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1. Introduction
In RAN1#112-bis meeting, sidelink beam management for FR2 licensed spectrum was discussed and the following agreements were achieved [1]:
	Agreement
[bookmark: _Hlk134104870]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
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)

Conclusion
RAN1 to prioritize the case where a UE is incapable of simultaneous transmitting or receiving PSCCH/PSSCH/PSFCH using different beams in Rel-18.

Agreement
For UE1 and UE2 in a unicast link, RAN1 to study the selection of both UE1’s transmit beam and UE2’s corresponding receive beam. 
· Note: this applies for both PSCCH/PSSCH transmission/reception and PSFCH transmission/reception. 

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

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

Agreement
To study the feasibility of adapting S-SSB for initial beam pairing between UE1 and UE2, at least the following can be considered.
· Whether/how to enable UE2 to identify UE1 (e.g., source ID) from UE1’s S-SSB transmission, to enable UE1 to identify the corresponding beam measurement/reporting from UE2  
· Mapping between S-SSB transmission/resource and beam related information
· Allocation of beam reporting resources respectively associated with different S-SSB transmit beams
· Structure and contents of S-SSB
· Triggering and/or activation of S-SSB transmission, if needed
· Mechanism for S-SSB monitoring and reporting/responding
· Mechanism to mitigate/avoid the interference between overlapped S-SSB transmissions from different UEs, including S-SSB transmission resources
· Potential impact to/from other UEs, and whether/how to avoid or mitigate this impact

[bookmark: _Hlk133400811]Agreement
To study the feasibility of reusing SL CSI-RS for initial beam pairing, at least the following enhancements can be considered. 
· SL CSI-RS transmission with or without sidelink data transmission in the same slot
· FFS: slot structure
· Mapping between SL CSI-RS transmission/resource and beam related information
· Periodic SL CSI-RS transmission, semi-persistent SL CSI-RS transmission, or aperiodic SL CSI-RS transmission, with or without SCI indication 
· Allocation of SL CSI-RS beam sweeping resources and if applicable, their associated beam reporting resources
· Study the possibility to apply SL CSI-RS for initial beam pairing before, during or after unicast link establishment
· FFS: How to provide SL CSI-RS resource configuration
· Whether or how to mitigate/avoid the interference between overlapped SL CSI-RS transmissions from different UEs
· SL CSI-RS transmission with or without repetition on transmit beams

Agreement
RAN1 is to study sidelink Beam Failure Recovery (BFR) mechanism at least for the scheme where SL BFI is triggered based on the measurement of reference signal for BFD (if supported), including
· candidate beam(s) identification
· FFS details on reference signals for candidate beam identification, including structure, procedure, timing.
· sidelink BFR request (BFRQ), including resources, transmit and/or receive beams, container, timing, etc. 
· sidelink BFR response (BFRR), including container, procedure, timing, etc.
· FFS applicability to the scheme where SL BFI is triggered based on SL HARQ feedback (if supported).
 
Agreement
Consider the following two options for determining PSFCH transmit/receive beam for a single PSFCH transmission/reception in a slot.  
· Option 1: PSFCH transmit beam is derived from the corresponding PSCCH/PSSCH receive beam; PSFCH receive beam is derived from the corresponding PSCCH/PSSCH transmit beam.
· Note this is based on sidelink beam correspondence
· Option 2: PSFCH transmit beam is derived from the PSCCH/PSSCH transmit beam for reverse data transmission; PSFCH receive beam is derived from the PSCCH/PSSCH receive beam for reverse data transmission.  
· Note this is based on beam training for reverse data transmission
· Note: The PSFCH transmit/receive beam can be the same as PSCCH/PSSCH transmit/receive beam used for the reverse data transmission.
· FFS: support both options or down select one option.




In this paper, we will continue discussing the mechanisms for SL beam management
2. Discussion
2.1 Initial beam pairing
[bookmark: _Hlk134104885]2.1.1 Relationship between unicast link establishment and initial beam pairing
According to the agreements, there are 3 candidate options for further study about the relationship between unicast link establishment and initial beam pairing: 
· [bookmark: _Hlk134107100]Option 1: initial beam pairing is performed before unicast link establishment
· Option 2: initial beam pairing is performed during unicast link establishment
· Option 3: initial beam pairing is performed after unicast link establishment
In our view, Option 2 and option 3 is prioritized for further study over option 1. 
· Option 1: initial beam pairing is performed before unicast link establishment
For option 1, lots of specification work are needed. Beam reporting is needed during initial beam pairing. While in legacy NR SL, reporting is only supported for unicast, not for broadcast and groupcast. If initial beam pairing is performed before unicast link establishment, how to perform beam reporting is not clear. One potential way is to reuse SSB-RACH resource mapping mechanism similar as NR Uu. While in our view, S-SSB is not suitable to be used as reference signal for initial beam paring. Detailed analysis can be found in section 2.1.2.  
Observation 1: Lots of specification work is needed to perform initial beam pairing before unicast link
· Option 2: initial beam pairing is performed during unicast link establishment
For option 2, in our view, it is feasible. If CSI-RS is used as reference signal for initial beam pairing, one or more sets of CSI-RS resources can be (pre-)configured. When UE1 transmits DCR message, it can transmit DCR multiple times with beam sweeping. SL CSI-RS can be simultaneously transmitted with DCR message, and SL CSI-RS resource index is carried in SCI. If UE2 receives one of the DCR message, UE2 can transmit corresponding DCR response to UE1 with beam sweeping, and at same time, UE2 can report the SL CSI-RS resource index corresponding to the received DCR message to UE1. When UE1 receives one of the responses and obtains the reported CSI-RS resource, UE1 can determine the beam corresponding to the reported CSI-RS resource as the preferred TX beam for UE2. 
One illustration of option 2 is shown in Figure 1. UE1 (TX UE) transmits DCR message and associated CSI-RS resource using 4 different TX beams respectively. UE2 perform reception using wide beam. When UE2 receives the DCR message transmitted using beam C from UE1, then UE2 reports the response message (such as DCA message) and associated CSI-RS resource #2 index to UE1 using 2 different TX beams respectively. When UE1 receives the reported CSI-RS resource index, it will use it as preferred TX beam for following SL transmissions. 
Observation 2: It is feasible to perform initial beam pairing during unicast link establishment.



