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Introduction
In Rel-16, 5G V2X with NR sidelink [1] is designed to support advanced V2X services over the NR PC5 and Uu interfaces. Rel-17 work, in the NR sidelink enhancement WI [2], is currently developing sidelink mode 2 resource allocation enhancements for reduced power consumption, reliability and latency, as well as SL-DRX, with consideration on use cases for public safety and commercial in addition to V2X. However, the higher demands of use cases for eMBB-based applications, and vertical industry such as wireless video monitoring (video surveillance), indoor experience and interactive services, e.g. XR, cannot be supported based on current Rel-16/17 framework.
Further inputs were provided into RAN Rel-18 email discussion, where a number of topics were noticed with high interests among IMs. Rel-18 SL enhancement [4] discussion focused on sidelink CA, sidelink support for unlicensed spectrum, enhancement on FR2 licensed spectrum, power saving enhancements, and co-channel co-existence of LTE V2X & NR V2X.
During RAN Rel-18 email discussion, it was evident there would be a separate WID for sidelink relay to general SL/V2X enhancement, thus this will be discussed in our companion contribution [5]. After email discussion, moderator gave the final summary based on NWM discussion [4] and draft WID on sidelink enhancement [6].
We further provide our views based on the Rel-18 sidelink draft WID.
Outcome of Rel-18 email discussion
  Rel-18 sidelink draft WID
	For the objectives with a study phase, RAN to determine in RAN#98 whether or not there is to be 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 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
3. Study 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 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



  Comments on draft WID
On NR sidelink CA operation
Firstly, the benefit and necessity of SL CA for licensed/ITS carriers in FR1 alone is not justified for Rel-18 work, in our view. This same case was discussed during Rel-17 scope discussion, and was not included in the final Rel-17 WID objectives, due to the limited available bandwidth for sidelink operation on licensed/ITS carriers. If enhanced sidelink operation on FR2 licensed spectrum will be studied first, we assume that study can complete by December 2022 (RAN#98), and if it is confirmed to support it, then sidelink CA can begin at that stage, covering FR1 and FR2. We think it is reasonable to define unified CA operation for all spectrum supported in Rel-18. There are two benefits: we can spend more TU to have sufficient study on the objectives in study phase, and we can also consider unified CA design for all supported spectrums. 
And we agree LTE Rel-15 SL CA design can be a starting point, with further consideration on new features beyond LTE V2X, such as HARQ feedback operation which was introduced in Rel-16 sidelink design. But we don’t see the necessity to prioritize LTE sidelink CA features for NR, since the target use cases of NR focus on advanced driving use cases, and the requirements are different from LTE, like more restriction on latency, reliability. We think LTE Rel-15 SL CA can be considered as baseline, but the design for CA also need to consider Rel-16 and Rel-17 design.
We also see the need of backwards compatibility and share the same view of sidelink CA functionality would co-exist in the same resource pools as Rel-16/Rel-17
Proposal 1: Sidelink carrier aggregation need to define a unified framework for all supported spectrum including unlicensed band after study the support of sidelink on unlicensed spectrum and FR2 licensed spectrum.
· Update objective 1 as: Specify mechanism to support NR sidelink CA operation based on LTE sidelink CA operation after sidelink FR2 and unlicensed are confirmed to be specified [RAN2, RAN1, RAN4]
· Prioritize supporting LTE sidelink CA features can be a starting point for NR (i.e. SL carrier (re-)selection, synchronization of aggregated carriers, handling the limited capability, power control for simultaneous sidelink TX, packet duplication)
· This feature is backwards compatible in the following regards
· (… …)


