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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.


In this contribution, we share some initial views regarding support of sidelink beam management on FR2 licensed spectrum.
[bookmark: OLE_LINK1]Discussions
Initial beam pairing
The following was agreed in last RAN1 meeting for studying the candidate procedure where initial beam pairing is performed during sidelink unicast link establishment.
	Agreement
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.


In the candidate procedure where initial beam pairing is performed during sidelink unicast link establishment, the UE 1 can transmit PSCCH/PSSCH carrying DCR message by applying multiple different UE1 transmit beams. Upon successfully decode PSCCH/PSSCH(s), UE2 indicates UE1 transmit beam(s) to UE1. Indication of UE1 transmit beam(s) can be an implicit way, which can be based on the association between PSCCH/PSSCH transmission and its corresponding PSFCH resource. Following the NR Rel-16 SL PSFCH mapping design in unicast link, each sub-channel corresponds to its exclusive PSFCH resources. Therefore, if UE2 successfully decode a PSCCH/PSSCH transmission, UE2 sends an ACK on corresponding PSFCH resource. Upon detection of ACK on corresponding PSFCH resource, the UE 1 is aware of UE 1 transmit beam applied in the PSCCH/PSCCH transmission. The kind of association between PSCCH/PSSCH transmission and corresponding PSFCH resource notifies UE1 of which UE1 transmit beam(s) are appropriate beams to UE2, which plays a same role as PRACH in NR Uu operation. 
In addition, if UE2 successfully decodes multiple PSCCH/PSSCHs, it can up to UE2 to select one from the multiple UE1 transmit beams to notify UE1. Additionally, if UE2 has already sent ACK to UE1 but finds a better UE1 transmit beam for a later PSCCH/PSSCH, the UE 2 can decide to send ACK in the PSFCH resource corresponding to the later PSCCH/PSSCH. If UE1 receives multiple ACKs from UE2, the UE1 determines a latest indicated UE1 transmit beam as one of indicated beam(s) to finish the remaining sidelink unicast link establishment procedure with UE2.
Proposal 1: For the candidate procedure where initial beam pairing is performed during sidelink unicast link establishment, studying the following,
· Implicit indication of UE1 transmit beam by association between PSCCH/PSSCH transmission and corresponding PSFCH resource
· ACK is sent by UE2 in the PSFCH resource associated to successfully decoded PSCCH/PSSCH transmission
· Upon detection of ACK in a PSFCH resource, the UE1 determines UE1 transmit beam that is applied in the corresponding PSCCH/PSSCH transmission as indicated beam by UE2. 
· If multiple UE1 transmit beams are indicated by UE2, the UE 1 determines the latest indicated beam as the one to finish the remaining sidelink unicast link establishment procedure with UE2.

The following was agreed in last RAN1 meeting for studying the candidate procedure where initial beam pairing is performed after sidelink unicast link establishment.
	Agreement
[bookmark: _Hlk134809665]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



Regarding initial beam pairing that starts after sidelink unicast link establishment, it was concerned that setting up sidelink unicast link without beam based operation is feasible or not. Without the involvement of beam pairing in FR2, communication range of DCR/DCA messages exchange would be limited such that unicast link establishment may not be set up. It was argued that there are some cases which may not require larger communication range, for example, in indoor scenario. However, study of candidate procedure which would be applied to limited cases should be deprioritized. On the other hand, if a pair of UEs is already able to set up sidelink unicast link, the UEs can set SL CSI-RS resource configuration and transmit to each other via PC5-RRC. Then the SL CSI-RS resources can be used for beam sweeping. For procedure of initial beam pairing after sidelink unicast link establishment, the SL CSI-RS resources are used for wide beam sweeping, and while for procedure of beam maintenance, the SL CSI-RS resources are used for narrow beam sweeping. One difference between two procedures lies in the amount of CSI-RS resources, given narrow beams need more CSI-RS resource to cover same angular space. If the pair of UEs is able to set up unicast link establishment in FR2, the pair of UEs may have the knowledge of spatial information for each other such that CSI-RS resources for narrow beams do not need to cover whole angular space. With the consideration, there is not too much difference between the two procedures. Therefore, studying the candidate procedure where initial beam pairing starts after sidelink unicast link establishment between UE1 and UE2 can be deprioritized.
Proposal 2: RAN1 is to deprioritize to study the candidate procedure where initial beam pairing starts after sidelink unicast link establishment between UE1 and UE2.

