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Introduction
R18 WID on NR sidelink evolution was approved in [1], and the detailed objectives are list as follows:
	1. [bookmark: _Hlk127279565]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: _Hlk89619097]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: _Hlk89917081]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: _Hlk89917101]Physical channel design framework: Required changes to NR sidelink physical channel structures and procedures to operate on unlicensed spectrum
· [bookmark: _Hlk89917118]The existing NR sidelink and NR-U channel structure shall be reused as the baseline.
· [bookmark: _Hlk89917140]No specific enhancements for existing NR SL feature
· [bookmark: _Hlk89917215]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: _Hlk89917254]Study enhanced sidelink operation on FR2 licensed spectrum [RAN1, RAN2]
· [bookmark: _Hlk89917271]Focus only on updating the evaluation methodology for commercial deployment scenario in 4Q 2022. [RAN1]
· [bookmark: _Hlk89917283][bookmark: _Hlk127384200]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: _Hlk89917309]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 contribution, we will provide the discussion on the RRM impacts of R18 NR sidelink evolution.
Discussion
Based on the objectives of R18 NR sidelink evolution, it can be observed that the enhancements on following aspects need to be studied from RRM perspective.
· Support NR sidelink CA operation
· Support of sidelink on unlicensed spectrum
· Enhanced sidelink operation on FR2
For NR sidelink CA operation, this part of the work is put on hold until further checking in RAN#99. So, RAN4 also put on hold the discussion on NR sidelink CA operation and wait for the conclusion in RAN plenary.
Proposal 1: It is suggested to postpone the discussion on NR sidelink CA operation in RRM session and the inputs in RAN#99 meeting are needed.
sidelink on unlicensed spectrum
RAN1 achieved the following agreements on S-SSB and synchronization in SL-U.
	Agreement (RAN1#110)
If RAN1 decides that LBT is performed for S-SSB transmission, in addition to the S-SSB occasions in R16/R17 NR SL design, support additional candidate S-SSB occasions
· FFS the number and locations of additional candidate S-SSB occasions
· FFS when a UE transmits S-SSB on such additional candidate S-SSB occasions, and the related Rx UE’s behavior

Agreement (RAN1#110)
For S-SSB and synchronization in SL-U: 
· [bookmark: _Hlk127301070]No changes on R16 NR SL S-PSS/S-SSS sequence generation
· Continue studying the 4 options from the previous agreement and whether/how temporary exemption of OCB requirement is applicable for S-SSB transmission, e.g., how to meet the minimum of 2 MHz requirement under 15 kHz SCS

Agreement (RAN1#110b)
Regarding additional candidate S-SSB occasions:
· Their number and time domain locations are (pre-)configured or pre-defined

Agreement (RAN1#111)
· Type 2A channel access procedure is applicable for S-SSB transmissions from a UE without a shared channel occupancy, when the following constraints are met:
· Time duration is at most 1ms per transmission 
· The duty cycle of the S-SSB transmissions is at most 1/20
· FFS: details of EDT
· FFS: whether/how to define observation period, including whether or not observation period would be captured in the specifications if defined
· FFS: Type 2A applicability for PSFCH without a shared channel occupancy and further limitations for combined transmissions of both S-SSB and PSFCH using Type 2A channel access procedure

Agreement (RAN1#111)
For S-SSB transmission, down-select one or more of the following for 15 kHz and 30 kHz SCS:
· Option 1-1: Using interlaced RB transmission for all of S-PSS/S-SSS/PSBCH
· Option 1-2: Using interlaced RB transmission for PSBCH only, and apply OCB exemption to S-PSS and S-SSS
· Option 3-1: Repeat S-PSS/S-SSS/PSBCH N times in frequency domain, and there is a gap between the repetition(s) to meet OCB requirement
· FFS details, e.g., the length of gap is (pre-)configured or pre-defined, value of N (e.g., N=2)
· FFS gap of 0
· Option 3-2: Repeat only S-PSS/S-SSS K times in frequency domain, and PSBCH is rate matched. There is a gap between the repetition(s) to meet OCB requirement
· FFS details, e.g., the length of gap is (pre-)configured or pre-defined, value of K
· FFS gap of 0
· FFS PSBCH resource
· Option 3-3: keep the legacy S-PSS/S-SSS/PSBCH while repeating PSBCH N times in frequency domain and rate-matching PSBCH to S-PSS/S-SSS symbols, and there is a gap between the PSBCH repetition(s) to meet OCB requirements
· FFS details, e.g. the length of gap is (pre-)configured or pre-defined, value of N
· Option A: Apply OCB exemption to all of S-PSS/S-SSS/PSBCH
· For Option 1-1 and 1-2 above
· FFS: whether/how to handle the case when each interlace has only 10 PRBs in a RB set
· FFS: whether transient period issue exists and whether/how to address it