On support of sidelink on unlicensed spectrum
We observe significant interest on supporting multi-Gigabits/s services during the email discussion. In Rel-16, sidelink FR1 and FR2 are jointly considered, e.g. numerology design, SL-PT-RS. On the other hand, we think unlicensed FR1 alone is insufficient to on support simultaneous multi-Gigabits/s transmission, detailed analysis can be found in our previous papers, e.g. [7]. Given that much wider bandwidth can be obtained in higher frequency bands, sidelink operation on 60 GHz unlicensed spectrum is more preferable than on FR1 to achieve multi-Gigabit/s user throughput. 
[bookmark: _GoBack]Whilst we support including SL unlicensed in Rel-18, it is better to define an objective which includes FR1 and FR2.2 in the release, rather than an avoidable down-selection between the FRs in the first place. To manage the additional workload of FR2-2, we can re-use the principle as in Rel-16, where the WID does not exclude FR2-2, but would not have any specific optimizations for FR2-2. It will be a good way to have a unified solution to support FR2-2 in Rel-18 and also benefit forward compatibility for future releases. The latest pre-RAN#94e version is not very clear what the exact unlicensed spectrums in FR1 of 5 GHz and 6 GHz refer to, since Uu has already defined the unlicensed spectrum for 5GHz and 6GHz, we think it is better to use the band n46 and n96.
Rel-16 and Rel-17 sidelink can be a good starting point to save the workload, and the design principle can be re-used as much as possible. WGs only need to identify necessary modification to confirm to the unlicensed spectrum regulation and satisfy commercial requirements such as Giga bps data rate, latency, power efficiency, etc. For mode 1 and configuration of mode 2, we agree that Uu operation for mode 1 cam be limited to licensed spectrum only.
Proposal 2: Support a unified design framework for sidelink operation over FR1 and FR2-2 unlicensed spectrum without any specific optimizations for FR2-2.
· Update the objective 2 as: Study and specify the support of sidelink on unlicensed spectrum for both mode 1 and mode 2 where Uu operation for mode 1 and mode 2 configuration are is limited to licensed spectrum only [RAN1, RAN2, RAN4]
· Evaluation methodology for sidelink operation on unlicensed spectrum
· Rel-16 and Rel-17 sidelink can be a starting point for sidelink 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 n46 and n96 (i.e. 5 GHz and 6 GHz). Frequency band for the unlicensed spectrum in FR2-2 is n263 (i.e. 57 – 71 GHz).
· No specific optimizations for FR2 unlicensed spectrum

On enhanced sidelink operation on FR2 licensed spectrum
In Rel-16, sidelink FR1 and FR2 were jointly considered, e.g. numerology design, SL-PT-RS, SSB, and the only additional work to enhance FR2 licensed spectrum is the support of sidelink beam management. NR Uu design for beam management is already sufficient, thus sidelink beam management can reuse Uu concepts as much as possible. Meanwhile, sidelink already defined a CSI framework in Rel-16, which can be the start point for Rel-18 beam management design.
Proposal 3: Support objective 3 in the draft WID:
Study and specify enhanced sidelink operation on FR2 licensed spectrum [RAN1, RAN2, RAN4]
· (… …)

On co-channel coexistence for LTE sidelink and NR sidelink
There is an industrial demand on deployment flexibility given that the dedicated V2X spectrum is scarce in some regions, thus co-channel existence of LTE V2X and NR V2X needs be considered in Rel-18. However, as NR and LTE sidelink are designed based on two different RATs, we only see feasibility in an in-device co-existence manner, i.e., a similar function as defined in Rel-16.
Proposal 4: Support objective 4 in the draft WID.

Conclusions
In this contribution, motivations and possible technical consideration for NR sidelink and V2X enhancements fin Rel-18 are discussed. We have provided following observations and proposals for modification of the draft SID after the pre-RAN#94e email discussion:
Proposal 1: Sidelink carrier aggregation need to define a unified framework for all supported spectrum including unlicensed band after study the support of sidelink on unlicensed spectrum and FR2 licensed spectrum.
· Update objective 1 as: Specify mechanism to support NR sidelink CA operation based on LTE sidelink CA operation after sidelink FR2 and unlicensed are confirmed to be specified [RAN2, RAN1, RAN4]
· Prioritize supporting LTE sidelink CA features can be a starting point for NR (i.e. SL carrier (re-)selection, synchronization of aggregated carriers, handling the limited capability, power control for simultaneous sidelink TX, packet duplication)
· This feature is backwards compatible in the following regards
· (… …)

Proposal 2: Support a unified design framework for sidelink operation over FR1 and FR2-2 unlicensed spectrum without any specific optimizations for FR2-2.
· Update the objective 2 as: Study and specify the support of sidelink on unlicensed spectrum for both mode 1 and mode 2 where Uu operation for mode 1 and mode 2 configuration are is limited to licensed spectrum only [RAN1, RAN2, RAN4]
· Evaluation methodology for sidelink operation on unlicensed spectrum
· Rel-16 and Rel-17 sidelink can be a starting point for sidelink 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 n46 and n96 (i.e. 5 GHz and 6 GHz). Frequency band for the unlicensed spectrum in FR2-2 is n263 (i.e. 57 – 71 GHz).
· No specific optimizations for FR2 unlicensed spectrum

Proposal 3: Support objective 3 in the draft WID:
Study and specify enhanced sidelink operation on FR2 licensed spectrum [RAN1, RAN2, RAN4]
· (… …)
Proposal 4: Support objective 4 in the draft WID.
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