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Introduction
[bookmark: OLE_LINK368]In RANP#99 meeting, the following objective in NR sidelink evolution SID/WID [1] has been updated, which leads RAN1 to study the support of sidelink enhancements on FR2 licensed spectrum, this objective focuses on achieving beam management in the FR2 spectrum. The most important motivation is to increase the sidelink data rate and fulfil the requirements of commercial use cases, which is a more interesting scenario in Rel-18, although NR sidelink was originally developed for V2X applications.
	[bookmark: _Hlk89917254][bookmark: OLE_LINK314][bookmark: OLE_LINK315][bookmark: OLE_LINK131][bookmark: OLE_LINK132]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: OLE_LINK138][bookmark: OLE_LINK139][bookmark: OLE_LINK133][bookmark: OLE_LINK114][bookmark: OLE_LINK38][bookmark: OLE_LINK39][bookmark: _Hlk89917309]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: OLE_LINK137]Beam management in FR2 licensed spectrum considers sidelink unicast communication only.


[bookmark: OLE_LINK35]In this contribution, we will continue to share our views on sidelink operation on FR2 licensed spectrum, to be specific, we will first provide our views on the study/design principle and make some clarifications about the SID, then provide our views on initial beam-pairing, beam maintenance, and beam failure recovery, respectively, on the basis of agreements which have been achieved during last meeting.
Study/Design principle
[bookmark: OLE_LINK134][bookmark: OLE_LINK135][bookmark: OLE_LINK136][bookmark: OLE_LINK371][bookmark: OLE_LINK372][bookmark: OLE_LINK450][bookmark: OLE_LINK451][bookmark: OLE_LINK217][bookmark: OLE_LINK218]In the RANP WID document [1], there is a sentence below the approved objectives, which is “Rel-18 sidelink should be able to coexist with Rel-16/17 sidelink in the same resource pool”, on this basis, Rel-16/17 UE should also have the ability to perform sidelink transmission on FR2 spectrum and coexist with Rel-18 UE in a same resource pool. Since beamforming for sidelink transmission is a new feature in Rel-18 which is not supported by Rel-16/17 UEs, the sidelink transmission from Rel-16/17 UEs can only be performed without beamforming. Therefore, when RAN1 study beam management mechanism in FR2 licensed spectrum, coexistence b/w the transmission from Rel-18 UE with beamforming and the transmission from Rel-16/17 UE without beamforming should be considered.
Proposal 1: When RAN1 study beam management mechanism in FR2 licensed spectrum, coexistence b/w the transmission from Rel-18 UE with beamforming and the transmission from Rel-16/17 UE without beamforming should be considered.
Another aspect should be considered is, although beam management is limited to unicast in Rel-18, it does not mean that only unicast is supported in FR2 spectrum, i.e., UE can also perform groupcast/broadcast transmission on FR2 spectrum, without beamforming. Therefore, when RAN1 study beam management mechanism in FR2 licensed spectrum, coexistence b/w the unicast transmission with beamforming and the groupcast/broadcast transmission without beamforming should also be considered.
Proposal 2: When RAN1 study beam management mechanism in FR2 licensed spectrum, coexistence b/w the unicast transmission with beamforming and the groupcast/broadcast transmission without beamforming should be considered.
[bookmark: _Hlk101347006]Sidelink beam management
3.1 Initial beam-pairing
[bookmark: OLE_LINK281]In NR Uu, to achieve initial beam-pairing, gNB will perform beam sweeping by using different DL beams to transmit the SSBs with different index, separately. Then UE will use the corresponding preamble and PRACH resource of the selected SSB index, to notify gNB which SSB index (DL beam) is selected by the UE. After this procedure, the transmission b/w gNB and UE can use the beam.
[image: ]
Figure 1 Illustration of initial beam-pairing mechanism in NR Uu

