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1 Introduction
In the previous RAN1#112 meeting, the followings were agreed for enhanced sidelink operation on FR2 licensed spectrum [1].
	Agreement at RAN1#112bis-e meeting
RAN1 can study the following candidate procedure where initial beam pairing is performed before sidelink unicast link establishment, including at least the following steps and how to determine UE2:
· UE1 sends reference signals via different transmit beams
· Note: multiple reference signals transmissions (e.g. repetitions) from each of the beams can be studied
· FFS when reference signals are sent
· FFS applicable reference signal
· UE2 measures the reference signals and determines a UE1 transmit beam and/or a UE2 receive beam 
· FFS:whether/how to determine a UE2 transmit beam 
· UE2 indicates to UE1 the determined UE1 transmit beam 
· FFS how to indicate the determined transmit beam, including its feasibility
· UE1 and UE2 set up sidelink unicast link using the determined beam, following existing link establishment procedure. 
Agreement at RAN1#112bis-e meeting
Consider one or more of the following items as sidelink beam reporting contents for beam maintenance: 
· Beam indication (e.g., CRI)
· L1-RSRP
· FFS: L1-SINR or other reporting contents if necessary enhancement is identified. 
· Note: This does not preclude performing beam maintenance without any beam reporting
Agreement at RAN1#112bis-e meeting
The container(s) of sidelink beam reporting for beam maintenance is at least selected from the following options:
· Option 1: SL PHY layer signal (e.g., PSFCH, SCI)
· Option 2: SL MAC CE
· FFS: PC5-RRC, Signaling over Uu link (e.g., UCI)
Conclusion at RAN1#112bis-e meeting
RAN1 to prioritize the case where a UE is incapable of simultaneous transmitting or receiving PSCCH/PSSCH/PSFCH using different beams in Rel-18.
Agreement at RAN1#112bis-e meeting
For UE1 and UE2 in a unicast link, RAN1 to study the selection of both UE1’s transmit beam and UE2’s corresponding receive beam. 
· Note: this applies for both PSCCH/PSSCH transmission/reception and PSFCH transmission/reception. 
Agreement at RAN1#112bis-e meeting
Consider using sidelink CSI-RS as a starting point for beam maintenance.
· FFS: whether/how to enhance existing aperiodic and non-standalone SL CSI-RS
· FFS: periodic and/or semi-persistent SL CSI-RS transmissions 
· FFS: standalone SL CSI-RS transmissions
· Note: standalone SL CSI-RS transmission means at least no accompanying sidelink data (SL MAC SDU) transmissions in the same slot. FFS: accompanying SCI(s) or SL MAC CE transmissions or PSFCH.
· FFS: one or multiple SL CSI-RS transmissions within one slot
· FFS: SL CSI-RS transmissions with or without repetition on transmit beams
Agreement at RAN1#112bis-e meeting
RAN1 can study the following candidate procedure where initial beam pairing is performed during sidelink unicast link establishment 
· UE1 sends PSCCH/PSSCH that carries unicast link establishment message (e.g., DCR message) via different transmit beams 
· Note: multiple PSCCH/PSSCH transmissions (e.g., repetitions) from each of the beams can be studied.
· FFS: applicable reference signals which are transmitted together with unicast link establishment message.
· if UE2 successfully decodes one (or more) of the PSCCH/PSSCH(s) and UE2 determines to establish a unicast link with UE1, it indicates to UE1 one (or more) UE1 transmit beam(s) of PSCCH/PSSCH(s) which is successfully received 
· FFS details (e.g., implicit or explicit indication) 
· FFS: how to map between each PSCCH/PSSCH and UE1 transmit beam
· FFS: how UE2 determines UE1 transmit beam(s) and/or UE2 transmit/receive beam(s)
· UE1 uses one of the indicated beam(s) to finish the remaining sidelink unicast link establishment procedure with UE2
· FFS: how UE1 determines one of the indicated beam(s) 
· FFS: use of additional reference signal or additional messages or additional measurement for efficient beam pairing.
