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Introduction
The Release 18 NR sidelink evolution work item was approved in RAN #94e meeting [1] and updated in RAN #99 meeting [2].

There is an objective of enhanced sidelink operation on FR2 licensed spectrum. Due to the limitation on NR sidelink work scope, only the study phase of this objective will be conducted in Release 18.

In RAN1 #112bis-e meeting [3], [4], a list of agreements were made. In this contribution, we provide our views on enhanced sidelink operation on FR2 licensed spectrum. 
Discussion
Initial beam pairing
Procedure
It was agreed [5] to study the relationship between PC5 unicast link establishment and sidelink initial beam pairing. In RAN1 #112b-e meeting, three candidate procedures were examined, and the steps of each candidate procedure were identified. We shall discuss the details of these candidate procedures in the following three subsections.  

Initial beam pairing before sidelink unicast link establishment
	RAN1 #112b-e 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. 



In the candidate procedure where initial beam pairing is performed before sidelink unicast link establishment, UE1 first sends reference signals via different transmit beams. It is open on the applicable reference signal and when reference signals are sent. 

In our view, the applicable reference signal could be either S-SSB or sidelink CSI-RS. 

In Uu link, SSB is transmitted via different beams, which serves for initial beam pairing. Similarly, in sidelink, UE1 could send S-SSB via different transmit beams so that UE2 performs beam measurement and determines a proper UE1 transmit beam and/or UE2 receive beam. The detailed designs of S-SSB are discussed in Section 2.1.2.1. 

On the other hand, sidelink CSI-RS could also be transmitted with beam sweeping for initial beam pairing. Before triggering sidelink unicast link establishment, UE1 does not have any specific sidelink data to transmit. Hence, the sidelink CSI-RS transmission before the triggering of sidelink unicast link establishment is supposed to be standalone transmission (i.e., not accompanying sidelink MAC SDU). The sidelink CSI-RS resources could be (pre-)configured which is feasible before unicast link establishment. The detailed designs of sidelink CSI-RS for initial beam pairing are discussed in Section 2.1.2.2. 

Proposal 1: For the candidate procedure where initial beam pairing is performed before sidelink unicast link establishment, the applicable reference signal is chosen from either S-SSB or (standalone) sidelink CSI-RS.

In Uu link, SSB is sent only by gNB for all the UEs to perform beam measurement. In sidelink, it is possible that S-SSB for initial beam pairing is sent by multiple UEs. 

If these UEs use separate S-SSB resources, the required S-SSB resources are largely increased. If these UEs share a common S-SSB resource, then the interference among different UEs could be largely increased. Furthermore, sharing a common S-SSB resource makes it hard for a receiver UE to identify S-SSB transmitter UE. The same issues exist if sidelink CSI-RS is used as reference signal for initial beam pairing. 

To avoid unnecessary reference signal transmissions and to mitigate the resource congestion, a UE does not need to periodically transmit reference signals (i.e., S-SSB or sidelink CSI-RS) for initial beam pairing if the UE does not want to trigger sidelink unicast link establishment or it has already paired beams for a sidelink unicast link. Specifically, UE1 starts sending reference signals within a window duration before triggering sidelink unicast link establishment and stops sending reference signals after initial beam pair is obtained. 

Proposal 2: For the candidate procedure where initial beam pairing is performed before sidelink unicast link establishment, UE1 starts sending reference signals within a window duration before triggering sidelink unicast link establishment and stops sending reference signals after initial beam pair is obtained. 

In the second step of the candidate procedure, UE2 measures the reference signals and determines UE1 transmit beam and/or UE2 receive beam. It is open whether and how to determine UE2 transmit beam. 

First, we think UE2 needs to determine UE2 transmit beam (to UE1) so that UE2 could use the determined transmit beam to report its beam measurement. The beam correspondence can be explored in determining UE2 transmit beam. Specifically, UE2 determines UE2 transmit beam (to UE1) based on UE2 receive beam (from UE1). UE2 receive beam (from UE1) is determined as the one with the largest RSRP measurement of reference signal. 

Proposal 3: For the candidate procedure where initial beam pairing is performed before sidelink unicast link establishment, UE2 determines UE2 transmit beam (to UE1) based on UE2 receive beam (from UE1), which has the largest RSRP measurement of reference signal.

In the third step of the candidate procedure, UE2 indicates to UE1 the determined UE1 transmit beam. It is open how to indicate the determined UE1 transmit beam. 

In NR Uu link, each SSB transmission with a transmit beam has an associated RACH occasion. After determining an SSB transmit beam, a UE selects the associated RACH occasion for its PRACH transmission. Depending on which RACH occasion of receiving PRACH from a UE, gNB is able to obtain the transmit beam to serve the UE. 

We think the similar SSB-RACH association mechanism could be applied to sidelink. Specifically, each S-SSB or sidelink CSI-RS transmit beam has its associated beam reporting occasion (similar to RACH occasion in Uu link). After determining UE1 transmit beam, UE2 could use the associated beam reporting occasion to indicate UE1 transmit beam. 
 
Unlike Uu link, RACH procedures do not exist in sidelink. The contention resolution mechanism is not necessary for sidelink since a UE is allowed to use a resource pool for sidelink transmissions without the admission from another UE. 

If the reference signals sent by UE1 are via sidelink broadcast (e.g., S-SSB), then multiple UEs may measure the reference signal and indicate to UE1 their determined UE1 transmit beam(s). The beam reporting from multiple UEs is likely transmitted on different beam reporting occasions, each corresponding to a separate reference signal transmit beam. If two UEs send beam reporting on different beam reporting occasions, then it is unclear how UE1 determines the transmit beam to be used for a target UE2.

If the reference signals sent by UE1 are via sidelink unicast (e.g., sidelink CSI-RS), then the situation that multiple UEs measure the reference signal and indicate the determined UE1 transmit beam can be avoided.

Proposal 4: For the candidate procedure where initial beam pairing is performed before sidelink unicast link establishment, UE2 uses the beam reporting occasion associated with the determined UE1 transmit beam to indicate the determined UE1 transmit beam.
· Study whether/how to avoid multiple UEs performing beam reporting.

Initial beam pairing during sidelink unicast link establishment
	RAN1 #112b-e 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.



In the candidate procedure where initial beam pairing is performed during sidelink unicast link establishment, UE1 first sends PSCCH/PSSCH, which carries unicast link establishment message, via different transmit beams. It is open on the applicable reference signals which are transmitted together with unicast link establishment message. 

