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Introduction
In RAN#99-e meeting, the revised WID for Rel-18 NR SL evolution was approved [1]. The support of SL on FR2 licensed spectrum is considerably important to improve data rate and extend use scenarios of SL in 5G-Advanced. The objective is as follows: 
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.
Up to the last RAN1#114, some fundamental agreements for SL operation on FR2 licensed spectrum have been made, and the discussion on the remaining issues and details is still on going.
In this contribution, the remaining issues on the beam management aspects for SL operation on FR2 licensed spectrum are discussed. 
Discussion
Initial beam pairing
Regarding the initial beam pairing before sidelink unicast link establishment, following agreements were made in RAN1#114 meeting [1]. 

	Agreement
In the candidate procedure where initial beam pairing is performed before sidelink unicast link establishment, in Step 2, further consider UE2 determines UE1’s transmit beam and UE2’s receive beam whose corresponding RSRP measurement is
· Alt 1: the largest among all RSRP measurements performed by UE2 for UE1 
· Alt 2: larger than a threshold
· FFS: how UE2 determines one if there are multiple.
· FFS: beam determination if above condition is not satisfied. 
· Alt 3: the largest among all RSRP measurements performed by UE2 for UE1, and is larger than a threshold, 
· FFS: beam determination if above condition is not satisfied.
· FFS time window for UE2 to determine the RSRP measurement values used for beam determination.

Agreement
In the candidate procedure where initial beam pairing is performed before sidelink unicast link establishment, in Step 1, further consider
· The candidate resources of reference signal for S-SSB or standalone sidelink CSI-RS are FFS
· The candidate resources of S-SSB (or its modified format) for initial beam pairing (if supported) are 
· Alt 1-1: reusing the resources of legacy S-SSB for synchronization
· Alt 1-2: separate from the resources of legacy S-SSB for synchronization
· Alt 1-3: reusing the resources of legacy S-SSB for synchronization, with additional resources carrying beam indication/UE ID information. 
· The candidate resources of standalone sidelink CSI-RS for initial beam pairing (if supported) are one or more of the following
· Alt 2-1: in a dedicated resource pool
· FFS relationship between dedicated resource pool and legacy resource pool
· Alt 2-2: in a shared resource pool for legacy PSCCH/PSSCH transmission
· FFS AGC issue
· Alt 2-3: dedicated resources (pre)configured within the same pool as legacy PSCCH/PSSCH transmissions
· FFS backward compatibility
· UE1 determines a standalone sidelink CSI-RS resource, using one or more of the following,  
· Alt 3-1: legacy mode-2 PSCCH/PSSCH resource selection scheme as starting point.
· FFS mode-1
· Alt 3-2: UE ID.
· Alt 3-3: beam ID.
· Other alternatives are not precluded. 
· FFS details (e.g., number of symbols for standalone sidelink CSI-RS, frequency multiplexing, etc)
· The candidate reference signals are transmitted semi-persistently
· FFS conditions of triggering/stopping the reference signals transmission
· FFS reference signals are transmitted aperiodically



Two candidates for reference signals, S-SSB and standalone CSI-RS, are being considered for initial beam pairing before sidelink unicast link establishment. For unicast, standalone CSI-RS is the preferred choice for making initial beam pairing due to its numerous benefits, including high flexibility in configuration, low transmission overhead, improved multiplexing capacity, and suitability for narrow beamforming. On the other hand, S-SSB does not offer these advantages, primarily due to its inherent limitations in physical layer structure and transmission characteristics. Therefore, it is advisable to prioritize the standardization of standalone CSI-RS over S-SSB, at least for Rel-18.

[bookmark: _Hlk146701924]Proposal 1: Standalone sidelink CSI-RS is used as reference signals for initial beam pairing before sidelink unicast link establishment. S-SSB is not supported in Rel-18.

There are several outstanding issues to address in support of standalone CSI-RS for initial beam pairing purposes. Regarding transmission resources, standalone CSI-RS should be transmitted within the dedicated resources of the same resource pool as legacy PSCCH/PSSCH, in accordance with the legacy NR Uu principle. These dedicated resources are (pre-)configured for each resource pool, and UE2 can monitor the standalone CSI-RS within the currently activated resource pool. By transmitting standalone CSI-RS within the same resource pool as PSCCH/PSSCH, resources can be efficiently utilized compared to other alternatives, and beam correspondence can be guaranteed. The specific resources for standalone CSI-RS can be determined based on the UE ID and beam ID to differentiate CSI-RSs among UEs and depending on the beams in use. The detailed resource association mechanisms can be further discussed.