[bookmark: OLE_LINK384][bookmark: OLE_LINK385][bookmark: OLE_LINK293][bookmark: OLE_LINK294]Unlike Uu, RACH procedure does not exist in NR sidelink because the concept of “cell” is not required any more for UE-to-UE communication. Another difference is the communication b/w UEs may not rely on S-SSB transmission/reception to obtain synchronization, for example, when both of the UEs in a unicast session are synchronized to GNSS, the S-SSB transmission/reception can be omitted b/w them accordingly. Therefore, new mechanisms for initial beam pairing in sidelink should be studied.
[bookmark: OLE_LINK447]In RAN1#112 meeting and RAN1#112bis-e meeting, it has been agreed to further study candidate procedures where initial beam pairing is performed before, during and after sidelink unicast link establishment. In the following, we will further provide our views on each candidate procedure. 
Initial beam pairing before sidelink unicast link establishment
In RAN1#113 meeting, the following agreement was made on procedures where initial beam pairing is performed before sidelink unicast link establishment:
	Agreement
In the candidate procedure where initial beam pairing is performed before sidelink unicast link establishment,
· In step 1, 
· the applicable reference signal is selected based on
· Alt 1-1: S-SSB or its modified format
· Alt 1-2: standalone SL CSI-RS or its modified format
· Alt 1-3: non-standalone SL CSI-RS
· 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.
· Alt 1-4: PSCCH/PSSCH DMRS
· the reference signals are sent
· Alt 2-0: aperiodically
· Alt 2-1: periodically
· Alt 2-2: semi-persistent with activation and deactivation
· FFS details of activation/deactivation
· FFS resources and resource allocation of reference signal
· FFS: if CSI-RS is used, whether UE1 transmits other information associated with the CSI-RS
· In step 2, 
· UE1’s transmit beam and UE2’s receive beam are determined by UE2 as the pair with the RSRP measurement satisfying certain condition(s)
· FFS details of condition(s)
· FFS explicit or implicit determination of UE1 transmit beam by UE2
· UE2’s transmit beam is at least determined as the one corresponding to determined UE2’s receive beam, at least if beam correspondence is assumed
· FFS other scheme
· In step 3, 
· UE2’s beam reporting is associated with determined UE1’s transmit beam.
· FFS details of association
· FFS details of beam reporting
· Note: this does not preclude beam reporting in the link establishment message.
· FFS: how UE1 determines its transmit beam if it receives different beam reporting from different UEs
· FFS: whether/how to avoid unnecessary beam measurement and reporting from multiple UEs;
Agreement
In the candidate procedure where initial beam pairing is performed before sidelink unicast link establishment, at least the following is considered for SL CSI-RS (or its modified format) (if feasible)
· Aperiodic, periodic and/or semi-persistent SL CSI-RS
· FFS: details
· In case of standalone SL CSI-RS (if supported), candidate resources for SL CSI-RS beam sweeping are (pre-)configured 
· FFS: whether/how to avoid resource collision of SL CSI-RS transmissions from different UEs
· FFS: Association between SL CSI-RS and beam reporting and/or initial link establishment
· FFS: details of association
· Identification and beam related information of SL CSI-RS for initial beam pairing 
· FFS: details