Agreement at RAN1#112bis-e meeting
RAN1 can study the following candidate procedure where initial beam pairing starts after sidelink unicast link establishment between UE1 and UE2, including studying whether and in which cases initial beam pairing after sidelink unicast link establishment is feasible. 
· UE1 and UE2 set up sidelink unicast link, following existing link establishment procedure
· FFS the beams used for unicast link establishment.
· UE1 and/or UE2 configure the resources for beam sweeping and/or beam reporting
· FFS details of resources configuration
· UE1 and/or UE2 use the configured resources to transmit reference signals and determine a pair of transmit beam and receive beam based on beam sweeping.
· FFS applicable reference signal(s)
· FFS whether/how to indicate the determined beams between UE1 and UE2
· FFS difference between initial beam pairing (after sidelink unicast link establishment) and beam maintenance
Agreement at RAN1#112bis-e meeting
To study the feasibility of adapting S-SSB for initial beam pairing between UE1 and UE2, at least the following can be considered.
· Whether/how to enable UE2 to identify UE1 (e.g., source ID) from UE1’s S-SSB transmission, to enable UE1 to identify the corresponding beam measurement/reporting from UE2  
· Mapping between S-SSB transmission/resource and beam related information
· Allocation of beam reporting resources respectively associated with different S-SSB transmit beams
· Structure and contents of S-SSB
· Triggering and/or activation of S-SSB transmission, if needed
· Mechanism for S-SSB monitoring and reporting/responding
· Mechanism to mitigate/avoid the interference between overlapped S-SSB transmissions from different UEs, including S-SSB transmission resources
· Potential impact to/from other UEs, and whether/how to avoid or mitigate this impact
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To study the feasibility of reusing SL CSI-RS for initial beam pairing, at least the following enhancements can be considered. 
· SL CSI-RS transmission with or without sidelink data transmission in the same slot
· FFS: slot structure
· Mapping between SL CSI-RS transmission/resource and beam related information
· Periodic SL CSI-RS transmission, semi-persistent SL CSI-RS transmission, or aperiodic SL CSI-RS transmission, with or without SCI indication 
· Allocation of SL CSI-RS beam sweeping resources and if applicable, their associated beam reporting resources
· Study the possibility to apply SL CSI-RS for initial beam pairing before, during or after unicast link establishment
· FFS: How to provide SL CSI-RS resource configuration
· Whether or how to mitigate/avoid the interference between overlapped SL CSI-RS transmissions from different UEs
· SL CSI-RS transmission with or without repetition on transmit beams
Agreement at RAN1#112bis-e meeting
RAN1 is to study sidelink Beam Failure Recovery (BFR) mechanism at least for the scheme where SL BFI is triggered based on the measurement of reference signal for BFD (if supported), including
· candidate beam(s) identification
· FFS details on reference signals for candidate beam identification, including structure, procedure, timing.
· sidelink BFR request (BFRQ), including resources, transmit and/or receive beams, container, timing, etc. 
· sidelink BFR response (BFRR), including container, procedure, timing, etc.
· FFS applicability to the scheme where SL BFI is triggered based on SL HARQ feedback (if supported).
 Agreement at RAN1#112bis-e meeting
Consider the following two options for determining PSFCH transmit/receive beam for a single PSFCH transmission/reception in a slot.  
· Option 1: PSFCH transmit beam is derived from the corresponding PSCCH/PSSCH receive beam; PSFCH receive beam is derived from the corresponding PSCCH/PSSCH transmit beam.
· Note this is based on sidelink beam correspondence
· Option 2: PSFCH transmit beam is derived from the PSCCH/PSSCH transmit beam for reverse data transmission; PSFCH receive beam is derived from the PSCCH/PSSCH receive beam for reverse data transmission.  