Sidelink beam maintenance
Sidelink CSI-RS configuration
In last RAN1 meeting, the following is agreed to study how to use sidelink CSI-RS for beam maintenance.
	Agreement
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



In existing NR sidelink CSI framework, aperiodic and non-standalone SL CSI-RS is supported for sidelink CSI acquisition for link adaption. A SL UE sets the aperiodic and non-standalone SL CSI-RS configuration and provides to an RX UE. To support of beam maintenance by using sidelink CSI-RS on FR2 licensed spectrum, enhancements to the existing aperiodic and non-standalone SL CSI-RS can be studied. In existing NR sidelink CSI framework, one aperiodic SL CSI-RS transmission is performed in a slot where a CSI request is triggered. For the purpose of beam maintenance, multiple SL CSI-RS transmissions triggered by a SCI format is helpful for beam training with low latency among a pair of SL UEs. In addition, according to the existing NR sidelink CSI framework, SL CSI-RS cannot be configured on a same symbol where PSSCH DM-RS and 2nd-stage SCI are located. Therefore, multiple SL CSI-RS transmissions may not be accommodated in a single slot. Slots for reserved resources scheduled by a SCI format can be also considered to be used for the multiple SL CSI-RS transmissions.
Proposal 3: Study the following enhancement to the existing aperiodic and non-standalone SL CSI-RS for beam maintenance.
· Multiple SL CSI-RS transmissions within single or multiple slots 
· Note: the single or multiple slots are scheduled by a SCI format for the initial transmission and reservation of the resource(s)
In the existing sidelink CSI framework, SL CSI-RS transmission needs to be transmitted together with sidelink data, which means there is no transmission opportunities for SL CSI-RS if the UE has no sidelink data to transmit. In other words, if the UE has no sidelink data to transmit, the UE may not request resource allocation to gNB in RA mode 1 and may not trigger a resource selection procedure in RA mode 2. Therefore, only supporting non-standalone SL CSI-RS transmission is not efficient for the purpose of bema maintenance. Regarding standalone SL CSI-RS transmission, both SL CSI-RS transmission only and SL CSI-RS with accompanying SCI/MAC CE transmission can be considered. SL CSI-RS transmission only is beneficial in some cases where the resource for SL CSI-RS transmission can be dedicated to the pair of UE1 and UE2 in unicast link. Otherwise, for example in sidelink RA mode 2 where UEs autonomously select resources, SCI(s) can be used to indicate the selected resources by a UE such that other UEs can avoid selecting the resources selected by the UE. In addition, source ID and destination ID carried in SCI(s) and SL MAC CE can also help to notify the intended receiver in unicast link. 
Proposal 4: Study both of the followings for standalone SL CSI-RS transmissions
· SL CSI-RS transmission only
· SL CSI-RS with accompanying SCI(s) or SL MAC CE transmissions 
Regarding resource allocation for standalone SL CSI-RS in sidelink RA mode 2, the resource sensing and (re-)selection procedure to select resources for sidelink data transmission can be considered to select resource for standalone SL CSI-RS transmission. Given that the existing resource sensing and (re-)selection procedure is triggered by higher layer for sidelink data transmission, RAN1 can study resource (re-)selection procedure triggered by standalone SL CSI-RS transmission.
Proposal 5: Study resource (re-)selection procedure triggered by standalone SL CSI-RS transmission in sidelink RA mode 2.
In addition, in above agreement, there is one FFS as to SL CSI-RS transmissions with or without repetition on transmit beams. Note that it was agreed in last meeting to study the selection of both UE1’s transmit beam and UE2’s corresponding receive beam for UE1 and UE2 in a unicast link. As similar as the NR Uu P2 procedure, SL CSI-RS transmissions without repetition on transmit beams (i.e., transmit beam sweeping) can be used for UE2 to train UE1’s transmit beam such that the UE1’s transmit beam can be refined from an initial transmit beam established in initial beam pairing to a more proper narrow beam. Likewise, as similar as the NR Uu P3 procedure, SL CSI-RS transmissions with repetition on transmit beam (i.e., same transmit beam) can be used for UE2 to train corresponding receive beam such that UE2’s receive beam can be refined from UE2’s initial receive beam established in initial beam pairing to a more proper narrow receive beam corresponding to UE1’s transmit beam.  
Proposal 6: Support SL CSI-RS transmissions with or without repetition on transmit beams for beam refinement.
· Indication of beam repetition (similar as higher layer parameter repetition in NR Uu operation) is set in sidelink CSI-RS resource configuration.  
Sidelink Beam reporting
CSI report for sidelink beam management
The followings regarding sidelink beam reporting were agreed in last RAN1 meeting.
	Agreement
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
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)



