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Introduction
In RAN #99[1], WID on sidelink enhancement for FR2 remained the same as in RAN# 98-e [2] as below.
	[bookmark: _Hlk89917254]Study enhanced sidelink operation on FR2 licensed spectrum [RAN1, RAN2]
· [bookmark: _Hlk89917271]Focus only on updating the evaluation methodology for commercial deployment scenario in 4Q 2022. [RAN1]
· [bookmark: _Hlk89917283]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]
· [bookmark: _Hlk89917309]Beam management in FR2 licensed spectrum considers sidelink unicast communication only.



In this contribution, we discuss the issues on beam management for SL FR2 licensed spectrum and provide our analysis and proposals.

Discussions 
Initial beam-pairing
Reference signal used for initial beam pairing
One issue for reference signal of initial beam pairing is to study the feasibility of adapting S-SSB and/or reusing SL CSI-RS for initial beam pairing.
In the last meeting, some agreements on reference signal of initial beam pairing were made as below[3]:
	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

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



S-SSB
In NR SL R16 and R17, S-SSB resources are shared by multiple UEs, and S-SSB does not include UE specific ID. If S-SSB is used for initial beam training, UE specific S-SSB needs to be introduced which is quite different from legacy design, and it is necessary to enhance at least the following aspects to make the UE-specific S-SSB work: 
· information carried by S-SSB, 
· UE specific resource allocation for S-SSB 
· how to avoid conflicts of S-SSB resources among different UEs
· allocation of beam reporting resources respectively associated with different S-SSB 
Therefore, if S-SSB is used for initial beam training, a brand new design of S-SSB is needed. Neither is this S-SSB design in line with the Uu cell-specific SSB design nor does it follow the sidelink SSB design.
[bookmark: _Toc135070401]If S-SSB is used for initial beam pairing, RAN1 needs to do a lot of work to introduce a new design of S-SSB which is not in line with neither the Uu cell-specific SSB design nor the sidelink S-SSB design.
[bookmark: _Toc135070413]S-SSB is not used for sidelink initial beam pairing in Rel-18.

Sidelink-CSI-RS
In NR Uu, CSI-RS can be used for beam maintenance. Similarly, CSI-RS can be extended to be used in sidelink at least for initial beam pairing after PC-5 RRC establishment. For sidelink operation on FR2 licensed spectrum, the WID [1][2] proposed that the study is limited to the support of sidelink beam management by reusing existing sidelink CSI framework and reusing Uu beam management concepts wherever possible. In R16/R17 sidelink, CSI-RS can only be configured or transmitted after sidelink unicast link establishment procedure. If CSI-RS is used for initial beam pairing before/during sidelink unicast link establishment procedure, CSI-RS pattern and time-frequency resource should be configured per resource pool/BWP so that UEs can measure CSI-RS each other, which will incur resource overhead and need to do a lot of work to enhance CSI-RS. Therefore, CSI-RS is suitable to initial beam pairing after sidelink unicast link establishment procedure.
[bookmark: _Toc135070414]CSI-RS is used for initial beam pairing after sidelink unicast link establishment procedure.

In RAN1#112 meeting, PSCCH/PSSCH DMRS was listed as the candidate reference signal for initial beam pairing in the following FL Proposal [4].
	Proposal 1-2-c: RAN1 is to study whether and how the following could be enhanced for sidelink initial beam pairing:
· S-SSB
· Sidelink CSI RS 
· PSCCH/PSSCH DMRS 
· PSFCH 


PSCCH/PSSCH DMRS
S-SSB and sidelink CSI-RS is not suitable to initial beam pairing before sidelink unicast link establishment procedure given the aforementioned reasons. In this case, PSCCH/PSSCH DMRS can be used for initial beam pairing. For example, UE1 can transmit PSCCH/PSSCH carrying UE1 ID and Tx beam ID which indicates Tx beam of PSCCH/PSSCH, UE2 can measure the PSCCH/PSSCH DMRS for beam training and respond to UE1 by transmitting PSCCH/PSSCH to UE1 or transmitting HARQ feedback to UE1. Afterwards, UE2 can report the preferred Tx beam ID of the UE1 by implicit or explicit indication.
As the messages transmitted during sidelink unicast link establishment procedure are carried by PSCCH/PSSCH, it is natural to use PSCCH/PSSCH DMRS for initial beam pairing during sidelink unicast link establishment procedure. For example, UE1 can transmit PSCCH/PSSCH carrying DCR message and Tx beam ID by beam sweeping, UE2 which wants to establish a unicast link with UE1 can measure the PSCCH/PSSCH DMRS for beam training and respond to UE1 by establishing the security with the UE1 or transmitting HARQ feedback to UE. Afterwards, UE2 can report the preferred Tx beam ID of the UE1 by implicit or explicit indication.
In addition to sidelink CSI-RS as previously described, PSCCH/PSSCH DMRS can also be used for initial beam pairing after sidelink unicast link establishment procedure. For example, UE1 can transmit PSCCH/PSSCH in which at least Tx beam ID is included by beam sweeping, UE2 can measure the PSCCH/PSSCH DMRS and report preferred UE1 Tx beam ID to the UE1 by, such as, PSFCH associated with the PSSCH or MAC CE.
[bookmark: _Toc135070415]PSCCH/PSSCH DMRS can be used for initial beam pairing before/during/after sidelink unicast link establishment procedure. 
[bookmark: _Toc135070416]To enable receiving UE(s) to identify Tx UE and its Tx beam, Tx beam ID and Tx UE ID dedicated for initial beam paring can be transmitted together with PSCCH/PSSCH transmission before/during/after sidelink unicast link establishment procedure. 

