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Introduction
The latest Rel-18 WID on sidelink evolution (RP-230077) includes the following objective regarding enhanced sidelink operation on FR2 licensed spectrum (SL-FR2):
 
	3. [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.



This contribution provides discussions related to the support of sidelink beam management for unicast communication, including summary of contributions, email discussions, outcome of this meeting, etc. 
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Topics for email discussion
According to WID, the sidelink beam management includes initial beam pairing, beam maintenance, and beam failure recovery. These topics will be discussed: Section 3.1 discusses initial beam pairing; Section 3.2 discusses beam maintenance and Section 3.3 discusses beam failure recovery. Also, PSFCH beams will be discussed in Section 3.4. 

Other relevant topics will be discussed in Section 3.5, including multiple beams handling, resource allocation with beamformed transmission/reception, etc. 
Topic #1: Initial beam pairing 
Background
General procedure
The following agreement was made in RAN1 #112 meeting. 

	RAN1 #112 Agreement
For sidelink beam management, RAN1 is to study
· how transmit beam(s) training and/or receive beam(s) training is performed
· whether and how spatial related information (e.g., TCI, QCL, beam ID, etc) information could be identified
· the relationship between PC5 unicast link establishment and sidelink initial beam pairing (e.g., whether initial beam pairing procedure starts before, during or after sidelink unicast link establishment procedure.)



In the last two RAN1 meeting, we have examined three candidate procedures on initial beam pairing with some level of details. The candidate procedure where initial beam pairing is performed after sidelink unicast link establishment can follow the similar procedure as beam maintenance, which likely does not require additional specification efforts. However, its feasibility has been questioned due to the limited coverage of sidelink unicast link establishment messages, as well as configuration messages. 

On the other hand, the other two candidate procedures do not have this coverage issue. 

One potential issue of the candidate procedure where initial beam pairing is performed before sidelink unicast link establishment is multiple neighbor UEs of UE1 may indicate their determined UE1 transmit beam in Step 3. This implies that UE1 may initiate beam pairing with all its neighbor UEs. 

One potential issue of the candidate procedure where initial beam pairing is performed during sidelink unicast link establishment is the large overhead of beam sweeping of unicast link establishment message in Step 1. 

It is FL’s view that we need to down-select one candidate procedure from the two candidate procedures where initial beam pairing is performed before or during sidelink unicast link establishment, to address the coverage issue. This could largely reduce the specification and implementation efforts. On the other hand, considering less (or, almost no) additional specification and implementation efforts, the use of the candidate procedure where initial beam pairing is performed after sidelink unicast link establishment can be supported, if it is feasible.

This is in Proposal 1-1-a. 

DCM and LG mention to clarify the definition of initial beam pairing is performed before or during sidelink unicast link establishment. Hence, notes are added in Proposal 1-1-a. 

Note that Proposal 1-1-a has not specified the timeline of down-selection. To facilitate the down-selection, FL would like to learn companies’ positions between the two candidate procedures. This is in Question 1-1. Depending on companies’ inputs, we may know if it is possible to down-select during the SI phase.

Initial beam pairing before 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. 

RAN1 #113 Agreement
In the candidate procedure where initial beam pairing is performed before sidelink unicast link establishment,
· In step 1, 
· the applicable reference signal is selected based on
· Alt 1-1: S-SSB or its modified format
· Alt 1-2: standalone SL CSI-RS or its modified format
· Alt 1-3: non-standalone SL CSI-RS 
· Note: standalone SL CSI-RS transmission means at least no accompanying sidelink data (SL MAC SDU) transmissions in the same slot. FFS: accompanying SCI(s) or SL MAC CE transmissions or PSFCH.
· Alt 1-4: PSCCH/PSSCH DMRS
· the reference signals are sent
· Alt 2-0: aperiodically
· Alt 2-1: periodically
· Alt 2-2: semi-persistent with activation and deactivation
· FFS details of activation/deactivation
· FFS resources and resource allocation of reference signal
· FFS: if CSI-RS is used, whether UE1 transmits other information associated with the CSI-RS
· In step 2, 
· UE1’s transmit beam and UE2’s receive beam are determined by UE2 as the pair with the RSRP measurement satisfying certain condition(s)
· FFS details of condition(s)
· FFS explicit or implicit determination of UE1 transmit beam by UE2
· UE2’s transmit beam is at least determined as the one corresponding to determined UE2’s receive beam, at least if beam correspondence is assumed
· FFS other scheme
· In step 3, 
· UE2’s beam reporting is associated with determined UE1’s transmit beam.
· FFS details of association
· FFS details of beam reporting
· Note: this does not preclude beam reporting in the link establishment message.
· FFS: how UE1 determines its transmit beam if it receives different beam reporting from different UEs
· FFS: whether/how to avoid unnecessary beam measurement and reporting from multiple UEs; 




In the candidate procedure where initial beam pairing is performed before sidelink unicast link establishment, there are several open issues: 

The first open issue is on the applicable reference signal used in Step 1, where four options were identified. Companies’ positions on these four options are listed below:
· S-SSB or its modified format
· Support (9): Huawei, JHU, Intel (if UE can be a synch source), Sony, CATT, CMCC, Lenovo, Apple, Qualcomm
· Not support (1): Interdigital (only synch source UE needs to send S-SSB)
· Non-standalone CSI-RS
· Support (2): Nokia, Lenovo (?) 
· Not support (3): DCM, Qualcomm, Huawei
· Standalone CSI-RS
· Support (14): Nokia, JHU, Intel (if UE cannot be a synch source), Sony, CMCC, Lenovo (?), Apple, Xiaomi, DCM, OPPO, Interdigital, Qualcomm, LG, Wilus,
· Not support:
· PSCCH/PSSCH DMRS
· Support (2): Nokia, ZTE
· Not support (4): DCM, Interdigital, Qualcomm, Huawei

Among the four options, the option of S-SSB or its modified format and the option of standalone CSI-RS gets more supports than the other two options. Hence, FL suggests keeping these two options for further down-selection. This is in Proposal 1-2-a. 

The second open issue is on the resources of reference signal. Several companies (Qualcomm, JHU, Apple, Intel) mention that the resources of reference signals are (pre)configured and dedicated. 

In case of S-SSB, there are two different views on the relation between resources of legacy S-SSB for synchronization and resources of S-SSB for initial beam pairing. Huawei thinks S-SSB for initial beam pairing shares the same resources as legacy S-SSB for synchronization. Basically, the legacy S-SSB is enhanced to support both synchronization purpose and initial beam pairing purpose. On the other hand, Qualcomm thinks the resources of S-SSB for initial beam pairing are separate from the resources of legacy S-SSB for synchronization. Basically, the S-SSB for initial beam pairing is not used for synchronization purpose. Both of these options are listed for further consideration. 

In case of standalone sidelink CSI-RS, there are also two different views on the relation between resources of standalone sidelink CSI-RS and legacy resource pool. DCM, Qualcomm mention that the resources of standalone sidelink CSI-RS should be in a dedicated resource pool. It can be further examined whether there is any time-frequency overlap between this dedicated resource pool for standalone sidelink CSI-RS and legacy resource pool. Xiaomi mentions that the resources of standalone sidelink CSI-RS belong to legacy resource pool. Both of these options are listed for further consideration. 

No matter whether a dedicated resource pool or a shared resource pool for standalone sidelink CSI-RS, the resource allocation of standalone sidelink CSI-RS has been discussed by companies. Apple, ZTE mention that the resource selection of standalone sidelink CSI-RS can use the legacy PSCCH/PSSCH resource selection procedure as a starting point. OPPO, Qualcomm mention that UE1 determines standalone sidelink CSI-RS resources based on UE ID. Both of these options are listed for further consideration including their details, and other options are not precluded at this stage. 

This is in Proposal 1-2-a.

The third open issue is on when the reference signal is transmitted. CATT, CMCC, OPPO, Qualcomm, Intel think the reference signal should be transmitted periodically. On the other hand, DCM, Interdigital think periodic transmission of reference signal is unnecessary and wastes of resources and UE power. They mention aperiodic transmission of reference signal, depending on the event trigger. JHU, CATT, Apple, OPPO, Interdigital, Nokia mention that the reference signal could be transmitted semi-persistently, i.e., periodically with activation and deactivation. For example, Apple mentions that the UE1 starts sending reference signal when it has available IDs for unicast link establishment but has not performed initial beam pairing, and UE1 stops sending reference signal after initial beam pairing or after unicast link release. 

It is generally understood that reference signal at least contains UE1’s ID. This implies that reference signal will not be transmitted before UE1 knows its ID for unicast link establishment. Also, if a unicast link is released, there is no need to keep sending reference signal. Overall, semi-persistent reference signal transmission is more general than periodic reference signal transmission. This is in Proposal 1-2-a.

Regarding the other information associated with sidelink CSI-RS, Xiaomi, ZTE, Lenovo, Apple mention UE1’s (i.e., Tx UE) ID should be indicated. Apple, DCM, ZTE, LG, CATT, Lenovo mention UE2’s (i.e., Rx UE) ID should be indicated, while Huawei thinks it is not needed since UE1 does not need to identify peer UEs during initial beam pairing. Xiaomi, Interdigital, Lenovo mention beam ID should be indicated, while OPPO thinks it is not needed due to the mapping between reference signal resource and beam reporting resource. Overall, FL thinks the detailed information associated with sidelink CSI-RS could be discussed after reference signals are down-selected. 

In step 2 of the procedure, the main open issue is the RSRP measurement condition(s) based on which UE2 determines UE1’s transmit beam and UE2’s receive beam. Huawei, Apple, Wilus, JHU mention that UE2 determines UE1’s transmit beam and UE2’s receive beam whose corresponding RSRP measurement is the largest among all RSRP measurements. Qualcomm, Wilus mentions that UE2 determines UE1’s transmit beam and UE2’s receive beam whose corresponding RSRP measurement is larger than a threshold. Both options are listed for further consideration. The combination of these two conditions is also listed. 

This is in Proposal 1-3-a. 

Qualcomm mentions that in Step 2, UE2’s transmit beam is determined based on beam correspondence. It is unclear what is the scheme if UE2 does not assume beam correspondence. From this sense, Qualcomm thinks the sidelink beam management designed based on beam correspondence should be prioritized. 


In step 3 of the procedure, it is mentioned that UE2’s beam reporting is associated with determined UE1’s transmit beam. The details of beam reporting are open. 

Regarding the resources for beam reporting, Apple, Intel mention the beam reporting resources are (pre-)configured, and Xiaomi mentions the beam reporting resources are separate from legacy resource pool. This is in Proposal 1-4-a. 

Regarding the association between beam reporting and determined UE1’s transmit beam, Sony, Huawei, Apple, ZTE, CATT, CMCC, OPPO, Wilus think the beam reporting resource is associated with the resource for UE1’s reference signal transmission with the determined UE1’s transmit beam. Specifically, ZTE mentions to reuse the SSB-PRACH association rule or PSSCH-PSFCH association rule and Xiaomi mentions a response time window for beam reporting. 

Overall, FL thinks that the beam reporting resource can be associated with the resource for UE1 reference signal transmission with the determined UE1’s transmit beam. The resources mapping rule in time and frequency domain can be further discussed. This is in Proposal 1-4-a.

Additionally, Wilus mentions that UE1’s receive beam of beam reporting corresponds to UE1’s transmit beam of reference signal. This is also in Proposal 1-4-a. 

Also, CMCC mentions that if beam reporting is carried in sidelink MAC CE, beam reporting resource is dynamically reserved and indicated by UE1. 

Regarding the information embedded in beam reporting, UE1’s ID, UE2’s ID, transmit beam ID and L1-RSRP measurement of determined UE1’s transmit beam are mentioned by Apple, ZTE. FL thinks this can be further examined. This is in Proposal 1-4-a. 

Regarding the container of beam reporting, PSCCH (Apple), sidelink MAC CE over PSSCH (CMCC), PSSCH (Wilus), PSFCH (CMCC, Apple, Qualcomm, Wilus, ZTE), sidelink CSI-RS (Qualcomm) are proposed. FL thinks this can be further examined. This is in Proposal 1-4-a. 

Huawei mentions the time gap between beam reporting and unicast link establishment message. 

Besides the above discussions on the details of the candidate procedure, CMCC, DCM, Wilus express their support of this candidate procedure in general, while Nokia, Toyota mention the issue of unnecessary beam measurement and reporting by irrelevant UEs should be addressed. 

The following table provides a summary of company proposals on the procedure where initial beam pairing is performed before unicast link establishment:

	Company
	Company proposal related to this issue

	Nokia
	[bookmark: Obs62445][bookmark: Obs29915][bookmark: Obs86719]Observation 1: The availability at UE1 of UE2’s destination L2 ID cannot be assumed in general before the L2 link is established. As a result, initial beam pairing before L2 link establishment may lead to unnecessary beam measurement and reporting by many non-target neighboring UEs.
[bookmark: Proposal38845][bookmark: Proposal98844][bookmark: Proposal35648]Proposal 1: For initial beam pairing before unicast link establishment, if supported, study how to address the issue of unnecessary beam measurement and reporting by irrelevant UEs.
[bookmark: Obs86720]Observation 2: Standalone SL CSI-RS transmissions (Alt 1-2) allow for intra-slot beam sweeping, enabling faster and more efficient initial beam pairing compared to non-standalone SL CSI-RS transmissions (Alt 1-3), however they may lack sufficient capacity to convey application-layer information useful in addressing the issue of unnecessary beam measurement and reporting by irrelevant UEs.
[bookmark: Proposal98845]Proposal 2: Support both standalone (Alt 1-2) and non-standalone (Alt 1-3) SL CSI-RS as reference signals for initial beam pairing before unicast link establishment, with selection depending on scenario, use case and requirements.
[bookmark: Obs86721]Observation 3: PSCCH/PSSCH DMRS from a UE1 of interest (e.g., associated with UE1’s ongoing communications with other UEs) may be exploited opportunistically by UE2 for RX beam sweeping, thus saving time and overhead.
[bookmark: Proposal98846]Proposal 3: Support PSCCH/PSSCH DMRS (Alt 1-4) as reference signals for initial beam pairing before unicast link establishment.
[bookmark: Obs62446][bookmark: Obs29916][bookmark: Obs86722]Observation 4: Periodic RS transmission for initial beam pairing before unicast link establishment may cause unnecessary resource overhead and power consumption.
[bookmark: Proposal38846][bookmark: Proposal98847][bookmark: Proposal35649]Proposal 4: For initial beam pairing before unicast link establishment, if supported, study RAN1 criteria (e.g., congestion) for enabling/disabling RS transmission by UE1.

	Huawei
	[bookmark: _Ref134544247]Observation 1: For the case where UE1 performs the initial beam pairing procedure before establishing a unicast link,
· By using the directional beam pair link, the TX UE is able to establish unicast links with RX UEs that are farther away, as compared to when omni-directional beams are used.
· The TX UE can avoid multiple TX beam sweeping for transmitting the DCR for unicast link establishment.
[bookmark: _Ref142554271]Observation 2: Using (pre-)configuration, TX and RX UEs are able to determine the expected resources for transmission and reception, including the beam sweeping start and end time, with periodic S-SSBs, and achieve synchronization simultaneously.
[bookmark: _Ref142249398]Observation 3: For the case where UE1 performs the initial beam pairing procedure before establishing a unicast link,
· Using non-standalone SL CSI-RS and PSCCH/PSSCH DMRS as reference signals are infeasible.
· Using standalone SL CSI-RS requires additional resources for DCR transmission and is less efficient than transmitting with DCR in “during” case.
[bookmark: _Ref142249475]Proposal 1: For the case where UE1 performs the initial beam pairing procedure before establishing a unicast link in step 1, UE1 periodically sends the S-SSB for both synchronization and initial beam pairing on (pre-)configured occasions via different transmit beams outside the resource pool(s).
[bookmark: _Ref134203271]Observation 4: For the case where UE1 performs the initial beam pairing procedure before establishing a unicast link,
· UE1 does not need to identify different UE2s and there is no collision when multiple UEs transmit beam reports on the same resource.
· UE2’s ID is not required for UE1 to perform initial beam pairing.
· UEs does not need to identify peer UEs during initial beam pairing, and unicast link establishment messages can be transmitted and peer UEs can be confirmed through the paired beams.
· UE2s should report to all different UE1s’ S-SSBs based on RSRP measurement results for UE1 to identify candidate UEs around and determine TX and RX beam pairs among UEs for further transmission.
[bookmark: _Ref142249478]Proposal 2: For the case where UE1 performs the initial beam pairing procedure before establishing a unicast link in step 2, 
· UE2 measures the S-SSBs and determines a UE1 transmit beam and a UE2 receive beam based on RSRP measurement results.
· UE2 performs PSBCH-RSRP measurement as per the legacy NR SL design.
· The beam with the highest measured RSRP is determined as the receive beam of UE2 and the corresponding TX beam is determined as the transmit beam of UE1.
[bookmark: _Ref142249406]Observation 5: For the case where UE1 performs the initial beam pairing procedure before establishing a unicast link, discussion on UE2’s ID is not needed, since UE2’s ID is not required for the procedure.
[bookmark: _Ref134544288]Proposal 3: For the case where UE1 performs the initial beam pairing procedure before establishing a unicast link in step 3, 
· UE2 indicates to UE1 the determined UE1 transmit beam through associated report resources that are determined using a (pre-)defined mapping rule with S-SSB transmission resources.
· UE1’s ID related information is carried in the beam report.
· Unicast link establishment message is transmitted within the associated window with S-SSB and associated beam report through determined TX beam.

	Spreadtrum
	Proposal-1: Further down-selection is needed for initial beam pairing between before and during unicast link establishment.

	Toyota
	[bookmark: _Toc142646421]Observation 1: Initial beam pairing before unicast link establishment has an issue of unnecessary beam pairing because each UE needs to perform initial beam pairing with every surrounding UE regardless of whether they perform unicast communication or not after initial beam pairing. This leads to a waste of resources and power consumption. This is problematic particularly when there are a lot of UEs in proximity.
[bookmark: _Toc142646447]Proposal 2: For initial beam pairing before unicast link establishment, RAN1 to study solutions to avoid unnecessary beam measurement and reporting from multiple UEs.

	Vivo
	[bookmark: _Ref135070772]Proposal 1: The initial beam training should be performed before or during sidelink unicast link establishment. 

	JHU
	Proposal 4: Use modified versions of S-SSBs or standalone SL CSI-RS for initial beam pairing before sidelink unicast link establishment.
Proposal 5: Reference signals for initial beam pairing are sent semi-persistently.
Proposal 6: Reference signals for initial beam pairing should be sent on resources known to all UEs. Investigate the interference effects from the reference signals.
Proposal 7: When using S-SSBs as reference signals, UE2 measures the RSRP of the PSBCH/S-SSB for each position of the UE1's transmit beam and determines UE1's beam that gives the highest RSRP level.

	Intel
	Observation 1: For the case of PC5 synchronization in the case of initial beam pairing before sidelink unicast link establishment only S-SSB can be used for initial beam pairing.
Proposal 1: For initial beam pairing before sidelink unicast link establishment the following additional topics needs to be studied:
The choice of reference signals dependent on the used synchronization source. If synchronization also needs to be provided during initial beam pairing S-SSB must be used.
Study different mechanisms to assign the roles of initiating and responding device.
The time occasions for transmission of reference signals are (pre)-configured.
The relationship of reference signal transmissions to transmit beams need to be (pre)-configured.
The transmit beam is indicated by UE2 transmitting to UE1 in a (pre)-configured slot that is dependent on the determined transmit beam.
Proposal 8: For the reference signal for initial beam pairing before sidelink unicast link establishment the following reference signals are defined dependent on the synchronization source options:
S-SSB if the SL FR2 can be a synchronization source (Alt 1-1).
Standalone SL CSI-RS if the SL FR2 cannot be a synchronization source (Alt 1-3).
Proposal 9: For the reference signal for initial beam pairing before sidelink unicast link the reference signals for initial beam pairing are transmitted periodically.

	Sony
	Observation 1: The assistant information can be transmitted through the low frequency broadcast message by surrounding UE(s) or by the paired UE(s) or by the sensor/radar detection when the beam initial pairing is supported before/during the unicast establishment procedure.
Observation 2: The assistant information can be transmitted on the procedure when UE1 and UE2 set up the unicast link when the beam initial pairing is supported after the unicast establishment procedure.
Proposal 1: Part of the configured beams can be used for initial beam sweeping to reduce the overhead and delay of beam alignment after the transmitter get the related information of receiver (e.g., position, speed, etc).
Proposal 2: Dedicated S-SSB or dedicated CSI-RS can be supported for initial beam paring.
Reporting the measurement results is on the resources associated with the reference signal transmission resource. 

	CATT
	Proposal 1：In the candidate procedure where initial beam pairing is performed before sidelink unicast link establishment,
In step 1, 
· the applicable reference signal is selected based on
· Alt 1-1: S-SSB or its modified format
· the reference signals are sent
· Alt 2-1: periodically
· Alt 2-2: semi-persistent with activation and deactivation
· FFS details of activation/deactivation
In step 2, 
· UE1’s transmitting beam and UE2’s receiving beam are determined by UE2 as the pair with the RSRP measurement satisfying certain condition(s)
· The beam pair chosen by UE2 is implied in the feedback from UE2
· UE2’s transmitting beam is at least determined as the one corresponding to determined UE2’s receiving beam, at least if beam correspondence is assumed.
In step 3, 
· UE2’s beam reporting is associated with determined UE1’s transmitting beam.
· Priority is given to beam correspondence. (if beam correspondence is assumed)
· S-SSB including destination ID to avoid unnecessary beam measurement/reporting from irrelevant receiver UEs.

	CMCC
	Proposal 3: RAN1 should support the study of the procedure where initial beam pairing is performed before sidelink unicast link establishment procedure.
Proposal 4: In the candidate procedure where initial beam pairing is performed before sidelink unicast link establishment, at least support the following:
Applicable reference signal is based on:
· Alt 1-1: S-SSB or its modified format;
· Alt 1-2: standalone SL CSI-RS or its modified format
The reference signals are sent periodically.
Proposal 11: During initial beam pairing, beam reporting can be carried by MAC CE or PSFCH.
Proposal 12: For the association b/w S-SSB/SL CSI-RS resource and the resource for beam reporting:
If beam reporting is carried by MAC CE, the corresponding PSSCH resource is also selected by Tx UE, and then notify to Rx UE by reservation information;
If beam reporting is carried by PSFCH, the corresponding PSFCH resource is identified from the resource of S-SSB/CSI-RS by reusing Rel-16 PSSCH-PSFCH mapping rule.

	Lenovo
	Proposal 1: Truncated L1 ID needs to be transmitted while doing beam sweeping to identify the peer UE (UE-2) for establishing beam 
Proposal 2: Adapted SSB and CSI-RS could be candidate for initial beam sweeping
Proposal 3: Feedback from UE-2 contains UE-2 best reception/transmission beam and beam-correspondence may be used by UE-2 to identify the UE-2 Tx beam towards UE-1 
Proposal 4: If UE-2 is not supporting beam correspondence, UE-2 may need to transmit and beam sweep RS to find UE-2 transmit beam   

	Apple
	Proposal 1: For the candidate procedure where initial beam pairing is performed before sidelink unicast link establishment, the reference signal is chosen from either S-SSB (i.e., Alt 1-1) or standalone sidelink CSI-RS (i.e., Alt 1-3).
Proposal 2: For the candidate procedure where initial beam pairing is performed before sidelink unicast link establishment, the reference signal is sent semi-persistently with activation and deactivation (i.e., Alt 2-2).
The activation is when UE1 has available source ID and destination ID for unicast link establishment but has not performed initial beam pairing. 
The deactivation is after initial beam pairing or after unicast link release.
Proposal 3: For the candidate procedure where initial beam pairing is performed before sidelink unicast link establishment, UE2 determines UE1’s transmit beam and UE2’s receive beam if this pair of beams has the largest RSRP measurement.
Proposal 4: For the candidate procedure where initial beam pairing is performed before sidelink unicast link establishment, 
the resources of beam reporting are (pre)configured.
the association between reference signal resources and beam reporting resources is pre-defined (e.g., a dedicated slot for beam reporting is associated with one or more previous dedicated slots for reference signals, and the frequency resources for beam reporting are the same as that for associated resource signal).  
Proposal 5: For the candidate procedure where initial beam pairing is performed before sidelink unicast link establishment, 
the beam reporting includes the information of source ID, destination ID, L1-RSRP measurement. 
the beam reporting is carried by either PSCCH or PSFCH. 
Proposal 6: For the candidate procedure where initial beam pairing is performed before sidelink unicast link establishment, to avoid unnecessary beam measurement and reporting from multiple UEs, the reference signal carries information about source ID and destination ID. 
Proposal 16: If standalone sidelink CSI-RS is to be used as a reference signal for the candidate procedure where initial beam pairing is performed before sidelink unicast link establishment,
semi-persistent sidelink CSI-RS is transmitted. 
dedicated slots are allocated for standalone sidelink CSI-RS transmissions.
the standalone sidelink CSI-RS resource selection uses the legacy PSCCH/PSSCH resource selection procedure as a starting point.
beam reporting resources associated with sidelink CSI-RS transmit beams are allocated by (pre-)configuration.

	Xiaomi
	Proposal 1: An initial beam pairing procedure different from that of beam management shall be supported.
[bookmark: OLE_LINK22]Proposal 2: SL beam management information (e.g., source UE ID and beam ID information) is transmitted together with SL beam reference signal for initial beam pairing.
Proposal 3: Stand-alone SL CSI RS shall be supported for initial beam pairing.
Proposal 4: For resource allocation of initial beam pairing RS and associated beam management information, consider the following options:
The standalone SL CSI-RS and its associated beam management information occupies a PSCCH/PSSCH transmission resource in SL communication resource pool;
A separate set of resource out of the legacy SL communication resource pool is assigned for standalone SL CSI-RS and the associated beam management information transmission
Proposal 5: A response time window is defined for each TX beam for initial beam pairing, where the TX UE receives using RX beam which has the same spatial relationship as the associated TX beam.

	DCM
	Proposal 1:
· Initial beam pairing before unicast link establishment is defined as follows:
· Initial beam pairing is performed BEFORE the transmission of DCR regardless of higher layer indication to AS layer that requests a new unicast link establishment. 
· Initial beam pairing during unicast link establishment is defined as follows: 
· Initial beam pairing is performed AT the same time as or AFTER the transmission of DCR before unicast link establishment.
Proposal 2: RAN1 clarifies the definition of ‘initial beam pairing before unicast link establishment” and “initial beam pairing during unicast link establishment”.
Proposal 3: Prioritize to study the following case over other cases.
Initial beam pairing is initiated by higher layer indication to AS layer that requests a new unicast link establishment before DCR transmission.
Proposal 4: Some destination UE information is carried on reference signal used for initial beam pairing.
· Some destination UE information is e.g., Target Application Layer ID (UE2’s App ID which is requested for a new unicast link) 
Proposal 5: For initial beam pairing before unicast link establishment, support standalone CSI-RS as CSI-RS with physical layer control information in dedicated resource pool. 
Proposal 6: For initial beam pairing before unicast link establishment, not support DMRS and non-standalone CSI-RS. 
Proposal 7: 
· Support aperiodic reference signal transmission for initial beam pairing, triggered by request for a DCR transmission from higher layer.
· Not support periodic reference signal transmission for initial beam pairing

	OPPO
	Observation 1: Considering the resource for DCR message transmission cannot be known by UE2 in advance, it is hardly for UE2 to apply the selected RX beam for reception even after initial beam pairing. Wide RX beam is preferred for DCR reception. The benefit of performing initial beam pairing before unicast link establishment compared to the case of performing beam pairing during unicast link establishment is not clear.
Proposal 5: For the case of initial beam pairing is performed before sidelink unicast link establishment, it is supported to use standalone CSI-RS as the reference signal.
Proposal 6: For the case of initial beam pairing is performed before sidelink unicast link establishment, the reference signals are sent either periodically or semi-persistent with activation or deactivation. 
Proposal 7: For the case of initial beam pairing is performed before sidelink unicast link establishment, the transmission resources of reference signal can be determined by identification. 
Proposal 8: For the case of initial beam pairing is performed before sidelink unicast link establishment,
· There could be mapping between reference signal resource and beam reporting resource.
· It supports not to carry beam related information on reference signal. 

	ZTE
	Proposal 1: UE1 can transmit the information (such as the UE ID used for beam training, destination ID etc.) associated with the CSI-RS.
Proposal 2: Existing sidelink PSCCH/PSSCH resource allocation method can be reused for CSI-RS to avoid resource collision of CSI-RS transmissions from different UEs.
Proposal 3: If UE1 received different beam reporting from different UEs, UE1 should consider all these reported beams as its transmit beam(s) for subsequent PSCCH/PSSCH(e.g. DCR message) to these different UEs.
Proposal 4: The association between CSI-RS and beam reporting can be similar to the association between SSB and PRACH (e.g. like NR Uu) or between PSCCH/PSSCH and PSFCH(e.g. like R16/R17 sidelink).
Proposal 5: If PSFCH is used for beam reporting of initial beam pairing before sidelink unicast link establishment procedure, Rx UE ID should not be indicated in beam reporting from the Rx UE.
Proposal 6: For the association between initial beam pairing procedure (i.e. CSI-RS and beam reporting) and subsequent sidelink communication, the following two cases can be considered:
· Case 1: UE 1 should at least indicate its UE ID when transmitting PSCCH/PSSCH (e.g. DCR message), and the Rx UE should at least indicate the determined UE1’s transmit beam when transmitting the response to the PSCCH/PSSCH so that UE1 can associate its transmit beam with the Rx UE.
· Case 2: After Rx UE measures the CSI-RS transmitted by UE1 together with UE1 ID, Rx UE should indicate the expected UE1’s transmit beam when transmitting PSCCH/PSSCH (e.g. DCR message), and UE1 can indicate UE1’s ID for beam training when transmitting the response to the PSCCH/PSSCH so that Rx UE can associate its determined transmit beam with the UE1.
Observation 2: Tx UE indicating the beam used for current PSCCH/PSSCH transmission to the Rx UE can assist in initial beam pairing or beam maintenance.
Proposal 23: PSCCH/PSSCH DMRS can be used for initial beam pairing or beam maintenance for the UE other than the destination UE.

	Interdigital
	Proposal 1: The RS used for IBP and/or its accompanying information, should include the possibility for UE2 to determine: the TX beam used by UE1, the RX beam to use, the UE1 and UE2 information, the resources to reply to UE1.
Observation 1: SL SSB are used for synchronization by few UEs and require periodic resources consumption and transmissions, while NR SL already has an RS that can be reused for beam management with more flexibility.
Proposal 2: S-SSB are not supported as a baseline for initial beam pairing.
Proposal 3: PSCCH/PSSCH DMRS are not supported for initial beam pairing before unicast link establishment.
Proposal 4: Support aperiodic RS transmissions or semi-persistent RS for initial beam pairing, if performed before the unicast connection. FFS the triggers to enable/activate the aperiodic and semi-persistent RS.
Proposal 5: Do not support permanent periodic transmissions of RS in SL.
Proposal 6: Support stand-alone CSI-RS with intra-slot beam sweeping for initial beam pairing if performed before the unicast connection. FFS multiplexing structure.
Proposal 7: Study in which occasions a receiving UE should report the determined transmit beams to a transmitting UE after reception of IBP RS.

	Qualcomm
	Observation 2-1-1: For initial beam-pairing between UE1 and UE2, UE2 must have a prior knowledge of which resources UE1 would transmit RS or DCR message and which Tx beams are associated with
· (Pre)configuration for resources for UE1’s transmissions with associated beams are necessary for initial beam-pairing, regardless of whether the initial beam-pairing is before or during unicast-link establishment procedure
Proposal 2-2: SL beam management is designed at least for the case where Tx/Rx beam correspondence applies to UEs. 
Proposal 3-1-1: Update RAN1#113 agreement as follows.
· In step 1, 
· the applicable reference signal is selected based on
· Alt 1-1: S-SSB or its modified format
· Alt 1-2: standalone SL CSI-RS or its modified format
· Alt 1-3: non-standalone SL CSI-RS
· Note: standalone SL CSI-RS transmission means at least no accompanying sidelink data (SL MAC SDU) transmissions in the same slot. FFS: accompanying SCI(s) or SL MAC CE transmissions or PSFCH.
· Alt 1-4: PSCCH/PSSCH DMRS
· The reference signal is not used for T/F synchronization or sidelink MIB delivery
· These should be provided by GNSS, gNB, or by legacy S-SSB from SyncRefUE
· The detailed reference signal design should be the scope of the normative work
· the reference signals are sent on periodic resource(s) that is (pre)configured by dedicated SL resource pool
· The sequence/resource selection for the reference signal from the candidate sequences/resources should be based on the destination ID for the subsequent unicast-link establishment procedure
· Alt 2-0: aperiodically
· Alt 2-1: periodically
· Alt 2-2: semi-persistent with activation and deactivation
· FFS details of activation/deactivation
Proposal 3-1-2: Update RAN1#113 agreement as follows.
· In step 2, 
· The reference signals are monitored on periodic resource(s) that is (pre)configured by dedicated SL resource pool
· The sequence/resource selection for the reference signal from the candidate sequences/resources should be based on the destination ID for the subsequent unicast-link establishment procedure
· UE1’s transmit beam and UE2’s receive beam are determined by UE2 as the pair of beams if the RSRP measurement satisfyies certain condition(s)
· The condition(s) is to exceed a (pre)configured RSRP threshold FFS details of condition(s)
· FFS explicit or implicit determination of UE1 transmit beam by UE2
· UE2’s transmit beam is at least corresponding to determined UE2’s receive beam, at least if beam correspondence is assumed
· FFS other scheme
Proposal 3-1-3: Update RAN1#113 agreement as follows.
· In step 3, 
· UE2’s beam reporting is associated with determined UE1’s transmit beam.
· FFS details of association Mapping between the resources for beam reporting and UE1’s transmit beams are (pre)configured and known by both UE1 and UE2
· FFS details of beam reporting UE2 selects a resource for beam reporting that is mapped to the determined UE1’s transmit beam. 
· UE1 monitors the resources for beam reporting using UE1’s receive beams corresponding to UE1’s transmit beams. 
· Based on the detection of the beam reporting from UE2 on the resource, UE1 identifies the UE1’s transmit beam determined by UE2
· Note: this does not preclude beam reporting in the link establishment message. The beam reporting does not need to be a payload and can be a simple RS such as CSI-RS or PSFCH
· The step 3 works even when there are multiple UEs that respond to UE1 for the same or different beams
· FFS: how UE1 determines its transmit beam if it receives different beam reporting from different UEs

	LG
	Proposal 1: For initial beam pairing is performed before sidelink unicast link establishment, 
· A UE can be UE1 after its V2X application layer provides application information for PC5 unicast communication.
· UE2 is determined based on target user information or target service type provided by UE1 before the UE1 provides DCR message.
· Reference signals for the initial beam paring are indicated by a SCI from UE1. 
· Transmit power levels of reference signals used for the initial beam paring are the same. 

	Wilus
	Proposal 1: Sidelink initial beam pairing should be performed before sidelink unicast link establishment.
Proposal 2: In step 1 of SL initial beam pairing before SL unicast link establishment, standalone SL CSI-RS can be applicable.
Proposal 3: Accompanying SCI(s) and PSFCH with standalone SL CSI-RS is required for transmission of control information and beam reporting, respectively.
Proposal 4: For beam determination in SL initial beam pairing process, UE1’s transmit beam and UE2’s receive beam are selected by UE2 that corresponds to highest RSRP measurement.
Proposal 5: For beam determination in SL initial beam pairing process, UE1’s transmit beam and UE2’s receive beam are selected by UE2 that the corresponding RSRP measurement is higher than the (pre-)configured threshold.
Proposal 6: In step 3, UE2 transmits PSFCH using the selected UE2’s transmit beam at the resource corresponds to the received PSSCH that carried SL CSI-RS, and the PSFCH carries the information of the selected UE1’s transmit beam by UE2.
Proposal 7: In step 3, after the transmission of PSFCH, UE2 also transmits PSSCH carrying UE information and specific details (e.g., RSRP measurement etc.) of beam reporting using the selected UE2’s transmit beam.
Proposal 8: If UE1 receives PSFCH, UE1 can perform blind decoding using UE1’s receive beam which corresponds to the selected UE1’s transmit beam according to beam correspondence.

	Samsung
	Proposal 1: On Enhanced SL operation on FR2 licensed spectrum, for scenario 1 of initial beam acquisition, further study the following:
· The UE transmitting the beam identification signal, is the UE receiving the link establishment message.
· The UE transmitting the beam identification signal, is the UE transmitting the link establishment message.
· The information conveyed by the beam identification signal.
· Association of transmit and/or receive beams to slot indices.


	
Initial beam pairing during 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.

RAN1 #113 Agreement
In the candidate procedure where initial beam pairing is performed during sidelink unicast link establishment,
· In step 1, the candidate reference signal which is transmitted together with unicast link establishment message is selected based on one of the following alternatives
· Alt 1-1: SL CSI-RS
· Alt 1-2: PSCCH/PSSCH DMRS
· In step 2, UE2 determines UE1’s transmit beam(s) and UE2’s receive beam(s) as the pair with the RSRP measurement satisfying certain condition(s).
· UE2’s transmit beam is at least determined as the one corresponding to determined UE2’s receive beam, at least if beam correspondence is assumed
· FFS the format of UE1’s transmit beam determined by UE2, e.g. implicit or explicit
· FFS details of condition(s)
· In step 2, UE2 indicates UE1’s transmit beam(s).
· FFS details of beam indication, including contents (e.g., ACK/NACK, beam ID, RSRP measurement), container (e.g., PSCCH/PSSCH, PSFCH) and association (e.g. resources)
· In step 3, UE1 determines UE1’s transmit beam based on one or more of the following alternatives
· Alt 2-1: the latest beam indication
· Alt 2-2: beam indication contents (e.g., RSRP measurement)
· Alt 2-3: measurement/detection of beam indication signal




In the candidate procedure where initial beam pairing is performed during sidelink unicast link establishment, there are several open issues: 

In Step 1, we have listed two candidate reference signals: sidelink CSI-RS and PSCCH/PSSCH DMRS. Companies’ views are listed below:
· sidelink CSI-RS
· Support: JHU, Lenovo, OPPO
· Not support: DCM
· PSCCH/PSSCH DMRS
· Support: Spreadtrum, vivo, Apple, Sharp, DCM, OPPO, Qualcomm, Intel, LG
· Not support: Huawei 

Since this issue has less dependency with other open issues of the candidate procedure, FL thinks it can be further examined by companies and possible down-selection can be performed at a later stage. 

Additionally, 
· vivo, LG mention the transmit beam information of reference signals should be indicated. 
· Qualcomm, Huawei mention the PSCCH/PSSCH carrying unicast link establishment message should be transmitted over (pre)configured resources, so that UE2 can learn to it. 
· OPPO mentions that UE2 can use wide beam to receive the PSCCH/PSSCH carrying unicast link establishment message. 
· Vivo mentions additional beam training signaling is sent before the PSCCH/PSSCH carrying unicast link establishment message.

In Step 2, one open issue is the RSRP measurement condition(s) based on which UE2 determines UE1’s transmit beam and UE2’s receive beam. The possible conditions and supporting companies are listed below:
· Beam pair with the largest RSRP measurement so far: Nokia, Apple
· Beam pair with RSRP measurements larger than a threshold: Nokia, vivo, Qualcomm, LG
· Beam pair with the largest RSRP measurement: Lenovo

These conditions are listed in Proposal 1-5-a. 

In Step 2, another open issue is the beam indication details including whether the beam indication is in explicit format or implicit format, as well as the corresponding beam indication contents and container. 

Regarding the beam indication contents, companies’ views are listed below
· Beam related information 
· transmit beam ID: vivo, OPPO, ZTE, LG
· L1-RSRP measurement: vivo, Sharp, OPPO, LG
· Slot information: OPPO
· ACK only: Apple, Sharp, LG

Regarding the beam indication containers: companies’ views are listed below
· PSFCH: Nokia, Apple, Sharp, Qualcomm, LG
· PSCCH/PSSCH: vivo, OPPO, ZTE, LG, Lenovo
· DCA (Direct Communication Accept) message: vivo, Lenovo 
· SCI or MAC CE: OPPO
· SL CSI-RS: Qualcomm

Based on companies’ proposals, FL thinks the beam indication contents and beam indication containers are related to whether the beam indication is in explicit format or in implicit format. 

If the beam indication is in explicit format, then the beam indication includes beam related information (e.g., beam ID, L1-RSRP), and the container could be PSCCH/PSSCH. In this case, the beam indication resource can be selected in a response window, where the response window can be associated with the resource for UE1’s PSCCH/PSSCH transmission with the determined UE1’s transmit beam or can be dynamically indicated. 

If the beam indication is in implicit format, then the beam indication includes a single bit indication and/or L1-RSRP measurement, and the container could be PSFCH or sidelink CSI-RS. In this case, beam indication resource is associated with the resource for UE1’s PSCCH/PSSCH transmission with the determined UE1’s transmit beam, and hence UE1’s transmit beam does not need to be explicitly indicated. 

These options are listed for further consideration in Proposal 1-5-a. 

Additionally, Nokia mentions that the transmit beam of UE2’s beam indication is same as the receive beam of PSCCH/PSSCH; UE1’s beam indication receive beam is same as PSCCH/PSSCH transmit beam. This is also in Proposal 1-5-a. 

Qualcomm mentions that in Step 2, UE2’s transmit beam is determined based on beam correspondence. It is unclear what is the scheme if UE2 does not assume beam correspondence. From this sense, Qualcomm thinks the sidelink beam management designed based on beam correspondence should be prioritized. 

In Step 3, a list of options was identified for UE1 to determine UE1’s transmit beam based on UE2’s beam indication. The supporting companies on each option are listed below:
· Latest beam indication: Nokia, Apple, OPPO
· Beam indication contents: OPPO, Qualcomm, vivo
· Measurement/detection of beam indication signal: Nokia 

It is FL’s understanding the choice of different options may depend on the beam indication contents. If beam indication includes L1-RSRP measurement, it is likely the beam decision is based on beam indication contents. Otherwise, the beam decision is based on the latest beam indication. Since the last option (i.e., UE1 determines its transmit beam based on the measurement of beam indication signal) is only proposed by one company, FL would like to check if it is possible to exclude this option. This is in Proposal 1-6-a. 

Additionally,
· Nokia mentions unicast link establishment messages other than DCR are sent after initial beam pairing. 
· Mediatek mentions initial beam pairing should be performed based on both discovery procedure and unicast link establishment procedure.

Besides the above discussions on the details of the candidate procedure, Toyota, Mediatek expresses their support of this candidate procedure in general, while CATT, CMCC, DCM mention to deprioritize this candidate procedure due to resource waste, no similar design in Uu and large specification efforts. 

The following table provides a summary of company proposals on the procedure where initial beam pairing is performed during unicast link establishment:

	Company
	Company proposal related to this issue

	Nokia
	[bookmark: Obs29917][bookmark: Obs86723][bookmark: Obs62447]Observation 5: The implicit PSSCH-to-PSFCH resource mapping provides a fast and efficient mechanism for initial beam reporting during unicast link establishment.
[bookmark: Proposal35650][bookmark: Proposal38847][bookmark: Proposal98848]Proposal 5: For initial beam pairing during unicast link establishment, PSFCH is used by UE2 to implicitly indicate one (or more) UE1 transmit beam(s) of PSCCH/PSSCH(s) which is/are successfully received.
[bookmark: Obs62448][bookmark: Obs86724][bookmark: Obs29918]Observation 6: Due to partial overlap among the initial beams and/or strong reflectors in the surrounding environment, multiple DCR messages may be successfully received by UE2.
[bookmark: Proposal98849][bookmark: Proposal38848][bookmark: Proposal35651]Proposal 6: For initial beam pairing during unicast link establishment, consider the following alternatives to resolve ambiguities in PSFCH-based beam reporting:
· UE2 only transmits PSFCH if the associated RSRP is highest among all RSRPs measured so far between the pair of UEs.
· UE2 only transmits PSFCH when the associated RSRP is above a (pre)configured threshold, with one cyclic shift indicating that the RSRP is highest and another cyclic shift indicating that the RSRP is not highest among all RSRPs measured so far between the pair of UEs.
[bookmark: Obs29919][bookmark: Obs62449][bookmark: Obs86725]Observation 7: If TX/RX beam correspondence is assumed, a stronger PSFCH received signal implicitly indicates a stronger beam pair.
Proposal 7: For initial beam pairing during unicast link establishment:
· UE2’s PSFCH transmit beam is the same as its PSCCH/PSSCH receive beam.
· UE1’s PSFCH receive beam is the same as its PSCCH/PSSCH transmit beam.
· UE1 determines the best beam (among those indicated by UE2) based on the PSFCH received signal strength, based on whether ACK or NACK is indicated, and/or assumes that the latest received PSFCH corresponds to the best beam.
[bookmark: Obs86726][bookmark: Obs62450][bookmark: Obs29920]Observation 8: For a given PSFCH transmission occasion, UE1 may not be able to use more than one of its beams to monitor PSFCH from UE2.
[bookmark: Proposal98851][bookmark: Proposal38850][bookmark: Proposal35653]Proposal 8: For initial beam pairing during unicast link establishment, UE1 uses the same PSCCH/PSSCH transmit beam when transmitting DCR repeatedly in slots associated with the same PSFCH transmission occasion, and uses that same beam as PSFCH receive beam for that PSFCH transmission occasion.
[bookmark: Obs29921][bookmark: Obs62451][bookmark: Obs86727]Observation 9: The latency for initial beam pairing during unicast link establishment can be minimized by allowing UE1 to transmit DCR repeatedly on each transmit beam in all slots associated with a PSFCH transmission occasion.
[bookmark: Proposal35654][bookmark: Proposal38851][bookmark: Proposal98852]Proposal 9: For initial beam pairing during unicast link establishment, a number of DCR transmissions per UE1 transmit beam is (pre)configured to a value not smaller than sl-PSFCH-Period.
[bookmark: Obs62452][bookmark: Obs86728][bookmark: Obs29922]Observation 10: It may occur that UE2 responds to a successfully received DCR message with its first security establishment message before the best initial beam pair has been determined.
[bookmark: Proposal35655][bookmark: Proposal38852][bookmark: Proposal98853]Proposal 10: Discuss whether UE2 should wait until it has determined the best initial beam pair before responding to UE1 with security establishment.

	Huawei
	[bookmark: _Ref142249409]Observation 7: For the case where UE1 performs the initial beam pairing procedure during establishing a unicast link, using PSCCH/PSSCH DMRS does not follow the WID to reuse Uu beam management concepts, and the resource configuration, indication and reporting mechanism for using DMRS is unclear.
[bookmark: _Ref142249415][bookmark: _Ref134731633]Observation 8: For the case where UE1 performs the initial beam pairing procedure during establishing a unicast link, RX UEs may not know when and where to receive the beam sweeping reference signals without (pre-)configured resources.

	Spreadtrum 
	Proposal-2: PSCCH/PSSCH DMRS can be used for initial beam pairing during unicast link establishment.

	Toyota
	[bookmark: _Toc142646423]Observation 3: Initial beam pairing during unicast link establishment can mitigate the issues of unnecessary beam pairing and limited communication range.
[bookmark: _Toc142646446]Proposal 1: Prioritize the study of initial beam pairing during unicast link establishment over initial beam pairing before/after unicast link establishment.

	Vivo
	Proposal 1: The initial beam training should be performed before or during sidelink unicast link establishment. 
[bookmark: _Ref142686273]Proposal 2: For beam pairing during unicast link establishment, at least DMRS associated with the PSCCH/PSSCH conveying DCR is used for beam measurement. 
[bookmark: _Ref142686280]Proposal 3: For beam pairing during unicast link establishment, beam index is conveyed by the PSCCH/PSSCH conveying DCR. 
[bookmark: _Ref142686282]Proposal 4: For beam pairing during unicast link establishment, a second UE determines reported beam(s) whose measured RSRP is above (pre-)configured threshold. 
[bookmark: _Ref142686283]Proposal 5: For beam pairing during unicast link establishment, the beam reporting information (e.g., beam index and/or associated RSRP) is conveyed by the PSCCH/PSSCH transmission conveying DCA. 
[bookmark: _Ref142686285]Proposal 6: DCR used for initial beam paring has an associated DCA responding time window, where UE monitors DCA using the corresponding beam of DCR transmission. 
[bookmark: _Ref142686286]Proposal 7: For beam pairing during unicast link establishment, the first UE selects transmission from the reported beams by implementation.
[bookmark: _Ref135070781]Proposal 8: If the initial beam pairing is performed during sidelink unicast link establishment, additional beam training signaling can be optionally transmitted before the DCR transmission for efficient beam pairing.
- Design the association between the additional signaling transmission and the following DCR/DCA transmission in WI phase.

	JHU
	Proposal 8: Use SL CSI-RS (Alt 1-1) for initial beam pairing during sidelink unicast link establishment.

	Intel
	Proposal 10: For Initial beam pairing during sidelink unicast link establishment the following additional topics needs to be studied:
· Sidelink synchronization is not used for this method of initial beam pairing (Alt 1-2).
· PSSCH DMRS can be used for RSRP measurements related to initial beam pairing.
· Study different mechanisms to assign the roles of initiating and responding device.
· Mapping of PSCCH/PSSCH transmissions and UE1 transmit beams (pre)-configured
· UE2 determines UE1 transmit beam(s) based by relating it to the (pre)-configurated relation to transmission slots
· The transmit beam is indicated by UE2 transmitting to UE1 in a (pre)-configured slot that is dependent on the determined transmit beam.

	CATT
	Proposal 3: The candidate procedure that initial beam pairing is performed during sidelink unicast link establishment shall be treated with low priority.

	CMCC
	Proposal 5: RAN1 should deprioritize the study of procedures where initial beam pairing procedure is performed during sidelink unicast link establishment procedure.

	Lenovo
	Proposal 5:  Transmit CSI-RS embedded in the data i.e., DCR, DCA messages to aid the peer UE (UE-2) to measure the L1-RSRP to choose the best reception beam.
Proposal 6: Discovery accept message contains the feedback information about the UE-2 reception beam. UE-2 uses beam correspondence to select the Tx beam for the transmission of the discovery accept message 
Proposal 7: Default CSI-RS configuration configured in the resource pool for transmitting CSI-RS embedded in the discovery messages 
Proposal 8: QCL-D relationship between the PSCCH/PSSCH with the CSI-RS to map each PSCCH/PSSCH to UE1 transmit beam

	Apple
	Proposal 7: For the candidate procedure where initial beam pairing is performed during sidelink unicast link establishment, the reference signal which is transmitted together with unicast link establishment message is PSCCH/PSSCH DMRS (i.e., Alt 1-2). 
Proposal 8: For the candidate procedure where initial beam pairing is performed during sidelink unicast link establishment, UE2 determines UE1’s transmit beam and UE2’s receive beam which are associated with a PSCCH/PSSCH, if 
· UE2 successfully receives the PSCCH/PSSCH, 
· RSRP measurement of the PSCCH/PSSCH DMRS is larger than the RSRP measurements of all previous PSCCH/PSSCH DMRS.
Proposal 9: For the candidate procedure where initial beam pairing is performed during sidelink unicast link establishment, UE2 indicates UE1’s transmit beam, where
· the beam indication has the content of ACK only and is carried in PSFCH.
· mapping between each PSCCH/PSSCH transmission and its corresponding PSFCH for beam indication uses the legacy PSSCH-PSFCH mapping rule as a starting point.
Proposal 10: For the candidate procedure where initial beam pairing is performed during sidelink unicast link establishment, UE1 determines UE1 transmit beam based on the latest beam indication (i.e., Alt 2-1). 

	Sharp
	Proposal 3: In the candidate procedure where initial beam pairing is performed during sidelink unicast link establishment, in the step 1, PSCCH/PSSCH DMRS is used for beam measurement.
Proposal 4: In the candidate procedure where initial beam pairing is performed during sidelink unicast link establishment, in the step 2 that UE2 indicates UE1’s transmit beam, further study the following:
· PSFCH is supported as container for beam indication.
· PSFCH resources for beam indication are associated with PSCCH/PSSCH transmission carrying DCR message.
· Contents of beam indication from UE2 can be ACK or RSRP measurement. 
· ACK or RSRP measurement can be sent by UE2 in the PSFCH resource associated to successfully decoded PSCCH/PSSCH transmission
Proposal 5: In the candidate procedure where initial beam pairing is performed during sidelink unicast link establishment, in the step 3, UE1 determine UE1’s transmit beam based on the following alternatives:
· Alt 2-1: the latest beam indication
· Alt 2-2: beam indication contents (e.g., RSRP measurement)

	DCM
	Proposal 1:  
· Initial beam pairing before unicast link establishment is defined as follows:
· Initial beam pairing is performed BEFORE the transmission of DCR regardless of higher layer indication to AS layer that requests a new unicast link establishment. 
· Initial beam pairing during unicast link establishment is defined as follows: 
· Initial beam pairing is performed AT the same time as or AFTER the transmission of DCR before unicast link establishment.
Proposal 8: Deprioritize to study the case where initial beam pairing is performed during unicast link establishment.
Proposal 9: Support PSSCH/PSCCH DMRS and not support CSI-RS for initial beam pairing performed during initial beam pairing.

	OPPO
	Proposal 1: If initial beam pairing is performed during unicast link establishment, both SL CSI-RS and PSCCH/PSSCH DMRS can be considered as reference signal for beam selection. SL CSI-RS is slightly preferred considering potential unified reference signal design for beam management. 
Proposal 2: If initial beam pairing is performed during unicast link establishment, in step 2, beam sweeping for transmission at UE2 and wide beam for reception can be supported.
Proposal 3: If initial beam pairing is performed during unicast link establishment, in step 2,
· Beam related information, such as beam ID, reference signal resource ID or slot information, is explicitly reported;
· The container for beam reporting is SCI or MAC CE. PSFCH cannot be used for beam reporting.
· There is association between the resource for beam reporting and resource used for reference signal transmission which correspond to the selected TX beam. The resource selection window can be determined by the slot of the reference signal resource and a latency boundary 
Proposal 4: If initial beam pairing is performed during unicast link establishment, in step 3, UE1 can determine the preferred TX beam for UE2 based on either Alt 2-1 or Alt 2-2.
· Alt 2-1: the latest beam indication
· Alt 2-2: beam indication contents (e.g., beam ID, RS resource ID, RSRP measurement)

	ZTE
	Proposal 7: For initial beam pairing during sidelink unicast link establishment, container for beam indication should be PSCCH/PSSCH.
Proposal 8: For initial beam pairing during sidelink unicast link establishment, UE1’s transmit beam can be reported by Rx UE by explicit signaling, e.g. expected UE1’s transmit beam ID.

