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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, and TCI/QCL framework, 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.)


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. 



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

In the first step where UE1 sends reference signals via different transmit beams, it is open on the applicable reference signals. Three options are mentioned by companies, as follows:
· S-SSB: Huawei, Intel (for SyncRefUE), Apple, Lenovo, CEWiT (for SyncRefUE), xiaomi
· (Standalone) SL CSI-RS: Apple, Lenovo, Interdigital, xiaomi
· PSCCH/PSSCH DMRS: ZTE

Further details about reference signal design are mentioned by companies
· RS burst with different transmit beams: Qualcomm
· Resource allocation/indication of reference signal transmissions:
· Time occasions for reference signals are (pre-)configured: Intel
· Resource selection or network-controlled coordination on reference signal transmission resource: Qualcomm
· Reference signals are indicated by SCI: LG
· Additional information carried with reference signal 
· Contain truncated L1 ID: Lenovo
· Beam management information: xiaomi

It is open on when reference signals are sent:
· Aperiodic: Interdigital
· Semi-persistent: Nokia, Apple, Interdigital
· Periodic: Huawei 

In the second step, where UE2 measures reference signal and determines UE1’s transmit beam and UE2 receive beam. It is open whether/how to determine UE2’s transmit beam
· UE1’s transmit beam and UE2’s receive beam are determined as the pair with the largest RSRP measurement: Huawei, Apple, Lenovo, 
· UE2’s transmit beam is determined as the one corresponding to determined UE2’s receive beam: Huawei, Apple, Lenovo (in case of beam correspondence), Qualcomm
· In case of no beam correspondence, UE2 needs to sweep beam (Lenovo). 

In the third step, UE2 indicates to UE1 the determined UE1 transmit beam. It is open how to indicate the determined transmit beam. 
· UE2 beam reporting resource is associated with reference signal transmit beam: Huawei, Apple, Intel, Qualcomm, Samsung, ZTE, xiaomi
· Beam reporting carries UE1’s ID related information: Huawei
· Beam reporting is via RS or PSFCH: Qualcomm
· Response time window corresponding to reference signal transmit beam: xiaomi

Regarding how to avoid unnecessary beam measurement and reporting from UEs other than UE2: 
· Nokia, Toyota, Apple, ZTE, Mediatek propose to study how to address the issue of unnecessary beam measurement and reporting by non-target UEs.
· This issue is severe when there are a lot of UEs in proximity
· Qualcomm mentions higher layer parameter or ID is used to derive RS sequence/configuration
· Only relevant UE knows ID or higher layer parameter

Overall, Vivo, Spreadtrum support this candidate procedure in general. OPPO is against this candidate procedure in general due to a lot of specification work. Additionally, Intel mentions the role of UE1 and UE2 needs to be studied. 

Proposal 1-1-a is about the detailed design for this candidate procedure. Note that this does not imply this candidate procedure is already adopted. 

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]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: 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: Obs29916][bookmark: Obs62446]Observation 2: Periodic RS transmission for initial beam pairing before unicast link establishment may cause unnecessary resource overhead and power consumption.
[bookmark: Proposal35649][bookmark: Proposal38846]Proposal 2: For initial beam pairing before unicast link establishment, if supported, study criteria for enabling/disabling RS transmission by UE1.

	Toyota
	[bookmark: _Toc134952581]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.

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

	Spreadtrum
	Proposal-1: Initial beam pairing procedure can be executed before or after unicast link establishment.

	Huawei
	[bookmark: _Ref134544247][bookmark: _Ref134203271]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.
Observation 2: 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.
· 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.
[bookmark: _Ref134544288]Proposal 1: For the case where UE1 performs the initial beam pairing procedure before establishing a unicast link, 
· UE1 periodically sends S-SSBs on (pre-)configured occasions via different transmit beams outside the resource pool(s).
· 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.
· 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.

	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 8: 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.

	Xiaomi
	Proposal 1: SL beam management information is transmitted together with SL beam reference signal for initial beam pairing
Proposal 2: The following alternatives are studied for SL beam management signal transmission 
- SL beam management information and reference signal are transmitted by PSCCH/PSSCH
- A new PHY channel is defined for SL beam management information and reference signal transmissions
Proposal 3: 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.

	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  

	Interdigital
	Proposal 4: Consider 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: Consider stand-alone CSI-RS with intra-slot beam sweeping for initial beam pairing if performed before the unicast connection.
Proposal 6: Study in which occasions a receiving UE should report the determined transmit beams to a transmitting UE after reception of IBP RS.

	Apple
	Proposal 1: For the candidate procedure where initial beam pairing is performed before sidelink unicast link establishment, the applicable reference signal is chosen from either S-SSB or (standalone) sidelink CSI-RS.
Proposal 2: For the candidate procedure where initial beam pairing is performed before sidelink unicast link establishment, UE1 starts sending reference signals within a window duration before triggering sidelink unicast link establishment and stops sending reference signals after initial beam pair is obtained. 
Proposal 3: For the candidate procedure where initial beam pairing is performed before sidelink unicast link establishment, UE2 determines UE2 transmit beam (to UE1) based on UE2 receive beam (from UE1), which has the largest RSRP measurement of reference signal.
Proposal 4: For the candidate procedure where initial beam pairing is performed before sidelink unicast link establishment, UE2 uses the beam reporting occasion associated with the determined UE1 transmit beam to indicate the determined UE1 transmit beam.
· Study whether/how to avoid multiple UEs performing beam reporting.

	Qualcomm
	Proposal 1-1-1: In the step 1, UE1 transmit RSs via different transmit beams (= an RS burst) in a short period of time
· The RS burst is repeated over time in periodic manner
· The periodicity of the RS burst and RS resources in an RS burst can be defined or (pre)configured
· UE1 can be either:
· a UE that wants to initiate unicast-link establishment procedure with another UE
· E.g., typical commercial sidelink device
· a UE seeing if there is any UEs that wants to establish unicast-link with the UE
· E.g., hub type device in star topology
Proposal 1-1-2: To avoid irrelevant UE’s beam-pairing procedure,
· A certain higher layer parameter(s) or ID(s) that is/are known/acquired by relevant UEs are used to derive the RS configuration/sequence
· E.g., Define or (pre)configure mapping between RS configuration/sequence and higher-layer parameter(s) or ID(s) that is/are known/acquired only by relevant UEs for the unicast-link communication
· FFS: how/which parameter(s)/ID(s) is used
Proposal 1-1-3: Resource coordination among multiple different Tx UEs is realized by:
· Opt. 1: network controlled periodic resource configuration (in case of Uu coverage)
· Opt. 2: UE-based resource selection + periodic transmissions
Proposal 1-1-7: Step 2 is realized as follows:
· UE2 monitors RSs based on the configuration/sequence that could be relevant to UE2 
· Through measurement of the one or multiple periods of RS transmissions from UE1, UE2 determines its receive beam for a selected RS from UE1
· In addition, UE2 derives its transmit beam from the determined UE2 receive beam according to Tx/Rx beam correspondence
Proposal 1-1-8: Step 3 is realized as follows:
· ‘beam-pairing response signal’ is introduced to let UE2 to inform its presence and selected RS to UE1
· Mapping b/w a resource for ‘beam-pairing response signal’ to UE1 and a RS from UE1 is defined or (pre)configured (similar to Uu SSB-PRACH association)
· UE2 transmits a ‘beam-pairing response signal’ on the resource associated with the selected RS in step 2
· UE1 monitors the resources for ‘beam-pairing response signal’ using the beams that were used for the RS transmissions
· UE1 receive beams for monitoring the resources for ‘beam-pairing response signal’ are derived from UE1 transmit beams according to Tx/Rx beam correspondence
· By detecting the beam-pairing response signal from UE2, UE1 identifies that there is UE2 for potential unicast-link establishment and preferred UE1 transmit beam for the UE2
Proposal 1-1-9: Regarding the ‘beam-pairing response signal’ in step 3,
· The signal does not have to carry message payload (e.g., can be an RS or PSFCH)

	ZTE
	[bookmark: _Toc135070402]Proposal 4: To enable receiving UE(s) to identify Tx UE and its Tx beam, Tx beam ID and Tx UE ID dedicated for initial beam paring can be transmitted together with PSCCH/PSSCH transmission before/during/after sidelink unicast link establishment procedure.
Observation 2: Initial beam pairing procedure starting before sidelink unicast link establishment procedure may lead to unnecessary beam training and resource overhead, and require too much effort unless using existing reference signals and existing relationship between the reference signal and sidelink channel.
[bookmark: _Toc135070417]Proposal 5: For initial beam pairing procedure starting before sidelink unicast link establishment procedure, using existing reference signals (e.g. PSCCH/PSSCH DMRS) and existing relationship between the reference signal and sidelink channel (such as, mapping relationship between PSSCH and PSFCH) as a starting point can be considered.