The relationship between PC5 unicast link establishment and sidelink initial beam pairing
For initial beam-pairing, another issue is the relationship between PC5 unicast link establishment and sidelink initial beam pairing, i.e. whether initial beam pairing procedure starts before, during or after sidelink unicast link establishment procedure. In the last meeting, some agreements on the relationship between PC5 unicast link establishment and sidelink initial beam pairing were made as below[3]:
	Agreement
· RAN1 can study the following candidate procedure where initial beam pairing is performed before sidelink unicast link establishment, including at least the following steps and how to determine UE2:
· UE1 sends reference signals via different transmit beams
· Note: multiple reference signals transmissions (e.g. repetitions) from each of the beams can be studied
· FFS when reference signals are sent
· FFS applicable reference signal
· UE2 measures the reference signals and determines a UE1 transmit beam and/or a UE2 receive beam 
· FFS:whether/how to determine a UE2 transmit beam 
· UE2 indicates to UE1 the determined UE1 transmit beam 
· FFS how to indicate the determined transmit beam, including its feasibility
· UE1 and UE2 set up sidelink unicast link using the determined beam, following existing link establishment procedure. 

Agreement
RAN1 can study the following candidate procedure where initial beam pairing is performed during sidelink unicast link establishment 
· UE1 sends PSCCH/PSSCH that carries unicast link establishment message (e.g., DCR message) via different transmit beams 
· Note: multiple PSCCH/PSSCH transmissions (e.g., repetitions) from each of the beams can be studied.
· FFS: applicable reference signals which are transmitted together with unicast link establishment message.
· if UE2 successfully decodes one (or more) of the PSCCH/PSSCH(s) and UE2 determines to establish a unicast link with UE1, it indicates to UE1 one (or more) UE1 transmit beam(s) of PSCCH/PSSCH(s) which is successfully received 
· FFS details (e.g., implicit or explicit indication) 
· FFS: how to map between each PSCCH/PSSCH and UE1 transmit beam
· FFS: how UE2 determines UE1 transmit beam(s) and/or UE2 transmit/receive beam(s)
· UE1 uses one of the indicated beam(s) to finish the remaining sidelink unicast link establishment procedure with UE2
· FFS: how UE1 determines one of the indicated beam(s) 
· FFS: use of additional reference signal or additional messages or additional measurement for efficient beam pairing.

Agreement
RAN1 can study the following candidate procedure where initial beam pairing starts after sidelink unicast link establishment between UE1 and UE2, including studying whether and in which cases initial beam pairing after sidelink unicast link establishment is feasible. 
· UE1 and UE2 set up sidelink unicast link, following existing link establishment procedure
· FFS the beams used for unicast link establishment.
· UE1 and/or UE2 configure the resources for beam sweeping and/or beam reporting
· FFS details of resources configuration
· UE1 and/or UE2 use the configured resources to transmit reference signals and determine a pair of transmit beam and receive beam based on beam sweeping.
· FFS applicable reference signal(s)
· FFS whether/how to indicate the determined beams between UE1 and UE2
· FFS difference between initial beam pairing (after sidelink unicast link establishment) and beam maintenance