	Qualcomm
	Proposal 2-2: SL beam management is designed at least for the case where Tx/Rx beam correspondence applies to UEs. 
Proposal 3-2: Update RAN1#113 agreement as follows.
· In step 1, the candidate reference signal which is transmitted together with unicast link establishment message is selected based on one of the following alternatives
· Alt 1-1: SL CSI-RS
· Alt 1-2: PSCCH/PSSCH DMRS
· The unicast link establishment message are sent on resources that are (pre)configured resources, where the (pre)configuration is available at both UE1 and UE2
· UE2 uses the prior knowledge of the (pre)configured resources to determine Rx beam(s) to monitor the message
· In step 2, UE2 determines UE1’s transmit beam(s) and UE2’s receive beam(s) as the pair with the RSRP measurement satisfying certain condition(s).
· UE2’s transmit beam is at least determined as the one corresponding to determined UE2’s receive beam, at least if beam correspondence is assumed
· The condition(s) is to exceed a (pre)configured RSRP threshold
· FFS the format of UE1’s transmit beam determined by UE2, e.g. implicit or explicit
· FFS details of condition(s)
· In step 2, UE2 indicates UE1’s transmit beam(s).
· UE2’ beam reporting is associated with determined UE1’s transmit beam
· Mapping between the resources for beam reporting and UE1’s transmit beams are (pre)configured and known by both UE1 and UE2
· UE2 selects a resource for beam reporting that is mapped to the determined UE1’s transmit beam
· UE1 monitors the resources for beam reporting using UE1’s receive beams corresponding to UE1’s transmit beams
· Based on the detection of the beam reporting from UE2 on the resource, UE1 identifies the UE1’s transmit beam determined by UE2
· Note: The beam reporting does not need to be a payload and can be a simple RS such as CSI-RS or PSFCH
· FFS details of beam indication, including contents (e.g., ACK/NACK, beam ID, RSRP measurement), container (e.g., PSCCH/PSSCH, PSFCH) and association (e.g. resources)
· In step 3, UE1 determines UE1’s transmit beam based on one or more of the following alternatives
· Alt 2-1: the latest beam indication
· Alt 2-2: beam indication contents (e.g., RSRP measurement), i.e., UE1 determines the UE1’s transmit beam based on the indication from UE2 regarding the selected transmit beam, which is known by the resource where UE2 has transmitted the beam reporting in Step 2
· Alt 2-3: measurement/detection of beam indication signal

	LG
	Observation 4: Considering that the measurement requirements based on PSCCH-DMRS and PSSCH DMRS for FR2 shall be specified and the measurement requirement based on SL CSI-RS for FR2 may or may not be specified, it is not preferred to deprioritize PSCCH DMRS and/or PSSCH DMRS for beam management in this stage. 
Proposal 2: For initial beam pairing is performed during sidelink unicast link establishment, 
· UE1 can indicate a response window for the transmitted DCR message.
· PSCCH/PSSCH carrying unicast link establishment message can indicate UE1 transmit beam ID. 
· UE2 can indicate UE1 transmit beam(s) of successfully decoded PSCCH/PSSCH(s) based on the measurement results. 
· If there are measurement results above a threshold, the target UE1 transmit beam can be further restricted. 
· On UE2’s indication of one or more UE1 transmit beam(s), consider one or more of followings:
· Option 1: UE2 can transmit PSCCH/PSSCH(s) carrying the measurement results associated with one or more UE1 transmit beam(s) via different UE2 transmit beam(s) in the corresponding response window.
· For each SL transmission occasion of PSCCH/PSSCH carrying unicast link establishment message or each UE1 transmit beam ID, the response window is determined.
· The location of the response window can be indicated by the PSCCH/PSSCH. 
· Option 2: UE2 can transmit ACK on PSFCH. 
· FFS: PSFCH resource can be differentiated depending on the measurement results. 

	Fraunhofer
	Proposal 2: Investigate the information required for UEs to exchange during SL initial beam pairing. This can include the SL beam capability, including CSI-RS resource configuration, SL CSI-RS measurement, and transmission request, as well as determine the suitable layer for conveying this information.

	Samsung
	Proposal 2: On Enhanced SL operation on FR2 licensed spectrum, for scenario 2 of initial beam acquisition, further study the following:
· Transmit beam sweeping pattern from the UE transmitting the link establishment pattern, including beam sweeping with multiple repeated transmissions on the same beam and beam sweeping without multiple repeated transmissions.
· Power ramping during beam sweeping.
· Mapping of transmit beams to slot index.
· Container of beam indication from UE receiving link establishment to UE transmitting link establishment including content and beam.
· Beam decision making criterion in UE transmitting link establishment and UE receiving link establishment.
Proposal 3: For enhanced SL operation on FR2 licensed spectrum, RAN1 can support multiple mechanisms for initial beam pairing with different latency and overhead targets. 

	Mediatek
	Observation 1: The Discovery procedure can be used for subsequent actions like initiating Direct Communication as well as the Link Establishment procedure.
Proposal 1: IBP should be performed based on Discovery procedure and Link Establishment procedure.
Observation 2: The relationship between Discovery procedure and Link Establishment procedure is somehow different between Model A Discovery and Model B Discovery.
Proposal 2: The IBP procedure can be performed based on Model A Discovery and Model B Discovery. 
Observation 3: For the case of initial beam pairing performed before discovery or unicast link establishment procedure, plenty irrelevant beam pairs may be established due to the lack of knowledge of unicast link.
Proposal 3: The IBP procedure should be performed during Discovery and Link Establishment procedure or at least additional information should be carried. 




Initial beam pairing after 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

RAN1 #113 Agreement
In the candidate procedure where initial beam pairing starts after sidelink unicast link establishment (if feasible), the initial beam pairing follows a similar procedure as beam maintenance.




For the candidate procedure where initial beam pairing is performed before sidelink unicast link establishment, it was agreed that it follows a similar procedure as beam maintenance. Hence, no separate discussions for this candidate procedure is necessary. The only relevant proposal is in Proposal 1-1-a.

Overall, Nokia, CMCC, OPPO, Interdigital, Intel express their support of this candidate procedure in general, while Toyota, Huawei, Lenovo, ETRI, Qualcomm mention the coverage issue of this candidate procedure. 

The following table provides a summary of company proposals on the procedure where initial beam pairing starts after unicast link establishment:

	Company
	Company proposal related to this issue

	Nokia
	[bookmark: Obs62453][bookmark: Obs29923][bookmark: Obs86729]Observation 11: Except for very specific cases (e.g., wall-mounted UEs, see-through in V2X), omnidirectional TX/RX capability would seem to be required for UEs to be able to establish a SL unicast link prior to determining an initial beam pair. However, such capability may not be assumed in general in FR2.
[bookmark: Proposal38853][bookmark: Proposal35656][bookmark: Proposal98854]Proposal 11: Initial beam pairing after unicast link establishment is not feasible as a general solution, e.g., for UEs without omnidirectional TX/RX capability in FR2 that may be exposed to frequent rotation.
[bookmark: Obs62454][bookmark: Obs62483][bookmark: Obs86730][bookmark: Obs29924]Observation 12: Performing SL initial beam pairing after PC5 unicast link establishment may reduce the achievable communication range.
[bookmark: Proposal51819][bookmark: Proposal35657][bookmark: Proposal38854][bookmark: Proposal98855]Proposal 12: Whether to perform initial beam pairing after link establishment (if feasible) may depend on scenario and use case requirements.

	Huawei
	[bookmark: _Ref134203280][bookmark: _Ref134726244][bookmark: _Ref130927446]Observation 8: It is not feasible to perform initial beam pairing after sidelink unicast link establishment.
· The communication range for the transmission of DCR is less than halved when beam training is performed only by the TX UE and not by the RX UE, resulting in significant communication range restrictions and performance losses.
· Initial beam pairing is essential for unicast link establishment since UEs need prior information to determine transmit and receive resources.
· FR1-assisted FR2 is not supported.

	Toyota
	[bookmark: _Toc142646422]Observation 2: Initial beam pairing after unicast link establishment has an issue of a limited communication range because paired beams cannot be used for unicast link establishment. Therefore, this procedure is not suitable for use cases that require a long communication range, e.g., V2X. It is not clear how to establish unicast links without initial beam pairing.

	CMCC
	Proposal 6: RAN1 should support the study of procedures where initial beam pairing procedure is performed after sidelink unicast link establishment procedure.
Proposal 7: For beam maintenance and initial beam pairing after unicast link establishment, at least support the following:
· Standalone SL CSI-RS transmission (i.e., without PSCCH/PSSCH)
· The reference signal is sent periodically.

	Lenovo
	Proposal 9: Initial beam pairing starts after sidelink unicast link establishment should be deprioritized 

	OPPO
	Observation 2: It is feasible to perform unicast link establishment before initial beam paring. 

	ETRI
	Proposal 1: We propose not discussing Candidate Procedure 3-related aspects unless its feasibility is validated and applicable scenarios are identified.

	Interdigital
	Proposal 8: Support initial beam pairing after unicast connection. The use of beam(s) for unicast connection can be left for UE implementation.
Proposal 9: Associate TX and/or RX beam information with a unicast transmission identified by a pair UE source and destination ID.

	Qualcomm
	Proposal 3-4: Conclude that initial beam-pairing after unicast-link establishment is not feasible.

	Intel
	Proposal 11: For Initial beam pairing after sidelink unicast link establishment the following additional topics needs to be studied:
· Sidelink synchronization is not used for this method of initial beam pairing.
· Transmit beams and their corresponding transmit resource are aligned during the unicast link setup.
· Any reference signal defined for the other methods of initial beam pairing can be used. 
· The beam indication between UE2 and UE1 is using the same interface that is also used for the unicast link establishment. 




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



Based on the discussions in Section 3.1.1.1, S-SSB is a potential reference signal for the candidate procedure where initial beam pairing is performed before unicast link establishment. 

The relation between S-SSB for initial beam pairing and S-SSB for synchronization was discussed by companies (vivo, JHU, Intel, Huawei, CMCC). 

Huawei, CMCC mention that S-SSB for initial beam pairing is also used for synchronization. In this case, the physical layer structure of S-SSB for initial beam pairing reuses the legacy S-SSB physical layer structure. CMCC mentions backward compatibility. Huawei mentions that non-SyncRef UE can send S-SSB. 

On the other hand, vivo, JHU, Intel, CMCC mention that S-SSB for initial beam pairing (S-SSB-beam) should be separately transmitted from S-SSB for synchronization (S-SSB-sync). Vivo mentions the resources of S-SSB-beam are in legacy resource pool and resource selection may be performed. Apple, Sharp mention different UE1s will use separate resources for S-SSB-beam transmissions. In this case, the resources and resource selection for S-SSB-beam need to be considered (See Proposal 1-2-a), and the physical layer structure of S-SSB-beam needs to be designed. 

Both options are listed in Proposal 1-7-a for further study. In both options, the resources of S-SSB-beam can be (pre)configured (Qualcomm, Huawei, vivo, Sharp). This is already covered in Proposal 1-2-a.
Regarding the type of information contained S-SSB-beam and how the information is carried, the following is mentioned by companies:
· UE1’s ID: Huawei, CATT, Apple, ETRI 
· SL-SSID: Huawei, ETRI, CATT
· UE2’s ID: CATT, Apple, Sharp, ETRI
· To avoid unnecessary beam measurement and reporting
· Beam ID: CATT, CMCC, Apple, Fraunhofer
· PSBCH payload and PSBCH DMRS sequence: Apple, Intel

These options are listed in Proposal 1-7-a. 

Regarding when S-SSB-beam is transmitted, companies’ views are summarized below:
· Triggered by DCR transmission: vivo
· Stopped at the complete of initial beam pairing: CATT
· Periodic: Huawei, CATT, Sharp
This aspect needs to be further considered, and is contained in Proposal 1-7-a. 

Regarding S-SSB transmit beam on each S-SSB-beam resource, Huawei mentions it is up to UE implementation, while Intel, CATT mention it is (pre-)configured. 

Mediatek mentions to reduce the overhead of reference signals for initial beam pairing.

Regarding the beam reporting based on S-SSB-beam, Apple, CATT, vivo, Qualcomm mention beam reporting resources are (pre-)configured, which are associated with the resources for S-SSB-beam. This is in Proposal 1-7-a. 

Additionally, Huawei proposes to include UE1’s source ID in the beam reporting. Huawei, vivo mention to use PSFCH as the container of beam reporting. The contents and container of beam reporting can be further studied. This is in Proposal 1-7-a. 

Besides the above discussions on the detailed design of S-SSB-beam, Huawei, Spreadtrum, CATT express their support of using S-SSB as reference signal for initial beam pairing, while Nokia, LG do not support using S-SSB as reference signal for initial beam pairing, due to huge specification work and potentially using PSSCH for initial beam pairing. 

The following table provides a summary of company proposals on S-SSB for initial beam pairing:

	Company
	Company proposal related to this issue

	Nokia
	[bookmark: Obs29926][bookmark: Obs86731][bookmark: Obs62456]Observation 13: UE1 may not be aware of UE2’s destination L2 ID until it receives the first security establishment message from UE2. Thus, S-SSB reception may lead to many irrelevant UEs performing beam measurement and reporting unnecessarily.
[bookmark: Proposal35659][bookmark: Proposal98856][bookmark: Proposal38856]Proposal 13: RAN1 to deprioritize the study of S-SSB enhancements for initial beam pairing.
[bookmark: Obs86732][bookmark: Obs62457][bookmark: Obs29927]Observation 14: Discovery messages sent over PSSCH are a better match than S-SSB for the actual behavior of SSB and can re-use all the existing mechanisms specified for PSSCH, such as resource allocation with collision avoidance.
[bookmark: Proposal35660][bookmark: Proposal38857][bookmark: Proposal98857]Proposal 14: RAN1 to study discovery messages sent over PSSCH instead of S-SSB enhancements for initial beam pairing.

	Huawei
	[bookmark: _Ref134203282]Observation 9: The following issues have been identified and needs to be addressed in order to use S-SSB for initial beam pairing:
· UE2 should be able to distinguish between multiple beams from a single UE1 and multiple UE1s, otherwise, UE2 cannot determine which one is the optimal beam for which UE1 or the exact number of optimal beams that needs to be reported to multiple UE1s.
· Existing SL-SSID is not UE-specific, as it only carries information for identifying the synchronization source type, synchronization source coverage status and type of connection to the synchronization source.
· When a SL UE is synchronized to a SyncRefUE with high RSRP measurement results or a cell with high RSRP measurement results, the UE does not always need to transmit S-SSB.
· Transmission slots used for S-SSB are designed for synchronization, which may not be suitable for beam sweeping.
· UE2s should indicate UE1’s ID-related information in the beam report, otherwise, UE1s may receive misleading reports from nearby UEs.
[bookmark: _Ref130927490]Proposal 4: For SL FR2 initial beam pairing, the following enhancements are considered for S-SSB:
· UE1’s S-SSB transmission carries UE1’s ID-related information.
· Study the use of S-PSS and S-SSS resources, i.e., enhanced SL-SSID, to indicate UE-specific information (e.g., source and/or destination IDs) and synchronization information.
· Mapping between S-SSB transmission resources and beam related information is up to UE implementation.
· S-SSB is transmitted when a UE is performing initial beam sweeping without considering synchronization conditions.
· S-SSB transmission slots are determined according to number of beams, beam sweeping period, beam sweeping patterns and beam measurement reporting resources.
· Study the enhancement of (pre-)configured periodic S-SSBs transmitted using resources outside the resource pool(s).
· Indication of UE1’s UE ID in beam reporting is supported for UE2 to indicate the target UE1.
· Study the use of the existing PSFCH sequence to indicate UE-specific information.

	Spreadtrum
	Proposal-3: Prioritize the study of S-SSB for initial beam pairing.

	Vivo
	[bookmark: _Ref135070783][bookmark: _Ref135070785]Proposal 9: If new S-SSB is used for initial beam training purpose, the new S-SSB is not expected to be used for SL synchronization. 
Proposal 10: If new S-SSB is used for initial beam training purpose, the new S-SSB should be transmitted in the resource pool. 
[bookmark: _Ref135070786]Proposal 11: If new S-SSB is used for initial beam training purpose, PSFCH is used for beam report.
- The association between new S-SSB and PSFCH can be based on the Uu initial beam training procedure. 
[bookmark: _Ref135070895]Proposal 12: If new S-SSB is used for initial beam training purpose, the new S-SSB transmission resource is selected/assigned within a set of (pre-)configured periodic resources, as well as the PSFCH. 
[bookmark: _Ref135070789]Proposal 13: If new S-SSB is used for initial beam training purpose, the new S-SSB transmission is triggered by higher layer based on DCR transmission. 

	JHU
	Proposal 9: Study how to identify/differentiate S-SSBs sent from SyncRef UEs and from UEs seeking beam pairing when adapting S-SSB for initial beam pairing.
Proposal 10: Investigate approaches for supporting directional beams for S-SSB transmissions from SyncRef UE.

	Intel
	Proposal 18: Study if other reference signals besides the ones present in Rel-16 S-SSB can be used for initial beam alignment.
Proposal 19: 
· Mapping of S-SSB transmission resource and beams is (pre)-configured.
· Physical structure of the S-SSB does stay the same. 
· Content of the PSBCH is changed to enable usage of the S-SSB for initial beam pairing. 

	CATT
	Proposal 2: S-SSB can be used as a starting point to achieve initial beam pairing. And if S-SSB is to be used for initial beam pairing, the following enhancements can be considered.
· S-SSB including source ID to allow receiver UE to identify the proper transmitter UE for beam measurement.
· S-SSB including destination ID to avoid unnecessary beam measurement/reporting from irrelevant receiver UEs.
· S-SSB including beam related information.
· Allocation of beam reporting resources respectively associated with different S-SSB transmit beams.
· Mechanism to avoid unnecessary S-SSB transmissions and receptions.
· Mechanism to mitigate/avoid the inference between overlapped S-SSB transmissions from different UEs.
· S-SSB configuration to transmit periodically before completing the initial beam pairing.
· Augmentation of the maximum SSID.
· Addition of the PRACH mechanism for S-SSB.

	CMCC
	Proposal 8: For adapting S-SSB for initial beam pairing between UE1 and UE2, the following options can be further studied:
· Option 1: Reuse the legacy S-SSB resources for the purpose of initial beam pairing;
· Option 2: Define new additional S-SSB resources for initial beam pairing.
Proposal 9: For reusing the legacy S-SSB resources for the purpose of initial beam pairing, if supported, backward compatibility should be ensured. There should be no impact on R16/R17 UEs to acquire synchronization information.
Proposal 10: For defining new additional S-SSB resources for initial beam pairing, if supported, new design of S-SSB structure and content to support beam identification, measurement and reporting can be further studied.

	Apple
	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.

	Sharp
	Proposal 1: In the candidate procedure where initial beam pairing is performed before sidelink unicast link establishment, in case of SSB (if supported), further study the following:
· Multiple sets of candidate resources for SSB beam sweeping are periodically (pre-)configured.
· To alleviate resource collision problem, the UE can use destination ID to select a set of candidate resources for SSB beam sweeping.
· Candidate resources in one set should be (pre-)configured in different slots for beam sweeping. 
· Resources in different sets can be (pre-)configured in a same slot to avoid overconsuming time resources. 

	ETRI
	Observation 1: Since the current S-SSB does not carry any UE-specific information for RX UE to identify where the beam comes from, it cannot be directly utilized for the SL beam seeping procedure.
Proposal 2: One more straightforward approach for S-SSB to carry UE-specific information for SL initial beam sweeping is using one bit of two reserved fields in the PSBCH payload for the beam sweeping flag that indicates whether the SSB is for initial beam sweeping or synchronization.
Proposal 3: We propose using SL-SSID to carry UE-specific information (e.g., UE ID) for SL initial beam sweeping.

	LG
	Observation 1: The combined TX beam of S-SSB transmission will be different from the TX beam of a single PSCCH/PSSCH transmission in general since the S-SSB will be transmitted by a number of UEs using different TX spatial setting in SFN manner. To change S-SSB transmission not to be transmitted in SFN manner will cause a huge specification work. 
Proposal 3: For the applicable reference signal for sidelink initial beam pairing, S-SSB (or its modified format) is deprioritized. 

	Fraunhofer
	Proposal 1: For SL initial beam pairing, we propose to study how to include a beam ID within the S-SSB or within the PSCCH/PSSCH.

	Qualcomm
	Observation 2-1-1: For initial beam-pairing between UE1 and UE2, UE2 must have a prior knowledge of which resources UE1 would transmit RS or DCR message and which Tx beams are associated with
· (Pre)configuration for resources for UE1’s transmissions with associated beams are necessary for initial beam-pairing, regardless of whether the initial beam-pairing is before or during unicast-link establishment procedure

	Mediatek
	Proposal 4: Study the method of reducing overhead of reference signals for initial beam pairing procedure. (e.g., modified format, segmented message, standalone signals and etc.) 




SL 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

RAN1 #113 Agreement
In the candidate procedure where initial beam pairing is performed before sidelink unicast link establishment, at least the following is considered for SL CSI-RS (or its modified format) (if feasible)
· Aperiodic, periodic and/or semi-persistent SL CSI-RS
· FFS: details
· In case of standalone SL CSI-RS (if supported), candidate resources for SL CSI-RS beam sweeping are (pre-)configured 
· FFS: whether/how to avoid resource collision of SL CSI-RS transmissions from different UEs
· FFS: Association between SL CSI-RS and beam reporting and/or initial link establishment
· FFS: details of association
· Identification and beam related information of SL CSI-RS for initial beam pairing 
· FFS: details



Based on the discussions in Section 3.1.1.1, standalone sidelink CSI-RS is a potential reference signal for the candidate procedure where initial beam pairing is performed before unicast link establishment, and sidelink CSI-RS is a potential reference signal for the candidate procedure where initial beam pairing is performed during unicast link establishment. 

According to RAN1 #113 agreement, the sidelink CSI-RS for initial beam pairing may be aperiodic, periodic or semi-persistent. Lenovo supports aperiodic transmissions and Apple supports semi-persistent transmissions for standalone sidelink CSI-RS. 

The physical layer structure of standalone sidelink CSI-RS is discussed by companies as follows: 
· Similar to S-SSS: Intel
· Accompany with PSCCH: Apple
· SCI to indicate beam index, source ID, destination ID 
· Accompany with PSCCH/PSSCH: vivo
· Beam index of standalone sidelink CSI-RS is indicated: vivo

The resource selection and indication for standalone sidelink CSI-RS are discussed by LG, Sharp, Apple, vivo, Huawei. For example, LG, Apple, Huawei mention the standalone sidelink CSI-RS resources are indicated by SCI, and Apple, Sharp mention to use legacy resource selection procedure as a starting point for the resource selection for standalone sidelink CSI-RS. 

Additionally, LG further discusses the AGC issue if multiple sidelink CSI-RS are transmitted in a slot, and proposes several potential solutions (e.g. always use the same transmit beam in a slot, sidelink CSI-RS occupy all frequency resources in a resource pool, dedicated slots for SL CSI-RS transmissions, etc). Intel mentions the mapping between sidelink CSI-RS resource and sidelink CSI-RS transmit beam is (pre-)configured. LG mentions the power control of sidelink CSI-RS.

Apple mentions the beam reporting resources for standalone sidelink CSI-RS are (pre)configured. Vivo mentions the beam reporting container is PSFCH. 

Overall, FL thinks the design of (standalone) sidelink CSI-RS for initial beam pairing has similarity as the design of (standalone) sidelink CSI-RS for beam maintenance. Hence, the proposals about sidelink CSI-RS are in Section 3.2.1.2. 

The following table provides a summary of company proposals on SL CSI-RS for initial beam pairing:

	Company
	Company proposal related to this issue

	Nokia
	[bookmark: Obs86733]Observation 15: The current CSI-RS resource mapping (CSI-RS-ResourceMapping) does not allow a CSI-RS to occupy different frequency resources in different OFDM symbols.
[bookmark: Proposal98858]Proposal 15: In order to mitigate interference between standalone SL CSI-RS transmissions from different UEs, especially before unicast link establishment, consider enhancing the CSI-RS resource mapping to allow a standalone SL CSI-RS to occupy different (e.g., (pseudo)randomly selected) frequency resources in different OFDM symbols.
[bookmark: Obs29928][bookmark: Obs86734][bookmark: Obs62458]Observation 16: By transmitting SL CSI-RS within PSSCH carrying DCR during unicast link establishment, mode-2 resource exclusion based on sensing and/or IUC can be leveraged to minimize SL CSI-RS interference to/from other SL CSI-RS transmissions as well as other SL transmissions.
[bookmark: Proposal35661][bookmark: Proposal38858][bookmark: Proposal98859]Proposal 16: Use PSSCH as a container for non-standalone SL CSI-RS for initial beam pairing during unicast link establishment.

	Huawei
	[bookmark: _Ref134203342][bookmark: _Ref130927493][bookmark: _Ref126672205][bookmark: _Ref134726250][bookmark: _Ref142249426]Observation 10: For SL FR2 initial beam sweeping using SL CSI-RS, the following issues need to be addressed:
· (Pre-)configured beam sweeping resources of standalone SL CSI-RS will lead to resource collision of TX UEs.
· When using resources within the resource pool, SCI indication is needed for SL CSI-RS transmissions.
· Mapping between the transmit beam and its associated beam report is not clear for CSI reporting through MAC CE.
· SL CSI-RS can only be applied for initial beam pairing during unicast link establishment
· SL CSI-RS transmission may suffer from resource conflicts by other UEs data transmission due to resource sensing and selection procedures.
· SL CSI-RS transmission with repetition on transmit beams is not needed.

	Vivo
	[bookmark: _Ref135070790]Proposal 14: If CSI-RS is used for initial beam training before the unicast link establishment, the (standalone) CSI-RS has associated PSCCH/PSSCH conveying at least beam index information of the (standalone) CSI-RS. 
[bookmark: _Ref135070796]Proposal 15: If CSI-RS is used for initial beam training before the unicast link establishment, PSFCH is used for beam report.
· [bookmark: _Ref142686438]FFS the association between CSI-RS and PSFCH. 
Proposal 16: If CSI-RS is used for initial beam training before the unicast link establishment, the CSI-RS transmission resource is selected/assigned within a set of (pre-)configured periodic resources.

	Intel
	Proposal 20: 
· Standalone transmission of CSI-RS is supported.
· Standalone CSI-RS can utilize a similar structure as the S-SSS.
· For CSI-RS for initial beam training the mapping of CSI-RS resources to transmission beams is (pre)-configured.
· For CSI-RS for beam maintenance the mapping of CSI-RS resources to transmission beams is aligned via higher layer message exchange of connected UEs. 

	Lenovo
	Proposal 10: Prioritize aperiodic CSI-RS with data for initial beam pair establishment 

	Apple
	Proposal 16: If standalone sidelink CSI-RS is to be used as a reference signal for the candidate procedure where initial beam pairing is performed before sidelink unicast link establishment,
· semi-persistent sidelink CSI-RS is transmitted. 
· dedicated slots are allocated for standalone sidelink CSI-RS transmissions.
· the standalone sidelink CSI-RS resource selection uses the legacy PSCCH/PSSCH resource selection procedure as a starting point.
· beam reporting resources associated with sidelink CSI-RS transmit beams are allocated by (pre-)configuration.
Proposal 17: If standalone sidelink CSI-RS is to be used as a reference signal for the candidate procedure where initial beam pairing is performed before sidelink unicast link establishment, SCI is transmitted together with standalone sidelink CSI-RS.
· SCI indicates the source ID, destination ID, beam related information, as well as the resource reservation information for standalone sidelink CSI-RS transmissions. 

	Sharp
	Proposal 2: In the candidate procedure where initial beam pairing is performed before sidelink unicast link establishment, in case of SL CSI-RS (if supported), further studying the following:
· SL CSI-RS can be standalone CSI-RS with accompanying SCI or non-standalone CSI-RS.
· Use the principle of sensing and resource selection procedure in RA mode 2 as baseline to select candidate resources for CSI-RS beam sweeping.

	LG
	Observation 2: Before PC5-RRC connection, the SL CSI-RS transmissions on (pre)configured resources from different UEs can collided each other since they share the common SL-CSI RS resources. Since the number of SL CSI-RS ports for TX and/or RX depends on the UE capability, the (pre)configured resource should be 1-port SL CSI-RS resources. 
Observation 3: Before PC5-RRC connection, PC5-RRC signalling cannot be used to handle the SL CSI-RS resource collisions among different UEs.
Proposal 4: For the applicable reference signal for sidelink initial beam pairing, study the feasibility of (non-)standalone SL CSI-RS including:
· SL CSI-RS triggering or indication by SCI.
· SL CSI-RS resource allocation by (pre)configuration and/or a SCI.
· SL CSI-RS power control and/or frequency resource allocation to keep the same PSD over multiple transmission(s) with different transmit beam(s).
· SL CSI-RS TX resource selection mechanism
· For SL CSI-RS transmissions with different transmit beams in a slot, one or more of followings are considered to mitigate additional AGC problem:
· Option 1: SL CSI-RS transmissions in a slot always use the same transmit beam. 
· Option 2: SL CSI-RS transmissions with different transmit beams in a slot occupy all the frequency resources within a resource pool.
· The occupancy of the SL CSI-RS transmissions is indicated by a SCI.
· Option 3: Restrict the set of slots allowing SL CSI-RS transmissions with different transmit beams in a slot. 

	Qualcomm
	Observation 2-1-1: For initial beam-pairing between UE1 and UE2, UE2 must have a prior knowledge of which resources UE1 would transmit RS or DCR message and which Tx beams are associated with
· (Pre)configuration for resources for UE1’s transmissions with associated beams are necessary for initial beam-pairing, regardless of whether the initial beam-pairing is before or during unicast-link establishment procedure



Beam measurement, reporting and indication
Since the reference signals/channels for initial beam pairing are open as in Section 3.1.1.2, the corresponding beam measurement, reporting and indication are separately discussed. The detailed discussions are listed below: 

Overall, FL thinks we could discuss the beam measurement, reporting and indication when the reference signal to be used for initial beam pairing is clear. Hence, there is no FL proposal on this topic at this stage. Please indicate if you think something can be discussed before we made some progress on reference signal design in Question 1-2.

The following table provides a summary of company proposals on the sidelink beam measurement, reporting and indication for initial beam pairing:

	Company
	Company proposal related to this issue

	LG
	Proposal 5: For the TX/RX beam pair determination, study whether/how to indicate the reference signal resource(s) of beam pair(s) for RSRP comparison.

	Mediatek
	[bookmark: _Ref134797706]Proposal 6: The following options can be considered to indicate the determined beams between Tx UE and Rx UE:
· Option 1: Rx UE sends feedback at the time occasion corresponding to the selected beam. 
· Option 2: Rx UE sends feedback at the resource location corresponding to the selected beam.

	Wilus
	Proposal 9: UE2 can report SL CRI using PSFCH for SL initial beam pairing.
Proposal 10: For SL CRI reporting in sidelink initial beam pairing, RAN1 to study relationship between frequency-code domain resource for PSFCH transmission and SL CRI.
Proposal 11: For SL CRI reporting using PSFCH in SL initial beam pairing, PRB determination can be newly defined based on SL CRI.
Proposal 12: If UE2 selects UE1’s transmit beam, PSFCH PRB index selection for ACK transmission can be defined by . If UE2 does not select UE1’s transmit beam, UE2 can transmit NACK using the current PSFCH framework.
· FFS for the overlapped value for PSFCH PRB index.

	Qualcomm
	Observation 2-1-2: For beam measurement for beam refinement/reporting, aperiodic RS, if supported, would require large time gap (at least 1 slot duration, up to tens of slots duration) between the triggering signalling and triggered RS for indicating beams of the triggered RS dynamically/flexibly
· Aperiodic RS without sufficient time gap can be monitored only with default or predefined beam
· Periodic RS can be (pre)configured to enable beam measurement using the (pre)configured beam for beam refinement/reporting




Others
Besides the issues discussed in above sections for sidelink initial beam pairing, FL would like to collect companies’ views on any other topics to be studied. This is in Question 1-2. 

The following table provides a summary of company proposals on this issue:

	Company
	Company proposal related to this issue

	Fraunhofer
	Proposal 3: Study how the gNB can assist SL Mode 1 UEs during initial beam pairing.

	Mediatek
	[bookmark: _Ref134797345][bookmark: _Hlk131780136]Observation 4: Due to the UE capability differences, pairing of UEs with unequal transmitting and/or receiving number of beams requires unequal times of beam sweeping.
[bookmark: _Ref134797704]Proposal 5: The supported beam sweeping pattern of Tx and Rx UE needs to be informed by each other or pre-configured to guarantee a comprehensive measurement result during initial beam pairing.

	Intel
	Proposal 4: Study which information can be used to assist the initial beam-pairing. 
Proposal 5: Study which information exchange is necessary to ensure that both UEs have the same understanding of the optimal beam at both devices.
Proposal 6: Procedure P1 where both the Tx and the Rx UE perform beam sweeping is utilized for initial beam pairing.

	Qualcomm
	Proposal 3-3: Endorse the above overhead analysis as an outcome of study for initial beam-pairing for FR2 SL in Rel-18.



[Closed] First round discussions
[H] Proposal 1-1-a 
Proposal 1-1-a: RAN1 to down-select one from the following two candidate procedures: 
· The candidate procedure where initial beam pairing is performed before sidelink unicast link establishment 
· Note: initial beam pairing is performed before the transmission of DCR (direct communication request) 
· The candidate procedure where initial beam pairing is performed during sidelink unicast link establishment 
· Note: initial beam pairing is performed at the same time or after the transmission of DCR, before unicast link establishment.
· Note: this does not preclude the candidate procedure where initial beam pairing is performed after sidelink unicast link establishment if it is feasible.

Companies are welcome to provide modified proposal directly.

	Company
	Yes or No
	Comments

	Qualcomm
	
	We are OK with the proposal. However, it is not so clear yet if the down selection between the two is really essential. From our point of view, these two are quite similar – the only difference is (1) initial beam-pairing before unicast-link establishment uses RS transmissions over multiple beams in step 1, and (2) initial beam-pairing during unicast-link establishment uses DCR message transmissions over multiple beams in step 1. All other procedures can be common.

So we suggest to agree at least enabling the first candidate procedure. The second candidate procedure can be enabled with a minimum change from the first candidate procedure.

	Nokia, NSB
	No
	We see value in specifying both procedures:
· “before”: in scenarios where discovery messages are needed anyway for UEs to become aware of each other’s presence, the discovery messages can be transmitted on different beams carrying the IBP RS (e.g., PSCCH/PSSCH DMRS or non-standalone SL CSI-RS).
· “during”: in scenarios where discovery messages are not needed for UEs to become aware of each other’s presence (e.g., in V2X the UEs may already be aware of each other’s presence thanks to CAM/BSM), DCRs can be transmitted on different beams carrying the IBP RS (e.g., PSCCH/PSSCH DMRS or non-standalone SL CSI-RS).

	OPPO
	comment
	We have some concern on the benefit of initial beam pairing performed before unicast link establishment. Some explanation can be found in response to Question 1-2.

	WILUS
	Yes
	

	Lenovo 
	Comment
	We have concern on the applicability of beam pairng performed before discovery procedure. The usage of initial default id for beam pairing results in many feedback. Also if the DCR/DCA is not successful then the bema pairing needs ot be repeated again which is again overhead and latency.

	Toyota
	Comment
	There are pros and cons in each procedure. A suitable procedure between the two procedures can be different for different target scenarios and use cases. Currently, we are not sure if RAN1 should down-select between the two procedures.

	SS
	No
	We don’t see a necessity for down-selection. There are benefits that each procedure brings in terms of throughput/latency tradeoffs. So it might be fine to support both procedures.

	Mediatek
	Comment
	As our understanding, discovery procedure and link establishment procedure may both performed by a UE. And more importantly, discovery procedure and link establishment procedure are two separate procedures, which means a UE may transmit or receive  discovery messages as well as link establishment messages by beam based manners. However, we have only considered link establishment (e.g., DCR) for classification (i.e., two candidate procedures). An initiating UE will transmit messages using a Destination ID and Source ID for both discovery procedure and link establishment procedure, though the IDs may be different between discovery and link establishment and can be changed over time.
As a conclusion, the proposal 1-1-a above can be modified as:
Proposal 1-1-a: RAN1 to down-select one from the following two candidate procedures: 
· The candidate procedure where initial beam pairing is performed before sidelink discovery and unicast link establishment 
· Note: initial beam pairing is performed before the transmission of discovery messages and DCR (direct communication request) 
· The candidate procedure where initial beam pairing is performed during sidelink discovery and unicast link establishment 
· Note: initial beam pairing is performed at the same time or after the transmission of discovery messages and DCR, before unicast link establishment.
· Note: this does not preclude the candidate procedure where initial beam pairing is performed after sidelink unicast link establishment if it is feasible.


	Vivo
	
	In our opinion, to save time, we can keep both of the solution open in SI phase.

	ZTE,Sanechips
	
	We are OK either to keep both or one of them. If only one is kept, we support the ‘during’ case.

	Huawei, HiSilicon
	Comment
	It is not necessary to down select between the before and during scenarios at this stage. For the study phase, we prefer to focus on the open issues for both the scenarios and down selection can be handled in the WI phase.

	LGE
	No
	We are generally fine to study by focusing on the initial beam pairing procedure of the two candidates (i.e., before and during the unicast link establish). However, it seems too early to make down selection at the study item stage.

We can consider the detailed points to be discussed for comparison of the two candidate procedures. As an example, it may include how to avoid unnecessary measurement and reporting in the initial beam pairing procedure. This may relevant to when to on-off the applicable reference signal and/or how to provide the target UE information (e.g., destination ID), etc.


	Xiaomi
	Comment
	We are open to discuss whether down-selection is needed between the two options. If downselection is preferred, our preference is on candidate procedures of first bullet, as explained in question 1-1.

	Sony
	Comments
	Agree to keep both of them in this stage until we get more progress of the detailed procedure.

	Spreadtrum
	
	Fine with the proposal. One solution is sufficient for IBP. We don’t see the necessity of supporting both. 

	DCM
	Yes
	We are fine with the clarification. I think that the actual down-selection would be conducted in WI phase. 



[H] Question 1-1 
Question 1-1: In case of down-selecting between 
· Alt 1: The candidate procedure where initial beam pairing is performed before sidelink unicast link establishment. 
· Alt 2: The candidate procedure where initial beam pairing is performed during sidelink unicast link establishment.
Which alternative is the preferred one? Can you live with the other (non-preferred) alternative? If not, please provide reason. 

	Company
	Preference (Alt 1 or 2)
	Can live with the non-preferred alternative? (Yes or No) 
	If no, please provide concerns

	Qualcomm
	Alt.1
	No
	Again, we are OK to support at least Alt.1 with enabling Alt.2 with minimum change. However, we are not OK to down-select Alt.2 only.

Alt.2 requires (pre)configuration of multiple slots for DCR message transmissions over multiple beams for Tx beam-sweeping in Step 1. Moreover, such multiple slots for DCR message transmissions over multiple beams have to be known by UE2, so that UE2 can sweep its Rx beams for beam-pairing. This basically requires (pre)configured resources for DCR message transmissions. Compared to Alt.1, Alt.2 must require larger overhead and must require similar standardization effort. Therefore, there is no reason to adopt only Alt.2.

However, since Alt.2 can be enabled with minimum change from Alt.1 in our understanding, we can live with Alt.2 if Alt.1 is enabled. 

	Nokia, NSB
	Alt2
	Depends.
	Unless a way is found to include application information (ProSe Service Info, UE1 Application Layer ID, UE2 Application
Layer ID) with each beamformed RS transmission in Alt1, the claimed benefits of Alt1 (lower overhead/latency) would come at the cost of many irrelevant UEs performing unnecessary beam measurement and reporting. If this critical issue is solved, we’re fine with Alt1.

If the understanding is that Alt1 is realized by transmitting discovery messages (which, in our view, are the closest match to Uu SSB) on different beams, then we are also fine with Alt1.

	OPPO
	Alt 2
	No 
	Alt 2 has less spec impact, such as no new reference signal for initial beam pairing is needed (PSSCH DMRS is OK), and beam reporting can be carried in DCR response which also does not need to introduce new channel or new procedure for beam reporting.

	WILUS
	Alt 1
	No
	Alt 2 requires large overhead in perspective of resource utilization.

	Lenovo 
	Alt 2
	No 
	Layer 2 Id is not known before the discovery mechanism 

	Toyota
	Alt 2
	See comments
	Our preference is Alt 2 because Alt 1 has an issue of unnecessary beam pairing. Nevertheless, if this issue is resolved, we can live with Alt 1.

	SS
	
	
	We don’t see a necessity to do down-selection.

	Mediatek
	Alt 2
	Yes with comment
	Firstly, as in our proposal 1-1-a comment, the question 1-1 should be modified as: 
· Alt 1: The candidate procedure where initial beam pairing is performed before sidelink discovery and unicast link establishment. 
· Alt 2: The candidate procedure where initial beam pairing is performed during sidelink discovery and unicast link establishment.
It is hard to distinguish before and during candidate procedures since many companies propose to report by messages or transmit RS with part of information from messages. As long as the related information (e.g., Source or Destination Layer-2 ID for discovery/link establishment procedure, etc.) is known by UE 1, both options are acceptable (e.g., standalone RS with related IDs at least, segmented/whole discovery or DCR messages, etc.). As a conclusion, UE 1 should do IBP after it has obtained the necessary information for discovery/link establishment.

	Vivo
	Alt.2
	
	

	ZTE,Sanechps
	Alt 2
	No
	Can live with both Alt 1 and Alt 2. For Alt 1, if people have common understanding is that the functionality is that the UE1 should get to know its own ID which is equivalent to being able to send DCR message as per the during case, then the technical benefit of Alt 1 vs Alt 2 is limited.

	Huawei, HiSilicon
	Alt 1
	Comments
	In the before case, UE1 can establish unicast links with UE2s that are farther away, catering to advanced commercial use cases. It can also avoid multiple TX beam sweeps on all beams for transmitting the DCR.
On the other hand, in the during case, UE2 may not know the resources to receive the beam sweeping reference signals without (pre-)configured resources. If resources are (pre-)configured, it would lead to large overhead of sweeping DCR message.
If the FL’s intention is whether we can support the non-preferred alternative alone, our response is no. However, we can discuss how to improve Alt 2 such that they can both be considered for specific scenarios. 

	LGE
	Comment
	
	We do not think that down selection is needed at the study item stage.

At this moment, we slightly prefer Alt 2 to Alt 1. This is because unnecessary beam measurement and reporting can be avoided by accompanying DCR message at least in Alt 2. On the other hand, how to handle this is not addressed well in Alt 1.


	Xiaomi
	Alt 1
	depends
	Alt 1 is preferred as the Tx beam sweeping can be reused by multiple RX UEs. For alt 2, as the Tx beam sweeping of DCR message needs to be performed for each unicast link establishment, the overall message flooding can be very high. In addition, for alt 1, the transmission of DCR is after initial beam pairing, and thus a suitable MCS and Tx power can be selected, which can reduce the signal overhead and potential interference to the overall interference.
On the concern of Alt 1 that some related information needs to be transmitted together, we also think some kind of discovery message like resource pool/channel design can be considered.

	Sony
	Alt2
	No
	At least we support Alt2 to avoid unnecessary beam measurement and reporting.

	Spreadtrum
	Alt1
	Yes
	

	DCM
	Alt.1 
	No
	The purpose of this study (SL FR2 study) is to achieve that fast and resource-efficient beam pairing is established and maintained. 
RAN1 should deprioritize to study ‘during’ case based on message level repetition with different beams.



[H] Proposal 1-2-a
Proposal 1-2-a: In the candidate procedure where initial beam pairing is performed before sidelink unicast link establishment, in Step 1, 
· the applicable reference signal is to down-select between S-SSB (or its modified format) and standalone sidelink CSI-RS. 
· The resources of reference signal are (pre-)configured.
· The resources of S-SSB for initial beam pairing (if supported) are
· Alt 1-1: reusing the resources of legacy S-SSB for synchronization
· Alt 1-2: separate from the resources of legacy S-SSB for synchronization
· The resources of standalone sidelink CSI-RS for initial beam pairing (if supported) are 
· Alt 2-1: in a dedicated resource pool
· FFS relationship between dedicated resource pool and legacy resource pool
· Alt 2-2: in a shared resource pool for legacy PSCCH/PSSCH transmission
· UE1 determines a standalone sidelink CSI-RS resource, 
· Alt 3-1: using legacy PSCCH/PSSCH resource selection scheme as starting point. 
· Alt 3-2: based on UE ID.
· Other alternatives are not precluded. 
· FFS details
· The reference signals are transmitted semi-persistently with activation and deactivation
· FFS conditions of activation and deactivation. 

	Company
	Yes or No
	Comments

	Qualcomm
	
	In general, the proposal looks good direction. We have a couple of comments:
· We think re-using legacy S-SSB structure for beam acquisition would not be a good approach. Similar to Uu beam management based on SSB, a “bare minimum beam management operation” is that a UE transmits RS over N beams in periodic manner (at least from Rx UE point of view, the RS should be viewed as periodic transmission) on (pre)configured resources, and the RS over the N beams can be used for initial beam pairing, beam maintenance, and beam failure recovery. Re-using legacy S-SSB has two issues. The first issue is its overhead – for beam acquisition, 14 symbols per beam is too redundant. The second issue is its non-re-usability for beam maintenance. It is not clear how the legacy S-SSB structure can be used for beam maintenance. Standalone SL CSI-RS transmissions over beams in periodic manner on (pre)configured resources should fit for beam maintenance well. Therefore, if we decide to re-use legacy S-SSB for initial beam-pairing, we need to specify two different RSs for SL beam management. Instead of doing so, it is simpler to define a single RS with unified framework that can be used for all initial beam-pairing, beam maintenance, and beam failure recovery. We think standalone SL CSI-RS should be a good candidate. Alternatively, we can modify the structure of S-SSB for SL beam management, e.g., S-SSS only or P-SSS + S-SSS per beam.
· Regarding dedicated resource pool or shared resource pool, we think at least dedicated resource pool should be available.
· Regarding “semi-persistent” transmission of RS, we wonder if companies are on the same page. First of all, although we/QC propose “periodic RS transmissions on (pre)configured resources” for SL beam management, it does not mean the UE transmits RS periodically all the time. For initial beam-pairing, a UE, when deciding to transmit DCR message for unicast-link establishment, should transmit RS over beams, on (pre)configured resources. The (pre)configured resources have a certain periodicity. Then, a UE, when deciding to receive/monitor DCR message, should monitor/receive RS on the (pre)configured resources. As such, the RS is transmitted only when the UE1 decides to do so. If this is called as “semi-persistent” transmission of RS, we are OK with the proposal. Probably it would be good to have alignment of the understanding.

	Nokia, NSB
	See comments
	Given the critical issue of irrelevant UEs, we think it is too early to down-select among the 4 alternatives from last meeting.

Proposal 1-2-a: In the candidate procedure where initial beam pairing is performed before sidelink unicast link establishment, in Step 1, 
· the applicable reference signal is to down-select between for S-SSB (or its modified format) and standalone sidelink CSI-RS (if supported): 
· The candidate resources of reference signal are (pre-)configured.
· The candidate resources of S-SSB for initial beam pairing (if supported) are
· Alt 1-1: reusing the resources of legacy S-SSB for synchronization
· Alt 1-2: separate from the resources of legacy S-SSB for synchronization
· The candidate resources of standalone sidelink CSI-RS for initial beam pairing (if supported) are 
· Alt 2-1: in a dedicated resource pool
· FFS relationship between dedicated resource pool and legacy resource pool
· Alt 2-2: in a shared resource pool for legacy PSCCH/PSSCH transmission
· Alt 2-3: dedicated resources (pre)configured within the same pool as legacy PSCCH/PSSCH transmissions
· UE1 determines a standalone sidelink CSI-RS resource, 
· Alt 3-1: using legacy mode-2 PSCCH/PSSCH resource selection scheme (e.g., random selection, sensing, IUC, etc.) as starting point.
· FFS whether a standalone sidelink CSI-RS occupies the same or different subcarriers in each symbol
· Alt 3-2: based on UE ID.
· Other alternatives are not precluded. 
· FFS details
· FFS support RE-level multiplexing of standalone sidelink CSI-RSs from different UEs
· The reference signals are transmitted semi-persistently with activation and deactivation
· FFS conditions of activation and deactivation. 


	OPPO
	Comment
	We think it is necessary to clarify how to understand shared resource pool with legacy PSCCH/PSSCH transmission. For stand-alone CSI-RS, some companies to support PSFCH-like CSI-RS structure. If for a PSCCH/PSSCH transmission resource pool, two symbols are (pre-)configured for SL CSI-RS transmission (which is similar as PSFCH resource configuration), whether it is seen as shared resource pool with PSCCH/PSSCH transmission, or seen as new alternative similar as Alt 2-3 which is proposed by Nokia . in our view, we are slightly prefer Nokia’s proposal. It cannot be seen as shared resource pool with PSCCH/PSSCH transmission. 



	WILUS
	Comments
	Regarding to usage of S-SSB for initial beam pairing process, reusing legacy S-SSB structure, there are some issues. For example, UE ID is not identified in legacy S-SSB format, also, legacy S-SSB consumes one slot entirely, hence it may cause resource overhead. Therefore, we suggest
· The resources of S-SSB for initial beam pairing (if supported) are
· Alt 1-1: reusing the resources of legacy or modified S-SSB for synchronization
· Alt 1-2: separate from the resources of legacy or modified S-SSB for synchronization


	Lenovo 
	Comment 
	No need to downselect modified SSB or standalone CSI-RS in this meeting. Modifed SSB is useful for beam pairing done before discovery and standalone CSI-RS is useful when the beam pairing is done together with the DCR/DCA
Alt 1-2 is preferred as Tx UE needs to select modified SSB for beam acquisition purpose 
For CSI-RS Alt 2-2+Alt3-1

	Toyota
	Yes
	

	SS
	
	We have some comments:
· (Pre-) configuration of resources for reference signals, can lead large overhead. We would like to discuss further before agreeing.
· Alt1-1: “reusing the resources of legacy S-SSB for synchronization” we think legacy S- SSB resources can be used with enhancements, and would like to have this reflected in this option.
· Option 3-2, suggest to remove this option as it is not clear. We suggest to reword as “Study how UE1 determine resources for standalone SL CSI-RS”
· Regarding the transmission of reference signals, we would like to include aperiodic transmission. Regarding “semi-persistent” activation and de-activation, we wonder if this is really needed as the transmission decision is happening within UE1, and UE1 can decide when to transmit and or not transmits standalone SL CSI-RS, without a need for activation/de-activation.



	Mediatek
	Yes with comment
	The RS and its resource should be chose base on the purpose. At this stage, we don’t have a agreement on the RS for IBP/BM/BFR is unified or not. The RS needs down selection, but probably not in this meeting.    


	VIVO
	
	The information conveyed by SSB or CSI-RS control signaling is essential, e.g., UE IDs, beam index and so on. We prefer to add a bullet to discuss the control information

	ZTE
	With comments
	We prefer Alt 1-2 because legacy S-SSB for synchronization will be impacted if we go with Alt 1-1.
For Alt 3-2, it is difficult to avoid the conflict of CSI-RS resources from different UEs.

	Huawei, HiSilicon
	Comment
	In general, we are fine with the proposal in terms of capturing alternatives, but we do not agree with the last bullet. 
We are fine to down select between S-SSB and SL CSI-RS for before case. 
Regarding the resources to be used for S-SSB, our intention is to reuse the existing S-SSB structure, where resources are periodically (pre-)configured.
For standalone SL CSI-RS, if a dedicated resource pool is (pre-)configured, it would lead to large overhead, since the whole time and frequency are used for standalone SL CSI-RS but not for SL data transmission. It is not clear how (pre-)configured resources can be applied in a shared resource pool using legacy PSCCH/PSSCH resource selection scheme. If resources are (pre-)configured, legacy PSCCH/PSSCH resource selection scheme may not work. It is also not clear how Alt 3-2 works – is the assumption that each UE1 would have (pre-)configured resources within a resource pool?
Periodic transmission of RSs are essential for UE1 and UE2 to have common understanding on transmission and reception occasions. Including activation/deactivation for semi-persistent transmissions would only increase signaling overhead.

	LGE
	Comment
	We share view with Nokia/NSB that down selection is too early in this stage. Those should be study directions rather than alternatives for down selection.

For the UE’s determination of standalone SL CSI-RS for initial beam pairing, existing PSCCH/PSCCH resource selection scheme should be considered as baseline. For Alt 3-2 (SL CSI-RS resource selection based on UE ID), detailed procedure should be clarified first.


	Xiaomi
	comment
	We are fine with the proposal direction.
Between S-SSB and CSI-RS, S-SSB may not be a good candidate for initial beam pairing. Besides reasons mentioned by other companies, CSI-RS is more flexible on resource allocation and UE multiplexing. If there is no fundamental problems, CSI-RS shall be considered as the baseline design for both initial beam pairing and beam maintenance. 
On options for resource for standalone CSI-RS, we also think allocating dedicated resource in a resource pool shared with legacy PSCCH/PSSCH shall be considered. But from our understanding, it can be a solution in alt 2.   

	Spreadtrum
	comment
	We have concern on the usage of “UE-ID”. Before unicast link establishment, only Tx-UE ID can be utilized. However, for a specific UE, it may have multiple UE-IDs depending on the IDs from application layer. Thus, it is not clear whether to use one or more IDs. A simple modification could be 
· Alt 3-2: based on UE ID(s).


	DCM
	Comments
	I think the intention of the below description is ambigous. If (modified) S-SSB is adopted for IBP RS, RAN1 should firstly clarify whether the S-SSB modified for IBP RS may be used for synchronization reference or not. 

The resources of S-SSB for initial beam pairing (if supported) are



[H] Proposal 1-3-a 
Proposal 1-3-a: In the candidate procedure where initial beam pairing is performed before sidelink unicast link establishment, in Step 2, UE2 determines UE1’s transmit beam and UE2’s receive beam whose corresponding RSRP measurement is
· Alt 1: largest among all RSRP measurements
· Alt 2: larger than a threshold
· Alt 3: larger than a threshold and largest among all RSRP measurements


	Company
	Yes or No
	Comments

	Qualcomm
	Alt.2
	There is no case in the past for Uu where a UE is required to select the best beam (with the largest RSRP) from multiple qualified beams. If there are multiple qualified beams, it should be up to UE which one to use. We propose to adopt Alt.2.

	Nokia, NSB
	Yes
	Alt 3 preferred.

	OPPO
	Yes
	Alt 2 is preferred. 

	WILUS
	Yes
	Alt 2 is preferred.

	Lenovo 
	Yes
	Alt 1 
We should discuss whatis reported one beam or setof  beam above RSRP considering feedback overhead. Accordingly we can downselect what UE measures  


	Toyota
	Yes
	Alt 3 is preferred.

	SS
	Yes
	Alt2 is aligned with Uu discussion.

	Vivo
	Yes
	Alt2 or 3

	ZTE,Sanechips
	Yes
	

	Huawei, HiSilicon
	Yes
	Transmit beam should be determined by choosing the largest RSRP that satisfies a RSRP threshold.

	LGE
	Yes
	Alt 2 is preferred.

	Xiaomi
	Yes
	

	Sony
	Yes
	Alt2 is ok for us

	Spreadtrum
	Yes
	Prefer Alt 2.

	DCM
	Yes
	



[H] Proposal 1-4-a 
Proposal 1-4-a: In the candidate procedure where initial beam pairing is performed before sidelink unicast link establishment, in Step 3, 
· beam reporting resources are (pre-)configured
· UE2’s beam reporting resource is associated with the resource for UE1’s reference signal transmission with the determined UE1’s transmit beam
· FFS details (e.g., time and/or frequency domain mapping rule, etc) 
· UE1 attempts to monitor a beam reporting resource using a receive beam corresponding to UE1’s transmit beam on the associated reference signal transmission resource.
· UE2’s beam reporting contents include one or more of the following
· Alt 1-1: UE1’s ID
· Alt 1-2: UE2’s ID
· Alt 1-3: determined UE1’s transmit beam ID
· Alt 1-4: L1-RSRP measurement of determined UE1’s transmit beam
· Alt 1-5: none
· Other alternatives are not precluded
· UE2’s beam reporting container is one or more of the following
· Alt 2-1: PSCCH
· Alt 2-2: PSSCH
· Alt 2-3: PSFCH
· Alt 2-4: Sidelink CSI-RS 
· Other alternatives are not precluded 

	Company
	Yes or No
	Comments

	Qualcomm
	Yes
	

	Nokia, NSB
	Yes
	UE2’s beam reporting contents (implicit or explicit) include one or more of the following

	OPPO
	Yes 
	

	WILUS 
	Yes
	

	Lenovo 
	Yes 
	

	Toyota
	Yes
	

	SS
	
	· (Pre-) configuration of resources for reference signals, can lead large overhead. We would like to discuss further before agreeing.
· UE2’s beam reporting resource can also be independent of the resource used for UE1’s reference signal. We prefer to have both options listed.
· For UE2’s reporting content, we would like to add: “Slot or resource of UE1’s reference signal” and “ID included in UE1’s reference signal.
· For UE2’s reporting container, we would like to add MAC CE.