· Note this is based on beam training for reverse data transmission
· Note: The PSFCH transmit/receive beam can be the same as PSCCH/PSSCH transmit/receive beam used for the reverse data transmission.
· FFS: support both options or down select one option.


In this contribution, we discuss issues on enhanced sidelink operation on FR2 licensed spectrum and provide our views.
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[bookmark: OLE_LINK69][bookmark: _Hlk118472514]To perform sidelink operation on FR2 spectrum, it may be critical to specify sidelink beam management process. Hence, in this section, we discuss enhanced sidelink operation on FR2 licensed spectrum with respect to sidelink beam management, including initial beam-pairing, beam maintenance, and beam failure recovery for sidelink unicast communication.
Issues on sidelink initial beam pairing
Sidelink initial beam pairing using S-SSB
In NR Uu initial beam pairing process, SSB and PRACH at random access procedure are used for initial beam pairing. Specifically, NR UE transmits PRACH to a gNB at appropriate PRACH occasion. Note that, PRACH occasions are related to beam information, thus the gNB can have the beam information of the NR UE if the gNB detects PRACH. To reuse the NR Uu beam management concepts, S-SSB can be used for sidelink initial beam pairing process. However, there is no PRACH in sidelink, so NR SL UE does not transmit PRACH in response to S-SSB reception to indicate the preferred beam. To cover this problem, RAN1 should further investigate on the process for sidelink initial beam pairing using S-SSB.
Since NR SL UE can be configured on multiple resources for S-SSB transmissions by higher layer, NR SL Tx UE can perform beam sweeping for every configured S-SSB transmissions. However, since the S-SSB period is 16 frames which is quite long for beam sweeping with multiple beams, it might be necessary to introduce new S-SSB periodicity for beam sweeping within a certain short duration as efficient beam operation. Also, for beam sweeping process using S-SSB, number of S-SSBs per period should be (pre-)configured as large number, for example, more than 8 times of S-SSB transmissions can be configured rather than other small values. To reuse the concept of initial beam pairing supported in current NR specification, NR SL also can support more than 8 times of S-SSB transmissions in an S-SSB period for Tx beam sweeping. Note that, current NR specification supports maximum 64 SSB transmissions within a half frame. Then, NR SL Rx UE can measure PSBCH-RSRP for identifying the best Tx beam. As a response indicating the best beam information, NR SL Rx UE can transmit S-SSB repeatedly at configured resources so that the transmitting beam of NR SL Rx UE’s S-SSB is associated with the best receiving beam of the Rx UE.
· Proposal 1: NR SL Tx UE can perform beam sweeping for every configured S-SSB transmissions.
· Proposal 2: For efficient beam sweeping process using S-SSB, shorter period for S-SSB transmission and increased number of S-SSB transmissions per period should be (pre-)configured.
· Proposal 3: NR SL Rx UE can measure PSBCH-RSRP for identifying the best beam.
· Proposal 4: NR SL Rx UE can transmit precoding applied S-SSB repeatedly at configured resources that the transmission beam of NR SL Rx UE’s S-SSB is associated with the best receive beam of the Rx UE.
Sidelink initial beam pairing using SL CSI-RS
For sidelink initial beam pairing, NR SL UE can transmit multiple SL CSI-RS in an NR slot using different transmission beam, i.e., intra-slot beam switching. In our view, this procedure can make low latency for beam pairing process, since the Tx UE can transmit SL CSI-RS with different beams and Rx UE can determine the best beam by receiving SL CSI-RS transmitted in an NR slot. For example, as in Figure 1, UE can transmit multiple SL CSI-RS with multiple beams for initial beam pairing.
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Figure 1. Depiction of intra-slot beam sweeping
To support transmission of multiple SL CSI-RS in an NR slot using different transmission beams, transient gap for intra-slot beam switching is needed. In our view, if sidelink initial beam pairing is performed with SL CSI-RS, gap symbol for beam switching should be defined for NR sidelink slot format.