For the case that initial beam pairing procedure starts before sidelink unicast link establishment procedure
RAN1 can study initial beam pairing procedure starting before sidelink unicast link establishment procedure. However, taking the initial beam pairing on the link from UE1 to UE2 as an example, the following issues require further study: 
Issue 1: when reference signals are sent by UE1; 
Issue 2: whether/how to determine a UE2 transmit beam; 
Issue 3: how UE2 indicates the determined transmit beam, including its feasibility.
For issue 1, UE1 must always transmit beam training signals regardless of whether surrounding sidelink UEs want to establish a sidelink unicast link with it due to the fact that the UE1 does not know which UEs it will establish a sidelink unicast link with by the time when the traffic arrives. 
For issue 2, If Tx/Rx beam correspondence is not applicable, similar to UE1, UE2 must also send reference signals for initial beam pairing procedure to determine train the initial transmit beam. Otherwise, UE2 could determine its transmit beam according to its receive beam. 
For issue 3, due to the lack of mapping relationship between the reference signals (e.g. S-SSB, standalone CSI-RS) for initial beam pairing and any channel/signal in NR SL R16/17, specific resource(s) associated with each reference signal must be configured in order to indicate determined UE1 transmit beam.
Therefore, initial beam pairing procedure starting before sidelink unicast link establishment procedure may lead to unnecessary beam training and resource overhead, and require too much effort (e.g. specific resource(s) associated with each reference signal must be configured). Given the remaining Rel-18 TU, it's not foreseeable such issues can be addressed unless using existing reference signals (e.g. PSCCH/PSSCH DMRS) and existing relationship between the reference signal and sidelink channel (such as, mapping relationship between PSSCH and PSFCH).
[bookmark: _Toc135070402]Initial beam pairing procedure starting before sidelink unicast link establishment procedure may lead to unnecessary beam training and resource overhead, and require too much effort unless using existing reference signals and existing relationship between the reference signal and sidelink channel.
[bookmark: _Toc135070417] For initial beam pairing procedure starting before sidelink unicast link establishment procedure, using existing reference signals (e.g. PSCCH/PSSCH DMRS) and existing relationship between the reference signal and sidelink channel (such as, mapping relationship between PSSCH and PSFCH) as a starting point can be considered.
For the case that initial beam pairing procedure starts during sidelink unicast link establishment procedure
RAN1 can study initial beam pairing procedure during sidelink unicast link establishment procedure. However, taking the initial beam pairing on the link from UE1 to UE2 as an example, the following remaining issues need further study: 
Issue 1: applicable reference signals which are transmitted together with unicast link establishment message; 
Issue 2: how UE2 indicates the determined UE1 transmit beam (e.g., implicit or explicit indication); 
Issue 3: how to map between each PSCCH/PSSCH and UE1 transmit beam; 
Issue 4: how UE2 determines UE1 transmit beam(s) and/or UE2 transmit/receive beam(s); 
Issue 5: how UE1 determines one of the indicated beam(s).
For issue 1, during sidelink unicast link establishment procedure, UE1 can transmit PSCCH/PSSCH (e.g. carries DCR message) via multiple beams with beam ID. UE2 which wants to establish a unicast link with UE1 can respond to UE1 by sending signaling related to unicast link establishment to report preferred beam ID(s) by implicit or explicit indication if UE2 successfully receives the PSCCH/PSSCH. In this procedure, PSCCH/PSSCH DMRS can be used as reference signals for initial beam pairing.
For issue 2, UE2 can indicate the determined UE1 transmit beam by sending signaling related to unicast link establishment by explicit indication.
For issue 3, mapping between each PSCCH/PSSCH and UE1 transmit beam can be achieved by carrying beam ID through PSCCH/PSSCH transmission, as described in issue 1.
For issue 4, UE1 can transmit PSCCH/PSSCH (e.g. carries DCR message) via multiple beams with beam ID, UE2 which wants to establish a unicast link with UE1 measures/receives the PSCCH/PSSCH with its receive beam(s) as described in issue 1. UE2 can determine UE1 transmit beam(s) and UE2 receive beam(s) based on whether the PSCCH/PSSCH is successfully received and/or whether RSRP value of PSCCH/PSSCH DMRS is greater than a specific threshold.
For issue 5, how UE1 determines one of the indicated beam(s) can depend on UE’s implementation.
[bookmark: _Toc135070403]If initial beam pairing only relies on messages during unicast link establishment procedure, initial beam pairing procedure during sidelink unicast link establishment procedure may cause larger delay for unicast link establishment procedure.
[bookmark: _Toc135070404]If Tx beam ID and Tx UE ID dedicated for initial beam paring is transmitted by UE1 together with PSCCH/PSSCH transmission, UE2 can always measure the PSCCH/PSSCH DMRS regardless of whether UE2 is a target UE of a PSCCH/PSSCH transmission sent by UE1.
[bookmark: _Toc135070418]DMRS of any PSCCH/PSSCH transmission before/during sidelink unicast link establishment procedure can be used as reference signals for initial beam pairing, if the Tx UE and Tx beam can be identified for this PSCCH/PSSCH transmission.
For the case that initial beam pairing procedure starts after sidelink unicast link establishment procedure
RAN1 can study initial beam pairing procedure starting after sidelink unicast link establishment procedure. However, taking the initial beam pairing on the link from UE1 to UE2 as an example, the following remaining issues need further study: 
Issue 1: the beams used for unicast link establishment;
Issue 2: details of resources configuration(e.g. for beam sweeping and/or beam reporting); 
Issue 3: applicable reference signal(s);
Issue 4: whether/how to indicate the determined beams between UE1 and UE2;
Issue 5: difference between initial beam pairing (after sidelink unicast link establishment) and beam maintenance.
For issue 1, in our view, whether to use beam for sidelink unicast link establishment depends on UE implementation. For example, initial transmission and re-transmission PSCCH/PSSCH can use different beams to harness the diversity gain and thus the success rate of the link establishment.
For issue 2, details of resource configuration(e.g. for beam sweeping and/or beam reporting) are similar to those of beam maintenance, which will be introduced in section 2.2 beam maintenance.
For issue 3, SL CSI-RS or PSCCH/PSSCH DMRS can be used as reference signals for initial beam pairing. 
For issue 4, beam report and beam indication are also similar to that of beam maintenance, which will be introduced in section 2.2 beam maintenance.
For issue 5, for initial beam pairing and beam maintenance, a unified framework can be used for reference signal configuration, transmission, measurement and beam reporting etc. However, Tx UE may need to indicate whether beam switching is performed for beam maintenance. For detailed design for SL CSI-RS, please refer to section 2.2 beam maintenance.
[bookmark: _Toc135070405]For initial beam pairing and beam maintenance, a unified framework can be used for reference signal configuration, transmission, measurement and beam reporting etc.
[bookmark: _Toc135070419]Initial beam pairing is supported after sidelink unicast link establishment procedure, and SL CSI-RS or PSCCH/PSSCH DMRS can be used as reference signals. 