Figure 1 Illustration of initial beam pairing is performed during unicast link establishment

· Option 3: initial beam pairing is performed after unicast link establishment
For option 3, we think it is also feasible. It is claimed that R16 NR SL can be applied to both FR1 and FR2. Therefore, it is feasible that unicast link establishment can be performed without beam pairing since beam mechanism is not supported in R16. Whether and how to perform unicast link establishment can reuse legacy NR SL mechanism or up to UE implementation. 
Observation 3: It is feasible to perform initial beam pairing after unicast link establishment.
Proposal 1: The options that initial beam pairing performed during or after unicast link establishment is prioritized over the option that initial beam pairing is performed before unicast link establishment. 
After unicast link establishment, the initial beam pairing (including TX beam selection and RX beam selection) should be performed to assist following SL transmissions. How to perform TX beam selection and RX beam selection is discussed in this section. 
· TX beam selection
After unicast link establishment, the reference signal for initial beam pairing, such as SL CSI-RS, can be configured by PC5-RRC signaling between unicast pair UEs. During TX beam selection procedure, TX UE will perform beam sweeping and use different TX beam to transmit different SL CSI-RS. RX UE can use same RX beam to receive SL CSI-RS and perform measurement. The RX beam can be narrow beam, wide beam or even omni-directional, which can be left to RX UE implementation. Based on the measurement results, RX UE reports the SL CSI-RS resource indicator (CRI) to TX UE which corresponds to the best measurement result. Reporting multiple CRI and corresponding RSRP to TX UE can also be supported. It is beneficial for TX UE to switch to another candidate TX beam autonomously in case of beam failure. 
The following aspects can be considered for TX beam selection.
· SL CSI-RS resource set configuration: The SL CSI-RS resource set for TX beam selection can be configured by PC5-RRC between TX UE and RX UE. The repetition parameter of the CSI-RS resource set is set to “OFF”. The number of CSI-RS resources is preferred to be equal to the number of TX beams of TX UE. 
· SL CSI-RS resource indication: The SL CSI-RS resource information should be indicated to assist RX UE’s measurement and reporting. 
· 1st latency boundary: It is possible that RX UE misses some SL CSI-RS reception because of half-duplex or poor link quality. RX UE needs to know whether TX UE has finished beam sweeping so that it can perform reporting. A latency boundary (named 1st latency boundary) can be configured. After the latency boundary, RX UE can report the CSI-RS resource which corresponds to the best measurement result to TX UE.
· 2nd latency boundary: When RX UE reporting CSI-RS resource to TX UE, it is possible that TX UE will miss the report because of half-duplex or poor link quality. Similar as latency boundary configured for CSI reporting, another latency boundary (named 2nd latency boundary) can be configured. TX UE assumes that RX UE should perform reporting within the latency boundary. 
· TX beam selection triggering indicator: considering that both TX beam and RX beam are supported. TX UE will trigger either one or both beam selection procedure. RX UE needs to be informed whether TX beam selection procedure or RX beam selection procedure is triggered so that it can determine whether to use same RX beam or use beam sweeping for reception.
One illustration of TX beam selection procedure is shown in Figure 2. Legacy SL CSI-RS structure, i.e., SL CSI-RS and PSSCH are transmitted together, is assumed for TX beam selection. Both TX UE and RX UE support 4 beams. TX UE triggers TX beam selection procedure in slot 0. Before 1st latency boundary, TX UE performs beam sweeping and uses 4 TX beams to transmit CSI-RS #0 ~ CSI-RS #3 respectively. For each CSI-RS transmission, the CSI-RS resource information is indicated in such as 2nd stage SCI. RX UE uses beam 1 for reception and measurement. After 1st latency boundary, RX UE assumes TX UE has finished transmission and can start reporting procedure. Between 1st and 2nd latency boundary, RX UE selects resource for reporting. Based on the measurement results, RX UE reports CSI-RS #1 to TX UE which corresponds to highest RSRP result. Furthermore, measurement result RSRP 1 can also be reported together with associated CSI-RS resource indicator. 
Proposal 2: For TX beam selection procedure which is performed after unicast link establishment:
· The CSI-RS resource set is configured by PC5-RRC between TX UE and RX UE. The repetition parameter of the CSI-RS resource set is set to “OFF”.
· TX UE sends indicator to RX UE to trigger TX beam selection procedure.
· For each CSI-RS transmission, the CSI-RS resource is indicated to RX UE or can be derived by RX UE.
· Two latency boundaries are configured: one is to determine the maximal delay for TX beam sweeping, another is to determine maximal delay for CRI reporting. 


Figure 2 TX beam selection procedure.