In our view, it is natural that the PSCCH/PSSCH is transmitted together with sidelink CSI-RS. This non-standalone sidelink CSI-RS occupies one symbol of PSSCH, and the sidelink CSI-RS is transmitted using the same beam as the accompanying PSCCH/PSSCH transmission. This reference signal enables UE2’s beam measurement and reporting.

On the other hand, it is possible that PSCCH DMRS or PSSCH DMRS transmitted together with PSCCH/PSSCH can also be used for beam measurement.

Proposal 5: For the candidate procedure where initial beam pairing is performed during sidelink unicast link establishment, the applicable reference signal which is transmitted together with unicast link establishment message is sidelink CSI-RS or PSCCH/PSSCH DMRS. 

In the second step of this candidate procedure, UE2 tries to decode one or more of the PSCCH/PSSCH transmission. If the decoding is successful and UE2 decides to establish a unicast link with UE1, then it determines UE1 transmit beam and UE2 receive beam. In general, UE1 transmit beam is selected among the set of transmit beams whose associated PSCCH/PSSCH transmissions are successfully decoded. The determination criteria could be the largest RSRP measurement of the reference signal transmitted together with PSCCH/PSSCH.

For each PSCCH/PSSCH transmission which is successfully received by UE2, UE2 measures the accompanying reference signal and reports RSRP measurement to UE1. The mapping between each PSCCH/PSSCH transmission and its corresponding RSRP measurement reporting follows the existing PSSCH-PSFCH mapping rule. Among a list of RSRP measurement reporting, UE2 determines UE1 transmit beam and UE2 receive beam, which have the largest RSRP measurement. 

For example, UE1 transmits PSCCH/PSSCH together with reference signals via three different transmit beams. UE2 successfully decodes the first two PSCCH/PSSCH transmissions. UE2 also measures the RSRP of the reference signals transmitted together with these two PSCCH/PSSCH transmissions. These two RSRP measurements are reported respectively to UE1, based on a certain mapping rule between PSCCH/PSSCH and beam reporting. Finally, UE2 determines UE1 transmit beam and UE2 receive beam, which has the largest RSRP measurement. 

Proposal 6: For the candidate procedure where initial beam pairing is performed during sidelink unicast link establishment,
· If UE2 successfully receives a PSCCH/PSSCH, UE2 reports its RSRP measurement of reference signal transmitted together with this PSCCH/PSSCH, where
· mapping between each PSCCH/PSSCH transmission and its corresponding RSRP measurement reporting follows the PSSCH-PSFCH mapping rule.
· UE2 determines UE1 transmit beam and UE2 receive beam, which has the largest RSRP measurement.

In the third step of this candidate procedure, UE1 uses one of the indicated beams to finish the remaining sidelink unicast link establishment procedure with UE2. It is open how UE1 determines one of the indicated beams. Basically, UE1 determines its transmit beam which has the largest reported RSRP measurement. 

Proposal 7: For the candidate procedure where initial beam pairing is performed during sidelink unicast link establishment, UE1 determines its transmit beam which has the largest reported RSRP measurement. 

Initial beam pairing after sidelink unicast link establishment
	RAN1 #112b-e 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



In the candidate procedure where initial beam pairing starts after sidelink unicast link establishment, UE1 and UE2 first set up sidelink unicast link following existing link establishment procedure. 

It is open on the beams used unicast link establishment. The feasibility of this step was discussed in RAN1 #112b-e meeting. It is shown in [6] that in a field trial test operating on 39 GHz, without advanced beamforming techniques with omni-directional receive antenna and transmit beamwidth being 115/60 degrees in azimuth/elevation angles, the distance range of 100 meters can be reached. Although a large amount of processing gain is achieved in the field trial test, it still implies that a large coverage may be achievable with wide beam transmissions for unicast link establishment. 

Proposal 8: For the candidate procedure where initial beam pairing starts after sidelink unicast link establishment, unicast link establishment procedure is based on wide beam transmissions. 

In the second step of this candidate procedure, UE1 and/or UE2 configure the resources for beam sweeping and/or beam reporting. It is open on the details of resource configuration. Overall, this resource configuration can be transmitted via PC5-RRC message, since the unicast link is already set up between the two UEs. 

Proposal 9: For the candidate procedure where initial beam pairing starts after sidelink unicast link establishment, the resource configuration for beam sweeping and/or beam reporting is transmitted via PC5-RRC message.

In the third step of this candidate procedure, 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. It is open on the applicable reference signals. In our view, sidelink CSI-RS is an applicable reference signal for beam sweeping. 

Proposal 10: For the candidate procedure where initial beam pairing starts after sidelink unicast link establishment, the applicable reference signal for beam sweeping is sidelink CSI-RS.

Reference signal
S-SSB
	RAN1 #112b-e 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



It was agreed to study the feasibility of adapting S-SSB for initial beam pairing between UE1 and UE2. As discussed above, in our view, S-SSB may be considered for initial beam pairing in the candidate procedure where initial beam pairing is performed before sidelink unicast link establishment. Hence, our discussion in this section is based on this candidate procedure. 

The existing S-SSB contains the sidelink synchronization signal ID, mainly for synchronization purpose. It does not contain source ID of transmitter UE (i.e., UE1). 

If UE1 uses S-SSB as reference signal for initial beam pairing, the source ID of UE1 has to be included in S-SSB. This is because S-SSB may be sent from different UEs. Without containing source ID in S-SSB, a receiver UE (i.e., UE2) is unable to distinguish which UE sends S-SSB, and hence unable to map the beam measurement results to a particular UE. 

Proposal 11: If S-SSB is to be adapted as a reference signal for initial beam pairing between UE1 and UE2, UE1’s source ID needs to be included in S-SSB so that UE2 is able to map its beam measurement to UE1.

In Uu link, beam ID is associated with SSB index. Up to 64 SSB indices are supported for FR2, which implies SSB index can be indicated by 6 bits. The 3 MSB of SSB index are carried as payload of PBCH, while 3 LSB of SSB index are used to generate PBCH DMRS.

This similar mechanism could be applied to S-SSB. Basically, the beam related information is indicated by S-SSB index, where S-SSB index is carried by PSBCH payload and/or PSBCH DMRS sequence. 

