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1. Introduction
According to the email discussion of Rel-18 sidelink enhancement during Oct. 20-29 2021 [1], a draft WID is given in [2] as follows. Based on that, we present our further views and proposals on the Rel-18 WI of sidelink enhancement. 
	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 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	


2. Discussion
2.1. [bookmark: _Toc72163958][bookmark: _Toc72164083][bookmark: _Toc72164151][bookmark: _Toc72164281][bookmark: _Toc72166021][bookmark: _Toc72166096][bookmark: _Toc72166120][bookmark: _Toc72166132][bookmark: _Toc72166144][bookmark: _Toc72166215][bookmark: _Toc72166223][bookmark: _Toc72764097][bookmark: _Toc72764105][bookmark: _Toc72764113][bookmark: _Toc72764121]General Views
Based on the email discussion, several topics to be discussed in the Rel-18 WI of sidelink enhancement are preliminarily determined in [2], and part of them should be started from a study phase and be further determined in RAN #98 meeting.
Among the topics, for sidelink CA and co-channel coexistence for LTE sidelink and NR sidelink, relevant features and schemes are supported in LTE sidelink or Rel-16/17 NR sidelink. Therefore, the specific schemes of NR sidelink CA and co-channel coexistence can be designed and determined directly in the Rel-18 WI.
On the other hand, for the new features of sidelink communication, i.e., sidelink in unlicensed FR1 spectrum and sidelink in licensed FR2 spectrum, it is the first time to discuss candidate schemes, and it should be started from a study phase.
[bookmark: _Toc88482982][bookmark: _Toc88567339][bookmark: _Toc88567344][bookmark: _Toc88656736][bookmark: _Toc88656746][bookmark: _Toc88669849][bookmark: _Toc88669859][bookmark: _Toc88670314][bookmark: _Toc88670324][bookmark: _Toc88670334][bookmark: _Toc88671037][bookmark: _Toc88671047][bookmark: _Toc88671088][bookmark: _Toc88728667][bookmark: _Toc88728677][bookmark: _Toc88730172][bookmark: _Toc88730182][bookmark: _Toc88730192][bookmark: _Toc88744318][bookmark: _Toc88744328][bookmark: _Toc88744338][bookmark: _Toc88752595][bookmark: _Toc88752605][bookmark: _Toc89073792]For the Rel-18 WI of sidelink enhancement, sidelink in unlicensed FR1 spectrum and sidelink in licensed FR2 spectrum should be started from a study phase.
For sidelink in unlicensed FR1 spectrum and sidelink in licensed FR2 spectrum, it should be evaluated and discussed in the study phase and try to achieve some common understanding or candidate schemes. Then it should be further determined in RAN #98. Considering that, more discussion TUs should be assigned for the topics starting with study phase to ensure the overall progress of Rel-18 sidelink WI.
[bookmark: _Toc88656737][bookmark: _Toc88656747][bookmark: _Toc88669850][bookmark: _Toc88669860][bookmark: _Toc88670315][bookmark: _Toc88670325][bookmark: _Toc88670335][bookmark: _Toc88671038][bookmark: _Toc88671048][bookmark: _Toc88671089][bookmark: _Toc88728668][bookmark: _Toc88728678][bookmark: _Toc88730173][bookmark: _Toc88730183][bookmark: _Toc88730193][bookmark: _Toc88744319][bookmark: _Toc88744329][bookmark: _Toc88744339][bookmark: _Toc88752596][bookmark: _Toc88752606][bookmark: _Toc89073793]Considering different workloads may be required for each topic, it is reasonable to assign more TUs for the discussion of sidelink in unlicensed FR1 spectrum and sidelink in licensed FR2 spectrum which should provide sufficient analysis for further determining in RAN #98.