· RX beam selection
During RX beam selection procedure, TX UE transmits CSI-RS using same TX beam. The TX beam can be determined by one of reported CSI-RS resources from RX UE during TX beam selection procedure. RX UE performs beam sweeping for reception and measurement. Based on the measurement results, RX UE selects the best RX beam corresponding to this TX beam. This TX beam and the corresponding RX beam are seen as one beam pair. Reporting to TX UE is not needed. When TX UE indicates that SL transmission is based on the TX beam, RX UE should use the corresponding RX beam for reception. 
During RX beam selection procedure, RX UE needs to use different RX beam for each CSI-RS reception. RX UE should exactly know which slot is used for CSI-RS transmission so that it can use corresponding RX beam for buffering and reception. In this case, periodic CSI-RS resources are preferred. For periodic CSI-RS, RX UE can know which slot is used for CSI-RS transmission by configuration parameters. 
Furthermore, the following aspects can be considered for RX beam selection procedure.
· SL CSI-RS resource set configuration: The SL CSI-RS resource set for RX beam selection can be configured by PC5-RRC between TX UE and RX UE. The repetition parameter of the CSI-RS resource set is set to “ON”.  The number of CSI-RS resources is preferred to be equal to the number of RX beams of RX UE. 
· SL CSI-RS resource indication: The SL CSI-RS resource information should be explicitly indicated to or implicitly derived by RX UE to assist RX UE’s measurement. 
· RX beam selection triggering indicator: considering that both TX beam and RX beam are supported. TX UE will trigger either one or both beam selection procedure. RX UE needs to be informed whether TX beam selection procedure or RX beam selection procedure is triggered so that it can determine whether to use same RX beam or use beam sweeping for reception
· 3rd latency boundary: It is possible that RX UE misses some SL CSI-RS reception because of half-duplex or poor link quality. RX UE needs to know whether TX UE has finished transmitting all SL CSI-RS resources so that it can determine which RX beam is best. A latency boundary (named 3rd latency boundary) can be configured. After the latency boundary, RX UE can assume that TX UE has finished transmitting all SL CSI-RS resources so that it can select the best RX beam based on measurement results. It is possible that the 1st and 3rd latency boundary are same. 
One illustration of RX beam selection procedure is shown in Figure 3. RX UE support 4 RX beams. TX UE triggers RX beam selection procedure in slot 0. Periodic CSI-RS is used for RX beam selection. TX UE transmits different CSI-RS using same TX beam, such as TX beam 1.  The periodic CSI-RS resources are in slot 3/5/7/9 respectively. RX UE uses 4 different RX beams for reception and measurement. Based on the measurement results, RX beam 1 will be selected as the best RX beam corresponds to TX beam 1. 
Proposal 3: For RX beam selection procedure which is performed after unicast link establishment:
· The CSI-RS resource set is configured by PC5-RRC between TX UE and RX UE
· Periodic CSI-RS resources are preferred
· TX UE sends indicator to RX UE to trigger RX beam selection procedure
· One latency boundary is configured to determine the maximal delay for TX UE to finish transmitting all SL CSI-RS resources. 



Figure 3 RX beam selection procedure.

[bookmark: _Hlk134168589]The above descripted TX beam and RX beam selection procedure are not only applicable to initial beam pairing, but also applicable to beam maintenance. That means a unified beam selection procedure is applicable to both initial beam pairing and beam maintenance which can simplify specification work. That is also one of the benefits to perform initial beam pairing after unicast link establishment. 
Observation 4: After unicast link establishment, a unified beam selection procedure is applicable to both initial beam pairing and beam maintenance.

2.1.2 Reference signal for initial beam pairing
The following reference signal can be used for initial beam paring: S-SSB, SL CSI-RS and PSCCH DMRS/PSSCH DMRS. 
· S-SSB
For S-SSB, we don’t think it is feasible for initial beam pairing although SSB is used for initial beam pairing in NR Uu. Some open issues are listed for S-SSB as reference signal for initial beam pairing based on the following agreement. In addition to these open issues, there are also other issues to be addressed. For example, what’s the relationship between S-SSB for synchronization and initial beam paring. Whether S-SSB resource for initial beam pairing is included in resource pool or not. The spectrum inefficiency for introducing additional S-SSB for initial beam paring.
Proposal 4: S-SSB cannot be taken as reference signal for initial beam pairing considering specification workload.
	Agreement
To study the feasibility of adapting S-SSB for initial beam pairing between UE1 and UE2, at least the following can be considered.
· Whether/how to enable UE2 to identify UE1 (e.g., source ID) from UE1’s S-SSB transmission, to enable UE1 to identify the corresponding beam measurement/reporting from UE2  
· Mapping between S-SSB transmission/resource and beam related information
· Allocation of beam reporting resources respectively associated with different S-SSB transmit beams
· Structure and contents of S-SSB
· Triggering and/or activation of S-SSB transmission, if needed
· Mechanism for S-SSB monitoring and reporting/responding
· Mechanism to mitigate/avoid the interference between overlapped S-SSB transmissions from different UEs, including S-SSB transmission resources
· Potential impact to/from other UEs, and whether/how to avoid or mitigate this impact




· SL CSI-RS
[bookmark: _Hlk134168739]SL CSI-RS is feasible for initial beam pairing. Furthermore. As explained in section 2.1.1, SL CSI-RS can be used if initial beam pairing is performed during or after unicast link establishment. For the case of initial beam pairing is performed during unicast link establishment, SL CSI-RS resources can be (pre-)configured per resource pool. Based on the (pre-)configured SL CSI-RS resource, TX and RX UE can perform initial beam pairing during unicast link establishment. For the case of initial beam pairing is performed after unicast link establishment, SL CSI-RS resources can be configured using PC5-RRC signaling, which is similar as legacy NR SL mechanism. 
Furthermore, SL CSI-RS is also applicable for beam maintenance. It is preferred that a unified mechanism, which is based on SL CSI-RS, is preferred for both initial beam pairing and beam maintenance. 
Proposal 5: SL CSI-RS can be used as reference signal for initial beam pairing.

· PSCCH DMRS/PSSCH DMRS
For PSCCH DMRS/PSSCH DMRS, it is feasible for initial beam pairing. For example, initial beam pairing is performed during unicast link establishment, PSCCH DMRS or PSSCH DMRS can be used as reference signal. UE1 transmits PSCCH/PSSCH (carrying DCR message) using different TX beam in different slots to UE2. When UE2 receives a DCR from UE1, it can report the slot information corresponding to the received DCR message. Based on the indicated slot information, UE1 can determine the corresponding TX beam as the preferred TX beam for UE2. While this mechanism is not suitable for beam maintenance, in which case, periodic reference signal transmission is preferred. SL CSI-RS is more preferred for beam maintenance. A unified mechanism, which is based on SL CSI-RS, is preferred for both initial beam pairing and beam maintenance. 
Proposal 6: PSCCH DMRS/PSSCH DMRS can be used as reference signal for initial beam pairing.