Proposal 12: If S-SSB is to be adapted as a reference signal for initial beam pairing, the beam related information is indicated by S-SSB index, which is carried by PSBCH payload and/or PSBCH DMRS sequence. 

In Release 16 NR sidelink, common S-SSB resources are shared by synchronization reference UEs, since the contents of all S-SSBs are identical.

If S-SSB is to be used a reference signal for initial beam pairing, it is clear the source ID is included in S-SSB, which implies the S-SSB sent by different UEs have different contents. If the resources of S-SSB for initial beam pairing are shared by multiple UEs, then there is interference between overlapped S-SSB transmissions from different UEs. 

To mitigate or avoid the interference, it is preferred that different UEs use different S-SSB resources. For example, the source ID of transmitter UE could be used to determine the corresponding S-SSB resource. 

Proposal 13: If S-SSB is to be adapted as a reference signal for initial beam pairing, different UEs should use different S-SSB resources. 

In NR Uu link, each SSB transmission with a unique transmit beam has an associated RACH occasion. After determining an SSB transmit beam, a UE selects the associated RACH occasion for its PRACH transmission. Depending on the RACH occasion to receive PRACH from a UE, gNB is able to obtain the transmit beam to serve the UE. The PRACH transmission in Uu link can be considered as a way of beam reporting.

The similar SSB-RACH association mechanism could be applied to sidelink. Specifically, each S-SSB transmission/resource has its associated beam reporting resource (similar to RACH occasion in Uu link). The association between S-SSB resource (or transmit beam) and beam reporting resource is (pre-)configured.

Proposal 14: If S-SSB is to be adapted as a reference signal for initial beam pairing, the beam reporting resources associated with S-SSB resources (or transmit beams) are allocated by (pre-)configuration.

Multiple neighbor UEs may receive UE1’s S-SSB transmissions. Before sidelink unicast link establishment, a neighbor UE cannot distinguish whether it needs to perform the measurement of S-SSB transmissions due to the broadcast nature of S-SSB. Subsequently, it is possible that all neighbor UEs of UE1 will send beam reporting to UE1. In one hand, collision may occur on the beam reporting resources if two or more UEs indicate the same S-SSB transmit beam. On the other hand, multiple beam reporting from different UEs indicate different S-SSB transmit beams, leading to confusion at UE1 side. 

It is preferred that the beam reporting is from a single UE2, rather than from all neighbor UEs of UE1. One way to avoid other UEs performing beam measurement and beam reporting, is that the destination ID of the S-SSB transmission is indicated in the S-SSB. According to layer-2 link establishment procedure [7], the direct communication request (DCR) message may be broadcast or unicast. This implies that at least for the unicast DCR case, the ID of target UE (for unicast link establishment) is known to UE1 beforehand. Hence, it is possible for UE1 to include destination ID in S-SSB.

Proposal 15: If S-SSB is to be adapted as a reference signal for initial beam pairing, destination ID is included in S-SSB so that only target UE performs the corresponding beam measurement and beam reporting.

Sidelink CSI-RS
	RAN1 #112b-e 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



To study the feasibility of reusing sidelink CSI-RS for initial beam pairing, a list of enhancements are identified for consideration. As discussed above, in our view, sidelink CSI-RS may be used for initial beam pairing in all the candidate procedures where initial beam pairing is performed before, during or after sidelink unicast link establishment. Since the design of sidelink CSI-RS may depend on the applicable candidate procedure, our discussion in this section is separated for each candidate procedure.

Initial beam pairing is performed before sidelink unicast link establishment

If initial beam pairing is performed before sidelink unicast link establishment, UE1 generally does not have any sidelink data to be sent to UE2 at the stage of initial beam pairing. Hence, it is a natural assumption that sidelink CSI-RS is transmitted without sidelink data transmission in the same slot. 

As discussed earlier, UE1 does not need to keep transmitting sidelink CSI-RS for initial beam pairing which will lead to network congestion. UE1 only needs to send sidelink CSI-RS before it wants to establish sidelink unicast link. Hence, semi-persistent sidelink CSI-RS transmission is suitable for beam sweeping.  

A list of resources of sidelink CSI-RS beam sweeping are (pre)configured, e.g., in certain slots. Each transmitter UE performs resource selection scheme to allocate sidelink CSI-RS resources for its beam sweeping. 

Like S-SSB case, each sidelink CSI-RS transmission resource has the associated beam reporting resource via (pre-)configuration. When UE2 sends a beam reporting associated with UE1’s sidelink CSI-RS transmit beam, UE2 actually indicates that the corresponding UE1’s sidelink CSI-RS transmit beam. 

Proposal 16: If sidelink CSI-RS is to be reused as a reference signal for the candidate procedure where initial beam pairing is performed before sidelink unicast link establishment
· Sidelink CSI-RS is transmitted without sidelink data transmission in the same slot
· Semi-persistent sidelink CSI-RS is transmitted 
· Resources of sidelink CSI-RS beam sweeping are (pre-)configured 
· Resource selection scheme is applied for a transmitter UE to allocate sidelink CSI-RS resources
· Beam reporting resources associated with sidelink CSI-RS transmit beams are allocated by (pre-)configuration

Initial beam pairing is performed during sidelink unicast link establishment

If initial beam pairing is performed during sidelink unicast link establishment, UE1 can send sidelink CSI-RS together with PSCCH/PSSCH that carries unicast link establishment messages (e.g., DCR message). Furthermore, such sidelink CSI-RS transmission is aperiodic. There is no need of separate resource allocation for sidelink CSI-RS transmissions, and the overlapped sidelink CSI-RS transmissions from different UEs are avoided by PSSCH resource allocation. 

The beam reporting resources associated with sidelink CSI-RS transmit beams follow the mapping rule similar to PSSCH-PSFCH mapping rule. 

Proposal 17: If sidelink CSI-RS is to be reused as a reference signal for the candidate procedure where initial beam pairing is performed during sidelink unicast link establishment, 
· Sidelink CSI-RS is transmitted together with PSCCH/PSSCH carrying unicast link establishment messages
· Aperiodic sidelink CSI-RS is transmitted 
· Beam reporting resources associated with sidelink CSI-RS transmit beams follow the mapping rule similar to PSSCH-PSFCH mapping rule.  