The advantage of performing initial beam pairing before unicast link establishment is that the UEs can use the paired Tx and Rx beams for unicast link establishment, which can ensure sufficient communication coverage in FR2. From this perspective, we think that procedures where initial beam pairing is performed before unicast link establishment is beneficial to improve the performance of unicast communications.
Based on the agreement, four alternatives of reference signals for initial beam pairing before unicast link establishment were listed for further study, including S-SSB and its modified format, non-standalone and standalone SL CSI-RS, and PSCCH/PSSCH DMRS. Regarding using PSCCH/PSSCH DMRS as the reference signal for initial beam pairing, as stated by WID that sidelink CSI framework and Uu beam management concepts (initial beam pairing is achieved by SSB transmission) should be reused as much as possible, from this perspective, we believe that solution based on PSCCH/PSSCH DMRS is out of scope and should be deprioritized. Regarding using standalone or non-standalone SL CSI-RS as the reference signal for initial beam pairing, in N16/R17 sidelink, SL CSI-RS pattern is configured by PC5-RRC and SL CSI reporting is dynamically triggered by 2nd SCI, which is after the unicast link establishment, enhancements and potentially large workload may be required to support using SL CSI-RS for initial beam pairing before unicast link establishment. Regarding using S-SSB or its modified format for initial beam pairing, we think that it is feasible as S-SSB are (pre-)configured periodic resources and can be largely reused for beam management. Note that further enhancements should be considered to use S-SSB for initial beam pairing and will be discussed later.
Proposal 3: RAN1 should support the study of the procedure where initial beam pairing is performed before sidelink unicast link establishment procedure.
Proposal 4: In the candidate procedure where initial beam pairing is performed before sidelink unicast link establishment, at least support the following:
· Applicable reference signal is based on:
· Alt 1-1: S-SSB or its modified format;
· Alt 1-2: standalone SL CSI-RS or its modified format
· The reference signals are sent periodically.

Initial beam pairing during unicast link establishment
In RAN1#113 meeting, the following agreement was made on procedures where initial beam pairing is performed during sidelink unicast link establishment:
	Agreement
In the candidate procedure where initial beam pairing is performed during sidelink unicast link establishment,
· In step 1, the candidate reference signal which is transmitted together with unicast link establishment message is selected based on one of the following alternatives
· Alt 1-1: SL CSI-RS
· Alt 1-2: PSCCH/PSSCH DMRS
· In step 2, UE2 determines UE1’s transmit beam(s) and UE2’s receive beam(s) as the pair with the RSRP measurement satisfying certain condition(s).
· UE2’s transmit beam is at least determined as the one corresponding to determined UE2’s receive beam, at least if beam correspondence is assumed
· FFS the format of UE1’s transmit beam determined by UE2, e.g. implicit or explicit
· FFS details of condition(s)
· In step 2, UE2 indicates UE1’s transmit beam(s).
· FFS details of beam indication, including contents (e.g., ACK/NACK, beam ID, RSRP measurement), container (e.g., PSCCH/PSSCH, PSFCH) and association (e.g. resources)
· In step 3, UE1 determines UE1’s transmit beam based on one or more of the following alternatives
· Alt 2-1: the latest beam indication
· Alt 2-2: beam indication contents (e.g., RSRP measurement)
· Alt 2-3: measurement/detection of beam indication signal


To perform initial beam pairing during the unicast link establishment, one possible way is that UE 1 (Tx UE) needs to transmit multiple DCR messages using different beams, which may introduce additional complexity to UE 1’s resource selection. On the other hand, UE 2 (Rx UE) has to receive multiple Direct Communication Request (DCR) messages to determine UE 1’s transmit beams, which may increase the latency of the unicast link establishment procedure. 
In addition, as no existing mechanisms from Uu and/or SL can be referred to, if the initial beam pairing is performed during the unicast link establishment procedure, potential large workload may be required on how UE 2 indicates the transmit beam to UE 1. In NR sidelink, a Direct Communication Accept (DCA) message is used to feedback the successful reception of DCR message. The mapping relationship between resources used to carry DCA message and that used for transmitting DCR message should be considered, and the content of DCA may be enhanced to carry information such as resource index and RSRP measurements obtained by a reference signal.
Proposal 5: RAN1 should deprioritize the study of procedures where initial beam pairing procedure is performed during sidelink unicast link establishment procedure.