[bookmark: _Hlk134257931]2.1.3 Measurement and reporting for initial beam pairing
During TX beam selection or RX beam selection procedures, RX UE will perform measurement based on reference signal transmitted from TX UE. Based on the measurement results, RX UE can select the preferred TX beam or RX beam. In NR Uu, RSRP is used as the measurement metric. The same metric, SL RSRP, can be applied for SL initial beam pairing.
Based on the measurements, RX UE can select the preferred beam corresponding to the best measurement result and perform beam reporting to TX UE. If SL CSI-RS is used as reference signal, RX UE will report CSI-RS resource indicator (CRI) to TX UE, which is used in NR Uu. If PSCCH DMRS/PSSCH DMRS is used as reference signal, TX UE will use different TX beam for PSCCH/PSSCH transmission in different slots. Therefore, RX UE can report the slot information which corresponds to the best measurement result. Based on the reported slot information, TX UE can determine the corresponding TX beam as the preferred TX beam for RX UE. 
Proposal 7: SL RSRP can be considered as measurement metric for SL initial beam pairing.
Proposal 8: 
· If SL CSI-RS is used as reference signal for SL initial beam pairing, RX UE can report CSI-RS resource indicator (CRI) to TX UE.
· If PSCCH DMRS/PSSCH DMRS is used as reference signal for SL initial beam pairing, RX UE can report slot information to TX UE.

2.2 SL beam maintenance
After initial beam pairing, the following procedure can be supported for beam maintenance: beam refinement, new beam selection. 
2.2.1 Reference signal for beam maintenance
During beam maintenance procedure, both periodic and aperiodic reference signal should be supported. Both S-SSB and PSCCH DMRS/PSSCH DMRS are not suitable any more because of resource inefficiency. SL CSI-RS can be supported for beam maintenance procedure.  The following enhancement for SL CSI-RS needs to be studied. 
	
Agreement
To study the feasibility of reusing SL CSI-RS for initial beam pairing, at least the following enhancements can be considered. 
· SL CSI-RS transmission with or without sidelink data transmission in the same slot
· FFS: slot structure
· Mapping between SL CSI-RS transmission/resource and beam related information
· Periodic SL CSI-RS transmission, semi-persistent SL CSI-RS transmission, or aperiodic SL CSI-RS transmission, with or without SCI indication 
· Allocation of SL CSI-RS beam sweeping resources and if applicable, their associated beam reporting resources
· Study the possibility to apply SL CSI-RS for initial beam pairing before, during or after unicast link establishment
· FFS: How to provide SL CSI-RS resource configuration
· Whether or how to mitigate/avoid the interference between overlapped SL CSI-RS transmissions from different UEs
· SL CSI-RS transmission with or without repetition on transmit beams

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




One potential enhancement is to support multiple CSI-RS within one slot. And SL CSI-RS is transmitted with or without SL data. In legacy NR SL, only one SL CSI-RS can be transmitted in one slot. If it is applied to initial beam pairing or beam management, such as for TX beam selection, multiple SL CSI-RS should be transmitted using multiple slots, which will result in resource inefficiency and large transmission delay. If multiple SL CSI-RS can be transmitted within one slot, that will improve resource efficiency. One illustration is shown in Figure 4. If it is applied for TX beam selection, different SL CSI-RS will be transmitted using different TX beam, which will result AGC issue at receiver side. In this case, one AGC symbol is needed per CSI-RS resource.  If it is applied for RX beam selection, same TX beam is used for multiple CSI-RS transmission, there is no AGC issue at receiver side and only one symbol per CSI-RS resource is enough. 



Figure 4 Multiple CSI-RS in one slot
Proposal 9: Transmitting multiple SL CSI-RS within one slot can be supported for initial beam pairing or beam maintenance. Each SL CSI-RS resource includes N OFDM symbols, value of N can be FFS. 

[bookmark: _Hlk134255899]Secondly, periodic or semi-persistent SL CSI-RS resource can be supported. Periodic SL CSI-RS is benefit for TX beam selection, RX beam selection, beam failure detection, and new beam selection during beam failure recovery procedure. For example, for RX beam selection in mode 2, RX UE needs to apply different RX beam for buffering and reception of SL CSI-RS so that RX UE needs to know the slot of SL CSI-RS in advance. If the SL CSI-RS is not periodic, the resource of SL CSI-RS can be pre-empted by other UE’s transmission even it is reserved by TX UE. In this case, RX UE cannot exactly know the slot of SL CSI-RS so that it is hardly for RX UE to apply corresponding RX beam for reception. If the SL CSI-RS is periodic, the RX UE can know the exact slot of SL CSI-RS in advance which is benefit for RX beam selection procedure. 
Proposal 10: Periodic or semi-persistent SL CSI-RS transmission can be supported for initial beam pairing or beam maintenance. 

Thirdly, it is preferred to support stand-alone SL CSI-RS transmission. If SL CSI-RS is transmitted with PSSCH, it is hardly to transmit valid SL data during beam selection procedure. That will cause resource inefficiency. If stand-alone SL CSI-RS is supported, there is no associated PSSCH transmission, the resource efficiency can be improved. Furthermore, the frequency resource of SL CSI-RS is more flexible. The stand-alone SL CSI-RS structure can follow similar design as PSFCH. Two symbols are used for SL CSI-RS, one for AGC another for CSI-RS. These two symbols are second last and third last SL symbol of a slot. One illustration of SL CSI-RS structure within one slot is shown in Figure 5. The resource of SL CSI-RS and PSFCH can be FDM or TDM configured, as shown in Figure 6. 


Figure 5 Stand-alone SL CSI-RS structure


Figure 6 Resource configuration between CSI-RS and PSFCH

Proposal 11: Stand-alone SL CSI-RS can be supported for initial beam pairing or beam maintenance. The design of stand-alone SL CSI-RS structure can take PSFCH structure as baseline.

2.2.2 Measurement and reporting for SL beam maintenance
During beam maintenance, TX UE will transmit reference signal, such as SL CSI-RS, to RX UE. RX UE performs measurement and beam reporting to TX UE. The report contents and container were discussed in RAN1#112-bis meeting with following agreements.
	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)




· Beam reporting contents
For the reporting contents, beam indication and L1-RSRP is to reuse same mechanism as NR Uu. There is no necessary to introduce other reporting contents until it is justified that beam indication and L1-RSRP is not enough.
It is benefit for RX UE to report more than one CSI-RS resources. In case there is beam failure for one TX beam, TX UE can switch to another TX beam which corresponds to a CSI-RS resource within the reported CSI-RS resources, without triggering new TX beam selection procedure. That can reduce latency of beam failure recovery procedure. If more than one CSI-RS resources reporting is supported, the RX UE can report L1-RSRP of each associated RSRP so that TX UE can know the quantity of each reported TX beam. 
Proposal 12: For SL beam maintenance, both beam indication (CRI) and L1-RSRP can be supported for beam reporting. 
· Multiple beam indication (CRI) and their associated L1-RSRP can be reported. 