Initial beam pairing starts after sidelink unicast link establishment

If initial beam pairing starts after sidelink unicast link establishment, UE1 and UE2 could use PC5-RRC message to configure sidelink CSI-RS beam sweeping resources. Additionally, UE1 could perform resource selection scheme to allocate sidelink CSI-RS resources for its beam sweeping. Sidelink CSI-RS is transmitted with or without sidelink data transmission in the same slot. 

The beam related information of sidelink CSI-RS is indicated by SCI transmitted together with sidelink CSI-RS. The beam reporting is carried in PSSCH, whose transmission resources are obtained via the legacy resource selection scheme.

Proposal 18: If sidelink CSI-RS is to be reused as a reference signal for the candidate procedure where initial beam pairing starts after sidelink unicast link establishment,
· Resources of sidelink CSI-RS beam sweeping are configured via PC5-RRC
· Resource selection scheme is applied by a transmitter UE to allocate sidelink CSI-RS resources
· Beam related information of sidelink CSI-RS is indicated by SCI transmitted together with sidelink CSI-RS
· Beam reporting is carried in PSSCH, whose transmission resources are obtained via the legacy resource selection scheme.

Beam maintenance
In NR Uu link beam management, after initial beam pairing, a UE performs beam maintenance procedure. One outcome of beam maintenance is to refine beams. Specifically, P2 procedure is applied to refine a SSB beam to a narrower beam via CSI-RS, and P3 procedure is used to refine UE’s receive beam for a given transmit beam. Another outcome of beam maintenance is beam switching. If the current serving beam pair experiences poor situation, then gNB and UE could switch the serving beam pair. 

Reference signal
	RAN1 #112b-e 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 NR Uu link beam management, CSI-RS is used for beam maintenance. Aperiodic, periodic and semi-persistent CSI-RS resource types are supported in CSI-RS configuration. Each CSI-RS resource is associated with a TCI state, which provides QCL source and QCL type. 

During sidelink beam maintenance procedure, the serving beam pair as well as other candidate beam pairs are measured. In case the condition of beam switching is met, the current serving beam pair will be replaced by a new beam pair. 

To facilitate the measurement of serving beam pair, a sidelink CSI-RS needs to be sent from transmitter UE to receiver UE. In Release 16 NR sidelink, sidelink CSI-RS is already supported in the form of aperiodic and non-standalone. The existing sidelink CSI-RS can be reused for the measurement of serving beam pair. Basically, a PSCCH/PSSCH transmission from transmitter UE to receiver UE is accompanied with non-standalone sidelink CSI-RS, where the transmit beam of sidelink CSI-RS is the same as the transmit beam of PSCCH/PSSCH. Receiver UE measures sidelink CSI-RS to obtain the quality of the current serving beam pair. The transmit beam ID of sidelink CSI-RS is indicated via the scheduling SCI, so that receiver UE can map its beam measurement with a certain beam pair. 

Proposal 19: Reuse the existing aperiodic and non-standalone sidelink CSI-RS transmissions for beam maintenance, where the beam information of sidelink CSI-RS is indicated via the scheduling SCI. 

To facilitate the measurement of candidate beam pairs, sidelink CSI-RS with same or different transmit beams as the current serving transmit beam should be transmitted from transmitter UE to receiver UE. Since sidelink CSI-RS with candidate transmit beam different from the current serving transmit beam may not have high beam quality, this candidate transmit beam is not ready for sidelink data transmission. This implies the necessity of supporting standalone sidelink CSI-RS transmissions. In other words, the transmission of sidelink CSI-RS is not accompanied with sidelink data transmissions (i.e., sidelink MSDU). 

Furthermore, a sidelink beam pair may be maintained, independent of the appearance of sidelink data for transmission. The non-standalone sidelink CSI-RS transmission implies that beam maintenance occurs only when there is sidelink data transmission, which may delay the triggering of sidelink beam maintenance.

On the other hand, the beam related information of standalone sidelink CSI-RS transmission should be indicated (e.g., via SCI) so that a receiver UE could map beam measurement with the corresponding beam pair. The source ID and destination ID of sidelink CSI-RS may be additionally indicated to ensure the beam measurement and beam reporting are for a proper UE pair. The source ID and destination ID of sidelink CSI-RS transmissions could be carried in sidelink MAC CE and/or partly in SCI stage 2. Hence, it is preferred that standalone sidelink CSI-RS is transmitted with SCI and sidelink MAC CE. 

Proposal 20: Support standalone sidelink CSI-RS transmissions for beam maintenance, where SCI and SL MAC CE are transmitted together with standalone sidelink CSI-RS to indicate the transmit beam of sidelink CSI-RS, as well as source and destination IDs of sidelink CSI-RS transmission.

Fast sidelink CSI-RS beam sweeping is beneficial for sidelink beam maintenance. We think at least for standalone sidelink CSI-RS transmissions, multiple sidelink CSI-RS resources can be included in one slot to support fast beam sweeping. 

Proposal 21: Support multiple sidelink CSI-RS transmissions within one slot at least for standalone sidelink CSI-RS transmissions.

In NR Uu link, the configuration of CSI resources supports aperiodic, periodic, and semi-persistent resource types. In Release 16 NR sidelink, only aperiodic sidelink CSI-RS transmission is supported. 

Periodic and/or semi-persistent sidelink CSI-RS transmissions allow receiver UE to prepare the corresponding receive beams for beam measurement, since receiver UE knows which slots are to be used for beam measurement beforehand. Furthermore, periodic and/or semi-persistent sidelink CSI-RS transmission facilitates receiver UE’s frequent sidelink beam failure instance detection. Hence, we think periodic and/or sidelink CSI-RS transmissions should be supported for beam maintenance.

Proposal 22: Support periodic and/or semi-persistent sidelink CSI-RS transmissions for beam maintenance.

Beam measurement and reporting
	RAN1 #112 Agreement
RAN1 is to study sidelink beam measurement and reporting schemes (e.g., periodicity, contents, container, timing, procedure, etc.) for sidelink beam maintenance.

RAN1 #112b-e 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

RAN1 #112b-e 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)



In NR Uu link beam management, a UE makes the beam measurement on CSI-RS, where the measurement metrics include L1-RSRP. Then, the UE reports the beam measurement to gNB. The report quantity includes L1-RSRP of the corresponding CSI-RS resource. The CSI reporting could be in periodic (using PUCCH), aperiodic (using PUSCH) and semi-persistent (using PUCCH or DCI activated PUSCH).