	Vivo
	Yes
	Alt 2-4 needs some clarification, no clear about the intention.

	ZTE,Sanechips
	Yes
	

	Huawei, HiSilicon
	Yes
	While UE1’s ID is important to be included for UE1 to differentiate between multiple reports, the rest of the alternatives are not required. An association between the RS and the reporting resources would implicitly provide UE1 with an indication of the determined beam. 

	LGE
	No
	For UE2’s beam reporting resource, it is too early to decide that the beam reporting resource is implicitly associated with the resource for UE1’s reference signal transmission because the applicable reference signal for initial beam pairing before unicast link establishment is not determined yet.

For UE2’s beam reporting contents, the necessity of Alt 1-5 (e.g., explicit reporting for none) should be clarified. For example, if there is no valid transmit beam over a certain threshold, one possible way for UE2 is not to send the beam report.

For beam reporting container, the necessity of Alt 2-4 (SL CSI-RS as beam reporting container) should be clarified. Is there any reason to use reference signal as a beam reporting container rather than physical channel?


	Sony
	Yes
	

	Spreadtrum
	Yes
	

	DCM
	Comments
	Alt2-4 should be “Standalone sidelink CSI-RS” to capture the intention properly.



[H] Proposal 1-5-a 
Proposal 1-5-a: In the candidate procedure where initial beam pairing is performed during sidelink unicast link establishment, in Step 2, 
· UE2 determines UE1’s transmit beam(s) and UE2’s receive beam(s) as the pair with the RSRP measurement is
· Alt 1-1: largest among all RSRP measurements
· Alt 1-2: larger than a threshold
· Alt 1-3: largest among the previous RSRP measurements
· UE2 indicates UE1’s transmit beam(s),
· Alt 2-1: in explicit format with  
· Contents: beam related information (e.g., beam ID, L1-RSRP measurement)
· Container: PSCCH/PSSCH
· Beam indication resource is selected in a response window 
· Alt 2-2: in implicit format with
· Contents: a single ACK/NACK indication
· Container: PSFCH or sidelink CSI-RS
· Beam indication resource is associated with the resource for UE1’s PSCCH/PSSCH transmission with the determined UE1’s transmit beam. 
· UE2’s beam indication transmit beam is associated with determined UE2’s receive beam
· UE1 attempts to monitor a beam indication resource using a receive beam corresponding to UE1’s transmit beam on the associated PSCCH/PSSCH transmission. 

	Company
	Yes or No
	Comments

	Qualcomm
	
	On the 1st bullet, as we commented to Proposal 1-3-a, we think Alt.1-1 and Alt.1-3 should not be considered.


	Nokia, NSB
	Yes, with modifications
	Proposal 1-5-a: In the candidate procedure where initial beam pairing is performed during sidelink unicast link establishment, in Step 2, 
· UE2 determines UE1’s transmit beam(s) and UE2’s receive beam(s) as the pair with the RSRP measurement is
· Alt 1-1: largest among all RSRP measurements
· Alt 1-2: larger than a threshold
· Alt 1-3: largest among the previous RSRP measurements
· Alt 1-4: largest among the previous RSRP measurements and larger than a threshold
· UE2 indicates UE1’s transmit beam(s),
· Alt 2-1: in explicit format with  
· Contents: beam related information (e.g., beam ID, L1-RSRP measurement)
· Container: PSCCH/PSSCH
· Beam indication resource is selected in a response window 
· Alt 2-2: in implicit format with
· Contents: a single ACK/NACK indication
· Container: PSFCH or sidelink CSI-RS
· Beam indication resource is associated with the resource for UE1’s PSCCH/PSSCH transmission with the determined UE1’s transmit beam. 
· FFS (pre)configuration enables one of the above alternatives
· UE2’s beam indication transmit beam is associated with determined UE2’s receive beam
· UE1 attempts to monitor a beam indication resource using a receive beam corresponding to UE1’s transmit beam on for the associated PSCCH/PSSCH transmission. 


	OPPO
	Yes, with modifications
	It is possible to apply PSCCH/PSSCH DMRS as the reference signal. In this case, there is no necessary to indicate beam related information during DCR transmission. The beam info can be associated to the slot index of PSCCH/PSSCH DMRS transmission. If UE2 determines to perform beam reporting, only slot information need to be reported. Therefore, we prefer to add Alt 2-3.

Proposal 1-5-a: In the candidate procedure where initial beam pairing is performed during sidelink unicast link establishment, in Step 2, 
· UE2 determines UE1’s transmit beam(s) and UE2’s receive beam(s) as the pair with the RSRP measurement is
· Alt 1-1: largest among all RSRP measurements
· Alt 1-2: larger than a threshold
· Alt 1-3: largest among the previous RSRP measurements
· UE2 indicates UE1’s transmit beam(s),
· Alt 2-1: in explicit format with  
· Contents: beam related information (e.g., beam ID, L1-RSRP measurement)
· Container: PSCCH/PSSCH
· Beam indication resource is selected in a response window 
· Alt 2-2: in implicit format with
· Contents: a single ACK/NACK indication
· Container: PSFCH or sidelink CSI-RS
· Beam indication resource is associated with the resource for UE1’s PSCCH/PSSCH transmission with the determined UE1’s transmit beam. 
· Alt 2-3: in implicit format with
· Contents: slot information
· Container: PSCCH/PSSCH
· Beam indication resource is selected in a response window. 
· UE2’s beam indication transmit beam is associated with determined UE2’s receive beam
· UE1 attempts to monitor a beam indication resource using a receive beam corresponding to UE1’s transmit beam on the associated PSCCH/PSSCH transmission. 



	WILUS
	Comments
	In our view, for Alt 2-2 of the procedure that UE2 indicates UE1’s transmit beam(s), single ACK/NACK indication is the feedback for reception of DCR messages, which can be independent from beam reporting. Hence, we suggest for the contents of Alt 2-2 that

· Alt 2-2: in implicit format with
· Contents: a single ACK/NACK indication and/or beam related information (e.g., beam ID, L1-RSRP measurement, indication of preferred/non-preferred UE1’s transmit beam)
· Container: PSFCH or sidelink CSI-RS
· Beam indication resource is associated with the resource for UE1’s PSCCH/PSSCH transmission with the determined UE1’s transmit beam. 
· FFS multiplexing schemes for HARQ feedback and beam related information.


	Lenovo 
	Yes 
	

	Toyota
	Yes
	

	SS
	
	· Not clear what is the benefit of Alt 1-3. We think that Alt1-2 is aligned with Uu design.
· For Alt 2-1, we would like to add following contents (slot or resource of UE1’s signal” and “ID included in UE1’s signal.
· For Alt 2-1, another option for container is MAC CE.
· For Alt 2-2, we would like to remove SL CSI-RS.
· More discussion is needed on the last bullet, and we prefer to remove from this proposal and discuss separately.


	ZTE,Sanechips
	
	The response window part is not clear, how to ensure the feedback from different unicast sessions are non-overlapped. And if they are overlapped, how can we differentiate the feedback from different sessions. Perhaps this point can be FFSed.

	Huawei, HiSilicon
	Yes, with comments
	We are generally fine with the proposal. Following Proposal 1-3-a, beam determination can be based on RSRP measurement larger than a threshold and largest among all RSRP measurements. For UE2’s beam indication, beam related information can also be indicated through PSFCH to achieve indication with low latency.

The proposal can be updated in red as：

Proposal 1-5-a: In the candidate procedure where initial beam pairing is performed during sidelink unicast link establishment, in Step 2, 
· UE2 determines UE1’s transmit beam(s) and UE2’s receive beam(s) as the pair with the RSRP measurement is
· Alt 1-1: largest among all RSRP measurements
· Alt 1-2: larger than a threshold
· Alt 1-3: largest among the previous RSRP measurements
· Alt 1-4: larger than a threshold and largest among all RSRP measurements
· UE2 indicates UE1’s transmit beam(s),
· Alt 2-1: in explicit format with  
· Contents: beam related information (e.g., beam ID, L1-RSRP measurement)
· Container: PSCCH/PSSCH
· Beam indication resource is selected in a response window 
· Alt 2-2: in implicit format with
· Contents: a single ACK/NACK indication or beam related information (e.g., beam ID, L1-RSRP measurement)
· Container: PSFCH or sidelink CSI-RS
· Beam indication resource is associated with the resource for UE1’s PSCCH/PSSCH transmission with the determined UE1’s transmit beam. 
· UE2’s beam indication transmit beam is associated with determined UE2’s receive beam
· UE1 attempts to monitor a beam indication resource using a receive beam corresponding to UE1’s transmit beam on the associated PSCCH/PSSCH transmission. 


	DCM
	Comments
	For Alt1-3, we do not understand it is the different descpription from that of ‘beforfe’ case. 
Alt1-3 should be “larger than a threshold and largest among all RSRP measurements” same as ‘before’ case.



[H] Proposal 1-6-a 
Proposal 1-6-a: In the candidate procedure where initial beam pairing is performed during sidelink unicast link establishment, in Step 3, UE1 determines UE1’s transmit beam based on
· Alt 1: Latest beam indication if L1-RSRP measurement is not contained in the beam indication 
· Alt 2: beam indication contents if L1-RSRP measurement is contained in the beam indication

	Company
	Yes or No
	Comments

	Qualcomm
	No
	In Step 3, UE1 does not know which Rx beam should be used to receive from UE2 and hence it needs to sweep Rx beams over multiple resources where UE2 may respond to UE1. Therefore, the step 3 of initial beam pairing during unicast link establishment must be same/similar to the step 3 of initial beam pairing before unicast link establishment. That is, 
· beam reporting resources are (pre-)configured
· UE2’s beam reporting resource is associated with the resource for UE1’s DCR message transmission with the determined UE1’s transmit beam



	Nokia, NSB
	Yes, with modifications
	According to Proposal 1-5-a: “UE2’s beam indication transmit beam is associated with determined UE2’s receive beam; UE1 attempts to monitor a beam indication resource using a receive beam corresponding to UE1’s transmit beam on for the associated PSCCH/PSSCH transmission”. In this case, a stronger beam indication is a much more reliable indicator than “latest”.

Proposal 1-6-a: In the candidate procedure where initial beam pairing is performed during sidelink unicast link establishment, in Step 3, UE1 determines UE1’s transmit beam based on
· Alt 0: Strongest beam indication if L1-RSRP measurement is not contained in the beam indication
· Alt 1: Latest beam indication if L1-RSRP measurement is not contained in the beam indication 
· Alt 2: beam indication contents if L1-RSRP measurement is contained in the beam indication


	OPPO
	Yes 
	

	WILUS
	Yes
	

	Lenovo 
	No
	Support QC’s update 

	Toyota
	Yes
	

	SS
	
	Not clear, why the two alternatives are based on presence or absence of L1-RSRP. There are other design options. We prefer to have a discussion on this.

	Vivo
	No
	Selection of either of the alternatives does not depend on RSRP measurement, the RSRP may even not contained in beam reporting. It is up to UE select TX beam from multiple reported beams.
· Alt 1: Latest beam indication if L1-RSRP measurement is not contained in the beam indication 
· Alt 2: beam indication contents if L1-RSRP measurement is contained in the beam indication


	ZTE,Sanechips
	With comments
	In our view, if there is no fixed relationship between unicast link establishment message and response of the message, it is difficult for UE1 to determine which beam indication is the latest. 
Therefore, we suggest to add Alt 3: As long as UE1 receives a beam indication, UE1 can select the transmitting beam based on the beam indication.

	Huawei, HiSilicon
	Yes, with comments
	If the beam indication does not contain L1-RSRP, Alt 1 will not be essentially the optimum TX beam. It is also not clear on what is meant by the “latest beam”.

	LGE
	No
	In our understanding, using the latest beam reporting (indication) may not depend on the inclusion of L1-RSRP measurements in the beam reporting (indication).

For example, even if L1-RSRP measurements are included in beam reporting (indication), UE2 can report the latest L1-RSRP and newly selected transmit beam. For example, for UE2, the best transmit beam may not corresponding to the transmit beam with highest L1-RSRP. Therefore, in this example, it would be better for UE1 to use the latest beam reporting (indication).




[M] Proposal 1-7-a 
Proposal 1-7-a: In case S-SSB (or its modified format) is supported for initial beam pairing, at least the following is considered: 
· Relationship between S-SSB for initial beam pairing (S-SSB-beam) and S-SSB for synchronization (S-SSB-synch)
· Alt 1-1: S-SSB for initial beam pairing is also for synchronization
· physical layer structure of S-SSB-beam reuses that of S-SSB-synch  
· Alt 1-2: S-SSB for initial beam pairing is not for synchronization
· FFS resources of S-SSB-beam 
· FFS physical layer structure of S-SSB-beam 
· Contents of S-SSB-beam include one or more of following
· Alt 2-1: UE1’s ID
· Alt 2-2: UE2’s ID
· Alt 2-3: Beam ID
· S-SSB-beam transmission periodicity and/or triggering conditions
· Beam reporting resources are (pre-)configured, which are associated with the resources for S-SSB-beam
· Beam reporting contents (e.g., UE1’s ID) and container (e.g., PSFCH) 

	Company
	Yes or No
	Comments

	Qualcomm
	
	We would like to confirm that the “S-SSB for initial beam pairing” in Proposal 1-7-a includes possibility of “its modified format” in Proposal 1-2-a. As for S-SSB modified format, we think the RS should be something like S-SSS only, or P-SSS + S-SSS, for each Tx beam. 


	OPPO
	No
	We prefer standalone SL CSI-RS as the reference signal for initial beam pairing. We don’t support S-SSB as reference signal considering lots of specification workload, and resource inefficiency compared to SL CSI-RS. 

	SS
	
	We don’t this proposal in its current form. We suggest the following updates:

Proposal 1-7-a: In case S-SSB (or its modified format) is supported for initial beam pairing, at least the following is considered: 
· Relationship between S-SSB for initial beam pairing (S-SSB-beam) and S-SSB for synchronization (S-SSB-synch)
· Alt 1-1: S-SSB for initial beam pairing is also for synchronization
· How to associate and indicate a UE ID and.or beam ID with S-SSB.
· physical layer structure of S-SSB-beam reuses that of S-SSB-synch  
· Alt 1-2: S-SSB for initial beam pairing is not for synchronization
· FFS resources of S-SSB-beam 
· FFS physical layer structure of S-SSB-beam 
· Information conveyed by a signal associated with S-SSB Contents of S-SSB-beam include one or more of following
· Alt 2-1: UE1’s ID
· Alt 2-2: UE2’s ID
· Alt 2-3: Beam ID
· S-SSB-beam transmission periodicity and/or triggering conditions
· Beam reporting resources are (pre-)configured, which are associated with the resources for S-SSB-beam
· Beam reporting contents (e.g., UE1’s ID) and container (e.g., PSFCH) 


	Mediatek
	No
	Legacy S-SSB structure is not sufficient for IBP procedure. we don’t support S-SSB for IBP. At least it should be its modified format (e.g., without S-PSS/S-SSS or PSBCH).


	ZTE,Sanechis
	No
	Similar view as OPPO.
We prefer CSI-RS used for initial beam pairing.
If S-SSB is supported for initial beam pairing, then consider the enhancement to legacy S-SSB.

	Huawei, HiSilicon
	Yes
	We support the use of a modified S-SSB format, using the S-SSB-sync PHY structure as baseline, by enhancing the S-SSS and P-SSS to include UE-specific beam information.
We do not see the need to include UE2’s ID in the initial beam pairing procedure, and more importantly, it is not always possible for UE1 to be aware of UE2’s ID before performing initial beam pairing.
The purpose of the last bullet is not clear.

	LGE
	No
	We think it is not feasible for S-SSB-beam to include UE2's ID. For example, let's assume that the S-SSB-beam is transmitted in a beam sweeping manner in the dedicated resource. UE1 can then send the S-SSB-beam sequence including UE2's ID. However, this may cause an increase in S-SSB overhead in proportion to the number of targets when UE1 tries to establish initial beam pairing with UE3, UE4, ... other than UE2.


	Spreadtrum
	Yes
	Share similar view as Huawei, trying to use the legacy S-SSB structure as a baseline. The modified SSB can simultaneously serve for beam training as well as synchronization. 

	DCM
	No
	We cannot find any reasonable motivation to adopt S-SSB which is speficaly designed for synchronization purpose as a baseline for IBP RS.
Standalone CSI-RS would have the less amount of modification than S-SSB for IBP RS.



[M] Question 1-2 
Question 1-2: Do you think any other topics could be studied for sidelink initial beam pairing, before the general procedure and the reference signal used for sidelink initial beam pairing are clear?

	Company
	Comments

	OPPO
	We have some concern on the benefit of initial beam pairing performed BEFORE unicast link establishment.
One advantage to perform initial beam pairing before unicast link establishment is that the preferred TX beam and RX beam can be determined in advance which can assist unicast link establishment, such as the preferred TX beam and RX beam can be applied for unicast link establishment which can simplify the procedure. While in legacy NR SL, both DCR message and its response are carried in PSSCH. In mode 2, the transmission resource for DCR is autonomously selected by UE1 which is not known by UE2 in advance. It is hardly for UE2 to use the selected RX beam for DCR reception. Wide RX beam can be applied by UE2. In that case, to guarantee the DCR can be received by UE2, TX beam sweeping can be performed by UE1. Therefore, the benefit of this mechanism compared to the case of performing beam pairing during unicast link establishment is not clear. Considering that, we are not supportive of the case that initial beam paring is performed before unicast link establishment. 

	SS
	The focus of the proposals and agreements so far is related to operation in Mode 2. We think that operation in mode 1 for in coverage UEs should also be considered.

	Mediatek
	First, it is necessary to take discovery procedure into consideration aside from link establishment procedure, and clarify the relationship between discovery procedure and link establishment procedure. In our understanding, if IBP before/during link establishment procedure, the UE will blind transmit/receive discovery messages in beam based manner. 
Second, we may further study UE ID related issue, since we should know which ID(s) is necessary for IBP at least, then decide the RS. (e.g., Source/Destination  Layer-2/PHY ID, discovery/link establishment ID, etc.)




[Closed] Second round discussions
[H] Proposal 1-1-b and response to Question 1-1/1-2
Based on the feedback from companies, it is pre-mature to down-select candidate procedure at this stage. Furthermore, some companies think both candidate procedure can be supported. Hence, FL will not pursue any down-selection in SI phase. 

Based on companies’ inputs on Question 1-1 and Question 1-2, a new proposal is provided. The main purpose to this proposal is to list the potential issues of two candidate procedures. 

As OPPO mentioned in Question 1-2, for the “before” case, after UE1 and UE2 set up a beam pair, it is unclear when will the unicast link establishment messages are transmitted. If so such limitation, UE2 may keep using the receive beam as in the initial beam pairing procedure and may miss transmissions from different directions. Toyota, LG, Sony, Nokia mention this candidate procedure needs to have a mechanism to avoid unnecessary beam measurement/reporting/pairing. This is in Proposal 1-1-b. 

For the “during” case, Huawei, Xiaomi, Wilus, Qualcomm mentions the signaling overhead of DCR beam sweeping is large, considering this DCR messages are sent via (pre)configured resources since otherwise, UE2 is unable to monitor using certain receive beams. This is in Proposal 1-1-b. 

Additionally, according to Mediatek, Lenovo, Nokia, the time relation between discovery messages and initial beam paring is unclear. This can be further examined by companies. This is in Proposal 1-1-b. 

Proposal 1-1-b: 
· For the candidate procedure where initial beam pairing is performed before sidelink unicast link establishment, further consider 
· the time relation between the initial beam pairing and unicast link establishment messages
· the time gap for UE1 to perform unicast link establishment after initial beam pairing is complete.
· whether/how UE1 is aware of UE2’s ID before triggering initial beam pairing to avoid unnecessary beam measurement/reporting/pairing.
· For the candidate procedure where initial beam pairing is performed during sidelink unicast link establishment, further consider 
· whether/how to reduce the overhead of unicast link establishment message transmissions
· FFS the relation between legacy discovery messages and initial beam pairing


	Company
	Yes or No
	Comments

	Nokia, NSB
	Yes, with addition
	Proposal 1-1-b: 
· For the candidate procedure where initial beam pairing is performed before sidelink unicast link establishment, further consider 
· the time relation between the initial beam pairing and unicast link establishment messages
· the time gap for UE1 to perform unicast link establishment after initial beam pairing is complete.
· whether/how UE1 is aware of UE2’s ID before triggering initial beam pairing to avoid unnecessary beam measurement/reporting/pairing.
· whether/how UE1’s reference signal transmission includes information allowing UE2 to determine whether it is interested in establishing a unicast link with UE1
· For the candidate procedure where initial beam pairing is performed during sidelink unicast link establishment, further consider 
· whether/how to reduce the overhead of unicast link establishment message transmissions
· FFS the relation between legacy discovery messages and initial beam pairing


	Qualcomm
	
	We are OK with the proposal. Some comments below.

Regarding the first bullet, we are OK to keep the bullet as is, but we think there is no problem regarding unnecessary beam measurement/reporting/pairing. Let us share our view on this.
· If UE1 knows UE2’s ID, UE1 transmits DCR message with its destination ID set to UE2’s ID. The destination ID can be used for initial beam-pairing to avoid unnecessary beam measurement/reporting/pairing.
· If UE1 does not know UE2’s ID, UE1 transmits DCR message with its destination ID set to application ID. If the destination ID is used for initial beam-pairing, unnecessary beam measurement/reporting/pairing can be reduced a lot. There can be some unnecessary beam measurement/reporting/pairing could occur. However, it can be resolved in the sub-sequent unicast-link establishment procedures with the multiple UE2s that establish the beam-pair with the UE1.

Regarding the second bullet, we are not sure which options can be considered for overhead reduction. Multiple sets of PSCCH/PSSCH in a slot for fast Tx beam-sweeping requires UE2 to monitor the PSCCH/PSSCH multiple times in a slot, which increases the UE complexity a lot and should not be considered.

Regarding the thurd bullet, it is Ok to have the FFS. We think that once we establish initial beam-pairing framework for unicast-link establishment, then it can be extended to discovery procedure as well. For example, if we adopt initial beam-pairing before unicast-link establishment procedure, then we can enable initial beam-pairing before discovery procedure; if we adopt initial beam-pairing during unicast-link establishment procedure, then we can enable initial beam-pairing during discovery procedure.


	SS
	
	We suggest the following additions:

Proposal 1-1-b: 
· For the candidate procedure where initial beam pairing is performed before sidelink unicast link establishment, further consider 
· the time relation between the initial beam pairing and unicast link establishment messages
· whether/how to reduce the overhead of beam pairing before unicast link establishment message transmissions
· the time gap for UE1 to perform unicast link establishment after initial beam pairing is complete.
· whether/how UE1 is aware of UE2’s ID before triggering initial beam pairing to avoid unnecessary beam measurement/reporting/pairing.
· whether UE1 or UE2 or both can transmit the unicast link establishment message.
· wherther/how UE2 can include beam ID in link establishment message.
· For the candidate procedure where initial beam pairing is performed during sidelink unicast link establishment, further consider 
· whether/how to reduce the overhead of unicast link establishment message transmissions
· FFS the relation between legacy discovery messages and initial beam pairing




[H] Proposal 1-2-b
Based on some companies’ comments (e.g., Nokia, Lenovo, Mediatek, LG), it is pre-mature to down-select the reference signals for the “before” case. Hence, the first bullet is removed, and the corresponding changes are made to the rest of the bullets. 

FL added Alt 2-3, according to the version proposed by Nokia and supported by OPPO. 

Regarding the question on Alt 3-2, some companies mention of mapping rule from a UE ID to a dedicated CSI-RS resource within a set of (pre)configured resources. It can avoid collision at some level. At this stage, FL keeps this option and companies can check how severe is the collision. Down-selection can be done in a later stage. 

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

	Company
	Yes or No
	Comments

	Nokia, NSB
	Yes
	(comments already provided during Tuesday’s offline session)



	Qualcomm
	
	A couple of comments/questions on the proposal.
· On Alt.3-1: we think at least some basic clarifications are necessary on how proponents consider mode-2 is used for resource selection of standalone sidelink CSI-RS transmissions. We suspect whether mode-2 sensing-based resource selection scheme really works well, even for regular PSCCH/PSSCH transmissions, in FR2. 
· On Alt.3-2: we prefer to use the term “destination ID (or destination ID and source ID)”. UE ID sounds excluding the case where UE1 does not have UE2’s ID yet.


	SS
	
	Suggest the following updates:

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




[H] Proposal 1-3-b 
It seems that Proposal 1-3-a is stable. Companies show their preference among the alternatives. FL’s intention is to list all options and down-selection could be in a later stage. Hence, this proposal is unchanged.  

Proposal 1-3-b: In the candidate procedure where initial beam pairing is performed before sidelink unicast link establishment, in Step 2, UE2 determines UE1’s transmit beam and UE2’s receive beam whose corresponding RSRP measurement is
· Alt 1: largest among all RSRP measurements
· Alt 2: larger than a threshold
· Alt 3: larger than a threshold and largest among all RSRP measurements

	Company
	Yes or No
	Comments

	Nokia, NSB
	Yes
	

	Qualcomm
	
	As we have commented earlier, we have concerns on Alt.1 and Alt.3. We can defer the down selection to later stage, but we do not see a specific reason why SL beam selection is more stringent than Uu beam selection.

	SS
	
	Same comment as before: Alt2 is aligned with Uu design.



[H] Proposal 1-4-b
Majority of companies are fine with Proposal 1-4-a. 

Regarding the question on Alt 2-4, according to Qualcomm’s proposal, the beam reporting does not need to carry a payload, as using the resource of beam reporting implicitly indicates a candidate UE1’ transmit beam. Hence, using this resource of beam reporting to send a CSI-RS is good enough. At this stage, let us keep this option in brace.  

Regarding the beam reporting contents, as suggested by Nokia, I add “implicit or explicit”. With that, I think Alt 1-5 can be removed. 

LG suggests removing the second bullet of association between UE2’s beam reporting resource and the resource for UE1’s reference signal transmission with the determined UE1’s transmit beam, since the reference signal has not been determined. This can be left open at this stage. Hence, the second bullet is removed. 

This is in Proposal 1-4-b.

Proposal 1-4-b: In the candidate procedure where initial beam pairing is performed before sidelink unicast link establishment, in Step 3, 
· beam reporting resources are (pre-)configured
· UE2’s beam reporting resource is associated with the resource for UE1’s reference signal transmission with the determined UE1’s transmit beam
· FFS details (e.g., time and/or frequency domain mapping rule, etc) 
· UE1 attempts to monitor a beam reporting resource using a receive beam corresponding to UE1’s transmit beam on the associated reference signal transmission resource.
· UE2’s beam reporting contents (implicit or explicit) include one or more of the following
· Alt 1-1: UE1’s ID
· Alt 1-2: UE2’s ID
· Alt 1-3: determined UE1’s transmit beam ID
· Alt 1-4: L1-RSRP measurement of determined UE1’s transmit beam
· Al 1-5: Slot or resource of UE1’s reference signal
· Alt 1-5: none
· Other alternatives are not precluded
· UE2’s beam reporting container is one or more of the following
· Alt 2-1: PSCCH
· Alt 2-2: PSSCH (e.g., SCI stage 2 and/or sidelink MAC CE)
· Alt 2-3: PSFCH
· [Alt 2-4: Sidelink CSI-RS] 
· Other alternatives are not precluded 

	Company
	Yes or No
	Comments

	Nokia, NSB
	Yes
	

	Qualcomm
	
	We do not understand the LG’s comment on why the 2nd bullet is relevant to which RS is used. Even if it is considered to be relevant, we do not think removing an option for beam pairing determination is consistent with our working procedure on SL FR2 study in this meeting. We object to delete the 2nd bullet itself – we are open to list some options, in addition to the beam-resource association described in the 2nd bullet, if companies have in mind.

	SS
	
	Suggest the following updates:

Proposal 1-4-b: In the candidate procedure where initial beam pairing is performed before sidelink unicast link establishment, in Step 3, further consider
· beam reporting resources are 
· (pre-)configured
· The resources of a resource pool
· UE2’s beam reporting resource is associated with the resource for UE1’s reference signal transmission with the determined UE1’s transmit beam
· FFS details (e.g., time and/or frequency domain mapping rule, etc) 
· UE1 attempts to monitor a beam reporting resource using a receive beam corresponding to UE1’s transmit beam on the associated reference signal transmission resource.
· UE2’s beam reporting contents (implicit or explicit) include one or more of the following
· Alt 1-1: UE1’s ID
· Alt 1-2: UE2’s ID
· Alt 1-3: determined UE1’s transmit beam ID
· Alt 1-4: L1-RSRP measurement of determined UE1’s transmit beam
· Al 1-5: Slot or resource of UE1’s reference signal
· Alt 1-5: none
· Other alternatives are not precluded
· UE2’s beam reporting container is one or more of the following
· Alt 2-1: PSCCH
· Alt 2-2: PSSCH (e.g., SCI stage 2 and/or sidelink MAC CE and/or unicast link establishment)
· Alt 2-3: PSFCH
· [Alt 2-4: Sidelink CSI-RS] 
· Other alternatives are not precluded 




[H] Proposal 1-5-b
Different options are proposed by different companies. These are added. This is in Proposal 1-5-b.

Regarding ZTE’s question, one way is that UE1 sends DCR message via one direction and waits for X slots for receiving the beam indication from UE2. After X slots, UE1 sends another DCR message via another direction, and so on. There is no overlap between 2 response windows. This is in Proposal 1-5-b.

Proposal 1-5-b: In the candidate procedure where initial beam pairing is performed during sidelink unicast link establishment, in Step 2, 
· UE2 determines UE1’s transmit beam(s) and UE2’s receive beam(s) as the pair with the RSRP measurement is one or more of the following:
· Alt 1-1: largest among all RSRP measurements performed by UE2 for a given UE1
· Alt 1-2: larger than a threshold
· Alt 1-3: largest among the previous RSRP measurements
· Alt 1-4: largest among the previous RSRP measurements and larger than a threshold
· UE2 indicates UE1’s transmit beam(s), consider one or more of the following:
· Alt 2-1: in explicit format with  
· Contents: beam related information (e.g., beam ID, L1-RSRP measurement, slot or resource of reference signal)
· Container: PSCCH/PSSCH (e.g., SCI stage 2 and/or sidelink MAC CE)
· Beam indication resource is selected in a response window (non-overlapping with another response window) 
· Alt 2-2: in implicit format with
· Contents: a single bit indication 
· Container: PSFCH [or sidelink CSI-RS]
· Beam indication resource is associated with the resource for UE1’s PSCCH/PSSCH transmission with the determined UE1’s transmit beam.
· UE2’s beam indication transmit beam is associated with determined UE2’s receive beam
· UE1 attempts to monitor a beam indication resource using a receive beam corresponding to UE1’s transmit beam on for the associated PSCCH/PSSCH transmission. 

	Company
	Yes or No
	Comments

	Nokia, NSB
	Yes
	

	Qualcomm
	
	The last sub-bullet of the 2nd bullet is corresponding to the 2nd bullet of Proposal 1-4-b. We do not understand why this was deleted from Proposal 1-4-b, while included in Proposal 1-5-b?



	SS
	
	We would like to update the proposal as follows:

Proposal 1-5-b: In the candidate procedure where initial beam pairing is performed during sidelink unicast link establishment, in Step 2, further consider 
· UE2 determines UE1’s transmit beam(s) and UE2’s receive beam(s) as the pair with the RSRP measurement is one or more of the following:
· Alt 1-1: largest among all RSRP measurements performed by UE2 for a given UE1
· Alt 1-2: larger than a threshold
· Alt 1-3: largest among the previous RSRP measurements
· Alt 1-4: largest among the previous RSRP measurements and larger than a threshold
· UE2 indicates UE1’s transmit beam(s), consider one or more of the following: [this seems to be part of step 3]
· Alt 2-1: in explicit format with  
· Contents: beam related information (e.g., beam ID, L1-RSRP measurement, slot or resource of reference signal)
· Container: PSCCH/PSSCH (e.g., SCI stage 2 and/or sidelink MAC CE and/or unicast link establishment message)
· Beam indication resource is selected in a response window (non-overlapping with another response window) 
· Alt 2-2: in implicit format with
· Contents: a single bit indication 
· Container: PSFCH [or sidelink CSI-RS]
· Beam indication resource is associated with the resource for UE1’s PSCCH/PSSCH transmission with the determined UE1’s transmit beam.
· UE2’s beam indication transmit beam:
· is associated with determined UE2’s receive beam
· UE1 attempts to monitor a beam indication resource using a receive beam corresponding to UE1’s transmit beam on for the associated PSCCH/PSSCH transmission. [comment not clear that for the associated PSCCH/PSSCH is needed]
· UE2 beam sweeps the message containing the beam indication
· UE1 attempts to monitor beam indication resources using a receive beam corresponding to UE1’s transmit beam and provides indication to UE2 on which resource it found the beam indication on


	
	
	



[H] Proposal 1-6-b
The first two options are modified according to vivo, Huawei, LG. Two more options are added as proposed by Nokia and Qualcomm/Lenovo/ZTE. This is in Proposal 1-6-b. 

Proposal 1-6-b: In the candidate procedure where initial beam pairing is performed during sidelink unicast link establishment, in Step 3, UE1 determines UE1’s transmit beam based on one or more
· Alt 1: latest received beam indication if L1-RSRP measurement is not contained in the beam indication 
· Alt 2: beam indication contents if L1-RSRP measurement is contained in the beam indication
· Alt 3: strongest beam indication signal measured by UE1
· Alt 4: UE1’s implementation 

	Company
	Yes or No
	Comments

	Nokia, NSB
	Yes
	

	Qualcomm
	
	For Alt.4, we think it is correct to say that it is up to UE1’s implementation which beam to determine from the beam(s) that UE1 identifies based on the UE2’s report.

	SS
	
	For Alt1, it is not clear if latest is need. Suggest to update Alt1 as: “Alt1: Beam indication received implicitly or expilicity from UE2”

Add the following:
“Alt5: Rx beam used to receive from UE2”



[H] Proposal 1-7-b
Although some companies do not prefer S-SSB as reference signal for the initial beam pairing in “before” case, FL just lists some design details about S-SSB due to other companies’ proposal. Again, this does not imply S-SSB will be supported. 

Proposal 1-7-b: In case S-SSB (or its modified format) is supported for initial beam pairing, at least the following is considered for S-SSB (or its modified format):
· Relationship between S-SSB for initial beam pairing (S-SSB-beam) and S-SSB for synchronization (S-SSB-synch)
· Alt 1-1: S-SSB for initial beam pairing is also for synchronization
· physical layer structure of S-SSB-beam reuses that of S-SSB-synch  
· Alt 1-2: S-SSB for initial beam pairing is not for synchronization
· FFS resources of S-SSB-beam 
· FFS physical layer structure of S-SSB-beam 
· Information included in or associated with S-SSB include one or more of following
· Alt 2-1: UE1’s ID
· Alt 2-2: UE2’s ID
· Alt 2-3: Beam ID
· S-SSB-beam transmission periodicity and/or triggering conditions
· [Beam reporting resources are (pre-)configured, which are associated with the resources for S-SSB-beam] 
· Beam reporting contents and container 

	Company
	Yes or No
	Comments

	Qualcomm
	Yes
	

	
	
	Suggest the following updates:

Proposal 1-7-b: In case S-SSB (or its modified format) is supported for initial beam pairing, at least the following is considered studied for S-SSB (or its modified format):
· Relationship between S-SSB for initial beam pairing (S-SSB-beam) and S-SSB for synchronization (S-SSB-synch)
· Alt 1-1: S-SSB for initial beam pairing is also for synchronization
· physical layer structure of S-SSB-beam reuses that of S-SSB-synch
· how to associate or indicate a UE ID and.or beam ID with S-SSB  
· Alt 1-2: S-SSB for initial beam pairing is not for synchronization
· FFS resources of S-SSB-beam 
· FFS physical layer structure of S-SSB-beam 
· Information included in or associated with S-SSB include one or more of following
· Alt 2-1: UE1’s ID
· Alt 2-2: UE2’s ID
· Alt 2-3: Beam ID
· S-SSB-beam transmission periodicity and/or triggering conditions
· [Beam reporting resources are (pre-)configured, which are associated with the resources for S-SSB-beam] 
· Beam reporting contents and container [we don’t think that this bullet is relevant here as this proposal deals with SSB reference signal and beam reporting]




[Closed] Third round discussions
[H] Proposal 1-1-c 
Proposal 1-1-c: 
· For the candidate procedure where initial beam pairing is performed before sidelink unicast link establishment, further consider 
· the time gap for UE1 to perform unicast link establishment after initial beam pairing is complete.
· whether/how UE1 is aware of UE2’s ID before triggering initial beam pairing to avoid unnecessary beam measurement/reporting/pairing.
· For the candidate procedure where initial beam pairing is performed during sidelink unicast link establishment, further consider 
· whether/how to reduce the overhead of unicast link establishment message transmissions
· FFS the relation between legacy discovery messages and initial beam pairing

	Company
	Yes or No
	Comments

	SS3
	No
	As commented before:
· We don’t agree with the assumption that only UE1 can perform link establishment in this procedure.
· The time gap can depend on whether UE1 or UE2 is used link establishment.
· The link establishment message from UE2 can be used convey the beam indication from UE2 to UE1
· We should also consider whether/how to reduce overhead when doing beam pairing before link establishment.  

	Lenovo 
	Yes with comments
	· FFS the relation between legacy discovery messages and initial beam pairing
It is not clear what does relation means here.. is it timing relationship beterrn legacy discovery and initial beam pairing ?
It is not clear whether the procedure is for one UE or multiple UE, depending on whether the initial beam pairing resource is common for many UEs and not clear how UE-1 selects one resource among them.


	Huawei, HiSilicon
	Yes, with comments
	We are fine to accept the additional aspects to be considered for the before and during cases.
· We reiterate that there is no guarantee that UE1 would be aware of UE2’s ID before triggering initial beam pairing. S-SSBs can be used for beam pairing without UE2’s ID.



We did not treat this proposal in online discussions. Companies may continue thinking of this proposal.

[H] Proposal 1-2-c
Regarding Qualcomm’s questions on Proposal 1-2-b, 
· on Alt 3-1, FL thinks random resource selection is a scheme of mode 2 resource selection. It is not precluded.
· On Alt 3-2, FL’s intention is to keep it open on source ID or destination ID. We can check the next level of details in a later stage. 
Additional modifications following Samsung’s inputs.

Proposal 1-2-c: In the candidate procedure where initial beam pairing is performed before sidelink unicast link establishment, in Step 1, further consider
· the applicable reference signal is to down-select between S-SSB (or its modified format) and standalone sidelink CSI-RS. 
· The candidate resources of reference signal for S-SSB or standalone sidelink CSI-RS are
· Alt 0-1: (pre-)configured
· Alt 0-2: resources of a resource pool
· Other alternatives are not precluded.
· The candidate resources of S-SSB (or its modified format) for initial beam pairing (if supported) are
· Alt 1-1: reusing the resources of legacy S-SSB for synchronization
· Alt 1-2: separate from the resources of legacy S-SSB for synchronization
· Alt 1-3: reusing the resources of legacy S-SSB for synchronization, with additional resources carrying beam indication information. 
· The candidate resources of standalone sidelink CSI-RS for initial beam pairing (if supported) are one or more of the following
· Alt 2-1: in a dedicated resource pool
· FFS relationship between dedicated resource pool and legacy resource pool
· Alt 2-2: in a shared resource pool for legacy PSCCH/PSSCH transmission
· FFS AGC issue
· Alt 2-3: dedicated resources (pre)configured within the same pool as legacy PSCCH/PSSCH transmissions
· FFS backward compatibility
· UE1 determines a standalone sidelink CSI-RS resource, 
· Alt 3-1: using legacy mode-2 PSCCH/PSSCH resource selection scheme as starting point.
· FFS mode-1
· Alt 3-2: based on UE ID.
· Alt 3-3: based on beam ID.
· Other alternatives are not precluded. 
· FFS details (e.g., number of symbols for standalone sidelink CSI-RS, frequency multiplexing, etc)
· The candidate reference signals are transmitted semi-persistently 
· FFS conditions of triggering the reference signals transmission


	Company
	Yes or No
	Comments

	SS3
	
	OK, with proposal. We would like to add aperiodic (on demand) reference signals.

	Lenovo 
	Yes with comments 
	· Alt 0-2: resources of a resource pool

It is not clear what is the resources of a resource pool does it mean a resource within a resource pool is preconfigured or a selected based on a predefined rule..

	LGE
	
	We are generally fine with the proposal with one clarication question.

For the UE1’s dertmination of a standalone SL CSI-RS resource, clarification is needed for Alt 3-3. In our understanding, both Alt 3-1 and Alt 3-2 have the same purpose of reducing potential collision btw standalone SL CSI-RS resource(s). However, it does not seem that Alt 3-3 addresses this issue. Alt 3-1 is specific, whereas the details of Alt 3-2 and Alt 3-3 are unclear.


	Mediatek
	
	· Alt 0-2: resources of a resource pool
Does this alt represent for the resources of any resource pool? E.g., discovery resource pool? If it is not, we propose to add discovery resource pool into alt.

	Huawei, HiSilicon
	Yes, with comments
	We prefer to retain the first bullet that’s been struck off. Given that we have identified issues with using non-standalone CSI RS and DMRS for the before case, and that majority of the companies want to support only S-SSB and standalone CSI RS, we want to make the following change for the bullet:
· At least SSB (or its modified format) and standalone sidelink CSI-RS are considered as the applicable reference signal.

For the current first bullet, it is not clear what is meant by Alt 0-2. Is the intention to state that UE1 would use resources within a resource pool? If this is the case, UE2 would not be aware of the RX beam associated with the resources that are selected by UE1 in the resource pool, and hence UE2 would not be able to receive the reference signal.

	CEWiT
	Yes
	First bullet, we are suggesting that it may be
· The pre-cofigured resources in a resource pool

	DCM
	No
	・Alt0-2 is not needed. Anyway, candidate resources are (pre-)configured even if these resources are within a resouce pool. In an extreme case, candidate resources for S-SSB or standalone CSI-RS are same as resource pool which is (pre-)configured.
・We understand the intetion of Alt1-3, but descprition level of Alt1-3 (saying what information is carried) is different from the other Alts, just to say “one or more of the following” (from Alt1-1 and Alt1-2) is appropriate.
・How UE1 determines a resouce for CSI-RS TX can be based on both UE ID and beam ID (for example) , so modified description would be good.
In the candidate procedure where initial beam pairing is performed before sidelink unicast link establishment, in Step 1, further consider
· the applicable reference signal is to down-select between S-SSB (or its modified format) and standalone sidelink CSI-RS. 
· The candidate resources of reference signal for S-SSB or standalone sidelink CSI-RS are
· Alt 0-1: (pre-)configured
· Alt 0-2: resources of a resource pool
· Other alternatives are not precluded.
· The candidate resources of S-SSB (or its modified format) for initial beam pairing (if supported) are one or more of the following
· Alt 1-1: reusing the resources of legacy S-SSB for synchronization
· Alt 1-2: separate from the resources of legacy S-SSB for synchronization
· Alt 1-3: reusing the resources of legacy S-SSB for synchronization, with additional resources carrying beam indication information. 
· The candidate resources of standalone sidelink CSI-RS for initial beam pairing (if supported) are one or more of the following
· Alt 2-1: in a dedicated resource pool
· FFS relationship between dedicated resource pool and legacy resource pool
· Alt 2-2: in a shared resource pool for legacy PSCCH/PSSCH transmission
· FFS AGC issue
· Alt 2-3: dedicated resources (pre)configured within the same pool as legacy PSCCH/PSSCH transmissions
· FFS backward compatibility
· UE1 determines a standalone sidelink CSI-RS resource using one or more of the following,  
· Alt 3-1: using legacy mode-2 PSCCH/PSSCH resource selection scheme as starting point.
· FFS mode-1
· Alt 3-2: based on UE ID.
· Alt 3-3: based on beam ID.
· Other alternatives are not precluded. 
· FFS details (e.g., number of symbols for standalone sidelink CSI-RS, frequency multiplexing, etc)
· The candidate reference signals are transmitted semi-persistently 
FFS conditions of triggering the reference signals transmission

	vivo
	Yes, with comments
	· Alt 1-1: reusing the resources of legacy S-SSB for synchronization
· Alt 1-2: separate from the resources of legacy S-SSB for synchronization
· Alt 1-3: reusing the resources of legacy S-SSB for synchronization, with additional resources carrying beam indication information. 
Alt1-1 and alt1-3 are duplicated, we suggest to remove 1-3.



[H] Proposal 1-3-c 
Some clarifications are added based on offline discussions.

Proposal 1-3-c: In the candidate procedure where initial beam pairing is performed before sidelink unicast link establishment, in Step 2, UE2 determines UE1’s transmit beam and UE2’s receive beam whose corresponding RSRP measurement is
· Alt 1: largest among all RSRP measurements performed by UE2 for UE1 in a certain duration
· Alt 2: larger than a threshold
· Alt 3: larger than a threshold and largest among all RSRP measurements performed by UE2 for UE1 in a certain duration

	Company
	Yes or No
	Comments

	SS3
	
	Ok for progress, with the following update:
In the candidate procedure where initial beam pairing is performed before sidelink unicast link establishment, in Step 2, further consider UE2 determines UE1’s transmit beam and UE2’s receive beam whose corresponding RSRP measurement is …

	LGE
	Yes
	Since there is a possibility of reporting more than one transmit beam, it seems that ‘largest N among ~’ would be more generic description of Alt 1.


	Huawei, HiSilicon
	Yes, with comments
	We need to add an FFS for what the certain duration is going to be, since we have not discussed this before.

	CEWiT
	Alt 3
	Need to clarify about the “certain duration”

	DCM3
	Comments
	Indeed, UE2 does not determine UE1’s TX beam in some case/Alt. We think that “preferable” UE1’s transmit beam is more appropriate.
Additionally, the proposals on UE2’s beam determination for ‘before’ and ‘during’ case can be merged or aligned.

In the candidate procedure where initial beam pairing is performed before sidelink unicast link establishment, in Step 2, UE2 determines preferable UE1’s transmit beam and UE2’s receive beam whose corresponding RSRP measurement is
· Alt 1: largest among all RSRP measurements performed by UE2 for UE1 in a certain duration
· Alt 2: larger than a threshold
Alt 3: larger than a threshold and largest among all RSRP measurements performed by UE2 for UE1 in a certain duration

	vivo
	
	“in a certain duration” should be clarified, in our opinion, the duration will not be explicitly specified.



[H] Proposal 1-4-c
Based on offline discussions, let us keep the different options on the table, rather than removing the bullets.
 
Proposal 1-4-c: In the candidate procedure where initial beam pairing is performed before sidelink unicast link establishment, in Step 3, further consider
· beam reporting resources are 
· Alt A: (pre-)configured 
· Alt B: the resource of a resource pool 
· UE2’s determination of beam reporting resources:
· Alt 0-1: UE2’s beam reporting resource is associated with the resource for UE1’s reference signal transmission with the determined UE1’s transmit beam
· FFS details (e.g., time and/or frequency domain mapping rule, etc) 
· UE1 attempts to monitor a beam reporting resource using a receive beam corresponding to UE1’s transmit beam on the associated reference signal transmission resource.
· Alt 0-2: Indicated explicitly or implicitly by UE1
· UE2’s beam reporting contents (implicit or explicit) include one or more of the following
· Alt 1-1: UE1’s ID
· Alt 1-2: UE2’s ID
· Alt 1-3: determined UE1’s transmit beam ID
· Alt 1-4: L1-RSRP measurement of determined UE1’s transmit beam
· Al 1-5: Slot or resource of UE1’s reference signal
· Alt 1-5: none
· Other alternatives are not precluded
· UE2’s beam reporting container is one or more of the following
· Alt 2-1: PSCCH
· Alt 2-2: PSSCH (e.g., SCI stage 2 and/or sidelink MAC CE and/or unicast link establishment)
· Alt 2-3: PSFCH
· Other alternatives are not precluded 

	Company
	Yes or No
	Comments

	SS3
	Yes
	

	Catt/gohigh
	
	· beam reporting resources are 
· Alt A: (pre-)configured 
· Alt B: the resource of a resource pool 
altA and altB seems overlapping , i.e, it could be that both altA and altB are true,right?

	Lenovo 
	Yes with comments 
	· Alt B: resources of a resource pool

· It is not clear what is the resources of a resource pool does it mean a resource within a resource pool is preconfigured or a selected based on a predefined rule..

	LGE
	
	Firstly, for the 1st sub-bullet, we don’t understand why those two are alternatives. In our understanding, (pre)configured resource can be the resource of a resource pool. Those are not mutually exclusive. We suggest the following modification:

· Candidate beam reporting resources are 
· Alt A: (pre-)configured dedicated resources
· Alt B: Resources of resource pool

For the 2nd sub-bullet, our concern is that Alt 0-1 can be seen as if the beam reporting resource is determined purely based on the resource of UE1’s reference signal. However, according to the 3rd sub bullet, UE2 ID can be implicitly indicated though beam reporting and it means that the beam reporting resource resource can be partly determined based on the UE2 ID. So, we suggest the following moficiation:

· UE2’s determination of beam reporting resources can be based on one or more of following:
· Alt 0-1: the resource of UE1’s reference signal corresponding to the determined UE1’s transmit beam
· Alt 0-2: PSCCH/PSSCH accompanying with UE1’s reference signal (if supported)
· Alt 0-3: UE ID (e.g., UE1 ID and/or UE2 ID)
· Other alternatives are not precluded


	Huawei, HiSilicon
	Yes, with comments
	For the 1st bullet, it is not clear what is meant by Alt B. Is the intention to state that UE2 would use reporting resources within a resource pool? If this is the case, UE1 would not be aware of the resources that are selected by UE2 in the resource pool, and hence would not be able to receive the beam report.

	CEWiT
	Yes
	The first bullet Alt B is not clear. We are suggesting that it may be
· The pre-cofigured resources in a resource pool

	DCM3
	No
	We do not fully understand the intention of the added bule part. Does it mean that higher layer signalling related to unicast link establishment?
We cannot see the need to list so many examples. 

· UE2’s beam reporting container is one or more of the following
· Alt 2-1: PSCCH
Alt 2-2: PSSCH (e.g., SCI stage 2 and/or sidelink MAC CE and/or unicast link establishment)

	Vivo
	
	· Alt 0-1: UE2’s beam reporting resource is associated with the resource for UE1’s reference signal transmission with the determined UE1’s transmit beam
· FFS details (e.g., time and/or frequency domain mapping rule, etc) 
· UE1 attempts to monitor a beam reporting resource using a receive beam corresponding to UE1’s transmit beam on the associated reference signal transmission resource.

the reporting resource can be associated with the beam index of the RS, not the resource of the RS.



[H] Proposal 1-5-c
Some additionnals modification provided by Samsung.

Proposal 1-5-c: In the candidate procedure where initial beam pairing is performed during sidelink unicast link establishment, in Step 2, further consider
· UE2 determines UE1’s transmit beam(s) and UE2’s receive beam(s) as the pair with the RSRP measurement is one or more of the following:
· Alt 1-1: largest among all RSRP measurements performed by UE2 for a given UE1 in a certain duration
· Alt 1-2: larger than a threshold
· Alt 1-3: largest among the previous RSRP measurements
· Alt 1-4: largest among the previous RSRP measurements and larger than a threshold
· UE2 indicates UE1’s transmit beam(s), consider one or more of the following:
· Alt 2-1: in explicit format with  
· Contents: beam related information (e.g., beam ID, L1-RSRP measurement, slot or resource of reference signal)
· Container: PSCCH/PSSCH (e.g., SCI stage 2 and/or sidelink MAC CE and/or unicast link establishment message)
· Beam indication resource is selected in a response window (non-overlapping with another response window) 
· Alt 2-2: in implicit format with
· Contents: a single bit indication 
· Container: PSFCH [or sidelink CSI-RS]
· Beam indication resource is associated with the resource for UE1’s PSCCH/PSSCH transmission with the determined UE1’s transmit beam.
· For UE2’s beam indication transmit beam 
· Alt 3-1: UE2’s beam indication transmit beam is associated with determined UE2’s receive beam
· UE1 attempts to monitor a beam indication resource using a receive beam corresponding to UE1’s transmit beam on for the associated PSCCH/PSSCH transmission. 
· Alt 3-2: UE2 beam sweeps the message containing the beam indication
· UE1 attempts to monitor beam indication resources using a receive beam corresponding to UE1’s transmit beam 

	Company
	Yes or No
	Comments

	SS3
	
	OK with proposal.
· Would like to get some clarity on “in a certain duration” What is the this duatation
· As commented before, we think this proposal mixes steps 2 and 3.
Can you please clarify: “UE1’s transmit beam on for the associated PSCCH/PSSCH transmission” Whar is the associated PSCCH/PSSCH transmission.

	Huawei, HiSilicon
	Yes, with comments
	We would like to add an FFS to define what the certain duration is in the first bullet.
We could also like to clarify what beam indication transmit beam is. In our understanding, it is the TX beam used by UE2 to send the beam report to UE1. In this case, we would like to fix the terminology to simply state “TX beam for beam reporting”. 
We need to maintain common terminology across agreements.

	DCM3
	
	Same comments as proposal 1-3-c.



[H] Proposal 1-6-c
No change from Proposal 1-6-b. 
Regarding Qualcomm’s question on updating Alt 4 to “UE1’s implementation based on UE2’s beam indication”, FL thinks this is to distinguish Alt 2 and Alt 4. 

Actually, Alt 2 (and Alt 1) implies UE2 will autonomously know UE1’s determination on UE1’s transmit beam. Hence, UE1 does not need to additionally indicate UE2 about UE1’s determined transmit beam. While in Alt 3 and Alt4, UE2 does not know UE1’s decision on UE1’s transmit beam. Hence, UE1 needs to additionally indicate UE2 of its decision. 

Proposal 1-6-c: In the candidate procedure where initial beam pairing is performed during sidelink unicast link establishment, in Step 3, UE1 determines UE1’s transmit beam based on one or more
· Alt 1: latest received beam indication if L1-RSRP measurement is not contained in the beam indication 
· Alt 2: beam indication contents if L1-RSRP measurement is contained in the beam indication
· Alt 3: strongest beam indication signal measured by UE1
· Alt 4: UE1’s implementation 
· Alt 5: UE1’s receive beam used to receive from UE2

	Company
	Yes or No
	Comments

	Qualcomm
	
	Alt.4 should be “UE1’s impelementation based on the received beam indication from UE2”. Note that if UE2 indicates only one UE1’s beam, there is no ambiguity between UE1 and UE2.

	SS3
	
	Can you clarify the need of “latest” in Alt 1. For example, if UE1 receive indication in slot n for a beam with RSRP A, and and indication in slot n+T (T>0) with RSRP B and A > B, the first beam can be used.


	Huawei, HiSilicon
	Yes
	For clarification, does alt 5 depend on beam correspondence?

	DCM3
	Yes
	



[H] Proposal 1-7-c
The similar update on Proposal 1-4-c from Proposal 1-4-b is applied on Proposal 1-7-b. 