· Beam reporting container
For the container of beam reporting, we think both option 1 (SL PHY layer signal) and option 2 (SL MAC CE) can be supported. In our view, PC5-RRC is not suitable for beam reporting because of high latency. Furthermore, beam reporting over Uu link (reporting to gNB) is not applicable for OOC scenario and for the case that TX UE and RX UE correspond to different gNB. 
Proposal 13: For the container of beam reporting, both option 1 and option 2 can be supported. Down-prioritize beam reporting over PC5-RRC and over Uu link.
· Option 1: SL PHY layer signal (e.g., PSFCH, SCI)
· Option 2: SL MAC CE

If the beam reporting is carried in PSFCH, each SL CSI-RS resource is configured with a corresponding PSFCH transmission occasion. There is 1-to-1 mapping between SL CSI-RS resource and PSFCH resource. Once RX UE determine that the measurement result correspond to a SL CSI-RS resource is the best, it can report indicator on the PSFCH resource associated to the SL CSI-RS to TX UE. 1 bit for indicator reporting is enough which can reuse legacy PSFCH format 0. One illustration of the resource mapping between PSFCH and CSI-RS is shown in Figure 7 (a). Once RX UE determines that CSI-RS#2 corresponds to the best measurement result, it can transmit beam indicator on its associated PSFCH resource. 
It is possible to configure one PSFCH transmission occasion corresponding to one set of CSI-RS resources. The number of CSI-RS resources within one CSI-RS resource set can be determined by the number of TX beams. One illustration is shown in Figure 7 (b). One PSFCH transmission occasion is configured to associated to one set of CSI-RS resources which includes 4 CSI-RS resources. Based on the measurement results of the set of CSI-RS resources, RX UE can determine the best beam corresponds to the best measurement result and report beam indicator on the associated PSFCH transmission occasion. The transmission resource (frequency domain or code domain) of the PSFCH can be determined by the resource of the CSI-RS. Legacy PSFCH format 0 can also be used.
Proposal 14: If PSFCH is used as container for beam reporting: 
· One PSFCH transmission occasion can be (pre-)configured to be associated to one or one set of SL CSI-RS resources. 
· Legacy PSFCH format 0 can be used for beam reporting.



Figure 7 Resource mapping between PSFCH and associated SL CSI-RS

If SCI or MAC CE is taken as container for beam reporting, the transmission resource of PSCCH/PSSCH can be determined by the SL CSI-RS. For example, if RX UE is working in mode 2, the resource selection window can be determined by SL CSI-RS resource, as illustrated in Figure 8. RX UE can determine transmission resource within the resource selection window using legacy mode 2 resource selection/exclusion procedure.
Proposal 15: If SCI or MAC CE is used as container for beam reporting, the resource selection window of PSCCH/PSSCH for carrying the beam indicator can be determined based on SL CSI-RS resource. 


Figure 8 Relationship between resource selection window and associated SL CSI-RS

2.2.3 Beam indication
When both TX beam and RX beam have been selected, TX UE can indicate the TX beam to RX UE so that RX UE can apply corresponding RX UE for reception. In NR Uu, TCI-state mechanism is used for beam indication. Similar mechanism can be reuse for SL beam management. For SL TCI-state mechanism, at least the following information should be included in each TCI-state:
· TCI-state ID;
· QCL info
· QCL type: {typeA, typeB, typeC, typeD}
· Reference signal: {CSI-RS resource ID}
In case TCI-states are configured, TX UE can indicate TCI-state ID for each SL transmission. Based on the TCI-state information, if the QCL type is typeD, RX UE can apply the same RX beam for receiving the CSI-RS associated to the TCI-state to receive the SL transmission. The TCI-state can be configured by PC5-RRC. The TCI-state of each SL transmission can be indicated by SCI or MAC CE. 
Proposal 16: TCI-state mechanism is supported for SL beam indication.

2.3 TX beam and RX beam for PSFCH
When UE1 transmits PSCCH1/PSSCH1 to UE2 and SL feedback is enabled, it will expect PSFCH1 from UE2. How to determine TX beam and RX beam for PSFCH should also be discussed. The following agreements were reached in RAN1#112bits meeting.
	Agreement
Consider the following two options for determining PSFCH transmit/receive beam for a single PSFCH transmission/reception in a slot.  
· Option 1: PSFCH transmit beam is derived from the corresponding PSCCH/PSSCH receive beam; PSFCH receive beam is derived from the corresponding PSCCH/PSSCH transmit beam.
· Note this is based on sidelink beam correspondence
· Option 2: PSFCH transmit beam is derived from the PSCCH/PSSCH transmit beam for reverse data transmission; PSFCH receive beam is derived from the PSCCH/PSSCH receive beam for reverse data transmission.  
· Note this is based on beam training for reverse data transmission
· Note: The PSFCH transmit/receive beam can be the same as PSCCH/PSSCH transmit/receive beam used for the reverse data transmission.
· FFS: support both options or down select one option.




Option 1 is applicable to the case that SL beam correspondence is supported. In which case, the TX beam can be derived from RX beam or vice versa. That can simplify the beam selection procedure. If UE1 and UE2 perform unicast communication, the TX beam and RX beam for transmission from UE1 to UE2 can be determined by initial beam pairing procedure. While the TX beam and RX beam for transmission from UE2 to UE1 can be derived based on beam correspondence. Option 2 is more general case than option 1 since it can be applied to the case with or without beam correspondence capability. While it needs to perform beam selection from UE1 to UE2, and from UE2 to UE1, which needs twice beam selection procedure.
Proposal 17: Both option 1 and option 2 can be supported for determining PSFCH transmit/receive beam. 
· Option 1: PSFCH transmit beam is derived from the corresponding PSCCH/PSSCH receive beam; PSFCH receive beam is derived from the corresponding PSCCH/PSSCH transmit beam.
· Note this is based on sidelink beam correspondence
· Option 2: PSFCH transmit beam is derived from the PSCCH/PSSCH transmit beam for reverse data transmission; PSFCH receive beam is derived from the PSCCH/PSSCH receive beam for reverse data transmission.  
· Note this is based on beam training for reverse data transmission
· Note: The PSFCH transmit/receive beam can be the same as PSCCH/PSSCH transmit/receive beam used for the reverse data transmission.