	OPPO
	Observation 1: Lots of specification work is needed to perform initial beam pairing before unicast link 

	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.

	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. 

	Mediatek
	[bookmark: _Ref134797280]Observation 1: For the case of initial beam pairing performed before sidelink unicast link establishment procedure, plenty irrelevant beam pairs may be established due to the lack of knowledge of unicast link.
[bookmark: _Ref134797290]Observation 2: For the case of initial beam pairing performed before sidelink unicast link establishment procedure and additional link information is carried, how to let the Tx/Rx UE(s) carry different source/target UE IDs for different unicast links can be taken into consideration.
[bookmark: _Ref134797329]Observation 3: Link establishment procedure may can not be performed by using the established beam pair due to Tx or Rx UE’s significantly movements or rotations during the time gap between IBP and link establishment.

	CEWiT
	Proposal 1: The UE1 can send S-SSB as reference signal for initial beam pairing before the sidelink unicast link establishment to UE2, if UE1 is a SyncRefUE.



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.




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

In the first step where UE1 sends reference signals via different transmit beams, it is open the applicable reference signals which are transmitted together with unicast link establishment message. Two options are mentioned by companies, as follows: 
· PSCCH/PSSCH DMRS: vivo, Intel, Apple, ZTE, CEWiT
· SL CSI-RS: vivo, Huawei, Lenovo, Apple, Mediatek

In the second step where UE2 indicates to UE1 one (or more) UE1’s transmit beam(s) of PSCCH/PSSCH which is successfully received, it is open on the details of beam indication. 

The beam indication/reporting container are mentioned by companies:
· PSFCH: Nokia, vivo, Apple, LG, Sharp
· PSCCH/PSSCH: Qualcomm, vivo, LG

The transmit/receive beam of beam indication/reporting are mentioned by companies (e.g., vivo, Qualcomm, Intel, Samsung). Basically, UE2’s transmit beam of beam indication/reporting (either PSFCH or PSCCH/PSSCH) is derived from UE2’s receive beam of PSCCH/PSSCH (for DCR message). UE1’s receive beam of beam indication/reporting (either PSFCH or PSCCH/PSSCH) is derived from UE1’s transmit beam of PSCCH/PSSCH (for DCR message). This implies that the beam indication/reporting resource is associated with UE1’s transmit beam. 

The contents of the beam indication/reporting are discussed by companies. In case of PSFCH-based beam reporting/indication, the contents of beam reporting can be ACK/NACK and/or RSRP measurement. In case of PSSCH-based beam reporting/indication, the contents of beam reporting can be beam related information, like beam ID.

It is open on how UE2 determines UE1’s transmit beam(s) and/or UE2’s transmit/receive beam(s). Some companies (Nokia, Apple, LG) mention that UE1’s transmit beam and UE2’s receive beam are determined based on the RSRP measurement, e.g., beam pair with largest RSRP measurement or beam pair with RSRP measurement larger than a threshold. 

Additionally, the mapping between each PSCCH/PSSCH and UE1’s transmit beam are discussed by Intel, Lenovo, LG, Samsung. 

In the third step where UE1 uses one of the indicated beam(s) for the subsequent communication, it is open on how UE1 determines one of the indicated beam(s). Basically, the following options are mentioned. 
· UE1 determines the best beam based on the latest received PSFCH: Nokia, vivo, Sharp
· UE1 determines the best beam based on the PSFCH received signal strength: vivo
· UE1 determines the best beam based on the largest reported RSRP measurement: Apple

Regarding additional reference signal for efficient beam pairing, Qualcomm mentions beam pairing response signal, and Mediatek mentions standalone SL CSI-RS. 

Additionally, Intel mentions sidelink synchronization is not used in this procedure and the role of UE1 and UE2 needs to be studied; Lenovo mentions DCA message includes UE2’s receive beam information; Mediatek mentions to study the scheme where UE2 does not need to decode all PSCCH/PSSCH. 

Overall, Toyota, vivo, OPPO support this candidate procedure in general. Spreadtrum, Huawei are against this candidate procedure in general, due to various reasons, including infeasible without reference signals; UE2 has to decode multiple PSCCH/PSSCH from different beams; unclear resource mapping between DCR and DCA; UE2 has to respond using DCA, increasing overhead and latency; Large delay for unicast link establishment. 

Proposal 1-2-a is about the detailed design for this candidate procedure. Note that this does not imply this candidate procedure is already adopted.

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: Obs62447][bookmark: Obs29917]Observation 3: The implicit PSSCH-to-PSFCH resource mapping provides a fast and efficient mechanism for initial beam reporting during unicast link establishment.
[bookmark: Proposal38847][bookmark: Proposal35650]Proposal 3: 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: Obs29918]Observation 4: 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: Proposal38848][bookmark: Proposal35651]Proposal 4: For initial beam pairing during unicast link establishment, UE2 only transmits PSFCH associated with a successfully received PSCCH/PSSCH if the associated RSRP is highest among all RSRPs measured so far between the pair of UEs.
[bookmark: Obs29919][bookmark: Obs62449]Observation 5: If TX/RX beam correspondence is assumed, a stronger PSFCH received signal implicitly indicates a stronger beam pair.

	Toyota
	[bookmark: _Toc134952583]Observation 3: Initial beam pairing during unicast link establishment can mitigate the issues of unnecessary beam pairing and limited communication range.
[bookmark: _Toc134952592]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: _Ref135070773]Proposal 2: If the initial beam pairing is performed during sidelink unicast link establishment, DMRS or (pre-)configured CSI-RS associated with the PSCCH/PSSCH transmission conveying DCR is used for beam measurement, and the associated beam index is also conveyed by the PSCCH/PSSCH. 
[bookmark: _Ref135070775]Proposal 3: If the initial beam pairing is performed during sidelink unicast link establishment, the beam reporting information is conveyed by the PSCCH/PSSCH transmission conveying DCA, or by the PSFCH associated with the PSCCH/PSSCH transmission which conveys DCR.
- FFS trigger of the beam reporting. 
[bookmark: _Ref135070777]Proposal 4: For the case that the initial beam pairing is performed during sidelink unicast link establishment, RAN1 should further study how the UEs align the time for DCR or DCA transmission/reception. 
Proposal 5: 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 and/or assumes that the latest received PSFCH corresponds to the best beam.
[bookmark: Obs29920][bookmark: Obs62450]Observation 6: 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: Proposal35653][bookmark: Proposal38850]Proposal 6: 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: Obs62451][bookmark: Obs29921]Observation 7: 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: Proposal38851][bookmark: Proposal35654]Proposal 7: 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: Obs29922][bookmark: Obs62452]Observation 8: 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: Proposal38852][bookmark: Proposal35655]Proposal 8: Discuss whether UE2 should wait until it has determined the best initial beam pair before responding to UE1 with security establishment.

	Spreadtrum
	Proposal-2: Don’t support initial beam pairing procedure during unicast link establishment.

