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Introduction
In this contribution, we discuss design considerations on sidelink beam management for sidelink FR2.
Discussion  
It’s scoped that sidelink FR2 SI will be on sidelink beam management for unicast by using existing sidelink CSI-RS framework and Uu beam management concepts if applicable. 
For sidelink beam management, the following subjects have been outlined in the SI objective.
· [bookmark: _Hlk127436370]Initial beam-pairing
· [bookmark: _Hlk127436403]Beam maintenance
· [bookmark: _Hlk127437222]Beam failure recovery
Sidelink initial beam-pairing
The following agreements were made on initial beam pairing at RAN1 #112-bis e-meeting [1].
	Agreement
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
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
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


 
For initial beamforming at Uu interface, a UE scans SSB from gNB with one or multiple Rx beams and selects one or multiple DL Tx beams based on the beam measurements, e.g., selecting a best DL Tx beam to pair with and keeping the other selected DL Tx beams as candidate beams to monitor. Then UE may conduct RACH procedure to make connection with the network at the resources with the transmitting beam associated with the selected SSB with the best DL Tx beam.
Initial beam pairing before sidelink unicast link establishment is more aligned with Uu beam forming framework as outlined in the WI objective for sidelink on unlicensed spectrum. Furthermore, using reference signal based transmission for beam sweeping may be more efficient for resource utilization and time for initial beam pairing.
Initial beam pairing during sidelink unicast link establishment requires beam sweeping with direct communication request (DCR) message which takes one slot for each beam sweeping transmission. Additionally, PHY cannot identify if a PSSCH carries a DCR message or not and thus may need inter-operation between PHY and higher layer, which may cause some work in RAN2.
Initial beam pairing after sidelink unicast link establishment may allow the paired UE to agree on a certain beam sweeping configuration but still doesn’t avoid possible collisions with other UE’s beam sweeping transmissions in a proximity. Moreover, without beamforming with FR2, the performance of establishing sidelink unicast link may suffer significantly.
Overall, RAN2 may wait for the progress in RAN1 and then discuss the possible work that RAN2 will provide to support initial beam pairing.
[bookmark: _Hlk127441974]Proposal 1. For sidelink initial beam-pairing, RAN2 waits for RAN1’s progress.

Sidelink beam failure recovery
The following agreements were made on beam failure recovery at RAN2 #121-bis e-meeting [2].
Agreement:
For beam failure detection, reuse Uu design of timer + counter based mechanism as baseline, and R2 further study how SL beam failure is detected. FFS on Tx or Rx UE based manner.
Agreement: 
Upon beam failure is detection, support BFR signaling exchange between peer UEs, and further study e.g., RLF declaration due to beam failure. 

How to detect sidelink beam failure is currently under discussion in RAN1, which includes two detection schemes 1) Rx UE detects beam failure based on beam measurements and 2) Tx UE detects beam failure based on DTX of HARQ feedback.
Rx UE based detection is more aligned with Uu UE based beam failure detection but requires periodic or semi-periodic sidelink CSI-RS transmissions for beam measurements.
Tx UE based detection doesn’t require extra sidelink CSI-RS transmissions for beam measurements but cannot provide candidate beams for timely beam recovery.
Even though initial beam pairing, beam maintenance and beam failure recovery are separate design aspects of sidelink beam management to be addressed for sidelink FR2, but they are all tied with the signal design for beam measurements. For example, a best Tx beam selection for initial beam pairing may be based on beam measurements, beam maintenance depends on beam monitoring which may be based on beam measurements, beam failure recovery with candidate beam(s) selection may also require beam measurements. Therefore, it’s preferable to have a unified framework for different design aspects of sidelink beam management for sidelink FR2. 
Giving the current status at RAN1, RAN2 may wait for RAN1’s progress before further discussions on Rx UE or Tx UE based beam failure detection.
Proposal 2. RAN2 may wait for RAN1’s progress before further discussions on Rx UE or Tx UE based beam failure detection.
It was brought up at RAN2 #121-bis e-meeting [2] if sidelink beam failure is declared per sidelink BWP or per unicast link. For Uu communications, it’s only between a UE and gNB with one beam direction in an active BWP, thus beam failure may be declared per BWP. For sidelink communications, a UE may have multiple unicasts with multiple UEs in one shared sidelink BWP, thus a failed beam pair link with one UE in one beam direction may not guarantee poor beam pair link with another UE in another beam direction in the same sidelink BWP. Therefore, sidelink beam failure should not be declared per sidelink BWP.
Proposal 3. Do not support that sidelink beam failure is declared per sidelink BWP.
Conclusion
[bookmark: _Hlk92772570]In this contribution, we discussed design considerations on sidelink beam management for sidelink FR2 and concluded with the following proposals.
Proposal 1. For sidelink initial beam-pairing, RAN2 waits for RAN1’s progress.
Proposal 2. RAN2 may wait for RAN1’s progress before further discussions on Rx UE or Tx UE based beam failure detection.
Proposal 3. Do not support that sidelink beam failure is declared per sidelink BWP.
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