Transmitting or receiving multiple PSFCH simultaneously is supported in NR SL. These PSFCH are transmitted to or received from different UEs, therefore these PSFCH may correspond to different TX beams or different RX beams. While if analog beamforming is applied, only one TX beam or RX beam is supported per transmission or reception. In this case, how to determine the TX beam or RX beam when UE needs to transmit or receive multiple PSFCH simultaneously should be studied. One possible solution is based on SL priority of PSFCH. The TX beam corresponds to the PSFCH with highest priority is applied. UE uses the selected TX beam to transmit all candidate PSFCHs. 
Proposal 18: How to determine the TX beam or RX beam when a UE needs to transmitted or received multiple PSFCH simultaneously should be studied.

2.4 Beam failure detection and recovery
Beamforming is applied in FR2 spectrum to improve link quality. While because of directional transmission, it is easy to be blocked. Or because of UEs moving, the selected preferred beam pairing is not applicable any more. That will cause beam failure and should be recovered to maintain the SL transmission. 
In NR Uu, beam failure is detected at UE side. gNB configures periodic CSI-RS resource for beam failure detection (BFD). UE performs SINR measurement based on the configured CSI-RS resources. Based on the SINR results, UE determines whether there is beam failure. If yes, UE performs new TX beam selection procedure based on another set of configured CSI-RS resources. Then UE will trigger RACH procedure, and report BFD and new selected TX beam to gNB using the associated PRACH resources. If UE detects RAR corresponding to the PRACH, it can determine that gNB has received the BFD and new TX beam, then the beam failure is recovered. 
· Beam failure detection in SL
In SL, because both TX UE and RX UE can move and change direction, it is more vulnerable to beam failure than Uu. In legacy SL, we have specified RLF mechanism, such as based on ‘keep-alive’ signaling (higher layer signaling) or HARQ DTX detection (physical layer signaling). If there is RLF, there should be beam failure, but not for vice versa. We can use similar mechanism as RLF for beam failure detection. 
Proposal 19: The following options can be considered for SL beam failure detection: 
· Scheme 1: SL beam failure detection is based on sidelink HARQ feedback
· Scheme 2: SL beam failure detection is based on the measurement of reference signal 
· Timer and counter based BFD mechanism in NR Uu is taken as baseline. 

If beam failure is detected by TX UE (such as BFD is based on SL HARQ feedback), TX UE may trigger new TX beam and RX beam selection procedure to select another beam pair for following SL transmission. If there are multiple candidate TX beams reported from RX UE in previous beam reporting procedure, TX UE can switch to another TX beam which is selected within the reported multiple candidate TX beams and indicate it to RX UE for following SL transmission. In this case, there is no necessary to trigger new beam selection procedure. 
If beam failure is detected by RX UE (such as BFD is based on RX UE’s measurement on reference signal), RX UE will trigger beam failure recovery procedure. The following agreement was reached in last meeting. 
	Agreement
RAN1 is to study sidelink Beam Failure Recovery (BFR) mechanism at least for the scheme where SL BFI is triggered based on the measurement of reference signal for BFD (if supported), including
· candidate beam(s) identification
· FFS details on reference signals for candidate beam identification, including structure, procedure, timing.
· sidelink BFR request (BFRQ), including resources, transmit and/or receive beams, container, timing, etc. 
· sidelink BFR response (BFRR), including container, procedure, timing, etc.
· FFS applicability to the scheme where SL BFI is triggered based on SL HARQ feedback (if supported).
 



Similar as NR Uu, one set of SL CSI-RS resources is configured for new TX beam selection. TX UE will perform beam sweeping for this set of CSI-RS resources. RX UE performs measurement and select the best CSI-RS resource based on the measurement results. If beam failure is detected at RX UE, it can report BFD and/or CRI corresponds to the new selected TX beam to TX UE. The container of BFD and/or CRI can be SCI, MAC CE or PSFCH. The transmit and receive beam for the reporting can be default wide beam, or using beam sweeping. When TX UE receives the reported new TX beam, it will use it for following SL transmission. TX UE will indicate the reported CRI to RX UE to inform RX UE that it has received the reported CRI. The transmit beam can be based on default wide beam or using beam sweeping. If RX UE receives the indication, it can determine that the beam failure is recovered.
Proposal 20: Consider the followings for SL beam failure recovery
· Reference signals for candidate beam identification: SL CSI-RS
· SL BFR request:
· Contents: BFD and/or new beam indication (such as CRI)
· Container: SCI, MAC CE or PSFCH
· Transmit beam: default wide beam or beam sweeping
· Receive beam: default wide beam 
· SL BFR response:
· Contents: beam indication  (such as CRI) reported from RX UE
· Container: SCI
· Transmit beam: default wide beam or beam sweeping
· Receive beam: default wide beam 

2.5 Effect of beam on resource selection 
As a fundamental feature for SL communication, the mode 2 resource selection is a kind of distributed resource allocation mechanism, in which TX UE autonomously selects transmission resources based on the sensing result from other UEs. More specifically, TX UE excludes candidate resources from a candidate resource set when the candidate resource overlaps with the reserved resources indicated by the SCI monitored within the sensing window and the measured SL RSRP is higher than a (pre-)configured SL RSRP threshold. After that, TX UE determines the transmission resources in the candidate resource set randomly. 
[bookmark: _GoBack]However, UE may use a specific RX beam to perform directional reception in some slots on FR2 spectrum, which is different from the legacy sensing behavior in FR1 where SCIs are monitored in omnidirectional manner. Hence, SCIs from other directions in a slot cannot be monitored by the UE. In addition, it is also important to consider the relationship between the TX beam used for data transmission and the RX beam for SCI monitoring in mode 2 RA. Obviously, the SCI monitored in an opposite direction with respect to the TX beam is not useful in resource exclusion. Taking these factors into account, the Mode 2 resource selection procedure also needs to be enhanced due to the beam-based SL transmission and reception in FR2.
Observation 5: The Mode 2 resource selection procedure needs to be enhanced due to the beam-based SL transmission and reception in FR2.
Figure 9 describes the procedure of Mode 2 resource selection in NR SL. It is observed that higher layer will trigger physical layer to report a candidate resource set at slot n when the data is available in a logical channel and then physical layer excludes candidate resources from the resource selection window to determine the candidate resource set based on the sensing result before slot n. Subsequently, higher layer selects transmission resources from the candidate resource set reported by physical layer. In the end, higher layer performs the LCP procedure to determine the data packet to be transmitted on the selected resources.