	Huawei
	[bookmark: _Ref134731608]Observation 3: It is not feasible for UE1 to perform initial beam pairing procedure during the establishment of a unicast link using unicast link establishment messages like DCR only without reference signals.
· UE2 would have to attempt to decode multiple PSCCH/PSSCHs with higher layer DCR messages from different beams and directions in order to perform the initial beam sweeping procedure and the link establishment procedure. 
· It would be unclear for UE1 as to when and with which beam to receive the report without mapping between the resources used to transmit the DCR and its respective DCA.
· UE2 would have to respond using a DCA message, which would cause additional overhead and increased latency.
[bookmark: _Ref134731633]Observation 4: For the case where UE1 performs the initial beam pairing procedure during establishing a unicast link, reference signals, e.g., SL CSI-RS, can be considered in combination with DCR/DCA messages for beam pairing instead of using PSCCH/PSSCH messages, e.g. DCR, only. 

	Intel
	Proposal 2: 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.
· 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.

	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 5: For the candidate procedure where initial beam pairing is performed during sidelink unicast link establishment, the applicable reference signal which is transmitted together with unicast link establishment message is sidelink CSI-RS or PSCCH/PSSCH DMRS. 
Proposal 6: For the candidate procedure where initial beam pairing is performed during sidelink unicast link establishment,
· If UE2 successfully receives a PSCCH/PSSCH, UE2 reports its RSRP measurement of reference signal transmitted together with this PSCCH/PSSCH, where
· mapping between each PSCCH/PSSCH transmission and its corresponding RSRP measurement reporting follows the PSSCH-PSFCH mapping rule.
· UE2 determines UE1 transmit beam and UE2 receive beam, which has the largest RSRP measurement.
Proposal 7: For the candidate procedure where initial beam pairing is performed during sidelink unicast link establishment, UE1 determines its transmit beam which has the largest reported RSRP measurement. 

	Qualcomm
	Proposal 1-2-1: Establishing beam-pair by using PSCCH/PSSCH transmissions/receptions
· UE1 repeats PSCCH/PSSCH via different transmit beams
· The repetitions for different transmit beams is further repeated so that UE2 can sweep receiving beams
· UE2 receives PSCCH/PSSCH from UE1 and based on that the UE2 determines UE2 receive beam
· Further, UE2 transmit beam is derived from the determined UE2 receive beam according to Tx/Rx beam correspondence 
· UE2 transmits a response PSCCH/PSSCH to UE1 using the UE2 transmit beam on the resource associated with the received PSCCH/PSSCH from UE1
· Mapping/association between a resource for response PSCCH/PSSCH to UE1 and a resource for transmission of PSCCH/PSSCH from UE1 is defined or (pre)configured (similar to Uu SSB-PRACH association)
· UE1 monitors the resources for PSCCH/PSSCH reception using receive beams derived from transmit beams that were used for PSCCH/PSSCH transmissions
· UE1’s receive beams derivation from UE1’s transmit beams is according to Tx/Rx beam correspondence
· By detecting the response PSCCH/PSSCH from UE2, UE1 identifies that there is UE2 for potential unicast-link establishment and preferred UE1 transmit beam for the UE2
Proposal 1-2-2: Consider using reference signals for initial beam-pairing during unicast-link establishment
· ‘beam-pairing response signal’ to reduce overhead for beam sweeping at UE1
· ‘periodic RS transmissions via different transmit beams’ to reduce overhead for beam sweeping at UE2

	ZTE
	[bookmark: _Toc135070403]Proposal 4: To enable receiving UE(s) to identify Tx UE and its Tx beam, Tx beam ID and Tx UE ID dedicated for initial beam paring can be transmitted together with PSCCH/PSSCH transmission before/during/after sidelink unicast link establishment procedure.
Observation 3: If initial beam pairing only relies on messages during unicast link establishment procedure, initial beam pairing procedure during sidelink unicast link establishment procedure may cause larger delay for unicast link establishment procedure.
[bookmark: _Toc135070404]Observation 4: If Tx beam ID and Tx UE ID dedicated for initial beam paring is transmitted by UE1 together with PSCCH/PSSCH transmission, UE2 can always measure the PSCCH/PSSCH DMRS regardless of whether UE2 is a target UE of a PSCCH/PSSCH transmission sent by UE1.
[bookmark: _Toc135070418]Proposal 6: DMRS of any PSCCH/PSSCH transmission before/during sidelink unicast link establishment procedure can be used as reference signals for initial beam pairing, if the Tx UE and Tx beam can be identified for this PSCCH/PSSCH transmission.

	OPPO
	Observation 2: It is feasible to perform initial beam pairing during unicast link establishment.
Proposal 1: The options that initial beam pairing performed during or after unicast link establishment is prioritized over the option that initial beam pairing is performed before unicast link establishment.

	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.

	LG
	Proposal 2: For initial beam pairing is performed during sidelink unicast link establishment, 
· PSCCH/PSSCH carrying unicast link establishment message 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. 

	Mediatek
	[bookmark: _Hlk134797179][bookmark: _Ref134797338]Observation 4: For the case of initial beam pairing performed during sidelink unicast link establishment procedure, large overhead may be caused by the multiple messages (e.g., DCR message) decoding process, and problems may occur due to multiple unicast links establishment attempt.
[bookmark: _Ref134796182]Proposal 1: Study the initial beam pairing procedure which the Rx UE(s) doesn’t need to try to decode all the messages it received. 
[bookmark: _Ref134796184]Proposal 2: Study the case where multiple unicast links may be established and how to avoid the conflict among multiple Rx UE feedbacks (e.g., resource conflict, time conflict, beam conflict, etc).
[bookmark: _Hlk134797403][bookmark: _Ref134796186]Proposal 3: Take CSI-RS transmitted with or without messages as the reference signal for the case of initial beam pairing performed during sidelink unicast link establishment procedure.

	Sharp
	Proposal 1: For the candidate procedure where initial beam pairing is performed during sidelink unicast link establishment, studying the following,
· Implicit indication of UE1 transmit beam by association between PSCCH/PSSCH transmission and corresponding PSFCH resource
· ACK is sent by UE2 in the PSFCH resource associated to successfully decoded PSCCH/PSSCH transmission
· Upon detection of ACK in a PSFCH resource, the UE1 determines UE1 transmit beam that is applied in the corresponding PSCCH/PSSCH transmission as indicated beam by UE2. 
· If multiple UE1 transmit beams are indicated by UE2, the UE 1 determines the latest indicated beam as the one to finish the remaining sidelink unicast link establishment procedure with UE2.

	CEWiT
	Proposal 4: For beam pairing during initial sidelink unicast link establishment, the PSCCH/PSSCH DMRS can be used.




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



The feasibility of the candidate procedure where initial beam pairing starts after sidelink unicast link establishment is discussed by companies. Huawei, Toyota, Qualcomm, Mediatek think it is infeasible since the coverage of sidelink unicast link establishment messages is small. OPPO thinks it is feasible, and Nokia thinks it is feasible for some scenario and use cases. 

Several companies (Nokia, Qualcomm, ZTE, OPPO, DCM) mentions that in this candidate procedure, the initial beam pairing follows the similar framework as beam maintenance. LG mentions the initial beam pairing of this candidate procedure follows the similar framework as the candidate procedure where the initial beam pairing starts during sidelink unicast link establishment, except that PSCCH/PSSCH does not need to carry DCR messages. 

In step 1 of the procedure, it is open on the beams used for unicast link establishment. It is mentioned by Interdigital that this beam is up to UE implementation, and mentioned by Apple that this beam is wide beam. 

In step 2 of the procedure, it is open on the resource configuration for beam sweeping and/or beam reporting. It is mentioned by OPPO and Apple that this resource configuration can be achieved via PC5-RRC. 

In step 3 of the procedure, it is open on the applicable reference signal. It is mentioned by Nokia, Apple, ZTE, OPPO that SL CSI-RS is the applicable reference signal. ZTE additionally mentions PSCCH/PSSCH DMRS as applicable reference signal. Intel mentions that any reference signals applicable to the other two candidate procedures can be used as an applicable reference signal in this candidate procedure. 