[bookmark: _Hlk146701927]Proposal 2: CSI-RS for initial beam pairing is transmitted in the dedicated resources within the same resource pool as legacy PSCCH/PSSCH transmissions. 
· The resources of CSI-RSs are (pre-)defined based on both UE and beam ID.

It is agreed that the candidate reference signals are transmitted semi-persistently, but detailed activation and deactivation mechanisms are still to be determined. Activation and deactivation for the transmission of the CSI-RS can be managed by UE1. For example, UE1 can activate the CSI-RS transmission when source and destination IDs are available, and the corresponding unicast link has not yet been established. Furthermore, UE1 can deactivate the CSI-RS transmission when the corresponding unicast link is no longer needed. Similar to the legacy NR SPS, the activation and deactivation can be indicated to UE2 using control signals, such as the 1st SCI format.

[bookmark: _Hlk146701931]Proposal 3: The transmission of candidate reference signals is activated by UE1 when source and destination IDs are available, and the corresponding unicast link has not been establishment.
Proposal 4: The transmission of candidate reference signals is deactivated by UE1 when the corresponding unicast link is not available anymore.
Proposal 5: The activation/deactivation for the transmission of candidate reference signals are indicated by 1st SCI formant. 

 For initial beam pairing, a pair of Tx and Rx beams should be selected among the beam candidates. For this purpose, UE2 measures RSRPs for the received CSI-RSs. Then, UE2 can determine UE1’s transmit beam and UE2’s receive beam based on the largest RSRP among all measurements, provided that it exceeds a predefined threshold. 

[bookmark: _Hlk146701938]Proposal 6: UE2 determines UE1’s transmit beam and UE2’s receive beam based on the largest among all RSRP measurements performed by UE2, and larger than a threshold.

Regarding the initial beam pairing during sidelink unicast link establishment, following agreements were made in RAN1#114 meeting [1]. 

	Agreement
In the candidate procedure where initial beam pairing is performed during sidelink unicast link establishment, in Step 2, further consider
· UE2 determines N pair(s) of UE1’s transmit beam(s) and UE2’s receive beam(s) whose corresponding RSRP measurement(s) are:
· Alt 1-1: the largest N among all RSRP measurements performed by UE2 for UE1
· FFS: value of N
· Alt 1-2: larger than a threshold 
· FFS: beam determination if above condition is not satisfied.
· FFS: how UE2 determines N beam pair(s)  
· Alt 1-3: the largest N among all RSRP measurements performed by UE2 for UE1, and are larger than a threshold
· FFS: beam determination if above condition is not satisfied.
· FFS: value of N
· FFS time window for UE2 to determine the largest N RSRP measurement values
· UE2 indicates UE1’s transmit beam(s), consider one or more of the following:
· Alt 2-1: in explicit format with  
· Contents: beam related information (e.g., beam ID, L1-RSRP measurement, slot or resource of reference signal)
· Container: PSCCH/PSSCH (e.g., SCI stage 2 and/or sidelink MAC CE and/or unicast link establishment response message)
· Beam indication resource is selected in a response window (non-overlapping with another response window)
· Alt 2-2: in implicit format with
· Contents: a single bit indication 
· Container: PSFCH 
· Beam indication resource is associated with the resource for UE1’s PSCCH/PSSCH transmission with the determined UE1’s transmit beam.
· For transmit beam of UE2’s beam indication
· Alt 3-1: transmit beam of UE2’s beam indication is based on determined UE2’s receive beam
· FFS: details
· UE1 attempts to monitor a beam indication resource using a receive beam based on UE1’s transmit beam for the associated PSCCH/PSSCH transmission. 
· Alt 3-2: UE2 beam sweeps the message containing the beam indication
· FFS receive beam of UE1 if UE1 does not have beam corrsponse.
· If UE1 has beam correspondence, UE1 attempts to monitor beam indication resources using a receive beam corresponding to UE1’s transmit beam
· Alt 3-3: transmit beam of UE2’s beam indication corresponds to determined UE2’s receive beam
· UE1 attempts to monitor a beam indication resource using a receive beam corresponding to UE1’s transmit beam for the associated PSCCH/PSSCH transmission. 