Initial beam paring after unicast link establishment
In RAN1#113 meeting, the following agreement has been made on procedures where initial beam pairing is performed after sidelink unicast link establishment:
	Agreement
In the candidate procedure where initial beam pairing starts after sidelink unicast link establishment (if feasible), the initial beam pairing follows a similar procedure as beam maintenance.
Agreement
For beam maintenance, consider non-standalone sidelink CSI-RS transmissions. 
· FFS physical layer structure, including enhancements of existing non-standalone sidelink CSI-RS
· FFS signaling details
· FFS timing details
· FFS whether non-standalone sidelink CSI-RS transmissions use the same or different transmit beam as accompanying data
· FFS whether/how to support multiple transmit beams for non-standalone sidelink CSI-RS in the same slot

Agreement
For beam maintenance, consider standalone sidelink CSI-RS transmissions. 
· FFS physical layer structure
· FFS timing details
· FFS whether/how the same or different transmit beams are used in the same slot of standalone sidelink CSI-RS transmissions.
· FFS resources, resource allocation and resource indication 
· FFS signaling details  
· 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.

Agreement
For beam maintenance, consider design details for sidelink CSI-RS transmissions with or without repetition on transmit beams. 

Agreement
For beam reporting using PSFCH (if supported) in beam maintenance, study 
· Whether/how there is an association rule between PSFCH for beam reporting and sidelink CSI-RS (either standalone or non-standalone)
· FFS beam reporting content, 
· Whether/how PSFCH carries multiple beam reporting bits 
· Alt 1: New PSFCH format
· Alt 2: PSFCH format 0 by exploring the relationship with frequency and/or code domain resources
· Other alternatives are not precluded 
· FFS: PSFCH carries one beam reporting bit 
· FFS: whether beam reporting and sidelink HARQ ACK can be reported together, e.g., same or different PSFCH

Agreement
For beam reporting using sidelink MAC CE (if supported) in beam maintenance, study 
· beam reporting content
· timeline, e.g., 
· whether/how to reuse Rel-16 sidelink CSI reporting window as baseline for the association between sidelink beam reporting and sidelink CSI-RS resources. 
· Periodic, aperiodic and/or semi-persistent reporting timeline


The benefits of performing initial beam pairing after unicast link establishments include:
· With the availability of unicast link establishment, PC5-RRC configuration and (source ID, destination ID) are available to facilitate the initial beam pairing procedure.
· Initial beam pairing procedure is independent of unicast link establishment procedure, which simplifies the design of initial beam pairing procedure and leaves unicast link establishment procedure intact. 
· Initial beam pairing procedure may not be required for every unicast link. Initial beam paring procedure after the unicast link establishment procedure enables the optionality of beam pairing procedure and can also avoid the unnecessary beam pairing.
During the discussion, some companies against the procedures where initial beam pairing after unicast link establishment argued that the use of omni-directional beams in FR2 for transmission of unicast link establishment messages (e.g., Direct link establishment request/accept) would be challenging due to the limited communication range. In our views, the payload size of such messages may not be too large, so that the coverage can be guaranteed even they are transmitted with omni-directional beam.
Proposal 6: RAN1 should support the study of procedures where initial beam pairing procedure is performed after sidelink unicast link establishment procedure.
In addition, based on the agreement, standalone and non-standalone SL CSI-RS are considered for initial beam pairing after unicast link establishment (same as beam maintenance). In our views, we can at least study periodic and standalone SL CSI-RS transmission for beam management and try to reuse sidelink CSI framework and reusing Uu beam management concepts as much as possible.
Proposal 7: For beam maintenance and initial beam pairing after unicast link establishment, at least support the following:
· Standalone SL CSI-RS transmission (i.e., without PSCCH/PSSCH)
· The reference signal is sent periodically.