Additionally, Intel mentions sidelink synchronization is not used in this procedure.

Overall, Toyota, Huawei, Lenovo, Sharp are against this candidate procedure in general. Spreadtrum, CMCC, Interdigital, JHU, ZTE, Ericsson, OPPO support this candidate procedure in general. 

Proposal 1-3-a is about the detailed design for this candidate procedure. Note that this does not imply this candidate procedure is already adopted.

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]Observation 9: 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: Proposal35656][bookmark: Proposal38853]Proposal 9: 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: Obs62483][bookmark: Obs29924][bookmark: Obs62454]Observation 10: Performing SL initial beam pairing after PC5 unicast link establishment may reduce the achievable communication range.
[bookmark: Proposal35657][bookmark: Proposal38854][bookmark: Proposal51819]Proposal 10: Whether to perform initial beam pairing after link establishment (if feasible) may depend on scenario and use case requirements.
[bookmark: Obs62455][bookmark: Obs29925]Observation 11: Once a unicast link has been established, the UEs may configure resources for SL CSI-RS transmission and, if needed, beam reporting, similar to SL beam maintenance.
[bookmark: Proposal38855][bookmark: Proposal35658]Proposal 11: Unless essential differences are identified, study the candidate procedure for initial beam pairing after unicast link establishment as a special case of SL beam maintenance.

	Toyota
	[bookmark: _Toc134952582]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.

	Spreadtrum
	Proposal-1: Initial beam pairing procedure can be executed before or after unicast link establishment.

	Huawei
	[bookmark: _Ref134203280][bookmark: _Ref134726244][bookmark: _Ref130927446]Observation 5: 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.

	Intel 
	Proposal 10: 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. 

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

	CMCC
	[bookmark: OLE_LINK51]Proposal 11: RAN1 should prioritize the study of initial beam pairing procedure after sidelink unicast link establishment procedure.

	Interdigital
	Proposal 7: Associate TX and/or RX beam information with a unicast transmission identified by a pair UE source and destination ID.
Proposal 8: Support initial beam pairing after unicast connection. The use of beam(s) for unicast connection can be left for UE implementation.

	JHU
	Proposal 9: A unicast connection that exists between two UEs may be transitioned to the FR2 band. Information may be exchanged over the existing connection to assist in the initial FR2 beam pairing.

	Apple
	Proposal 8: For the candidate procedure where initial beam pairing starts after sidelink unicast link establishment, unicast link establishment procedure is based on wide beam transmissions. 
Proposal 9: For the candidate procedure where initial beam pairing starts after sidelink unicast link establishment, the resource configuration for beam sweeping and/or beam reporting is transmitted via PC5-RRC message.
Proposal 10: For the candidate procedure where initial beam pairing starts after sidelink unicast link establishment, the applicable reference signal for beam sweeping is sidelink CSI-RS.

	Qualcomm
	Observation 2: 
· The step 2 and step 3 of initial beam-pairing after unicast-link establishment in the agreement are part of beam refinement based on dedicated configuration and hence cannot be viewed as steps of initial beam-pairing procedure
· The other options (initial beam-pairing before/during unicast-link establishment) also perform step 2 and step 3 after unicast-link establishment
· In other words, beam-pair is not established in this option until beam refinement based on dedicated configuration is carried out
· I.e., antenna panel and/or beam determination is random/blind until that time
Observation 3: 
· Max communication range for PSCCH/PSSCH is quite limited without beam-pairing, even if it carries small payload
· Initial beam-pairing after unicast-link establishment does not allow UEs to establish unicast-link when the UEs are > 80m separated in the same cell for UMi with ISD = 200m, even in LOS environment.
Proposal 1-4: 
· Capture the above analysis and observation as outcome of study for FR2-SL
· Conclude that initial beam-pairing after unicast-link establishment is not feasible

	ZTE
	[bookmark: _Toc135070405]Proposal 4: To enable receiving UE(s) to identify Tx UE and its Tx beam, Tx beam ID and Tx UE ID dedicated for initial beam paring can be transmitted together with PSCCH/PSSCH transmission before/during/after sidelink unicast link establishment procedure.
Observation 5: For initial beam pairing and beam maintenance, a unified framework can be used for reference signal configuration, transmission, measurement and beam reporting etc.
[bookmark: _Toc135070419]Proposal 7: Initial beam pairing is supported after sidelink unicast link establishment procedure, and SL CSI-RS or PSCCH/PSSCH DMRS can be used as reference signals. 

	OPPO
	Observation 3: It is feasible to perform initial beam pairing after unicast link establishment.
Proposal 1: The options that initial beam pairing performed during or after unicast link establishment is prioritized over the option that initial beam pairing is performed before unicast link establishment.
Proposal 2: For TX beam selection procedure which is performed after unicast link establishment:
· The CSI-RS resource set is configured by PC5-RRC between TX UE and RX UE. The repetition parameter of the CSI-RS resource set is set to “OFF”.
· TX UE sends indicator to RX UE to trigger TX beam selection procedure.
· For each CSI-RS transmission, the CSI-RS resource is indicated to RX UE or can be derived by RX UE.
· Two latency boundaries are configured: one is to determine the maximal delay for TX beam sweeping, another is to determine maximal delay for CRI reporting. 
Proposal 3: For RX beam selection procedure which is performed after unicast link establishment:
· The CSI-RS resource set is configured by PC5-RRC between TX UE and RX UE
· Periodic CSI-RS resources are preferred
· TX UE sends indicator to RX UE to trigger RX beam selection procedure
· One latency boundary is configured to determine the maximal delay for TX UE to finish transmitting all SL CSI-RS resources. 
Observation 4: After unicast link establishment, a unified beam selection procedure is applicable to both initial beam pairing and beam maintenance.

	DCM
	Observation 1:There is no difference between initial beam pairing after sidelink unicast link establishment and beam maintenance
Proposal 1: The case where initial beam pairing after unicast link establishment is concluded to be same as beam maintenance after initial beam pairing before or during unicast link establishment.
· Further study is not needed for initial beam pairing after unicast link establishment

	LG
	Observation 1: For initial beam pairing starts after sidelink unicast link establishment between UE1 and UE2, the initial beam paring procedure for the case when the initial beam pairing starts during sidelink unicast link establishment could be reused. 

	Mediatek
	[bookmark: _Ref134797339]Observation 5: For the case of initial beam pairing performed after sidelink unicast link establishment procedure, omni-beam is not feasible because only one panel can be activated at a time for multi-panel FR2 UEs. 
[bookmark: _Ref134797341]Observation 6: If FR1 is introduced to the case of initial beam pairing performed after sidelink unicast link establishment procedure, the beam coverage of FR1 may exceed the beam coverage of FR2.

	Sharp
	Proposal 2: RAN1 is to deprioritize to study the candidate procedure where initial beam pairing starts after sidelink unicast link establishment between UE1 and UE2.

	Ericsson
	[bookmark: _Toc135045290]Observation 2: As indicated per WID, the main focus of this item shall be to reuse for NR SL FR2 the beam management framework from NR Uu as much as possible and limit the work to unicast transmissions.
[bookmark: _Toc135045300]Proposal 2: RAN1 prioritizes studying beam management procedure for a pair of UEs after the unicast connection has been established.




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




The relation between S-SSB for initial beam pairing and S-SSB for synchronization was discussed by companies (vivo, Huawei, Qualcomm, Mediatek, ETRI). It is proposed that S-SSB for initial beam pairing is not used for synchronization purpose. This means S-SSB for initial beam pairing is separately transmitted from Rel-16 S-SSB for synchronization transmission.

