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Introduction
Regarding FR2 SL, RAN1 has got following agreements in last meeting. 
	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 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 

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, including which information is to be indicated for sidelink CSI-RS transmissions and the container of the information.  
· 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 signaling 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

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 TCI state ID or 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: duration of indicated beam (e.g., dynamic or semi-static)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

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.

Agreement
At least for the scheme where sidelink BFI is triggered on measurement of BFD reference signal (if supported), for candidate beam determination (CBD)
· Consider the following reference signals for CBD
· Sidelink CSI-RS or its modified format
· FFS details (e.g., resources, periodicity, transmit beams, timing, etc)
· S-SSB or its modified format
· FFS criteria of determining candidate beam (e.g., largest RSRP measurement, RSRP measurement larger than a threshold, pre-determined during initial beam pairing, etc)
· FFS whether/how to trigger the transmission of reference signal for CBD

Agreement
At least for the scheme where sidelink BFI is triggered on measurement of BFD reference signal (if supported), for sidelink BFRQ, study
· Resources  
· Option 1: associated with CBD reference signal, i.e. identified candidate beam
· Option 2: within a responding window after CBD reference signal transmission
· Option 3: Resources determined based on sensing and resource allocated after identification of a new beam.
· Option 4: associated with BFD reference signal
· Other options are not precluded
· Container
· Option 1: PSFCH or modified PSFCH
· Option 2: SCI
· Option 3: sidelink MAC CE
· Option 4: new channel associated with beam reporting in initial beam pairing phase
· Other options are not precluded
· Transmit beam
· Option 1: widest attainable beam
· FFS up to UE implementation  
· Option 2: beam sweeping
· Option 3: corresponding to the receive beam of identified candidate beam
· Other options are not precluded 
· Content can be the BFD and/or new beam indication
· FFS: whether/how to support sidelink BFRQ in mode 1 including signaling to/from the network.

Agreement
At least for the scheme where sidelink BFI is triggered on measurement of BFD reference signal (if supported), for sidelink BFRR, study
· Container
· Option 1: SCI
· Option 2: sidelink MAC CE
· Option 3: PSFCH
· Option 4: PC5-RRC
· Other options are not precluded
· Transmit beam
· Option 1: widest attainable beam
· FFS up to UE implementation 
· Option 2: beam sweeping
· Option 3: corresponding to the candidate beam indicated by the received BFRQ
· Other options are not precluded 
· FFS: new beam indication (e.g., SL CRI, SL SSBRI)
· FFS: activation time of new beam 
· FFS: whether/how to support sidelink BFRR in mode 1 including signaling to/from the network