Beam maintenance
Design of CSI-RS for Beam management
In the last meeting, some agreements on beam maintenance were made as below[3]:
	Agreement
Consider using sidelink CSI-RS as a starting point for beam maintenance.
· FFS: whether/how to enhance existing aperiodic and non-standalone SL CSI-RS
· FFS: periodic and/or semi-persistent SL CSI-RS transmissions 
· FFS: standalone SL CSI-RS transmissions
· Note: standalone SL CSI-RS transmission means at least no accompanying sidelink data (SL MAC SDU) transmissions in the same slot. FFS: accompanying SCI(s) or SL MAC CE transmissions or PSFCH.
· FFS: one or multiple SL CSI-RS transmissions within one slot
· FFS: SL CSI-RS transmissions with or without repetition on transmit beams



In this section we discuss the design of CSI-RS that may be used for initial beam pairing after sidelink unicast link establishment procedure and beam maintenance in sidelink communication. As we can see, there are some FFSs to be addressed in above agreement.
For the first FFS, CSI-RS can only be transmitted within a unicast PSSCH transmission in R16/R17 sidelink, which means that CSI-RS in a slot can only be transmitted in one beam direction. Otherwise, the performance of PSSCH would be affected since CSI-RS is FDMed with PSSCH in those symbols containing PSSCH REs. AGC issue may arise as well if multiple Tx beams with significantly different directions were used in a slot while AGC training is only performed at the first symbol of the sidelink slot. If R16/R17 CSI-RS resource mapping is reused without enhancement, it may take a long time to complete a beam training because CSI-RS can only be transmitted together with PSSCH in one beam direction within one slot. Therefore, existing aperiodic and non-standalone SL CSI-RS can be enhanced to reduce beam training delay for initial beam pairing after sidelink unicast link establishment procedure and beam maintenance in sidelink communication. As shown in Figure 1, multiple CSI-RSs are TDMed with PSCCH/PSSCH in the same slot.


Figure 1: CSI-RS resources are TDMed with PSSCH in a slot, and have the same bandwidth as the PSSCH

[bookmark: _Toc131790686][bookmark: _Toc135070406]If R16/R17 SL CSI-RS resource mapping is reused without enhancement, it may take a long time to complete beam training because SL CSI-RS can only be transmitted together with PSSCH in one beam direction within one slot.
[bookmark: _Toc135070420]Non-standalone SL CSI-RS(s) can be transmitted in a different beam from the beam for PSCCH/PSSCH transmission on the same slot to achieve efficient beam training. 
[bookmark: _Toc135070421]For non-standalone SL CSI-RS, CSI-RS resources are TDMed with PSCCH/PSSCH transmission in a slot, and have the same transmission bandwidth with the PSSCH transmission.
For the second FFS, similar to R16/17 PSCCH/PSSCH resource reservation, sidelink CSI-RS can adopt resource reservation reservation mechanism to avoid conflicts between CSI-RS transmissions from different UEs. In our view, although periodic CSI-RS resources are configured, UE can only transmit the CSI-RS based on a resource reservation scheme similar to R16/17 PSCCH/PSSCH resource reservation. Therefore, it is not necessary to support semi-persistent CSI-RS transmissions.
[bookmark: _Toc135070407]It is not necessary to support semi-persistent CSI-RS transmissions because UE may not transmit CSI-RS in every CSI-RS configuration period.
For the third FFS, in our view, standalone CSI-RS transmissions can be supported for flexible CSI-RS configuragion. Standalone CSI-RS resources can be independently configured and have no relationship with PSCCH/PSSCH resources. For example, CSI-RS can be configured in a dedicated resource pool, or in a shared resource pool with PSSCH, as shown in Figure 2 and Figure 3 respectively.




Figure 2: CSI-RS resources in a slot of a CSI-RS dedicated resource pool



Figure 3: Dedicated CSI-RS resources TDMed with PSSCH in the same resource pool

[bookmark: _Toc135070422]Standalone CSI-RS transmissions can be supported for flexible CSI-RS configuration. 
[bookmark: _Toc135070423] Standalone CSI-RS resources can be independently configured and have no relationship with PSCCH/PSSCH resources, but the standalone CSI-RS resources can be indicated by previous PSCCH/PSSCH transmission. 
For the fourth FFS, as shown in Figure 1, multiple CSI-RSs can be transmitted within one slot to reduce beam training delay and overhead.
[bookmark: _Toc135070424]One or multiple CSI-RS can be transmitted within one slot to reduce beam training delay and overhead. 
For the fifth FFS, according to the following agreement, both UE1’s transmit beam and UE2’s corresponding receive beam can be supported for a unicast link between UE1 and UE2. According to beam training mechanism in NR Uu, CSI-RS transmissions without repetition on transmit beams can be used for transmit beam training, and CSI-RS transmissions with repetition on transmit beams can be used for receive beam training. Therefore, both CSI-RS transmissions with repetition and without repetition on transmit beams can be supported. In order to flexibly achieve Tx beam training and Rx beam training, Tx UE can dynamically indicate whether the space domain filter parameters of CSI-RS transmissions are same or not.
	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. 