For initial beam pairing mechanism during sidelink unicast link establishment, UE2 needs to report the beam related information to the UE1. Based on the legacy NR Uu CSI procedure, at least beam ID(s) and L1-RSRP measurement(s) should be reported. There are several alternatives how to report these information, e.g. in explicit manner or implicit manner. We support explicit reporting for the beam related information based on PSCCH/PSSCH transmission without any implicit methods. Since the beam pairing is critical procedure for unicast, it should be managed by reliable physical channel links such PSCCH/PSSCH. Before a specific beam is established, the PSCCH/PSSCH can be received at UE1 with sufficient quality if low MCS level is used for transmission. At this moment, UE2’s transmit beam for PSCCH/PSSCH corresponds to determined UE2’s receive beam. UE1 attempts to monitor PSCCH/PSSCH using a receive beam corresponding to UE1’s transmit beam. Once UE1 receives the beam related information from UE2, UE1 can transmit HARQ-ACK to UE2, and then UE2 can be aware of successful beam pairing. 

[bookmark: _Hlk146701942]Proposal 7: UE2 indicates UE1’s transmit beam(s) explicitly. Both beam ID(s) and L1-RSRP measurement(s) are reported.
Proposal 8: UE2’s transmit beam corresponds to determined UE2’s receive beam. 
· UE1 attempts to monitor a beam indication resource using a receive beam corresponding to UE1’s transmit beam.

Beam maintenance
In the last RAN1#114 meeting, the following agreements were made for beam maintenance [1]:

	Agreement
For beam reporting using sidelink MAC CE (if supported) in beam maintenance, consider the following
· Sidelink MAC CE explicitly indicates a list of one or more (CRI, L1-RSRP) pairs
· Reuse Rel-16 sidelink CSI reporting window as baseline
· FFS latency bound for sidelink beam reporting

Agreement
For standalone sidelink CSI-RS transmission in beam maintenance, consider
· Structure with one or more of the following
· Alt 0-1:at least with accompanying PSCCH and/or PSSCH (carrying sidelink MAC CE and/or 2nd-stage SCI) in the same slot
· Alt 0-2: without accompanying PSCCH/PSSCH in the same slot
· Alt 0-2-A: the transmission of standalone sidelink CSI-RS is indicated by PSCCH/PSSCH in an earlier slot(s)
· Alt 0-2-B: the transmission of standalone sidelink CSI-RS is not indicated by PSCCH/PSSCH
· one or multiple transmissions in a slot
· Either same or different transmit beams in a slot
· FFS transmit beam of accompanying PSCCH/PSSCH (if supported)
· AGC symbol is potentially transmitted prior to each sidelink CSI-RS transmission
· FFS same or different transmit power as accompanying PSCCH/PSSCH (if supported)
· FFS whether a PSCCH accompanies each sidelink CSI-RS transmission or a single PSCCH accompanies all sidelink CSI-RS transmissions in a slot
· FFS gap symbol between sidelink CSI-RS transmissions
· resources for standalone sidelink CSI-RS are based on one or more of the following
· Alt 1-1: in a dedicated resource pool
· Alt 1-2: in a shared resource pool for legacy PSCCH/PSSCH transmission
· FFS AGC issue
· Alt 1-3: dedicated resources (pre)configured within the same pool as legacy PSCCH/PSSCH transmissions
· Alt 1-4: on legacy PSFCH occasions
· resource allocation for standalone sidelink CSI-RS
· Alt 2-1: uses mode-2 PSCCH/PSSCH resource allocation scheme as starting point
· FFS enhancements
· FFS mode-1
· Alt 2-2: depending on mapping rule with PSCCH/PSSCH resource (if supported)
· Alt 2-3: depending on mapping rule with UE ID
· Alt 2-4: depending on mapping rule with beam ID
· Other solutions are not precluded.