2.2. Sidelink CA
As carrier aggregation feature has been supported in LTE sidelink and NR Uu, the NR sidelink CA operation should be defined based on the relevant schemes. Besides, as sidelink schemes in FR2 and unlicensed spectrum would be discussed from a study phase and then further determined in RAN #98, i.e., there may be no certain schemes for sidelink in FR2 and unlicensed spectrum, the study of NR sidelink CA in Rel-18 WI should focus on licensed spectrum in FR1, and other scenarios should be considered later.  
[bookmark: _Toc81821070][bookmark: _Toc81821514][bookmark: _Toc81821519][bookmark: _Toc81821524][bookmark: _Toc81821529][bookmark: _Toc81821559][bookmark: _Toc81821564][bookmark: _Toc81821569][bookmark: _Toc81821584][bookmark: _Toc81822260][bookmark: _Toc81822265][bookmark: _Toc81822270][bookmark: _Toc81822275][bookmark: _Toc81822280][bookmark: _Toc81822324][bookmark: _Toc81822329][bookmark: _Toc81822334][bookmark: _Toc81822339][bookmark: _Toc81840793][bookmark: _Toc81840798][bookmark: _Toc81840803][bookmark: _Toc81840808][bookmark: _Toc81840813][bookmark: _Toc88482984][bookmark: _Toc88567340][bookmark: _Toc88567345][bookmark: _Toc88656738][bookmark: _Toc88656748][bookmark: _Toc88669851][bookmark: _Toc88669861][bookmark: _Toc88670316][bookmark: _Toc88670326][bookmark: _Toc88670336][bookmark: _Toc88671039][bookmark: _Toc88671049][bookmark: _Toc88671090][bookmark: _Toc88728669][bookmark: _Toc88728679][bookmark: _Toc88730174][bookmark: _Toc88730184][bookmark: _Toc88730194][bookmark: _Toc88744320][bookmark: _Toc88744330][bookmark: _Toc88744340][bookmark: _Toc88752597][bookmark: _Toc88752607][bookmark: _Toc89073794]The study of Rel-18 NR sidelink CA should focus on the carriers in licensed FR1 spectrum. 
Based on the relevant schemes of LTE sidelink CA and NR Uu CA, the issues that need to be discussed in Rel-18 sidelink CA may include carrier (re-)selection, multi-carrier operation, cross-carrier scheduling in mode 1, synchronization of multi-carrier, sidelink HARQ feedback for multi-carrier, etc. It can be seen that the major issues are high layer related, and the study of NR sidelink CA should be led by RAN 2 and other WGs as secondary.
Meanwhile, in order to achieve sidelink performance improvement by introducing CA, the sidelink transmission with CA should be backward compatible to Rel-16/17 UEs. In other words, the same resource pool can be shared between Rel-16/17 UEs and Rel-18 UEs with CA, and the sidelink transmission of Rel-18 UEs assigned based on CA should be transparent for Rel-16/17 UEs. 
[bookmark: _Toc88656739][bookmark: _Toc88656749][bookmark: _Toc88669852][bookmark: _Toc88669862][bookmark: _Toc88670317][bookmark: _Toc88670327][bookmark: _Toc88670337][bookmark: _Toc88671040][bookmark: _Toc88671050][bookmark: _Toc88671091][bookmark: _Toc88728670][bookmark: _Toc88728680][bookmark: _Toc88730175][bookmark: _Toc88730185][bookmark: _Toc88730195][bookmark: _Toc88744321][bookmark: _Toc88744331][bookmark: _Toc88744341][bookmark: _Toc88752598][bookmark: _Toc88752608][bookmark: _Toc89073795]The study of Rel-18 NR sidelink CA should be led by RAN 2. 