· Proposal 5: For sidelink initial beam pairing, NR SL UE transmits multiple SL CSI-RS in an NR slot using different transmission beam.
· Proposal 6: To support transmission of multiple SL CSI-RS in an NR slot using different transmission beam, gap symbol for Tx beam transient gap should be newly defined for NR sidelink slot format.
If NR SL Tx UE transmits multiple SL CSI-RS in an NR slot using different transmission beam, NR SL Rx UE receives SL CSI-RS and measures SL CSI-RSRP for each received SL CSI-RS. Then, NR SL Rx UE can select the Tx/Rx beam for sidelink communications with NR SL Tx UE based on measurements. NR SL Rx UE should report the selected Tx beam to NR SL Tx UE. Based on the last meeting agreements, NR SL Rx UE can report sidelink CRI for the received CSI-RS with selected Tx beam since the Tx UE transmits multiple SL CSI-RS for beam pairing. Then there can be two options for sidelink CRI: SCI, PSFCH. However, using SCI for sidelink CRI reporting during sidelink initial beam pairing process seems infeasible since NR SL Tx UE does not have information of selected Tx UE from Rx UE. On the other hand, using PSFCH can have benefits that PSFCH occasion for the PSSCH received slot is pre-determined. However, since the PSFCH resource is based on received slot, not symbol, RAN1 can further study CRI reporting scheme in symbol units using PSFCH for beam reporting.
· Proposal 7: For sidelink initial beam pairing using SL CSI-RS, CRI reporting can be used for beam reporting scheme.
· Observation 1: For sidelink CRI reporting, using PSFCH seems more feasible than using SCI.
· Proposal 8: For sidelink initial beam pairing using SL CSI-RS, RAN1 to study CRI reporting schemes in symbol units using PSFCH for beam reporting.
Issues on sidelink beam maintenance
In sidelink initial beam pairing process, wide Tx beam and wide Rx beam are paired. However, for more reliable sidelink unicast communications, additional beam refinement process might be needed. Similar with NR, for sidelink beam maintenance or sidelink beam refinement process, sidelink CSI-RS can be used. Since current NR sidelink supports aperiodic and non-standalone SL CSI-RS [2], aperiodic and non-standalone SL CSI-RS can be utilized for sidelink beam maintenance purpose.
· Proposal 9: NR SL UE can perform beam maintenance procedure using aperiodic and non-standalone SL CSI-RS which is supported by current NR sidelink.
If NR SL UE uses the aperiodic SL CSI-RS for beam maintenance, it should trigger the transmission of SL CSI-RS. However, current specification [2] supports triggering SL CSI-RS transmission to request sidelink CSI report. Hence, it is important to differentiate purpose of triggering SL CSI-RS transmission between requesting sidelink CSI report and requesting beam report. For example, explicit signalling for beam maintenance can be supported by adding more signalling bits in SCI which triggers SL CSI-RS transmission for beam maintenance. Hence, RAN1 can study the signalling method for triggering the transmission of aperiodic SL CSI-RS for beam maintenance.
· Proposal 10: RAN1 to study triggering mechanisms of aperiodic SL CSI-RS for beam maintenance purpose.
· Proposal 11: RAN1 to study the signalling method for triggering the transmission of aperiodic SL CSI-RS for beam maintenance purpose.
Regarding to the sidelink beam measurement and beam reporting for SL beam maintenance procedure, SL UE can measure SL CSI-RSRP to select the best Tx/Rx beams. Also, NR SL UE can transmit beam report for received SL CSI-RS based on the SCI signalling. For example, SL UE may transmit beam report if both signalling for triggering transmission of SL CSI-RS and beam report request (or CSI-request) are configured. Then, two NR SL UEs may perform sidelink P2 procedure, i.e., sidelink Tx beam refinement. For another example, SL UE may not transmit beam report if the signalling for triggering transmission of SL CSI-RS is configured, but the signalling for beam report request (or CSI-request) is not configured. Then, two NR SL UEs may perform sidelink P3 procedure, i.e., sidelink Rx beam refinement.
