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1. Introduction
In RAN #98-e meeting, the NR SL evolution objectives were discussed and updated [1] to support NR SL operation in unlicensed bands and optimize FR2 licensed spectrum operation. However, RAN did not decide whether to add the NR SL CA operation at FR1 due to the workload in each RAN WGs. The NR SL CA feature will be updated and decided at next RAN #99 meeting as follows.

	4.1 [bookmark: _heading=h.30j0zll]Objective of SI or Core part WI or Testing part WI (in [1])
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#99)
· 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: _heading=h.1fob9te]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: _heading=h.3znysh7]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: _heading=h.2et92p0]Physical channel design framework: Required changes to NR sidelink physical channel structures and procedures to operate on unlicensed spectrum
· [bookmark: _heading=h.tyjcwt]The existing NR sidelink and NR-U channel structure shall be reused as the baseline.
· [bookmark: _heading=h.3dy6vkm]No specific enhancements for existing NR SL feature
· [bookmark: _heading=h.1t3h5sf]Focus on FR1 unlicensed bands (n46 and n96/n102).
· Note: In sidelink unlicensed operation, the gNB does not perform Type 1 channel access to initiate and share a channel occupancy, neither Type 2 channel access to share an initiated channel occupancy, nor semi-static channel access procedures to access an unlicensed channel.
3. [bookmark: _heading=h.4d34og8]Study enhanced sidelink operation on FR2 licensed spectrum [RAN1, RAN2]
· [bookmark: _heading=h.2s8eyo1]Focus only on updating the evaluation methodology for commercial deployment scenarios in 4Q 2022. [RAN1]
· [bookmark: _heading=h.17dp8vu]Study 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. [RAN1, RAN2]
· [bookmark: _heading=h.3rdcrjn]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.
· Note, RAN1 continues the work on dynamic resource pool sharing based on existing agreements and WID with high priority for Type A devices and operating combination A
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]



 
In this paper, we propose the RAN4 RF related scope to support SL-U operation and SL FR2 operation except NR SL CA feature since the SL CA topic is still pending in the next RAN plenary meeting. RAN4 can further discuss the SL CA issue after RAN determines whether the topic is included in NR SL evolution WI or not.

2. Discussion on detail scope and priority for NR SL evolution
In the last RAN plenary, the all-participant companies supported the SL-U operation in Rel-18 in NWM discussion [2]. The FR2 SL operation is also supported by most interested companies as follow. 
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Based on these agreements, we would like to determine the detail RAN4 scope to support these two main features in NR SL evolution WI.

Priority of SL evolution in Rel-18.

Proposal #1: SL-U is the 1st priority to finalize the detailed RF/RRM core requirements.
1) Baseline RF architecture is NR SL RF architecture for TDD band.
2) Do not need to consider simultaneous operation between NR-U operation and SL-U operation in a unlicensed band (n46/n96/n102) 

Proposal #2: FR2 SL operation in licensed band is 2nd priority.
1) Need coexistence evaluation between legacy system and SL operation in FR2 licensed bands.
2) Define RF requirements for FR2 SL UE in licensed band if new SL operation can be coexisted with legacy system. 

For the co-channel coexistence issue in the objectives, the responsibility will be taken in RAN1/RAN2 as conventionally, they need to study based on the system level simulation how to reduce and co-channel interference problem and mitigate or avoid the interference between legacy system and NR SL operation in ITS spectrum. So, we would like to propose as follows

Proposal #3: Coexistence evaluation for co-channel is not RAN4 scope. The co-channel coexistence responsibility can be taken in RAN1/RAN2 between LTE SL and NR SL.
1) Detailed coexistence mechanism and interference avoidance skill would be considered in RAN4 to specify the RF/RRM requirements.

Furthermore, the NR SL CA operation is a key technical solution to increase data rate to support the sensor information (video) sharing between vehicles with high degree of driving automation. Also, the European automotives industry strongly push to support NR SL CA operation in Rel-18 since the basic CBW is assigned 10MHz CBW in Europe, Therefore SL CA feature is needed to increase the data rate to support high degree of driving automation.
 
Proposal #4: NR SL CA can be further discussed based on the RAN plenary decision at the next RAN meeting.