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



In this contribution, we showed our views on the support of beam management of FR2 SL.
[bookmark: _Toc72163958][bookmark: _Toc72164083][bookmark: _Toc72164151][bookmark: _Toc72164281][bookmark: _Toc72166021][bookmark: _Toc72166096][bookmark: _Toc72166120][bookmark: _Toc72166132][bookmark: _Toc72166144][bookmark: _Toc72166215][bookmark: _Toc72166223][bookmark: _Toc72764097][bookmark: _Toc72764105][bookmark: _Toc72764113][bookmark: _Toc72764121]Discussion
In NR sidelink, TX UE dynamically triggered CSI measurement and report is supported. More specifically, there is no standalone CSI-RS, which means CSI-RS is transmitted together with PSCCH/PSSCH. We think this principle could be reused for CSI-RS transmission for beam measurement purpose to save the standardization efforts.
[bookmark: _Toc126942724][bookmark: _Toc127187415][bookmark: _Toc131412007][bookmark: _Toc131767894][bookmark: _Toc134523796][bookmark: _Toc141964590][bookmark: _Toc141965182][bookmark: _Toc142386371]CSI-RSs used for beam measurements can be transmitted with PSCCH/PSSCH in a slot.
However existing sidelink CSI framework will cause very large time latency for beam management due to only one beam could be transmitted in one slot and TX UE cannot transmit a second CSI-RS until the TX UE receives the associated SL CSI reporting or until the end of the SL CSI reporting window.
[image: ]
To mitigate the above issue, more than one CSI-RS symbols in one slot should be supported for a UE to train multiple beams within one slot. To make the slot structure simpler, we think the multiple symbols for CSI-RS should be contiguous in a slot, e.g., before the guard symbol at the end of a slot.
[bookmark: _Toc134523797][bookmark: _Toc141964591][bookmark: _Toc141965183][bookmark: _Toc142386372]Support multiple contiguous SL CSI-RS transmissions within one slot.
In RAN1#113, we agreed that for beam reporting using PSFCH (if supported) in beam maintenance, further study whether/how there is an association rule between PSFCH for beam reporting and sidelink CSI-RS (either standalone or non-standalone). From our point of view, the associated rule between PSFCH with beam report and sidelink CSI-RS depends on at least following two factors.
The first one is whether the resource for PSFCH with beam report is dedicated (pre-)configured resource or not. For example, when the resources of PSFCH with beam report are dedicated (pre-)configured, then we don’t need to consider the multiplexing with HARQ-ACK. However, if the resources are not dedicated (pre-)configured, we need to consider the multiplexing with exist PSFCH with HARQ-ACK information. For former one, it will be easier to design the association between CSI-RS transmission and PSFCH resource but need more PSFCH resources. For late one, it’s also feasible because currently we only study unicast and only one unicast receiver will only use one of the available PSFCH resource for HARQ-ACK and remaining PSFCH resources could be reused for multiplexing beam reporting. This approach needs modifications to TS while can improve resource efficiency. We think both options could be studied at study item.
[bookmark: _Toc141964592][bookmark: _Toc141965184][bookmark: _Toc142386373]Study following two options to design the PSFCH resource for PSFCH transmission with beam report information: 
[bookmark: _Toc141964593][bookmark: _Toc141965185][bookmark: _Toc142386374]Option 1: dedicated resources for PSFCH with beam report
[bookmark: _Toc141964594][bookmark: _Toc141965186][bookmark: _Toc142386375]Option 2: share PSFCH resource of HARQ-ACK information
The second one is whether one slot contains one CSI-RS transmission or multiple different CSI-RS transmissions. If at most one CSI-RS transmission will be transmitted in one slot, then the legacy association rule could be reused because UE also determine PSFCH resource based on slot level index of the CSI-RS transmission. However, as we discussed, if we support multiple CSI-RS transmissions within one slot, we should design association rule to determine the PSFCH resource based on symbol level index to distinguish the report resource for each beam report.
[bookmark: _Toc141964595][bookmark: _Toc141965187][bookmark: _Toc142386376]Determine PSFCH resource based on the symbols index of CSI-RS transmission.
In Rel-16 sidelink, one resource pool may be configured with 3 symbols (guard symbol, AGC, PSFCH) for PSFCH transmission, considering there should be more than one symbols used for CSI-RS transmission, the remaining symbols for PSSCH will be very limited or even not sufficient. Hence, we think CSI-RS transmission for beam management should be disabled for a slot configured with PSFCH symbols.
[bookmark: _Toc134523798][bookmark: _Toc141964596][bookmark: _Toc141965188][bookmark: _Toc142386377]CSI-RS transmission should be disabled in a slot configured with PSFCH symbols.