The sidelink CSI reporting is already supported in Release 16 NR sidelink. The existing sidelink CSI reporting contains only CQI and RI. The sidelink CSI reporting is aperiodic, which is triggered by the aperiodic sidelink CSI-RS transmission. The sidelink CSI reporting is carried by MAC CE. The sidelink CSI reporting window is defined to avoid overlapped CSI reporting triggers.

It was agreed [5] to study sidelink beam measurement and reporting schemes for sidelink beam maintenance, including procedure, periodicity, contents, container, and timing. 

Regarding the periodicity of sidelink beam reporting, we think both periodic sidelink beam reporting and aperiodic sidelink beam reporting should be supported. This is to match periodic sidelink CSI-RS transmission and aperiodic sidelink CSI-RS transmission. Specifically, for periodic sidelink CSI-RS transmission, the corresponding periodic sidelink beam reporting could be applied. For aperiodic sidelink CSI-RS transmission, the aperiodic sidelink beam reporting could be applied. 

Proposal 23: Consider both periodic and aperiodic sidelink beam reporting for beam maintenance. 

Regarding the contents of sidelink beam reporting, if a receiver UE makes a single sidelink beam reporting after receiving all sidelink CSI-RS for beam measurements, the contents of sidelink beam reporting could be some or all sidelink CSI-RS resource index(s) and their corresponding L1-RSRP measurements. For example, a receiver UE could report the L1-RSRP measurements of the sidelink transmit beams whose L1-RSRP measurements are larger than a threshold. In this way, a transmitter UE selects a transmit beam based on sidelink beam reporting. Subsequently, the transmitter UE indicates its selected transmit beam to the receiver UE.

Alternatively, the contents of sidelink beam reporting could be simply the sidelink CSI-RS resource index of the transmit beam with the strongest L1-RSRP measurement. In this way, a receiver UE effectively makes the sidelink beam selection, based on its sidelink beam measurements. 

Proposal 24: Support the contents of sidelink beam reporting are sidelink CSI-RS resource index(s), with or without the corresponding L1-RSRP measurement results.  

In Release 16 NR sidelink, the sidelink CSI report is carried by sidelink MAC CE. This avoids the design of a new SCI format. Similarly, the sidelink beam reporting could be carried by sidelink MAC CE. The payload of sidelink beam reporting could be a few bits. For example, a sidelink CSI-RS resource index could be a few bits, depending on sidelink CSI-RS configurations, and its corresponding L1-RSRP measurement is of 7 bits.

Proposal 25: The sidelink beam reporting is carried by SL MAC CE.

In Release 16 NR sidelink, the sidelink CSI report needs to occur within a latency bound. This latency bound ensures a prompt sidelink CSI feedback which reflects the immediate channel condition. Similarly, the sidelink beam measurement needs to be reported within a short time duration, since otherwise, the channel condition may already change. Hence, it is beneficial to limit the time gap between the triggering of sidelink beam reporting and the actual sidelink beam reporting. If the sidelink beam reporting is not received by a transmitter UE within a latency bound, then the corresponding beam reporting is ignored. 

Proposal 26: The time gap between the triggering of sidelink beam reporting and the transmission of sidelink beam reporting is upper bounded.

Beam indication and switching
	RAN1 #112 Agreement
RAN1 is to study sidelink beam indication and switching schemes (e.g., framework, general procedure, contents, signaling, timing, etc.) for sidelink beam maintenance.



When receiver UE selects transmitter UE’s transmit beam, it notifies transmitter UE about the selected transmit beam. In this case, receiver UE sends sidelink beam indication to transmitter UE. The content of the sidelink beam indication is a single sidelink CSI-RS resource index which the transmitter UE needs to apply. This implies the beam of PSCCH/PSSCH transmission is QCL-ed with the beam of sidelink CSI-RS transmission. Subsequently, the beam of PSCCH/PSSCH reception is aligned with the beam of sidelink CSI-RS reception. 

When transmitter UE selects its transmit beam based on the reported sidelink RSRP measurements, the transmitter UE needs to indicate its selected transmit beam to receiver UE so that the associated receive beam is applied at receiver UE accordingly. Again, the content of sidelink beam indication is a single CSI-RS resource index. 

Proposal 27: The content of sidelink beam indication is a single sidelink CSI-RS resource index. 

In NR Uu downlink beam management, the transmit beam is determined by gNB, based on UE’s reporting. This transmit beam decision is indicated to UE, e.g., via MAC CE for PDCCH (or CORESET) transmit beam or DCI for PDSCH transmit beam. The TCI/QCL framework is used for the beam indication.

Following Uu downlink design where the transmit beam information of control channel is carried in MAC CE, we think that the beam indication in sidelink is carried by sidelink MAC CE, since the indicated transmit beam applies to both PSCCH and PSSCH. 

Proposal 28: The sidelink beam indication is carried by sidelink MAC CE.

No matter whether receiver UE or transmitter UE selects the sidelink beam pair, the selected sidelink beam pair will be notified to the pair UE. Both transmitter UE and receiver UE need to synchronize on the timing of applying the new sidelink beam pair. Since the sidelink beam indication is sent via MAC CE over PSSCH, the ACK for the sidelink beam indication could be used as a reference time to determine the activation timing of indicated beam pair. Specifically, both transmitter UE and receiver UE start to apply the new beam pair a certain time duration after the ACK for sidelink beam switching indication.

Proposal 29: The ACK for sidelink beam indication serves as a reference time to determine the activation timing of selected beam pair. 

Beam failure recovery
Beam failure detection
	RAN1 #112 Agreement
RAN1 is to study the information related to a sidelink beam failure instance that the PHY layer provides to the MAC layer.

FL Proposal in RAN1 #112b-e: 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
· FFS whether/how to support candidate beam identification in case of BFD
· 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
· FFS details on reference signal for BFD 
· Note: this scheme follows the principle of Uu BFR.
·  FFS any other enhancements
· Other options are not precluded.
· FFS: whether to prioritize the study of Scheme 2.  



It was agreed [5] to study information related to a sidelink beam failure instance that the PHY layer provides to the MAC layer.