Agreement
For non-standalone sidelink CSI-RS transmission in beam maintenance, consider 
· one or multiple non-standalone sidelink CSI-RS transmissions in a slot,
· sidelink CSI-RS transmissions can have the same transmit beam as the associated PSCCH/PSSCH in a slot
· FFS whether/how to support sidelink CSI-RS transmissions have different transmit beams from the associated PSCCH/PSSCH in a slot (e.g., AGC issue) 
· resources for non-standalone sidelink CSI-RS
· Alt 1: confined in PSSCH
· Alt 1-1: reuse legacy design
· Alt 1-2: with enhancement from legacy design 
· Alt 2: dedicated symbol(s) which are TDM-ed with PSCCH/PSSCH in a slot
· FFS: SCI fields modification 






Standalone CSI-RS should be transmitted semi-persistently regardless of PSCCH/PSSCH transmission for beam maintenance purpose. Therefore, it should be supported that standalone CSI-RS is transmitted without accompanying PSCCH/PSSCH in the same slot. In this case, the 1st SCI format can transmitted to indicate activation/deactivation of standalone CSI-RS in an earlier slot(s). Then UE2 can measure RSRP for the received standalone CSI-RS and report it to UE1 via PSCCH/PSSCH periodically. 
On the other hand, non-standalone CSI-RS can be used for aperiodic beam related information reporting. To support multiple beam measurements, multiple non-standalone CSI-RSs should be transmitted. As in the legacy NR Uu, physical signals and channels using different beams should be transmitted in TDM manner under single panel assumption at UE side. Therefore, it would be desirable to transmit non-standalone CSI-RSs, that uses different beams from PSCCH/PSSCH beam, are TDM-ed with PSCCH/PSSCH in a slot. The triggering of non-standalone CSI-RS transmission can be indicated by the 1st/2nd SCI format transmitted via the PSCCH/PSSCH in the same slot.

[bookmark: _Hlk146701947]Proposal 9: The transmission of standalone sidleink CSI-RS is indicated by 1st SCI format in an earlier slot(s).
Proposal 10: The resources for non-standalone CSI-RS are TDM-ed with PSCCH/PSSCH in a slot.
Regarding beam reporting procedure, there are two options of physical channels – PSFCH or PSCCH/PSSCH (MAC CE). When reporting beam information through the PSFCH, it's important to note that only a limited amount of information can be conveyed. This limitation arises from the restricted number of feedback bits that can be transmitted via the PSFCH. To increase the number of feedback bits, a new PSFCH format should be designed, but this is not desirable at this late Rel-18 stage. Therefore, if the beam reporting using PSFCH supported, it should be enough to report only 1-bit information that indicates whether the L1-RSRP measurement of currently used beam is larger than threshold or not. For beam reporting using MAC CE, the legacy NR Uu procedure can be the baseline which reports multiple pairs of CRI and L1-RSRP values. As in NR, maximum 4 pairs of (CRI, L1-RSRP) values can be indicated.

[bookmark: _Hlk146701954]Proposal 11: For beam reporting using PSFCH (if supported), 1-bit information indicating whether the L1-RSRP measurement is larger than threshold is carried.
Proposal 12: For beam reporting using MAC CE (if supported), maximum 4 (CRI,L1-RSRP) pairs are indicated.
Proposal 13: A new PSFCH format is not specified in Rel-18.

Beam failure recovery
Regarding beam failure detection, the following agreements were made in RAN1#113 meeting [2,3]:
	Agreement
RAN1 can study the following two schemes to trigger sidelink beam failure instance (BFI) that PHY layer provides to MAC layer. 
· Scheme 1: Sidelink BFI is triggered based on PSFCH carrying sidelink HARQ feedback
· Note: this scheme follows the principle of sidelink RLF.
· FFS any other enhancements
· FFS whether/how to support candidate beam identification in case of BFD
· FFS criteria of triggering sidelink BFI
· FFS whether there is RAN1 impact 
· Scheme 2: Sidelink BFI is triggered based on the measurement of reference signal for BFD
· Note: this scheme follows the principle of Uu BFR.
·  FFS any other enhancements
· Consider the following reference signals for BFD 
· Periodic and/or semi-persistent sidelink CSI-RS
· S-SSB or its modified format
· FFS criteria of triggering of sidelink BFI 
· FFS whether/how to trigger the transmission of reference signal for BFD
Other options are not precluded.