[bookmark: _Toc135070425] In order to flexibly achieve Tx beam training and Rx beam training, Tx UE can dynamically indicate whether the space domain filter parameters of CSI-RS transmissions are same or not.

SL beam management
In the last meeting, it was agreed that both UE1’s transmit beam and UE2’s receive beam should be studied for a unicast link between UE1 and UE2, and prioritize the case where a UE is incapable of simultaneous transmitting or receiving PSCCH/PSSCH/PSFCH using different beams as below[3]:
	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. 




In NR Uu, gNB performs Tx beam sweeping, UE measures corresponding reference signals of different beam directions from gNB and reports the measurement results, e.g. CSI-RS resource indicator, to the gNB. Then gNB can select Tx beam based on the measurement results reported by the UE. For UE Rx beam training, gNB can transmit reference signals in one Tx beam direction, UE performs Rx beam sweeping to determine the preferred Rx beam corresponding to gNB’s Tx beam.
Similarly, in sidelink, Tx UE can transmit reference signals by Tx beam sweeping, Rx UE can measure corresponding reference signals of different beam directions and reports the measurement results to Tx UE. Then Tx UE can select a proper Tx beam based on the measurement results reported by the Rx UE. For Rx beam training, Tx UE can transmit reference signals in one Tx beam direction, Rx UE performs Rx beam sweeping to determine the preferred Rx beam corresponding to Tx UE’s Tx beam.
[bookmark: _Toc131790701][bookmark: _Toc135070426]NR DL Tx/Rx beam training procedure can be the starting point for sidelink Tx/Rx beam training procedure.
After configuring CSI-RS resources for beam management, CSI-RS resources of Tx UE should be indicated to Rx UE so that beam management can be performed based on the CSI-RS resources. For non-standalone CSI-RS, CSI-RS and PSSCH are transmitted in the same slot by TDM manner, and have the same bandwidth. Therefore, one way is to indicate by Tx UE whether to include CSI-RSs for beam management in current slot by sidelink control information.
[bookmark: _Toc131790703][bookmark: _Toc135070427]For non-standalone CSI-RS, Tx UE can indicate whether and how to transmit CSI-RSs for beam management in current slot by sidelink control information so that beam management can be performed based on the CSI-RS resources.
For non-standalone CSI-RS, a Tx UE can transmit different CSI-RSs in different beam directions in a slot. If the angle between these different beam directions is large, the received power of nearby UEs may vary significantly. Which may cause AGC problems at these UEs since UE only performs AGC training at the starting symbol of the slot. To solve AGC problem, each CSI-RS resource occupies at least 2 symbols with the first symbol being the AGC symbol, and the time domain location of CSI-RS can be configured per sidelink resource pool, i.e the slots containing CSI-RS and the time domain location of CSI-RS within each slot are the same for all UE.
[bookmark: _Toc131790687][bookmark: _Toc135070408]For non-standalone CSI-RS, AGC issues may occur if Tx UE transmits different CSI-RSs in different beam directions in a slot.
[bookmark: _Toc135070428]For non-standalone CSI-RS, each CSI-RS resource occupies at least 2 symbols within the first symbol being the AGC symbol, and the time domain location of CSI-RS can be configured per sidelink resource pool, i.e the slots containing CSI-RS and the time domain location of CSI-RS within each slot are the same for all UE.
For standalone CSI-RS, one issue is how to allocate and indicate CSI-RS resources to different UEs so that beam management can be performed based on the CSI-RS resources. In our view, at least two alternatives can be considered:
Alt 1: Pre-definition: Pre-define the mapping rules between PSSCH and CSI-RS resources for beam management. Similar to the mapping method between PSSCH and associated PSFCH; In this way, CSI-RS resources collision can be largely/totally avoided via legacy mode 2 sensing or mode 1 scheduling.
Alt 2: Dynamical indication: CSI-RS resources is dynamically indicated. Similar to aperiodic CSI-RS resources are triggered by DCI in NR Uu. And FFS how to mitigate/avoid the CSI-RS resources collision from different UEs.

[bookmark: _Toc131790704][bookmark: _Toc135070429]For standalone CSI-RS, the following two alternatives can be considered for the issue of how to allocate CSI-RS resources to different UEs:
[bookmark: _Toc131790705][bookmark: _Toc135070430]Alt 1: Pre-definition: Pre-define the mapping rules between PSSCH and CSI-RS resources for beam management;
[bookmark: _Toc131790706][bookmark: _Toc135070431]Alt 2: Dynamical indication: CSI-RS resources is dynamically indicated.