In RAN1 #112b-e meeting, two candidate schemes for triggering sidelink BFI were studied. In the first scheme, the sidelink BFI is triggered at transmitter UE. This is similar to Release 16 NR sidelink radio link failure (RLF) detection procedure, which relies on the track of sidelink HARQ feedback.  In sidelink RLF, if a transmitter UE detects a PSFCH absence on a PSFCH reception occasion, then a sidelink beam failure instance (BFI) is indicated from PHY layer to MAC layer. This increases the MAC layer counter (i.e., “numConsecutiveDTX”) by 1. If the counter reaches a threshold, then sidelink RLF is declared. If a transmitter UE receives PSFCH on a PSFCH reception occasion, then the MAC layer counter is reset to 0.  

In the first scheme, a sidelink BFI is indicated from transmitter UE’s PHY layer to MAC layer, with a PSFCH absence on a PSFCH reception occasion. Each sidelink BFI indication increases the MAC layer counter by 1. If the counter reaches a threshold, which could be smaller than the threshold for sidelink RLF, then the sidelink beam failure is detected.

One open issue of the first scheme is whether and how to support candidate beam identification in case of sidelink beam failure detection (BFD). Basically, this scheme itself only specifies the detection of sidelink beam failure, but it does not specify how to identify a candidate beam in case of BFD. This works fine for sidelink RLF but needs to be enhanced for sidelink BFR. 

One possible way to identify candidate beams in scheme 1 is that transmitter UE starts sending reference signal for BFD when it detects a certain number of consecutive PSFCH absence on PSFCH reception occasions. This number could be smaller than the threshold for declaring sidelink BFD, so that receiver UE could identify candidate beams based on the measurement of reference signal for BFD, before sidelink BFD is declared. 

Proposal 30: In case sidelink BFI is triggered based on sidelink HARQ feedback, a transmitter UE starts transmitting reference signal for BFD, when the number of consecutive PSFCH absence on PSFCH reception occasions reaches a certain threshold. 

In the second scheme, the sidelink BFI is triggered at receiver UE. This is similar to Uu link BFI procedure. In Uu link, the beam failure detection is a combined PHY/MAC procedure. Whenever UE’s PHY layer detects that PDCCH hypothetical BLER is below a threshold (i.e., ), it provides the MAC layer a BFI indication. MAC layer starts or restarts a timer every time it receives BFI, and it keeps incrementing the counter by 1 for every BFI. If the BFI counter value is larger than or equal to a threshold, then the beam failure is detected. If the timer expires, then the BFI counter is reset to 0.

One open issue of the second scheme is the reference signal for sidelink beam failure detection (BFD).  To enable MAC layer declaring sidelink beam failure detection (BFD), the number of sidelink BFD reference signal transmissions within the duration of MAC layer timer should be at least larger than or equal to the BFI counter threshold. To ensure enough number of sidelink BFD reference signal transmissions in a sliding time window, we prefer periodic and/or semi-persistent sidelink CSI-RS serving as BFD reference signal. 

Proposal 31: In case sidelink BFI is triggered based on the measurement of reference signal for BFD, periodic and/or semi-persistent sidelink CSI-RS serves as reference signal for sidelink beam failure detection. 

A receiver UE measures the sidelink CSI-RS for BFD. If the PSCCH hypothetical BLER is below a threshold, then a sidelink BFI is indicated from PHY layer to MAC layer at receiver UE. 

Proposal 32: In case sidelink BFI is triggered based on the measurement of reference signal for BFD, if PSCCH hypothetical BLER is less than a threshold, a sidelink BFI is indicated from PHY layer to MAC layer.

Beam failure recovery 
	RAN1 #112b-e 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).



It was agreed [3] to study sidelink BFR mechanism at least for the scheme where sidelink BFI is triggered based on the measurement of reference signal for BFD. These includes candidate beam identification, sidelink BFRQ and sidelink BFRR. 

We already discussed that sidelink CSI-RS could serve as reference signal for sidelink BFD. The sidelink CSI-RS design for sidelink BFD can follow the similar design for sidelink CSI-RS for initial beam pairing in the candidate procedure where initial beam pairing is performed before sidelink unicast link establishment. Specifically, sidelink CSI-RS is transmitted without sidelink data transmission in the same slot. Additionally, sidelink CSI-RS for BFD shares the same resources as that for initial beam pairing.

Proposal 33: If sidelink CSI-RS serves as reference signal for sidelink BFD, 
· Sidelink CSI-RS is transmitted without sidelink data transmission in the same slot
· Sidelink CSI-RS for BFD shares the same resources as that for initial beam pairing.  

With the measurement of beam sweeping reference signals for BFD, a receiver UE determines a candidate PSCCH/PSSCH transmit beam and receive beam, which have the largest RSRP measurement. 

Proposal 34: In sidelink beam failure recovery, the candidate transmit beam is selected as the one with the largest RSRP measurement of beam sweeping reference signal for BFD.

Once a receiver UE determines a candidate PSCCH/PSSCH transmit beam, it needs to indicate this candidate transmit beam to transmitter UE, via sidelink beam failure recovery request (BFRQ). The resource of sidelink BFRQ is associated with the candidate transmit beam of reference signal for sidelink BFD. 

Proposal 35: If sidelink CSI-RS serves as reference signal for sidelink BFR, sidelink BFRQ is sent using the resource associated with the candidate transmit beam of reference signal for sidelink BFD. 

Once a transmitter UE receives sidelink BFRQ from receiver UE, it needs to send the sidelink beam failure recovery response (BFRR) with the content of a new transmit beam ID to indicate the new transmit beam to be used. 

Proposal 36: After receiving sidelink BFRQ, transmitter UE sends the sidelink beam failure recovery response (BFRR) with the content of a new transmit beam ID.

PSFCH beam 
	RAN1 #112b-e 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.



It was agreed [3] on two options for determining PSFCH transmit and receive beam for a single PSFCH transmission or reception in a slot. 

In the first option, PSFCH transmit/receive beam is derived from the corresponding PSCCH/PSSCH receive/transmit beam. This is based on sidelink beam correspondence. In this option, the PSFCH beam training is be avoided. 

In the second option, PSFCH transmit/receive beam is derived from the corresponding PSCCH/PSSCH transmit/receive beam for the reverse data transmission. It is clear that Option 2 requires the beam training for reverse data transmission, which complicates the whole procedure. It is unclear whether a separate beam training for reverse data transmission is needed. If sidelink beam correspondence is assumed, then the PSCCH/PSSCH transmit beam for reverse data transmission is equal to PSCCH/PSSCH receive beam. In this case, Option 2 is merged to Option 1. 