· Proposal 12: NR SL UE can transmit beam report if both signalling for triggering transmission of SL CSI-RS and CSI request are configured.
Issues on sidelink beam failure recovery
Sidelink beam failure recovery process should also be defined for the case of beam failure between sidelink UEs. Sidelink beam failure recovery process may consist of sidelink beam failure detection (BFD), sidelink beam failure recovery request (BFRQ), and sidelink UE’s response to the SL BFRQ. First, for SL BFD, S-SSB and SL CSI-RS can be utilized. SL Rx UE can measure PSBCH-RSRP or SL-CSI-RSRP for detection of the SL BFD. Similar to NR beam failure recovery process, SL Rx UE can trigger SL beam failure instance (BFI) at PHY layer if the measurement is lower than the (pre-)configured threshold. Then, SL BFI can be sent to MAC layer. MAC layer may increase SL BFI counter and set SL BFD timer for sidelink beam failure detection. If SL BFD timer expires, SL BFI counter may be initialized. However, similar to NR, if SL BFI counter becomes equal to or larger than the (pre-)configured threshold before SL BFD timer expires, then the Rx UE can transmit BFRQ to Tx UE.
· Proposal 13: For sidelink beam failure recovery process, SL UE can measure PSBCH-RSRP or SL CSI-RSRP for sidelink beam failure detection.
· Proposal 14: PHY layer can provide sidelink beam failure instance to MAC layer if PSBCH-RSRP or SL CSI-RSRP measurement is lower than the (pre-)configured threshold.
· Proposal 15: Sidelink beam failure recovery request can be transmitted if sidelink BFI counter reaches the (pre-)configured threshold before SL BFD timer expires.
If SL BFI counter reaches to the (pre-)configured threshold before SL BFD timer expires, SL Rx UE should transmit SL BFRQ to SL Tx UE. There may be some options for transmitting SL BFRQ. In our view, SL BFRQ can be transmitted via PSFCH since the SL CSI-RS is transmitted via PSSCH. Using PSFCH for transmitting SL BFRQ has more advantages than using PSCCH/PSSCH, because the PSFCH occasion for SL CSI-RS reception is already configured according to the current specification [3]. It means, Rx UE does not have to allocate resource for transmitting SL BFRQ. Moreover, SL BFRQ may be transmitted for 1 bit, and PSFCH is more appropriate than PSCCH/PSSCH for 1 bit transmission. For more specific information of PSFCH transmission of SL BFRQ, network can configure the occasion for transmitting SL BFRQ (BFRQ occasion) as the subset of PSFCH occasion. For example, if the PSFCH period is configured to 2 slots, then BFRQ occasion may be configured for every 10 slots within the PSFCH occasion. Then, SL Rx UE can use the BFRQ occasion corresponding to the slot for the earliest CSI-RS reception that satisfies ‘.’
· Proposal 16: For sidelink beam failure recovery process, UE can transmit beam failure recovery request via PSFCH transmission.
· Proposal 17: For sidelink beam failure recovery process, occasions for sidelink beam failure recovery request transmission can be configured as a subset of sidelink PSFCH occasion.
Others
Since NR sidelink UE can have multiple sidelink unicast links, we propose RAN1 to study other possible issues caused by multi-unicast links. For example, if NR sidelink UE has multiple sidelink unicast links with other SL UEs, there is a issue for transmission or reception of multiple PSFCHs. Specifically, if NR sidelink UE has to transmit or receive two or more PSFCHs in the same PSFCH occasion, SL UE has to decide appropriate Tx beam or Rx beam for multiple PSFCH transmission or reception respectively. Hence, we propose RAN1 to study PSFCH Tx/Rx beam for simultaneous multi-PSFCH transmission/reception, respectively. Also, since reliability of sidelink is affected by resource allocation schemes, it is necessary to study impact of beam to both resource allocation procedures, i.e., Mode 1 and Mode 2. For example, when NR SL UE allocates PSCCH/PSSCH resource for specific Tx beam, there can be a possible problem if the UE use the information received with the Rx beam which is not associated with the Tx beam. In other words, the NR SL UE can allocate not appropriate resource for PSCCH/PSSCH transmission. Hence, we also propose RAN1 to study impact and enhancement to resource allocation schemes in terms of Tx/Rx beam.