Proposal 1-7-c: In case S-SSB (or its modified format) is supported for initial beam pairing, at least the following is studied for S-SSB (or its modified format):
· Relationship between S-SSB for initial beam pairing (S-SSB-beam) and S-SSB for synchronization (S-SSB-synch)
· Alt 1-1: S-SSB for initial beam pairing is also for synchronization
· physical layer structure of S-SSB-beam reuses that of S-SSB-synch  
· Alt 1-2: S-SSB for initial beam pairing is not for synchronization
· FFS resources of S-SSB-beam 
· FFS physical layer structure of S-SSB-beam 
· Information included in or associated with S-SSB include one or more of following
· Alt 2-1: UE1’s ID
· Alt 2-2: UE2’s ID
· Alt 2-3: Beam ID
· S-SSB-beam transmission periodicity and/or triggering conditions
· Beam reporting resources are 
· Alt 3-1: (pre-)configured, which are associated with the resources for S-SSB-beam
· Alt 3-2: indicated explicitly or implicitly by UE1
· Beam reporting contents and container 

	Company
	Yes or No
	Comments

	Catt/gohigh
	
	‘S-SSB for initial beam pairing is also for synchronization’
This seems to be outside the wid scope. 

	Lenovo 
	Yes
	S-SSB includes UE1 ID and Beam ID

It is upto UE implementation for the UE to use the modified SSB for synch as well. 


	LGE
	
	Since Proposal 1-4-c discusses general beam reporting resources, it seems appropriate to delete the 4th sub-bullet to avoid potential conflicts.

	Huawei, HiSilicon
	Yes
	We wanted to clarify that for Alt 1-1, the same resources that are used for S-SSB-sync can be used for S-SSB-beam as well.


	CEWiT
	Yes
	

	DCM3
	Yes
	We think it is very important that RAN1 firstly down-select either Alt1-1 or Alt1-2 in order to decide whether/how to adopt S-SSB as IBP RS. 



[Closed] Fourth round discussions
 [H] Proposal 1-2-e
Only some clarifications are made on Proposal 1-2-c. 

Proposal 1-2-e: In the candidate procedure where initial beam pairing is performed before sidelink unicast link establishment, in Step 1, further consider
· The candidate resources of reference signal for S-SSB or standalone sidelink CSI-RS are
· Alt 0-1: (pre-)configured dedicated resources
· Alt 0-2: shared resources with PSCCH/PSSCH/PSFCH/S-SSB
· Other alternatives are not precluded.
· The candidate resources of S-SSB (or its modified format) for initial beam pairing (if supported) are 
· Alt 1-1: reusing the resources of legacy S-SSB for synchronization
· Alt 1-2: separate from the resources of legacy S-SSB for synchronization
· Alt 1-3: reusing the resources of legacy S-SSB for sy nchronization, with additional resources carrying beam indication information. 
· The candidate resources of standalone sidelink CSI-RS for initial beam pairing (if supported) are one or more of the following
· Alt 2-1: in a dedicated resource pool
· FFS relationship between dedicated resource pool and legacy resource pool
· Alt 2-2: in a shared resource pool for legacy PSCCH/PSSCH transmission
· FFS AGC issue
· Alt 2-3: dedicated resources (pre)configured within the same pool as legacy PSCCH/PSSCH transmissions
· FFS backward compatibility
· UE1 determines a standalone sidelink CSI-RS resource, using one or more of the following,  
· Alt 3-1: using legacy mode-2 PSCCH/PSSCH resource selection scheme as starting point.
· FFS mode-1
· Alt 3-2: based on UE ID.
· Alt 3-3: based on beam ID.
· Other alternatives are not precluded. 
· FFS details (e.g., number of symbols for standalone sidelink CSI-RS, frequency multiplexing, etc)
· The candidate reference signals are transmitted semi-persistently 
· FFS conditions of triggering/stopping the reference signals transmission

	Company
	Yes or No
	Comments

	SS4
	
	As this is a study item, suggest to replace “are” with “can be”. This occurs in several places.
Suggest the following update to Alt1-3:
“reusing the resources of legacy S-SSB for sy nchronization, with additional resources carrying beam indication/UE ID information”
In the last bulltet, “stopping” can be removed. The semi-presistent transmissions can be transmitted on N time instances, with no stopping criteria. Alternatively, we can add “if stopping is needed”
Please add FFS reference signals are transmitted aperiodically. 

	WILUS
	
	We are generally fine with the proposal but want to clarify Alt 0-2. What is meaning of shared resources with S-SSB? In our understanding, S-SSB is not transmitted in shared resource pool but transmitted in (pre)configured resourced by higher layers.



The corresponding agreement is achieved. 

[H] Proposal 1-3-e

	FL’s early proposal:

Proposal 1-3-d: In the candidate procedure where initial beam pairing is performed before sidelink unicast link establishment, in Step 2, further consider UE2 determines UE1’s transmit beam and UE2’s receive beam whose corresponding RSRP measurement is
· Alt 1: largest N among all RSRP measurements performed by UE2 for UE1 
· Alt 2: larger than a threshold
· Alt 3: larger than a threshold and largest N among all RSRP measurements performed by UE2 for UE1 

From Chairman’s notes:

Proposal 1-3-d:
In the candidate procedure where initial beam pairing is performed before sidelink unicast link establishment, in Step 2, further consider UE2 determines UE1’s transmit beam and UE2’s receive beam whose corresponding RSRP measurement is
· Alt 1: largest N among all RSRP measurements performed by UE2 for UE1 available at the time of reporting
· FFS: value of N
· Alt 2a: one RSRP measurement larger than a threshold
· Alt 2b: one or multiple RSRP measurement larger than a threshold
· Alt 3a: larger than a threshold and largest N among all RSRP measurements performed by UE2 for UE1 that are larger than a threshold
· FFS: value of N
· Alt 3b: largest N among all RSRP measurements performed by UE2 for UE1 that are larger than a threshold, or fewer than N if there are fewer than N RSRP measurements larger than the threshold
· FFS: value of N
· Alt 4: the largest among all RSRP measurements performed by UE2 for UE1

Proposal 1-3-d:
In the candidate procedure where initial beam pairing is performed before sidelink unicast link establishment, in Step 2, further consider UE2 determines UE1’s transmit beam and UE2’s receive beam whose corresponding RSRP measurement is selected from
· Alt1: a single beam
· Alt2: more than one beam





	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. 




Based on the above agreement (highlighted) for the “before” case, UE2 is to determine only a single UE1’s transmit beam and UE2’s receive beam. Let us focus on a single beam case for the “before” case. 

Note that for the “during” case, UE2 is to determine one or more pairs of UE1’s transmit beam and UE2’s receive beam. This is in Proposal 1-5-e. 

Proposal 1-3-e: In the candidate procedure where initial beam pairing is performed before sidelink unicast link establishment, in Step 2, further consider UE2 determines UE1’s transmit beam and UE2’s receive beam whose corresponding RSRP measurement is
· Alt 1: the largest among all RSRP measurements performed by UE2 for UE1 
· Alt 2: larger than a threshold
· Alt 3: the largest among all RSRP measurements performed by UE2 for UE1, which is larger than a threshold
· UE1’s transmit beam and UE2’s receive beam is not determined by UE2 if the above condition is not satisfied.
· Other alternatives are not precluded

	Company
	Yes or No
	Comments

	SS4
	
	We are fine with the above proposal in principle. We suggest the following updates for completeness:
·  Alt 1: the largest among all RSRP measurements performed by UE2 for UE1 
· Alt 2: larger than a threshold
· Alt 2.1: If above condition is not satisfied, no beam is selected.
· Alt 2.2: If above condition is not satisfied, beam pair with largest RSRP is selected.
· Alt 3: the largest among all RSRP measurements performed by UE2 for UE1, which is larger than a threshold
· Alt 3.1 UE1’s transmit beam and UE2’s receive beam is not determined by UE2 if the above condition is not satisfied.
· Alt 3.2. If above condition is not satisfied, beam pair with largest RSRP is selected.
· Other alternatives are not precluded


	WILUS
	
	We are fine with SS’s comments



The corresponding agreement is achieved. 

[H] Proposal 1-4-e
Proposal 1-4-e: In the candidate procedure where initial beam pairing is performed before sidelink unicast link establishment, in Step 3, further consider
· beam reporting resources are 
· Alt A: (pre-)configured dedicated resources
· Alt B: shared resources with PSCCH/PSSCH/PSFCH
· UE2’s determination of beam reporting resources can be based on one or more of following:
· Alt 0-1: UE2’s beam reporting resource is associated with the resource/beam ID for UE1’s reference signal transmission with the determined UE1’s transmit beam
· FFS details (e.g., time and/or frequency domain mapping rule, etc) 
· UE1 attempts to monitor a beam reporting resource using a receive beam corresponding to UE1’s transmit beam on the associated reference signal transmission resource.
· Alt 0-2: Indicated explicitly or implicitly by UE1
· Alt 0-3: UE ID
· Alt 0-4: PSCCH/PSSCH associated with UE1’s reference signal (if supported)
· Other alternatives are not precluded
· UE2’s beam reporting contents (implicit or explicit) include one or more of the following
· Alt 1-1: UE1’s ID
· Alt 1-2: UE2’s ID
· Alt 1-3: determined UE1’s transmit beam ID
· Alt 1-4: L1-RSRP measurement of determined UE1’s transmit beam
· Al 1-5: Slot or resource of UE1’s reference signal
· Other alternatives are not precluded
· UE2’s beam reporting container is one or more of the following
· Alt 2-1: PSCCH
· Alt 2-2: PSSCH (e.g., SCI stage 2 and/or sidelink MAC CE and/or unicast link establishment)
· Alt 2-3: PSFCH
· Other alternatives are not precluded 

	Company
	Yes or No
	Comments

	SS4
	
	As this is a study item, suggest to replace “are” or “is” with can be.

We would like to keep the examples. (e.g., SCI stage 2 and/or sidelink MAC CE and/or unicast link establishment)

	WILUS
	Yes
	



We did not treat this proposal in online discussions. Companies may continue thinking of this latest verion of the proposal in Section 4.7. 

[H] Proposal 1-5-e

	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.




Based on the above agreement (highlighted) for the “during” case, UE2 is to determine one or more UE1’s transmit beam(s) and UE2’s receive beam(s). 


Proposal 1-5-e: In the candidate procedure where initial beam pairing is performed during sidelink unicast link establishment, in Step 2, further consider
· UE2 determines UE1’s transmit beam(s) and UE2’s receive beam(s) as the pair(s) with the RSRP measurement(s) are:
· Alt 1-1: the largest N among all RSRP measurements performed by UE2 for UE1
· FFS: value of N
· Alt 1-2: larger than a threshold
· Alt 1-3: the largest N among all RSRP measurements performed by UE2 for UE1, which are larger than a threshold, or fewer than N if there are fewer than N RSRP measurements larger than the threshold 
· FFS: value of N
· Other alternatives are not precluded.
· UE2 indicates UE1’s transmit beam(s), consider one or more of the following:
· Alt 2-1: in explicit format with  
· Contents: beam related information (e.g., beam ID, L1-RSRP measurement, slot or resource of reference signal)
· Container: PSCCH/PSSCH (e.g., SCI stage 2 and/or sidelink MAC CE and/or unicast link establishment message)
· Beam indication resource is selected in a response window (non-overlapping with another response window) 
· Alt 2-2: in implicit format with
· Contents: a single bit indication 
· Container: PSFCH 
· Beam indication resource is associated with the resource for UE1’s PSCCH/PSSCH transmission with the determined UE1’s transmit beam.
· For transmit beam of UE2’s beam indication
· Alt 3-1: transmit beam of UE2’s beam indication is associated with determined UE2’s receive beam
· UE1 attempts to monitor a beam indication resource using a receive beam corresponding to UE1’s transmit beam for the associated PSCCH/PSSCH transmission. 
· Alt 3-2: UE2 beam sweeps the message containing the beam indication
· UE1 attempts to monitor beam indication resources using a receive beam corresponding to UE1’s transmit beam 
 

	Company
	Yes or No
	Comments

	SS4
	
	We would like to remove “N”. in Alt1-1 and Alt1-3.

Make similar changes as suggested in 1-3-e.

	WILUS
	
	We want to remove ‘N’ in Alt 1-1 and Alt 1-3 but OK with the proposal since this is study phase.



The corresponding agreement is achieved. 

[H] Proposal 1-6-e

Proposal 1-6-e: In the candidate procedure where initial beam pairing is performed during sidelink unicast link establishment, in Step 3, further consider UE1 determines UE1’s transmit beam based on one or more
· Alt 1: latest received beam indication 
· Alt 2: beam indication contents 
· Alt 3: strongest beam indication signal measured by UE1
· Alt 4: UE1’s implementation, depening on beam indication contents
· Alt 5: UE1’s receive beam used to receive the beam indication from UE2

	Company
	Yes or No
	Comments

	SS4
	
	These seems to be overlap between Alt2 and Alt4 when the text in red is added.



We did not treat this proposal in online discussions. Companies may continue thinking of this latest verion of the proposal in Section 4.7. 

[H] Proposal 1-7-e
Proposal 1-7-e: In case S-SSB (or its modified format) is supported for initial beam pairing, at least the following is studied for S-SSB (or its modified format):
· Relationship between S-SSB for initial beam pairing (S-SSB-beam) and S-SSB for synchronization (S-SSB-synch)
· Alt 1-1: Resources of S-SSB-beam is shared with legacy S-SSB resources
· physical layer structure of S-SSB-beam reuses that of S-SSB-synch  
· Alt 1-2: Resources of S-SSB-beam is not shared with legacy S-SSB resources
· FFS resources of S-SSB-beam 
· FFS physical layer structure of S-SSB-beam 
· Information included in or associated with S-SSB include one or more of following
· Alt 2-1: UE1’s ID
· Alt 2-2: UE2’s ID
· Alt 2-3: Beam ID
· S-SSB-beam transmission periodicity and/or triggering conditions
· Beam reporting contents and container 

	Company
	Yes or No
	Comments

	SS4
	
	For Alt 1-1, we would like to add: “how to accoiate or indicate a UE ID and/or beam ID with S-SSB”
Update: “S-SSB-beam transmission periodicity and/or triggering conditions” 



We did not treat this proposal in online discussions. Companies may continue thinking of this latest verion of the proposal in Section 4.7. 

Topic #2: Beam maintenance
Background
Principles
	RAN1 #112 Agreement
For sidelink beam management, RAN1 is to study
· how transmit beam(s) training and/or receive beam(s) training is performed
· whether and how spatial related information (e.g., TCI, QCL, beam ID, etc) information could be identified
· the relationship between PC5 unicast link establishment and sidelink initial beam pairing (e.g., whether initial beam pairing procedure starts before, during or after sidelink unicast link establishment procedure.)

RAN1 #112b-e 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 link beam management, after initial beam pairing, a UE has beam maintenance. One outcome of beam maintenance is refined beam. 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 bad situation, then gNB and UE could switch the serving beam pair. 

In Uu downlink, P2 procedure is to train transmit beam and P3 procedure is to train receive beam. 

Samsung, Nokia, Intel mentions that Uu downlink transmit/receive beam training procedure can be starting point for sidelink transmit/receive beam training. Additionally, Nokia mentions several different beam pairing approaches, including exhaustive beam search, P2+P3 and P3+P3. 

Using beam correspondence in beam maintenance procedure is mentioned by Intel, JHU, Xiaomi, Nokia, Qualcomm. 

The following table provides a summary of company proposals on the principle of sidelink beam maintenance:

	Company
	Company proposal related to this issue

	Nokia
	[bookmark: Obs62459][bookmark: Obs88480][bookmark: Obs62485][bookmark: Obs35073][bookmark: Obs29929][bookmark: Obs86735]Observation 17: In certain situations (e.g., long-range SL), sweeping the narrowest attainable TX beams concurrently with the narrowest attainable RX beams may be necessary to obtain reliable beam measurements, resulting potentially in a very long (multi-slot) search for the best beam pair.
[bookmark: Proposal38859][bookmark: Proposal80325][bookmark: Proposal51821][bookmark: Proposal58865][bookmark: Proposal98860][bookmark: Proposal35662]Proposal 17: Study mechanisms to reduce the beam search space for SL beam refinement, especially for long-range SL using the narrowest attainable beams at each UE. 
[bookmark: Obs88482][bookmark: Obs62487][bookmark: Obs62461][bookmark: Obs29931][bookmark: Obs86737]Observation 19: TX/RX beam correspondence may be exploited to circumvent the AGC issue caused by intra-slot TX beam sweeping and significantly reduce the time needed for SL beam refinement.
[bookmark: Proposal35664][bookmark: Proposal98862][bookmark: Proposal80327][bookmark: Proposal51823][bookmark: Proposal38861]Proposal 19: Study how TX/RX beam correspondence may be exploited for SL beam refinement, e.g., by performing P-3 in both link directions.
Observation 20: Different SL beam refinement approaches may be preferred in different settings.
Proposal 20: Study how the specification may support different SL   
beam refinement approaches, depending on different conditions (e.g., range, channel reciprocity) and requirements (e.g., latency), including:
· Exhaustive beam search
· P-2, P-3
· P-3, P-3

	JHU
	Observation 3: Beam correspondence benefits beam maintenance operations by reducing resource requirements.
Proposal 13: RAN1 should include considerations on beam correspondence in the beam maintenance study.

	Samsung
	Proposal 4: For enhanced SL operation on FR2 licensed spectrum, consider legacy P-2 or P-3 procedures for sidelink beam maintenance.

	Intel
	Proposal 2: Prioritize UEs with beam correspondence for the study of SL FR2 BM.
Proposal 3: Define the following procedures for the study for SL BM:
· P1: Both a Tx UE and a Rx UE perform beam sweeping,
· P2: A Tx UE performs beam sweeping,
· P3: A Rx UE performs beam sweeping.

	Xiaomi
	Proposal 10: Both gNB based and UE autonomous based TX beam determination shall be investigated.
Proposal 11: Beam correspondence is assumed for SL beam management in FR2.

	Qualcomm
	Proposal 2-2: SL beam management is designed at least for the case where Tx/Rx beam correspondence applies to UEs



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

RAN1 #113 Agreement
For beam maintenance, consider non-standalone sidelink CSI-RS transmissions. 
· FFS physical layer structure, including enhancements of existing non-standalone sidelink CSI-RS
· FFS signaling details
· FFS timing details
· FFS whether non-standalone sidelink CSI-RS transmissions use the same or different transmit beam as accompanying data
· FFS whether/how to support multiple transmit beams for non-standalone sidelink CSI-RS in the same slot

RAN1 #113 Agreement
For beam maintenance, consider standalone sidelink CSI-RS transmissions. 
· FFS physical layer structure
· FFS timing details
· FFS whether/how the same or different transmit beams are used in the same slot of standalone sidelink CSI-RS transmissions.
· FFS resources, resource allocation and resource indication 
· FFS signaling details  
· 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.

RAN1 #113 Agreement
For beam maintenance, consider design details for sidelink CSI-RS transmissions with or without repetition on transmit beams. 



It was agreed that using sidelink CSI-RS as a starting point for beam maintenance. This includes both non-standalone sidelink CSI-RS and standalone sidelink CSI-RS. The detailed design of both standalone sidelink CSI-RS and non-standalone sidelink CSI-RS for beam maintenance are open. 

Standalone sidelink CSI-RS

For standalone sidelink CSI-RS transmissions, one open issue is whether this standalone sidelink CSI-RS has accompanying SCI, sidelink MAC CE or PSFCH. Apple, vivo, DCM, Interdigital, Wilus, Sharp mention that PSCCH (i.e., SCI) will accompany the transmission of standalone sidelink CSI-RS, where the SCI indicates beam ID, source/destination ID, resources (Apple, Interdigital, Wilus). On the other hand, Huawei, Sharp mention that standalone sidelink CSI-RS can be sent with both PSCCH and PSSCH where PSSCH carries only MAC CE. This can be further examined. 

This is in Proposal 2-1-a.  

Regarding the standalone sidelink CSI-RS transmission periodicity, Huawei, Spreadtrum, CATT, Apple, OPPO, ETRI, Qualcomm mention periodic or semi-persistent transmissions. Overall, FL thinks standalone sidelink CSI-RS can be transmitted periodically or semi-persistently, since this allows receiver UE to determine its receiver beam ahead of time. Although some companies (Toyota, Huawei, vivo, JHU, Samsung, LG, Nokia) mention aperiodic sidelink CSI-RS transmissions, it is unclear whether that applies to standalone sidelink CSI-RS or only restricted to non-standalone sidelink CSI-RS. This can be further clarified. 

This is in Proposal 2-1-a. 

Multiple standalone sidelink CSI-RS transmissions in a slot are mentioned by vivo, CATT, Apple, DCM, ZTE, Qualcomm, Ericsson, Nokia. Furthermore, CATT, Apple, ZTE, Samsung, Qualcomm, Ericsson mention that the same or different transmit beams are allowed in one slot on different standalone sidelink CSI-RS transmissions. This design enables fast beam sweeping. FL thinks this feature could be considered. To address the AGC issue by this design, vivo, Apple, DCM, Ericsson mention that AGC symbol is inserted before each sidelink CSI-RS transmission. 

Note that Huawei, Toyota, NEC, OPPO, LG, Sharp also mention multiple sidelink CSI-RS transmissions in a slot, but it is unclear to FL whether this is for standalone sidelink CSI-RS and/or non-standalone sidelink CSI-RS. Toyota, LG, Sharp mention different transmit beams in a slot is used if AGC issue is addressed. 

This is in Proposal 2-1-a. 

Additionally, Apple mentions PSCCH symbols could be set before each sidelink CSI-RS transmission to ensure the reliable SCI reception. 

Regarding the resources used for standalone sidelink CSI-RS, several options are raised by companies: 
· Dedicated resources different from legacy PSCCH/PSSCH/PSFCH: vivo, Xiaomi, Apple, DCM, Samsung, Qualcomm
· Shared resources with legacy PSCCH/PSSCH resources: vivo, Samsung
· Shared resources with legacy PSFCH resources: OPPO, Nokia

These options can be further considered, which are listed in Proposal 2-1-a. 

The resource allocation and indication for standalone sidelink CSI-RS are mentioned by vivo, Apple, ZTE, Interdigital, Sharp, Nokia, where the legacy PSCCH/PSSCH resource allocation scheme is used as starting point. Vivo further mentions both mode 1 and mode 2 resource allocation for standalone sidelink CSI-RS. On the other hand, ZTE mentions the standalone sidelink CSI-RS resource can be mapped with PSCCH/PSSCH resource. Both options can be further considered, which are listed in Proposal 2-1-a. 

Besides the detailed design, the standalone sidelink CSI-RS for beam maintenance is supported by Spreadtrum, Toyota, OPPO, Qualcomm. Also, Interdigital mentions a unified design of standalone sidelink CSI-RS for beam maintenance and for initial beam pairing. 

Non-standalone sidelink CSI-RS

In Rel-16 NR sidelink, the non-standalone sidelink CSI-RS has already been introduced for sidelink CQI and RI measurement. This non-standalone sidelink CSI-RS is refined in PSSCH and sent aperiodically. 

For the non-standalone sidelink CSI-RS for beam maintenance, the physical layer structure is open. Unlike legacy sidelink CSI-RS, vivo, ZTE mention sidelink CSI-RS symbols are TDM-ed with the associated PSCCH/PSSCH in a slot, where the locations of sidelink CSI-RS symbols are configured per resource pool. ZTE further mentions AGC symbol is inserted before each sidelink CSI-RS. This option, as well as the legacy physical layer structure of sidelink CSI-RS are listed for consideration. 

This is in Proposal 2-2-a. 

Multiple non-standalone sidelink CSI-RS transmissions in a slot are mentioned by Huawei, ZTE, Interdigital, Sharp. 

It is mentioned by Apple, Ericsson, Huawei mention that non-standalone sidelink CSI-RS has the same transmit beam as the associated PSCCH/PSSCH, due to the potential AGC issue. On the other hand, Interdigital, Nokia mention that non-standalone sidelink CSI-RS can have different transmit beam from the associated PSCCH/PSSCH if sidelink CSI-RS symbols are TDM-ed with the associated PSCCH/PSSCH in a slot. 

Overall, it is straightforward that non-standalone sidelink CSI-RS can have the same transmit beam as the associated PSSCH. Whether to support non-standalone sidelink CSI-RS transmissions with different transmit beams from the associated PSSCH in a slot, with the potential AGC issue, can be further discussed. 

This is in Proposal 2-2-a.

For the non-standalone sidelink CSI-RS for beam maintenance, when the non-standalone sidelink CSI-RS is transmitted is open. Toyota, Huawei, vivo, JHU, Samsung, LG, Nokia mention the aperiodic transmissions of sidelink CSI-RS. The triggering conditions of aperiodic sidelink CSI-RS transmission can be studied, as mentioned by Toyota, Samsung, Interdigital, Nokia, Fraunhofer, Intel.  

Although some companies (Toyota, Huawei, Spreadtrum, vivo, JHU, Samsung, Qualcomm, LG, Nokia) mention periodic or semi-persistent sidelink CSI-RS transmissions, it is unclear whether that applies to non-standalone sidelink CSI-RS or only restricted to standalone sidelink CSI-RS. This can be further clarified. 

Both options are listed in Proposal 2-2-a.  

Additionally, 
· ZTE mentions that SCI indicates the existence of non-standalone sidelink CSI-RS.
· Apple mentions that SCI indicates the sidelink CSI-RS transmit beam.
· OPPO, Wilus mention multi-slot CSI-RS transmissions in considering the time gap between SCI and sidelink CSI-RS.
· NEC mentions the sidelink CSI-RS transmission is not in a slot with PSFCH symbols. 
· Nokia mentions adjacent beam measurement.
The following table provides a summary of company proposals on SL CSI-RS design for sidelink beam maintenance:

	Company
	Company proposal related to this issue

	Nokia
	[bookmark: Obs62490][bookmark: Obs62463][bookmark: Obs29933][bookmark: Obs86739]Observation 21: Periodic beam measurements may be necessary to maintain the optimal beam in a dynamic environment, but too frequent beam measurements may incur high overhead and power consumption.
[bookmark: Proposal51826][bookmark: Proposal35666][bookmark: Proposal38863][bookmark: Proposal98864]Proposal 21: Study how to configure periodic or semi-persistent SL CSI-RS for all or a subset of candidate beams, depending on how quickly the channel is expected to change.
[bookmark: Obs86740][bookmark: Obs62491][bookmark: Obs62464][bookmark: Obs29934]Observation 22: Aperiodic SL CSI-RS transmissions for measuring alternative beams may be triggered on demand based on the current beam quality degrading beyond a threshold.
[bookmark: Proposal51827][bookmark: Proposal35667][bookmark: Proposal98865][bookmark: Proposal38864]Proposal 22: Study trigger conditions for aperiodic beam measurement and reporting.
[bookmark: Obs62465][bookmark: Obs29935][bookmark: Obs86741][bookmark: Obs88485][bookmark: Obs62492]Observation 23: In LOS conditions, a future best beam pair is likely to be adjacent to the present best beam pair.
[bookmark: Proposal38865][bookmark: Proposal51828][bookmark: Proposal98866][bookmark: Proposal35668][bookmark: Proposal80330]Proposal 23: Study how to optimize SL beam maintenance, e.g., by prioritizing adjacent beam measurements.
[bookmark: Obs86742]Observation 24: RAN1 has concluded to prioritize the case where a UE is incapable of simultaneous transmission using different beams in Rel-18.
[bookmark: Proposal98867]Proposal 24: A non-standalone SL CSI-RS transmission may use a different transmit beam than the accompanying SL data only if it is TDMed with the accompanying SL data within the slot.
[bookmark: Obs62466][bookmark: Obs86743][bookmark: Obs29936]Observation 25: If multiple TX/RX beams are swept within a slot, many symbols may be received with very low SNR, thus it may be pointless to include SL-SCH data as it is unlikely to be successfully received.
[bookmark: Proposal38866][bookmark: Proposal98868][bookmark: Proposal35669]Proposal 25: Study standalone SL CSI-RS transmission for intra-slot TX/RX beam sweeping.
[bookmark: Obs62467][bookmark: Obs86744][bookmark: Obs29937]Observation 26: Standalone SL CSI-RS transmissions may be accompanied by SCI for resource reservation, similar to legacy PSCCH/PSSCH.
[bookmark: Proposal35670][bookmark: Proposal38867][bookmark: Proposal98869]Proposal 26: Study resource selection for standalone SL CSI-RS transmission, reusing mode 2 as a baseline.
[bookmark: Obs86745]Observation 27: PSFCH occasions provide a natural choice for transmitting standalone SL CSI-RS, as their strict time-orthogonality with respect to PSCCH/PSSCH resources ensures a harmonious coexistence between PSCCH/PSSCH and standalone SL CSI-RS.
[bookmark: Proposal98870]Proposal 27: Study PSFCH-multiplexed standalone SL CSI-RS transmissions, including semi-static and/or dynamic coexistence, e.g., based on sensing and/or (pre-)configuration.
[bookmark: Obs86746]Observation 28: Standalone SL CSI-RS transmissions may be particularly sensitive to IBE, especially if comb-based multiplexing of standalone SL CSI-RS transmissions is supported.
[bookmark: Proposal98871]Proposal 28: For standalone SL CSI-RS resource allocation, support comb-based multiplexing and enhance the mode-2 resource exclusion by introducing a distance-in-frequency dependent RSRP threshold to exclude candidate resources even if they do not overlap in frequency with reserved resources (e.g., adjacent subcarriers).
[bookmark: Obs86747]Observation 29: For RX beam sweeping, the number of SL CSI-RS repetitions should be no less than the number of RX beams to be swept.
[bookmark: Proposal98872]Proposal 29: For SL CSI-RS repetition on TX beams, a UE intending to perform RX beam sweeping may request the peer UE to transmit a SL CSI-RS burst with an indicated number of SL CSI-RS repetitions, e.g., matching the number of RX beams it intends to measure.
[bookmark: Obs86748]Observation 30: For two-sided RX beam sweeping, the timing of forward and reverse SL CSI-RS transmission bursts may need to be constrained to avoid stale beam measurements disrupting the beam alignment.
Proposal 30: To support two-sided RX beam sweeping for beam maintenance, specify either:
· A fixed timing relationship between forward and reverse SL CSI-RS transmission bursts, or
· A (pre-)configurable time window for transmission of the reverse SL CSI-RS transmission burst after transmission of the forward burst.
[bookmark: Obs62471][bookmark: Obs29941][bookmark: Obs86755]Observation 37: New control signaling is needed to support SL beam maintenance.
[bookmark: Proposal35674][bookmark: Proposal38871][bookmark: Proposal98880]Proposal 37: Study what information (SL beam capability, SL CSI-RS resource configuration, SL CSI-RS measurement request, SL CSI-RS transmission request, etc.) needs to be exchanged by the UEs for SL beam maintenance, and which layer (L1, L2, L3) may be used to convey such information.

	Huawei
	[bookmark: _Ref134726260]Observation 13: Existing SL CSI framework already supports aperiodic and non-standalone SL CSI-RS for beam refinement without specification changes on the procedure for triggering and transmission of SL CSI-RS.
· CSI reporting using the existing latency bound is not feasible for beam reporting.
· Multiple SL CSI-RS transmissions with different TX spatial settings within a slot or SL CSI-RS transmissions with different transmit beam as accompanying data will lead to AGC issues.
[bookmark: _Ref130927504]Proposal 7: For SL FR2 beam maintenance, the following enhancements are considered for the use of SL CSI-RS for beam sweeping:
· Support for periodic SL CSI-RS transmissions.
· Transmission period is indicated in the 1st stage SCI.
· Support for standalone SL CSI-RS transmissions using MAC CE only transmissions. 
· Support for RX beam sweeping within a slot while TX beam sweeping within a slot is not supported.
· Support for CSI-RS repetition transmission with the same TX beam for RX beam training.

	Spreadtrum
	Proposal-6: Periodic/Semi-persistent CSI-RS should be supported for sidelink beam maintenance.
Proposal-7: Standalone CSI-RS for beam maintenance should be supported for sidelink FR2

	Toyota
	[bookmark: _Toc142646424][bookmark: _Toc131435254]Observation 4: Standalone SL CSI-RS transmission for sidelink beam maintenance is useful to search a greater number of beams within a slot.
[bookmark: _Toc142646448][bookmark: _Toc131435255]Proposal 3: Study standalone SL CSI-RS transmissions for sidelink beam maintenance.
[bookmark: _Toc142646425]Observation 5: For sidelink beam maintenance, sidelink CSI-RS transmissions with repetition on transmit beams within a slot is beneficial for fast Rx beam training within the slot. In addition, multiple sidelink CSI-RS transmissions of different Tx beams without repetition on transmit beams within a slot is beneficial for fast Tx beam training within the slot.
[bookmark: _Toc142646449]Proposal 4: Study sidelink CSI-RS transmissions with and without repetition on transmit beams within a slot.
[bookmark: _Toc142646450]Proposal 5: Study multiple sidelink CSI-RS transmissions of different Tx beams without repetition on transmit beams within a slot.
[bookmark: _Toc142646426]Observation 6: For sidelink beam maintenance, Tx beam sweeping within a slot may cause an AGC issue at surrounding Rx UEs.
[bookmark: _Toc142646451]Proposal 6: Study solution(s) to mitigate the AGC issue due to Tx beam sweeping within a slot.
[bookmark: _Toc131435276][bookmark: _Toc142646427]Observation 7: Periodic/semi-persistent CSI-RS transmission is beneficial for regular monitoring, while aperiodic CSI-RS transmission is beneficial for event-triggered monitoring (e.g., based on change of UE position/speed).
[bookmark: _Toc142646452]Proposal 7: Study both periodic/semi-persistent and aperiodic SL CSI-RS transmissions for beam maintenance.
[bookmark: _Toc142646453][bookmark: _Toc131435259]Proposal 8: If aperiodic CSI-RS transmission is supported, study triggering mechanisms for aperiodic CSI-RS transmission.

	Vivo
	[bookmark: _Ref135070800]Proposal 17: SL CSI-RS resource set configuration should be provided for beam training purpose, and repetition on/off property should be configured associated with the CSI-RS resource set configuration. 
[bookmark: _Ref135070803]Proposal 19: SL CSI-RS transmission indicator (or CSI report request indicator) should be enhanced to distinguish different CSI-RS resource configurations and/or CSI report quantities.
[bookmark: _Ref135070815]Proposal 24: At least the following enhancement should be supported for the SL CSI-RS with companion PSSCH:
- TDMed resource multiplexing between SL CSI-RS and companion PSSCH/PSSCH,
- RE level multiplexing of CSI-RS(s) in a SL CSI-RS transmission occasion.
[bookmark: _Ref135070817][bookmark: _Ref142686467]Proposal 25: If the standalone SL CSI-RS is supported, the following designs can be considered:
- Standalone SL CSI-RS can be transmitted without companion PSSCH but with associated PSCCH,
- Whether standalone SL CSI-RS can coexist with data transmission in the shared resource pool, or in a dedicated resource pool (pre-)configured for standalone CSI-RS transmission.
- Standalone SL CSI-RS resource allocation mechanism, e.g., the network allocates resources for SL CSI-RS and/or UE autonomous determine resources for SL CSI-RS transmission.
Proposal 26: For standalone CSI-RS, multiple standalone CSI-RS transmissions in a slot should be supported.
[bookmark: _Ref142686469]Proposal 27: If multiple standalone CSI-RS(s) are transmitted in a slot, AGC symbol is used before each of the standalone CSI-RS.
[bookmark: _Ref131787088]Proposal 28: Both periodic and aperiodic SL CSI-RS transmission should be supported for beam maintenance.

	JHU
	Observation 1: In the case of sidelink, the receiving UE is capable of discerning the need for beam measurement more promptly than the transmitting UE.
Proposal 11: Sidelink should incorporate an option that allows the receiving UE to initiate semi-persistent and aperiodic beam measurement procedures.

	CATT
	Proposal 4: For beam maintenance, consider standalone sidelink CSI-RS transmissions. 
· SL CSI-RS transmission for beam maintenance is not accompanied with sidelink data transmission. SL CSI-RS occupies the 8th and 9th (or 2th and 3th, or 5th and 6th) OFDM symbols, or occupies combination of the above symbols. The high layer can configure/indicate the CSI-RS pattern.
· Same or different transmit beams can be used in the same slot of standalone sidelink CSI-RS transmissions.
· SL CSI-RS shall include beam related information.
· Periodic SL CSI-RS transmission is supported. 
· It is preferred to introduce multiple set of SL CSI-RS resources within one slot.
Proposal 5: Periodic beam measurements may be necessary to maintain the optimal beam in a dynamic environment; however, it could lead to an increase in power consumption. 
· FFS: RAN1 needs to consider a tradeoff between performance and power consumption if periodic CSI-RS signals are used to perform the beam maintenance process.

	NEC
	[bookmark: _Toc142386371][bookmark: _Toc126942724][bookmark: _Toc131412007][bookmark: _Toc127187415][bookmark: _Toc131767894][bookmark: _Toc134523796][bookmark: _Toc141964590][bookmark: _Toc141965182][bookmark: _Toc134523797][bookmark: _Toc141965183][bookmark: _Toc141964591][bookmark: _Toc142386372]Proposal 1: CSI-RSs used for beam measurements can be transmitted with PSCCH/PSSCH in a slot.
[bookmark: _Toc134523798][bookmark: _Toc141964596][bookmark: _Toc141965188][bookmark: _Toc142386377]Proposal 2: Support multiple contiguous SL CSI-RS transmissions within one slot.
Proposal 5: CSI-RS transmission should be disabled in a slot configured with PSFCH symbols.

	Apple
	Proposal 18: If non-standalone sidelink CSI-RS is supported for beam maintenance, support sidelink CSI-RS has a single transmit beam, which is the same as accompanying PSCCH/PSSCH transmission.
Proposal 19: If non-standalone sidelink CSI-RS is supported for beam maintenance, the beam related information of non-standalone sidelink CSI-RS transmission is indicated via the scheduling SCI. 
Proposal 20: If standalone sidelink CSI-RS is supported for beam maintenance, a slot is composed of one or more TDM-ed sidelink CSI-RS sessions, where each sidelink CSI-RS session is composed of AGC symbol, PSCCH symbol(s) and sidelink CSI-RS symbol(s).
Proposal 21: If standalone sidelink CSI-RS is supported for beam maintenance, multiple sidelink CSI-RS transmissions with the same or different transmit beams are allowed in a slot. 
Proposal 22: If standalone sidelink CSI-RS is supported for beam maintenance, each standalone sidelink CSI-RS transmission is accompanied with a SCI, which at least indicates the transmit beam of sidelink CSI-RS, source ID and destination ID of sidelink CSI-RS transmission, as well as the resource indication of sidelink CSI-RS transmissions.
Proposal 23: If standalone sidelink CSI-RS is supported for beam maintenance, dedicated slots are allocated for standalone sidelink CSI-RS transmissions.
· the standalone sidelink CSI-RS resource selection uses the legacy PSCCH/PSSCH resource selection procedure as a starting point.
Proposal 24: If standalone sidelink CSI-RS is supported for beam maintenance, support periodic and/or semi-persistent standalone sidelink CSI-RS transmissions.

	Xiaomi
	Proposal 12: Standalone SL CSI-RS transmission in resources not belonging to a PSSCH transmission shall be investigated. 

	Sharp
	Proposal 6: For beam maintenance, study the following enhancement to the existing non-standalone SL CSI-RS:
· Multiple SL CSI-RS can be transmitted within single or multiple slots scheduled by a SCI format.
Proposal 7: Study standalone SL CSI-RS with accompanying SCI(s) or SL MAC CE transmissions 
Proposal 8: Study resource (re-)selection procedure triggered by standalone SL CSI-RS transmission in sidelink RA mode 2.
Proposal 9: For beam maintenance, a transmit UE can set a CSI-RS configuration with repetition and a CSI-RS configuration without repetition.
· Indication of beam repetition (similar as higher layer parameter repetition in NR Uu operation) is set in each CSI-RS resource configuration to indicate repetition is on or off. 
· The transmit UE indicates which CSI-RS configuration is used via SCI. 

	DCM
	Proposal 10: In the shared (legacy) resource pool, CSI-RS and PSSCH/PSCCH are same transmission beam within a slot.
Proposal 11: 
· For beam maintenance, support standalone CSI-RS as CSI-RS with physical layer control information on PSCCH in dedicated resource pool.
· Support dedicated resources that are not overlap with the legacy resource pool for SL data transmissions and receptions, for multiple SL CSI-RS transmissions related to each transmission beam within one SL slot (intra-slot beam sweeping) 

	OPPO
	Proposal 9: Transmitting multiple SL CSI-RS within one slot can be supported for initial beam pairing or beam maintenance. Each SL CSI-RS resource includes N OFDM symbols, value of N can be FFS. 
Observation 3: There should be a minimal gap between CSI-RS resource and the resource of the beam related information container. The minimal gap will limit the number and/or positions of CSI-RS within a slot.
Observation 4: Multi-slot or slot aggregation for CSI-RS transmission can improve resource efficiency. 
Proposal 10: Multi-slot or slot aggregation for CSI-RS transmission is supported for SL beam management. 
Observation 5: There is AGC issue at receiver side if different TX beam is applied within a slot.
Proposal 11: To alleviate the effect of AGC issue, there should be some limitation for the used TX beams within a slot. 
Proposal 12: Stand-alone SL CSI-RS can be supported for initial beam pairing or beam maintenance. The design of stand-alone SL CSI-RS structure can take PSFCH structure as baseline.
Proposal 13: Periodic or semi-persistent SL CSI-RS transmission can be supported for beam maintenance. 
Proposal 14: For periodic or semi-persistent CSI-RS transmission, the CSI-RS resource index can be explicitly indicated or implicitly derived. 

	ZTE
	Proposal 9: For non-standalone sidelink CSI-RS transmissions, the following can be considered:
· Multiple CSI-RSs are TDMed with PSCCH/PSSCH in the same slot;
· The same or different transmit beam as accompanying data can be used;
· Multiple transmit beams can be supported in the same slot.
Observation 1: For non-standalone CSI-RS, AGC issues may occur if Tx UE transmits different CSI-RSs in different beam directions in a slot.
Proposal 10: 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 11: For standalone sidelink CSI-RS transmissions, the same or different transmit beams can be transmitted on each group of symbols in the slot of standalone sidelink CSI-RS transmissions.
Proposal 12: 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 PSCCH/PSSCH and CSI-RS resources for beam management;
· Alt 2: Dynamical indication: CSI-RS resources is dynamically indicated.
Proposal 14: A CSI-RS transmitted by the Tx UE can also be used for different measurement purposes for different Rx UE, such as initial beam pairing, beam maintenance or beam failure recovery.
Proposal 22: For non-standalone CSI-RS, Tx UE can indicate whether to include CSI-RS(s) for beam management in current slot by sidelink control information so that beam management can be performed based on the CSI-RSs.
Observation 2: Tx UE indicating the beam used for current PSCCH/PSSCH transmission to the Rx UE can assist in initial beam pairing or beam maintenance.
Proposal 23: PSCCH/PSSCH DMRS can be used for initial beam pairing or beam maintenance for the UE other than the destination UE.

	Samsung
	Proposal 5: For enhanced SL operation on FR2 licensed spectrum, further consider the following enhancements for SL CSI-RS:
· SL CSI-RS transmission in a shared resource pool with SL data or in a dedicated resource pool. Considering backward compatability for a shared resource pool.
· SL CSI-RS density.
· SL CSI-RS allocation in the time domain.
· Multiplexing SL CSI-RS in time and frequency domains from different users.
· SL transmission CSI-RS using different transmit beams within a slot.
Proposal 6: For enhanced SL operation on FR2 licensed spectrum, further consider the following mechanisms for SL CSI-RS:
· For aperiodic SL CSI-RS, triggering by the UE transmitting the SL CSI-RS, or by the UE receiving the SL CSI-RS or by the gNB for UEs operating in Mode 1.
· For semi-persistent SL CSI-RS, activation/deactivation by the UE transmitting the SL CSI-RS, or by the UE receiving the SL CSI-RS or by the gNB for UEs operating in Mode 1
Proposal 14: For enhanced SL operation on FR2 licensed spectrum, study signaling and procedures for receive beam refinement including: 
· Requesting transmission of reference signal with beam repetition.

	ETRI
	Observation 2: The aperiodic CSI-RS supported by Rel-16/17 SL needs to be transmitted along with the SL data, which may result in performance degradation.
Proposal 4: We propose introducing periodic CSI-RS and standalone SL CSI-RS transmitted without SL data for beam sweeping of beam maintenance.

	Interdigital
	Proposal 10: Study multiplexing of PSSCH and SL CSI-RS transmissions using different TX beams in a slot.
Proposition 11: Support the transmission of RS using different beams multiplexed in time in a slot. FFS: the exact structure, accompanying data in-slot indication
Proposition 12: Study standalone SL CSI-RS accompanying indication such as a dedicated SCI, e.g., to indicate the slot structure, or beam related information.
Proposal 13: Strive to consider a common CSI-RS design for both initial beam pairing and beam management.
Proposal 14: Study resource selection for stand-alone BM SL CSI-RS transmissions using Mode 2 PSSCH as a baseline.
Proposal 15: Study triggering conditions for SL CSI-RS transmissions for beam maintenance. 

	Qualcomm
	Proposal 2-1: Conclude that SL beam management requires periodic RS transmissions. 
Proposal 4-1: Support standalone and periodic sidelink CSI-RS transmissions for beam measurement
· Dedicated SL resource pool(s) is used for the periodic SL CSI-RS transmissions
· Periodic SL CSI-RS transmissions with different beams or with the same beam should be configurable
· Support multiple SL CSI-RS transmissions within one slot by using dedicated SL resource pool

	LG
	Observation 6: In the shared resource pool, if the periodic SL CSI-RS resources are PC5-RRC configured without SCI indication, Rel-16/17 UEs cannot avoid the resource collision with the periodic SL CSI-RS resources. 
Observation 7: Since there can be many unicast links among different UE pairs, PC5-RRC signalling cannot resolve all the SL CSI-RS resource collisions among UEs. 
[bookmark: _Hlk142467697]Proposal 6: To study enhancement on CSI measurement for beam maintenance, 
· SL CSI-RS resources are PC5-RRC configured.
· SL CSI-RS transmissions are triggered or indicated by a SCI for periodic, semi-persistent, and aperiodic transmissions. 
· Transmit beam(s) of SL CSI-RS transmission are indicated by a SCI.
· For SL CSI-RS transmissions with different transmit beams in a slot, one or more of followings are considered to mitigate additional AGC problem:
· Option 1: SL CSI-RS transmissions in a slot always use the same transmit beam. 
· Option 2: SL CSI-RS transmissions with different transmit beams in a slot occupy all the frequency resources within a resource pool.
· The occupancy of the SL CSI-RS transmissions is indicated by a SCI.
· Option 3: Restrict the set of slots allowing SL CSI-RS transmissions with different transmit beams in a slot. 

	Ericsson
	[bookmark: _Toc142662187]Observation 3: Different transmit beams for CSI-RS and accompanying data would lead to AGC issue when there are significant power variations across symbols within the slot.
[bookmark: _Toc142662189]Proposal 2: Non-standalone sidelink CSI-RS transmissions use the same transmit beam as accompanying data within the same slot.
[bookmark: _Toc142662190]Proposal 3: Support the usage of different beams in the same slot of stand-alone sidelink CSI-RS transmissions, provided AGC issues are handled, if any.

	Wilus
	Proposal 13: For standalone SL CSI-RS transmission, SCI and PSFCH should be accompanied for transmission of control information and beam reporting, respectively.
Proposal 14: For SL CSI-RS transmission, gap symbol for beam switching should be defined in NR sidelink slot format.
Proposal 15: Control information (UE ID, position for gap symbol in a slot, resource information, etc.) should be carried in SCI.

	Fraunhofer
	Proposal 5: For PSFCH-enabled transmissions, we support a UE to analyze HARQ-feedback which could in return trigger the beam-sweeping procedure.

	Intel 
	Proposal 12: Study which conditions may trigger beam maintenance.
Proposal 13: Study which techniques can be utilized 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)

RAN1 #113 Agreement
For beam reporting using PSFCH (if supported) in beam maintenance, study 
· Whether/how there is an association rule between PSFCH for beam reporting and sidelink CSI-RS (either standalone or non-standalone)
· FFS beam reporting content, 
· Whether/how PSFCH carries multiple beam reporting bits 
· Alt 1: New PSFCH format
· Alt 2: PSFCH format 0 by exploring the relationship with frequency and/or code domain resources
· Other alternatives are not precluded 
· FFS: PSFCH carries one beam reporting bit 
· FFS: whether beam reporting and sidelink HARQ ACK can be reported together, e.g., same or different PSFCH

RAN1 #113 Agreement
For beam reporting using sidelink MAC CE (if supported) in beam maintenance, study 
· beam reporting content
· timeline, e.g., 
· whether/how to reuse Rel-16 sidelink CSI reporting window as baseline for the association between sidelink beam reporting and sidelink CSI-RS resources. 
· Periodic, aperiodic and/or semi-persistent reporting timeline



In this meeting, various sidelink beam measurement and reporting schemes for beam maintenance are discussed by companies. 

According to RAN1 #112b-e meeting, the sidelink beam reporting may be sent by sidelink PHY layer signal or sidelink MAC CE. In RAN1 #113 meeting, the PSFCH and sidelink MAC CE as the candidate container for sidelink beam reporting were studied. Some open issues were identified for PSFCH and sidelink MAC CE, respectively. 

Beam reporting using PSFCH:

The main open issue on beam reporting using PSFCH is the beam reporting contents, as well as the way of PSFCH carrying the beam reporting contents.

Some companies think more than one information bit is carried by PSFCH, with the following design options:
· Alt 1: a list of (CRI, L1-RSRP) is explicitly carried by PSFCH. 
· A new PSFCH format (e.g., like PUCCH format 2) can be designed for PSFCH for beam reporting, 
· This alternative implies that multiple sidelink CSI-RS resources are mapped to one set of PSFCH resources
· Mentioned by Sharp, Interdigital, CATT, Wilus.
· Alt 2: only CRI is explicitly carried by PSFCH, while whether or not the corresponding L1-RSRP measurement is larger than a threshold is implicitly indicated via the presence of PSFCH transmission.
· This alternative implies that multiple sidelink CSI-RS resource is mapped to one set of PSFCH resources.
· PSFCH format 0 is used.
· A particular frequency-code domain PSFCH resource within a set of PSFCH resources is explored to indicate a CRI 
· Mentioned by Wilus
· Alt 3: only L1-RSRP measurement is explicitly carried by PSFCH, while the corresponding CRI is implicitly indicated by using the PSFCH resource associated with the sidelink CSI-RS resource. 
· This alternative implies that one sidelink CSI-RS resource is mapped to one set of PSFCH resources. 
· PSFCH format 0 is used. 
· A particular frequency-code domain PSFCH resource within a set of PSFCH resources is explored to indicate a L1-RSRP measurement
· Mentioned by Huawei. 
On the other hand, some companies think only one information bit is carried by PSFCH. 
· Alt 4: The CRI is implicitly indicated by using the PSFCH resource associated with the sidelink CSI-RS resource, while whether or not the corresponding L1-RSRP measurement is larger than a threshold is implicitly indicated 
· This alternative implies that one sidelink CSI-RS resource is mapped to one set of PSFCH resources. 
· PSFCH format 0 is used
· Mentioned by ZTE, OPPO, Toyota 

In Proposal 2-3-a, these four alternative solutions are listed for consideration, while other alternatives are not precluded. 

Also, how the resource of sidelink CSI-RS resource is mapped to the resource of PSFCH for beam reporting is mentioned by NEC, Toyota, vivo, ZTE, OPPO, Sharp, Nokia.

CATT mentions to consider the transmit beam and receiver beam of PSFCH for beam reporting. This is in Proposal 2-3-a. 

Additionally, in case of non-standalone CSI-RS, the joint reporting of sidelink HARQ-ACK and beam measurement is mentioned by ZTE NEC, CATT. On the other hand, OPPO, NEC, Huawei mention to use separate resources of PSFCH for beam reporting and PSFCH for sidelink HARQ-ACK. Which option to take can be further studied. 

Nokia mentions that dedicated PSFCH slot is used for PSFCH reception beam sweeping. 

Besides the detailed design, the sidelink beam reporting using PSFCH is supported by Sharp, vivo, Toyota, Spreadtrum, Huawei, Nokia, ETRI, CEWiT, CATT in general, while Qualcomm, LG do not support it. 

Beam reporting using sidelink MAC CE:

One open issue on beam reporting using sidelink MAC CE is the beam reporting contents. Since sidelink MAC CE can carry multiple information bits, ZTE, DCM, Apple, Toyota, LG mention that a list of (CRI, L1-RSRP) can be carried by sidelink MAC CE.

This is in Proposal 2-4-a. 

Another open issue is on the timeline of beam reporting. Companies think Rel-16 NR sidelink CSI reporting window scheme can be used as baseline. The latency bound for sidelink beam reporting can be further studied (e.g., Apple). Subsequently, OPPO mentions the resource selection window for beam reporting depends on sidelink CSI-RS resources.

This is in Proposal 2-4-a. 

Besides the detailed design, the sidelink beam reporting using sidelink MAC CE is supported by DCM, Apple, Sharp, Intel, vivo, Toyota, Nokia, Qualcomm, LG, CEWiT, Wilus in general. 

Other beam reporting schemes:

Besides PSFCH and sidelink MAC CE, other beam reporting schemes are proposed by companies. 
· Beam reporting via sidelink RRC: Intel
· Beam reporting via SCI: Samsung, ETRI, CEWiT
· Beam reporting via UCI: Fraunhofer, Samsung, Intel, Qualcomm, CEWiT
· No explicit beam reporting for receiver beam training: Nokia, Mediatek

These options are not precluded and further details can be considered. 

Additionally, when beam measurement is reported is also discussed by companies: 
· Aperiodic beam reporting: ZTE, Apple, Fraunhofer 
· for aperiodic/periodic/semi-persistent CSI-RS: ZTE
· Periodic/semi-persistent beam reporting: ZTE, Apple
· within beam reporting latency boundary: ZTE

The following table provides a summary of company proposals on sidelink beam reporting for sidelink beam maintenance: 

	Company
	Company proposal related to this issue

	Nokia
	[bookmark: Obs62468][bookmark: Obs29938][bookmark: Obs86749]Observation 31: In case of TX/RX beam correspondence, SL beam maintenance may be performed without any associated beam reporting.
[bookmark: Proposal35671][bookmark: Proposal38868][bookmark: Proposal98874]Proposal 31: Study the benefits of SL beam maintenance without any beam reporting, relying solely on bidirectional SL CSI-RS transmission and intra-slot RX beam sweeping at each UE.
[bookmark: Obs62469][bookmark: Obs86750][bookmark: Obs29939]Observation 32: If PSFCH mapped to SL CSI-RS is used as container, the contents of the beam report are implicit.
[bookmark: Proposal35672][bookmark: Proposal38869][bookmark: Proposal98875]Proposal 32: For SL beam reporting for beam maintenance, study how PSFCH can be mapped to configured SL CSI-RS resources.
[bookmark: Obs86751]Observation 33: The legacy PSSCH-to-PSFCH resource mapping may not have sufficient granularity to allow TDM/FDM of different SL CSI-RSs within a same slot-subchannel pair, potentially leading to ambiguities in beam reporting.
[bookmark: Proposal98876]Proposal 33: For PSFCH-based beam reporting, enhance the PSFCH resource mapping to allow mapping of different PSFCH resources to different SL CSI-RSs multiplexed in time/frequency within the same slot and subchannel(s).
[bookmark: Obs86752]Observation 34: With the current PSFCH resource mapping, UE1 may need to use a wide PSFCH receive beam covering the angular range of all its transmit beams, in order to be able to receive potential PSFCH transmission(s) from any of the associated directions, resulting in a lower PSFCH received signal quality.
[bookmark: Proposal98877]Proposal 34: Introduce a new dedicated PSFCH slot format to allow fast PSFCH receive beam sweeping within a slot.
[bookmark: Obs62470][bookmark: Obs86753][bookmark: Obs29940]Observation 35: Compared to PSFCH, SL MAC CE provides more capacity for beam reporting at the expense of increased overhead and latency, which may be beneficial in low-mobility scenarios in which measuring multiple good beams is likely.
[bookmark: Proposal98878][bookmark: Proposal38870][bookmark: Proposal35673]Proposal 35: Resource pool (pre)configuration determines whether PSFCH mapped to SL CSI-RS resources is used for implicit reporting of a single best beam or SL MAC CE is used to report multiple L1-RSRPs for a set of best beams, or both.