There are some constraints in SL transmission and reception, for example, half-duplex, power limitation, etc. In legacy sidelink, we defined prioritization rules between SL and SL/UL regarding the time domain transmission and transmission/reception overlap issue. As a result, some transmissions/receptions would be dropped by TX UE/RX UE due to such constraints. However, in FR2 SL beam management, there would be impact on beam selection if transmissions intended for beam measurement are dropped at either TX UE or RX UE. Therefore, we think this issue is worth study.
[bookmark: _Toc126942725][bookmark: _Toc127187416][bookmark: _Toc131412008][bookmark: _Toc131767895][bookmark: _Toc134523799][bookmark: _Toc141964597][bookmark: _Toc141965189][bookmark: _Toc142386378]Study the transmission/reception drop issue when they are intended for beam measurement.
As agreed in last meeting, RAN1 will pursue how transmit beam(s) training and/or receive beam(s) training is performed. Regarding receive beam training, there are some problems laid on the road. One outstanding issue is that UE can not perform reception using different directional receive beams at a same time when the UE has multiple receptions to receive. From our perspective, there are two solutions to overcome this issue under mode 1 and mode 2 respectively.
In mode 2 resource allocation, because the said receive beam conflict could also be regarded as a special resource conflict in spatial domain. Therefore, reuse the legacy IUC scheme 2 will be an efficient method to solve this problem. For example, by reusing IUC scheme 2, a UE-A (could be the receiver UE or a third UE) can detect receive beam conflict event from the PSCCH information and report a conflict indication to one of the TX UEs (UE-B) and UE-B could adjust its transmission resource at least in time domain to avoid the beam conflict in the RX UE.
[bookmark: _Toc131412009][bookmark: _Toc131767896][bookmark: _Toc134523800][bookmark: _Toc141964598][bookmark: _Toc141965190][bookmark: _Toc142386379]Study IUC scheme 2-like scheme to detect and solve receiver beam conflicts in mode 2
Another example foreseen is applied in mode 1 resource allocation. In mode 1, gNB is the center scheduler for resource allocation, it’s feasible to let gNB to schedule proper resources including transmit beams for different TX UE's transmissions to a same RX UE.
[bookmark: _Toc131412010][bookmark: _Toc131767897][bookmark: _Toc134523801][bookmark: _Toc141964599][bookmark: _Toc141965191][bookmark: _Toc142386380]Study mechanism that gNB schedule proper transmit beam for TX UE to avoid receive beam conflict issue.
In RAN1#113, two schemes are agreed to be further studied to trigger BFI:
· Scheme 1: Sidelink BFI is triggered based on PSFCH carrying sidelink HARQ feedback 
· Scheme 2: Sidelink BFI is triggered based on the measurement of reference signal for BFD
[bookmark: _Toc141964600]In our observation, scheme 1 is an RLF-like procedure which we think should not be designed as BFR trigger because RLF and BF are two level of failure event. For BFR, UE can have a fast recovery procedure while RLF can not. Therefore, in FR2 SL, we should not mix them up. 
[bookmark: _Toc141964601]Additionally, to follow the principle in WID, Uu concepts should be reused whenever possible. Hence, scheme 2 is preferred. Regarding the transmission reliability of SL CSI-RS due to half-duplex, prioritization rule, same issues also exist in PSFCH transmission with HARQ feedback and we can further study mechanism to mitigate the issue. For example, reduce the priority value of BFD reference signal transmission or design dedicate resources for the BFD RS transmission, etc.
[bookmark: _Toc141964602][bookmark: _Toc141965192][bookmark: _Toc142386381]RAN1 prioritize the study of scheme 2: Sidelink BFI is triggered based on the measurement of reference signal for BFD.
[bookmark: _Toc141964603][bookmark: _Toc141965193][bookmark: _Toc142386382]Study mechanisms to improve transmission reliability of BFD reference, e.g., set low priority value.
Conclusion
In this contribution, we shared views about FR2 beam management and proposed that,
Proposal 1:	CSI-RSs used for beam measurements can be transmitted with PSCCH/PSSCH in a slot.
Proposal 2:	Support multiple contiguous SL CSI-RS transmissions within one slot.
Proposal 3:	Study following two options to design the PSFCH resource for PSFCH transmission with beam report information:
−	Option 1: dedicated resources for PSFCH with beam report
−	Option 2: share PSFCH resource of HARQ-ACK information
Proposal 4:	Determine PSFCH resource based on the symbols index of CSI-RS transmission.
Proposal 5:	CSI-RS transmission should be disabled in a slot configured with PSFCH symbols.
Proposal 6:	Study the transmission/reception drop issue when they are intended for beam measurement.
Proposal 7:	Study IUC scheme 2-like scheme to detect and solve receiver beam conflicts in mode 2
Proposal 8:	Study mechanism that gNB schedule proper transmit beam for TX UE to avoid receive beam conflict issue.
Proposal 9:	RAN1 prioritize the study of scheme 2: Sidelink BFI is triggered based on the measurement of reference signal for BFD.
Proposal 10:	Study mechanisms to improve transmission reliability of BFD reference, e.g., set low priority value.
Reference 
[1] Chairman's note of RAN1#113.
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