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Introduction
In RAN#98e meeting, Rel-18 work item on support of [1] has the following objectives to study enhanced sidelink operation on FR2 licensed spectrum. 
	3. Study enhanced sidelink operation on FR2 licensed spectrum [RAN1, RAN2]
· Focus only on updating the evaluation methodology for commercial deployment scenario in 4Q 2022. [RAN1]
· 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]
· Beam management in FR2 licensed spectrum considers sidelink unicast communication only.


According to the objectives of WID, study of sidelink beam management for FR2 starts from this meeting. In this contribution, we share some initial views regarding support of sidelink beam management on FR2 licensed spectrum.
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Sidelink beam management
Initial beam-pairing
In NR Uu operation, association between SSB and RACH occasion are used for initial beam-pairing between gNB and UEs. A UE is able to determine its RX and TX beams according to the measurement on those beamed SSBs from gNB. Likewise, gNB determines RX and TX beams according to preamble index and RACH occasions. Then initial beam-pairing between gNB and UEs can be established. 
In current NR sidelink operation, S-SSB with synchronization information is to extend the synchronization coverage. A syncRef UE is not necessary to be a TX UE that has SL data to transmit. Moreover, a syncRef UE may be not aware of which UEs receive S-SSB transmission. For sidelink operation on FR2 licensed spectrum, if enhancement of S-SSB is considered as a potential candidate for study of initial beam-pairing, several factors should be taken into consideration. Firstly, whether enhancement of S-SSB for sidelink beam management is beyond the scope of WID [1] or not. Secondly, sidelink beam management in FR2 licensed spectrum considers sidelink unicast communication only. Identification of SL UE IDs (i.e., source ID and destination ID) for unicast communication should be studied. Thirdly, in current NR sidelink operation, S-SSB is transmitted in slots not belonging to any resource pool. How to configure resource configuration for S-SSB should be studied. It has to be noted that, sidelink operation is a distributed system and, therefore, sending S-SSB with different directions from dedicated UEs seems not efficient for unicast communications. Above all, the feasibility and necessity of S-SSB enhancement for initial beam-pairing can be studied. 
Proposal 1: Study the feasibility and necessity of S-SSB enhancement for initial beam-pairing including following aspects: WID scope, UE ID identification, resource configuration, etc.
On the other hand, one candidate solution for initial beam-pairing is that a SL TX UE performs resource sensing and selection procedure to reserve resource as usual. Establishing initial beam-pairing according to association of PSSCH resources and PSFCH resources in time domain may be feasible. Figure 1 is a simplified example of establishing initial beam-pairing between a pair of peer UEs for sidelink unicast communication. As illustrated in Figure 1, different PSSCH resources are mapped to respective PSFCH resources in time domain. The association between PSSCH resource and PSFCH resource can be used for initial beam-paring for a pair of peer UEs. For initial beam-pairing, the SL TX UE (source UE) can transmit same direct communication request message by applying different wide and coarse TX beams on different reserved PSSCH resources for intended destination UE to receive. The destination UE can determine a RX beam with a panel for initial beam-pairing if the destination UE successfully received the PSSCH. The destination UE can also determine a TX beam for PSFCH transmission same as its Rx beam of successful reception of PSSCH. The SL TX UE is aware of association between PSCCH/PSSCH resource and PSFCH resource. According to the association, the SL TX UE can use an initial Rx beam for corresponding PSFCH reception as same as its Tx beam for PSSCH transmission. Then upon of successfully PSFCH reception, the SL TX UE can be aware of transmission and reception beams for the destination UE and use them as initial beam for subsequent sidelink unicast transmission.
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Figure 1: Example of initial beam-paring
Proposal 2: Study the feasibility of initial beam-pairing according to association of PSSCH resources and PSFCH resources.

CSI-RS configuration for beam management
In existing NR sidelink CSI framework, a SL UE may set sidelink CSI-RS resource configuration and provided to an RX UE. In existing NR sidelink CSI framework, the sidelink CSI-RS is configured only for sidelink CSI acquisition for link adaption. To support of beam management on FR2 licensed spectrum, it is necessary to configure sidelink CSI-RS resource configuration for beam management. Basically a greater number of CSI-RS resource for beam management is beneficial to achieve a more precise candidate beam refinement with low latency among SL UEs. Therefore, it is necessary to study how many sidelink CSI-RS resources can be supported for beam management by considering SL UE’s antenna configuration on FR2 licensed spectrum.
In addition, existing NR sidelink CSI framework specifies sidelink CSI-RS should be transmitted within a PSSCH transmission region in a slot where a CSI request is triggered. For a resource pool, PSSCH transmission in a slot can be configured to down to 6 symbols. Furthermore, according to existing NR sidelink CSI framework, sidelink CSI-RS cannot be configured on a same symbol where PSSCH DM-RS and 2nd-stage SCI are located. That is, there is a risk that symbols available for sidelink CSI-RS configuration in a slot may be not sufficient for beam management. In Rel-16/17 NR sidelink, one SCI format can schedule up to 2 slots or up to 3 slots according to resource pool configuration. These PSSCH transmission regions in scheduled slots can be considered for sidelink CSI-RS for beam management. 
Proposal 3: Study the number of sidelink CSI-RS resources for beam management on FR2 licensed spectrum.
Proposal 4: Study the necessity of not limiting CSI-RS resource to 1 slot in time domain for beam management on FR2 licensed spectrum.

CSI report for sidelink beam management
In existing NR sidelink CSI framework, sidelink CSI report is supported for link adaptation to increase transmission efficiency and reliability for unicast communication. This kind of CSI report consists of only CQI and RI. In NR Uu operation, reporting parameter L1-RSRP is used to indicate the power of a downlink TX beam from gNB and CRI is used to indicate the CSI-RS resource indicator associated with the L1-RSRP. Similarly, to support sidelink beam management and beam indication on FR2 licensed spectrum, Sidelink CSI report should include the reporting parameters CRI and RSRP. The SL UE can estimate RSRPs of different sidelink CSI-RS resources and feedback a best estimated RSRP and a CRI associated with the best estimated RSRP for beam indication. 
Proposal 5: For enhanced sidelink operation on FR2 licensed spectrum, sidelink CSI report includes reporting parameters CRI and RSRP for beam reporting.

Conclusion
In this contribution, we have discussed our views on support of beam management on FR2 licensed spectrum and have the following proposals and observation.
Proposal 1: Study the feasibility and necessity of S-SSB enhancement for initial beam-pairing including following aspects: WID scope, UE ID identification, resource configuration, etc.
Proposal 2: Study the feasibility of initial beam-pairing according to association of PSSCH resources and PSFCH resources.
Proposal 3: Study the number of sidelink CSI-RS resources for beam management on FR2 licensed spectrum.
Proposal 4: Study the necessity of not limiting CSI-RS resource to 1 slot in time domain for beam management on FR2 licensed spectrum.
Proposal 5: For enhanced sidelink operation on FR2 licensed spectrum, sidelink CSI report includes reporting parameters CRI and RSRP for beam reporting.
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