[bookmark: _Hlk127347368]It can be observed that LBT is performed for S-SSB transmission and NR S-SSB structure will be changed for SL-U. 
For R16/R17 NR SL, the following V2X SL RRM requirements are defined under the assumption of SSB transmissions with 160ms periodicity.
· [bookmark: _Hlk127364334]SL transmit timing requirements with SyncRef UE as synchronization reference source
· Initiation/Cease of SLSS transmissions requirements with SyncRef UE as synchronization reference source
· SyncRef UE identification requirements
When SyncRef UE is selected as synchronization reference source, UE performs S-SSB based timing tracking. However, due to that LBT is performed for S-SSB transmission, at least one S-SSB transmission within 160ms cannot be guaranteed. The conditions when SyncRef UE can be considered as available at the UE need to be studied.
Proposal 2: For SyncRef UE as synchronization reference source in SL-U, RAN4 needs to study the conditions when SyncRef UE can be considered as available at the UE.
[bookmark: _Hlk127348671]When SyncRef UE is selected as synchronization reference source, UE performs RSRP measurements on the S-SSB of the selected SyncRef UE and evaluate it to initiate/cease SLSS transmissions. The evaluation period Tevaluate,SLSS for legacy S-SSB transmission is assumed to include 4 S-SSB measurement occasions. For S-SSB transmission in SL-U, S-SSB transmission may not be available for every 160ms. So, the evaluation period for S-SSB transmission in SL-U need to be extended due to non-available S-SSB occasions.
Proposal 3: For SL-U, the evaluation period Tevaluate,SLSS for initiation/cease of SLSS transmissions with SyncRef UE as synchronization reference source needs to be extended due to non-available S-SSB occasions from the selected SyncRef UE.
[bookmark: _Hlk127354709][bookmark: _Hlk127365759]For R16/R17 SyncRef UE detection, three 160ms search windows are allowed for UE to perform SyncRef UE detection during Tdetect,SyncRef UE_V2X, and the time location of each search window is also up to UE implementation. However, for S-SSB transmission in SL-U, a 160ms search window cannot guarantee one SSB occasion. Then, more than three search windows or longer detection time may be needed. For identified SyncRef UE, UE needs to perform SS-RSRP measurements based on S-SSB. Similarly, the measurement period needs to be extended due to non-available S-SSB occasions.
Proposal 4: For SL-U, RAN4 needs to study how to specify SyncRef UE identification requirements and the following aspects can be considered:
· Whether/how to extend the S-PSS/S-SSS detection time for SyncRef UE identification.
· Whether/how to increase the search opportunities during S-PSS/S-SSS detection time.
· How to extend S-SSB based measurement period due to non-available S-SSB occasions.