Since S-SSB for initial beam pairing is separately transmitted from S-SSB for synchronization, the 
resources for S-SSB for initial beam pairing are discussed. Huawei mentions S-SSB resources for initial beam pairing are out of resource pool, while vivo mentions S-SSB resources for initial beam pairing are within resource pool and resource selection mechanism is applied. JHU mentions to increase the number and frequency of S-SSB transmissions. 

It is proposed by companies (CATT, Apple, Fraunhofer, Ericson, CMCC) that S-SSB for initial beam pairing carries beam related information. Huawei mentions that the mapping between S-SSB transmission/resource and beam related information is up to UE implementation, while Intel mentions that this mapping is by (pre)configuration. 

It is proposed by companies (Huawei, CATT, Apple, ETRI, Ericsson) that S-SSB for initial beam pairing carries UE1’s source ID so that UE2 could perform the proper beam measurement. It is proposed that this information is carried via SL-SSID (ETRI). Qualcomm mentions that PSBCH is not contained in S-SSB for initial beam pairing, while Intel mentions PSBCH can have different contents as Rel-16 S-SSB.

It is proposed by companies (CATT, Apple) to include UE2’s destination ID in S-SSB for initial beam pairing so that only target UE performs beam measurement and reporting. Nokia mentions that destination ID for unicast link establishment is unavailable until security establishment message. 

The physical structure of S-SSB for initial beam pairing is discussed by companies. Intel mentions the structure of Rel-16 S-SSB is reused for S-SSB for initial beam pairing, while Qualcomm mentions S-SSB may only contain S-PSS and S-SSS, where the reference signal configuration or sequence is based on high layer parameters/IDs. JHU mentions to have 4-symbol S-SSB. 

The association between S-SSB resources (or transmit beams) and beam reporting resources are mentioned by companies (xiaomi, Apple, vivo, Sony). Huawei proposes to include UE1’s source ID in the beam reporting. 

Overall, Nokia, Xiaomi, Interdigital, ZTE, OPPO, LG, Transsion, Mediatek are against to use S-SSB for initial beam pairing, due to large specification impact and combined Tx beam of S-SSB different from the Tx beam of single PSCCH/PSSCH. Spreadtrum, CATT support to use S-SSB for initial beam pairing. 

It seems that companies’ views on how S-SSB is used for initial beam pairing is still divergent. The only common understanding seems to be that in case S-SSB is used for initial beam pairing is that it is separately transmitted from Rel-16 S-SSB, it contains beam related information and UE1’s source ID, and there is association between S-SSB resources and beam reporting resources. This is in Proposal 1-4-a. 

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: Obs62456]Observation 12: 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: Proposal38856]Proposal 12: RAN1 to deprioritize the study of S-SSB enhancements for initial beam pairing.
[bookmark: Obs29927][bookmark: Obs62457]Observation 13: 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]Proposal 13: RAN1 to study discovery messages sent over PSSCH instead of S-SSB enhancements for initial beam pairing.

	Vivo
	[bookmark: _Ref135070783]Proposal 7: If new S-SSB is used for initial beam training purpose, the new S-SSB is not expected to be used for SL synchronization. 
[bookmark: _Ref135070785]Proposal 8: 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 9: If new S-SSB is used for initial beam training purpose, PSFCH is used for beam report.
- FFS the association between new S-SSB and PSFCH, taking the Uu initial beam training procedure as baseline. 
[bookmark: _Ref135070895]Proposal 10: 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 11: 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. 

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

	Huawei
	[bookmark: _Ref134203282]Observation 6: 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 2: 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.

	CATT
	Proposal 1: S-SSB can be used as a starting point to achieve initial beam pairing. The following enhancements can be considered for S-SSB.
· 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.

	Xiaomi
	Observation 2: Supporting UE-specific S-SSB would introduce much specification impact and thus is not preferred.

	Sony
	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. 

	Intel
	Proposal 17: Study if other reference signals besides the ones present in Rel-16 S-SSB can be used for initial beam alignment.
Proposal 18: 
· 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. 

	CMCC
	Proposal 3: 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 4: 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 5: 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.

	Interdigital
	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 1: S-SSB are not supported for initial beam pairing.

	JHU
	Proposal 3: 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 4: Investigate approaches for supporting directional beams for S-SSB transmissions from SyncRef UE.
Proposal 5: Study expanding the SLSS sequences to accommodate the transmissions from beam pairing UEs in addition to the transmissions from SyncRef UEs.
Proposal 6: Increase the number and frequency of S-SSB transmissions similar to those used in SSB transmissions in NR Uu.
Proposal 7: Study the inter-UE interference resulting when a single set of time-frequency resources are assigned to the S-SSB transmissions for beam pairing purposes.
Proposal 8: For initial beam pairing purposes, consider a 4-symbol S-SSB similar to that used in NR Uu.

	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.

	Qualcomm
	Proposal 1-1-4: RAN1 to confirm the RSs in the step 1 is not served for T/F synchronization or sidelink MIB delivery
· These should be provided by GNSS, gNB, or by legacy S-SSB from SyncRefUE
Proposal 1-1-5: 
· If the reference signal is based on S-SSB, 
· The RS does not carry PSBCH
· The RS can be composed of SSSS (and potentially PSSS), where:
· The RS configurations/sequences are determined based on a higher-layer parameter(s)/ID(s)
· Each RS associated with a transmit beam occupies a limited (e.g., 1 or 2) symbols of a slot
· If the reference signal is based on SL CSI-RS,
· The RS configurations/sequences are determined based on a higher-layer parameter(s)/ID(s)
· Each RS associated with a transmit beam occupies limited (e.g., 1 or 2) symbols of a slot
Proposal 1-1-6:  The RS for initial beam-pairing should be transmitted periodically in stand-alone manner
i.e., the RS is not associated with SL data, SL MAC-CE, or SCI(s)

	ZTE
	[bookmark: _Toc135070401]Observation 1: If S-SSB is used for initial beam pairing, RAN1 needs to do a lot of work to introduce a new design of S-SSB which is not in line with neither the Uu cell-specific SSB design nor the sidelink S-SSB design.
[bookmark: _Toc135070413]Proposal 1: S-SSB is not used for sidelink initial beam pairing in Rel-18.

	OPPO
	Proposal 4: S-SSB cannot be taken as reference signal for initial beam pairing considering specification workload.

	LG
	Observation 2: 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 sidelink initial beam pairing, enhancement on S-SSB is deprioritized. 

	Mediatek
	[bookmark: _Ref134797342]Observation 7: Drastic content and structural changes of S-SSB need to be done due to the purpose differences:
· Synchronization signals such as S-PSS and S-SSS may not be necessary;
· The contents of PSBCH may not be needed;
· UE specific information need to be added (e.g., source/target ID, service info, beam info, etc).
[bookmark: _Ref134797637]Proposal 4: The new reference signal can not be called as “S-SSB” if S-SSB is to be used for initial beam pairing.
· Option 1: A new name is needed for the new S-SSB;
· Option 2 : A new signal or other signal is to be used instead of S-SSB.

	Transsion
	Proposal 1: S-SSB cannot be used as the reference signal for beam training.

	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.

	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 1: One easy and straightforward approach for S-SSB to carry UE-specific information for SL initial beam sweeping is to use 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 2: We propose to use SL-SSID to carry UE-specific information (e.g., UE ID) for SL initial beam sweeping.

	Wilus
	Proposal 1: NR SL Tx UE can perform beam sweeping for every configured S-SSB transmissions.
Proposal 2: For efficient beam sweeping process using S-SSB, shorter period for S-SSB transmission and increased number of S-SSB transmissions per period should be (pre-)configured.
Proposal 3: NR SL Rx UE can measure PSBCH-RSRP for identifying the best beam.
Proposal 4: NR SL Rx UE can transmit precoding applied S-SSB repeatedly at configured resources that the transmission beam of NR SL Rx UE’s S-SSB is associated with the best receive beam of the Rx UE.