[bookmark: _Toc88656740][bookmark: _Toc88656750][bookmark: _Toc88669853][bookmark: _Toc88669863][bookmark: _Toc88670318][bookmark: _Toc88670328][bookmark: _Toc88670338][bookmark: _Toc88671041][bookmark: _Toc88671051][bookmark: _Toc88671092][bookmark: _Toc88728671][bookmark: _Toc88728681][bookmark: _Toc88730176][bookmark: _Toc88730186][bookmark: _Toc88730196][bookmark: _Toc88744322][bookmark: _Toc88744332][bookmark: _Toc88744342][bookmark: _Toc88752599][bookmark: _Toc88752609][bookmark: _Toc89073796]To confirm the backward compatibility requirement of Rel-18 NR sidelink CA, i.e., the sidelink  transmission of Rel-18 UE with CA: 
[bookmark: _Toc88656741][bookmark: _Toc88656751][bookmark: _Toc88669854][bookmark: _Toc88669864][bookmark: _Toc88670319][bookmark: _Toc88670329][bookmark: _Toc88670339][bookmark: _Toc88671042][bookmark: _Toc88671052][bookmark: _Toc88671093][bookmark: _Toc88728672][bookmark: _Toc88728682][bookmark: _Toc88730177][bookmark: _Toc88730187][bookmark: _Toc88730197][bookmark: _Toc88744323][bookmark: _Toc88744333][bookmark: _Toc88744343][bookmark: _Toc88752600][bookmark: _Toc88752610][bookmark: _Toc89073797]can share the same resource pool with Rel-16/17 UEs;
[bookmark: _Toc88656742][bookmark: _Toc88656752][bookmark: _Toc88669855][bookmark: _Toc88669865][bookmark: _Toc88670320][bookmark: _Toc88670330][bookmark: _Toc88670340][bookmark: _Toc88671043][bookmark: _Toc88671053][bookmark: _Toc88671094][bookmark: _Toc88728673][bookmark: _Toc88728683][bookmark: _Toc88730178][bookmark: _Toc88730188][bookmark: _Toc88730198][bookmark: _Toc88744324][bookmark: _Toc88744334][bookmark: _Toc88744344][bookmark: _Toc88752601][bookmark: _Toc88752611][bookmark: _Toc89073798]should be transparent for Rel-16/17 UEs;
2.3. [bookmark: _Toc81821071][bookmark: _Toc81821515][bookmark: _Toc81821520][bookmark: _Toc81821525][bookmark: _Toc81821530]Sidelink in unlicensed spectrum
As it is the first time to discuss relevant schemes for sidelink communication in unlicensed spectrum (SL-U), typical scenarios and basic functions should be considered. The following cases may be considered in SL-U:
Case 1: [bookmark: _Ref74143257]UE determines resource for sidelink transmission in unlicensed spectrum (mode 2);
Case 2: gNB schedules sidelink transmission in unlicensed spectrum (mode 1): 
Case 2-1: Uu and PC5 using the same unlicensed spectrum, i.e., gNB scheduling UE through the same unlicensed spectrum ;
Case 2-2: [bookmark: _Ref88661604]Uu in licensed spectrum while PC5 in unlicensed spectrum; 
Case 1 is a typical mode 2 scenario of SL-U that UE should perform channel sensing, resource selection and channel access procedure to transmit sidelink signal in unlicensed spectrum. It can provide a standalone sidelink communication system in unlicensed spectrum. The discussion for case 1 should use legacy mode 2 procedure and channel access procedure of NR-U as baseline, and it should be noted as a target scenario of SL-U discussion in this WI.
For mode 1 scenarios related to SL-U, both case 2-1 and case 2-2 can be used by gNB to schedule UE to perform sidelink transmission in unlicensed spectrum, while the issues need to be discussed and the corresponding workload of the two cases seem to be different. 
Considering case 2-1, the main difference between legacy mode 1 and this case is that UE should carry out a channel access procedure before transmitting sidelink signal on the scheduled resources. For this case, gNB may reuse the measurement and report similar to NR-U and the scheduling scheme of legacy mode 1, and limited normative work may be required.
On the other hand, case 2-2 means that gNB schedules sidelink UE through licensed spectrum to allocate sidelink transmission in unlicensed spectrum. Comparing to case 2-1, as different carriers are used on Uu and PC5, some additional problems are involved in case 2-2, including cross-carrier measurement and scheduling, multi-carrier operation, etc. These problems may require additional discussion and workload. 