Beam report
In the last meeting, some agreements on beam reporting were made as below[3]:
	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)



The first issue on beam report is measurement quantity (i.e. measurement metric). In our view, the measurement of L1-RSRP is simple and its variation is relatively slow. On the contrary, L1-SINR has a higher complexity and the value of L1-SINR has greater fluctuation since interference changes quickly. Therefore, it is not recommended that sidelink beam reporting contents include L1-SINR. 
[bookmark: _Toc135070432]Beam reporting contents do not include L1-SINR for sidelink beam management.
The second issue on beam report is the container(s) of sidelink beam reporting. In our view, PHY layer signal (Option 1) and/or MAC CE (Option 2) as container(s) of sidelink beam reporting are sufficient, PC5-RRC should not be supported due to its large delay. Signaling over Uu link is only used for mode 1 UE, which may require too much effort as well as latency issue due to the transfer of the beam information from the gNB to Tx UE. Therefore, signaling over Uu link should not be supported to reduce specification effort and achieve unified design for both mode 1 and mode 2 UE.
[bookmark: _Toc135070409]For container(s) of sidelink beam reporting, PC5-RRC should not be supported since Option 1(PHY layer signal) and Option 2(MAC CE) are sufficient.
[bookmark: _Toc135070410]For container(s) of sidelink beam reporting, signaling over Uu link is only used for mode 1 UE, which may require too much effort.
[bookmark: _Toc135070433]For container(s) of sidelink beam reporting, PC5-RRC should not be supported.
[bookmark: _Toc135070434]For container(s) of sidelink beam reporting, signaling over Uu link should not be supported.
In R16/R17 sidelink, aperiodic CSI report can be triggered for Rx UE when ‘CSI request’ field is set to 1 by Tx UE. Rx UE can be configured with a CSI reporting latency boundary as indicated by the higher layer parameter sl-LatencyBoundCSI-Report. Rx UE reports CSI in MAC CE within the CSI reporting latency boundary. In our view, R16/R17 aperiodic CSI report mechanism can be considered as a starting point for aperiodic beam reporting. For example, Rx UE can send beam reporting to Tx UE within a latency boundary starting from the slot where the beam reporting request from Tx UE is received, and beam reporting can be carried by MAC CE.  
[bookmark: _Toc135070435]R16/R17 aperiodic CSI report mechanism can be considered as a starting point for aperiodic beam reporting.
Depending on the time-domain characteristics of CSI-RS resource configuration, aperiodic beam reporting should at least be supported. Apart from aperiodic CSI-RS resources, whether to support periodic beam reporting needs further study.
[bookmark: _Toc135070436]At least support aperiodic beam reporting, and whether to support periodic beam reporting needs further study.

Beam indication
Generally, a Tx UE should indicate its Tx beam for SL transmission to a Rx UE so that the Rx UE can determine the Rx beam for this SL transmission. In NR Uu, gNB can indicate the Tx beam of PDSCH by its scheduling DCI, then the Rx can decode the DCI to determine the Tx beam and corresponding Rx beam. While in NR sidelink, PSSCH and its associated PSCCH are transmitted simultaneously. Same TX beam should be applied for PSSCH and its associated PSCCH relying on legacy AGC handling frame structure. Therefore, the Tx beam of PSSCH and its associated PSCCH should be indicated in advance. 
[bookmark: _Toc131790710][bookmark: _Toc135070437]The Tx UE indicating the beam used for future/reserved PSCCH/PSSCH transmission to the Rx UE can be considered.
As previously described, PSCCH/PSSCH DMRS can be used for initial beam pairing before/during/after sidelink unicast link establishment procedure. Similarly, PSCCH/PSSCH DMRS can also be used for beam maintenance. Tx UE can indicate the beam ID used for current PSCCH/PSSCH DMRS transmission to the Rx UE to assist initial beam pairing or beam maintenance.
[bookmark: _Toc131790690][bookmark: _Toc135070411]Tx UE indicating the beam used for current PSCCH/PSSCH transmission to the Rx UE can assist in initial beam pairing or beam maintenance.

Beam failure detection/recovery
In the last meeting, t	he solutions to beam failure detection were discussed and the following FL proposal was listed. However, there is no consensus reached due to the last FFS point.
	Proposal 3-1-i: RAN1 can study the following two options of schemes to trigger sidelink beam failure instance (BFI) that PHY layer provides to MAC layer. 
Scheme 1: Sidelink BFI is triggered based on sidelink HARQ feedback
o FFS whether/how to support candidate beam identification in case of BFD
o Note: this scheme follows the principle of sidelink RLF.
  FFS any other enhancements
Scheme 2: Sidelink BFI is triggered based on the measurement of reference signal for BFD
o FFS details on reference signal for BFD 
o Note: this scheme follows the principle of Uu BFR.
FFS any other enhancements
Other options are not precluded.
FFS: whether/how to down-select among options, or to prioritize the study of one of the schemes Scheme 2.