	Ericsson
	[bookmark: _Toc135045295]Observation 7: The current synchronization signalling block in SL (S-SSB) does not include information about the beam used or information that can be used to identify the transmitting UE.
[bookmark: _Toc135045296][bookmark: _Toc135045301]Observation 8: In current NR SL framework only S-SSB transmissions are periodic.
Proposal 3: RAN1 to consider potential enhancements to the S-SSB to be suitable for beam management procedures.



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



The use of SL CSI-RS for initial beam pairing is related to the candidate procedures.

For the candidate procedure where initial beam paring is performed before unicast link establishment, the usage of SL CSI-RS is supported by Apple, Qualcomm, Mediatek. In this case, standalone SL CSI-RS is assumed since there is no PSCCH/PSSCH transmission before unicast link establishment. The standalone SL CSI-RS is supported by Intel, xiaomi, CMCC, Interdigital, Apple, Qualcomm, Mediatek. In this case, the transmissions of SL CSI-RS is periodic or semi-static (CMCC, Qualcomm, Apple) and the resources for SL CSI-RS are (pre)configured (Apple, LG, Mediatek). The association between SL CSI-RS resources and beam reporting is mentioned. This is in Proposal 1-5-a. 

For the candidate procedure where initial beam pairing is performed during unicast link establishment, the usage of SL CSI-RS is supported by Nokia, vivo, Huawei, Apple, Mediatek. In this case, SL CSI-RS is transmitted together with PSCCH/PSSCH carrying unicast link establishment messages. Hence, SL CSI-RS is assumed to be non-standalone. The non-standalone SL CSI-RS is supported by Nokia, vivo, NEC, Apple, Mediatek. In this case, the transmissions of SL CSI-RS is aperiodic (Lenovo, Apple). The association between SL CSI-RS resources and beam reporting is mentioned. 

This is in Proposal 1-6-a. 

For the candidate procedure where initial beam pairing is performed during unicast link establishment, the usage of SL CSI-RS is supported by ZTE, Apple. Due to the similarity of the initial beam paring in this procedure and beam maintenance, the usage of SL CSI-RS for this procedure will be considered in beam maintenance section. 

Overall, Xiaomi, OPPO, Mediatek, Ericsson support to use SL CSI-RS for initial beam pairing. Wilus mentions multiple SL CSI-RS transmissions in a slot. 

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: Obs62458][bookmark: Obs29928]Observation 14: 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: Proposal38858][bookmark: Proposal35661]Proposal 14: Use PSSCH as a container for SL CSI-RS for initial beam pairing.

	Vivo
	[bookmark: _Ref135070790]Proposal 12: If CSI-RS is used for initial beam training purpose, the CSI-RS should be transmitted along with associated PSCCH/PSSCH conveying at least beam index information. 
[bookmark: _Ref135070794]Proposal 13: If CSI-RS is used for initial beam training purpose, standalone CSI-RS can be considered. 
[bookmark: _Ref135070796]Proposal 14: If CSI-RS is used for initial beam training purpose, PSFCH is used for beam report.
- FFS the association between CSI-RS and PSFCH. 
[bookmark: _Ref135070798]Proposal 15: If CSI-RS is used for initial beam training purpose, the CSI-RS transmission resource is selected/assigned within a set of (pre-)configured periodic resources, as well as the PSFCH. 

	Huawei
	[bookmark: _Ref134203342][bookmark: _Ref130927493][bookmark: _Ref126672205][bookmark: _Ref134726250]Observation 7:  For SL FR2 initial beam sweeping using SL CSI-RS, the following issues need to be addressed:
· Resources to be used for transmit and receive beams are not known to the UEs without PC5-RRC configuration.
· Transmission resources to be used for SL CSI-RS
· Periodicity of SL CSI-RS transmission
· 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.

	CATT
	Proposal 2: CSI-RS could be used in the initial beam pairing procedure after sidelink unicast link establishment procedure. The beam management information such as beam ID and UE ID can be carried by CSI-RS.
Proposal 3: Omnidirectional beams can be used for unicast link establishment (before initial beam pairing).
Proposal 4: The prior information for initial beam pairing (after sidelink unicast link establishment) comes from the PC5-RRC connection, and the prior information for beam maintenance comes from the previous beam. Sidelink beam maintenance procedure is performed after PC5-RRC connection establishment and initial beam pairing. RAN1 should study the conditions to trigger beam maintenance.

	Intel 
	Proposal 19:
· 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. 

	Xiaomi
	Observation 1: Existing Sidelink CSI-RS can be reused for SL beam management with limited specification impact, with necessary enhancement such as standalone CSI-RS
Proposal 4: For reference signal of initial sidelink beam pairing, sidelink CSI-RS is considered as the baseline.

	NEC
	[bookmark: _Toc131412006][bookmark: _Toc131767893][bookmark: _Toc126942723][bookmark: _Toc134523795][bookmark: _Toc127187414][bookmark: _Toc134523796][bookmark: _Toc127187415][bookmark: _Toc131412007][bookmark: _Toc126942724][bookmark: _Toc131767894]Proposal 1: The study of sidelink beam management should reuse existing sidelink CSI framework and reusing Uu beam management concepts wherever possible.
Proposal 2: CSI-RSs used for beam measurements can be transmitted with PSCCH/PSSCH in a slot.

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

	CMCC
	[bookmark: OLE_LINK40][bookmark: OLE_LINK50]Proposal 7: Periodic SL CSI-RS transmission for beam management should be supported.
Proposal 8: Standalone SL CSI-RS transmission (i.e., without PSCCH/PSSCH) for beam management should be supported.

	Interdigital
	Proposal 2: Strive to consider a common RS design for both initial beam pairing and beam management.
Proposal 3: Support stand-alone transmission of CSI-RS transmissions using different beams in time, multiplexed with at least a 1st stage SCI. FFS: 2nd stage SCI, and SCIs content in the context of initial beam pairing.

	Apple
	Proposal 16: If sidelink CSI-RS is to be reused as a reference signal for the candidate procedure where initial beam pairing is performed before sidelink unicast link establishment
· Sidelink CSI-RS is transmitted without sidelink data transmission in the same slot
· Semi-persistent sidelink CSI-RS is transmitted 
· Resources of sidelink CSI-RS beam sweeping are (pre-)configured 
· Resource selection scheme is applied for a transmitter UE to allocate sidelink CSI-RS resources
· Beam reporting resources associated with sidelink CSI-RS transmit beams are allocated by (pre-)configuration
Proposal 17: If sidelink CSI-RS is to be reused as a reference signal for the candidate procedure where initial beam pairing is performed during sidelink unicast link establishment, 
· Sidelink CSI-RS is transmitted together with PSCCH/PSSCH carrying unicast link establishment messages
· Aperiodic sidelink CSI-RS is transmitted 
· Beam reporting resources associated with sidelink CSI-RS transmit beams follow the mapping rule similar to PSSCH-PSFCH mapping rule.  
Proposal 18: If sidelink CSI-RS is to be reused as a reference signal for the candidate procedure where initial beam pairing starts after sidelink unicast link establishment,
· Resources of sidelink CSI-RS beam sweeping are configured via PC5-RRC
· Resource selection scheme is applied by a transmitter UE to allocate sidelink CSI-RS resources
· Beam related information of sidelink CSI-RS is indicated by SCI transmitted together with sidelink CSI-RS
· Beam reporting is carried in PSSCH, whose transmission resources are obtained via the legacy resource selection scheme.

	Qualcomm
	Proposal 1-1-5: 
· If the reference signal is based on S-SSB, 
· The RS does not carry PSBCH
· The RS can be composed of SSSS (and potentially PSSS), where:
· The RS configurations/sequences are determined based on a higher-layer parameter(s)/ID(s)
· Each RS associated with a transmit beam occupies a limited (e.g., 1 or 2) symbols of a slot
· If the reference signal is based on SL CSI-RS,
· The RS configurations/sequences are determined based on a higher-layer parameter(s)/ID(s)
· Each RS associated with a transmit beam occupies limited (e.g., 1 or 2) symbols of a slot
Proposal 1-1-6: The RS for initial beam-pairing should be transmitted periodically in stand-alone manner
· i.e., the RS is not associated with SL data, SL MAC-CE, or SCI(s)

	ZTE
	[bookmark: _Toc135070414]Proposal 2: CSI-RS is used for initial beam pairing after sidelink unicast link establishment procedure.