In general, considering the potential scenarios of mode 1 for SL-U, case 2-1 requires relatively simple combination and modification of legacy mode 1 and NR-U to obtain a workable scheme. It may also benefit the overall progress of this WI of sidelink enhancement.
Based on that, we propose to clarify and determine the study scope of SL-U in this WI as:
[bookmark: _Toc88669856][bookmark: _Toc88669866][bookmark: _Toc88670321][bookmark: _Toc88670331][bookmark: _Toc88670341][bookmark: _Toc88671044][bookmark: _Toc88671054][bookmark: _Toc88671095][bookmark: _Toc88728674][bookmark: _Toc88728684][bookmark: _Toc88730179][bookmark: _Toc88730189][bookmark: _Toc88730199][bookmark: _Toc88744325][bookmark: _Toc88744335][bookmark: _Toc88744345][bookmark: _Toc88752602][bookmark: _Toc88752612][bookmark: _Toc89073799]For the study of SL-U, the discussion should focus on the following cases:
[bookmark: _Toc88669857][bookmark: _Toc88669867][bookmark: _Toc88670322][bookmark: _Toc88670332][bookmark: _Toc88670342][bookmark: _Toc88671045][bookmark: _Toc88671055][bookmark: _Toc88671096][bookmark: _Toc88728675][bookmark: _Toc88728685][bookmark: _Toc88730180][bookmark: _Toc88730190][bookmark: _Toc88730200][bookmark: _Toc88744326][bookmark: _Toc88744336][bookmark: _Toc88744346][bookmark: _Toc88752603][bookmark: _Toc88752613][bookmark: _Toc89073800]Mode 1: gNB scheduling UE while Uu and PC5 using the same unlicensed carrier;
[bookmark: _Toc88669858][bookmark: _Toc88669868][bookmark: _Toc88670323][bookmark: _Toc88670333][bookmark: _Toc88670343][bookmark: _Toc88671046][bookmark: _Toc88671056][bookmark: _Toc88671097][bookmark: _Toc88728676][bookmark: _Toc88728686][bookmark: _Toc88730181][bookmark: _Toc88730191][bookmark: _Toc88730201][bookmark: _Toc88744327][bookmark: _Toc88744337][bookmark: _Toc88744347][bookmark: _Toc88752604][bookmark: _Toc88752614][bookmark: _Toc89073801]Mode 2: UE determining resource for sidelink transmission in unlicensed carrier;
3. [bookmark: _Toc88482988]Conclusion
In this contribution, we present proposals relevant to sidelink enhancement as follows:
Proposal 1:	For the Rel-18 WI of sidelink enhancement, sidelink in unlicensed FR1 spectrum and sidelink in licensed FR2 spectrum should be started from a study phase.
Proposal 2:	Considering different workloads may be required for each topic, it is reasonable to assign more TUs for the discussion of sidelink in unlicensed FR1 spectrum and sidelink in licensed FR2 spectrum which should provide sufficient analysis for further determining in RAN #98.
Proposal 3:	The study of Rel-18 NR sidelink CA should focus on the carriers in licensed FR1 spectrum.
Proposal 4:	The study of Rel-18 NR sidelink CA should be led by RAN 2.
Proposal 5:	To confirm the backward compatibility requirement of Rel-18 NR sidelink CA, i.e., the sidelink  transmission of Rel-18 UE with CA:
−	can share the same resource pool with Rel-16/17 UEs;
−	should be transparent for Rel-16/17 UEs;
Proposal 6:	For the study of SL-U, the discussion should focus on the following cases:
−	Mode 1: gNB scheduling UE while Uu and PC5 using the same unlicensed carrier;
−	Mode 2: UE determining resource for sidelink transmission in unlicensed carrier;
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5. Appendix
	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 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 transmissions with CA  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 the case that Uu and PC5 of the UE using the same unlicensed spectrum 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
· Should be started from a study phase
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.
· Should be started from a study phase
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	
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