3. Discussion on example RF architecture for NR SL-U
The example RF architecture for NR SL operation in TDD band can be considered for SL-U operation. The shared antenna RF architecture is baseline for stand-alone SL-U operation in unlicensed band and the separate RF chain architecture is assumed for inter-band con-current operation between normal NR operation and SL-U operation as follows.
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Figure 3-1: Example RF architectures for single carrier SL-U operation and inter-band con-current operation with NR Uu operation and SL-U operations

The simultaneous operation between SL-U and NR-U in single NR operating band is not essential operation in unlicensed band compared to the inter-band con-current operation between NR Uu and SL-U operation. So RAN4 would not support the simultaneous NR-U and SL-U operation in an unlicensed band.  

Proposal #5: The simultaneous SL-U and NR-U operation in an unlicensed band would not be supported in NR SL evolution WI.

For the adjacent channel coexistence evaluation between the Wi-Fi operation and SL-U operation, RAN4 can follow the conclusion of coexistence evaluation results between legacy system and NR-U operation if the different operating points are not found in SL-U operation in unlicensed band. In NR-U WI in Rel-16, the following agreements are concluded [4]. 
-	The deployment scenario in Rel-15 NR-U is very similar to Rel-13 LAA deployment scenario and the regulatory requirements remain the same for 5GHz spectrum, so the conclusions of Rel-13 LAA adjacent channel coexistence evaluations are equally applicable to Rel-15 NR-U.
-	It is possible to assume the same ACLR (and ACS) requirements for LAA and NR-U (in 5GHz as an example), following the principle that, ACLR (and ACS) requirements for other NR FR1 bands are the same as LTE.
Proposal #6: If any different points for SL-U operation are found compared to NR-U operation in unlicensed band, then RAN4 needs to revisit the adjacent channel coexistence evaluation to protect legacy systems.

4. Conclusions
In this contribution, we provided the NR SL evolution scope and priority in Rel-18 as follows.

Proposal #1: SL-U is the 1st priority to finalize the detailed RF/RRM core requirements.
1) Baseline RF architecture is NR SL RF architecture for TDD band.
2) Do not need to consider simultaneous operation between NR-U operation and SL-U operation in a unlicensed band (n46/n96/n102) 

Proposal #2: FR2 SL operation in licensed band is 2nd priority.
1) Need coexistence evaluation between legacy system and SL operation in FR2 licensed bands.
2) Define RF requirements for FR2 SL UE in licensed band if new SL operation can be coexisted with legacy system. 

Proposal #3: Coexistence evaluation for co-channel is not RAN4 scope. The co-channel coexistence responsibility can be taken in RAN1/RAN2 between LTE SL and NR SL.
1) Detailed coexistence mechanism and interference avoidance skill would be considered in RAN4 to specify the RF/RRM requirements.

Proposal #4: NR SL CA can be further discussed based on the RAN plenary decision at the next RAN meeting.

Proposal #5: The simultaneous SL-U and NR-U operation in an unlicensed band would not be supported in NR SL evolution WI.

Proposal #6: If any different points for SL-U operation are found compared to NR-U operation in unlicensed band, then RAN4 needs to revisit the adjacent channel coexistence evaluation to protect legacy systems.

Based on the above proposals and decision, RAN4 can study and specify the related RF core requirements for NR SL evolution WI in Rel-18. 
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3.5 Way forward proposals endorsed during Wednesday GTW
Proposal 1 (Il):

* Continue the FR2 topic as a "study” only objective from RAN#98-e with both RAN1 and RAN2 involvement
© The priority handling of this objective is up to the session chairs in RAN1 and RAN2
© The timing to start the RAN2 study is up to RAN2 session chair (e.g., after RAN1 has made some progress)

* Revisit the CA objective in March, including the possibility of including it in Rel-18 with minimal WG efforts, or dropping it from Rel-
18 but re-consider it in Rel-19

Proposal 3 (1): In the SL-U objective, update the following bullet as:

* Fhe-study-shoutd Focus on FR1 unlicensed bands (n46 and n96/n102)-and-sto-becompteted-by RAN#98.
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