	OPPO
	Proposal 5: SL CSI-RS can be used as reference signal for initial beam pairing.

	LG
	Observation 3: 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 4: Before PC5-RRC connection, PC5-RRC signalling cannot be used to handle the SL CSI-RS resource collisions among different UEs.
Observation 5: If the SL CSI-RS is always transmitted together with PSSCH as in Rel-16/17 NR SL, it will increase the total RS overhead for the transmission of messages for the sidelink unicast link establishment. 
Proposal 4: To study the feasibility of reusing SL CSI-RS for the sidelink initial beam pairing, 
· SL CSI-RS resources are (pre)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.  

	Mediatek
	[bookmark: _Ref134797653][bookmark: _Hlk131779881]Proposal 5: CSI-RS is prioritized to be used for beam measurement in SL FR2. 
[bookmark: _Ref134797344][bookmark: _Hlk131779953]Observation 8: In NR SL for CSI measurement, NR Uu CSI-RS resource configuration is reused with support of only nrofPorts={p1, p2}, density=1 and cdm-Type={noCDM, fd-CDM2}. For SL FR2 beam management, NR SL CSI-RS resource configuration can be reused with only nrofPorts={p1}, density=1 and cdm-Type={noCDM} are needed.
[bookmark: _Ref134797699]Proposal 6: For SL FR2 initial beam pairing performed before or during link establishment, the CSI-RS resource (pre-)configuration or indicated method is needed.
· Option 1: (pre-)configured CSI-RS 
· Option 2: Dynamic indicated CSI-RS via SCI (based on configured CSI-RS resources) 
[bookmark: _Ref134797701]Proposal 7: The study of SCI indicated non-standalone CSI-RS and (pre-)configured standalone CSI-RS should be prioritized.

	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.

	Wilus
	Proposal 5: For sidelink initial beam pairing, NR SL UE transmits multiple SL CSI-RS in an NR slot using different transmission beam.
Proposal 6: To support transmission of multiple SL CSI-RS in an NR slot using different transmission beam, gap symbol for Tx beam transient gap should be newly defined for NR sidelink slot format.
Proposal 7: For sidelink initial beam pairing using SL CSI-RS, CRI reporting can be used for beam reporting scheme.
Observation 1: For sidelink CRI reporting, using PSFCH seems more feasible than using SCI.
Proposal 8: For sidelink initial beam pairing using SL CSI-RS, RAN1 to study CRI reporting schemes in symbol units using PSFCH for beam reporting.

	Ericsson
	[bookmark: _Toc135045292][bookmark: _Toc135045293]Observation 4: The initial beam establishment procedure in NR Uu relies on the transmission of SSB to infer the wide beam.
Observation 5: The beam establishment and refinement procedure in NR Uu is based on the transmission of CSI-RS signals and the feedback of CSI report.
[bookmark: _Toc135045294]Observation 6: The optimal beam during the beam establishment/refinement in NR Uu is based on the RSRP measurements obtained by leveraging the CSI-RS framework.
[bookmark: _Toc135045297]Observation 9: In current NR SL framework, CSI-RS is aperiodic and non-standalone.
[bookmark: _Toc135045302]Proposal 4: Consider enhancements to the legacy CSI framework of NR SL to facilitate beam management and refinement after initial beam establishment in NR SL FR2.



PSCCH/PSSCH DMRS
The use of PSCCH/PSSCH DMRS for initial beam pairing is discussed by some companies. 

CMCC mentions PSCCH/PSSCH DMRS for initial beam pairing is out of scope. ZTE, OPPO, LG propose to consider PSCCH/PSSCH DMRS for initial beam pairing.

It seems PSCCH/PSSCH DMRS can be a possible reference signal for the candidate procedure where initial beam pairing is performed during unicast link establishment. This is discussed in Proposal 1-2-a. 

The usage of PSCCH/PSSCH DMRS for the candidate procedure where initial beam pairing is performed before unicast link establishment is unclear since there is no PSCCH/PSSCH transmissions before unicast link establishment. 

In the candidate procedure where initial beam pairing starts after unicast link establishment, the initial beam pairing follows the beam maintenance framework by Proposal 1-3-a. Since it is agreed that SL CSI-RS is the starting point of reference signal for beam maintenance, using PSCCH/PSSCH DMRS for initial beam pairing might be discussed in a later stage if needed. 

Please indicate if you think something can be discussed in Question 1-1.

The following table provides a summary of company proposals on PSCCH/PSSCH DMRS for initial beam pairing:

	Company
	Company proposal related to this issue

	CMCC
	Proposal 6:	Other alternatives, e.g., based on PSCCH/PSSCH DMRS for initial beam pairing is out-of-scope and should not be studied in Rel-18.

	ZTE
	Proposal 3: PSCCH/PSSCH DMRS can be used for initial beam pairing before/during/after sidelink unicast link establishment procedure. 

	OPPO
	Proposal 6: PSCCH DMRS/PSSCH DMRS can be used as reference signal for initial beam pairing.

	LG
	Observation 6: 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 5: For the sidelink initial beam pairing, if the SL measurement results is used, one or more of following RS types are supported:
· Alt 1: PSCCH DMRS and/or PSSCH DMRS associated with PSCCH/PSSCH carrying unicast link establishment message
· Alt 2: SL CSI-RS within PSCCH/PSSCH carrying unicast link establishment message
· Alt 3: Standalone SL CSI-RS which is QCLed with PSCCH DMRS and/or PSSCH DMRS associated with PSCCH/PSSCH carrying unicast link establishment message in Type D



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 1-1.

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

	CMCC
	Proposal 9: During initial beam pairing, beam reporting can be carried by MAC CE or PSFCH.
Proposal 10: 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.

	OPPO
	Proposal 7: SL RSRP can be considered as measurement metric for SL initial beam pairing.
Proposal 8: 
· If SL CSI-RS is used as reference signal for SL initial beam pairing, RX UE can report CSI-RS resource indicator (CRI) to TX UE.
· If PSCCH DMRS/PSSCH DMRS is used as reference signal for SL initial beam pairing, RX UE can report slot information to TX UE.

	Meditatek
	[bookmark: _Ref134797345][bookmark: _Hlk131780136]Observation 9: 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 8: The supported beam number (e.g., coarse beam, fine beam, etc.) of Tx UE needs to be informed by Tx UE to Rx UE or other methods need to be done to guarantee a comprehensive measurement result during initial beam pairing.
[bookmark: _Ref134797706]Proposal 9: 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.

	ETRI
	Proposal 3: Similar to PRACH in NR Uu, PSFCH can be used for beam indication in NR SL initial beam-pairing.



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 1-1. 

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

	Company
	Company proposal related to this issue

	Intel
	Proposal 3: Study which information can be used to assist the initial beam-pairing. 
Proposal 4: Study which information exchange is necessary to ensure that both UEs have the same understanding of the optimal beam at both devices.
Proposal 5: Procedure P1 where both the Tx and the Rx UE perform beam sweeping is utilized for initial beam pairing.

	Transsion
	Proposal 2: The transmitting beam training in sidelink system is preferably performed in different sidelink slots, and the transmitting beam is switched between different sidelink slots.
Proposal 3: When performing receiving beam training, the SL transmitting UE can send the same beam on one sidelink slot or multiple sidelink slots with different SL CSI-RS resources, while the SL receiving UE scans multiple receiving beams within the sidelink slot or between multiple sidelink slots.

