rel-18 NR sidelink, by the end of the latest email discussion in October, a summary of email discussion outcomes containing a set of proposals and a draft WID with corresponding justification and objectives are provided in [2] and [3], respectively.
2. Discussion
Based on the Rel-18 RAN workshop in June’21, numerous Tdoc contributions and inputs during the August and October email discussions, it is clear there is a significant demand and proposals from many network vendors, device vendors and operators to further enhance the capabilities and functionalities of NR sidelink technology to support wider services and applications, and to improve the capacity and performance of the system at the same time. Besides the set of advanced V2X use cases which have been the main focus and motivation of NR sidelink work in the past two releases (Rel-16 and 17), for Rel-18 the further enhancements of NR sidelink technology are intended to better support also Public Safety and commercial use cases such as AR/VR glasses for gaming, smart home network application, wearables IoT and etc, as studied and defined in SA1.
As per the outcome of the Rel-18 RAN workshop, it is endorsed in [1] the set of example areas for NR sidelink enhancements includes:
· SL enhancements (e.g., unlicensed, power saving enhancements, efficiency enhancements, etc.)
· SL relay enhancements
· Co-existence of LTE V2X & NR V2X
By the end of the August email discussion, besides SL relay, it was concluded in [4] a shortlisted of 5 features to be considered for further enhancement of NR sidelink includes: carrier aggregation, sidelink in unlicensed bands for FR1, enhancements in licensed bands for FR2, enhancements in SL power saving, and co-channel coexistence of LTE/NR sidelink.
Then during the October email discussion, a draft WID on further enhancements for NR sidelink was prepared in [3] based on a discussion outcome summary from the moderator in [2]. In the summary, the recommended areas for enhancement to be considered for Rel-18 were further down-selected to carrier aggregation, sidelink on unlicensed spectrum, enhanced sidelink on FR2 licensed spectrum and co-channel coexistence of LTE/NR sidelink.
2.1. Sidelink operation in unlicensed spectrum (SL-U)
For the feature on sidelink operation in unlicensed spectrum feature, the prime motivation of this feature is to enable commercial and personal applications that could not be supported by the dedicated ITS and Public Safety frequency bands defined in RAN4 specifically to carry V2X and emergency services. Usually, these applications target for a short-range communication for devices with limited power supply (e.g., relying on internal/portable battery), direct sidelink communication in unlicensed spectrum will be ideal for these latency sensitive applications without needing to transfer a large amount of data via gNB and occupying bandwidth on the licensed Uu link. Furthermore, the use of unlicensed spectrum is expected to accelerate the uptake of these new devices and applications in a much competitive and faster rate in the market.
The current proposed work for this feature in [2, 3] is to have a study phase before converting it to a normative work in RAN#98. Since the start of Rel-18 work in TSG RAN has been agreed to postpone for 1 quarter (until Mar’22), the proposed length for study phase / normative work will be a 50/50 split of 3 quarters each within Rel-18. Considering the intention of the study phase is to mainly update the evaluation methodology necessary for coexistence of sidelink operation in unlicensed bands and to identify exact scope/details that need to be specified from reusing the existing channel access scheme(s) from NR-U, it is then suggested to adopt the formulation of “study and specify” in the objective to facilitate the progress further if possible during the study phase.
In addition, during the October email discussion, it was agreed the work on sidelink operation in the unlicensed spectrum can be extended to FR2 without any additional optimizations such as beamforming / beam management. Then it is worthwhile to clarify the exact FR2 band(s) in which the work intended to support such that the corresponding RF requirements can be specified in RAN4. Based on existing Rel-17 work done in NR-U (e.g. channel access scheme), the 60GHz band in FR2-2 is supported. 
2.2. Beam management for sidelink in FR2 licensed spectrum
In order to better support sidelink operation in FR2 spectrum, e.g., by improving the received SNR to increase signal coverage and reliability, one key feature introduced in Rel-15 NR Uu was the beamforming and management of multiple analog transmit/receive beams and this should be also considered for NR sidelink. This feature, however, has not been studied and implemented for NR sidelink communication in the past two releases. Hence, it is hindering the adoption of NR sidelink communication in higher frequency spectrum bands (e.g., FR2) due to large pathloss and reduced performance. Therefore, to expand the usable frequency range that is beneficial for operators with allocation of FR2 spectrum, there is also a need to introduce NR Uu based beamforming/beam management for NR sidelink communication. With this feature, allocated FR2 licensed spectrum can be fully utilized for sidelink data communication while under network control.