	Huawei
	[bookmark: _Ref142249444]Observation 14: The existing SL CSI reporting framework is not suitable for SL beam measurement reports because the SL CSI report is conveyed only in MAC CE, which leads to increased latency and UE1 may not know when and with which beam to receive the report.
[bookmark: _Ref126674343][bookmark: _Ref126598749][bookmark: _Ref127295422][bookmark: _Ref134726306][bookmark: _Ref142249497][bookmark: _Ref130927507]Proposal 8: For SL FR2 beam maintenance, study enhancements on enabling beam reporting for SL CSI-RS, including the following aspects:
· Support the use of PHY layer signaling, i.e., PSFCH, in order to carry beam reporting.
· Support indication of L1-RSRP in beam reporting.
· L1-RSRP is indicated with a single bit indication through frequency-code domain resources following the legacy PSSCH resource and PSFCH symbol mapping rules. 
· Resources for SL CSI-RS beam reporting can be (pre-)configured separately from those for SL HARQ-ACK feedback.

	Spreadtrum
	Proposal-4: Don’t use L1-SINR for beam reporting.
Proposal-5: Support to use PSFCH to carry sidelink beam reporting.

	Toyota
	[bookmark: _Toc142646428]Observation 8: Beam reporting using PSFCH is useful for reporting only beam indication (e.g., CRI) with low latency and low reporting overhead, with the cost of lacking L1 measurement(s) reporting.
[bookmark: _Toc142646429]Observation 9: Beam reporting using SL MAC CE is useful for reporting more contents such as beam indication (e.g., CRI) and L1-RSRP (and other L1 measurements), with the cost of increased latency and reporting overhead.
[bookmark: _Toc142646454][bookmark: _Toc142646430]Proposal 9: Support both beam reporting using PSFCH and beam reporting using SL MAC CE for sidelink beam maintenance. 
Observation 10: For beam reporting using PSFCH in beam maintenance, it is beneficial to have an association rule between PSFCH for beam reporting and sidelink CSI-RS to reduce latency and signaling overhead for beam reporting.
[bookmark: _Toc142646455]Proposal 10: For beam reporting using PSFCH in beam maintenance, RAN1 to study an association rule between PSFCH for beam reporting and sidelink CSI-RS.
[bookmark: _Toc142646431]Observation 11: For beam reporting using sidelink MAC CE in beam maintenance, reporting beam indication (e.g., CRI) and L1-RSRP is beneficial to assess the quality of each Tx beam at Tx UE, which enables Tx UE to determine a set of better Tx beam candidates for beam maintenance.
[bookmark: _Toc142646456]Proposal 11: For beam reporting using sidelink MAC CE in beam maintenance, RAN1 to consider at least beam indication (e.g., CRI) and L1-RSRP as beam reporting content.

	Vivo
	[bookmark: _Ref135070801][bookmark: _Ref142686454]Proposal 18: Enhance SL CSI report to include beam index/resource index and/or L1-RSRP as report quantity.  
Proposal 20: Support RX UE to trigger CSI reporting to achieve a more efficient SL transmission and SL beam pairing.
[bookmark: _Ref135070805]Proposal 21: Both MAC CE and PSFCH can be used for CSI report.
[bookmark: _Ref135070806]Proposal 22: If the CSI reporting is conveyed in MAC CE, the rule to link the CSI-RS transmission and the associated CSI report should be revisited.
[bookmark: _Ref135070808]Proposal 23: If PSFCH is for CSI reporting, the rule to associate the CSI-RS transmission resource and PSFCH resource should be defined.
· FFS support of a new PSFCH format for beam reporting.

	Intel
	Proposal 17: SL Beam reporting can utilize the following containers:
· SL MAC CE,
· SL RRC,
· Signalling between the UEs through the network.

	CATT
	Proposal 6: For beam reporting using PSFCH in beam maintenance, RAN1 should study a new PSFCH format.
· PSFCH format 0 does not have enough capacity to carry beam reporting information.
· Beam reporting and sidelink HARQ ACK can be multiplexed together, e.g., same or different PSFCH.
· FFS: details of the new PSFCH format.
Proposal 7: There is an association rule between PSFCH for beam reporting and sidelink CSI-RS (either standalone or non-standalone). Both option 1 and option 2 below can be considered, and the specific choice depends on the UE implementation.
· Option 1: PSFCH transmitting beam is derived from the corresponding CSI-RS receiving beam; PSFCH receiving beam is derived from the corresponding CSI-RS transmitting beam.
· Option 2: PSFCH transmitting beam is derived from the CSI-RS transmitting beam for reverse data transmission; PSFCH receiving beam is derived from the CSI-RS receiving beam for reverse data transmission.

	NEC
	[bookmark: _Toc141964592][bookmark: _Toc141965184][bookmark: _Toc142386373]Proposal 3: Study following two options to design the PSFCH resource for PSFCH transmission with beam report information: 
· [bookmark: _Toc141964593][bookmark: _Toc142386374][bookmark: _Toc141965185]Option 1: dedicated resources for PSFCH with beam report
· [bookmark: _Toc141964594][bookmark: _Toc141965186][bookmark: _Toc142386375]Option 2: share PSFCH resource of HARQ-ACK information
[bookmark: _Toc141964595][bookmark: _Toc141965187][bookmark: _Toc142386376]Proposal 4: Determine PSFCH resource based on the symbols index of CSI-RS transmission.

	Lenovo
	Proposal 14: Evaluate the existing CSI report latency for L1 beam measurement reporting

	Apple
	Proposal 25: Consider both periodic and aperiodic sidelink beam reporting for beam maintenance. 
Proposal 26: Support the contents of sidelink beam reporting are sidelink CSI-RS resource index(s), with or without the corresponding L1-RSRP measurement results.  
Proposal 27: The sidelink beam reporting is carried by sidelink MAC CE.
Proposal 28: The time gap between the triggering of sidelink beam reporting and the transmission of sidelink beam reporting is upper bounded. 

	Sharp
	Proposal 10: Support both of PSFCH and sidelink MAC CE as containers for beam reporting in beam maintenance.
Proposal 11: For beam reporting using PSFCH in beam maintenance, study the followings:
· legacy Rel-16 mapping rule of sub-channel and PSFCH can be reused as the association rule between PSFCH for beam reporting and sidelink CSI-RS
· New PSFCH format is supported for PSFCH carrying multiple beam reporting bits.

	DCM
	Proposal 12: Support sidelink MAC CE for beam reporting in beam maintenance and it contains L1-RSRP and beam identification.

	OPPO
	Proposal 15: For SL beam maintenance, both beam indication (CRI) and L1-RSRP can be supported for beam reporting. 
· Multiple beam indication (CRI) and their associated L1-RSRP can be reported. 
Proposal 16: If PSFCH is used as container for beam reporting: 
· One PSFCH transmission occasion can be (pre-)configured to be associated to one or one set of SL CSI-RS resources. 
· There is 1-to-1 mapping between CSI-RS resource and PSFCH resource.
· 1 bit needs to be reported and legacy PSFCH format 0 can be used for beam reporting.
Proposal 17: If SL HARQ information and beam reporting are to be reported at same time, separate PSFCHs are used to carry different kind of information. 
Proposal 18: If MAC CE is used as container for beam reporting, the resource selection window of PSCCH/PSSCH for carrying the beam indicator can be determined based on SL CSI-RS resource. 

	ZTE
	Proposal 13: For the association rule between PSFCH for beam reporting and sidelink CSI-RS (either standalone or non-standalone), mapping relationship between PSSCH and PSFCH as a starting point can be considered.
[bookmark: _Toc135070432]Proposal 15: If PSFCH can only carry 1 bit information, beam reporting content can only include whether the associated CSI-RS meets quality requirements, otherwise, beam reporting content can include CRI and/or L1-RSRP for sidelink beam management.
Proposal 16: For non-standalone CSI-RS for beam management, beam reporting and sidelink HARQ ACK can be reported together.
Proposal 17: For beam reporting using sidelink MAC CE, beam reporting content can include CRI and/or L1-RSRP for sidelink beam management.
[bookmark: _Toc135070435]Proposal 18: Aperiodic beam reporting for aperiodic/periodic/semi-static CSI-RS can reuse R16/R17 aperiodic CSI report mechanism.
[bookmark: _Toc135070436]Proposal 19: Periodic/semi-static beam reporting can be transmitted by Rx UE within the beam reporting latency boundary, where the latency boundary for the beam reporting of a CSI-RS transmission period starts from the slot where the last CSI-RS of the CSI-RS transmission period and ends before the last CSI-RS transmission of the next CSI-RS transmission period.

	Samsung
	Proposal 7: For enhanced SL operation on FR2 licensed spectrum, consider the second stage SCI for the beam measurement report.
Proposal 8: For enhanced SL operation on FR2 licensed spectrum, consider the following for the beam measurement report:
· Report contents: The report contains 4 pairs of CRI/L1-RSRP using differential reporting.
· Report container: For mode 1 resource allocation, additionally consider Uu PHY layer signalling (UCI) and Uu MAC CE.

	ETRI
	Proposal 5: Regarding the beam reporting contents in beam maintenance, we propose supporting at least beam indication.
Proposal 6: We suggest prioritizing the utilization of PSFCH and/or SCI as beam reporting containers, given that the larger latency and capacity of MAC CE may not be suitable for frequent beam maintenance due to vehicular mobility.

	Interdigital
	Proposal 16: Support Alt. 1: CSI reporting for SL beam management includes PHY layer CSI feedback based on a new PSFCH format.

	Qualcomm
	Proposal 4-2:
· Consider sidelink MAC CE as a container for beam reporting
· It should be able to contain CRI and L1-RSRP of beams for the unicast-link
· Do not consider PSFCH as a container for beam reporting
· This requires significant specification work
· New PSFCH format that can carry multiple bits, or new resource selection that indicates one of multiple states, is necessary
· Support of multiplexing for HARQ-ACK + beam reporting is necessary
Proposal 6-1: In addition to basic SL beam management aspects, consider enabling BS-involvement for SL beam management for a UE in the coverage of the BS such as:
· SL beam reporting to gNB via Uu link
· SL beam indication/configuration by gNB
· Solutions of Tx/Rx beam control for IAB/NCR can be starting points
· SL beam failure indication via Uu link to gNB

	LG
	[bookmark: _Hlk142467641]Observation 5: Reusing Rel-16/17 NR SL CSI reporting/triggering for the purpose of the sidelink beam maintenance will cause a huge latency. 
[bookmark: _Hlk142467785]Proposal 7: For beam maintenance, only MAC CE is prioritized for the container of SL beam reporting. 
[bookmark: _Hlk142467790]Proposal 8: For RSRP reporting and power control in beam maintenance, study following cases:
· Option 1: UE2 can report RSRP measurement for each UE1 transmit beam. 
· Option 2: UE1 can ensure the same transmit power at least for SL CSI-RS with different UE1 transmit beams. 

	CEWiT
	Proposal 1: In sidelink beam management UE1 and UE2, upon receiving RS from UE1, the UE2 reports the SL beam management report implicitly by transmitting a sequence as a function of a UE-ID over predefined RBs corresponding to a particular beam in a PSFCH for beam management.
Proposal 2: In sidelink beam management UE1 and UE2, upon receiving RS from UE1, the UE 2 reports the SL beam management report explicitly by transmitting the beam-id using MAC-CE.
Proposal 3: In sidelink beam management, to report the beam from UE2 at least the MAC-CE, SCI, and PSFCH can be used.
Proposal 4: In sidelink beam management for in-coverage UEs, the uplink control information (UCI) can be used to report the beam.
Proposal 5: The resource allocation for the SL beam management report derived as,
· UE2 will selects resources using mode-2 type of resource allocation.
· UE1 will reserve the reporting resources for UE2 using resource reserve mechanism of sidelink.
· gNB can allocate resources to UE2 in mode-1 type resource allocation.

	Fraunhofer
	Proposal 4: We support for a RX UE to trigger aperiodic CSI reports for beam maintenance. Furthermore, the information conveyed within the CSI report needs to be investigated.
Proposal 6: For beam maintenance, study how to use UCI as a container for beam reporting via the Uu link. 

	Mediatek
	[bookmark: _Ref135035017]Proposal 8: In addition to the beam indication and L1-RSRP, the SL beam reporting contents also need to include {L1-RSRP, None}.

	Wilus
	Proposal 13: For standalone SL CSI-RS transmission, SCI and PSFCH should be accompanied for transmission of control information and beam reporting, respectively.
Proposal 16: If UE2 selects UE1’s transmit beam, PSFCH PRB index calculation for ACK transmission can be defined by  for SL CRI reporting. If UE2 does not select UE1’s transmit beam, UE2 transmits ‘NACK’ using the current PSFCH framework.
Proposal 17: New PSFCH format that reusing NR PUCCH format 2 (shortly, PSFCH format 2) can be considered for carrying multiple reporting bits.
Proposal 18: New PSFCH format reusing NR PUCCH format 2 can be used for SL HARQ ACK/NACK feedback and/or beam reporting contents (e.g., RSRP measurement or SL CRI, etc.).
Proposal 19: For transmission of PSFCH format reusing NR PUCCH format 2, UE can use all or portion of candidate PRBs for PSFCH format 0 transmission, that the number of PRBs can depend on coding rate, number of transmitted bits.
Proposal 20: RAN1 to study specific details for resources for PSFCH format reusing NR PUCCH format 2.

	JHU
	Observation 2: As we consider the container for beam reporting, it makes sense to maintain the existing local architecture.
Proposal 12: RAN1 should clarify the functional split and interface between MAC and PHY regarding beam management functionalities, independent of container choice for beam reporting.




Beam indication and switching
	RAN1 #112 Agreement
For sidelink beam management, RAN1 is to study
· how transmit beam(s) training and/or receive beam(s) training is performed
· whether and how spatial related information (e.g., TCI, QCL, beam ID, etc) information could be identified
· the relationship between PC5 unicast link establishment and sidelink initial beam pairing (e.g., whether initial beam pairing procedure starts before, during or after sidelink unicast link establishment procedure.)

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.

RAN1 #113 Agreement
For beam indication in sidelink beam maintenance, study sidelink TCI state mechanism: 
· Details of sidelink TCI state at least including/indicating e.g. sidelink TCI state ID, sidelink CSI-RS resource and Tx/Rx spatial filter related information
· FFS: QCL types for sidelink 
· FFS: whether PSCCH and associated PSSCH always have the same TCI state 
· FFS: whether the beam indication is via sidelink CSI-RS resource 
· Study the following optional beam indication candidate container 
· SCI
· sidelink MAC CE
· PC5-RRC
· FFS: activation time of indicated beam
· FFS: whether to reuse the Rel-17 unified TCI framework
· Study whether/how beam indication is sent by transmitter UE or receiver UE.
· FFS study beam indication in mode 1 on Uu interface



In RAN1 #113 meeting, sidelink TC state mechanism for beam indication in sidelink beam maintenance is agreed to study. In this meeting, various sidelink indication schemes for beam maintenance are discussed by companies. 

Sidelink TCI state configuration

The details of sidelink TCI state configuration is open. In this meeting, Qualcomm mentions that following Uu design, the periodic reference signal is a source for Tx/Rx spatial filter for each sidelink TCI state. 

Regarding the QCL types for sidelink, companies’ views are summarized as follows:
· Type D (spatial Rx parameter): Huawei, Spreadtrum, CATT, Apple, OPPO, Samsung, CEWiT
· Type A (Doppler shift, Doppler spread, average delay, delay spread): CATT, OPPO, CEWiT
· Type B, Type C: OPPO, CEWiT

It seems that QCL type D gets the majority support. This can be at least supported. Other QCL types can be further studied. This is in Proposal 2-5-a. 

It is open whether PSCCH and associated PSSCH always have the same TCI state. The main consideration is that PSCCH and PSSCH may be FDM-ed and the beam switching time between PSCCH and PSSCH is not enough. This is supported by Nokia, Toyota, CATT, CMCC, Xiaomi, DCM, OPPO, ZTE, Ericsson, Huawei. This is also in Proposal 2-5-a. 

The validity duration of sidelink beam indication was discussed by companies. Below is the summary: 
· Activation time
· Gap between beam indication and beam activation: Toyota, Huawei, Samsung
· Consider beam switching time at Rx UE: Toyota
· ACK for beam indication is reference time: Apple, Xiaomi
· Duration 
· Until a new beam indication: Qualcomm
· Dynamic indication of duration: LG, CEWiT

This is in Proposal 2-5-a. 

A list of candidate containers of beam indication was agreed to study. Below is the summary of companies’ preference, but no FL proposal is needed at this stage.  
· SCI: OPPO, ZTE, Qualcomm, CEWiT, Huawei, Xiaomi
· Sidelink MAC CE: Apple, CEWiT, vivo
· PC5-RRC: vivo (periodic beam indication)
· Uu link: CEWiT

Additionally, 
· beam indication from Rx UE: Apple, vivo
· gNB to indicate non-preferred beams: vivo
· Beam indication can apply to bi-directional: Samsung. 
· Beam indication include beam strength: CEWiT

The following table provides a summary of company proposals on sidelink beam indication and switching:

	Company
	Company proposal related to this issue

	Nokia
	[bookmark: Obs86754]Observation 36: The current PSCCH/PSSCH resource mapping allows FDM of PSCCH and PSSCH within the same OFDM symbols in a slot. RAN1 has concluded to prioritize the case where a UE is incapable of simultaneous transmission using different beams in Rel-18.
[bookmark: Proposal98879]Proposal 36: For beam indication in sidelink beam maintenance, PSCCH and associated PSSCH always have the same TCI state.

	Huawei
	[bookmark: _Ref130927469][bookmark: _Ref127295424]Observation 15: Compared to the Uu TCI framework, there is no beam indication method defined for SL FR2.
[bookmark: _Ref142249450]Observation 16: Both Rel-15/16 beam indication framework and Rel-17 unified TCI framework can be regarded as baseline.
[bookmark: _Ref130927509]Proposal 9: For SL FR2 beam indication using the Uu TCI and QCL framework, consider the following aspects.
· QCL Type-D of Uu is used as baseline, which indicates the spatial RX parameter.
· SL TCI states is configured by higher layers and then indicated by the SCI.
· PSCCH and associated PSSCH always have the same TCI state
[bookmark: _Ref127295390]Observation 17: In Uu, symbol-level beam switching is supported for UE to perform Tx and Rx beam change.
[bookmark: _Ref127295426]Proposal 11: In SL FR2, the beam switching times within a slot from Uu is taken as baseline.
[bookmark: _Ref127295395]Observation 18: Compared to Uu, where beam switch timing is defined and configured for beam indication, there is no beam switch timing defined for SL FR2.
[bookmark: _Ref131709332][bookmark: _Ref127295429]Proposal 12: Study how to support beam switching in SL FR2, including switching timing and beam indication, with the following enhancements:
· SCI schedules PSCCH/PSSCH transmission if a time-offset is to be satisfied.
· The time-offset is defined based on the minimum number of symbols or slots required by the UE to perform PSCCH reception and spatial QCL information.

	Spreadtrum
	Proposal-8: Rel-17 unified TCI framework should be a baseline for sidelink beam management.
Proposal-9: At least QCL type D should be considered for sidelink FR2.

	Toyota
	[bookmark: _Toc142646457][bookmark: _Toc131435256]Proposal 12: Study the timing relationship between sidelink beam indication and beam switching by taking into account the signal processing time and beam switching time at Rx UE.
[bookmark: _Toc131435273][bookmark: _Toc142646432]Observation 12: Since PSCCH and corresponding PSSCH are multiplexed in the FDM+TDM manner in the same slot, there is not enough time for Rx UE to switch the Rx beam between PSCCH and the corresponding PSSCH.
[bookmark: _Toc142646458][bookmark: _Toc131435251]Proposal 13: If the Rel-16/17 NR sidelink packet structures are reused, Tx UE uses the same Tx beam for PSCCH and corresponding PSSCH.
[bookmark: _Toc131435252][bookmark: _Toc142646459]Proposal 14: The Tx beam of PSCCH and corresponding PSSCH is indicated in advance so that Rx UE can have enough time to decode the Tx beam indication and apply an appropriate Rx beam.
[bookmark: _Toc142646460][bookmark: _Toc131435257]Proposal 15: Study when and how Tx UE indicates Tx beam(s) for the current PSCCH/PSSCH and subsequent PSCCH/PSSCH for the same TB and different TB (i.e., initial transmission and retransmissions for the same TB and different TB).

	Vivo
	[bookmark: _Ref135070837]Proposal 38: Conclude whether Rel-15 Uu beam indication framework or Rel-17 unified TCI framework is reused for SL beam indication.
[bookmark: _Ref135070841][bookmark: _Ref142686539]Proposal 39: Rel-17 Uu beam indication framework is reused for SL beam indication, the beam indication signaling indicates TX beam over multiple time interval(s). 
Proposal 40: Support PC5-RRC for periodic SL beam indication.
[bookmark: _Ref142686541]Proposal 41: Support MAC CE to activate/deactivate of PC5-RRC configured beam indication.
[bookmark: _Ref142686543]Proposal 42: Support SCI for aperiodic beam indication.
[bookmark: _Ref142686545]Proposal 43: Support SL UE to send the SL beam indication to indicate the intended SL Tx beam and Rx beam .
[bookmark: _Ref127451491]Proposal 44: Support RX UE to indicate the expected transmission beam and the corresponding time resources to different TX UEs, in order to coordinate the transmission of different UEs.
[bookmark: _Ref142686557]Proposal 45: Support gNB to indicate non-preferred beams for SL transmission of a UE, to mitigate interference to gNB’s reception. 

	CATT
	Proposal 8: For beam indication in sidelink beam maintenance, QCL types A and QCL types D can be used. Considering the mode 2 scenario, parameters such as Relative Doppler shift, Relative Doppler spread can be added.
· FFS: How to distinguish and process QCL signals received simultaneously from different UEs.
Proposal 9: the Rel-17 unified TCI framework can be reused.
Proposal 10: PSCCH and associated PSSCH always have the same TCI state. 

	CMCC
	Observation 1: The TCI-state of PSSCH and the corresponding PSCCH cannot be different in sidelink because the gap b/w PSCCH and PSSCH will never be equal or larger than the threshold.
Proposal 13: When RAN1 study beam management mechanism in FR2 licensed spectrum, the TCI-states of PSCCH and PSSCH should always be assumed as same. 

	Apple
	Proposal 29: RAN1 supports that beam indication is sent by either transmitter UE or receiver UE. 
Proposal 30: The contents of sidelink TCI state configuration at least include sidelink TCI state ID and QCL-related information including sidelink CSI-RS resource index and QCL type-D.
Proposal 31: The sidelink beam indication is carried by sidelink MAC CE.
Proposal 32: The ACK for sidelink beam indication serves as a reference time to determine the activation timing of selected beam pair.
The indicated beam is valid until a new beam indication is transmitted. 

	Xiaomi
	Proposal 6: Sidelink TCI state is introduced for Sidelink beam management.
Proposal 7: PSCCH and the associated PSSCH should always have the same TCI state.
Proposal 8: PC5-RRC, sidelink MAC CE and DCI can be used as a combination for TCI-state indication:
· A candidate sidelink TCI-state list is configured by PC5-RRC;
· A subset of TCI-states one currently used TCI-state in the list will be activated by sidelink MAC CE;
· SCI can indicate whether the TCI-state is switched or not to another one in the activated subset.
Proposal 9: The ending time of the PSFCH corresponding to the beam indication can be considered as the reference for the activation time of indicated beam.

	DCM
	Proposal 13: PSCCH and associated PSSCH always have the same TCI state within a slot.
Proposal 14: Transmitter SL UE indicates its own transmit beam to receiver UE as a beam indication.
· FFS: A beam indication is defined as transmitter UE’s TX spatial parameters or receiver UE’s RX spatial parameters
· FFS: Need for an indication for an opposite SL UE’s transmit beam. i.e., need for Rel-17 unified TCI framework (or Rel-15 spatial relation framework)

	OPPO
	Proposal 19: Similar as NR Uu, QCL types are introduced in NR SL and used to indicate the TX/RX spatial filter related information.
Proposal 20: For SL TCI-state mechanism, at least the following information should be included in each TCI-state:
· TCI-state ID;
· QCL info
· QCL type: {typeA, typeB, typeC, typeD}
· Reference signal: {CSI-RS resource ID}
Proposal 21: Same TX beam is applied to PSCCH and associated PSSCH. 
Proposal 22: TCI-state is configured using PC5-RRC or MAC CE, SCI is used to indicate one TCI-state used by the scheduled PSSCH. 

	ZTE
	Proposal 20: PSCCH and associated PSSCH always have the same Tx beam (i.e. TCI state).
[bookmark: _Toc135070437][bookmark: _Toc131790710]Proposal 21: The Tx UE can indicate the beam used for future/reserved PSCCH/PSSCH transmission to the Rx UE by SCI.

	Samsung
	Proposal 9: For enhanced SL operation on FR2 licensed spectrum, the SL TCI state includes a SL CSI-RS ID which is the source RS for the spatial relation.
Proposal 10: For enhanced SL operation on FR2 licensed spectrum, the beam indication can provide:
· A beam indication for transmission from UE1 to UE2 or vice versa
· A pair of beam indications for transmission from UE1 to UE2 and for transmission from UE2 to UE1
· A joint beam indication for transmission from UE1 to UE2 and for transmission from UE2 to UE1.
Proposal 11: For enhanced SL operation on FR2 licensed spectrum, consider a framework similar to the unified TCI state framework, where TCI states can be configured by RRC, TCI state codepoints can be activated by MAC CE and then indicated by L1 control
Proposal 12: For enhanced SL operation on FR2 licensed spectrum, consider the beam application time after beam indication.

	Interdigital
	Proposal 17: Sidelink TCI states should reuse the Rel-17 unified TCI framework

	Qualcomm
	Proposal 4-3: Re-use the concept of Uu Unified-TCI framework
· Support at least the case where a SL TCI-state configuration has a periodic RS as a source for Tx/Rx spatial filter
· FFS: the need for SL TCI-state configuration having aperiodic RS as a source for Tx/Rx spatial filter
· A SCI format can indicate one of the SL TCI-state for transmission and/or reception for a unicast-link
· After a certain time gap, the indicated SL TCI-state is effective
· The SL-TCI state indication by a SCI format is sticky

	LG
	[bookmark: _Hlk142467811]Observation 8: To maximize the beam gain, the suitable TX spatial setting of the TX UE and the suitable RX spatial setting of the RX UE would need to be aligned on time. However, in general, the RX UE may not know when the TX UE will transmit SL channel to the RX UE. 
[bookmark: _Hlk142467798]Proposal 9: For the SL beam maintenance, study how to align the UE1 transmit beam and the UE2 receive beam in time domain.
· e.g, UE2 uses the UE2 receive beam associated with the UE1 transmit beam of PSCCH/PSSCH in PSFCH occasion corresponding to the UE1’ PSCCH/PSSCH.
· e.g, UE2 can inform the time duration where the UE2 will use the UE2 receive beam associated with a certain UE1 transmit beam.
· e.g, UE1 can inform the time duration where the UE1 will use the UE1 transmit beam for PSCCH/PSSCH to UE2.

	CEWiT
	Proposal 6: In sidelink beam management, the beam indication should include at least the Beam-id, beam-strength and the beam-validity. 
Proposal 7: In sidelink beam management, the beam validity will indicate the time duration for which the beam will be valid.  
Proposal 8: For sidelink beam enhancement on FR2, the QCL types used for 5G NR can be used for sidelink communication as well.
Proposal 9: In sidelink beam management, any one of the QCL types A, B, C, and D or multiple combinations can be configured between source RS and destination RS based on the applicability.
Proposal 10: In sidelink beam management, it can have different configuration mechanisms to associate a TCI state to a target RS as based on follows:
· RRC 
· MAC-CE 
· SCI 
· DCI in mode-1 type of resource configuration.
Proposal 11: In sidelink beam management, the indication of the new TCI state to receiver UE 
· Option 1: Using MAC-CE and/or SCI for mode-2 configuration.
· Option 2: Using MAC-CE and/or DCI over Uu link in mode-1 configuration.
Proposal 12:  In sidelink beam management, the TCI states can be configured for SL-CSI-RS using follows signalling:
· RRC for periodic SL-CSI-RS.
· MAC-CE for semi-persistent SL-CSI-RS.
· SCI for aperiodic.
· DCI for aperiodic in mode-1 configuration.
Proposal 13: In sidelink beam management, the TCI states can be configured for PSSCH-DMRS either using RRC signalling or using MAC-CE.
Proposal 14: In sidelink beam management, the TCI state can indicate either using SCI and/or using MAC-CE dynamically for PSSCH-DMRS.
Proposal 15: In sidelink beam management, the TCI states can be configured for PSCCH-DMRS either using RRC signalling or using MAC-CE.
Proposal 16: In sidelink beam management, the TCI state can indicate using MAC-CE dynamically for PSCCH-DMRS.
Proposal 17: In sidelink communication, during link establishment, the receiver UE can assume that the transmit beams from the transmitter UE will be QCL’ed with the beam that transmitted before the link establishment.
Proposal 18: In sidelink communication, during the link establishment, the UE1 will indicate the TCI state in SCI over PSCCH. The TCI state includes QCL type and the transmitted S-SSB or SL-CSI-RS beam id (transmitted S-SSB or SL-CSI-RS beam before link establishment from UE1 to UE2).

	Ericsson
	[bookmark: _Toc142662191]Proposal 4: RAN1 to consider the same TCI state for PSCCH and associated PSSCH.



Others
Nokia, Samsung, xiaomi, vivo mention the power control in beam-based transmissions. The topic can be further considered after some progress has been made on initial beam pairing and beam maintenance. Hence, no FL proposal is provided in this meeting. 

Besides the issues discussed in above sub-sections for sidelink beam maintenance, FL would like to collect companies’ views on any other topics to be studied. This is in Question 2-1. 

The following table provides a summary of company proposals on other aspects of sidelink beam maintenance: 

	Company
	Company proposal related to this issue

	Nokia
	[bookmark: Obs62486][bookmark: Obs88481][bookmark: Obs62460][bookmark: Obs29930][bookmark: Obs86736]Observation 18: Intra-slot TX beam sweeping may cause an AGC issue at nearby RX UEs, due to a sudden, unexpected increase in instantaneous total received power in the middle of a slot.
[bookmark: Proposal80326][bookmark: Proposal35663][bookmark: Proposal98861][bookmark: Proposal38860][bookmark: Proposal51822]Proposal 18: In order to overcome the AGC issue, specify power control or adaptation during intra-slot TX beam sweeping to compensate for the higher beamforming gain of the TX beams being swept compared to a wide beam used at the beginning of the slot.

	Samsung
	Proposal 15: For enhanced SL operation on FR2 licensed spectrum, study beam-based open-loop power control operation.

	Xiaomi
	Proposal 16: RAN1 shall investigate the impact of SL TX beam on SL power control based on DL pathloss. 

	Vivo
	[bookmark: _Ref142686562][bookmark: _Ref142686563]Proposal 49: SL power control should be enhanced for SL operation in FR2 considering the beam-based transmission and reception, e.g., power control per gNB’s reception beam or per SL transmission beam. 
Proposal 50: Support dynamic power control between two UEs of a unicast UE pair.



[Closed] First round discussions
[H] Proposal 2-1-a
Proposal 2-1-a: For standalone sidelink CSI-RS transmission in beam maintenance, consider
· at least transmitted with accompanied PSCCH
· FFS additionally accompanied sidelink MAC CE
· at least periodic and/or semi-persistent transmissions
· FFS aperiodic transmissions
· one or multiple transmissions in a slot
· Either same or different transmit beams in a slot
· AGC symbol is before each sidelink CSI-RS transmission
· resources for standalone sidelink CSI-RS are based on
· Alt 1-1: dedicated resources different from legacy PSCCH/PSSCH/PSFCH resources
· Alt 1-2: shared resources with legacy PSCCH/PSSCH resources
· Alt 1-3: shared resources with legacy PSFCH resources 
· resource allocation for standalone sidelink CSI-RS
· Alt 2-1: uses PSCCH/PSSCH resource allocation scheme as starting point
· Alt 2-2: depending on mapping rule with PSCCH/PSSCH resource


	Company
	Yes or No
	Comments

	Qualcomm
	No
	On “accompanied PSCCH”, we wonder what the assumption is.
SL CSI-RS for each beam has an accompanied PSCCH? If so, many PSCCHs are necessary for SL CSI-RSs over multiple beams. Or, SL CSI-RSs for multiple beams has a common accompanied PSCCH? If so, what is the Tx beam applied to the accompanied PSCCH and how Tx beams for the SL CSI-RSs are formed? Those details should be clarified.

We think the standalone SL CSI-RS should be in (pre)configured resources and then it does not need an accompanied PSCCH. For the other transmissions/receptions (or for potential legacy UEs on the same carrier), their SL resource pool can be (pre)configured such that the resources for standalone SL CSI-RS transmissions are excluded. For the standalone SL CSI-RS, (pre)configuration should provide Tx beam information (e.g., SL TCI-state). Then Rx UE having the (pre)configuration can monitor the standalone SL CSI-RSs with appropriate Rx beams.

The benefit of having accompanied PSCCH is not clear. It rather complicates the specification and actual operation/implementation.

Regarding how to set AGC symbol, we think it can be discussed in normative work phase. As for SL beam management study, RAN1 does not need to conclude details.

	Nokia, NSB
	Yes, with modifications
	Proposal 2-1-a: For standalone sidelink CSI-RS transmission in beam maintenance, consider
· at least transmitted with accompaniedying PSCCH carrying 1st-stage SCI (i.e., resource reservation information)
· FFS additionally accompanying PSSCH carrying 2nd-stage SCI (e.g., source/destination ID(s), beam ID(s), etc.)
· FFS additionally accompaniedying PSSCH carrying sidelink MAC CE
· at least periodic and/or semi-persistent transmissions
· FFS aperiodic transmissions
· one or multiple transmissions in a slot
· Either same or different transmit beams in a slot
· FFS transmit beam of accompanying PSCCH/PSSCH
· AGC symbol is before each sidelink CSI-RS transmission
· FFS same or different transmit power as accompanying PSCCH/PSSCH
· resources for standalone sidelink CSI-RS are based on
· AltOption 1-1: dedicated resources different from legacy PSCCH/PSSCH/PSFCH resources
· AltOption 1-2: shared resources with legacy PSCCH/PSSCH resources
· AltOption 1-3: shared resources with legacy PSFCH resources 
· FFS (pre)configuration enables/disables one or more of the above options
· resource allocation for standalone sidelink CSI-RS
· Alt 2-1: uses mode-2 PSCCH/PSSCH resource allocation scheme (e.g., random selection, sensing, IUC, etc.) as starting point
· FFS enhancements
· Alt 2-2: depending on mapping rule with PSCCH/PSSCH resource
· FFS support RE-level multiplexing of standalone sidelink CSI-RSs from different UEs


	OPPO
	Yes
	

	WILUS
	Comments
	If multiple transmissions using different beams occurred in a slot, we think gap symbol for Tx beam switching is needed. Hence, we suggest,
· one or multiple transmissions in a slot
· Either same or different transmit beams in a slot
· AGC symbol is before each sidelink CSI-RS transmission
· Gap symbol between SL transmissions in a slot using different Tx beams.


	Lenovo
	Yes with comments
	Every Standalone CSI-RS symbols need not be accompanied by PSCCH. Standalone CSI-RS can also be (pre)configured like PSFCH. FFS which symbols are used for standalone CSI-RS transmission    

	Toyota
	Yes
	

	SS
	
	We are fine with the direction of this proposal with the following changes:
· Aperiodic transmissions should also be considered.
· We don’t see a need for Alt 1-3.
· For Alt 1-1 and Alt 1-3, we should have a discussion on the slot structure.


	Mediatek
	Comment
	For standalone CSI-RS, we don’t think PSCCH is necessary. If the CSI-RS is accompanied with PSCCH, it means every CSI-RS is with a PSCCH instead only at the beginning of a slot. To avoid AGC issue, it is a common solution to use inter slot Tx beam sweeping, which means intra slot Rx beam sweeping. The Rx UE will not detect the PSCCH in some occasions. So the proposal can be modified as:
Proposal 2-1-a: For standalone sidelink CSI-RS transmission in beam maintenance, consider
· at least transmitted with or without accompanied PSCCH


	Vivo
	
	For resource allocation for standalone sidelink CSI-RS, we think multiple solutions should be studied, e.g., random selection, resource selection based on UE ID.

Based on contribution review, few discussion is about this resource selection procedure, this topic depends on PSSCH resource selection scheme as well, we are not sure whether we treat this topic in R18 or R19.


	ZTE
	Partial agree
	Alt 1-3 is not clear, does this imply the PSFCH for beam reporting is two symbols as per Rel-16 PSFCH?

	Huawei, HiSilicon
	Yes, with comments
	For standalone sidelink CSI-RS transmission, SL MAC CE should be supported in order to follow the existing slot structure. Same transmit beam should be used in a slot and legacy resource allocation can be reused without leading to AGC issue.

The proposal can be updated in red as：

Proposal 2-1-a: For standalone sidelink CSI-RS transmission in beam maintenance, consider
· at least transmitted with accompanied PSCCH and/or sidelink MAC CE
· FFS additionally accompanied sidelink MAC CE
· at least periodic and/or semi-persistent transmissions
· FFS aperiodic transmissions
· one or multiple transmissions in a slot
· Either same or different transmit beams in a slot
· AGC symbol is before each sidelink CSI-RS transmission
· resources for standalone sidelink CSI-RS are based on
· Alt 1-1: dedicated resources different from legacy PSCCH/PSSCH/PSFCH resources
· Alt 1-2: shared resources with legacy PSCCH/PSSCH resources
· Alt 1-3: shared resources with legacy PSFCH resources 
· resource allocation for standalone sidelink CSI-RS
· Alt 2-1: uses PSCCH/PSSCH resource allocation scheme as starting point
· Alt 2-2: depending on mapping rule with PSCCH/PSSCH resource


	Xiaomi
	comment
	For standalone CSI-RS, the associated PSCCH/PSSCH can be transmitted in different slots other than the CSI-RS. In the slot that CSI-RS is transmitted, there can be no accompanying PSCCH/PSSCH, but the PSCCH/PSSCH in previous slots can indicate or reserve the transmission of CSI-RS. This option shall be considered and included in the study, so the legacy design of PSCCH/PSSCH transmission can be maximally reused; also the resource efficiency of standalone CSI-RS can be improved as TX sweeping can be used in the slot of CSI-RS transmission.

	Sony
	Yes
	

	Spreadtrum
	comment
	We have concern with “accompanied PSCCH”. Standalone CSI-RS doesn’t have to be associated with a PSCCH, e.g., periodic or SP standalone CSI-RS. From our view, only aperiodic CSI-RS has accompanied PSCCH. 



[H] Proposal 2-2-a
Proposal 2-2-a: For non-standalone sidelink CSI-RS transmission in beam maintenance, consider 
· periodicity is one or more of the following
· Alt 1: aperiodic transmissions
· FFS triggering condition
· Alt 2: periodic and/or semi-persistent transmissions
· one or multiple non-standalone sidelink CSI-RS transmissions in a slot,
· sidelink CSI-RS transmissions can have the same transmit beam as the associated PSCCH/PSSCH in a slot
· FFS whether/how to support sidelink CSI-RS transmissions have different transmit beams from the associated PSCCH/PSSCH in a slot (e.g., AGC issue) 
· resources for non-standalone sidelink CSI-RS
· Alt 1: confined in PSSCH (legacy)
· Alt 2: dedicated symbol(s) which are TDM-ed with PSCCH/PSSCH 

	Company
	Yes or No
	Comments

	Qualcomm
	
	Similar to Uu aperiodic CSI-RS, aperiodic SL RS transmissions must have periodic SL RS as a source of the spatial Tx/Rx filter derivation. Therefore, we think it is really important to make a progress on periodic/standalone RS. Aperiodic/non-standalone RS can be progressed as an additional method for beam maintenance once overall SL beam management framework and periodic/standalone RS are clear.

	Nokia, NSB
	Yes, with modification
	“non-standalone” means the UE has SL data (i.e., MAC SDU) to be transmitted, and it uses that opportunity to piggyback the SL CSI-RS. Thus, the first bullet does not seem to be needed. If the UE has no periodic SL data to transmit, then how will it transmit SL CSI-RS periodically in a non-standalone manner?

Proposal 2-2-a: For non-standalone sidelink CSI-RS transmission in beam maintenance, consider 
· periodicity is one or more of the following
· Alt 1: aperiodic transmissions
· FFS triggering condition
· Alt 2: periodic and/or semi-persistent transmissions
· one or multiple non-standalone sidelink CSI-RS transmissions in a slot,
· sidelink CSI-RS transmissions can have the same transmit beam as the associated PSCCH/PSSCH in a slot
· FFS whether/how to support sidelink CSI-RS transmissions have different transmit beams from the associated PSCCH/PSSCH in a slot (e.g., AGC issue) 
· resources for non-standalone sidelink CSI-RS
· Alt 1: confined in PSSCH (legacy)
· Alt 2: dedicated symbol(s) which are TDM-ed with PSCCH/PSSCH 
· FFS new SCI fields (e.g., beam ID(s), etc.)


	OPPO
	Yes 
	

	WILUS
	Yes
	

	Lenovo 
	Yes 
	

	Toyota
	Yes
	

	SS
	No
	We don’t think this proposal is needed. For non-standalone CSI-RS, follows legacy design, using the same spatial filter for CSI-RS and accompanying PSSCH.

	ZTE
	Partial agree
	Alt 1-3 is not clear, does this imply the PSFCH for beam reporting is two symbols as per Rel-16 PSFCH?

	Huawei, HiSilicon
	Yes, with comments
	For non-standalone sidelink CSI-RS transmission, if there is no periodic data transmission, it is not clear how UE1 would transmit periodic SL CSI-RS. 

	Sony
	Yes with comments
	Suggest deleting the first sub-bullet as the non-standalone CSI-RS don’t need to be limited in periodical way.

	Spreadtrum
	Yes
	

	DCM
	Comments
	Agree with nokia. Periodicity cannot be defined for non-standalone CSI-RS with MAC SDU.



[M] Proposal 2-3-a
Proposal 2-3-a: For beam reporting using PSFCH (if supported) in beam maintenance, consider the following PSFCH contents, resources and formats: 
· Alt 1: Multiple sidelink CSI-RS resources are mapped to one set of PSFCH resources
· A list of (CRI, L1-RSRP) is explicitly indicated 
· A new PSFCH format (e.g., like PUCCH format 2) is introduced
· Alt 2: Multiple sidelink CSI-RS resources are mapped to one set of PSFCH resources
· Whether or not L1-RSRP is larger than a threshold is implicitly indicated via the presence of PSFCH transmission
· CRI is explicitly indicated by exploring the frequency and/or code domain PSFCH resource in the set of PSFCH resources
· PSFCH format 0 is used
· Alt 3: One sidelink CSI-RS resource is mapped to one set of PSFCH resources
· CRI is implicitly indicated via resource association
· L1-RSRP is explicitly indicated by exploring the frequency and/or code domain PSFCH resource in the set of PSFCH resources
· PSFCH format 0 is used
· Alt 4: One sidelink CSI-RS resource is mapped to one set of PSFCH resources
· CRI is implicitly indicated via resource association 
· Whether or not L1-RSRP is larger than a threshold is indicated via PSFCH 
· PSFCH format 0 is used  
· Other alternatives are not precluded.
· FFS transmit/receive beam of PSFCH for beam reporting


	Company
	Yes or No
	Comments

	Qualcomm
	No
	We have a concern to discuss these potential PSFCH enhancements that require significant specification effort where its essentiality/necessity is yet unclear. In addition, any of the alternatives above are not based on Uu beam management framework. We already have SL MAC-CE for CSI reporting. We propose to first fix SL MAC-CE as a beam reporting container.

	Nokia, NSB
	See comments
	The difference between Alt2 and Alt4 needs to be clarified.

Alt2 says “CRI is explicitly indicated by exploring the frequency and/or code domain PSFCH resource”, but isn’t this equivalent to “CRI is implicitly indicated via resource association” (Alt4)? Note that in PSFCH format 0, a PSFCH resource is defined by its frequency-domain (RB) and code-domain (cyclic shift). Thus, it seems that “explicitly indicating CRI by f/c domain” is equivalent to “implicitly indicating CRI via resource association”.

Proposal 2-3-a: For beam reporting using PSFCH (if supported) in beam maintenance, consider the following PSFCH contents, resources and formats: 
· Alt 1: Multiple sidelink CSI-RS resources are mapped to one set of PSFCH resources
· A list of (CRI, L1-RSRP) is explicitly indicated 
· A new PSFCH format (e.g., like PUCCH format 2) is introduced
· Alt 2: Multiple sidelink CSI-RS resources are mapped to one set of PSFCH resources
· Whether or not L1-RSRP is larger than a threshold is implicitly indicated via the presence of PSFCH transmission
· CRI is explicitly indicated by exploring the frequency and/or code domain PSFCH resource in the set of PSFCH resources
· PSFCH format 0 is used
· Alt 3: One sidelink CSI-RS resource is mapped to one set of PSFCH resources
· CRI is implicitly indicated via resource association
· L1-RSRP is explicitly indicated by exploring the frequency and/or code domain PSFCH resource in the set of PSFCH resources
· PSFCH format 0 is used
· Alt 4: One sidelink CSI-RS resource is mapped to one set of PSFCH resources
· CRI is implicitly indicated via resource association 
· Whether or not L1-RSRP is larger than a threshold is implicitly indicated via the presence of PSFCH transmission
· PSFCH format 0 is used  
· Other alternatives are not precluded.
· FFS transmit/receive beam of PSFCH for beam reporting
· FFS multiple PSFCH occasions within a slot


	OPPO
	Yes with comment
	We agree with Nokia to remove Alt 2.
For other alternatives, we prefer to add some FFS for further study at current stage.

Proposal 2-3-a: For beam reporting using PSFCH (if supported) in beam maintenance, consider the following PSFCH contents, resources and formats: 
· Alt 1: Multiple sidelink CSI-RS resources are mapped to one set of PSFCH resources
· A list of (CRI, L1-RSRP) is explicitly indicated 
· A new PSFCH format (e.g., like PUCCH format 2) is introduced
· Alt 2: Multiple sidelink CSI-RS resources are mapped to one set of PSFCH resources
· Whether or not L1-RSRP is larger than a threshold is implicitly indicated via the presence of PSFCH transmission
· CRI is explicitly indicated by exploring the frequency and/or code domain PSFCH resource in the set of PSFCH resources
· PSFCH format 0 is used
· Alt 3: One sidelink CSI-RS resource is mapped to one set of PSFCH resources
· CRI is implicitly indicated via resource association
· L1-RSRP is explicitly implicitly indicated by exploring the frequency and/or code domain PSFCH resource in the set of PSFCH resources
· PSFCH format 0 is used
· Alt 4: One sidelink CSI-RS resource is mapped to one set of PSFCH resources
· CRI is implicitly indicated via resource association 
· Whether or not L1-RSRP is larger than a threshold is indicated via PSFCH 
· PSFCH format 0 is used  
· FFS other details.
· Other alternatives are not precluded.
· FFS transmit/receive beam of PSFCH for beam reporting
· FFS how to determine PSFCH resource based on associated sidelink CSI-RS resource



	WILUS
	Yes
	We generally agree that Alt 2 and Alt 4 are basically same, and we support OPPO’s suggestion for Alt 4. For Alt 4, we have question that indication of L1-RSRP is larger than a threshold has any benefit for beam maintenance procedure. What is UE behavior that receives such indication?

	Toyota
	Yes
	

	SS
	No
	Prefer to focus on SCI or MAC CE as container for beam report.

	VIVO
	
	Indication of L1-RSRP using PSFCH is not preferred by us. one beam information is conveyed by PSFCH.

	ZTE
	Partial agree
	Alt 1-3 is not clear, does this imply the PSFCH for beam reporting is two symbols as per Rel-16 PSFCH?

	Huawei, HiSilicon
	Yes, with comments
	Indication of CRI and L1-RSRP in Alt 2 and 3 using the frequency and code domain resources is not technically explicitly indicated.
· Alt 2: Multiple sidelink CSI-RS resources are mapped to one set of PSFCH resources
· Whether or not L1-RSRP is larger than a threshold is implicitly indicated via the presence of PSFCH transmission
· CRI is explicitly indicated by exploring the frequency and/or code domain PSFCH resource in the set of PSFCH resources
· PSFCH format 0 is used
· Alt 3: One sidelink CSI-RS resource is mapped to one set of PSFCH resources
· CRI is implicitly indicated via resource association
· L1-RSRP is explicitly indicated by exploring the frequency and/or code domain PSFCH resource in the set of PSFCH resources
· PSFCH format 0 is used


	LGE
	Yes
	We generally fine with the proposal.

	Sony
	Yes
	We are basically ok with the proposal

	Spreadtrum
	comment
	Agree to combine Alt.2 and Alt.4 together. 



[M] Proposal 2-4-a
Proposal 2-4-a: For beam reporting using sidelink MAC CE (if supported) in beam maintenance, consider the following
· Sidelink MAC CE explicitly indicates a list of (CRI, L1-RSRP) 
· Reuse Rel-16 sidelink CSI reporting window as baseline
· FFS latency bound for sidelink beam reporting

	Company
	Yes or No
	Comments

	Nokia, NSB
	Yes, with clarification
	Proposal 2-4-a: For beam reporting using sidelink MAC CE (if supported) in beam maintenance, consider the following
· Sidelink MAC CE explicitly indicates a list of one or more (CRI, L1-RSRP) pairs
· Reuse Rel-16 sidelink CSI reporting window as baseline
· FFS latency bound for sidelink beam reporting


	OPPO
	Yes 
	

	WILUS
	Yes
	

	SS
	
	OK, with proposal prefer to replace “list” with “one or more” 

	Toyota
	Yes
	

	ZTE
	Yes
	

	Huawei, HiSilicon
	Comments
	Although MAC CE is used in legacy NR SL, using MAC CE leads to increased latency, and is not conducive to be used for quick beam maintenance. Since there is no mapping between the resources used to transmit the CSI-RS and its respective CSI report, UE1 does not know when and with which beam to receive the report. This issue should be addressed first in the design of possible MAC CE reporting.

	LGE
	Yes
	

	Sony
	Yes
	

	Spreadtrum
	Yes
	

	DCM
	Yes
	



[M] Proposal 2-5-a
Proposal 2-5-a: For beam indication in sidelink beam maintenance, 
· in sidelink TCI state configuration 
· Periodic or semi-persistent reference signal is a source for Tx/Rx spatial filter
· At least QCL type-D is supported
· FFS other QCL types
· PSCCH and associated PSSCH always have the same TCI state
· FFS: gap between beam indication and beam switching
· Beam indication validity duration
· Alt 1: Sticky (i.e., until the next beam indication)
· Alt 2: (pre-)configured or dynamically indicated  

	Company
	Yes or No
	Comments

	Qualcomm
	Yes
	

	Nokia, NSB
	Yes
	

	OPPO
	Yes 
	

	WILUS
	Yes
	

	Toyota
	Yes
	

	SS
	
	OK, with proposal, with some updates:

Proposal 2-5-a: For beam indication in sidelink beam maintenance, 
· in sidelink TCI state configuration 
· Periodic or semi-persistent reference signal is a source for Tx/Rx spatial filter
· At least QCL type-D is supported
· FFS other QCL types
· PSCCH and associated PSSCH always have the same TCI state
· FFS: gap between beam indication and beam switching
· FFS details
· Beam indication validity duration
· Alt 1: Sticky (i.e., until the next beam indication)
· Alt 2: (pre-)configured or dynamically indicated  
· 

	Vivo
	
	· FFS: gap between beam indication and beam switching

Does the FFS capture the beam indication processing time? Shall we capture the processing time explicitly

	ZTE
	Yes
	We prefer Alt 2.

	Huawei, HiSilicon
	Yes
	

	Sony
	Yes
	

	Spredtrum
	Yes with comment
	Unified TCI framework should be considered for sidelink beam maintenance



[M] Question 2-1
Question 2-1: Do you think any other topics could be studied for sidelink beam maintenance?

	Company
	Comments

	Nokia, NSB
		RAN1 #113 Agreement
For beam maintenance, consider design details for sidelink CSI-RS transmissions with or without repetition on transmit beams.



In relation to the above agreement, we kindly ask the FL to consider adding the following proposal for discussion:

Proposal XXX: RAN1 can study the following candidate procedure for sidelink beam maintenance relying on sidelink CSI-RS transmissions with repetition on transmit beams:
· Step 1: UE1 transmits sidelink CSI-RSs with repetition on a UE1 transmit beam (e.g., determined as part of initial beam pairing)
· Step 2: UE2 measures the repeated sidelink CSI-RSs using different UE2 receive beams and determines a UE2 receive beam
· Step 3: UE2 transmits sidelink CSI-RS with repetition using the determined UE2 receive beam as transmit beam
· Step 4: UE1 measures the repeated sidelink CSI-RSs using different UE1 receive beams and determines a UE1 receive beam
· FFS specification impact (e.g., signaling, resources, timeline, etc.)


	SS
	(1) Power control
(2) Operation in mode 1.




[Closed] Second round discussions
[H] Proposal 2-1-b
FL added Alt 0-2 and 0-3, following the comments from Qualcomm and Xiaomi, respectively. Alt 1-3 is modified to address ZTE’s question. 

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


	Company
	Yes or No
	Comments

	Nokia, NSB
	Yes
	(comments already provided during Tuesday’s offline session)

	Qualcomm
	
	In Proposal 1-2-b, RS for initial beam-pairing is proposed to be transmitted semi-persistently. Here, standalone sidelink CSI-RS is proposed to be transmitted at least periodically or semi-persistently. What are the differences?

On Alt.2-1, we think some clarification on how mode-2 is supposed to work is helpful, similar to Proposal 1-2-b.

	SS
	
	· We would like to include aperiodic transmissions or on demand transmissions.
· Add Alt 2-3: depending on mapping rule with beam ID



[H] Proposal 2-2-b
The first bullet is deleted, following the suggestions from Nokia, Huawei, Sony.

Proposal 2-2-b: For non-standalone sidelink CSI-RS transmission in beam maintenance, consider 
· periodicity is one or more of the following
· Alt 1: aperiodic transmissions
· FFS triggering condition
· Alt 2: periodic and/or semi-persistent transmissions
· one or multiple non-standalone sidelink CSI-RS transmissions in a slot,
· sidelink CSI-RS transmissions can have the same transmit beam as the associated PSCCH/PSSCH in a slot
· FFS whether/how to support sidelink CSI-RS transmissions have different transmit beams from the associated PSCCH/PSSCH in a slot (e.g., AGC issue) 
· resources for non-standalone sidelink CSI-RS
· Alt 1: confined in PSSCH (legacy)
· Alt 2: dedicated symbol(s) which are TDM-ed with PSCCH/PSSCH 
· FFS: SCI fields modification 

	Company
	Yes or No
	Comments

	Nokia, NSB
	Yes
	

	Qualcomm
	Yes
	

	SS
	No
	We have a concern about this proposal. This applies to scenario where SL CSI-RS and SL data are included in the same slot, having multipled CSI-RS transmission could have an impact on AGC and lead to non-backward compatability with other SL transmissions. 