For scheme 1, sidelink RLF detection is reused for beam failure detection. Candidate beam(s) for scheme 1 can be can be obtained by measuring the reference signal or PSCCH/PSSCH DMRS.
For current HARQ feedback, failing to decode PSSCH (i.e. NACK) does not mean that the Tx/Rx beams of the PSSCH do not meet the requirements because the failure of decoding the PSSCH means that the Tx/Rx beams of the PSSCH are not preferred, or means that the Tx/Rx beams of the PSSCH are preferred but the PSSCH reception is interfered by signals from other devices. 
Therefore, it is necessary to enhance the HARQ feedback to better reflect the quality of the Tx/Rx beams of the PSSCH as follows:
· The Rx UE sends ACK to the Tx UE if Rx UE successfully decodes PSSCH from Tx UE; 
· The Rx UE sends NACK to the Tx UE if Rx UE successfully decodes PSCCH but fails to decode PSSCH from Tx UE, and the beam quality of the PSSCH meets the requirements;
· Otherwise, the Rx UE does not send HARQ feedback to Tx UE.
In this way, as long as Tx UE receives HARQ feedback from Rx UE, it can assume that the Tx/Rx beams of the PSSCH meet the requirements.
[bookmark: _Toc135070438]HARQ feedback can be enhanced to better reflect the quality of the Tx/Rx beams of the PSSCH.
For scheme 2, sidelink BFI is triggered based on the measurement of periodic reference signal since this scheme follows the principle of NR Uu BFR. Therefore, it is crucial to design the periodic reference signal for sidelink. In our view, whether/how to design period reference signal should be unified for initial beam paring, beam maintenance, beam failure detection and beam failure recovery. 
[bookmark: _Toc135070412]Scheme 2, i.e., Sidelink BFI is triggered based on the measurement of reference signal for BFD, depends whether/how to design periodic reference signal.
For the last FFS, it is not necessary to priority the study of one of the schemes at the study stage. 
[bookmark: _Toc135070439]For BFD, the following two schemes can be studied simultaneously to find a more feasible solution, or both schemes can be supported:
[bookmark: _Toc135070440]Scheme 1: Sidelink BFI is triggered based on sidelink HARQ feedback
[bookmark: _Toc135070441]Scheme 2: Sidelink BFI is triggered based on the measurement of reference signal for BFD.

The following agreement on beam failure recovery was made in the last meeting[3]:
	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).



In our view, the same beam failure recovery mechanism can be used for both SL BFI based on the measurement of reference signal and SL HARQ feedback. The issues (e.g. details on reference signals for candidate beam identification, BFRQ, BFRR) related to beam failure recovery can refer to those of initial beam pairing or beam maintenance as above, such as periodic CSI-RS resource configuration for beam quality measurements, preferred Tx beam reporting etc. Therefore, the issues related to beam failure recovery can be studied after reaching some conclusions on SL beam maintenance.
[bookmark: _Toc131790714][bookmark: _Toc135070442]The issue related to beam failure recovery where SL BFI is triggered based on the measurement of reference signal for BFD is put on hold till some conclusions on SL initial beam pairing or beam maintenance are made.
[bookmark: _Toc61870302][bookmark: _Toc61869984][bookmark: _Toc61870287][bookmark: _Toc15935][bookmark: _Toc15096][bookmark: _Toc16191][bookmark: _Toc24703][bookmark: _Toc61870226][bookmark: _Toc14775][bookmark: _Toc61872237][bookmark: _Toc18214][bookmark: _Toc61870757][bookmark: _Toc61870537][bookmark: _Toc61870567][bookmark: _Toc20503][bookmark: _Toc61870095]
Conclusion
Based on above discussion, the following observation and proposals are given:
Observation 1:	If S-SSB is used for initial beam pairing, RAN1 needs to do a lot of work to introduce a new design of S-SSB which is not in line with neither the Uu cell-specific SSB design nor the sidelink S-SSB design.
Observation 2:	Initial beam pairing procedure starting before sidelink unicast link establishment procedure may lead to unnecessary beam training and resource overhead, and require too much effort unless using existing reference signals and existing relationship between the reference signal and sidelink channel.
Observation 3:	If initial beam pairing only relies on messages during unicast link establishment procedure, initial beam pairing procedure during sidelink unicast link establishment procedure may cause larger delay for unicast link establishment procedure.
[bookmark: _GoBack]Observation 4:	If Tx beam ID and Tx UE ID dedicated for initial beam paring is transmitted by UE1 together with PSCCH/PSSCH transmission, UE2 can always measure the PSCCH/PSSCH DMRS regardless of whether UE2 is a target UE of a PSCCH/PSSCH transmission sent by UE1.
Observation 5:	For initial beam pairing and beam maintenance, a unified framework can be used for reference signal configuration, transmission, measurement and beam reporting etc.
Observation 6:	If R16/R17 SL CSI-RS resource mapping is reused without enhancement, it may take a long time to complete beam training because SL CSI-RS can only be transmitted together with PSSCH in one beam direction within one slot.
Observation 7:	It is not necessary to support semi-persistent CSI-RS transmissions because UE may not transmit CSI-RS in every CSI-RS configuration period.
Observation 8:	For non-standalone CSI-RS, AGC issues may occur if Tx UE transmits different CSI-RSs in different beam directions in a slot.
Observation 9:	For container(s) of sidelink beam reporting, PC5-RRC should not be supported since Option 1(PHY layer signal) and Option 2(MAC CE) are sufficient.
Observation 10:	For container(s) of sidelink beam reporting, signaling over Uu link is only used for mode 1 UE, which may require too much effort.
Observation 11:	Tx UE indicating the beam used for current PSCCH/PSSCH transmission to the Rx UE can assist in initial beam pairing or beam maintenance.
Observation 12:	Scheme 2, i.e., Sidelink BFI is triggered based on the measurement of reference signal for BFD, depends whether/how to design periodic reference signal.