Figure 9 Resource selection procedure of Mode 2
[bookmark: _Hlk134700468][bookmark: _Hlk134711096]In our understanding, the destination UE and the corresponding TX beam of a data packet are decided by TX UE during or after the LCP procedure of higher layer. In other words, it is hard to predict the TX beam finally used by TX UE until the LCP procedure is performed in higher layer. Therefore, we think it is impossible to use a specific RX beam which isassociated to a TX beam for SCI monitoring before the triggering of initial resource selection due to the TX beam is unpredictable. 
Observation 6: It is impossible to use a specific RX beam which is associated to a TX beam for SCI monitoring before the triggering of initial resource selection due to the TX beam is unpredictable.
The same issue also exists during resource exclusion in physical layer. More specifically, there could be a risk that the LCP procedure of higher layer has not been performed when higher layer triggers physical layer to report the candidate resource set. As a result, the TX beam used in resource exclusion to determine the candidate resource set is not aligned with the final TX beam for data transmission. This is more likely to occur during initial resource selection. To address this issue, it is reasonable to initialize multiple candidate resource sets associated with different TX beams and physical layer performs resource exclusion for each candidate resource set by considering the TX beam corresponding to the resource set. Finally, physical layer will report all of candidate resource sets to higher layer and higher layer will select transmission resources in one of the reported candidate resource sets when the TX beam for data transmission is determined.
Proposal 21: Physical layer may initialize multiple candidate resource sets associated with different TX beams and perform resource exclusion for each candidate resource set respectively.
[bookmark: _Hlk134708377][bookmark: _Hlk134539437]Although TX UE is not able to set a specific RX beam to perform SCI monitoring for data transmission in advance based on the above analysis, it is still feasible for TX UE to utilize the existing sensing results monitored by different RX beams used for data reception during resource exclusion. That is, TX UE at least utilizes the SCIs monitored by the RX beam which covers its TX beam for resource exclusion just like the example in Figure 10. It should be noted that the TX beam here refers to a TX beam associated with a candidate resource set. Furthermore, if TX UE performs omnidirectional reception in some time slots, it is natural that the corresponding sensing result should be used in resource exclusion as legacy behavior. However, different SL RSRP threshold lists may need to be (pre-)configured for different RX beams corresponding to directional and omnidirectional reception respectively. 


Figure 10 Relationship between TX beam and RX beam in Mode 2 RA
Proposal 22: TX UE utilizes the SCIs monitored by omnidirectional beam and the RX beam which covers its TX beam for resource exclusion.
· The TX beam refers to a TX beam associated with a candidate resource set.
Proposal 23: Different SL RSRP threshold lists may need to be (pre-)configured for different RX beams corresponding to directional and omnidirectional reception respectively.
The hidden node issue caused by beam-based SL transmission and reception is illustrated in Figure 11, TX UE 1 and TX UE 2 are not aware of each other such that RX UE will suffer severe interference if resource collision happens. It can be observed that inter-UE coordination for resource selection has a natural advantage in this case due to RX UE is much easier to find the collision by RX beam sensing. Therefore, we propose to further study the inter-UE coordination in SL FR2 and both IUC scheme 1 and IUC scheme 2 can be considered. For example, UE B can trigger UE A to report preferred or non-preferred resource set by a specific TX beam and UE A determines the preferred or non-preferred resource set based on the RX beam corresponding to the TX beam of UE B. Similarly, UE A may send the resource conflict indication to UE B when it observes the resource collision and it uses the same RX beam to receive the data from the two colliding UEs.



Figure 11 IUC for beam-based resource selection
Proposal 24: Inter-UE coordination for resource selection should be further studied for SL FR2 and both IUC Scheme 1 and IUC Scheme 2 can be considered.
2.6 Effect of beam on congestion control 
[bookmark: _Hlk134550653]Similar with the mode 2 RA, beam-based SL transmission and reception has the impact on SL congestion control as well. According to the current specification, SL CBR is calculated according to SL RSSI measurement results in CBR measurement window. When SL UE operates on FR2, it may perform directional reception in some slots and omnidirectional reception in other slots. Thus, we think the definition of CBR measurement window ought to be updated and at least the slots in which UE uses omnidirectional beam and the RX beam which covers its TX beam for data reception should be included in the CBR measurement window. Additionally, different SL RSSI thresholds can be (pre-)configured for different RX beams corresponding to directional and omnidirectional reception respectively. As for SL CR, it is used to judge whether the following SL transmission is dropped or not by comparing with CR limit. In SL FR2, a SL transmission in one direction by TX beam A should not be limited by the transmissions toward another direction by TX beam B. Otherwise, the benefit of spatial multiplexing cannot be achieved. Therefore, we suggest that SL CR is calculated per TX beam in SL FR2.
Proposal 25: The following enhancements can be considered for SL congestion control in SL FR2,
· At least the slots in which UE uses omnidirectional beam and the RX beam which covers its TX beam for data reception should be included in the CBR measurement window.
· Different SL RSSI thresholds can be (pre-)configured for different RX beams corresponding to directional and omnidirectional reception respectively.
· SL CR is calculated per TX beam.