In the legacy NR Uu, SSB and periodic CSI-RS are used for BFD. For the set of reference signals configured for BFD, the UE uses to assess the radio link quality is worse than the threshold. The UE determines beam failure if the RSRP measurements of all the sets are worse than the threshold. This principle can be applied for sidelink BFI, which corresponds to scheme 2 in the agreement. In other words, sidelink BFI can be triggered based on the measurement of reference signal for BFD. The implicit BFI triggering based on PSFCH (scheme 1) looks more efficient, however, it has several limitations such as limited capacity of PSFCH, difficulty in managing multiple beams simultaneously, etc. 
If scheme 2 is supported, we need to further determine the types of CSI-RS for BFD. Unlike the legacy NR Uu, it is very difficult to employ periodic CSI-RS for BFD in unicast sidelink because of the discontinuous characteristic of sidelink communication. Therefore, semi-persistent CSI-RS would be the second best option. For all procedures related to sidelink beam management, including initial beam pairing, beam maintenance, and beam failure recovery, an unified CSI procedure can be applied in terms of CSI-RS transmission types and triggering method. As mentioned in previous sections, semi-persistent CSI-RS can be triggered/stopped by 1st SCI format.

[bookmark: _Hlk146701960]Proposal 14: Sidelink BFI is triggered based on the measurement of reference signal for BFD. 
· Scheme 1 is not supported in Rel-18. 
Proposal 15: For BFD, semi-persistent sidelink CSI-RS is employed. The activation/deactivation of the semi-persistent CSI-RS is indicated by 1st SCI format.
Proposal 16: For BFD, Multiple sets of semi-persistent CSI-RS are configured. If the RSRP measurements of all CSI-RS sets are below the threshold, BFI is triggered.

Conclusions
In this contribution, the remaining issues for sidelink operation on FR2 licensed spectrum were discussed. The following proposals were made:

Proposal 1: Standalone sidelink CSI-RS is used as reference signals for initial beam pairing before sidelink unicast link establishment. S-SSB is not supported in Rel-18.
Proposal 2: CSI-RS for initial beam pairing is transmitted in the dedicated resources within the same resource pool as legacy PSCCH/PSSCH transmissions. 
· The resources of CSI-RSs are (pre-)defined based on both UE and beam ID.
Proposal 3: The transmission of candidate reference signals is activated by UE1 when source and destination IDs are available, and the corresponding unicast link has not been establishment.
Proposal 4: The transmission of candidate reference signals is deactivated by UE1 when the corresponding unicast link is not available anymore.
Proposal 5: The activation/deactivation for the transmission of candidate reference signals are indicated by 1st SCI formant. 
Proposal 6: UE2 determines UE1’s transmit beam and UE2’s receive beam based on the largest among all RSRP measurements performed by UE2, and larger than a threshold.
Proposal 7: UE2 indicates UE1’s transmit beam(s) explicitly. Both beam ID(s) and L1-RSRP measurement(s) are reported.
Proposal 8: UE2’s transmit beam corresponds to determined UE2’s receive beam. 
· UE1 attempts to monitor a beam indication resource using a receive beam corresponding to UE1’s transmit beam.
Proposal 9: The transmission of standalone sidleink CSI-RS is indicated by 1st SCI format in an earlier slot(s).
Proposal 10: The resources for non-standalone CSI-RS are TDM-ed with PSCCH/PSSCH in a slot.
Proposal 11: For beam reporting using PSFCH (if supported), 1-bit information indicating whether the L1-RSRP measurement is larger than threshold is carried.
Proposal 12: For beam reporting using MAC CE (if supported), maximum 4 (CRI,L1-RSRP) pairs are indicated.
Proposal 13: A new PSFCH format is not specified in Rel-18.
Proposal 14: Sidelink BFI is triggered based on the measurement of reference signal for BFD. 
· Scheme 1 is not supported in Rel-18. 
Proposal 15: For BFD, semi-persistent sidelink CSI-RS is employed. The activation/deactivation of the semi-persistent CSI-RS is indicated by 1st SCI format.
Proposal 16: For BFD, Multiple sets of semi-persistent CSI-RS are configured. If the RSRP measurements of all CSI-RS sets are below the threshold, BFI is triggered.
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