· Proposal 18: PSFCH Tx/Rx beam for simultaneous multiple PSFCH transmission/reception should be studied respectively.
· Proposal 19: Possible impact and enhancement to resource allocation schemes (both Mode 1 and Mode 2) in terms of beam should be studied.
2 Conclusion
In this contribution, we have discussed issues on enhanced sidelink operation on FR2 licensed spectrum. As a conclusion, we summarize our view as follows:
· Proposal 1: NR SL Tx UE can perform beam sweeping for every configured S-SSB transmissions.
· Proposal 2: For efficient beam sweeping process using S-SSB, shorter period for S-SSB transmission and increased number of S-SSB transmissions per period should be (pre-)configured.
· Proposal 3: NR SL Rx UE can measure PSBCH-RSRP for identifying the best beam.
· Proposal 4: NR SL Rx UE can transmit precoding applied S-SSB repeatedly at configured resources that the transmission beam of NR SL Rx UE’s S-SSB is associated with the best receive beam of the Rx UE.
· Proposal 5: For sidelink initial beam pairing, NR SL UE transmits multiple SL CSI-RS in an NR slot using different transmission beam.
· Proposal 6: To support transmission of multiple SL CSI-RS in an NR slot using different transmission beam, gap symbol for Tx beam transient gap should be newly defined for NR sidelink slot format.
· Proposal 7: For sidelink initial beam pairing using SL CSI-RS, CRI reporting can be used for beam reporting scheme.
· Observation 1: For sidelink CRI reporting, using PSFCH seems more feasible than using SCI.
· Proposal 8: For sidelink initial beam pairing using SL CSI-RS, RAN1 to study CRI reporting schemes in symbol units using PSFCH for beam reporting.
· Proposal 9: NR SL UE can perform beam maintenance procedure using aperiodic and non-standalone SL CSI-RS which is supported by current NR sidelink.
· Proposal 10: RAN1 to study triggering mechanisms of aperiodic SL CSI-RS for beam maintenance purpose.
· Proposal 11: RAN1 to study the signalling method for triggering the transmission of aperiodic SL CSI-RS for beam maintenance purpose.
· Proposal 12: NR SL UE can transmit beam report if both signalling for triggering transmission of SL CSI-RS and CSI request are configured.
· Proposal 13: For sidelink beam failure recovery process, SL UE can measure PSBCH-RSRP or SL CSI-RSRP for sidelink beam failure detection.
· Proposal 14: PHY layer can provide sidelink beam failure instance to MAC layer if PSBCH-RSRP or SL CSI-RSRP measurement is lower than the (pre-)configured threshold.
· Proposal 15: Sidelink beam failure recovery request can be transmitted if sidelink BFI counter reaches the (pre-)configured threshold before SL BFD timer expires.
· Proposal 16: For sidelink beam failure recovery process, UE can transmit beam failure recovery request via PSFCH transmission.
· Proposal 17: For sidelink beam failure recovery process, occasions for sidelink beam failure recovery request transmission can be configured as a subset of sidelink PSFCH occasion.
· Proposal 18: PSFCH Tx/Rx beam for simultaneous multiple PSFCH transmission/reception should be studied respectively.
· Proposal 19: Possible impact and enhancement to resource allocation schemes (both Mode 1 and Mode 2) in terms of beam should be studied.
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