Similar to SL-U, the proposed work in [2, 3] for SL beam management in FR2 is also divided into first a study phase for 3 quarters until RAN#98 then followed by a normative work of 3 quarters. During the study phase, it is expected to identify all necessary/exact details of specification work to support beam management by enhancing existing sidelink CSI framework and reusing Uu beam management concepts wherever possible. Although the scope of beam management could be quite large, as can be seen in NR Uu during Rel-15, 16 and 17, it should be possible to identify a reasonable work scope and all necessary details during the study phase. Therefore, it is also proposed to adopt the formulation of “study and specify” in the objective to facilitate the progress further if possible during the study phase.
2.3. Co-channel coexistence of LTE and NR V2X
The study of co-channel coexistence between LTE and NR V2X is based on a desire to share the same frequency channel resources between the two sidelink technologies. For the dedicated ITS spectrum in 5.9GHz band, the amount of available bandwidth for cellular-V2X services is very scarce (e.g., only 40~50MHz depending on the region/country) to support both basic safety transmissions (LTE-V) and advanced V2X use cases (NR-V). In order share this very limited spectrum resource and at the same time being able to allow frequency resource reuse, it was agreed to conduct a study to identify possible mechanism(s) to enable such coexistence between these two sidelink technologies on the same frequency channel.
Since the in-device coexistence framework and semi-static resource pool configuration are stable and well defined since Rel-16, it is anticipated that the identification of coexistence mechanism(s) and the pros/cons analysis should not take up significant amount of time. Therefore, it is also suggested to adopt the formulation of “study and specify” but subject to necessity for this objective to facilitate the progress further during the study phase.

Given the above considerations, we propose the following modifications to the draft WID (in RP-212704).
=========================================================================
4.1 Objective of SI or Core part WI or Testing part WI
For the objectives with a study phase, RAN to determine in RAN#98 whether or not there is to bethe scope and details of specification support in Rel-18 and if there is specification support, the scope of this work.
1. Specify mechanism to support NR sidelink CA operation based on LTE sidelink CA operation [RAN2, RAN1, RAN4]
· Prioritize supporting 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)
· At least for FR1 licensed spectrum and ITS band
· Whether or not to support sidelink CA for FR2 and/or unlicensed band is to be decided in RAN#98 after the relevant studies are done
· This feature is backwards compatible in the following regards
· Rel-16 UEs can receive Rel-18 sidelink broadcast/groupcast transmissions with CA for the carriers on which they receive and transmit the corresponding sidelink HARQ feedback
· Assuming this sidelink functionality would co-exist in the same resource pools as Rel-16/Rel-17 functionalities (e.g., no changes to reservations in SCI, etc.)
2. Study and specify the 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]
· Evaluation methodology for sidelink operation on unlicensed spectrum
· Sidelink channel access mechanism for unlicensed spectrum based on regional regulation requirement and use the existing channel success schemes from NR-U as a starting point
· Reuse Rel-16 resource allocation mechanism as much as possible
· Required changes to NR sidelink physical channel structures and procedures to operate on unlicensed spectrum
· No specific optimizations for existing NR SL feature
· Frequency bands for the unlicensed spectrum in FR1 are 5GHz and 6GHz
· No specific optimizations for FR2 unlicensed spectrum
· Frequency band for the unlicensed spectrum in FR1 is 60GHz (FR2-2)
3. Study and specify enhanced sidelink operation on FR2 licensed spectrum [RAN1, RAN2, RAN4]
· Work is limited to the support of sidelink beam management (including initial beam-pairing, beam maintenance, and beam failure recovery) by enhancing existing sidelink CSI framework and reusing Uu beam management concepts wherever possible.
4. Study and specify, if necessary, mechanism(s) to enable 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	

3. Conclusion
In this contribution, we provided background on the development of the set of features recommended for further enhancement of NR sidelink technology and the needs/benefits of introducing specification support for them in Rel-18. Using the latest draft WID [3] as the baseline, it is suggested to slightly update the objectives as shown in Section 2 for the smooth transitioning and making more progress earlier on during the study phase.
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