Modifications on reference signals for initial beam pairing
As aforementioned, we think that at least periodic S-SSB and SL CSI-RS can be further considered for initial beam pairing. Some enhancements are discussed in the following. 
Regarding the approach of adopting S-SSB for initial beam pairing between UE1 and UE2, the following aspects should be further considered. First, similar as the discussion of introducing additional S-SSB occasions in SL-U, whether to define additional new resources of S-SSB transmissions for the purpose of initial beam pairing should be further studied. One solution is to entirely reuse the legacy S-SSB occasions for initial beam pairing. Alternatively, another solution is to define additional S-SSB occasions for initial beam pairing. In our views, both solutions can be considered for further study at the current stage.
Proposal 8: For adapting S-SSB for initial beam pairing between UE1 and UE2, the following options can be further studied:
· Option 1: Reuse the legacy S-SSB resources for the purpose of initial beam pairing;
· Option 2: Define new additional S-SSB resources for initial beam pairing.
In addition, each solution above has its own pros and cons, and different issues should be considered. If reusing legacy S-SSB resources, the overhead for S-SSB transmissions can be minimized, but specification impact to ensure backward compatibility should be taken into account. To be specific, in R16/17 sidelink synchronization mechanism, the synchronization ID is derived from the priority level of the synchronization source, which has nothing to do with UE identity. However, if it is enhanced to support initial beam pairing, according to the above agreement, how to enable UE2 to identify S-SSB for initial beam pairing transmitted by UE1 should be studied, and we think that the solution should not impact the R16/R17 UEs to acquire synchronization information. On the other hand, no backward compatibility is required if defining new S-SSB resources for initial beam pairing, but it introduces additional resource overhead. In our views, the S-SSB structure and content can be newly designed to support beam identification, measurement and reporting.
Proposal 9: For reusing the legacy S-SSB resources for the purpose of initial beam pairing, if supported, backward compatibility should be ensured. There should be no impact on R16/R17 UEs to acquire synchronization information.
Proposal 10: For defining new additional S-SSB resources for initial beam pairing, if supported, new design of S-SSB structure and content to support beam identification, measurement and reporting can be further studied.

[bookmark: OLE_LINK300][bookmark: OLE_LINK301]Association between transmission beams reporting resources
Furthermore, a common issue is how Rx UE determines the associated resource of the selected S-SSB/SL CSI-RS, to transmit a response/confirmation message, which is used to indicate the Tx UE which beam has been selected. Then an association mapping relationship b/w the index of the transmitted S-SSBs or CSI-RSs and the corresponding beam reporting resources  should be established, for example, if the beam reporting is carried by MAC CE, then the association can be achieved by resource selection in Tx UE, and Tx UE can notify this association in the resource reservation information; if the beam reporting is carried by PSFCH, then the mapping rule b/w PSSCH and PSFCH in Rel-16 can be reused. At the same time, how to carry the response/confirmation message and the content of this message may also need to be further studied, as aforementioned, both MAC CE and PSFCH can be considered. 
[image: ]
Figure 2 Illustration of association b/w S-SSB/SL CSI-RS resource and the associated resource for beam reporting

Proposal 11: During initial beam pairing, beam reporting can be carried by MAC CE or PSFCH.
Proposal 12: For the association b/w S-SSB/SL CSI-RS resource and the resource for beam reporting:
· If beam reporting is carried by MAC CE, the corresponding PSSCH resource is also selected by Tx UE, and then notify to Rx UE by reservation information;
· If beam reporting is carried by PSFCH, the corresponding PSFCH resource is identified from the resource of S-SSB/CSI-RS by reusing Rel-16 PSSCH-PSFCH mapping rule.
[bookmark: OLE_LINK51]

[bookmark: OLE_LINK456]3.2 Beam maintenance
In the last RAN1 meeting, the following agreements are further made on beam maintenance:
	Agreement
For beam indication in sidelink beam maintenance, study sidelink TCI state mechanism: 
· Details of sidelink TCI state at least including/indicating e.g. sidelink TCI state ID, sidelink CSI-RS resource and Tx/Rx spatial filter related information
· FFS: QCL types for sidelink 
· FFS: whether PSCCH and associated PSSCH always have the same TCI state 
· FFS: whether the beam indication is via sidelink CSI-RS resource 
· Study the following optional beam indication candidate container 
· SCI
· sidelink MAC CE
· PC5-RRC
· FFS: activation time of indicated beam
· FFS: whether to reuse the Rel-17 unified TCI framework
· Study whether/how beam indication is sent by transmitter UE or receiver UE.
· FFS study beam indication in mode 1 on Uu interface