Regarding the container of sidelink beam reporting for beam maintenance, option 1 and option 2 have their respective advantages. Using PSFCH as the container of sidelink beam reporting can have a low latency for beam reporting, especially for the case where the UE has no available resources for PSSCH transmission. While, in this case, for using SL MAC CE as the container of sidelink beam reporting, the UE needs to additionally request resource from gNB in RA mode 1 or trigger resource selection procedure in RA mode 2. On the other hand, using SL MAC CE as the container of sidelink beam reporting require less specification effort and is able to have large capacity for contents reporting. Therefore, both option 1 and option 2 can be supported as container to adapt to different situations.
In addition, to support PSFCH as container of sidelink beam reporting, enhancement to PSFCH transmission can be considered. The existing Rel-16 PSFCH design is to allow PSFCH transmission with one HARQ-ACK information bit carried in PSFCH format 0. Sidelink beam reporting requires multiple information bits depending on the sidelink beam reporting contents. It would be beneficial to study a new PSFCH format which can accommodate multiple information bits for sidelink beam reporting. 
Proposal 7: Support the following containers of sidelink beam reporting for beam maintenance.
· Option 1: PSFCH
· Study new PSFCH format to carry multiple information bits 
· Option 2: SL MAC CE

Conclusion
In this contribution, we have discussed our views on support of beam management on FR2 licensed spectrum and have the following proposals.
Proposal 1: For the candidate procedure where initial beam pairing is performed during sidelink unicast link establishment, studying the following,
· Implicit indication of UE1 transmit beam by association between PSCCH/PSSCH transmission and corresponding PSFCH resource
· ACK is sent by UE2 in the PSFCH resource associated to successfully decoded PSCCH/PSSCH transmission
· Upon detection of ACK in a PSFCH resource, the UE1 determines UE1 transmit beam that is applied in the corresponding PSCCH/PSSCH transmission as indicated beam by UE2. 
· If multiple UE1 transmit beams are indicated by UE2, the UE 1 determines the latest indicated beam as the one to finish the remaining sidelink unicast link establishment procedure with UE2.

Proposal 2: RAN1 is to deprioritize to study the candidate procedure where initial beam pairing starts after sidelink unicast link establishment between UE1 and UE2.

Proposal 3: Study the following enhancement to the existing aperiodic and non-standalone SL CSI-RS for beam maintenance.
· Multiple SL CSI-RS transmissions within single or multiple slots 
· Note: the single or multiple slots are scheduled by a SCI format for the initial transmission and reservation of the resource(s)

Proposal 4: Study both of the followings for standalone SL CSI-RS transmissions
· SL CSI-RS transmission only
· SL CSI-RS with accompanying SCI(s) or SL MAC CE transmissions

Proposal 5: Study resource (re-)selection procedure triggered by standalone SL CSI-RS transmission in sidelink RA mode 2.

Proposal 6: Support SL CSI-RS transmissions with or without repetition on transmit beams for beam refinement.
· Indication of beam repetition (similar as higher layer parameter repetition in NR Uu operation) is set in sidelink CSI-RS resource configuration.  

Proposal 7: Support the following containers of sidelink beam reporting for beam maintenance.
· Option 1: PSFCH
· Study new PSFCH format to carry multiple information bits 
· Option 2: SL MAC CE
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