[H] Proposal 2-3-b
As mentioned by Nokia, OPPO, Wilus, Alt 2 is similar to Alt 4. Hence, Alt 2 is removed. 

Regarding Wilus’s question, it is possible that if serving beam L1-RSRP is larger than a threshold, UEs do not need to switch serving beams. 

Other modifications are based on Nokia, OPPO, Huawei’s inputs. 


Proposal 2-3-b: For beam reporting using PSFCH (if supported) in beam maintenance, consider the following PSFCH contents, resources and formats: 
· Alt 1: Multiple sidelink CSI-RS resources are mapped to one set of PSFCH resources
· A list of (CRI, L1-RSRP) is explicitly indicated 
· A new PSFCH format (e.g., like PUCCH format 2) is introduced
· Alt 2: Multiple sidelink CSI-RS resources are mapped to one set of PSFCH resources
· Whether or not L1-RSRP is larger than a threshold is implicitly indicated via the presence of PSFCH transmission
· CRI is explicitly indicated by exploring the frequency and/or code domain PSFCH resource in the set of PSFCH resources
· PSFCH format 0 is used
· Alt 2: One sidelink CSI-RS resource is mapped to one set of PSFCH resources
· CRI is implicitly indicated via resource association
· Alt 2-A: L1-RSRP is implicitly indicated by exploring the frequency and/or code domain PSFCH resource in the set of PSFCH resources
· Alt 2-B: Whether or not L1-RSRP satisfies a certain condition is implicitly indicated via the presence of PSFCH transmission
· PSFCH format 0 is used
· Alt 2-2: One sidelink CSI-RS resource is mapped to one set of PSFCH resources
· CRI is implicitly indicated via resource association 
· Whether or not L1-RSRP satisfies a certain condition is implicitly indicated via the presence of PSFCH transmission
· PSFCH format 0 is used  
· Other alternatives are not precluded.
· FFS transmit/receive beam of PSFCH for beam reporting
· FFS how to determine PSFCH resource based on associated sidelink CSI-RS resource
· FFS multiple PSFCH occasions within a slot

	Company
	Yes or No
	Comments

	Nokia, NSB
	Yes
	

	Qualcomm
	
	We consider Alt.1 should be called as “multi-bit new PSFCH format based”, and new Alt.2 should be called as “resource selection of legacy PSFCH format based”.

Alt.1 requires introduction of new PSFCH format including channel coding, physical layer structure, power control, dropping rules, etc. New Alt.2 requires careful design or resource mapping considering false-alarm and miss detection probabilities. We think both are beyond the scope of the study.


	SS
	No
	We prefer no to consider this during study phase.



[H] Proposal 2-4-b
Majority of companies are fine with Proposal 2-4-a. Some clarification changes are made.

Regarding Huawei’s question, in FL understanding, for receiving beam reporting using sidelink MAC CE, UE1 can use the receive beam corresponding to the current serving beam. 

Proposal 2-4-b: For beam reporting using sidelink MAC CE (if supported) in beam maintenance, consider the following
· Sidelink MAC CE explicitly indicates a list of one or more (CRI, L1-RSRP) pairs
· Reuse Rel-16 sidelink CSI reporting window as baseline
· FFS latency bound for sidelink beam reporting


	Company
	Yes or No
	Comments

	Nokia, NSB
	Yes
	

	Qualcomm
	Yes
	

	SS
	Yes
	



[M] Proposal 2-5-b
Majority companies are fine with Proposal 2-5-a. Vivo questions the gap between beam indication and beam switching. In FL understanding, this includes the beam indication processing time. We can leave the detailed design of gap to a later stage. 

Proposal 2-5-b: For beam indication in sidelink beam maintenance, 
· in sidelink TCI state configuration 
· Periodic or semi-persistent reference signal is a source for Tx/Rx spatial filter
· At least QCL type-D is supported
· FFS other QCL types
· PSCCH and associated PSSCH always have the same TCI state
· FFS: gap between beam indication and beam switching
· Beam indication validity duration
· Alt 1: Sticky (i.e., until the next beam indication)
· Alt 2: (pre-)configured or dynamically indicated  

	Company
	Yes or No
	Comments

	Nokia, NSB
	Yes
	

	Qualcomm
	Yes
	

	SS
	
	We suggest the following updates:

Proposal 2-5-b: For beam indication in sidelink beam maintenance, further consider 
· in sidelink TCI state configuration 
· Periodic or semi-persistent reference signal is a source for Tx/Rx spatial filter
· At least QCL type-D is supported
· FFS other QCL types
· PSCCH and associated PSSCH always have the same TCI state
· FFS: gap between beam indication and beam switching
· FFS details
· Beam indication validity duration
· Alt 1: Sticky (i.e., until the next beam indication)
· Alt 2: (pre-)configured or dynamically indicated  




[M] Response on Question 2-1
Nokia mentions a procedure of beam maintenance. Basically, it is P3 + P3 procedure. It is unclear to FL whether there is any RAN1 impact. Hence, no FL proposal is provided. Companies may check this scheme further.  

Proposal 2-6-b (for conclusion): RAN1 to check the specification impact of the following candidate procedure: 
· Step 1: UE1 transmits sidelink CSI-RSs with repetition on a UE1 transmit beam (e.g., determined as part of initial beam pairing)
· Step 2: UE2 measures the repeated sidelink CSI-RSs using different UE2 receive beams and determines a UE2 receive beam
· Step 3: UE2 transmits sidelink CSI-RS with repetition using the determined UE2 receive beam as transmit beam
· Step 4: UE1 measures the repeated sidelink CSI-RSs using different UE1 receive beams and determines a UE1 receive beam

	Company
	Yes or No
	Comments

	Nokia, NSB
	Yes
	

	Qualcomm
	
	We think it is possible to specify SL beam maintenance such that the proposal 2-6-b can be enabled under a unified framework (as was done for Uu). 

	SS
	
	Not clear that this conclusion is necessary. The specification impact of the SL beam maintenance will be covered by the proposals corresponding to these steps. 





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

	Company
	Yes or No
	Comments

	SS3	
	
	We think aperiodic should not be FFS, but included.

	Lenovo
	Yes with comment 
	Please add FFS before AGC for CSI-RS

FFS AGC symbol is before each sidelink CSI-RS transmission

We are not sure whether AGC is needed before every CSI-RS resource. It depends on whether the CSI-RS resource is slot based or minislot based. If it is slot based then the AGC symbol at the beginning of te slot can be used  


	Huawei, HiSilicon
	Yes
	For Alt 2-4, it is unclear how the UE would use the beam ID to determine a resource for CSI RS transmission.

	DCM3
	
	Agree with SS

	Company
	Yes or No
	Comments

	SS3	
	
	We think aperiodic should not be FFS, but included.



[H] Proposal 2-2-c
Proposal 2-2-c: For non-standalone sidelink CSI-RS transmission in beam maintenance, consider 
· periodicity is one or more of the following
· Alt 1: aperiodic transmissions
· FFS triggering condition
· Alt 2: periodic and/or semi-persistent transmissions
· one or multiple non-standalone sidelink CSI-RS transmissions in a slot,
· sidelink CSI-RS transmissions can have the same transmit beam as the associated PSCCH/PSSCH in a slot
· FFS whether/how to support sidelink CSI-RS transmissions have different transmit beams from the associated PSCCH/PSSCH in a slot (e.g., AGC issue) 
· resources for non-standalone sidelink CSI-RS
· Alt 1: confined in PSSCH (legacy)
· Alt 2: dedicated symbol(s) which are TDM-ed with PSCCH/PSSCH 
· FFS: SCI fields modification 

	Company
	Yes or No
	Comments

	Huawei, HiSilicon
	Yes
	




[H] Proposal 2-3-c
Proposal 2-3-c: For beam reporting using PSFCH (if supported) in beam maintenance, consider the following PSFCH contents, resources and formats: 
· Alt 1: Multiple sidelink CSI-RS resources are mapped to one set of PSFCH resources
· A list of (CRI, L1-RSRP) is explicitly indicated 
· A new PSFCH format (e.g., like PUCCH format 2) is introduced
· Alt 2: Multiple sidelink CSI-RS resources are mapped to one set of PSFCH resources
· Whether or not L1-RSRP is larger than a threshold is implicitly indicated via the presence of PSFCH transmission
· CRI is explicitly indicated by exploring the frequency and/or code domain PSFCH resource in the set of PSFCH resources
· PSFCH format 0 is used
· Alt 2: One sidelink CSI-RS resource is mapped to one set of PSFCH resources
· CRI is implicitly indicated via resource association
· Alt 2-A: L1-RSRP is implicitly indicated by exploring the frequency and/or code domain PSFCH resource in the set of PSFCH resources
· Alt 2-B: Whether or not L1-RSRP satisfies a certain condition is implicitly indicated via the presence of PSFCH transmission
· PSFCH format 0 is used
· Alt 2-2: One sidelink CSI-RS resource is mapped to one set of PSFCH resources
· CRI is implicitly indicated via resource association 
· Whether or not L1-RSRP satisfies a certain condition is implicitly indicated via the presence of PSFCH transmission
· PSFCH format 0 is used  
· Other alternatives are not precluded.
· FFS transmit/receive beam of PSFCH for beam reporting
· FFS how to determine PSFCH resource based on associated sidelink CSI-RS resource
· FFS multiple PSFCH occasions within a slot

	Company
	Yes or No
	Comments

	SS3
	
	Based on the WID, the beam management framework follows the Uu beam managemenmt framewok and CSI-framework. We have concern that this departs from the scope of the WID.

	Lenovo 
	Yes with comment
	It is not clear from the proposal whether the CSI-RS resource mapped the PSFCH resource should have same CSI-RS configuration or whether it is possible to map CSI-RS having different CSI-RS configuration to a PSFCH resource. 

	LGE
	
	For Alt 2-B, since there is a pair of CS for the PSFCH format 0, how to use those CSs can be further discussed. We prefer the following modification:

Alt 2-B: Whether or not L1-RSRP satisfies a certain condition is implicitly indicated via the presence of PSFCH transmission


	Huawei, HiSilicon
	Yes
	



[H] Proposal 2-4-c
Proposal 2-4-c: For beam reporting using sidelink MAC CE (if supported) in beam maintenance, consider the following
· Sidelink MAC CE explicitly indicates a list of one or more (CRI, L1-RSRP) pairs
· Reuse Rel-16 sidelink CSI reporting window as baseline
· FFS latency bound for sidelink beam reporting


	Company
	Yes or No
	Comments

	SS3
	Yes
	

	LGE
	Yes
	

	Huawei, HiSilicon
	No
	We do not think MAC CE is to be supported due to latency issues.

	DCM3
	Yes
	



The corresponding agreement is achieved.
[M] Proposal 2-5-c
Proposal 2-5-c: For beam indication in sidelink beam maintenance, further consider
· in sidelink TCI state configuration 
· Periodic or semi-persistent reference signal is a source for Tx/Rx spatial filter
· At least QCL type-D is supported
· FFS other QCL types
· PSCCH and associated PSSCH always have the same TCI state
· FFS: gap between beam indication and beam switching
· Beam indication validity duration
· Alt 1: Sticky (i.e., until the next beam indication)
· Alt 2: (pre-)configured or dynamically indicated  

	Company
	Yes or No
	Comments

	SS3
	
	As commented before there should be a gap between indication and beam switching, we have study the details. This following the Uu beam managemeng framework.

	LGE
	Yes
	

	Huawei, HiSilicon
	Yes
	

	CEWiT
	Yes
	



[M] Proposal 2-6-c
Proposal 2-6-c (for conclusion): RAN1 to check the specification impact of the following candidate procedure: 
· Step 1: UE1 transmits sidelink CSI-RSs with repetition on a UE1 transmit beam (e.g., determined as part of initial beam pairing)
· Step 2: UE2 measures the repeated sidelink CSI-RSs using different UE2 receive beams and determines a UE2 receive beam
· Step 3: UE2 transmits sidelink CSI-RS with repetition using the determined UE2 receive beam as transmit beam
· Step 4: UE1 measures the repeated sidelink CSI-RSs using different UE1 receive beams and determines a UE1 receive beam

	Company
	Yes or No
	Comments

	SS3
	
	As commented before, not clear that this conclusion is necessary. The specification impact of the SL beam maintenance will be covered by the proposals corresponding to these steps.

	Huawei, HiSilicon
	No
	We feel that this proposal is not mature enough to agree at this stage. There are details missing, like is the repetition taking place in different symbols in the same slot, or in different slots?



We did not treat this proposal in online discussions. Companies may continue thinking of this latest verion of the proposal in Section 4.2.

[Closed] Fourth round discussions
[H] Proposal 2-1-e

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

	Company
	Yes or No
	Comments

	SS4
	
	As this is a study item change “are” to “can be”
Add aperiodic transmissions or remove the entire corresponding bullet.
Suggest the following update: “(potential) AGC symbol is transmitted prior to each sidelink CSI-RS transmission when SL CSI-RS is transmitted on a new beam” 

	WILUS
	Comments
	For the bullet ‘one or multiple transmissions in a slot’ we want to add FFS point for ‘gap symbol for Tx beam sweeping if different transmit beams in a slot is transmitted.’ In our view, without the defining of gap symbol for Tx beam sweeping in a slot, it can lead to misleading of Rx UE, e.g., RSRP measurement distortion, because Rx UE is expected to receive RS throughout the slot.
Hence, we suggest the following update:
· one or multiple transmissions in a slot
· Either same or different transmit beams in a slot
· FFS transmit beam of accompanying PSCCH/PSSCH (if supported)
· (potential) AGC symbol is transmitted prior to each sidelink CSI-RS transmission
· FFS same or different transmit power as accompanying PSCCH/PSSCH (if supported)
· FFS whether a PSCCH accompanies each sidelink CSI-RS transmission or a single PSCCH accompanies all sidelink CSI-RS transmissions in a slot
· FFS gap symbol for Tx beam sweeping for the case that different transmit beams is transmitted in a slot




The corresponding agreement is achieved.

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

	Company
	Yes or No
	Comments

	SS4
	
	Suggest to change “consider” to “study”. We think that the legacy CSI-RS can be used for the non-standalone case. 



The corresponding agreement is achieved.

[M] Proposal 2-3-e
Proposal 2-3-e: For beam reporting using PSFCH (if supported) in beam maintenance, consider the following PSFCH contents, resources and formats: 
· Alt 1: Multiple sidelink CSI-RS resources are mapped to one set of PSFCH resources
· A list of (CRI, L1-RSRP) is explicitly indicated 
· A new PSFCH format (e.g., like PUCCH format 2) is introduced
· Alt 2: One sidelink CSI-RS resource is mapped to one set of PSFCH resources
· CRI is implicitly indicated via resource association
· Alt 2-A: L1-RSRP is implicitly indicated by exploring the frequency and/or code domain PSFCH resource in the set of PSFCH resources
· Alt 2-B: Whether or not L1-RSRP satisfies a certain condition is implicitly indicated via the presence of PSFCH transmission
· PSFCH format 0 is used
· Other alternatives are not precluded.
· FFS transmit/receive beam of PSFCH for beam reporting
· FFS how to determine PSFCH resource based on associated sidelink CSI-RS resource
· FFS multiple PSFCH occasions within a slot

	Company
	Yes or No
	Comments

	SS4
	
	 Suggest to change “consider” to “study”

	WILUS
	Yes
	



This proposal is not agreed in online discussions. Companies may continue thinking of this latest verion of the proposal in Section 4.7.

[M] Proposal 2-5-e
Proposal 2-5-e: For beam indication in sidelink beam maintenance, further consider
· in sidelink TCI state configuration 
· Periodic or semi-persistent reference signal is a source for Tx/Rx spatial filter
· At least QCL type-D is supported
· FFS other QCL types
· PSCCH and associated PSSCH always have the same TCI state
· FFS:gap between beam indication and beam switching
· FFS details
· Beam indication validity duration
· Alt 1: Sticky (i.e., until the next beam indication)
· Alt 2: (pre-)configured or dynamically indicated  

	Company
	Yes or No
	Comments

	SS4
	Yes
	 

	WILUS
	Yes
	



The corresponding agreement is achieved.

Topic #3: Beam failure recovery 
Background
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.

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



In RAN1 #113 meeting, it was agreed to study 2 schemes for the BFI trigger that PHY layer provides to MAC layer. In this meeting, companies discuss on these 2 schemes with details. 

Scheme 1 (Sidelink HARQ based) 

One open issue of scheme 1 is the criteria of triggering sidelink BFI. Toyota, LG, Apple mention that following the principle of sidelink RLF, sidelink BFI is triggered if PSFCH feedback is absent on the PSFCH occasion. 

This is in Proposal 3-1-a. 

LG additionally mention the sidelink BFI is triggered, based on all or a subset of PSCCH/PSSCH transmit beams. 

Another open issue of scheme 1 is whether and how to support candidate beam identification in case of BFD. Some proposals from companies are listed below:
· Tx UE sends CBD (candidate beam determination) reference signal: Apple, ZTE
· Tx UE requests Rx UE to send CBD reference signal: Toyota
· Tx UE sends PSCCH/PSSCH using different beams and determines CBD based on ACK/NACK: ZTE
· Identified during initial beam pairing: Interdigital

These options are listed for further consideration, in Proposal 3-1-a. 

Besides the detailed design, Scheme 1 of sidelink BFI is supported by Spreadtrum, Toyota, DCM, Continental, Interdigital, Mediatek, Intel in general, but is not supported by Qualcomm. 

Scheme 2 (BFD reference signal based) 

One open issue of scheme 1 is the criteria of triggering sidelink BFI. Toyota, vivo, CATT, Apple mention that following the principle of Uu BFD, sidelink BFI is triggered if L1 metric (e.g., L1-RSRP, hypothetical BLER) of BFD reference signal reaches a threshold. 

This is in Proposal 3-1-a. 

Toyota mentions that sidelink BFI trigger is additionally based on the number of issued NACKs. OPPO, Wilus mention the BFD mechanism is based on timer and counter. FL thinks this could be part of the topics in RAN2. 

Another open issue of scheme 2 is the reference signal of BFD. Companies’ views on the BFD reference signals are listed below 
· Sidelink CSI-RS: OPPO, Wilus, Apple, Huawei
· S-SSB: Wilus, Huawei
· Periodic: Qualcomm, Huawei, CMCC
· Standalone: Qualcomm

Overall, FL thinks the BFD reference signal may be depending on the reference signal of initial beam pairing. Hence, the discussion is held at this stage. 

Huawei mentions that BFD detection window should include multiple BFD RS transmissions. ZTE mentions that receiver UE reports measurements of BFD reference signal to transmitter UE and then transmitter UE triggers CBD reference signal when BFD is detected

Besides the detailed design, Scheme 2 of sidelink BFI is supported by Nokia, Huawei, Spreadtrum, Toyota, vivo, NEC, DCM, Continental, Qualcomm, Mediatek. 

Other schemes of sidelink BFI
Companies also discuss other schemes of sidelink BFI triggering: 
· CSI report, CBR value: Spreadtrum
· Combination of scheme 1 and scheme 2: JHU

The following table provides a summary of company proposals on sidelink beam failure detection:
	Company
	Company proposal related to this issue

	Nokia
	[bookmark: Obs62493][bookmark: Obs62472][bookmark: Obs86756][bookmark: Obs29942]Observation 38: BFI indication at a TX UE based on the absence of expected HARQ feedback (Scheme 1) only applies in case HARQ feedback is enabled, and may not work well in case TX/RX beam correspondence does not hold.
[bookmark: Proposal51829][bookmark: Proposal35675][bookmark: Proposal98881][bookmark: Proposal38872]Proposal 38: Prioritize the study of Scheme 2 to trigger SL BFI.

	Huawei
	[bookmark: _Ref134726282][bookmark: _Ref142249458]Observation 19: For SL FR2 beam failure detection, when BFI is triggered based on sidelink HARQ feedback,
· It can lead to significant increase in latency because DTX is determined based on the number of retransmissions and hence the number of consecutive DTX can be up to 32.
· Determination of DTX is not accurate because DTX may result from conditions other than beam failure, e.g., half-duplex and prioritization of other transmission.
· Sidelink HARQ feedback-triggered BFI is unstable due to aperiodic PSCCH/PSSCH transmissions. 
[bookmark: _Ref134726319]Proposal 13: For SL FR2 beam failure detection, the Uu BFD procedure can be reused as baseline, where BFI is triggered based on the measurement of reference signals for BFD.
· S-SSB and SL CSI-RS are used as BFD reference signals.
· S-SSB and SL CSI-RS are used as CBD reference signals.
· Periodic BFD and CBD reference signals are supported.
· Candidate beam is determined by choosing the beam with largest RSRP satisfying a (pre-)configured threshold
· A detection window is configured for each BFD SL CSI-RS occasion to provide multiple chances for BFD SL CSI-RS transmissions.

	Spreadtrum
	Proposal-11: The definition of beam failure instance can be determined via a down-selection among the following parameters:
· CSI-RS measurement
· HACK-ACK
· CSI report
· CBR value
Proposal-12: The declaration of beam failure event could be Tx-UE or Rx-UE, and further investigations are expected.

	Toyota
	[bookmark: _Toc142646433][bookmark: _Toc131435260]Observation 13: For sidelink BFI, Scheme 1 (based on PSFCH carrying sidelink HARQ feedback) and Scheme 2 (based on measurement of reference signal for BFD) are complementary. This is because sidelink BFI is triggered at Tx UE in Scheme 1, whereas sidelink BFI is triggered at Rx UE in Scheme 2.
[bookmark: _Toc142646461]Proposal 16: For sidelink BFI, support both Scheme 1 (based on PSFCH carrying sidelink HARQ feedback) and Scheme 2 (based on measurement of reference signal for BFD). Other options are not precluded.
[bookmark: _Toc142646462]Proposal 17: For sidelink BFI Scheme 1 (based on PSFCH carrying sidelink HARQ feedback), sidelink BFI is triggered at Tx UE when PSFCH/HARQ feedback reception is absent on the PSFCH reception occasion and/or when the number of HARQ retransmission attempts reaches a threshold.
[bookmark: _Toc142646434]Observation 14: For sidelink BFI Scheme 2 (based on the measurement of reference signal for BFD), taking into account issued HARQ NACKs is beneficial when BFD reference signals may not be always transmitted.
[bookmark: _Toc142646463]Proposal 18: For sidelink BFI Scheme 2 (based on the measurement of reference signal for BFD), sidelink BFI is triggered at Rx UE when a L1 metric (e.g., L1-RSRP, hypothetical BLER) reaches a threshold and/or based on the number of issued NACKs.
[bookmark: _Toc142646435]Observation 15: In sidelink BFI Scheme 1 (based on PSFCH carrying sidelink HARQ feedback), Tx UE detects beam failure and thus trigger a beam failure recovery procedure. On the other hand, Rx UE may not know that the beam failure recovery procedure is triggered by Tx UE. So, Tx UE needs to send an indication/signal to Rx UE to inform that the beam failure recovery procedure is triggered.
[bookmark: _Toc142646436]Observation 16: For beam failure recovery, CBD reference signals should be transmitted upon beam failure detection to reduce the resource overhead.
[bookmark: _Toc142646464]Proposal 19: For sidelink BFI Scheme 1 (based on PSFCH carrying sidelink HARQ feedback), RAN1 to study solutions for candidate beam determination (e.g., upon beam failure detection by Tx UE, Tx UE sends a transmission request of CBD reference signals to Rx UE, and based on the received request, Rx UE transmits CBD reference signals to Tx UE.).

	Vivo
	[bookmark: _Ref131787093]Proposal 101: Regarding SL beam failure recovery, UE performs beam failure detection based on periodic SL CSI-RS, and performs BFR as the Uu BFR procedure.
[bookmark: _Ref142686490]Proposal 102 Support BFD scheme based on Periodic CSI-RS.
[bookmark: _Ref142686492]Proposal 103 Sidelink BFI can be triggered when the measurement of reference signal for BFD is below a given threshold.

	JHU
	Proposal 14: Study the conditions or circumstances in which Scheme 1’s BFI mechanism (PSFCH carrying sidelink HARQ feedback) or Scheme 2’s BFR mechanism (measurement of reference signal for BFD) is advantageous.
Proposal 15: Study the possibility of scenarios where a combination or hybrid of Scheme 1 and Scheme 2 for BFI triggering in sidelink FR2 networks would be effective as opposed to each one individually.

	Intel
	Proposal 14: Study the conditions to detect and declare a sidelink beam failure.
Proposal 16: Sidelink RLF should be used as the starting point for beam failure.

	CATT
	Observation 1:  Sidelink BFI triggered based on PSFCH carrying sidelink HARQ feedback requires (pre-) configuration of HARQ feedback.
Proposal 11:  For scheme 1, sidelink BFI triggered based on PSFCH carrying sidelink HARQ feedback, further studies are needed to evaluate the effectiveness of detection and the differentiation from RLF detection.
Proposal 12:  For scheme 2 where sidelink BFI is triggered based on the measurement of reference signal for BFD, the criteria of triggering of sidelink BFI shall re-use the principle of legacy NR Uu BFR.

	NEC
	[bookmark: _Toc141964602][bookmark: _Toc141965192][bookmark: _Toc142386381][bookmark: _Toc141965193][bookmark: _Toc142386382][bookmark: _Toc141964603]Proposal 9: RAN1 prioritize the study of scheme 2: Sidelink BFI is triggered based on the measurement of reference signal for BFD.
Proposal 10: Study mechanisms to improve transmission reliability of BFD reference, e.g., set low priority value.

	CMCC
	Observation 2: RAN1 needs to support periodic SL CSI-RS first when defining the BFR-RS for sidelink.

	Lenovo
	Proposal 15: RAN1 needs to study procedure to declare beam failure instance e.g., HARQ feedback based, RSRP threshold etc., 

	Apple
	Proposal 33: In case sidelink BFI is triggered based on sidelink HARQ feedback, any PSFCH absence on a PSFCH reception occasion triggers a sidelink BFI.
Proposal 34: In case sidelink BFI is triggered based on sidelink HARQ feedback, a transmitter UE starts transmitting reference signal for candidate beam determination, when the number of consecutive PSFCH absence on PSFCH reception occasions reaches a certain threshold. 
Proposal 35: 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 BFD. 
Proposal 36: 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.

	Xiaomi
	Observation 1: Comparing the two schemes to trigger sidelink beam failure instance (BFI), it seems that scheme 1 can make CBD-RS for event triggers possible, but scheme 2 cannot. 

	DCM
	Proposal 15: Support both scheme 1 and scheme 2 to trigger SL BFI, i.e., BFI based on sidelink HARQ feedback and measurement of reference signal.

	OPPO
	Observation 6: According to RAN2 agreement, scheme 2 will be prioritized.
Proposal 23: RAN1 should prioritize scheme 2 for beam failure detection.
Proposal 24: For BFD scheme 2, SL CSI-RS can be used as reference signal
Proposal 25: For timer + counter based BFD mechanism
· Duration of timer is equal to integer number of CSI-RS periodicities.
· Before timer expires:
· if there is no measured RSRP larger than thd1
· report BFI to higher layer
· counter++
· if counter> thd 2, trigger beam failure recovery procedure
· restart timer
· else
· reset counter;
· restart timer;

	Samsung
	Observation 1: Receiving a positive or negative HARQ-ACK at the UE transmitting PSSCH/PSCCH is an indication that the beam pair on the link between the UE transmitting PSSCH/PSCCH and the UE receiving PSSCH/PSCCH is good.
Observation 2: Receiving a HARQ-ACK DTX at the UE transmitting PSSCH/PSCCH doesn’t necessary indicate that the beam pair on the link between the UE transmitting PSSCH/PSCCH and the UE receiving PSSCH/PSCCH has failed.

	Continental 
	Proposal 1: Support both Scheme 1 and Scheme 2 to trigger sidelink beam failure instance (BFI) that PHY layer provides to MAC layer.
· If down-selection of one of them is agreed/decided, support Scheme 1. 
Proposal 2: If Scheme 1 and Scheme 2 are both supported, RAN1 should study, clarify, and agree on the Pros and Cons of each scheme in order to determine how to use/configure one or the other or use them in a complementary manner.  

	Interdigital
	Proposal 18: The UE can identify multiple beams during initial beam pairing that can be used for beam failure recovery.
Proposal 19: Support Scheme 1: Sidelink BFD based on TX UE detection, using PSFCH to detect HARQ DTX.

	Qualcomm
	Observation 2-1-3: For beam failure recovery, beam failure detection, candidate beam identification, and quick recovery from the failure state, must be enabled before the link is actually broken
· Periodic measurement of RSs over beams for beam-failure detection & candidate beam identification are necessary
Proposal 5-1: Adopt Scheme 2 (Sidelink BFI is triggered based on the measurement of reference signal for BFD)
· UE is configured with periodic and standalone SL RS transmissions for beam failure detection and candidate beam identification
· Beam failure is detected if RSRP of BFD-RS is lower than a threshold 
· In case of beam failure, the UE select a CBD-RS that has RSRP higher than a threshold, and indicate it to the paired UE by transmitting BFR request
· Mapping between the resources for BFR request and CBD-RSs are (pre)configured and known by both UE1 and UE2
· UE2 selects a resource for BFR request that is mapped to the selected CBD-RS
· UE1 monitors the resources for BFR request using UE1’s receive beams corresponding to UE1’s transmit beams used for CBD-RS
· Based on the detection of the BFR request from UE2 on the resource, UE1 identifies the transmit beam selected by UE2 for recovery
Proposal 5-2: Do not consider Scheme 1 (Sidelink BFI is triggered based on PSFCH carrying sidelink HARQ feedback) as a beam failure recovery

	LG
	[bookmark: _Hlk142467845][bookmark: _Hlk142467834]Observation 9: In NR Uu link, for the purpose of the beam failure detection, the beam failure detection RS is quasi co-located with DMRS of PDCCH receptions by the UE, and the threshold to determine the beam failure instance is determined by the target BLER. 
Observation 10: As in NR Uu link, the RLF detection mechanism can be a baseline for the beam failure detection mechanism for NR SL. 
Proposal 11: For the SL beam failure detection, support at least following:
· PHY in UE provides beam failure instance indication to higher layers when the number of consecutive DTX on PSFCH reception occasions for all or a subset of the transmit beams for PSCCH/PSSCH transmission reaches the threshold (e.g., 1).
· FFS: Whether/how the PSCCH/PSSCH RX UE determines the SL beam failure instance.

	Fraunhofer
	Proposal 8: For PSFCH-enabled transmissions, study how HARQ-feedback can be used to trigger a BFR to initiate the beam failure recovery procedure.

	Mediatek
	[bookmark: _Ref142662763]Observation 5: A SL UE, regardless to its role on TX/RX transmission, should be able to proactively monitor beam failure by either HARQ feedback or reference signal measurement.
[bookmark: _Ref142662875]Proposal 9: Both SL HARQ feedback and SL reference signal measurement should be support for beam failure instance detection.

	Wilus
	Proposal 21: For sidelink beam failure recovery process, SL UE can measure PSBCH-RSRP or SL CSI-RSRP for sidelink beam failure detection.
Proposal 22: PHY layer can provide sidelink beam failure instance to MAC layer if PSBCH-RSRP or SL CSI-RSRP measurement is lower than the (pre-)configured threshold.
Proposal 23: Sidelink beam failure recovery request can be transmitted if sidelink BFI counter reaches the (pre-)configured threshold before SL BFD timer expires.

	ZTE
	Proposal 24: For scheme 1, to support candidate beam determination (CBD) in case of BFD, one of the following two options can be considered:
Option 1: If beam failure occurs, Tx UE transmits CBD reference signals using new beams; Rx UE determines new candidate beam(s) based on the measurement of CBD reference signals from Tx UE, and informs new transmit beam(s) to Tx UE;
Option 2: Tx UE transmits PSCCH/PSSCH to Rx UE using different new beam; Rx UE sends ACK/NACK feedback corresponding to the PSCCH/PSSCH to Tx UE.
Proposal 25: For scheme 2, Rx UE can provide beam quality reports to Tx UE based on the measurement of reference signal for BFD so that Tx UE can also estimate whether beam failure has occurred.
Proposal 26: For scheme 2, if Tx UE estimates that a beam failure has occurred, Tx UE can trigger the transmission of reference signal for CBD.




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).

RAN1 #113 Agreement
At least for the scheme where sidelink BFI is triggered on measurement of BFD reference signal (if supported), for candidate beam determination (CBD)
· Consider the following reference signals for CBD
· Sidelink CSI-RS or its modified format
· FFS details (e.g., resources, periodicity, transmit beams, timing, etc)
· S-SSB or its modified format
· FFS criteria of determining candidate beam (e.g., largest RSRP measurement, RSRP measurement larger than a threshold, pre-determined during initial beam pairing, etc)
· FFS whether/how to trigger the transmission of reference signal for CBD

RAN1 #113 Agreement
At least for the scheme where sidelink BFI is triggered on measurement of BFD reference signal (if supported), for sidelink BFRQ, study
· Resources  
· Option 1: associated with CBD reference signal, i.e. identified candidate beam
· Option 2: within a responding window after CBD reference signal transmission
· Option 3: Resources determined based on sensing and resource allocated after identification of a new beam.
· Option 4: associated with BFD reference signal
· Other options are not precluded
· Container
· Option 1: PSFCH or modified PSFCH
· Option 2: SCI
· Option 3: sidelink MAC CE
· Option 4: new channel associated with beam reporting in initial beam pairing phase
· Other options are not precluded
· Transmit beam
· Option 1: widest attainable beam
· FFS up to UE implementation  
· Option 2: beam sweeping
· Option 3: corresponding to the receive beam of identified candidate beam
· Other options are not precluded 
· Content can be the BFD and/or new beam indication
· FFS: whether/how to support sidelink BFRQ in mode 1 including signaling to/from the network.

RAN1 #113 Agreement
At least for the scheme where sidelink BFI is triggered on measurement of BFD reference signal (if supported), for sidelink BFRR, study
· Container
· Option 1: SCI
· Option 2: sidelink MAC CE
· Option 3: PSFCH
· Option 4: PC5-RRC
· Other options are not precluded
· Transmit beam
· Option 1: widest attainable beam
· FFS up to UE implementation 
· Option 2: beam sweeping
· Option 3: corresponding to the candidate beam indicated by the received BFRQ
· Other options are not precluded 
· FFS: new beam indication (e.g., SL CRI, SL SSBRI)
· FFS: activation time of new beam 
· FFS: whether/how to support sidelink BFRR in mode 1 including signaling to/from the network



It was agreed to study beam failure recovery (BFR) mechanism (at least for BFD scheme 2) in 3 aspects: candidate beam determination (CBD), sidelink BFRQ and sidelink BFRR. 

CBD
One open issue on CBD is the criteria of determining candidate beam. Companies’ views on criteria is summarized below. A candidate beam is determined if its L1-RSRP measurement is 
· Largest: Nokia, Huawei, Apple, vivo
· above a threshold: LG, Qualcomm, Huawei

It seems, the above two criteria can be combined, i.e., a candidate beam is determined if its RSRP measurement is above a threshold and is the largest. This is in Proposal 3-2-a. 
 
Additionally, vivo, LG mention that in case of BFD scheme 1, a Tx UE determines candidate beam based on Rx UE’s CSI reporting

Another open issue is the reference signal of CBD. Companies’ views on the CBD reference signals are listed below: 
· S-SSB: Huawei
· Sidelink CSI-RS: Huawei, Nokia, Apple, DCM, OPPO, Qualcomm
· Standalone: Qualcomm, Apple

Overall, FL thinks the CBD reference signal may be depending on the reference signal of initial beam pairing. Hence, the discussion is held until some progress is made in initial beam pairing. 

Nokia, Huawei, Apple, Qualcomm, vivo, JHU mention that the CBD reference signal should be periodic and/or semi-persistent. This is included in Proposal 3-2-a. 

Additionally, 
· Apple mentions CBD reference signal shares the resources of reference signal for initial beam pairing
· CATT, Samsung mention BFR procedure could follow initial beam pairing procedure
· LG mentions CSI reporting may be triggered by CBD reference signal transmissions
· Nokia mentions CBD reference signal transmissions via bidirectional

Sidelink BFRQ:

A list of options on sidelink BFRQ designs have been identified in RAN1 #113 meeting. Companies’ views on these options are summarized below. 

Resource
· Option 1 (associated with CBD reference signal, i.e. identified candidate beam)
· Nokia, Huawei, Toyota, Apple, LG, Qualcomm, OPPO, vivo
· Option 2 (within a responding window after CBD reference signal transmission)
· LG (?)
· Option 3 (Resources determined based on sensing and resource allocated after identification of a new beam)
· Option 4 (associated with BFD reference signal)

Container
· Option 1 (PSFCH or modified PSFCH)
· Nokia, Huawei, Toyota, Wilus, OPPO, vivo
· Option 2 (SCI)
· Option 3 (sidelink MAC CE)
· Option 4 (new channel associated)

Transmit beam
· Option 1 (widest attainable beam)
· Nokia (fall back), Toyota (w/o beam correspondence)
· Option 2 (beam sweeping)
· Option 3 (corresponding to the receive beam of identified candidate beam)
· Nokia, Toyota (w/ beam correspondence), Apple, OPPO, vivo

Additionally, CATT, CMCC, DCM, Samsung mention that sidelink BFRQ could follow initial beam pairing procedure. CEWiT mentions no need of sidelink BFRQ procedure. 

FL thinks it is not urgent to do any down-selection for sidelink BFRQ at this stage, and no proposal is provided. 

Sidelink BFRR:

A list of options on sidelink BFRR designs have been identified in RAN1 #113 meeting. Companies’ views on these options are summarized below. 

Container
· Option 1 (SCI)
· Nokia, Huawei, Apple, Fraunhofer, OPPO
· Option 2 (sidelink MAC CE)
· Apple, Fraunhofer, OPPO
· Option 3 (PSFCH)
· Option 4 (PC5-RRC) 
· Option 5: Uu link
· Fraunhofer (UE in Mode 1)

Also, Toyota mentions that sidelink BFRR container depends on BFRQ container
· If BFRQ is via PSFCH, then BFRR is via SCI
· If BFRQ is via SCI or MAC CE, then BFRR is via PSFCH

Transmit beam
· Option 1 (widest attainable beam)
· Nokia (fall back), Toyota (fall back), OPPO
· Option 2 (beam sweeping)
· OPPO
· Option 3 (corresponding to the candidate beam indicated by the received BFRQ)
· Nokia, Toyota, Apple

Additionally, 
· OPPO, Apple, vivo mention the contents of sidelink BFRR includes beam ID
· OPPO mentions the receive beam of sidelink BFRR is widest attainable beam
· Vivo mentions sidelink BFRR should be transmitted within a responding time window after sidelink BFRQ
· CATT mentions sidelink BFRR should follow legacy NR Uu BFRR procedure
· Sony mentions that sidelink BFR is via a third UE or gNB
· Nokia mentions beam diversity to address the sidelink BFR

Additionally, CMCC, DCM, Samsung, Mediatek mention that sidelink BFRR could follow initial beam pairing procedure. 

FL thinks it is not urgent to do any down-selection for sidelink BFRQ at this stage, and no proposal is provided. 

The following table provides a summary of company proposals on sidelink beam failure recovery:

	Company
	Company proposal related to this issue

	Nokia
	[bookmark: Obs29943][bookmark: Obs86757][bookmark: Obs62473]Observation 39: Two-way (i.e., bidirectional) periodic SL CSI-RS transmission on multiple beams allows quick candidate beam identification at both UEs, regardless of which UE detected the beam failure.
[bookmark: Proposal98882][bookmark: Proposal38873][bookmark: Proposal35676]Proposal 39: For CBD, SL CSI-RS transmission on multiple beams may be configured periodically and bidirectionally to allow candidate beam identification at both UEs.
[bookmark: Obs62474][bookmark: Obs86758][bookmark: Obs29944]Observation 40: PSFCH mapped to SL CSI-RS provides a fast and efficient container for SL BFRQ.
[bookmark: Proposal98883][bookmark: Proposal35677][bookmark: Proposal38874]Proposal 40: SL BFRQ is transmitted via PSFCH mapped to the SL CSI-RS with highest L1-RSRP using the identified best RX beam as TX beam (i.e., exploiting TX/RX beam correspondence). The peer UE monitors PSFCH using the same beam that was used to transmit the associated SL CSI-RS.
[bookmark: Obs86759]Observation 41: SCI may be faster, more efficient and more reliable than higher-layer signaling for SL BFRR transmission.
[bookmark: Proposal98884]Proposal 41: SL BFRR is transmitted via SCI using the transmit beam corresponding to the candidate beam indicated by the received SL BFRQ.
[bookmark: Obs29945][bookmark: Obs62494][bookmark: Obs62475][bookmark: Obs86760]Observation 42: A wider beam may often work, although with lower SINR, in case a beam failure is detected on a narrow beam.
[bookmark: Proposal51830][bookmark: Proposal35678][bookmark: Proposal98885][bookmark: Proposal38875]Proposal 42: Study beam fallback mechanisms based on TX/RX beam widening.
[bookmark: Obs62476][bookmark: Obs29946][bookmark: Obs62495][bookmark: Obs88486][bookmark: Obs86761]Observation 43: SL beam diversity may be used to maintain SL communication while recovering from a SL beam failure.
[bookmark: Proposal38876][bookmark: Proposal80331][bookmark: Proposal51831][bookmark: Proposal98886][bookmark: Proposal35679]Proposal 43: Study how SL beam diversity can be used to enhance resilience against SL beam failures.

	Huawei
	[bookmark: _Ref126598752]Proposal 13: For SL FR2 beam failure detection, the Uu BFD procedure can be reused as baseline, where BFI is triggered based on the measurement of reference signals for BFD.
· S-SSB and SL CSI-RS are used as BFD reference signals.
· S-SSB and SL CSI-RS are used as CBD reference signals.
· Periodic BFD and CBD reference signals are supported.
· Candidate beam is determined by choosing the beam with largest RSRP satisfying a (pre-)configured threshold
· A detection window is configured for each BFD SL CSI-RS occasion to provide multiple chances for BFD SL CSI-RS transmissions.
Proposal 14: For SL FR2 BFRQ and BFRR, consider NR Uu procedures as baseline, with the following enhancements:
· S-SSB and SL CSI-RS are used for new candidate beam identification.
· The new candidate beam is identified and reported to higher layers when the measured RSRP is above a (pre-)configured threshold.
· Beam report mechanism can be used to enable BFRQ by reusing beam report resources, container and procedure.
· Resources associated with CBD reference signal, e.g., existing PSFCH sequence, can be used to indicate identified candidate beam
· BFRR can be indicated through SCI over Mode 2 sensing-based resources with the indicated identified candidate beam within the corresponding window with BFRQ.
· Enhance BFR procedures including BFR request and BFR response procedures to enable effective BFR.

	Toyota
	[bookmark: _Toc142646437]Observation 17: For sidelink BFRQ for the scheme where sidelink BFI is triggered on measurement of BFD reference signal:
· Resources: Option 1 (associated with CBD reference signal, i.e., identified candidate beam) is beneficial to reduce latency and signaling overhead.
· Container: Option 1 (PSFCH or modified PSFCH) is beneficial to reduce latency and signaling overhead.
· [bookmark: _Toc142646465]Transmit beam: A suitable Tx beam depends on the assumption of beam correspondence. If beam correspondence is not assumed, Option 1 (widest attainable beam) should be used. If beam correspondence is assumed, Option 3 (corresponding to the receive beam of identified candidate beam) should be used.
Proposal 20: For sidelink BFRQ for the scheme where sidelink BFI is triggered on measurement of BFD reference signal, RAN1 to support the following options:
· Resources: Option 1 (associated with CBD reference signal, i.e., identified candidate beam)
· Container: Option 1 (PSFCH or modified PSFCH)
· Transmit beam: If beam correspondence is not assumed, Option 1 (widest attainable beam) is used. If beam correspondence is assumed, Option 3 (corresponding to the receive beam of identified candidate beam) is used.
[bookmark: _Toc142646438]Observation 18: For sidelink BFRR for the scheme where sidelink BFI is triggered on measurement of BFD reference signal:
· Container: A suitable container depends on the container of BFRQ. For example, if the container of sidelink BFRQ is PSFCH or modified PSFCH, Option 1(SCI) should be used. If the container of sidelink BFRQ is SCI or SL MAC CE, Option 3 (PSFCH) should be used for low latency and low signaling overhead.
· [bookmark: _Toc142646466]Transmit beam: The Tx beam indicated by the received BFRQ should be used because the Tx beam is already identified.
Proposal 21: For sidelink BFRR for the scheme where sidelink BFI is triggered on measurement of BFD reference signal, RAN1 to support the following options:
· Container: If the container of sidelink BFRQ is PSFCH or modified PSFCH, Option 1 (SCI) is used. If the container of sidelink BFRQ is SCI or SL MAC CE, Option 3 (PSFCH) is used.
· [bookmark: _Toc142646439]Transmit beam: Option 3 (corresponding to the candidate beam indicated by the received BFRQ).
Observation 19: When beam failure occurs due to beam misalignment or blockage, falling back from a narrow beam to a wide beam is beneficial to recover from beam failure.
[bookmark: _Toc142646467]Proposal 22: For sidelink beam failure recover, RAN1 to study fallback mechanisms from a narrow beam to a wide beam, e.g., when Tx UE detects beam failure, Tx UE use pre-agreed resources on which Rx UE will apply a wide Rx beam.
[bookmark: _Toc142646440]Observation 20: Rel-17 NR sidelink DRX procedure can be reused and enhanced to configure resources on which Rx UE will apply a wide Rx beam.
[bookmark: _Toc142646468]Proposal 23: For the coordinated beam fallback, RAN1 to reuse and enhance Rel-17 NR sidelink DRX procedure so that Tx UE and Rx UE agree on which resources Rx UE will apply a wide Rx beam.

	Vivo
	[bookmark: _Ref135070824]Proposal 32: Regarding the reference signals transmission for new candidate beam identification, at least the following solutions should be supported:
- option1: periodic CSI-RS transmission is sent by TX UE,
- option2: a set of CSI-RS transmissions is triggered by RX UE after it detects beam failure.
[bookmark: _Ref135070827]Proposal 33: UE determines the new candidate beam based on the measurement result, and at least the following solutions should be supported:
-option1: RX UE selects the best beam with the best measurement results,
-option2: TX UE selects the best beam based on the CSI report sent by RX UE.
[bookmark: _Ref135070829]Proposal 34: PSFCH is used for BFRQ transmission, and the PSFCH resource for BFRQ is associated with CBD reference signal.
[bookmark: _Ref135070830]Proposal 35: The BFRQ is sent using a beam covering the new candidate beam.
[bookmark: _Ref135070832]Proposal 36: At least the selected new candidate beam information is contained in BFRR. FFS applicable time of the new beam.
[bookmark: _Ref142686522]Proposal 37: The BFRR is transmitted within a responding time window after the BFRQ reception.

	JHU
	Proposal 16: UE pairs should periodically establish multiple backup candidate pairs to mitigate beam failure recovery delays in scenarios where beam failure may take place often. The periodicity should be based on link condition dynamics.
Proposal 17: Comprehensively study possible configurations for beam failure recovery mechanisms in sidelink networks where either the TX UE or RX UE engages in candidate beam determination, BFR request, and BFR response.
Proposal 18: Study the possibility of combining and aggregating measurements and relevant information obtained from unicast communication in either direction for a node pair, to most effectively execute BFRQ and BFRR in the final stages of the beam recovery process.

	Intel
	Proposal 15: Study how two UEs can get a mutual agreement on the beam recovery procedure.
Proposal 16: Sidelink RLF should be used as the starting point for beam failure. 

	Sony 
	Proposal 3: Indirect beam links to assist direct beam link failure recovery need to be supported in NR SL beam management.
Proposal 4: SL UE and gNB can both work as the indirect beam transmitter/receiver. 

	CATT
	Proposal 13:  For scheme 2 where sidelink BFI is triggered based on the measurement of reference signal for BFD, for candidate beam determination (CBD), beam determination procedures defined in initial beam pairing should be used.
Proposal 14:  For scheme 2, where sidelink BFI is triggered based on the measurement of reference signal for BFD, for BFRQ, beam reporting procedures defined in initial beam pairing should be used.
Proposal 15:  For scheme 2, where sidelink BFI is triggered based on the measurement of reference signal for BFD, for BFRR, the principle from legacy NR Uu BFRR procedure should be followed.

	CMCC
	Observation 3: When designing BFR procedure for sidelink, some issues existing in initial beam-pairing and beam maintenance may recur.
Proposal 15: The discussion on BFR procedure may need to be postponed until more outcomes have been reached for initial beam-pairing and beam maintenance.

	Lenovo
	Proposal 16: RAN1 needs to study procedure to initiate beam failure recovery which involves transmission of SL RS using a candidate beam or using a beam sweeping.
Proposal 17: RAN1 needs to study whether and how the following could be enhanced for sidelink BFR:
· S-SSB
· Sidelink CSI RS

	Apple
	Proposal 37: Standalone sidelink CSI-RS is used as reference signal for sidelink candidate beam determination (CBD).
· Common resources are shared between standalone sidelink CSI-RS for CBD and standalone sidelink CSI-RS for initial beam pairing.
· Periodic or semi-persistent transmissions of standalone sidelink CSI-RS for CBD are applied.
Proposal 38: The candidate beam is determined as the one associated with a reference signal for CBD which has the largest L1-RSRP measurement.
Proposal 39: The sidelink BFRQ is sent using the resource associated with the resource of the reference signal for CBD, corresponding to the identified candidate beam (i.e., Option 1). 
Proposal 40: The sidelink BFRQ transmit beam is set corresponding to the receive beam of identified candidate beam (i.e., Option 3). 
Proposal 41: After receiving sidelink BFRQ, transmitter UE sends the sidelink beam failure recovery response (BFRR) with 
· content of a new transmit beam ID.
· container of either SCI (i.e., Option 1) or sidelink MAC CE (i.e., Option 2).
· transmit beam corresponding to the candidate beam indicated by the received BFRQ (i.e., Option 3).

	DCM
	Proposal 16: Support CSI-RS for BFD and CBD in BFI based on measurement of reference signal (scheme 2).
Proposal 17: RAN1 should wait for a decision on the general SL initial beam pairing/maintenance framework to conclude BFRQ and BFRR mechanisms.

	Samsung
	Proposal 18: For enhanced SL operation on FR2 licensed spectrum, RAN1 to study distributed operation for beam failure detection and beam failure recovery. The following aspects should be considered
· Channels and/or reference signals used for beam failure detection and new beam identification, including trigger conditions to transmit these signals.
· Signalling aspects for indication of new beams during beam failure recovery.
· Timing aspects for application of new beams identified during beam failure recovery.

	LG
	[bookmark: _Hlk142467865]Proposal 12: For measurement-based beam failure detection, to ensure reliable SL communication to exchange BFRQ and BFRR between UE2 and UE1, followings need to be studied:
· Option 1: The measurement for at least one UE1 transmit beam at UE2 side should be above threshold for a reliable SL communication. 
· Option 2: UE1 frequently transmits reference signals with UE1 transmit beam(s) which are not currently used for PSCCH/PSSCH/PSFCH transmission(s) regardless of whether UE1 receives BFRQ from UE2 or not. 
[bookmark: _Hlk142468058]Proposal 13: For the sidelink beam failure recovery procedure for UE1’s SL transmission, support one or more of followings:
· Option 1: 
· UE1 can transmit candidate RS and/or CSI reporting triggering multiple times via different UE1 transmit beams
· Note: multiple PSCCH/PSSCH transmissions (e.g., repetitions) from each of the beams can be studied.
· For each SL transmission occasion of candidate RS and/or CSI reporting triggering or each UE1 transmit beam, the response window is determined.
· When UE2 successes to detect the candidate RS and/or SL CSI reporting triggering with certain UE1 transmit beam(s), and if the measurement results (e.g., RSRP) based on one or multiple RS(s) is above a certain level, the UE2 can report the measurement results based on one or multiple RS(s) within the response window corresponding to the received candidate RS and/or SL CSI reporting triggering.
· UE2 transmit beam for the SL CSI report(s) from UE2 is determined based on the UE2 receive beam for the candidate RS reception and/or the UE1 transmit beam associated with the response window. 
· Option 2:
· UE1 can transmit candidate RS multiple times via different UE1 transmit beams.
· Note: multiple PSCCH/PSSCH transmissions (e.g., repetitions) from each of the beams can be studied.
· Each SL transmission occasion has PSFCH occasion.
· When UE2 successes to detect the candidate RS, and if the measurement results (e.g., RSRP) based on the RS is above a certain level, the UE2 can transmit PSFCH in PSFCH occasion corresponding to the received candidate RS.
· UE2 transmit beam for the PSFCH transmission from UE2 is determined based on the UE2 receive beam for the candidate RS reception and/or the UE1 transmit beam associated with the PSFCH occasion. 

	CEWiT
	Proposal 19: In sidelink communication, beam switching without BFRQ procedure can be adapted using on-demand reference signal from UE1 to UE2.

	Fraunhofer
	Proposal 7: Study content of the BFRR as well as how it can be conveyed to the transmitting UE, e.g., via SCI or MAC-CE, as well as via gNB in case of UEs operating in Mode 1.

	Mediatek
	[bookmark: _Ref142662773]Observation 6: A unified SL BFR procedure should be considered regardless of UE’s role on TX/RX transmission.
[bookmark: _Ref142662880]Proposal 10: SL UE triggers re-initial beam pairing procedure for BFR.

	Wilus
	Proposal 24: For sidelink beam failure recovery process, UE can transmit beam failure recovery request via PSFCH transmission.
Proposal 25: For sidelink beam failure recovery process, occasions for sidelink beam failure recovery request transmission can be configured as a subset of sidelink PSFCH occasion.

	Qualcomm
	Observation 2-1-3: For beam failure recovery, beam failure detection, candidate beam identification, and quick recovery from the failure state, must be enabled before the link is actually broken
· Periodic measurement of RSs over beams for beam-failure detection & candidate beam identification are necessary
Proposal 5-1:Adopt Scheme 2 (Sidelink BFI is triggered based on the measurement of reference signal for BFD)
· UE is configured with periodic and standalone SL RS transmissions for beam failure detection and candidate beam identification
· Beam failure is detected if RSRP of BFD-RS is lower than a threshold 
· In case of beam failure, the UE select a CBD-RS that has RSRP higher than a threshold, and indicate it to the paired UE by transmitting BFR request
· Mapping between the resources for BFR request and CBD-RSs are (pre)configured and known by both UE1 and UE2
· UE2 selects a resource for BFR request that is mapped to the selected CBD-RS
· UE1 monitors the resources for BFR request using UE1’s receive beams corresponding to UE1’s transmit beams used for CBD-RS
· Based on the detection of the BFR request from UE2 on the resource, UE1 identifies the transmit beam selected by UE2 for recovery

	OPPO
	Proposal 26: For BFRQ procedure
· Reference signal for new beam selection: CSI-RS
· Resources  
· Option 1: associated with CBD reference signal, i.e. identified candidate beam
· Container
· Option 1: PSFCH or modified PSFCH
· Transmit beam
· Option 3: corresponding to the receive beam of identified candidate beam
Proposal 27: For BFRR procedure
· Contents: beam indication (such as CRI) reported from RX UE
· Container: SCI or MAC CE
· Transmit beam: widest attainable beam or beam sweeping
· Receive beam: widest attainable beam



Others
FL would like to collect companies’ views on the other topics to be discussed for sidelink beam failure recovery. This is in Question 3-1.