There is an FFS point on whether PSCCH and associated PSSCH always have the same TCI state. In NR Uu, UE will obtain L1-RSRP/SINR results from the measurement on CSI-RS used for beam management, then UE will report this result to gNB to make gNB configure/indicate proper TCI-state for PDCCH and PDSCH. In the TCI-state, a reference signal is provided along with a QCL-info. In NR Uu, the TCI state of PDCCH and PDSCH can be different since the TCI-state of PDCCH is activated by a MAC CE, but the TCI-state of PDSCH can be further dynamically indicated by DCI when the gap is larger than a threshold.
[image: ]
Figure 3 TCI-state configuration/activation/indication for PDCCH and PDSCH in NR Uu

Unlike Uu, in NR sidelink, PSSCH is always transmitted along with the corresponding PSCCH in a same slot. Thus, the gap b/w PSCCH and PSSCH will never be equal or larger than the threshold which is used for control signalling decoding and beam switching. Therefore, from our perspective, same TCI-state should be kept for PSCCH and PSSCH when designing sidelink enhancements on FR2 licensed spectrum.
[image: ]
Figure 4 Slot structure in NR sidelink

Observation 1: The TCI-state of PSSCH and the corresponding PSCCH cannot be different in sidelink because the gap b/w PSCCH and PSSCH will never be equal or larger than the threshold.
Proposal 13: When RAN1 study beam management mechanism in FR2 licensed spectrum, the TCI-states of PSCCH and PSSCH should always be assumed as same. 
Another potential issue is, in NR Uu, beam maintenance is limited b/w a pair of two devices, i.e., one UE and one gNB. However, in sidelink, a UE may be involved in multiple unicast sessions, then how to achieve beam maintenance among multiple pair of devices needs to be further discussed in RAN1. To ensure the normal communication between UEs in this case, some enhancements may need to be further studied in RAN1. 
[image: ]
Figure 5 sidelink communication among multiple UE pairs

Proposal 14: When RAN1 study beam management mechanism in FR2 licensed spectrum, how to ensure the available transmission/reception b/w UEs among multiple pairs should be considered.

3.3 Beam Failure Recovery (BFR)
In NR Uu, gNB will configure one or two reference RS (BFR-RS) resource in a set , where the resource type should be limited to periodic and the QCL assumption should be same with the DMRS of PDCCH. When the quality of all BFR-RS is lower than the threshold value Qout_LR, the physical layer will provide the MAC layer a beam failure instance indication. When the number of received beam failure instance is larger than a threshold (BFI_COUNTER >= beamFailureInstanceMaxCount), a BFR procedure will be triggered. That is, UE will select a recommended new beam in , and then notify gNB as , by the associated PRACH resource. Then UE will monitor RAR in the specific SS which is configured with recoverySearchSpaceId. After receiving the corresponding RAR, the BFR procedure will be completed.
Unlike Uu, in NR sidelink, periodic CSI-RS transmission has not been supported, meanwhile, there is no concept of CORESET in sidelink, so the definition of BFR-RS in NR Uu cannot be reused in sidelink.
Observation 2: RAN1 needs to support periodic SL CSI-RS first when defining the BFR-RS for sidelink.
[bookmark: _Hlk126857499]Furthermore, when designing BFR procedure for sidelink, some issues existing in initial beam-pairing and beam maintenance may recur, e.g., how to determine the resource for the transmission of  , how to achieve beam failure recovery when a Rx UE is involved in multiple unicast session. Therefore, in summary, we propose to deprioritize the discussion on BFR procedure for sidelink in Rel-18 or at least postpone the discussion until more outcomes have been reached for initial beam-pairing and beam maintenance.
Observation 3: When designing BFR procedure for sidelink, some issues existing in initial beam-pairing and beam maintenance may recur.
Proposal 15: The discussion on BFR procedure may need to be postponed until more outcomes have been reached for initial beam-pairing and beam maintenance.
[bookmark: _Ref31533076]Conclusions
In this contribution, we have shared our views on the sidelink enhancements on FR2 licensed spectrum, the following observations and proposals are provided:
Observation 1: The TCI-state of PSSCH and the corresponding PSCCH cannot be different in sidelink because the gap b/w PSCCH and PSSCH will never be equal or larger than the threshold.
Observation 2: RAN1 needs to support periodic SL CSI-RS first when defining the BFR-RS for sidelink.
Observation 3: When designing BFR procedure for sidelink, some issues existing in initial beam-pairing and beam maintenance may recur.