Proposal 37: For a single PSFCH transmission/reception in a slot, at least support that PSFCH transmit beam is derived from the corresponding PSCCH/PSSCH receive beam; PSFCH receive beam is derived from the corresponding PSCCH/PSSCH transmit beam (i.e., Option 1). 

Others
	RAN1 #112b-e 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.



Consider a UE has multiple sidelink unicast sessions, and the UE is trained with different PSFCH transmit beams towards different transmitter UEs belonging to multiple sidelink unicast sessions. According to the conclusion that a single transmit beam is applied for PSFCH transmission in a slot, we need to study the schemes to avoid PSFCH transmissions using different transmit beams in a slot. For example, it may be studied whether to preclude the situation of multiple PSFCH transmissions with different transmit beams in a slot, or how to select a single PSFCH transmit beam if multiple PSFCH transmissions with different transmit beams are scheduled in a slot.

Proposal 38: If a receiver UE is trained with different PSFCH transmit beams towards different transmitter UEs belonging to different sidelink unicast sessions, RAN1 to study the scheme to determine PSFCH transmit beam in a slot, in case multiple PSFCH transmissions with different trained beams are scheduled. 

In NR sidelink, a UE could have multiple simultaneous PSCCH/PSSCH receptions or multiple simultaneous PSFCH receptions in a slot. Consider an example that a UE has two sidelink unicast sessions with UE1 and UE2, respectively. The UE is trained with different PSCCH/PSSCH receive beams for UE1 and UE2. Since a single receive beam is applied for PSCCH/PSSCH reception in a slot, we need to study the schemes to avoid PSCCH/PSSCH receptions using different receive beams in a slot. For example, it may be studied how to select a single PSCCH/PSSCH receive beam if multiple PSCCH/PSSCH receptions with different receive beams are scheduled in a slot.

In the above discussions, a UE knows a scheduled PSCCH/PSSCH reception in a slot beforehand, (e.g., periodic PSCCH/PSSCH). Subsequently, the UE knows which receive beam to apply in that slot. If the UE does not know a scheduled PSCCH/PSSCH reception in a slot beforehand (e.g., aperiodic PSCCH/PSSCH), then it does not know which receive beam to apply in that slot. It may be studied whether Mode 1 and mode 2 resource reservation and indication schemes can be enhanced, e.g., to indicate receive beam. 

Depending on sidelink reference signal design, a UE may have simultaneous sidelink reference signal reception for beam measurement and PSCCH/PSSCH reception in a slot. Hence, it is worth to study the receive beam selection for multiple simultaneous PSCCH/PSSCH receptions, for multiple simultaneous PSFCH receptions, and for PSCCH/PSSCH reception and sidelink reference signal reception.  

Proposal 39: RAN1 to study receive beam selection for multiple simultaneous PSCCH/PSSCH receptions, for multiple simultaneous PSFCH receptions, and for simultaneous PSCCH/PSSCH reception and sidelink reference signal reception for beam measurement. 

Conclusion
In this contribution, we provided our views on sidelink operations on FR2 licensed spectrum. Our proposals are as follows:

Proposal 1: For the candidate procedure where initial beam pairing is performed before sidelink unicast link establishment, the applicable reference signal is chosen from either S-SSB or (standalone) sidelink CSI-RS.

Proposal 2: For the candidate procedure where initial beam pairing is performed before sidelink unicast link establishment, UE1 starts sending reference signals within a window duration before triggering sidelink unicast link establishment and stops sending reference signals after initial beam pair is obtained. 

Proposal 3: For the candidate procedure where initial beam pairing is performed before sidelink unicast link establishment, UE2 determines UE2 transmit beam (to UE1) based on UE2 receive beam (from UE1), which has the largest RSRP measurement of reference signal.

Proposal 4: For the candidate procedure where initial beam pairing is performed before sidelink unicast link establishment, UE2 uses the beam reporting occasion associated with the determined UE1 transmit beam to indicate the determined UE1 transmit beam.
· Study whether/how to avoid multiple UEs performing beam reporting.

Proposal 5: For the candidate procedure where initial beam pairing is performed during sidelink unicast link establishment, the applicable reference signal which is transmitted together with unicast link establishment message is sidelink CSI-RS or PSCCH/PSSCH DMRS. 

Proposal 6: For the candidate procedure where initial beam pairing is performed during sidelink unicast link establishment,
· If UE2 successfully receives a PSCCH/PSSCH, UE2 reports its RSRP measurement of reference signal transmitted together with this PSCCH/PSSCH, where
· mapping between each PSCCH/PSSCH transmission and its corresponding RSRP measurement reporting follows the PSSCH-PSFCH mapping rule.
· UE2 determines UE1 transmit beam and UE2 receive beam, which has the largest RSRP measurement.

Proposal 7: For the candidate procedure where initial beam pairing is performed during sidelink unicast link establishment, UE1 determines its transmit beam which has the largest reported RSRP measurement. 

Proposal 8: For the candidate procedure where initial beam pairing starts after sidelink unicast link establishment, unicast link establishment procedure is based on wide beam transmissions. 

Proposal 9: For the candidate procedure where initial beam pairing starts after sidelink unicast link establishment, the resource configuration for beam sweeping and/or beam reporting is transmitted via PC5-RRC message.

Proposal 10: For the candidate procedure where initial beam pairing starts after sidelink unicast link establishment, the applicable reference signal for beam sweeping is sidelink CSI-RS.

Proposal 11: If S-SSB is to be adapted as a reference signal for initial beam pairing between UE1 and UE2, UE1’s source ID needs to be included in S-SSB so that UE2 is able to map its beam measurement to UE1.

Proposal 12: If S-SSB is to be adapted as a reference signal for initial beam pairing, the beam related information is indicated by S-SSB index, which is carried by PSBCH payload and/or PSBCH DMRS sequence. 

Proposal 13: If S-SSB is to be adapted as a reference signal for initial beam pairing, different UEs should use different S-SSB resources. 

Proposal 14: If S-SSB is to be adapted as a reference signal for initial beam pairing, the beam reporting resources associated with S-SSB resources (or transmit beams) are allocated by (pre-)configuration.

Proposal 15: If S-SSB is to be adapted as a reference signal for initial beam pairing, destination ID is included in S-SSB so that only target UE performs the corresponding beam measurement and beam reporting.