[Closed] First round discussions
[M] Proposal 3-1-a
Proposal 3-1-a: For sidelink beam failure detection (BFD), consider the following 
· For scheme 1, 
· the sidelink BFI is triggered based on DTX on PSFCH reception occasion.
· the candidate beam identification is based on
· Alt 1: transmitter UE sending reference signal for CBD
· Alt 2: transmitter UE requesting receiver UE to send reference signal for CBD
· Alt 3: transmitter UE sending PSCCH/PSSCH using different transmit beams
· Alt 4: identified during initial beam pairing procedure
· Other alternatives are not precluded. 
· For scheme 2, 
· the sidelink BFI is triggered if L1 metric (e.g., L1-RSRP, hypothetical BLER) of reference signal for BFD reaches a threshold. 
· reference signal for BFD is periodic and/or semi-persistent. 

	Company
	Yes or No
	Comments

	Qualcomm
	
	For Scheme 1, we feel none of the alternatives is feasible. It is unclear how to enable reliable beam failure recovery.

	Nokia, NSB
	Yes
	

	OPPO
	Yes
	

	WILUS
	Yes
	

	Toyota
	Yes
	

	SS
	
	For scheme 1, don’t agree that BFI is triggered based on DTX, a DTX doesn’t necessarily indicate a beam failure, it could be due to half-duplex issue for example. We need to have a better criterion for scheme 1.
For scheme 2, sending the BFD RS periodically all the time increases overhead. If L1 RSRP for PSCCH/PSSCH drops below a threshold this can be a trigger for BFD RS.

	MediaTek
	Yes
	For scheme 1, the candidate beam identification can re-use the resource/channel/procedure of initial beam pairing procedure by replacing the DCR message with beam failure recovery related information. The transmitter UE that detects beam failure can initiate a re-initial beam pairing procedure toward its peer UE to find available new beam pair. 


	ZTE
	Yes
	

	Huawei, HiSilicon
	Yes, with comments
	For scheme 1, procedures of the whole BFR is not clear, e.g., candidate beam identification, BFRQ and BFRR. Given that BFR procedures of scheme 2 following Uu have already been discussed and options are agreed, they can be reused for scheme 1 without additional discussions.


	LGE
	Yes
	

	Spreadtrum
	Yes
	

	DCM
	Yes
	



[M] Proposal 3-2-a
Proposal 3-2-a: At least for the scheme where sidelink BFI is triggered on measurement of BFD reference signal (if supported), for candidate beam determination (CBD)
· Criteria of determining a candidate beam is the RSRP measurement is the largest and/or larger than a threshold. 
· The reference signal for CBD is periodic and/or semi-persistent.

	Company
	Yes or No
	Comments

	Qualcomm
	
	“Largest” and “larger than a threshold” are quite different. Suggest to split them into two alternatives. We prefer to adopt “larger than a threshold”

	Nokia, NSB
	Yes
	

	OPPO
	Yes 
	

	WILUS
	Yes
	

	Toyota
	Yes
	

	SS
	
	I would like to clarify the intention of the first bullet. Is the intention to down select between the largest RSRP measurement, or a measurement above a threshold. It would be good to clarify.
Suggest to add triggering criteria for CBD to reduce overhead.

	ZTE
	Partial agree
	For scheme 2, reference signal for CBD can also be triggered based on beam reporting provided by receiver UE after measuring the reference signal for BFD.  Suggested change
· reference signal for BFD is periodic and/or semi-persistent and/or trigger based




	Huawei, HiSilicon
	Yes, with comments
	For the criteria to determine a candidate beam, if the intention is to include all the options for further down-selection like in Proposal 1-3-a, then it would be better to phrase it like how it was done in that proposal.

	LGE
	Yes
	

	Spreadtrum
	Yes
	



[M] Question 3-1
Question 3-1: Besides sidelink beam failure instance triggering for BFD, and beam failure recovery mechanism, do you think any other topics could be studied in RAN1 for sidelink beam failure?

	Company
	Comments

	
	




[Closed] Second round discussions
[M] Proposal 3-1-b
Majority companies are fine with Proposal 3-1-a. Some companies think scheme 2 should be prioritized due to the sub-sequent scheme of BFR. FL suggests focusing on the detailed design of each scheme, and down-selection is possible in a later stage. 

Proposal 3-1-b: For sidelink beam failure detection (BFD), consider the following 
· For scheme 1, 
· the sidelink BFI is triggered based on DTX on PSFCH reception occasion.
· the candidate beam identification is based on
· Alt 1: transmitter UE sending reference signal for CBD
· Alt 2: transmitter UE requesting receiver UE to send reference signal for CBD
· Alt 3: transmitter UE sending PSCCH/PSSCH using different transmit beams
· Alt 4: identified during initial beam pairing procedure
· Other alternatives are not precluded. 
· For scheme 2, 
· the sidelink BFI is triggered if L1 metric (e.g., L1-RSRP, hypothetical BLER) of reference signal for BFD reaches a threshold. 
· reference signal for BFD is periodic and/or semi-persistent. 

	Company
	Yes or No
	Comments

	Nokia, NSB
	Yes
	

	Qualcomm
	
	We are fine to focus on the detailed design of each scheme for now. However, as we have asked in the previous round, we would like to know how can scheme 1 enable beam failure recovery (i.e., how does a receiving UE identify beam failure and proceeds recovery procedure)? 

	SS
	
	For scheme 1, don’t agree that BFI is triggered based on DTX, a DTX doesn’t necessarily indicate a beam failure, it could be due to half-duplex issue for example. We need to have a better criterion for scheme 1.
For scheme 2, sending the BFD RS periodically all the time increases overhead. If L1 RSRP for PSCCH/PSSCH drops below a threshold this can be a trigger for BFD RS. Suggest the following updates:


Proposal 3-1-b: For sidelink beam failure detection (BFD), consider the following 
· For scheme 1, 
· the sidelink BFI is triggered based on DTX or signal level below a threshold on PSFCH reception occasion.
· the candidate beam identification is based on
· Alt 1: transmitter UE sending reference signal for CBD
· Alt 2: transmitter UE requesting receiver UE to send reference signal for CBD
· Alt 3: transmitter UE sending PSCCH/PSSCH using different transmit beams
· Alt 4: identified during initial beam pairing procedure [this opotion seems to imply RLF, which incurs extra latency]
· Other alternatives are not precluded. 
· For scheme 2, 
· the sidelink BFI is triggered if L1 metric (e.g., L1-RSRP, hypothetical BLER) of reference signal for BFD reaches a threshold. 
· reference signal for BFD is periodic and/or semi-persistent and/or aperiodic (triggered on demand). 




[M] Proposal 3-2-b
Qualcomm’s, Huawei’s and ZTE’s comments are addressed. 

Proposal 3-2-b: At least for the scheme where sidelink BFI is triggered on measurement of BFD reference signal (if supported), for candidate beam determination (CBD)
· Criteria of determining a candidate beam whose RSRP measurement is one of the following
· Alt 1: the largest among all RSRP measurements
· Alt 2: larger than a threshold. 
· Alt 3: the largest among all RSRP measurements and larger than a threshold
· The reference signal for CBD is periodic and/or semi-persistent and/or aperiodic.

	Company
	Yes or No
	Comments

	Nokia, NSB
	Yes
	

	Qualcomm
	Yes
	

	SS
	Yes
	Suggest the following update:

The reference signal for CBD is periodic and/or semi-persistent and/or aperiodic (triggered on demand).




[Closed] Third round discussions
[M] Proposal 3-1-c
Proposal 3-1-c: For sidelink beam failure detection (BFD), consider the following 
· For scheme 1, 
· the sidelink BFI is triggered based on DTX on PSFCH reception occasion.
· the candidate beam identification is based on
· Alt 1: transmitter UE sending reference signal for CBD
· Alt 2: transmitter UE requesting receiver UE to send reference signal for CBD
· Alt 3: transmitter UE sending PSCCH/PSSCH using different transmit beams
· Alt 4: identified during initial beam pairing procedure
· Other alternatives are not precluded. 
· For scheme 2, 
· the sidelink BFI is triggered if L1 metric (e.g., L1-RSRP, hypothetical BLER) of reference signal for BFD reaches a threshold. 
· reference signal for BFD is periodic and/or semi-persistent. 

	Company
	Yes or No
	Comments

	SS3
	
	As commented before, we have concenrn for scheme1 on just using DTX for PSFCH
Alt4 of scheme 1, implies RLF, which leads to high overhead.
We think that the BFD RS can be triggered on demand, otherwise the overhead can become too large.


	LGE
	Yes
	

	MediaTek
	
	For scheme 1, when the transmitter UE detects a SL beam failure, it can proactively trigger a beam pairing procedure by re-using the resource/channel/signal that designed for initial beam pairing. The contents (e.g., link establishment message) carried through IBP procedure can be replaced by beam recovery related information. Since we will anyway design a reliable IBP scheme that allows UE1 and UE2 to find their beam pair, it will also work for UE1 and UE2 to identify new beam pair before RLF by the same resource/channel/signal, assuming that UE1/UE2 will always monitor those IBP resource/channel/signal otherwise IBP never works. By re-using them, we may save extra reference signal overhead.

And we also need to consider the risk in scheme2 that transmitter UE doesn’t receive the receiving UE’s BFR requeset because of the displacement/rotation. In this case, we need a scheme to allow both UE sides to identify new beam pair.
  
In reply to Samsung, in our understanding, RLF is triggered when there is no available beam pair anymore for the link, which is the final stage. We aim for both UE to identify new beam pair with IBP resource/channel/signal without initializing link establishment.

To clarify the intention, we suggest following modifications:
Proposal 3-1-c: For sidelink beam failure detection (BFD), consider the following 
· For scheme 1, 
· the sidelink BFI is triggered based on DTX on PSFCH reception occasion.
· the candidate beam identification is based on
· Alt 1: transmitter UE sending reference signal for CBD
· Alt 2: transmitter UE requesting receiver UE to send reference signal for CBD
· Alt 3: transmitter UE sending PSCCH/PSSCH using different transmit beams
· Alt 4: transmitter UE re-using initial beam pairing resource/channel/signal for CBD
· Other alternatives are not precluded. 
· For scheme 2, 
· the sidelink BFI is triggered if L1 metric (e.g., L1-RSRP, hypothetical BLER) of reference signal for BFD reaches a threshold. 
· reference signal for BFD is periodic and/or semi-persistent.


	Huawei, HiSilicon
	Yes
	While we still do not support the use of Scheme 1, we can accept studying it further.



[M] Proposal 3-2-c
Proposal 3-2-c: At least for the scheme where sidelink BFI is triggered on measurement of BFD reference signal (if supported), for candidate beam determination (CBD)
· Criteria of determining a candidate beam whose RSRP measurement is one of the following
· Alt 1: the largest among all RSRP measurements from a peer UE in a certain duration 
· Alt 2: larger than a threshold. 
· Alt 3: the largest among all RSRP measurements from a peer UE in a certain duration and larger than a threshold
· The reference signal for CBD is periodic and/or semi-persistent and/or aperiodic.

	Company
	Yes or No
	Comments

	SS3
	
	Not clear on the need for newly added green text, what is the “peer UE” is this UE whoes link has failed? What is the “certain time duration”)?

	Catt/gohigh
	
	We are not sure what’s the intention of adding  ‘from a peer UE’

	LGE
	
	See our comments in Proposal 1-3-c.

	Huawei, HiSilicon
	Yes, with comments
	As previously mentioned, we need to add an FFS for what a certain duration is.

	CEWiT
	Yes Alt3
	Better to clarify about certain duration




[Closed] Fourth round discussions
[M] Proposal 3-1-e
Proposal 3-1-e: For sidelink beam failure detection (BFD), consider the following 
· For scheme 1, 
· the sidelink BFI is triggered based on DTX on PSFCH reception occasion.
· FFS: whether to define other condition(s) 
· the candidate beam identification is based on
· Alt 1: transmitter UE sending reference signal for CBD
· Alt 2: transmitter UE requesting receiver UE to send reference signal for CBD
· Alt 3: transmitter UE sending PSCCH/PSSCH using different transmit beams
· Alt 4: transmitter UE re-using initial beam pairing resource/channel/signal for CBD
· Other alternatives are not precluded. 
· For scheme 2, 
· the sidelink BFI is triggered if L1 metric (e.g., L1-RSRP, hypothetical BLER) of reference signal for BFD reaches a threshold. 
· reference signal for BFD is periodic and/or semi-persistent with triggering/stopping. 
· FFS conditions for triggering/stopping

	Company
	Yes or No
	Comments

	SS4
	
	As this is a study, we suggest to replace “is” with “can be”
We still have concern on using DTX, we suggest the following update:
·  For scheme 1, 
· the sidelink BFI is triggered based on DTX RSRP measurement on PSFCH reception occasion.
· Altl: RSRP measurement indicates DTX
· Alt2: RSRP measurement indicates no DTX, but less than a threshold.
· FFS: whether to define other condition(s) 

In the last bulltet, “stopping” can be removed. The semi-presistent transmissions can be transmitted on N time instances, with no stopping criteria. Alternatively, we can add “if stopping is needed”

Remove “periodic” in last bullet.



We did not treat this proposal in online discussions. Companies may continue thinking of this proposal.

[M] Proposal 3-2-e
Proposal 3-2-e: At least for the scheme where sidelink BFI is triggered on measurement of BFD reference signal (if supported), for candidate beam determination (CBD)
· Criteria of determining candidate beams whose RSRP measurements are one of the following
· Alt 1: the largest N among all RSRP measurements from the UE sending CBD reference signals 
· FFS: value of N
· Alt 2: larger than a threshold. 
· Alt 3: the largest N among all RSRP measurements from the UE sending CBD reference signals, which are larger than a threshold, or fewer than N if there are fewer than N RSRP measurements larger than the threshold. 
· FFS: value of N
· Other alternatives are not precluded.
· The reference signal for CBD is periodic and/or semi-persistent with triggering/stopping.
· FFS conditions for triggering/stopping
· FFS: aperiodic, periodic


	Company
	Yes or No
	Comments

	SS4
	
	As this is a study, we suggest to replace “is” with “can be”

Remove N.
Similar changes to proposal 1-2-e

In the last bulltet, “stopping” can be removed. The semi-presistent transmissions can be transmitted on N time instances, with no stopping criteria. Alternatively, we can add “if stopping is needed”

Remove “periodic” in last bullet.



We did not treat this proposal in online discussions. Companies may continue thinking of this latest verion of the proposal in Section 4.7.

Topic #4: PSFCH beams
Background
	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.



In RAN1 #112b-e meeting, two options on PSFCH transmit beam and receive beam were agreed for further consideration.

In this meeting, companies’ views on these two options are summarized below. 
· Option 1 only: Lenovo, Apple
· Both Option 1 and Option 2: Nokia, Huawei, Spreadtrum, Toyota, OPPO, Samsung, Interdigital, Mediatek
· Selection between these two options depends on whether beam correspondence is supported

Additionally, 
· Sony mentions omni-directional PSFCH transmission 
· CATT mentions the transmit/receive beam of PSFCH for beam reporting. This is covered in Proposal 2-3-a
· Huawei mentions to discuss the beam management when beam correspondence is not supported
· Nokia mentions the transmit/receive beam of PSFCH for inter-UE coordination (IUC) scheme 2

DCM mentions the PSFCH transmit/receive beam determination can be discussed after the general beam determination/indication framework is ready. 

FL thinks it is not urgent to do any down-selection for PSFCH transmit/receive beam determination at this stage, and no proposal is provided. 

Besides the issues discussed above for PSFCH transmit/receive beam determination, FL would like to collect companies’ views on any other topics to be studied on PSFCH beams. This is in Question 4-1. 

The following table provides a summary of company proposals on the topic of PSFCH beams. 

	Company
	Company proposal related to this issue

	Nokia
	[bookmark: Obs29947][bookmark: Obs86762][bookmark: Obs62477]Observation 44: Both Option 1 and Option 2 for determining PSFCH transmit/receive beam may have strengths and weaknesses in different situations.
[bookmark: Proposal38877][bookmark: Proposal35680][bookmark: Proposal98887]Proposal 44: Support both Option 1 and Option 2 for determining PSFCH transmit/receive beam for a single PSFCH transmission/reception in a slot.
[bookmark: Obs62478][bookmark: Obs29948][bookmark: Obs86763][bookmark: Obs62496]Observation 45: When sl-TypeUE-A is enabled, PSFCH for IUC scheme 2 may be transmitted by a non-destination UE (UE-A) which has not performed beam alignment with the transmitter UE (UE-B).
Proposal 45: For PSFCH transmission/reception related to IUC scheme 2, when UE-A is a non-destination UE of a TB transmitted by UE-B, if UE-A has not performed beam alignment with UE-B:
· UE-A uses the PSCCH/PSSCH RX beam on which the resource conflict was detected during sensing as PSFCH TX beam.
· UE-B uses the PSCCH/PSSCH TX beam which was used to transmit SCI indicating the conflicting resource reservation as PSFCH RX beam.

	Huawei
	[bookmark: _Ref134203360]Proposal 10: For determining PSFCH transmit/receive beam for a single PSFCH transmission/reception in a slot, 
· Both options are supported.
· PSFCH beam determination is based on whether beam correspondence is supported.
· How beam management is performed when beam correspondence is not supported can be further studied.

	Spreadtrum
	Proposal-10: Both beam-correspondence and non-beam-correspondence cases should be considered for sidelink FR2.

	Toyota
	[bookmark: _Toc142646441]Observation 21: For determining PSFCH transmit/receive beam for a single PSFCH transmission/reception in a slot, if beam correspondence is assumed, Option 1 (PSFCH transmit/receive beam is derived from the corresponding PSCCH/PSSCH receive/transmit beam) should be used. On the other hand, if beam correspondence is not assumed, Option 2 (PSFCH transmit/receive beam is derived from PSCCH/PSSCH transmit/receive beam for the reverse data transmission) should be used.
[bookmark: _Toc142646469]Proposa 24: For determining PSFCH transmit/receive beam for a single PSFCH transmission/reception in a slot, both Option 1 (PSFCH transmit/receive beam is derived from the corresponding PSCCH/PSSCH receive/transmit beam) and Option 2 (PSFCH transmit/receive beam is derived from PSCCH/PSSCH transmit/receive beam for the reverse data transmission) are supported (i.e., Alt 2).

	Sony
	Proposal 5: Omni-directional slot can be supported in sidelink FR2 to provide the opportunity to transmit the signalling which has the omni-directional requirement, e.g., PSFCH.

	CATT
	Proposal 7: There is an association rule between PSFCH for beam reporting and sidelink CSI-RS (either standalone or non-standalone). Both option 1 and option 2 below can be considered, and the specific choice depends on the UE implementation.
· Option 1: PSFCH transmitting beam is derived from the corresponding CSI-RS receiving beam; PSFCH receiving beam is derived from the corresponding CSI-RS transmitting beam.
· Option 2: PSFCH transmitting beam is derived from the CSI-RS transmitting beam for reverse data transmission; PSFCH receiving beam is derived from the CSI-RS receiving beam for reverse data transmission.

	Lenovo
	Proposal 12: Study supporting one-to-one mapping between PSFCH occasions and PSCCH/PSSCH transmission slots as part of PSFCH beamforming 

	Apple
	Proposal 42: 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). 

	DCM
	Proposal 18: RAN1 should wait for a decision on the general SL beam determination / indication framework to conclude PSFCH TX/RX beam determination.

	OPPO
	Proposal 28: Both option 1 and option 2 can be supported for determining PSFCH transmit/receive beam. 
· Option 1: PSFCH transmit beam is derived from the corresponding PSCCH/PSSCH receive beam; PSFCH receive beam is derived from the corresponding PSCCH/PSSCH transmit beam.
· Note this is based on sidelink beam correspondence
· Option 2: PSFCH transmit beam is derived from the PSCCH/PSSCH transmit beam for reverse data transmission; PSFCH receive beam is derived from the PSCCH/PSSCH receive beam for reverse data transmission.  
· Note this is based on beam training for reverse data transmission
· Note: The PSFCH transmit/receive beam can be the same as PSCCH/PSSCH transmit/receive beam used for the reverse data transmission.

	Samsung
	Proposal 13: For determining the PSFCH transmit/receive beam support both of the following options:
· PSFCH transmit beam is derived, based on SL beam correspondence, from the corresponding PSCCH/PSSCH receive beam; PSFCH receive beam is derived from the corresponding PSCCH/PSSCH transmit beam.
· PSFCH transmit beam is the PSCCH/PSSCH transmit beam for reverse data transmission; PSFCH receive beam is the PSCCH/PSSCH receive beam for reverse data transmission.

	Interdigital
	Proposal 20: Support Option1 and Option 2 for determining the beam pair of the PSFCH transmissions.

	Mediatek
	[bookmark: _Ref142662782]Observation 7: For beam correspondence, both option1 and option2 can be supported based on UE’s capability 
[bookmark: _Ref142662882]Proposal 11: For determining PSFCH transmit/receive beam for a single PSFCH transmission/reception in a slot, both option1 and option2 can be supported
· FFS if PSCCH and PSSCH uses different beam.



[Closed] First round discussions
[M] Question 4-1
Question 4-1: Do you think any other topics could be studied for PSFCH beams?

	Company
	Comments

	
	



Others
Topic #5: Multiple beams
Background
	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.



Nokia, Huawei, Toyota, xiaomi, NEC, CMCC, DCM, Lenovo, Apple, Wilus, vivo, Interdigital, OPPO, Fraunhofer, Mediatek discuss the issue of beam conflict among multiple simultaneous transmissions/receptions. This includes multiple simultaneous PSFCH transmissions with different transmit beams, as well as multiple simultaneous PSCCH/PSSCH/PSFCH receptions with different receive beams. 

Several beam conflict solutions are proposed, and categorized as follows:
· Beam conflict preclusion (Nokia, Huawei, Toyota, Lenovo, Interdigital, vivo, LG)
· Enhanced resource selection or IUC-based coordination with peer UEs on their transmission beam 
· Configuring set of transmission patterns
· Multiple PSFCH occasions 
· Transmission/reception dropping (Nokia, Apple, NEC, Lenovo, Xiaomi)
· UE drops some transmissions or receptions, probably based on data priority. 
· Beam conflict mitigation (Nokia)
· UE switches to a single common beam (e.g., omni-directional)

Additionally, Nokia, CMCC consider multiple Uu beams and multiple SL beams on the same carrier.

At this stage, FL does not make any proposal so that we could focus on the more basic beam management designs. 

The following table provides a summary of company proposals related to beam conflict issue:

	Company
	Company proposal related to this issue

	Nokia
	[bookmark: Obs86764][bookmark: Obs29949][bookmark: Obs62497][bookmark: Obs62479]Observation 46: A UE may not be capable of simultaneous PSxCH transmission/reception using different beams.
Proposal 46: In case of multiple PSxCH transmissions or multiple PSxCH receptions in a slot, the UE may either:
· Drop the PSxCH transmission(s)/reception(s) of lower priority, or
· Determine a single common TX/RX beam to transmit/receive the multiple PSxCHs.
[bookmark: Obs86765][bookmark: Proposal98890]Observation 47: Without IUC (e.g., a received non-preferred resource set), a TX UE may not be able to avoid a PSFCH TX beam conflict at the RX UE.
[bookmark: Obs29952][bookmark: Obs62482][bookmark: Obs86768]Proposal 47: A TX UE may indicate in SCI a PSFCH TX beam to be used by the corresponding RX UE. Other TX UEs which decode the SCI and intend to transmit to the same RX UE may exclude candidate resources which would require the RX UE to transmit PSFCH using different PSFCH TX beams simultaneously.
[bookmark: Proposal98893][bookmark: Proposal38882][bookmark: Proposal35685]Observation 50: SL beam management and resource allocation for beamformed PSxCH transmission/reception may be impacted by SL/UL coexistence requirements, either on a same FR2 carrier or adjacent FR2 carriers.
Proposal 50: Study SL/UL coexistence in FR2, including cross-link interference (CLI) and its avoidance/mitigation.

	Huawei
	[bookmark: _Ref127295416]Proposal 5: Study how to address the half duplex issue due to TX/RX transmission conflict and multiple beams in SL FR2.
· A set of transmission patterns can be (pre-)configured for initial beam sweeping, including orthogonal patterns and non-orthogonal patterns.
[bookmark: _Ref127295377]Observation 12: In SL FR2, beam-based transmissions will lead to beam switch conflicts with multiple unicast pairs when different TX/RX beams are TDMed
[bookmark: _Ref127295419]Proposal 6: Study how to address the beam switching issue under the scenario of multiple unicast pairs.
· Rel-17 IUC mechanism can be utilized to indicate desired transmission resources with an associated beam.

	Toyota
	[bookmark: _Toc142646442]Observation 22: For UE incapable of simultaneous transmitting or receiving using different beams, beam conflict issues would occur.
[bookmark: _Toc142646470]Proposal 25: Study solution(s) to avoid/mitigate the beam conflict issues (e.g., enhancing resource (re-)selection, enhancing PSSCH-PSFCH resource mapping, enhancing inter-UE coordination, re-evaluation of resources and beams, using a single common beam for multiple links).

	NEC
	[bookmark: _Toc126942725][bookmark: _Toc134523799][bookmark: _Toc141964597][bookmark: _Toc127187416][bookmark: _Toc141965189][bookmark: _Toc131767895][bookmark: _Toc142386378][bookmark: _Toc131412008]Proposal 6: Study the transmission/reception drop issue when they are intended for beam measurement.

	CMCC
	Proposal 1: When RAN1 study beam management mechanism in FR2 licensed spectrum, coexistence b/w the transmission from Rel-18 UE with beamforming and the transmission from Rel-16/17 UE without beamforming should be considered.
Proposal 2: When RAN1 study beam management mechanism in FR2 licensed spectrum, coexistence b/w the unicast transmission with beamforming and the groupcast/broadcast transmission without beamforming should be considered.
Proposal 14: When RAN1 study beam management mechanism in FR2 licensed spectrum, how to ensure the available transmission/reception b/w UEs among multiple pairs should be considered.

	Lenovo
	Proposal 13: Study how to handle different reception beams of multiple PSFCHs in one PSFCH reception occasion, e.g., enhance the resource exclusion step with the consideration of different RX beams of multiple PSFCHs in one PSFCH reception occasion or RX beam determination of multiple PSFCHs in one PSFCH reception occasion.

	Apple
	Proposal 43: 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 44: 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. 

	Xiaomi
	Proposal 13: Investigate the solutions when there are multiple PSFCHs with different TX beam to be transmitted in a slot.
Proposal 14: Investigate the solutions to determine the RX beam of a UE when RX beam collision happens 

	DCM
	Proposal 21: In RX UE side, study how to avoid the case to perform multiple RXs to use different RX spatial filters at the same time (one slot)
Proposal 22: RAN1 is to study how to determine one RX beam from multiple RX beam candidates for multiple unicast links in slot n, for a data reception from a specific TX UE at slot n, at least if the TX is performed on a non-reserved resource.

	OPPO
	Proposal 29: How to determine the TX beam or RX beam when a UE needs to transmitted or received multiple PSFCH simultaneously should be studied.

	Interdigital
	Proposal 21: Study resource allocation enhancements to prevent the UE of simultaneously transmitting or receiving PSCCH/PSSCH/PSFCH using different beams.

	LG
	[bookmark: _Hlk142467824]Proposal 10: For the SL beam maintenance, study feasibility of dedicated PSFCH slot(s) at least for the HARQ-ACK feedback of multiple (beam paired) unicast transmission.
· PSFCH resource(s) of dedicated PSFCH slot(s) can be used for HARQ-ACK feedback of at least beam paired unicast data transmission.
· FFS: Whether to use the PSFCH resource(s) for other purpose(s) (e.g., beam report)

	Wilus
	Proposal 26: PSFCH Tx/Rx beam for simultaneous multiple PSFCH transmission/reception should be studied respectively.

	Vivo
	Observation 1: Beam-based PSFCH reception degrades the transmission reliability, and how to enhance the PSFCH reception when UE has multiple beam pairs should be studied.
Proposal 46：Introduce the mechanism that one PSSCH associates with multiple PSFCH occasions.

	Fraunhofer
	Proposal 9: Study how to address the half duplex issue in SL FR2.

	Mediatek
	Proposal 7: Study beam maintenance for the case of multiple unicast links are established between the same pair of UEs.



Topic #6: Resource allocation with beamformed transmission/reception 
Background
In sidelink operations on FR2, the beamformed transmission/reception may have impact on sidelink resource allocation. The sidelink resource allocation scheme may be enhanced for FR2 operations. 

Nokia, JHU, Samsung, NEC, Wilus, Intel Huawei mention the resource allocation mode 1 needs to be enhanced. For example, the resource allocation from gNB may be accompanied with transmit beam information. 

Nokia, Toyota, vivo, Spreadtrum, JHU, Intel, Sony, xiaomi, NEC, Samsung, DCM, ZTE, Mediatek, Wilus, Lenovo, LG, Qualcomm, Huawei mention the resource allocation mode 2 needs to be enhanced, which includes
· Sensing: vivo, Toyota, xiaomi, DCM, LG, Samsung, 
· Resource selection procedure (including IUC): Nokia, vivo, Toyota, Spreadtrum, JHU, Intel Sony, Lenovo, Qualcomm, NEC, LG, Samsung, Wilus, Huawei,   
· Resource indication: Toyota, DCM
· Random resource selection: vivo, Qualcomm, Mediatek
· Congestion control: Spreadtrum, ZTE, LG

As suggested by Huawei, the discussions on resource allocation enhancement in beamformed transmission and reception should be delayed after some progress has been made on initial beam pairing and beam maintenance.

The following table provides a summary of company proposals on the topic of resource allocation with beamformed transmission and reception. 

	Company
	Company proposal related to this issue

	Nokia
	[bookmark: Obs62480][bookmark: Obs29950][bookmark: Obs62498][bookmark: Obs86766]Observation 47: Without IUC (e.g., a received non-preferred resource set), a TX UE may not be able to avoid a PSFCH TX beam conflict at the RX UE.
Proposal 47: A TX UE may indicate in SCI a PSFCH TX beam to be used by the corresponding RX UE. Other TX UEs which decode the SCI and intend to transmit to the same RX UE may exclude candidate resources which would require the RX UE to transmit PSFCH using different PSFCH TX beams simultaneously
Observation 48: The hidden node and exposed node problems are more severe in FR2 due to beamforming, rendering the TX UE’s sensing result (i.e., set SA as defined in clause 8.1.4 of TS 38.214) not useful for collision avoidance.
[bookmark: Proposal51834][bookmark: Proposal38880][bookmark: Proposal35683][bookmark: Proposal98891]Proposal 48: For NR SL resource allocation mode 1 in FR2, study how IUC scheme 1 may be re-used to report (non-)preferred resources for PSSCH scheduling by the gNB.
[bookmark: Obs62499][bookmark: Obs62481][bookmark: Obs29951][bookmark: Obs86767]Observation 49: Rel-17 IUC schemes 1 and 2 were specified under the assumption of omnidirectional transmission/reception.
Proposal 49: For NR SL resource allocation mode 2 in FR2, study IUC enhancements, including:
· Enhanced preferred/non-preferred resource set determination at UE A.
· Enhanced UE B behavior upon receiving a preferred/non-preferred resource set. 

	Huawei
	[bookmark: _Ref130927534]Proposal 15: Support to study enhancements for resource allocation mode 1 and mode 2.
· Resource allocation enhancements are studied after the initial beam pairing and beam maintenance issues have made some progress.

	Spreadtrum 
	Proposal-13: Resource (re-)selection should be re-evaluated counting the directional feature.
Proposal-14: Directional CBR measurement could be considered in sidelink FR2. 

	Toyota
	[bookmark: _Toc131435281][bookmark: _Toc142646443]Observation 23: Rel-16/17 NR sidelink resource selection and reservation assume omni-directional transmission and reception and may not be suitable for beam-based sidelink communication in FR2 bands.
[bookmark: _Toc131435282][bookmark: _Toc142646444]Observation 24: If directional Tx/Rx beams are used, Rx UEs may miss resource reservation/SCI from other Tx UEs, and the existing Rel-16/17 sidelink sensing mechanism would not work properly. This leads to inappropriate resource selection.
[bookmark: _Toc142646445][bookmark: _Toc131435283]Observation 25: The directionality of beam-based communication can be utilized to improve the spatial reuse of time/frequency resources.
[bookmark: _Toc131435266][bookmark: _Toc142646471]Proposal 26: Study enhancements of sensing, resource selection, and resource reservation/SCI to take into account directional Tx/Rx beams and UE mobility.

	Vivo
	[bookmark: _Ref127451465]Observation 2: When adopting beam-based transmission and reception in FR2 directly for the Rel-16 NR SL mode 2 resource selection, notable performance loss is observed compared with random resource selection. 
[bookmark: _Ref142686560]Proposal 47：To enhance the resource allocation mechanism in FR2, RX UE determines non-preferred resources based on sensing using its reception beam and provides the non-preferred resources to TX UE, and TX UE avoids to select the non-preferred resources.
[bookmark: _Ref142686561]Proposal 48：To enhance the resource allocation mechanism in FR2, RX UE determines non-preferred resources based on its reception resources and provides the non-preferred resources to proximity UEs, and the proximity UEs avoid to select the non-preferred resources.

	JHU
	Proposal 3: Investigate beam management and resource allocations techniques that are specific to mode 1 and mode 2.
Observation 4: There are several different scenarios in which the directionality in sidelink FR2 operations will present opportunities and challenges in the resource allocation processes in mode 2 operations.
Proposal 19: Study the differences between omnidirectional and directional mode 2 resource allocation schemes.

	Intel
	Proposal 21: Study resource allocation enhancements for SL FR2 considering the changed system assumption and changed interference environment.

	Sony
	Observation 3: Direct reusing the legacy mode 2 resource allocation scheme and Rel-17 IUC scheme will cause severe resource collision or resource over exclusion.
Proposal 6: Study enhancements of Rel-17 IUC scheme to avoid resource collision and resource over exclusion in sidelink beam based transmission.

	NEC
	[bookmark: _Toc142386379][bookmark: _Toc134523800][bookmark: _Toc141965190][bookmark: _Toc131412009][bookmark: _Toc131767896][bookmark: _Toc141964598][bookmark: _Toc134523801][bookmark: _Toc131412010][bookmark: _Toc142386380][bookmark: _Toc131767897][bookmark: _Toc141964599][bookmark: _Toc141965191]Proposal 7: Study IUC scheme 2-like scheme to detect and solve receiver beam conflicts in mode 2
Proposal 8: Study mechanism that gNB schedule proper transmit beam for TX UE to avoid receive beam conflict issue.

	Lenovo
	Proposal 18: Study the enhancement of inter-UE coordination schemes to align the reception beams from different TX UEs.

	Xiaomi
	Proposal 15: Intended TX beam based sensing is investigated for mode 2 resource allocation in FR2.

	DCM
	Proposal 19: Study how to determine reception beam to perform sensing.
· It is a baseline that a reception beam to perform sensing is beam corresponded to a transmission beam to be used for the transmission initiating the sensing.
Proposal 20: SCIs reserving future resources and future data on the reserved resources are transmitted by same transmission beam.

	ZTE
	Proposal 27: To further study congestion control mechanism in FR2, including CBR determination, CR determination and PSSCH transmission parameters determination.

	Samsung
	Proposal 16: For enhanced SL operation on FR2 licensed spectrum, for mode 1 study network-based beam management. 
Proposal 17: For enhanced SL operation on FR2 licensed spectrum, study the impact of beam forming on sensing and resource selection.

	Qualcomm
	Observation 2-3: Capture the simulation results in Fig. 5 and Fig. 6. 
· For packet arrival = 5/sec (Fig. 5 (1)), median SINR when the number of SL pairs is 60 is 1 – 2dB lower than that when the number of SL pairs is 10.
· For packet arrival = 10/sec (Fig. 5 (2)), median SINR when the number of SL pairs is 60 is 2 – 3dB lower than that when the number of SL pairs is 10.
· For packet arrival = 20/sec (Fig. 5 (3)), median SINR when the number of SL pairs is 20 is almost the same as that when the number of SL pairs is 10.
Proposal 2-3: RAN1 should at least support random resource selection for FR2-SL with RA mode-2.
Proposal 6-2:
· In addition to basic SL beam management aspects, consider inter-UE coordination enhancements such as:
· Incorporating Tx/Rx beam(s) for IUC request/information 

	LG
	[bookmark: _Hlk142468077]Proposal 14: For SL resource (re)selection procedure in FR2, study following cases:
· Whether/how PSCCH and PSSCH in a slot apply the same or different TX spatial setting.
· FFS: Whether directional transmission and/or reception is applied for PSCCH transmission and/or reception or not. 
· FFS: Multiplexing between PSCCH and PSSCH with different TX spatial setting.
· Whether/how to perform direction sensing operation.
· FFS: Whether/how UE selects a subset of sensing results based on TX spatial setting for its transmission and RX spatial setting associated with the sensing results
· FFS: Whether more than one PSCCH/PSSCH with different TX spatial setting is supported or not.
· FFS: Whether/how to use IUC information. 
[bookmark: _Hlk142468103]Proposal 15: For SL operation in FR2, study following cases:
· Whether/how the resource re-selection criteria is based on TX spatial setting change or beam management status (e.g., before or after beam failure/beam recovery).
· Whether/how the congestion control is performed with respect to spatial setting. 
Observation 11: In FR2 SL, the directional antenna configuration(s) can improve the UPT performance compared to the omni-directional antenna configuration.
Observation 12: In FR2 SL, the sensing-based resource selection can improve the UPT performance compared to the random selection.

	Mediatek
	[bookmark: _Ref142662797]Observation 11: SL resource selection is not necessary to reduce system interference with directional beamformed transmission in FR2 frequency band
[bookmark: _Ref142662892]Proposal 13: SL SCI-based resource selection can be conditionally disabled when beamformed transmission/reception is adopted

	Wilus
	Proposal 27: Possible impact and enhancement to resource allocation schemes (both Mode 1 and Mode 2) in terms of beam should be studied.

	Intel
	Proposal 1: The following Rel-16 design assumptions are reused for the SL FR2 beam management design:
· Both mode-1 and mode-2 operation support
· No coexistence of mode-1 and mode-2 in the same resource pool



Topic #7: Miscellaneous
Background
Companies discuss various aspects about sidelink operations on FR2 licensed spectrum. 

· JHU mentions the update of evaluation methodology of V2X scenarios.
· Mediatek mentions relay topology shall be defined for SL FR2 evaluation.
· Ericsson proposes to consider larger sub-channel sizes in SL-FR2 due to its larger bandwidth. 

In RAN1 #114 meeting, FL suggests not considering these issues since more focus could be put on the basic framework of sidelink beam management. Companies are encouraged to propose some aspects that are important and need to be considered in this RAN1 meeting. This is in Question 8-1. 

The following table provides a summary of company proposals on other topics:

	Company
	Company proposal related to this issue

	JHU
	Proposal 1: The study topic for Objective 3 of the WID for NR sidelink evolution should include updating the evaluation methodology of V2X scenarios, in addition to the current focus on commercial deployment scenarios.
Proposal 2: Beam management concepts should be considered for V2X scenarios that demand high date rates, high reliability, and high user density. These scenarios can involve highly mobile UEs with dynamic connections and rapidly-changing link conditions.

	Mediatek
	[bookmark: _Ref115434613][bookmark: _Ref118389845][bookmark: _Ref127567161][bookmark: _Ref111199827][bookmark: _Ref115348469][bookmark: _Ref127540989][bookmark: _Ref142662885]Observation 8: The evaluation methodology for SL FR2 shall focus on the commercial use case.
Observation 9: SL FR2 relay is a typical scenario for SL commercial use case to provide XR based service to low-end wearable (e.g., XR glasses) UEs.
[bookmark: _Ref118739761][bookmark: _Ref127567163][bookmark: _Ref118739763]Proposal 12: Relay topology shall be defined for SL FR2 evaluation.
Observation 10: Finer TX beam and finer RX beam are necessary to improve UPT performance, where initial beam pairing and beam management procedure should be studied.

	Ericsson
	[bookmark: _Toc142662185]Observation 1: The existing sub-channel sizes are not efficient for SL operation in FR2 spectrum
[bookmark: _Toc126782220][bookmark: _Toc126782189][bookmark: _Toc126782251][bookmark: _Toc126782282][bookmark: _Toc142662188]Proposal 1: For SL operation in FR2, the following sub-channel sizes are supported: 16, 32, 33, 62, 66, 124, 132, 148, 248, 264.
[bookmark: _Toc126782287][bookmark: _Toc142662186]Observation 2: When designing the beam management procedures, RAN1 needs to consider in SL a scenario that TX and RX are highly moving.



[Closed] First round discussions
[M] Question 5-1
Question 5-1: Besides the topics in previous sections, if you think some other topics are important and need to be discussed in this meeting, please raise them in the following table. 

	Company
	Comments

	ZTE
	Further study congestion control mechanism in FR2, such as how to determine the CBR and CR with the introduction of beams.

	
	



Response on Question 5-1
ZTE mentions congestion control mechanism in FR2. This can be further considered probably in a later release. Like resource allocation topic, congestion control in FR2 is not clearly included in WID. 


Proposals for online discussions
Proposals for Tuesday offline discussions

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

Proposal 1-4-b: In the candidate procedure where initial beam pairing is performed before sidelink unicast link establishment, in Step 3, 
· beam reporting resources are (pre-)configured
· UE2’s beam reporting resource is associated with the resource for UE1’s reference signal transmission with the determined UE1’s transmit beam
· FFS details (e.g., time and/or frequency domain mapping rule, etc) 
· UE1 attempts to monitor a beam reporting resource using a receive beam corresponding to UE1’s transmit beam on the associated reference signal transmission resource.
· UE2’s beam reporting contents (implicit or explicit) include one or more of the following
· Alt 1-1: UE1’s ID
· Alt 1-2: UE2’s ID
· Alt 1-3: determined UE1’s transmit beam ID
· Alt 1-4: L1-RSRP measurement of determined UE1’s transmit beam
· Al 1-5: slot or resource of UE1’s reference signal
· Alt 1-5: none
· Other alternatives are not precluded
· UE2’s beam reporting container is one or more of the following
· Alt 2-1: PSCCH
· Alt 2-2: PSSCH (e.g., SCI stage 2 and/or sidelink MAC CE)
· Alt 2-3: PSFCH
· [Alt 2-4: Sidelink CSI-RS] 
· Other alternatives are not precluded 

Proposal 1-5-b: In the candidate procedure where initial beam pairing is performed during sidelink unicast link establishment, in Step 2, 
· UE2 determines UE1’s transmit beam(s) and UE2’s receive beam(s) as the pair with the RSRP measurement is one or more of the following:
· Alt 1-1: largest among all RSRP measurements performed by UE2 for a given UE1
· Alt 1-2: larger than a threshold
· Alt 1-3: largest among the previous RSRP measurements
· Alt 1-4: largest among the previous RSRP measurements and larger than a threshold
· UE2 indicates UE1’s transmit beam(s), consider one or more of the following:
· Alt 2-1: in explicit format with  
· Contents: beam related information (e.g., beam ID, L1-RSRP measurement, slot or resource of reference signal)
· Container: PSCCH/PSSCH (e.g., SCI stage 2 and/or sidelink MAC CE)
· Beam indication resource is selected in a response window (non-overlapping with another response window) 
· Alt 2-2: in implicit format with
· Contents: a single bit indication 
· Container: PSFCH [or sidelink CSI-RS]
· Beam indication resource is associated with the resource for UE1’s PSCCH/PSSCH transmission with the determined UE1’s transmit beam.
· UE2’s beam indication transmit beam is associated with determined UE2’s receive beam
· UE1 attempts to monitor a beam indication resource using a receive beam corresponding to UE1’s transmit beam on for the associated PSCCH/PSSCH transmission. 

Proposal 1-6-b: In the candidate procedure where initial beam pairing is performed during sidelink unicast link establishment, in Step 3, UE1 determines UE1’s transmit beam based on one or more
· Alt 1: latest received beam indication if L1-RSRP measurement is not contained in the beam indication 
· Alt 2: beam indication contents if L1-RSRP measurement is contained in the beam indication
· Alt 3: strongest beam indication signal measured by UE1
· Alt 4: UE1’s implementation 

Proposal 1-7-b: In case S-SSB (or its modified format) is supported for initial beam pairing, at least the following is considered for S-SSB (or its modified format):
· Relationship between S-SSB for initial beam pairing (S-SSB-beam) and S-SSB for synchronization (S-SSB-synch)
· Alt 1-1: S-SSB for initial beam pairing is also for synchronization
· physical layer structure of S-SSB-beam reuses that of S-SSB-synch  
· Alt 1-2: S-SSB for initial beam pairing is not for synchronization
· FFS resources of S-SSB-beam 
· FFS physical layer structure of S-SSB-beam 
· Information included in or associated with S-SSB include one or more of following
· Alt 2-1: UE1’s ID
· Alt 2-2: UE2’s ID
· Alt 2-3: Beam ID
· S-SSB-beam transmission periodicity and/or triggering conditions
· [Beam reporting resources are (pre-)configured, which are associated with the resources for S-SSB-beam] 
· Beam reporting contents and container 

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

Proposal 2-2-b: For non-standalone sidelink CSI-RS transmission in beam maintenance, consider 
· periodicity is one or more of the following
· Alt 1: aperiodic transmissions
· FFS triggering condition
· Alt 2: periodic and/or semi-persistent transmissions
· one or multiple non-standalone sidelink CSI-RS transmissions in a slot,
· sidelink CSI-RS transmissions can have the same transmit beam as the associated PSCCH/PSSCH in a slot
· FFS whether/how to support sidelink CSI-RS transmissions have different transmit beams from the associated PSCCH/PSSCH in a slot (e.g., AGC issue) 
· resources for non-standalone sidelink CSI-RS
· Alt 1: confined in PSSCH (legacy)
· Alt 2: dedicated symbol(s) which are TDM-ed with PSCCH/PSSCH 
· FFS: SCI fields modification 

Proposal 2-3-b: For beam reporting using PSFCH (if supported) in beam maintenance, consider the following PSFCH contents, resources and formats: 
· Alt 1: Multiple sidelink CSI-RS resources are mapped to one set of PSFCH resources
· A list of (CRI, L1-RSRP) is explicitly indicated 
· A new PSFCH format (e.g., like PUCCH format 2) is introduced
· Alt 2: Multiple sidelink CSI-RS resources are mapped to one set of PSFCH resources
· Whether or not L1-RSRP is larger than a threshold is implicitly indicated via the presence of PSFCH transmission
· CRI is explicitly indicated by exploring the frequency and/or code domain PSFCH resource in the set of PSFCH resources
· PSFCH format 0 is used
· Alt 2: One sidelink CSI-RS resource is mapped to one set of PSFCH resources
· CRI is implicitly indicated via resource association
· Alt 2-A: L1-RSRP is implicitly indicated by exploring the frequency and/or code domain PSFCH resource in the set of PSFCH resources
· Alt 2-B: Whether or not L1-RSRP satisfies a certain condition is implicitly indicated via the presence of PSFCH transmission
· PSFCH format 0 is used
· Alt 2-2: One sidelink CSI-RS resource is mapped to one set of PSFCH resources
· CRI is implicitly indicated via resource association 
· Whether or not L1-RSRP satisfies a certain condition is implicitly indicated via the presence of PSFCH transmission
· PSFCH format 0 is used  
· Other alternatives are not precluded.
· FFS transmit/receive beam of PSFCH for beam reporting
· FFS how to determine PSFCH resource based on associated sidelink CSI-RS resource
· FFS multiple PSFCH occasions within a slot

Proposal 2-5-b: For beam indication in sidelink beam maintenance, 
· in sidelink TCI state configuration 
· Periodic or semi-persistent reference signal is a source for Tx/Rx spatial filter
· At least QCL type-D is supported
· FFS other QCL types
· PSCCH and associated PSSCH always have the same TCI state
· FFS: gap between beam indication and beam switching
· Beam indication validity duration
· Alt 1: Sticky (i.e., until the next beam indication)
· Alt 2: (pre-)configured or dynamically indicated  

Proposals for Wednesday online discussions

Proposal 1-2-d: In the candidate procedure where initial beam pairing is performed before sidelink unicast link establishment, in Step 1, further consider
· The candidate resources of reference signal for S-SSB or standalone sidelink CSI-RS are
· Alt 0-1: (pre-)configured dedicated resources
· Alt 0-2: shared resources with PSCCH/PSSCH/PSFCH/S-SSB
· Other alternatives are not precluded.
· The candidate resources of S-SSB (or its modified format) for initial beam pairing (if supported) are 
· Alt 1-1: reusing the resources of legacy S-SSB for synchronization
· Alt 1-2: separate from the resources of legacy S-SSB for synchronization
· Alt 1-3: reusing the resources of legacy S-SSB for sy nchronization, with additional resources carrying beam indication information. 
· The candidate resources of standalone sidelink CSI-RS for initial beam pairing (if supported) are one or more of the following
· Alt 2-1: in a dedicated resource pool
· FFS relationship between dedicated resource pool and legacy resource pool
· Alt 2-2: in a shared resource pool for legacy PSCCH/PSSCH transmission
· FFS AGC issue
· Alt 2-3: dedicated resources (pre)configured within the same pool as legacy PSCCH/PSSCH transmissions
· FFS backward compatibility
· UE1 determines a standalone sidelink CSI-RS resource, 
· Alt 3-1: using legacy mode-2 PSCCH/PSSCH resource selection scheme as starting point.
· FFS mode-1
· Alt 3-2: based on UE ID.
· Alt 3-3: based on beam ID.
· Other alternatives are not precluded. 
· FFS details (e.g., number of symbols for standalone sidelink CSI-RS, frequency multiplexing, etc)
· The candidate reference signals are transmitted semi-persistently 
· FFS conditions of triggering/stopping the reference signals transmission


Proposal 1-3-d: In the candidate procedure where initial beam pairing is performed before sidelink unicast link establishment, in Step 2, further consider UE2 determines UE1’s transmit beam and UE2’s receive beam whose corresponding RSRP measurement is
· Alt 1: largest N among all RSRP measurements performed by UE2 for UE1 
· Alt 2: larger than a threshold
· Alt 3: larger than a threshold and largest N among all RSRP measurements performed by UE2 for UE1 

Proposal 1-4-d: In the candidate procedure where initial beam pairing is performed before sidelink unicast link establishment, in Step 3, further consider
· beam reporting resources are 
· Alt A: (pre-)configured dedicated resources
· Alt B: shared resources with PSCCH/PSSCH/PSFCH
· UE2’s determination of beam reporting resources can be based on one or more of following:
· Alt 0-1: UE2’s beam reporting resource is associated with the resource/beam ID for UE1’s reference signal transmission with the determined UE1’s transmit beam
· FFS details (e.g., time and/or frequency domain mapping rule, etc) 
· UE1 attempts to monitor a beam reporting resource using a receive beam corresponding to UE1’s transmit beam on the associated reference signal transmission resource.
· Alt 0-2: Indicated explicitly or implicitly by UE1
· Alt 0-3: UE ID
· Alt 0-4: PSCCH/PSSCH associated with UE1’s reference signal (if supported)
· Other alternatives are not precluded
· UE2’s beam reporting contents (implicit or explicit) include one or more of the following
· Alt 1-1: UE1’s ID
· Alt 1-2: UE2’s ID
· Alt 1-3: determined UE1’s transmit beam ID
· Alt 1-4: L1-RSRP measurement of determined UE1’s transmit beam
· Al 1-5: Slot or resource of UE1’s reference signal
· Other alternatives are not precluded
· UE2’s beam reporting container is one or more of the following
· Alt 2-1: PSCCH
· Alt 2-2: PSSCH (e.g., SCI stage 2 and/or sidelink MAC CE and/or unicast link establishment)
· Alt 2-3: PSFCH
· Other alternatives are not precluded 

Proposal 1-5-d: In the candidate procedure where initial beam pairing is performed during sidelink unicast link establishment, in Step 2, further consider
· UE2 determines UE1’s transmit beam(s) and UE2’s receive beam(s) as the pair with the RSRP measurement is one or more of the following:
· Alt 1-1: largest N among all RSRP measurements performed by UE2 for a given UE1 
· Alt 1-2: larger than a threshold
· UE2 indicates UE1’s transmit beam(s), consider one or more of the following:
· Alt 2-1: in explicit format with  
· Contents: beam related information (e.g., beam ID, L1-RSRP measurement, slot or resource of reference signal)
· Container: PSCCH/PSSCH (e.g., SCI stage 2 and/or sidelink MAC CE and/or unicast link establishment message)
· Beam indication resource is selected in a response window (non-overlapping with another response window) 
· Alt 2-2: in implicit format with
· Contents: a single bit indication 
· Container: PSFCH 
· Beam indication resource is associated with the resource for UE1’s PSCCH/PSSCH transmission with the determined UE1’s transmit beam.
· For transmit beam of UE2’s beam indication
· Alt 3-1: transmit beam of UE2’s beam indication is associated with determined UE2’s receive beam
· UE1 attempts to monitor a beam indication resource using a receive beam corresponding to UE1’s transmit beam for the associated PSCCH/PSSCH transmission. 
· Alt 3-2: UE2 beam sweeps the message containing the beam indication
· UE1 attempts to monitor beam indication resources using a receive beam corresponding to UE1’s transmit beam 
 
Proposal 1-6-d: In the candidate procedure where initial beam pairing is performed during sidelink unicast link establishment, in Step 3, further consider UE1 determines UE1’s transmit beam based on one or more
· Alt 1: latest received beam indication 
· Alt 2: beam indication contents 
· Alt 3: strongest beam indication signal measured by UE1
· Alt 4: UE1’s implementation 
· Alt 5: UE1’s receive beam used to receive the beam indication from UE2


Proposal 1-7-d: In case S-SSB (or its modified format) is supported for initial beam pairing, at least the following is studied for S-SSB (or its modified format):
· Relationship between S-SSB for initial beam pairing (S-SSB-beam) and S-SSB for synchronization (S-SSB-synch)
· Alt 1-1: Resources of S-SSB-beam is shared with legacy S-SSB resources
· physical layer structure of S-SSB-beam reuses that of S-SSB-synch  
· Alt 1-2: Resources of S-SSB-beam is not shared with legacy S-SSB resources
· FFS resources of S-SSB-beam 
· FFS physical layer structure of S-SSB-beam 
· Information included in or associated with S-SSB include one or more of following
· Alt 2-1: UE1’s ID
· Alt 2-2: UE2’s ID
· Alt 2-3: Beam ID
· S-SSB-beam transmission periodicity and/or triggering conditions
· Beam reporting resources are 
· Alt 3-1: (pre-)configured, which are associated with the resources for S-SSB-beam
· Alt 3-2: indicated explicitly or implicitly by UE1
· Beam reporting contents and container 


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

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

Proposal 2-3-d: For beam reporting using PSFCH (if supported) in beam maintenance, consider the following PSFCH contents, resources and formats: 
· Alt 1: Multiple sidelink CSI-RS resources are mapped to one set of PSFCH resources
· A list of (CRI, L1-RSRP) is explicitly indicated 
· A new PSFCH format (e.g., like PUCCH format 2) is introduced
· Alt 2: One sidelink CSI-RS resource is mapped to one set of PSFCH resources
· CRI is implicitly indicated via resource association
· Alt 2-A: L1-RSRP is implicitly indicated by exploring the frequency and/or code domain PSFCH resource in the set of PSFCH resources
· Alt 2-B: Whether or not L1-RSRP satisfies a certain condition is implicitly indicated via the presence of PSFCH transmission
· PSFCH format 0 is used
· Other alternatives are not precluded.
· FFS transmit/receive beam of PSFCH for beam reporting
· FFS how to determine PSFCH resource based on associated sidelink CSI-RS resource
· FFS multiple PSFCH occasions within a slot


Proposal 2-4-d: For beam reporting using sidelink MAC CE (if supported) in beam maintenance, consider the following
· Sidelink MAC CE explicitly indicates a list of one or more (CRI, L1-RSRP) pairs
· Reuse Rel-16 sidelink CSI reporting window as baseline
· FFS latency bound for sidelink beam reporting

Proposal 2-5-d: For beam indication in sidelink beam maintenance, further consider
· in sidelink TCI state configuration 
· Periodic or semi-persistent reference signal is a source for Tx/Rx spatial filter
· At least QCL type-D is supported
· FFS other QCL types
· PSCCH and associated PSSCH always have the same TCI state
· FFS:gap between beam indication and beam switching
· FFS details
· Beam indication validity duration
· Alt 1: Sticky (i.e., until the next beam indication)
· Alt 2: (pre-)configured or dynamically indicated  

Proposal 2-6-d (for conclusion): RAN1 to check the specification impact (e.g., signaling, timeline, etc.) of the following candidate procedure for sidelink beam maintenance:
· Step 1: UE1 transmits sidelink CSI-RSs with repetition on a UE1 transmit beam (e.g., determined as part of initial beam pairing); UE2 measures the repeated sidelink CSI-RSs using different UE2 receive beams and determines a UE2 receive beam.
· Step 2: UE2 transmits sidelink CSI-RS with repetition using the determined UE2 receive beam in step 1 as transmit beam; UE1 measures the repeated sidelink CSI-RSs using different UE1 receive beams and determines a UE1 receive beam and corresponding UE1 transmit beam.