Proposal 1: When RAN1 study beam management mechanism in FR2 licensed spectrum, coexistence b/w the transmission from Rel-18 UE with beamforming and the transmission from Rel-16/17 UE without beamforming should be considered.
Proposal 2: When RAN1 study beam management mechanism in FR2 licensed spectrum, coexistence b/w the unicast transmission with beamforming and the groupcast/broadcast transmission without beamforming should be considered.
Proposal 3: RAN1 should support the study of the procedure where initial beam pairing is performed before sidelink unicast link establishment procedure.
Proposal 4: In the candidate procedure where initial beam pairing is performed before sidelink unicast link establishment, at least support the following:
· Applicable reference signal is based on:
· Alt 1-1: S-SSB or its modified format;
· Alt 1-2: standalone SL CSI-RS or its modified format
· The reference signals are sent periodically.
Proposal 5: RAN1 should deprioritize the study of procedures where initial beam pairing procedure is performed during sidelink unicast link establishment procedure.
Proposal 6: RAN1 should support the study of procedures where initial beam pairing procedure is performed after sidelink unicast link establishment procedure.
Proposal 7: For beam maintenance and initial beam pairing after unicast link establishment, at least support the following:
· Standalone SL CSI-RS transmission (i.e., without PSCCH/PSSCH)
· The reference signal is sent periodically.
Proposal 8: For adapting S-SSB for initial beam pairing between UE1 and UE2, the following options can be further studied:
· Option 1: Reuse the legacy S-SSB resources for the purpose of initial beam pairing;
· Option 2: Define new additional S-SSB resources for initial beam pairing.
Proposal 9: For reusing the legacy S-SSB resources for the purpose of initial beam pairing, if supported, backward compatibility should be ensured. There should be no impact on R16/R17 UEs to acquire synchronization information.
Proposal 10: For defining new additional S-SSB resources for initial beam pairing, if supported, new design of S-SSB structure and content to support beam identification, measurement and reporting can be further studied.
Proposal 11: During initial beam pairing, beam reporting can be carried by MAC CE or PSFCH.
Proposal 12: For the association b/w S-SSB/SL CSI-RS resource and the resource for beam reporting:
· If beam reporting is carried by MAC CE, the corresponding PSSCH resource is also selected by Tx UE, and then notify to Rx UE by reservation information;
· If beam reporting is carried by PSFCH, the corresponding PSFCH resource is identified from the resource of S-SSB/CSI-RS by reusing Rel-16 PSSCH-PSFCH mapping rule.
Proposal 13: When RAN1 study beam management mechanism in FR2 licensed spectrum, the TCI-states of PSCCH and PSSCH should always be assumed as same. 
Proposal 14: When RAN1 study beam management mechanism in FR2 licensed spectrum, how to ensure the available transmission/reception b/w UEs among multiple pairs should be considered.
Proposal 15: The discussion on BFR procedure may need to be postponed until more outcomes have been reached for initial beam-pairing and beam maintenance.
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