Proposal 16: If sidelink CSI-RS is to be reused as a reference signal for the candidate procedure where initial beam pairing is performed before sidelink unicast link establishment
· Sidelink CSI-RS is transmitted without sidelink data transmission in the same slot
· Semi-persistent sidelink CSI-RS is transmitted 
· Resources of sidelink CSI-RS beam sweeping are (pre-)configured 
· Resource selection scheme is applied for a transmitter UE to allocate sidelink CSI-RS resources
· Beam reporting resources associated with sidelink CSI-RS transmit beams are allocated by (pre-)configuration

Proposal 17: If sidelink CSI-RS is to be reused as a reference signal for the candidate procedure where initial beam pairing is performed during sidelink unicast link establishment, 
· Sidelink CSI-RS is transmitted together with PSCCH/PSSCH carrying unicast link establishment messages
· Aperiodic sidelink CSI-RS is transmitted 
· Beam reporting resources associated with sidelink CSI-RS transmit beams follow the mapping rule similar to PSSCH-PSFCH mapping rule.  

Proposal 18: If sidelink CSI-RS is to be reused as a reference signal for the candidate procedure where initial beam pairing starts after sidelink unicast link establishment,
· Resources of sidelink CSI-RS beam sweeping are configured via PC5-RRC
· Resource selection scheme is applied by a transmitter UE to allocate sidelink CSI-RS resources
· Beam related information of sidelink CSI-RS is indicated by SCI transmitted together with sidelink CSI-RS
· Beam reporting is carried in PSSCH, whose transmission resources are obtained via the legacy resource selection scheme.

Proposal 19: Reuse the existing aperiodic and non-standalone sidelink CSI-RS transmissions for beam maintenance, where the beam information of sidelink CSI-RS is indicated via the scheduling SCI. 

Proposal 20: Support standalone sidelink CSI-RS transmissions for beam maintenance, where SCI and SL MAC CE are transmitted together with standalone sidelink CSI-RS to indicate the transmit beam of sidelink CSI-RS, as well as source and destination IDs of sidelink CSI-RS transmission.

Proposal 21: Support multiple sidelink CSI-RS transmissions within one slot at least for standalone sidelink CSI-RS transmissions.

Proposal 22: Support periodic and/or semi-persistent sidelink CSI-RS transmissions for beam maintenance.

Proposal 23: Consider both periodic and aperiodic sidelink beam reporting for beam maintenance.

Proposal 24: Support the contents of sidelink beam reporting are sidelink CSI-RS resource index(s), with or without the corresponding L1-RSRP measurement results.  

Proposal 25: The sidelink beam reporting is carried by SL MAC CE.

Proposal 26: The time gap between the triggering of sidelink beam reporting and the transmission of sidelink beam reporting is upper bounded.

Proposal 27: The content of sidelink beam indication is a single sidelink CSI-RS resource index. 

Proposal 28: The sidelink beam indication is carried by sidelink MAC CE.

Proposal 29: The ACK for sidelink beam indication serves as a reference time to determine the activation timing of selected beam pair. 

Proposal 30: In case sidelink BFI is triggered based on sidelink HARQ feedback, a transmitter UE starts transmitting reference signal for BFD, when the number of consecutive PSFCH absence on PSFCH reception occasions reaches a certain threshold. 

Proposal 31: In case sidelink BFI is triggered based on the measurement of reference signal for BFD, periodic and/or semi-persistent sidelink CSI-RS serves as reference signal for sidelink beam failure detection. 

Proposal 32: In case sidelink BFI is triggered based on the measurement of reference signal for BFD, if PSCCH hypothetical BLER is less than a threshold, a sidelink BFI is indicated from PHY layer to MAC layer.

Proposal 33: If sidelink CSI-RS serves as reference signal for sidelink BFD, 
· Sidelink CSI-RS is transmitted without sidelink data transmission in the same slot
· Sidelink CSI-RS for BFD shares the same resources as that for initial beam pairing.  

Proposal 34: In sidelink beam failure recovery, the candidate transmit beam is selected as the one with the largest RSRP measurement of sidelink CSI-RS for BFD.

Proposal 35: If sidelink CSI-RS serves as reference signal for sidelink BFR, sidelink BFRQ is sent using the resource associated with the candidate transmit beam of reference signal for sidelink BFD. 

Proposal 36: After receiving sidelink BFRQ, transmitter UE sends the sidelink beam failure recovery response (BFRR) with the content of a new transmit beam ID.

Proposal 37: For a single PSFCH transmission/reception in a slot, at least support that PSFCH transmit beam is derived from the corresponding PSCCH/PSSCH receive beam; PSFCH receive beam is derived from the corresponding PSCCH/PSSCH transmit beam (i.e., Option 1). 

Proposal 38: If a receiver UE is trained with different PSFCH transmit beams towards different transmitter UEs belonging to different sidelink unicast sessions, RAN1 to study the scheme to determine PSFCH transmit beam in a slot, in case multiple PSFCH transmissions with different trained beams are scheduled. 

Proposal 39: RAN1 to study receive beam selection for multiple simultaneous PSCCH/PSSCH receptions, for multiple simultaneous PSFCH receptions, and for simultaneous PSCCH/PSSCH reception and sidelink reference signal reception for beam measurement. 

References
[1] [bookmark: _Ref114843782][bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: _Ref99716514][bookmark: _Ref114469003][bookmark: _Ref46220695]RP-213678, “New WID on NR sidelink evolution,” Dec. 2021.
[2] [bookmark: _Ref130473073][bookmark: _Ref124954888]RP-230077, “WID revision: NR sidelink evolution,” Mar. 2023. 
[3] [bookmark: _Ref131521716]Chairman’s Notes, 3GPP TSG RAN1 WG1 #112bis-e Meeting, Apr. 2023.
[4] [bookmark: _Ref131521718]R1-2303905, “FL summary #3 for AI 9.4.3 Enhanced sidelink operation on FR2 licensed spectrum,” Apr. 2023. 
[5] [bookmark: _Ref134177043]Chairman’s Notes, 3GPP TSG RAN1 WG1 #112 Meeting, Mar. 2023. 
[6] [bookmark: _Ref134199819]R1-1810701, “Field trial results from 39 GHz vehicle to vehicle communication,” Oct. 2018. 
[7] [bookmark: _Ref134449021]3GPP TS 23.304, Proximity based Services (ProSe) in the 5G System (5GS), v18.0.0, Dec. 2022. 
	3/8	