Proposal 1:	S-SSB is not used for sidelink initial beam pairing in Rel-18.
Proposal 2:	CSI-RS is used for initial beam pairing after sidelink unicast link establishment procedure.
Proposal 3:	PSCCH/PSSCH DMRS can be used for initial beam pairing before/during/after sidelink unicast link establishment procedure.
Proposal 4:	To enable receiving UE(s) to identify Tx UE and its Tx beam, Tx beam ID and Tx UE ID dedicated for initial beam paring can be transmitted together with PSCCH/PSSCH transmission before/during/after sidelink unicast link establishment procedure.
Proposal 5:	For initial beam pairing procedure starting before sidelink unicast link establishment procedure, using existing reference signals (e.g. PSCCH/PSSCH DMRS) and existing relationship between the reference signal and sidelink channel (such as, mapping relationship between PSSCH and PSFCH) as a starting point can be considered.
Proposal 6:	DMRS of any PSCCH/PSSCH transmission before/during sidelink unicast link establishment procedure can be used as reference signals for initial beam pairing, if the Tx UE and Tx beam can be identified for this PSCCH/PSSCH transmission.
Proposal 7:	Initial beam pairing is supported after sidelink unicast link establishment procedure, and SL CSI-RS or PSCCH/PSSCH DMRS can be used as reference signals.
Proposal 8:	Non-standalone SL CSI-RS(s) can be transmitted in a different beam from the beam for PSCCH/PSSCH transmission on the same slot to achieve efficient beam training.
Proposal 9:	For non-standalone SL CSI-RS, CSI-RS resources are TDMed with PSCCH/PSSCH transmission in a slot, and have the same transmission bandwidth with the PSSCH transmission.
Proposal 10:	Standalone CSI-RS transmissions can be supported for flexible CSI-RS configuration.
Proposal 11:	Standalone CSI-RS resources can be independently configured and have no relationship with PSCCH/PSSCH resources, but the standalone CSI-RS resources can be indicated by previous PSCCH/PSSCH transmission.
Proposal 12:	One or multiple CSI-RS can be transmitted within one slot to reduce beam training delay and overhead.
Proposal 13:	In order to flexibly achieve Tx beam training and Rx beam training, Tx UE can dynamically indicate whether the space domain filter parameters of CSI-RS transmissions are same or not.
Proposal 14:	NR DL Tx/Rx beam training procedure can be the starting point for sidelink Tx/Rx beam training procedure.
Proposal 15:	For non-standalone CSI-RS, Tx UE can indicate whether and how to transmit CSI-RSs for beam management in current slot by sidelink control information so that beam management can be performed based on the CSI-RS resources.
Proposal 16:	For non-standalone CSI-RS, each CSI-RS resource occupies at least 2 symbols within the first symbol being the AGC symbol, and the time domain location of CSI-RS can be configured per sidelink resource pool, i.e. the slots containing CSI-RS and the time domain location of CSI-RS within each slot are the same for all UE.
Proposal 17:	For standalone CSI-RS, the following two alternatives can be considered for the issue of how to allocate CSI-RS resources to different UEs:
•	Alt 1: Pre-definition: Pre-define the mapping rules between PSSCH and CSI-RS resources for beam management;
•	Alt 2: Dynamical indication: CSI-RS resources is dynamically indicated.
Proposal 18:	Beam reporting contents do not include L1-SINR for sidelink beam management.
Proposal 19:	For container(s) of sidelink beam reporting, PC5-RRC should not be supported.
Proposal 20:	For container(s) of sidelink beam reporting, signaling over Uu link should not be supported.
Proposal 21:	R16/R17 aperiodic CSI report mechanism can be considered as a starting point for aperiodic beam reporting.
Proposal 22:	At least support aperiodic beam reporting, and whether to support periodic beam reporting needs further study.
Proposal 23:	The Tx UE indicating the beam used for future/reserved PSCCH/PSSCH transmission to the Rx UE can be considered.
Proposal 24:	HARQ feedback can be enhanced to better reflect the quality of the Tx/Rx beams of the PSSCH.
Proposal 25:	For BFD, the following two schemes can be studied simultaneously to find a more feasible solution, or both schemes can be supported:
•	Scheme 1: Sidelink BFI is triggered based on sidelink HARQ feedback
•	Scheme 2: Sidelink BFI is triggered based on the measurement of reference signal for BFD.
Proposal 26:	The issue related to beam failure recovery where SL BFI is triggered based on the measurement of reference signal for BFD is put on hold till some conclusions on SL initial beam pairing or beam maintenance are made.
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