Proposal 3-1-d: For sidelink beam failure detection (BFD), consider the following 
· For scheme 1, 
· the sidelink BFI is triggered based on DTX on PSFCH reception occasion.
· FFS: whether to define other condition(s) 
· the candidate beam identification is based on
· Alt 1: transmitter UE sending reference signal for CBD
· Alt 2: transmitter UE requesting receiver UE to send reference signal for CBD
· Alt 3: transmitter UE sending PSCCH/PSSCH using different transmit beams
· Alt 4: transmitter UE re-using initial beam pairing resource/channel/signal for CBD
· Other alternatives are not precluded. 
· For scheme 2, 
· the sidelink BFI is triggered if L1 metric (e.g., L1-RSRP, hypothetical BLER) of reference signal for BFD reaches a threshold. 
· reference signal for BFD is periodic and/or semi-persistent with triggering/stopping. 
· FFS conditions for triggering/stopping

Proposal 3-2-d: At least for the scheme where sidelink BFI is triggered on measurement of BFD reference signal (if supported), for candidate beam determination (CBD)
· Criteria of determining a candidate beam whose RSRP measurement is one of the following
· Alt 1: the largest N among all RSRP measurements from the UE sending CBD reference signals 
· Alt 2: larger than a threshold. 
· Alt 3: the largest N among all RSRP measurements from the UE sending CBD reference signals and larger than a threshold
· The reference signal for CBD is periodic and/or semi-persistent with triggering/stopping.
· FFS conditions for triggering/stopping

Proposals for Thursday offline discussions
Proposal 1-2-f: In the candidate procedure where initial beam pairing is performed before sidelink unicast link establishment, in Step 1, further consider
· The candidate resources of reference signal for S-SSB or standalone sidelink CSI-RS are
· Alt 0-1: (pre-)configured dedicated resources
· Alt 0-2: shared resources with PSCCH/PSSCH/PSFCH/S-SSB
· Alt 0-3: (pre-)configured shared resources with PSCCH/PSSCH/PSFCH/S-SSB
· Other alternatives are not precluded
· The candidate resources of S-SSB (or its modified format) for initial beam pairing (if supported) are 
· Alt 1-1: reusing the resources of legacy S-SSB for synchronization
· Alt 1-2: separate from the resources of legacy S-SSB for synchronization
· Alt 1-3: reusing the resources of legacy S-SSB for synchronization, with additional resources carrying beam indication/UE ID information. 
· The candidate resources of standalone sidelink CSI-RS for initial beam pairing (if supported) are one or more of the following
· Alt 2-1: in a dedicated resource pool
· FFS relationship between dedicated resource pool and legacy resource pool
· Alt 2-2: in a shared resource pool for legacy PSCCH/PSSCH transmission
· FFS AGC issue
· Alt 2-3: dedicated resources (pre)configured within the same pool as legacy PSCCH/PSSCH transmissions
· FFS backward compatibility
· UE1 determines a standalone sidelink CSI-RS resource, using one or more of the following,  
· Alt 3-1: using legacy mode-2 PSCCH/PSSCH resource selection scheme as starting point.
· FFS mode-1
· Alt 3-2: based on UE ID.
· Alt 3-3: based on beam ID.
· Other alternatives are not precluded. 
· FFS details (e.g., number of symbols for standalone sidelink CSI-RS, frequency multiplexing, etc)
· The candidate reference signals are transmitted semi-persistently
· FFS conditions of triggering/stopping the reference signals transmission
· FFS reference signals are transmitted aperiodically

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



Proposal 1-5-f: In the candidate procedure where initial beam pairing is performed during sidelink unicast link establishment, in Step 2, further consider
· UE2 determines UE1’s transmit beam(s) and UE2’s receive beam(s) as the pair(s) whose RSRP measurement(s) are:
· Alt 1-1: the largest N among all RSRP measurements performed by UE2 for UE1
· FFS: value of N
· Alt 1-2: larger than a threshold
· FFS: beam determination if above condition is not satisfied.
· Alt 1-3: the largest N among all RSRP measurements performed by UE2 for UE1, which are larger than a threshold
· FFS: value of N
· FFS: beam determination if above condition is not satisfied.
· FFS time window for UE2 to determine the largest N RSRP measurement values
· Other alternatives are not precluded.
· UE2 indicates UE1’s transmit beam(s), consider one or more of the following:
· Alt 2-1: in explicit format with  
· Contents: beam related information (e.g., beam ID, L1-RSRP measurement, slot or resource of reference signal)
· Container: PSCCH/PSSCH (e.g., SCI stage 2 and/or sidelink MAC CE and/or unicast link establishment response message)
· Beam indication resource is selected in a response window (non-overlapping with another response window)
· Alt 2-2: in implicit format with
· Contents: a single bit indication 
· Container: PSFCH 
· Beam indication resource is associated with the resource for UE1’s PSCCH/PSSCH transmission with the determined UE1’s transmit beam.
· For transmit beam of UE2’s beam indication
· Alt 3-1: transmit beam of UE2’s beam indication is based on determined UE2’s receive beam
· FFS: details
· UE1 attempts to monitor a beam indication resource using a receive beam based on UE1’s transmit beam for the associated PSCCH/PSSCH transmission. 
· Alt 3-2: UE2 beam sweeps the message containing the beam indication
· FFS receive beam of UE1 if UE1 does not have beam corrsponse.
· If UE1 has beam correspondence, UE1 attempts to monitor beam indication resources using a receive beam corresponding to UE1’s transmit beam
· Alt 3-3: transmit beam of UE2’s beam indication corresponds to determined UE2’s receive beam
· UE1 attempts to monitor a beam indication resource using a receive beam corresponding to UE1’s transmit beam for the associated PSCCH/PSSCH transmission. 

Proposal 1-6-f: In the candidate procedure where initial beam pairing is performed during sidelink unicast link establishment, in Step 3, further consider UE1 determines UE1’s transmit beam based on one or more
· Alt 1: latest received beam indication 
· Alt 2: beam indication contents
· Alt 3: strongest beam indication signal measured by UE1
· Alt 4: UE1’s implementation depending on beam indication contents
· Alt 5: UE1’s receive beam used to receive the beam indication from UE2

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

Proposal 3-2-f: At least for the scheme where sidelink BFI is triggered on measurement of BFD reference signal (if supported), for candidate beam determination (CBD)
· Criteria of determining candidate beams whose RSRP measurements are one of the following
· Alt 1: the largest N among all RSRP measurements from the UE sending CBD reference signals 
· FFS: value of N
· Alt 2: larger than a threshold. 
· FFS: beam determination if above condition is not satisfied.
· Alt 3: the largest N among all RSRP measurements from the UE sending CBD reference signals, which are larger than a threshold 
· FFS: value of N
· FFS: beam determination if above condition is not satisfied.
· FFS time window to determine the largest N RSRP measurement values
· Other alternatives are not precluded.
· The reference signal for CBD is periodic and/or semi-persistent with triggering/stopping.
· FFS conditions for triggering/stopping

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

Proposal 1-6-g: In the candidate procedure where initial beam pairing is performed during sidelink unicast link establishment, in Step 3, further consider UE1 determines UE1’s transmit beam based on one or more
· Alt 1: latest received beam indication 
· Alt 2: beam indication contents 
· Alt 3: strongest beam indication signal measured by UE1
· Alt 4: UE1’s implementation
· Alt 5: UE1’s receive beam used to receive the beam indication from UE2

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

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

Proposal 2-3-g: For beam reporting using PSFCH (if supported) in beam maintenance, consider the following PSFCH contents, resources and formats: 
· Alt 1: Multiple sidelink CSI-RS resources are mapped to one set of PSFCH resources
· A list of (CRI, L1-RSRP) is explicitly indicated 
· A new PSFCH format (e.g., like PUCCH format 2) is introduced
· Alt 2: One sidelink CSI-RS resource is mapped to one set of PSFCH resources
· CRI is implicitly indicated via resource association
· Alt 2-A: L1-RSRP is implicitly indicated by exploring the frequency and/or code domain PSFCH resource in the set of PSFCH resources
· Alt 2-B: Whether or not L1-RSRP satisfies a certain condition is implicitly indicated via the presence of PSFCH transmission
· PSFCH format 0 is used
· Other alternatives are not precluded.
· FFS transmit/receive beam of PSFCH for beam reporting
· FFS how to determine PSFCH resource based on associated sidelink CSI-RS resource
· FFS multiple PSFCH occasions within a slot

Proposal 2-5-g: For beam indication in sidelink beam maintenance, further consider
· in sidelink TCI state configuration 
· Periodic or semi-persistent reference signal is a source for Tx/Rx spatial filter
· At least QCL type-D is supported
· FFS other QCL types
· PSCCH and associated PSSCH always have the same TCI state
· FFS:gap between beam indication and beam switching
· FFS details
· Beam indication validity duration
· Alt 1: Sticky (i.e., until the next beam indication)
· Alt 2: (pre-)configured or dynamically indicated  

Proposal 1-5-g: In the candidate procedure where initial beam pairing is performed during sidelink unicast link establishment, in Step 2, further consider
· UE2 determines UE1’s transmit beam(s) and UE2’s receive beam(s) as the pair(s) whose corresponding RSRP measurement(s) are:
· Alt 1-1: the largest N among all RSRP measurements performed by UE2 for UE1
· FFS: value of N
· Alt 1-2: larger than a threshold
· FFS: beam determination if above condition is not satisfied.
· FFS: how UE2 determines one or multiple 
· Alt 1-3: the largest N among all RSRP measurements performed by UE2 for UE1, which are larger than a threshold
· FFS: beam determination if above condition is not satisfied.
· FFS: value of N
· FFS time window for UE2 to determine the largest N RSRP measurement values
· UE2 indicates UE1’s transmit beam(s), consider one or more of the following:
· Alt 2-1: in explicit format with  
· Contents: beam related information (e.g., beam ID, L1-RSRP measurement, slot or resource of reference signal)
· Container: PSCCH/PSSCH (e.g., SCI stage 2 and/or sidelink MAC CE and/or unicast link establishment response message)
· Beam indication resource is selected in a response window (non-overlapping with another response window)
· Alt 2-2: in implicit format with
· Contents: a single bit indication 
· Container: PSFCH 
· Beam indication resource is associated with the resource for UE1’s PSCCH/PSSCH transmission with the determined UE1’s transmit beam.
· For transmit beam of UE2’s beam indication
· Alt 3-1: transmit beam of UE2’s beam indication is based on determined UE2’s receive beam
· FFS: details
· UE1 attempts to monitor a beam indication resource using a receive beam based on UE1’s transmit beam for the associated PSCCH/PSSCH transmission. 
· Alt 3-2: UE2 beam sweeps the message containing the beam indication
· FFS receive beam of UE1 if UE1 does not have beam corrsponse.
· If UE1 has beam correspondence, UE1 attempts to monitor beam indication resources using a receive beam corresponding to UE1’s transmit beam
· Alt 3-3: transmit beam of UE2’s beam indication corresponds to determined UE2’s receive beam
· UE1 attempts to monitor a beam indication resource using a receive beam corresponding to UE1’s transmit beam for the associated PSCCH/PSSCH transmission. 

Proposal 1-4-g: In the candidate procedure where initial beam pairing is performed before sidelink unicast link establishment, in Step 3, further consider
· beam reporting resources are 
· Alt A: (pre-)configured dedicated resources
· Alt B: shared resources with PSCCH/PSSCH/PSFCH
· UE2’s determination of beam reporting resources can be based on one or more of following:
· Alt 0-1: UE2’s beam reporting resource is associated with the resource/beam ID for UE1’s reference signal transmission with the determined UE1’s transmit beam
· FFS details (e.g., time and/or frequency domain mapping rule, etc) 
· UE1 attempts to monitor a beam reporting resource using a receive beam corresponding to UE1’s transmit beam on the associated reference signal transmission resource.
· Alt 0-2: Indicated explicitly or implicitly by UE1
· Alt 0-3: UE ID
· Alt 0-4: PSCCH/PSSCH associated with UE1’s reference signal (if supported)
· Other alternatives are not precluded
· UE2’s beam reporting contents (implicit or explicit) include one or more of the following
· Alt 1-1: UE1’s ID
· Alt 1-2: UE2’s ID
· Alt 1-3: determined UE1’s transmit beam ID
· Alt 1-4: L1-RSRP measurement of determined UE1’s transmit beam
· Al 1-5: Slot or resource of UE1’s reference signal
· Other alternatives are not precluded
· UE2’s beam reporting container is one or more of the following
· Alt 2-1: PSCCH
· Alt 2-2: PSSCH (e.g., SCI stage 2 and/or sidelink MAC CE and/or unicast link establishment response message)
· Alt 2-3: PSFCH
· Other alternatives are not precluded 

Proposal 1-7-g: In case S-SSB (or its modified format) is supported for initial beam pairing, at least the following is studied for S-SSB (or its modified format):
· Relationship between S-SSB for initial beam pairing (S-SSB-beam) and S-SSB for synchronization (S-SSB-synch)
· Alt 1-1: Resources of S-SSB-beam is shared with legacy S-SSB resources
· physical layer structure of S-SSB-beam reuses that of S-SSB-synch  
· Alt 1-2: Resources of S-SSB-beam is not shared with legacy S-SSB resources
· FFS resources of S-SSB-beam 
· FFS physical layer structure of S-SSB-beam 
· Information included in or associated with S-SSB include one or more of following
· Alt 2-1: UE1’s ID
· Alt 2-2: UE2’s ID
· Alt 2-3: Beam ID
· S-SSB-beam transmission periodicity and/or triggering conditions
· Beam reporting contents and container 

Proposal 3-2-g: At least for the scheme where sidelink BFI is triggered on measurement of BFD reference signal (if supported), for candidate beam determination (CBD)
· Criteria of determining candidate beams whose RSRP measurements are one of the following
· Alt 1: the largest N among all RSRP measurements from the UE sending CBD reference signals 
· FFS: value of N
· Alt 2: larger than a threshold. 
· FFS beam determination if above condition is not satisfied.
· FFS: how UE2 determines one or multiple 
· Alt 3: the largest N among all RSRP measurements from the UE sending CBD reference signals, which are larger than a threshold 
· FFS: value of N
· FFS: beam determination if above condition is not satisfied.
· Other alternatives are not precluded.
· FFS time window for UE2 to determine the largest N RSRP measurement values
· The reference signal for CBD is periodic and/or semi-persistent with triggering/stopping.
· FFS conditions for triggering/stopping
· FFS: aperiodic, periodic

Proposals for Thursday second online discussions

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

Proposal 1-2-g: In the candidate procedure where initial beam pairing is performed before sidelink unicast link establishment, in Step 1, further consider
· The candidate resources of reference signal for S-SSB or standalone sidelink CSI-RS are
· Alt 0-1: (pre-)configured dedicated resources
· Alt 0-2: shared resources with PSCCH/PSSCH/PSFCH/S-SSB
· UE1 transmits the reference signal in any of the shared resources
· FFS applicable conditions for UE1 to transmit
· Alt 0-3: (pre-)configured shared resources with PSCCH/PSSCH/PSFCH/S-SSB
· Other alternatives are not precluded
· The candidate resources of S-SSB (or its modified format) for initial beam pairing (if supported) are 
· Alt 1-1: reusing the resources of legacy S-SSB for synchronization
· Alt 1-2: separate from the resources of legacy S-SSB for synchronization
· Alt 1-3: reusing the resources of legacy S-SSB for synchronization, with additional resources carrying beam indication/UE ID information. 
· The candidate resources of standalone sidelink CSI-RS for initial beam pairing (if supported) are one or more of the following
· Alt 2-1: in a dedicated resource pool
· FFS relationship between dedicated resource pool and legacy resource pool
· Alt 2-2: in a shared resource pool for legacy PSCCH/PSSCH transmission
· FFS AGC issue
· Alt 2-3: dedicated resources (pre)configured within the same pool as legacy PSCCH/PSSCH transmissions
· FFS backward compatibility
· UE1 determines a standalone sidelink CSI-RS resource, using one or more of the following,  
· Alt 3-1: using legacy mode-2 PSCCH/PSSCH resource selection scheme as starting point.
· FFS mode-1
· Alt 3-2: based on UE ID.
· Alt 3-3: based on beam ID.
· Other alternatives are not precluded. 
· FFS details (e.g., number of symbols for standalone sidelink CSI-RS, frequency multiplexing, etc)
· The candidate reference signals are transmitted semi-persistently
· FFS conditions of triggering/stopping the reference signals transmission
· FFS reference signals are transmitted aperiodically

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

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

Proposal 2-3-g: For beam reporting using PSFCH (if supported) in beam maintenance, consider the following PSFCH contents, resources and formats: 
· Alt 1: Multiple sidelink CSI-RS resources are mapped to one set of PSFCH resources 
· A list of (CRI, L1-RSRP) is explicitly indicated 
· A new PSFCH format (e.g., like PUCCH format 2) is introduced
· Alt 2: One sidelink CSI-RS resource is mapped to one set of PSFCH resources 
· CRI is implicitly indicated via resource association
· Alt 2-A: L1-RSRP is implicitly indicated by exploring the frequency and/or code domain PSFCH resource in the set of PSFCH resources
· Alt 2-B: Whether or not L1-RSRP satisfies a certain condition is implicitly indicated via the presence of PSFCH transmission
· Alt 2-C: L1-RSRP is not reported 
· PSFCH format 0 is used
· Other alternatives are not precluded.
· FFS transmit/receive beam of PSFCH for beam reporting
· FFS details of mapping between PSFCH resource from associated sidelink CSI-RS resource
· FFS multiple PSFCH occasions or a set of PSFCH resources within a slot

Proposal 2-5-g: For beam indication in sidelink beam maintenance, further consider
· in sidelink TCI state configuration 
· Periodic or semi-persistent reference signal is a source for Tx/Rx spatial filter
· At least QCL type-D is supported
· FFS other QCL types
· PSCCH and associated PSSCH always have the same TCI state
· FFS:gap between beam indication and beam switching
· FFS details
· Beam indication validity duration
· Alt 1: Sticky (i.e., until the next beam indication)
· Alt 2: (pre-)configured or dynamically indicated  

Proposal 1-5-g: In the candidate procedure where initial beam pairing is performed during sidelink unicast link establishment, in Step 2, further consider
· UE2 determines N pair(s) of UE1’s transmit beam(s) and UE2’s receive beam(s) whose corresponding RSRP measurement(s) are:
· Alt 1-1: the largest N among all RSRP measurements performed by UE2 for UE1
· FFS: value of N
· Alt 1-2: larger than a threshold 
· FFS: beam determination if above condition is not satisfied.
· FFS: how UE2 determines N beam pair(s)  
· Alt 1-3: the largest N among all RSRP measurements performed by UE2 for UE1, and are larger than a threshold
· FFS: beam determination if above condition is not satisfied.
· FFS: value of N
· FFS time window for UE2 to determine the largest N RSRP measurement values
· UE2 indicates UE1’s transmit beam(s), consider one or more of the following:
· Alt 2-1: in explicit format with  
· Contents: beam related information (e.g., beam ID, L1-RSRP measurement, slot or resource of reference signal)
· Container: PSCCH/PSSCH (e.g., SCI stage 2 and/or sidelink MAC CE and/or unicast link establishment response message)
· Beam indication resource is selected in a response window (non-overlapping with another response window)
· Alt 2-2: in implicit format with
· Contents: a single bit indication 
· Container: PSFCH 
· Beam indication resource is associated with the resource for UE1’s PSCCH/PSSCH transmission with the determined UE1’s transmit beam.
· For transmit beam of UE2’s beam indication
· Alt 3-1: transmit beam of UE2’s beam indication is based on determined UE2’s receive beam
· FFS: details
· UE1 attempts to monitor a beam indication resource using a receive beam based on UE1’s transmit beam for the associated PSCCH/PSSCH transmission. 
· Alt 3-2: UE2 beam sweeps the message containing the beam indication
· FFS receive beam of UE1 if UE1 does not have beam corrsponse.
· If UE1 has beam correspondence, UE1 attempts to monitor beam indication resources using a receive beam corresponding to UE1’s transmit beam
· Alt 3-3: transmit beam of UE2’s beam indication corresponds to determined UE2’s receive beam
· UE1 attempts to monitor a beam indication resource using a receive beam corresponding to UE1’s transmit beam for the associated PSCCH/PSSCH transmission. 

Proposal 1-4-g: In the candidate procedure where initial beam pairing is performed before sidelink unicast link establishment, in Step 3, further consider
· beam reporting resources are 
· Alt A: (pre-)configured dedicated resources
· Alt B: shared resources with PSCCH/PSSCH/PSFCH
· UE2’s determination of beam reporting resources can be based on one or more of following:
· Alt 0-1: UE2’s beam reporting resource is associated with the resource/beam ID for UE1’s reference signal transmission with the determined UE1’s transmit beam
· FFS details (e.g., time and/or frequency domain mapping rule, etc) 
· UE1 attempts to monitor a beam reporting resource using a receive beam corresponding to UE1’s transmit beam on the associated reference signal transmission resource.
· Alt 0-2: Indicated explicitly or implicitly by UE1
· Alt 0-3: UE ID
· Alt 0-4: PSCCH/PSSCH associated with UE1’s reference signal (if supported)
· Other alternatives are not precluded
· UE2’s beam reporting contents (implicit or explicit) include one or more of the following
· Alt 1-1: UE1’s ID
· Alt 1-2: UE2’s ID
· Alt 1-3: determined UE1’s transmit beam ID
· Alt 1-4: L1-RSRP measurement of determined UE1’s transmit beam
· Al 1-5: Slot or resource of UE1’s reference signal
· Other alternatives are not precluded
· UE2’s beam reporting container is one or more of the following
· Alt 2-1: PSCCH
· Alt 2-2: PSSCH (e.g., SCI stage 2 and/or sidelink MAC CE and/or unicast link establishment response message)
· Alt 2-3: PSFCH
· Other alternatives are not precluded 

Proposal 1-7-g: In case S-SSB (or its modified format) is supported for initial beam pairing, at least the following is studied for S-SSB (or its modified format):
· Relationship between S-SSB for initial beam pairing (S-SSB-beam) and S-SSB for synchronization (S-SSB-synch)
· Alt 1-1: Resources of S-SSB-beam is shared with legacy S-SSB resources
· physical layer structure of S-SSB-beam reuses that of S-SSB-synch  
· Alt 1-2: Resources of S-SSB-beam is not shared with legacy S-SSB resources
· FFS resources of S-SSB-beam 
· FFS physical layer structure of S-SSB-beam 
· Information included in or associated with S-SSB include one or more of following
· Alt 2-1: UE1’s ID
· Alt 2-2: UE2’s ID
· Alt 2-3: Beam ID
· S-SSB-beam transmission periodicity and/or triggering conditions
· Beam reporting contents and container 

Proposal 1-6-g: In the candidate procedure where initial beam pairing is performed during sidelink unicast link establishment, in Step 3, further consider UE1 determines UE1’s transmit beam based on one or more
· Alt 1: latest received beam indication 
· Alt 2: beam indication contents 
· Alt 3: strongest beam indication signal measured by UE1
· Alt 4: UE1’s implementation
· Alt 5: UE1’s receive beam used to receive the beam indication from UE2

Proposal 3-2-g: At least for the scheme where sidelink BFI is triggered on measurement of BFD reference signal (if supported), for candidate beam determination (CBD)
· Criteria of determining candidate beams whose RSRP measurements are one of the following
· Alt 1: the largest N among all RSRP measurements from the UE sending CBD reference signals 
· FFS: value of N
· Alt 2: larger than a threshold. 
· FFS beam determination if above condition is not satisfied.
· FFS: how UE2 determines one or multiple 
· Alt 3: the largest N among all RSRP measurements from the UE sending CBD reference signals, which are larger than a threshold 
· FFS: value of N
· FFS: beam determination if above condition is not satisfied.
· Other alternatives are not precluded.
· FFS time window for UE2 to determine the largest N RSRP measurement values
· The reference signal for CBD is periodic and/or semi-persistent with triggering/stopping.
· FFS conditions for triggering/stopping
· FFS: aperiodic, periodic

Proposals for Friday offline discussions
We have achieved offline consensus on Proposal 1-3, Proposal 1-2, Proposal 2-1, Proposal 2-2, Proposal 2-3, Proposal 2-5, Proposal 1-5 during Thursday second offline discussions with the change mark in Section 4.5. 

The remaining proposals to be discussed in Friday offline are listed below. 

Proposal 1-4-g: In the candidate procedure where initial beam pairing is performed before sidelink unicast link establishment, in Step 3, further consider
· beam reporting resources are 
· Alt A: (pre-)configured dedicated resources
· Alt B: shared resources with PSCCH/PSSCH/PSFCH
· UE2 transmits the beam report in the shared resources
· FFS applicable conditions for UE2 to transmit
· UE2’s determination of beam reporting resources can be based on one or more of following:
· Alt 0-1: UE2’s beam reporting resource is associated with the resource/beam ID for UE1’s reference signal transmission with the determined UE1’s transmit beam
· FFS details (e.g., time and/or frequency domain mapping rule, etc) 
· UE1 attempts to monitor a beam reporting resource using a receive beam corresponding to UE1’s transmit beam on the associated reference signal transmission resource.
· Alt 0-2: Indicated explicitly or implicitly by UE1
· Alt 0-3: UE ID
· Alt 0-4: PSCCH/PSSCH associated with UE1’s reference signal (if supported)
· Other alternatives are not precluded
· UE2’s beam reporting contents (implicit or explicit) include one or more of the following
· Alt 1-1: UE1’s ID
· Alt 1-2: UE2’s ID
· Alt 1-3: determined UE1’s transmit beam ID
· Alt 1-4: L1-RSRP measurement of determined UE1’s transmit beam
· Al 1-5: Slot or resource of UE1’s reference signal
· Other alternatives are not precluded
· UE2’s beam reporting container is one or more of the following
· Alt 2-1: PSCCH
· Alt 2-2: PSSCH (e.g., SCI stage 2 and/or sidelink MAC CE and/or unicast link establishment response message)
· Alt 2-3: PSFCH
· Other alternatives are not precluded 

Proposal 1-7-g: In case S-SSB (or its modified format) is supported for initial beam pairing, at least the following is studied for S-SSB (or its modified format):
· Relationship between S-SSB for initial beam pairing (S-SSB-beam) and S-SSB for synchronization (S-SSB-synch)
· Alt 1-1: Resources of S-SSB-beam is shared with legacy S-SSB resources
· physical layer structure of S-SSB-beam reuses that of S-SSB-synch  
· Alt 1-2: Resources of S-SSB-beam is not shared with legacy S-SSB resources
· FFS resources of S-SSB-beam 
· FFS physical layer structure of S-SSB-beam 
· Information included in or associated with S-SSB include one or more of following
· Alt 2-1: UE1’s ID
· Alt 2-2: UE2’s ID
· Alt 2-3: Beam ID
· S-SSB-beam transmission periodicity and/or triggering conditions
· Beam reporting contents and container 

Proposal 1-6-g: In the candidate procedure where initial beam pairing is performed during sidelink unicast link establishment, in Step 3, further consider UE1 determines UE1’s transmit beam based on one or more
· Alt 1: latest received beam indication 
· Alt 2: beam indication contents 
· Alt 3: strongest beam indication signal measured by UE1
· Alt 4: UE1’s implementation
· Alt 5: UE1’s receive beam used to receive the beam indication from UE2

Proposal 3-2-h: At least for the scheme where sidelink BFI is triggered on measurement of BFD reference signal (if supported), for candidate beam determination (CBD)
· Criteria of determining N candidate beams whose RSRP measurements are one of the following
· Alt 1: the largest N among all RSRP measurements from the UE sending CBD reference signals 
· FFS: value of N
· Alt 2: larger than a threshold. 
· FFS beam determination if above condition is not satisfied.
· FFS: how UE2 determines N candidate beams 
· Alt 3: the largest N among all RSRP measurements from the UE sending CBD reference signals, and are larger than a threshold 
· FFS: value of N
· FFS: beam determination if above condition is not satisfied.
· FFS time window for UE2 to determine the largest N RSRP measurement values
· The reference signal for CBD is periodic and/or semi-persistent with triggering/stopping.
· FFS conditions for triggering/stopping
· FFS: aperiodic, periodic



Proposals for Friday online discussions
The following proposals got offline consensus:

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

Proposal 1-2-h: In the candidate procedure where initial beam pairing is performed before sidelink unicast link establishment, in Step 1, further consider
· The candidate resources of reference signal for S-SSB or standalone sidelink CSI-RS are
· Alt 0-1: (pre-)configured dedicated resources
· Alt 0-2: shared resources with PSCCH/PSSCH/PSFCH/S-SSB
· UE1 transmits the reference signal in any of the shared resources
· FFS applicable conditions for UE1 to transmit
· Alt 0-3: (pre-)configured shared resources with PSCCH/PSSCH/PSFCH/S-SSB
· The candidate resources of S-SSB (or its modified format) for initial beam pairing (if supported) are 
· Alt 1-1: reusing the resources of legacy S-SSB for synchronization
· Alt 1-2: separate from the resources of legacy S-SSB for synchronization
· Alt 1-3: reusing the resources of legacy S-SSB for synchronization, with additional resources carrying beam indication/UE ID information. 
· The candidate resources of standalone sidelink CSI-RS for initial beam pairing (if supported) are one or more of the following
· Alt 2-1: in a dedicated resource pool
· FFS relationship between dedicated resource pool and legacy resource pool
· Alt 2-2: in a shared resource pool for legacy PSCCH/PSSCH transmission
· FFS AGC issue
· Alt 2-3: dedicated resources (pre)configured within the same pool as legacy PSCCH/PSSCH transmissions
· FFS backward compatibility
· UE1 determines a standalone sidelink CSI-RS resource, using one or more of the following,  
· Alt 3-1: legacy mode-2 PSCCH/PSSCH resource selection scheme as starting point.
· FFS mode-1
· Alt 3-2: UE ID.
· Alt 3-3: beam ID.
· Other alternatives are not precluded. 
· FFS details (e.g., number of symbols for standalone sidelink CSI-RS, frequency multiplexing, etc)
· The candidate reference signals are transmitted semi-persistently
· FFS conditions of triggering/stopping the reference signals transmission
· FFS reference signals are transmitted aperiodically

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

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

Proposal 2-5-h: For beam indication in sidelink beam maintenance, further consider
· in sidelink TCI state configuration 
· Periodic or semi-persistent reference signal is a source for Tx/Rx spatial filter
· At least QCL type-D is supported
· FFS other QCL types
· PSCCH and associated PSSCH always have the same TCI state
· gap between beam indication and beam switching
· FFS details
· Beam indication validity duration
· Alt 1: Sticky (i.e., until the next beam indication)
· Alt 2: (pre-)configured or dynamically indicated  

Proposal 1-5-h: In the candidate procedure where initial beam pairing is performed during sidelink unicast link establishment, in Step 2, further consider
· UE2 determines N pair(s) of UE1’s transmit beam(s) and UE2’s receive beam(s) whose corresponding RSRP measurement(s) are:
· Alt 1-1: the largest N among all RSRP measurements performed by UE2 for UE1
· FFS: value of N
· Alt 1-2: larger than a threshold 
· FFS: beam determination if above condition is not satisfied.
· FFS: how UE2 determines N beam pair(s)  
· Alt 1-3: the largest N among all RSRP measurements performed by UE2 for UE1, and are larger than a threshold
· FFS: beam determination if above condition is not satisfied.
· FFS: value of N
· FFS time window for UE2 to determine the largest N RSRP measurement values
· UE2 indicates UE1’s transmit beam(s), consider one or more of the following:
· Alt 2-1: in explicit format with  
· Contents: beam related information (e.g., beam ID, L1-RSRP measurement, slot or resource of reference signal)
· Container: PSCCH/PSSCH (e.g., SCI stage 2 and/or sidelink MAC CE and/or unicast link establishment response message)
· Beam indication resource is selected in a response window (non-overlapping with another response window)
· Alt 2-2: in implicit format with
· Contents: a single bit indication 
· Container: PSFCH 
· Beam indication resource is associated with the resource for UE1’s PSCCH/PSSCH transmission with the determined UE1’s transmit beam.
· For transmit beam of UE2’s beam indication
· Alt 3-1: transmit beam of UE2’s beam indication is based on determined UE2’s receive beam
· FFS: details
· UE1 attempts to monitor a beam indication resource using a receive beam based on UE1’s transmit beam for the associated PSCCH/PSSCH transmission. 
· Alt 3-2: UE2 beam sweeps the message containing the beam indication
· FFS receive beam of UE1 if UE1 does not have beam corrsponse.
· If UE1 has beam correspondence, UE1 attempts to monitor beam indication resources using a receive beam corresponding to UE1’s transmit beam
· Alt 3-3: transmit beam of UE2’s beam indication corresponds to determined UE2’s receive beam
· UE1 attempts to monitor a beam indication resource using a receive beam corresponding to UE1’s transmit beam for the associated PSCCH/PSSCH transmission. 

The following proposal has gotten comments after Thursday’s offline consensus:

Proposal 2-3-h: For beam reporting using PSFCH (if supported) in beam maintenance, consider the following PSFCH contents, resources and formats: 
· Alt 1: Multiple sidelink CSI-RS resources are mapped to one set of PSFCH resources 
· A list of (CRI, L1-RSRP) is explicitly indicated 
· A new PSFCH format (e.g., like PUCCH format 2) is introduced
· Alt 2: One sidelink CSI-RS resource is mapped to one set of PSFCH resources 
· CRI is implicitly indicated via resource association
· Alt 2-A: L1-RSRP is implicitly indicated by exploring the frequency and/or code domain PSFCH resource in the set of PSFCH resources
· Alt 2-B: Whether or not L1-RSRP satisfies a certain condition is implicitly indicated via the presence of PSFCH transmission
· Alt 2-C: L1-RSRP is not reported 
·  PSFCH format 0 is used
· Other alternatives are not precluded.
· FFS transmit/receive beam of PSFCH for beam reporting
· FFS details of mapping between PSFCH resource from associated sidelink CSI-RS resource
· FFS multiple PSFCH occasions or a set of PSFCH resources within a slot

The following proposals have not yet gotten offline consensus:

Proposal 1-4-h: In the candidate procedure where initial beam pairing is performed before sidelink unicast link establishment, in Step 3, further consider
· beam reporting resources are 
· Alt A: (pre-)configured dedicated resources
· Alt B: shared resources with PSCCH/PSSCH/PSFCH
· UE2 transmits the beam report in the shared resources
· FFS applicable conditions for UE2 to transmit
· UE2’s determination of beam reporting resources can be based on one or more of following:
· Alt 0-1: UE2’s beam reporting resource is associated with the resource/beam ID for UE1’s reference signal transmission with the determined UE1’s transmit beam
· FFS details (e.g., time and/or frequency domain mapping rule, etc) 
· UE1 attempts to monitor a beam reporting resource using a receive beam corresponding to UE1’s transmit beam on the associated reference signal transmission resource.
· Alt 0-2: Indicated explicitly or implicitly by UE1
· Alt 0-3: UE ID
· Alt 0-4: PSCCH/PSSCH associated with UE1’s reference signal (if supported)
· Other alternatives are not precluded
· UE2’s beam reporting contents (implicit or explicit) include one or more of the following
· Alt 1-1: UE1’s ID
· Alt 1-2: UE2’s ID
· Alt 1-3: determined UE1’s transmit beam ID
· Alt 1-4: L1-RSRP measurement of determined UE1’s transmit beam
· Al 1-5: Slot or resource of UE1’s reference signal
· Other alternatives are not precluded
· UE2’s beam reporting container is one or more of the following
· Alt 2-1: PSCCH
· Alt 2-2: PSSCH (e.g., SCI stage 2 and/or sidelink MAC CE and/or unicast link establishment response message)
· Alt 2-3: PSFCH
· Other alternatives are not precluded 

Proposal 1-7-h: In case S-SSB (or its modified format) is supported for initial beam pairing, at least the following is studied for S-SSB (or its modified format):
· Relationship between S-SSB for initial beam pairing (S-SSB-beam) and S-SSB for synchronization (S-SSB-synch)
· Alt 1-1: Resources of S-SSB-beam is shared with legacy S-SSB resources
· physical layer structure of S-SSB-beam reuses that of S-SSB-synch  
· Alt 1-2: Resources of S-SSB-beam is not shared with legacy S-SSB resources
· FFS resources of S-SSB-beam 
· FFS physical layer structure of S-SSB-beam 
· Information included in or associated with S-SSB include one or more of following
· Alt 2-1: UE1’s ID
· Alt 2-2: UE2’s ID
· Alt 2-3: Beam ID
· S-SSB-beam transmission periodicity and/or triggering conditions
· Beam reporting contents and container 

Proposal 1-6-h: In the candidate procedure where initial beam pairing is performed during sidelink unicast link establishment, in Step 3, further consider UE1 determines UE1’s transmit beam based on one or more
· Alt 1: latest received beam indication 
· Alt 2: beam indication contents 
· Alt 3: strongest beam indication signal measured by UE1
· Alt 4: UE1’s implementation
· Alt 5: UE1’s receive beam used to receive the beam indication from UE2

Proposal 3-2-h: At least for the scheme where sidelink BFI is triggered on measurement of BFD reference signal (if supported), for candidate beam determination (CBD)
· Criteria of determining N candidate beams whose RSRP measurements are one of the following
· Alt 1: the largest N among all RSRP measurements from the UE sending CBD reference signals 
· FFS: value of N
· Alt 2: larger than a threshold. 
· FFS beam determination if above condition is not satisfied.
· FFS: how UE2 determines N candidate beams 
· Alt 3: the largest N among all RSRP measurements from the UE sending CBD reference signals, and are larger than a threshold 
· FFS: value of N
· FFS: beam determination if above condition is not satisfied.
· FFS time window for UE2 to determine the largest N RSRP measurement values
· The reference signal for CBD is semi-persistent with triggering/stopping.
· FFS conditions for triggering/stopping
· FFS: aperiodic, periodic


Outcomes of RAN1 #114 meeting
Agreement
For beam reporting using sidelink MAC CE (if supported) in beam maintenance, consider the following
· Sidelink MAC CE explicitly indicates a list of one or more (CRI, L1-RSRP) pairs
· Reuse Rel-16 sidelink CSI reporting window as baseline
· FFS latency bound for sidelink beam reporting

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


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

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

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

Agreement
For beam indication in sidelink beam maintenance, further consider
· in sidelink TCI state configuration 
· Periodic or semi-persistent reference signal is a source for Tx/Rx spatial filter
· At least QCL type-D is supported
· FFS other QCL types
· PSCCH and associated PSSCH always have the same TCI state
· gap between beam indication and beam switching
· FFS details
· Beam indication validity duration
· Alt 1: until the next beam indication
· Alt 2: (pre-)configured or dynamically indicated  

Agreement
In the candidate procedure where initial beam pairing is performed during sidelink unicast link establishment, in Step 2, further consider
· UE2 determines N pair(s) of UE1’s transmit beam(s) and UE2’s receive beam(s) whose corresponding RSRP measurement(s) are:
· Alt 1-1: the largest N among all RSRP measurements performed by UE2 for UE1
· FFS: value of N
· Alt 1-2: larger than a threshold 
· FFS: beam determination if above condition is not satisfied.
· FFS: how UE2 determines N beam pair(s)  
· Alt 1-3: the largest N among all RSRP measurements performed by UE2 for UE1, and are larger than a threshold
· FFS: beam determination if above condition is not satisfied.
· FFS: value of N
· FFS time window for UE2 to determine the largest N RSRP measurement values
· UE2 indicates UE1’s transmit beam(s), consider one or more of the following:
· Alt 2-1: in explicit format with  
· Contents: beam related information (e.g., beam ID, L1-RSRP measurement, slot or resource of reference signal)
· Container: PSCCH/PSSCH (e.g., SCI stage 2 and/or sidelink MAC CE and/or unicast link establishment response message)
· Beam indication resource is selected in a response window (non-overlapping with another response window)
· Alt 2-2: in implicit format with
· Contents: a single bit indication 
· Container: PSFCH 
· Beam indication resource is associated with the resource for UE1’s PSCCH/PSSCH transmission with the determined UE1’s transmit beam.
· For transmit beam of UE2’s beam indication
· Alt 3-1: transmit beam of UE2’s beam indication is based on determined UE2’s receive beam
· FFS: details
· UE1 attempts to monitor a beam indication resource using a receive beam based on UE1’s transmit beam for the associated PSCCH/PSSCH transmission. 
· Alt 3-2: UE2 beam sweeps the message containing the beam indication
· FFS receive beam of UE1 if UE1 does not have beam corrsponse.
· If UE1 has beam correspondence, UE1 attempts to monitor beam indication resources using a receive beam corresponding to UE1’s transmit beam
· Alt 3-3: transmit beam of UE2’s beam indication corresponds to determined UE2’s receive beam
· UE1 attempts to monitor a beam indication resource using a receive beam corresponding to UE1’s transmit beam for the associated PSCCH/PSSCH transmission. 
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Appendix (agreements related to sidelink operation on FR2 in past RAN1 meetings)
RAN1 #110bis-e meeting
Agreement
In evaluation methodology for commercial deployment scenario for sidelink operation on FR2
· Reuse indoor layout defined for SL-U with pairs topology and without WiFi nodes 
· FFS: total number of UEs deployed in the layout
· Companies should report how UEs are paired
· FFS: whether to consider the cluster-based topology defined for SL-U
· Note: for the evaluation, there is no Uu link in this indoor layout

Agreement
In evaluation methodology for commercial deployment scenario for sidelink operation on FR2, reuse layout option 3 in Section A.2.1.1 of TR 36.843 with 
· Option 1: 7 macro sites with 3 cells per site
· Option 2: a single site
· Companies should report how UEs are paired
· FFS: total number of UEs deployed in the layout
· FFS: whether Uu and PC5 use same carrier
· FFS: ISD for this layout option 3

Agreement
For the indoor layout defined in the evaluation methodology for commercial deployment scenario for sidelink operation on FR2, the total number of UEs is 12 pairs/20 MHz with scaling factors of 1, ½ or 1/3.  

Agreement
For the outdoor layout defined in the evaluation methodology for commercial deployment scenario for sidelink operation on FR2, the number of UEs per cell is 60 with scaling factors of 1, ½ or 1/3. 

Agreement
For the outdoor layout defined in the evaluation methodology for commercial deployment scenario for sidelink operation on FR2, Uu link has different carrier as PC5 in the simulation is the baseline
· Optional: Uu link has same carrier as PC5 in the simulation. 

Agreement
In evaluation methodology for commercial deployment scenario for sidelink operation on FR2, for the outdoor layout, the channel model reuses the procedures and parameters for UMi - Street Canyon specified in TR 38.901. 

Agreement
In evaluation methodology for commercial deployment scenario for sidelink operation on FR2, for the indoor layout, the channel model reuses the procedures and parameters for InH mixed office specified in TR 38.901. 

Agreement
In evaluation methodology for commercial deployment scenario for sidelink operation on FR2, for UE antenna parameters, reuse the antenna element pattern and antenna array configuration for pedestrian UE and cellular UE as in Table 6.1.4-6 and Table 6.1.4-7 of TR 37.885. 

Agreement
In evaluation methodology for commercial deployment scenario for sidelink operation on FR2, consider at least the following parameters: 
· Carrier frequency: 30 GHz
· Sub-carrier spacing: 120 kHz (baseline), 60 kHz (optional)
· Simulation bandwidth: 100 MHz (baseline), 200 MHz (optional)
· UE receiver noise figure: 13 dB (baseline), 10 dB (optional)
· UE Tx power: 23 dBm (EIRP should not exceed 43 dBm)
· UE speed: 3 km/h

Agreement
For the outdoor layout defined in the evaluation methodology for commercial deployment scenario for sidelink operation on FR2, ISD is 200 meters.

Agreement
In evaluation methodology for commercial deployment scenario for sidelink operation on FR2, support at least the following traffic model:
· Option 1: periodic traffic mode 3
· Packet size scaling factor is up to companies’ porting
· Option 2: FTP model 3 with arrival rate satisfying one of the followings:
· BO low load: 10%-25%
· BO mid load: 35%-50%
· BO high load: above 55%
· Packet size is up to companies’ reporting
· Option 3: XR traffic models including cloud gaming, virtual reality, and augmented reality.  
· It is up to each company to use either Option 1 or 2 or 3 or mixed of them. 

Agreement
When reporting the simulation results for sidelink operation on FR2, companies should report the used resource allocation scheme. 
 
Agreement
In evaluation methodology for commercial deployment scenario for sidelink operation on FR2, performance metric includes UPT, latency and PRR which regards the packet whose delay exceeding the remaining PDB as transmission failure. 
·  FFS: UE satisfaction as section 7.2 in TR 38.838 for XR traffic evaluation

RAN1 #111 meeting
Conclusion:
In evaluation methodology for commercial deployment scenario for sidelink operation on FR2, indoor layout with cluster-based topology is up to companies. Further discussion on the evaluations assumptions for cluster-based topology is not expected.

Agreement
In evaluation methodology for commercial deployment scenario for sidelink operation on FR2, for outdoor layout, do not support UE-to-UE 2D distance smaller than 10m.

Agreement
In evaluation methodology for commercial deployment scenario for sidelink operation on FR2, for outdoor layout, in the pathloss model for UMi – Street Canyon in TR38.901, antenna height of base station () is replaced by antenna height of UE (). 

Agreement
In evaluation methodology for commercial deployment scenario for sidelink operation on FR2, optionally support performance metric of UE satisfaction as section 7.2 in TR38.838 for XR traffic evaluation.

Conclusion
When reporting the simulation results for sidelink operation on FR2, companies should report the used beamwidth.

Conclusion
In evaluation methodology for commercial deployment scenario for sidelink operation on FR2, the UE antenna array configurations other than the one defined in Table 6.1.4-7 of TR37.885 are not precluded.

RAN1 #112 meeting
Agreement
For sidelink beam management, RAN1 is to study
· how transmit beam(s) training and/or receive beam(s) training is performed
· whether and how spatial related information (e.g., TCI, QCL, beam ID, etc) information could be identified
· the relationship between PC5 unicast link establishment and sidelink initial beam pairing (e.g., whether initial beam pairing procedure starts before, during or after sidelink unicast link establishment procedure.)

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

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

Agreement
RAN1 is to study the information related to a sidelink beam failure instance that the PHY layer provides to the MAC layer.

RAN1 #112bis-e meeting
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
Consider one or more of the following items as sidelink beam reporting contents for beam maintenance: 
· Beam indication (e.g., CRI)
· L1-RSRP
· FFS: L1-SINR or other reporting contents if necessary enhancement is identified. 
· Note: This does not preclude performing beam maintenance without any beam reporting

Agreement
The container(s) of sidelink beam reporting for beam maintenance is at least selected from the following options:
· Option 1: SL PHY layer signal (e.g., PSFCH, SCI)
· Option 2: SL MAC CE
· FFS: PC5-RRC, Signaling over Uu link (e.g., UCI)

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

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

Agreement
Consider using sidelink CSI-RS as a starting point for beam maintenance.
· FFS: whether/how to enhance existing aperiodic and non-standalone SL CSI-RS
· FFS: periodic and/or semi-persistent SL CSI-RS transmissions 
· FFS: standalone SL CSI-RS transmissions
· Note: standalone SL CSI-RS transmission means at least no accompanying sidelink data (SL MAC SDU) transmissions in the same slot. FFS: accompanying SCI(s) or SL MAC CE transmissions or PSFCH.
· FFS: one or multiple SL CSI-RS transmissions within one slot
· FFS: SL CSI-RS transmissions with or without repetition on transmit beams

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

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

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

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

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

RAN1 #113 meeting
Agreement
In the candidate procedure where initial beam pairing is performed before sidelink unicast link establishment,
· In step 1, 
· the applicable reference signal is selected based on
· Alt 1-1: S-SSB or its modified format
· Alt 1-2: standalone SL CSI-RS or its modified format
· Alt 1-3: non-standalone SL CSI-RS
· Note: standalone SL CSI-RS transmission means at least no accompanying sidelink data (SL MAC SDU) transmissions in the same slot. FFS: accompanying SCI(s) or SL MAC CE transmissions or PSFCH.
· Alt 1-4: PSCCH/PSSCH DMRS
· the reference signals are sent
· Alt 2-0: aperiodically
· Alt 2-1: periodically
· Alt 2-2: semi-persistent with activation and deactivation
· FFS details of activation/deactivation
· FFS resources and resource allocation of reference signal
· FFS: if CSI-RS is used, whether UE1 transmits other information associated with the CSI-RS
· In step 2, 
· UE1’s transmit beam and UE2’s receive beam are determined by UE2 as the pair with the RSRP measurement satisfying certain condition(s)
· FFS details of condition(s)
· FFS explicit or implicit determination of UE1 transmit beam by UE2
· UE2’s transmit beam is at least determined as the one corresponding to determined UE2’s receive beam, at least if beam correspondence is assumed
· FFS other scheme
· In step 3, 
· UE2’s beam reporting is associated with determined UE1’s transmit beam.
· FFS details of association
· FFS details of beam reporting
· Note: this does not preclude beam reporting in the link establishment message.
· FFS: how UE1 determines its transmit beam if it receives different beam reporting from different UEs
· FFS: whether/how to avoid unnecessary beam measurement and reporting from multiple UEs; 

Agreement
In the candidate procedure where initial beam pairing is performed during sidelink unicast link establishment,
· In step 1, the candidate reference signal which is transmitted together with unicast link establishment message is selected based on one of the following alternatives
· Alt 1-1: SL CSI-RS
· Alt 1-2: PSCCH/PSSCH DMRS
· In step 2, UE2 determines UE1’s transmit beam(s) and UE2’s receive beam(s) as the pair with the RSRP measurement satisfying certain condition(s).
· UE2’s transmit beam is at least determined as the one corresponding to determined UE2’s receive beam, at least if beam correspondence is assumed
· FFS the format of UE1’s transmit beam determined by UE2, e.g. implicit or explicit
· FFS details of condition(s)
· In step 2, UE2 indicates UE1’s transmit beam(s).
· FFS details of beam indication, including contents (e.g., ACK/NACK, beam ID, RSRP measurement), container (e.g., PSCCH/PSSCH, PSFCH) and association (e.g. resources)
· In step 3, UE1 determines UE1’s transmit beam based on one or more of the following alternatives
· Alt 2-1: the latest beam indication
· Alt 2-2: beam indication contents (e.g., RSRP measurement)
· Alt 2-3: measurement/detection of beam indication signal 

Agreement
In the candidate procedure where initial beam pairing starts after sidelink unicast link establishment (if feasible), the initial beam pairing follows a similar procedure as beam maintenance.

Agreement
For beam maintenance, consider non-standalone sidelink CSI-RS transmissions. 
· FFS physical layer structure, including enhancements of existing non-standalone sidelink CSI-RS
· FFS signaling details
· FFS timing details
· FFS whether non-standalone sidelink CSI-RS transmissions use the same or different transmit beam as accompanying data
· FFS whether/how to support multiple transmit beams for non-standalone sidelink CSI-RS in the same slot

Agreement
For beam maintenance, consider standalone sidelink CSI-RS transmissions. 
· FFS physical layer structure
· FFS timing details
· FFS whether/how the same or different transmit beams are used in the same slot of standalone sidelink CSI-RS transmissions.
· FFS resources, resource allocation and resource indication 
· FFS signaling details  
· Note: standalone SL CSI-RS transmission means at least no accompanying sidelink data (SL MAC SDU) transmissions in the same slot. FFS: accompanying SCI(s) or SL MAC CE transmissions or PSFCH.

Agreement
For beam maintenance, consider design details for sidelink CSI-RS transmissions with or without repetition on transmit beams. 

Agreement
For beam reporting using PSFCH (if supported) in beam maintenance, study 
· Whether/how there is an association rule between PSFCH for beam reporting and sidelink CSI-RS (either standalone or non-standalone)
· FFS beam reporting content, 
· Whether/how PSFCH carries multiple beam reporting bits 
· Alt 1: New PSFCH format
· Alt 2: PSFCH format 0 by exploring the relationship with frequency and/or code domain resources
· Other alternatives are not precluded 
· FFS: PSFCH carries one beam reporting bit 
· FFS: whether beam reporting and sidelink HARQ ACK can be reported together, e.g., same or different PSFCH

Agreement
For beam reporting using sidelink MAC CE (if supported) in beam maintenance, study 
· beam reporting content
· timeline, e.g., 
· whether/how to reuse Rel-16 sidelink CSI reporting window as baseline for the association between sidelink beam reporting and sidelink CSI-RS resources. 
· Periodic, aperiodic and/or semi-persistent reporting timeline

Agreement
For beam indication in sidelink beam maintenance, study sidelink TCI state mechanism: 
· Details of sidelink TCI state at least including/indicating e.g. sidelink TCI state ID, sidelink CSI-RS resource and Tx/Rx spatial filter related information
· FFS: QCL types for sidelink 
· FFS: whether PSCCH and associated PSSCH always have the same TCI state 
· FFS: whether the beam indication is via sidelink CSI-RS resource 
· Study the following optional beam indication candidate container 
· SCI
· sidelink MAC CE
· PC5-RRC
· FFS: activation time of indicated beam
· FFS: whether to reuse the Rel-17 unified TCI framework
· Study whether/how beam indication is sent by transmitter UE or receiver UE.
· FFS study beam indication in mode 1 on Uu interface

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

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

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

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

Agreement
In the candidate procedure where initial beam pairing is performed before sidelink unicast link establishment, at least the following is considered for SL CSI-RS (or its modified format) (if feasible)
· Aperiodic, periodic and/or semi-persistent SL CSI-RS
· FFS: details
· In case of standalone SL CSI-RS (if supported), candidate resources for SL CSI-RS beam sweeping are (pre-)configured 
· FFS: whether/how to avoid resource collision of SL CSI-RS transmissions from different UEs
· FFS: Association between SL CSI-RS and beam reporting and/or initial link establishment
· FFS: details of association
· Identification and beam related information of SL CSI-RS for initial beam pairing 
· FFS: details
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