3. Conclusion
Beam management mechanism for SL operation on FR2 licensed spectrum is discussed in this paper. The following observations and proposals are given to summarize our views.
Observation 1: Lots of specification work is needed to perform initial beam pairing before unicast link
Observation 2: It is feasible to perform initial beam pairing during unicast link establishment.
Observation 3: It is feasible to perform initial beam pairing after unicast link establishment.
Proposal 1: The options that initial beam pairing performed during or after unicast link establishment is prioritized over the option that initial beam pairing is performed before unicast link establishment. 
Proposal 2: For TX beam selection procedure which is performed after unicast link establishment:
· The CSI-RS resource set is configured by PC5-RRC between TX UE and RX UE. The repetition parameter of the CSI-RS resource set is set to “OFF”.
· TX UE sends indicator to RX UE to trigger TX beam selection procedure.
· For each CSI-RS transmission, the CSI-RS resource is indicated to RX UE or can be derived by RX UE.
· Two latency boundaries are configured: one is to determine the maximal delay for TX beam sweeping, another is to determine maximal delay for CRI reporting. 
Proposal 3: For RX beam selection procedure which is performed after unicast link establishment:
· The CSI-RS resource set is configured by PC5-RRC between TX UE and RX UE
· Periodic CSI-RS resources are preferred
· TX UE sends indicator to RX UE to trigger RX beam selection procedure
· One latency boundary is configured to determine the maximal delay for TX UE to finish transmitting all SL CSI-RS resources. 
Observation 4: After unicast link establishment, a unified beam selection procedure is applicable to both initial beam pairing and beam maintenance.
Proposal 4: S-SSB cannot be taken as reference signal for initial beam pairing considering specification workload.
Proposal 5: SL CSI-RS can be used as reference signal for initial beam pairing.
Proposal 6: PSCCH DMRS/PSSCH DMRS can be used as reference signal for initial beam pairing.
Proposal 7: SL RSRP can be considered as measurement metric for SL initial beam pairing.
Proposal 8: 
· If SL CSI-RS is used as reference signal for SL initial beam pairing, RX UE can report CSI-RS resource indicator (CRI) to TX UE.
· If PSCCH DMRS/PSSCH DMRS is used as reference signal for SL initial beam pairing, RX UE can report slot information to TX UE.
Proposal 9: Transmitting multiple SL CSI-RS within one slot can be supported for initial beam pairing or beam maintenance. Each SL CSI-RS resource includes N OFDM symbols, value of N can be FFS. 
Proposal 10: Periodic or semi-persistent SL CSI-RS transmission can be supported for initial beam pairing or beam maintenance. 
Proposal 11: Stand-alone SL CSI-RS can be supported for initial beam pairing or beam maintenance. The design of stand-alone SL CSI-RS structure can take PSFCH structure as baseline.
Proposal 12: For SL beam maintenance, both beam indication (CRI) and L1-RSRP can be supported for beam reporting. 
· Multiple beam indication (CRI) and their associated L1-RSRP can be reported. 
Proposal 13: For the container of beam reporting, both option 1 and option 2 can be supported. Down-prioritize beam reporting over PC5-RRC and over Uu link.
· Option 1: SL PHY layer signal (e.g., PSFCH, SCI)
· Option 2: SL MAC CE
Proposal 14: If PSFCH is used as container for beam reporting: 
· One PSFCH transmission occasion can be (pre-)configured to be associated to one or one set of SL CSI-RS resources. 
· Legacy PSFCH format 0 can be used for beam reporting.
Proposal 15: If SCI or MAC CE is used as container for beam reporting, the resource selection window of PSCCH/PSSCH for carrying the beam indicator can be determined based on SL CSI-RS resource. 
Proposal 16: TCI-state mechanism is supported for SL beam indication.
Proposal 17: Both option 1 and option 2 can be supported for determining PSFCH transmit/receive beam. 
· Option 1: PSFCH transmit beam is derived from the corresponding PSCCH/PSSCH receive beam; PSFCH receive beam is derived from the corresponding PSCCH/PSSCH transmit beam.
· Note this is based on sidelink beam correspondence
· Option 2: PSFCH transmit beam is derived from the PSCCH/PSSCH transmit beam for reverse data transmission; PSFCH receive beam is derived from the PSCCH/PSSCH receive beam for reverse data transmission.  
· Note this is based on beam training for reverse data transmission
· Note: The PSFCH transmit/receive beam can be the same as PSCCH/PSSCH transmit/receive beam used for the reverse data transmission.
Proposal 18: How to determine the TX beam or RX beam when a UE needs to transmitted or received multiple PSFCH simultaneously should be studied.
Proposal 19: The following options can be considered for SL beam failure detection: 
· Scheme 1: SL beam failure detection is based on sidelink HARQ feedback
· Scheme 2: SL beam failure detection is based on the measurement of reference signal 
· Timer and counter based BFD mechanism in NR Uu is taken as baseline. 
Proposal 20: Consider the followings for SL beam failure recovery
· Reference signals for candidate beam identification: SL CSI-RS
· SL BFR request:
· Contents: BFD and/or new beam indication (such as CRI)
· Container: SCI, MAC CE or PSFCH
· Transmit beam: default wide beam or beam sweeping
· Receive beam: default wide beam 
· SL BFR response:
· Contents: beam indication  (such as CRI) reported from RX UE
· Container: SCI
· Transmit beam: default wide beam or beam sweeping
· Receive beam: default wide beam 
Observation 5: The Mode 2 resource selection procedure needs to be enhanced due to the beam-based SL transmission and reception in FR2.
Observation 6: It is impossible to use a specific RX beam which is associated to a TX beam for SCI monitoring before the triggering of initial resource selection due to the TX beam is unpredictable.
Proposal 21: Physical layer may initialize multiple candidate resource sets associated with different TX beams and perform resource exclusion for each candidate resource set respectively.
Proposal 22: TX UE utilizes the SCIs monitored by omnidirectional beam and the RX beam which covers its TX beam for resource exclusion.
· The TX beam refers to a TX beam associated with a candidate resource set.
Proposal 23: Different SL RSRP threshold lists may need to be (pre-)configured for different RX beams corresponding to directional and omnidirectional reception respectively.
Proposal 24: Inter-UE coordination for resource selection should be further studied for SL FR2 and both IUC Scheme 1 and IUC Scheme 2 can be considered.
Proposal 25: The following enhancements can be considered for SL congestion control in SL FR2,
· At least the slots in which UE uses omnidirectional beam and the RX beam which covers its TX beam for data reception should be included in the CBR measurement window.
· Different SL RSSI thresholds can be (pre-)configured for different RX beams corresponding to directional and omnidirectional reception respectively.
· SL CR is calculated per TX beam.
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