Enhanced sidelink operation on FR2
For R16/R17 NR SL, the existing V2X RRM requirements are defined for FR1 licensed bands and ITS band. RAN4 needs to study which RRM requirements needs to be extended to FR2 and whether current requirements can be reused.
Currently, the following V2X RRM requirements are only defined for FR1 cases.
· SL transmit timing requirements
· Initiation/Cease of SLSS transmissions
· Interruptions to V2X sidelink at transitions between active and non-active during DRX
· Interruptions to V2X sidelink due to Active BWP switching Requirement
The SL transmit timing requirements in R16/R17 are separately defined for different types of synchronization reference source, where the synchronization reference source can be selected as GNSS, NR FR1 cell, E-UTRAN cell and FR1 SyncRef UE. In R18, since sidelink operation on FR2 licensed bands is introduced, at least NR FR2 cell and FR2 SyncRef UE can be used as the synchronization reference source. For GNSS as synchronization reference source, the transmission timing error requirement for FR1 sidelink are only defined and the requirement for FR2 sidelink needs to be specified.
Proposal 5: For sidelink operation on FR2, RAN4 needs to study the following aspects for SL transmit timing requirements
· Transmission timing error with GNSS as synchronization reference source
· Transmission timing error with NR FR2 cell as synchronization reference source
· Transmission timing error with FR2 SyncRef UE as synchronization reference source
· Whether NR FR1 cell or E-UTRAN cell can be used as synchronization reference source
The initiation/cease of SLSS transmissions requirements in R16/R17 are also separately defined for different types of synchronization reference source. For sidelink operation on FR2, the evaluation period requirements with NR FR2 cell as synchronization reference source are missing. The current evaluation period for initiation/cease of SLSS transmissions in FR1 is defined as two times of SSB L3 measurement period in FR1 without measurement gaps. Similarly, the evaluation period for initiation/cease of SLSS transmissions in FR2 can be defined as two times of SSB L3 measurement period in FR2 without measurement gaps.
Proposal 6: For sidelink operation on FR2, RAN4 needs to define the initiation/cease of SLSS transmissions requirements with NR FR2 cell as synchronization reference source, where the evaluation period for initiation/cease of SLSS transmissions can be defined as twice the existing SSB L3 measurement period in FR2 without measurement gaps.
[bookmark: _Hlk127385221]For sidelink operation on FR2, sidelink beam management need to be supported. However, the discussion on sidelink beam management mechanism has not been started in RAN1 and RAN2 group. The RRM impacts for sidelink beam management needs to wait for RAN1/RAN2 input on sidelink beam management mechanism.
Proposal 7: It is suggested to postpone the discussion on RRM impacts for sidelink beam management in RRM session until there has further inputs from RAN1/RAN2.
Conclusions
In this paper we provided our analysis on RRM impacts for R18 sidelink evolution. The followings are provided.
Proposal 1: It is suggested to postpone the discussion on NR sidelink CA operation in RRM session and the inputs in RAN#99 meeting are needed.
Proposal 2: For SyncRef UE as synchronization reference source in SL-U, RAN4 needs to study the conditions when SyncRef UE can be considered as available at the UE.
Proposal 3: For SL-U, the evaluation period Tevaluate,SLSS for initiation/cease of SLSS transmissions with SyncRef UE as synchronization reference source needs to be extended due to non-available S-SSB occasions from the selected SyncRef UE.
Proposal 4: For SL-U, RAN4 needs to study how to specify SyncRef UE identification requirements and the following aspects can be considered:
· Whether/how to extend the S-PSS/S-SSS detection time for SyncRef UE identification.
· Whether/how to increase the search opportunities during S-PSS/S-SSS detection time.
· How to extend S-SSB based measurement period due to non-available S-SSB occasions.
Proposal 5: For sidelink operation on FR2, RAN4 needs to study the following aspects for SL transmit timing requirements
· Transmission timing error with GNSS as synchronization reference source
· Transmission timing error with NR FR2 cell as synchronization reference source
· Transmission timing error with FR2 SyncRef UE as synchronization reference source
· Whether NR FR1 cell or E-UTRAN cell can be used as synchronization reference source
Proposal 6: For sidelink operation on FR2, RAN4 needs to define the initiation/cease of SLSS transmissions requirements with NR FR2 cell as synchronization reference source, where the evaluation period for initiation/cease of SLSS transmissions can be defined as twice the existing SSB L3 measurement period in FR2 without measurement gaps.
Proposal 7: It is suggested to postpone the discussion on RRM impacts for sidelink beam management in RRM session until there has further inputs from RAN1/RAN2.
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