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



[Closed] First round discussions
[H] Proposal 1-1-a 
Proposal 1-1-a: In the candidate procedure where initial beam pairing is performed before sidelink unicast link establishment,
· In step 1, 
· the applicable reference signal is selected from 
· Alt 1-1: S-SSB
· Alt 1-2: (standalone) SL CSI-RS
· the reference signals are sent
· 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
· In step 2, 
· UE1’s transmit beam and UE2’s receive beam are determined as the pair with the largest RSRP measurement
· UE2’s transmit beam is at least determined as the one corresponding to determined UE2’s receive beam
· FFS other scheme
· In step 3, 
· UE2’s beam reporting resource is associated with determined UE1’s transmit beam.
· FFS details of association
· FFS details of beam reporting
· FFS: whether/how to avoid unnecessary beam measurement and reporting from multiple UEs; how UE1 determines its transmit beam if it receives different beam reporting from different UEs

Companies are welcome to provide modified proposal directly.

	Company
	Yes or No
	Alt 1-1 or Alt 1-2
	Alt 2-1 or Alt 2-2
	Comments

	OPPO
	No
	
	
	We don’t think it is feasible to perform initial beam forming before unicast establishment.
According to Figure 6.3.3.1-1 of TS23.287, during unicast establishment, the DCR can be sent in unicast or broadcast mode. While according to the following description in section 5.6.1.1 of TS23.287 “Source and destination Layer-2 IDs are included in layer-2 frames sent on the layer-2 link of the PC5 reference point identifying the layer-2 source and destination of these frames. Source Layer-2 IDs are always self-assigned by the UE originating the corresponding layer-2 frames.”, and section 5.6.1.4 “The Layer-2 ID of the communication peer, identified by the Application Layer ID, may be discovered during the establishment of the PC5 unicast link, or known to the UE via prior V2X communications, e.g. existing or prior unicast link to the same Application Layer ID, or obtained from application layer service announcements. The initial signalling for the establishment of the PC5 unicast link may use the known Layer-2 ID of the communication peer, or a default destination Layer-2 ID associated with the V2X service type configured for PC5 unicast link establishment, as specified in clause 5.1.2.1”, only there is prior unicast link, the Layer ID of unicast pair can be known by the initiating UE and in which case the unicast mode can be performed for unicast establishment. Otherwise, a default destination Layer-2 dest ID associated with the V2X service type should be applied. In that case, the default destination ID is a common ID, not UE-specific. All other UE who are interested in this kind of service type can reply to this DCR message. 
For the case to establish a unicast link between 2 UEs for the first time, a default layer 2 destination ID associated to a kind of service type should be used. If the initial beam pairing is performed before unicast establishment between UE1 and UE2, there will be the following issues:
1. The Layer 2 destination ID of UE2 is not known by UE1 before unicast establishment, how to determine the layer 2 dest ID for initial beam pairing is not known by UE1 when performing initial beam pairing. 
2. If a default layer 2 dest ID which is associated to a service type is used similar as unicast establishment procedure, all UEs who are interested in this service can response to the beam pairing procedure. It is hardly to determine a specific beam pair between UE1 and UE2
3. If multiple UEs can perform beam reporting, how to differentiate the transmission resource of these UEs and how to avoid potential collision among these UEs are not clear.

According to the above analysis, we don’t think that initial beam pairing before unicast establishment is feasible. If RAN1 cannot converge on whether Layer 2 dest ID of the communication peer (UE2) can be known by UE1, and in which case, it can be known by UE1, RAN1 can send LS to RAN2/SA2 for confirmation or clarification.

	Intel
	Yes
	Both
	Comment
	Regarding Alt 1-1 or Alt 1-2 additional conditions need to be discussed. In our understanding for the case that the SL is also the synchronization source using S-SSB to perform joint synchronization and beam detection might be the only option, except for the case that SL synchronization based an standalone CSI-RS for initial beam alignment are defined also for synchronization. 

Regarding Alt 2-1 or Alt 2-2 we also think additional conditions need to be discussed. In our understanding prior to transmissions a UE1 does not know if any UE2 is present and the same holds true for UE2. This means if they would both transmit with the same periodicity using the same resources, they could never know other are present. Thus, it is important that the transmit resource are (pre)-configured but not all taken by all UEs but rather randomly selected. 

	Nokia, NSB
	See comments
	Alt 1-2
	Alt 2-3 (added)
	The SL mechanism which is closest in actual behavior, rather than just in name, to Uu SSB is the transmission of discovery messages in SL discovery model A: an announcing UE (UE1) – corresponding to a cell – announces its presence and can indicate its identity and services offered. A monitoring UE (UE2) can therefore determine whether it actually is interested in performing initial beam pairing with UE1.

Moreover, the discovery message is transmitted over PSSCH. Therefore, all the existing mechanisms defined for PSSCH, but not for S-SSB, such as resource allocation with collision avoidance are available without additional effort.

Proposal 1-1-a: In the candidate procedure where initial beam pairing is performed before sidelink unicast link establishment,
· In step 1, 
· the applicable reference signal is selected from 
· Alt 1-1: S-SSB
· Alt 1-2: (standalone) SL CSI-RS
· the reference signals are sent
· Alt 2-1: periodically
· Alt 2-2: semi-persistent with activation and deactivation
· FFS details of activation/deactivation
· Alt 2-3: within PSSCH carrying discovery message
· FFS resources and resource allocation of reference signal
· In step 2, 
· UE1’s transmit beam and UE2’s receive beam are determined as the pair with the largest RSRP measurement
· UE2’s transmit beam is at least determined as the one corresponding to determined UE2’s receive beam
· FFS other scheme
· In step 3, 
· UE2’s beam reporting resource is associated with determined UE1’s transmit beam.
· FFS details of association
· FFS details of beam reporting
· FFS: whether/how to avoid unnecessary beam measurement and reporting from multiple UEs; how UE1 determines its transmit beam if it receives different beam reporting from different UEs


	Qualcomm
	
	
	
	With either Alt.1-1 or Alt.1-2, some changes are necessary on the RS anyway. We suggest to update the Alt.1-1 and Alt.1-2 as follows. 
Alt.1-1: S-SSB or its modified format
Alt.1-2: (standalone) SL CSI-RS or its modified format 

Other than the above part, we are OK with the FL Proposal 1-1-a.

	Samsung
	
	
	
	We think that neither S-SSB or SL CSI-RS can be used for beam identification without significant enhancements. For example, how to identify a UE based on the received RS, and whether there is a mapping between a beam identifying reference signal and a slot. Before discussing some these details it is pre-mature to agree on this proposal.
In step 2, UE2 is determining the best Tx-Rx pair for transmission from UE1 to UE2. UE2 should then have information to be able to identify the Tx beams of UE1, for example by having a mapping between the slot index and the Tx beam of UE1.
We think that step 3 can be optional. For example, in step 2 if UE2 determined the Tx beam for UE1 and Rx beam for UE2, by correspondence, UE2 would have determined the Rx beam for UE1 and Tx beam for UE2. If UE2 is the UE initiating the link establishment and there is a mapping between the slot index and Rx beam at UE1 (analogous to the mapping between the slot index and Tx beam), UE2 can determine which slot to transmit the message on (this would correspond a Rx beam at UE1), UE2 uses a Tx beam that corresponds to its Rx beam when communicating with UE1 as identified in step 2. 

	LGE
	
	
	
	Regarding the recognition of ID issue, we share similar view with OPPO. 
It is necessary to clarify when the UE1 and/or UE2 can start the initial beam pairing procedure. At least, we would need to consider the case when UE1’s PHY layer knows application information for PC5 unicast communication.

On the RS part, in our understanding, the study of S-SSB for initial beam pairing also includes its feasibility. In this point of view, we can remove the S-SSB or add “if it is feasible”. 
Regarding “standalone”, we share similar view with Nokia. At this moment, “(standalone)” needs to be removed. SCI indication is a good way to resolve resource collisions and can efficiently manage RS monitoring/measurement at RX UE side. 

Regarding Alt 2-1 and 2-2, it would be needed to clarify whether the RS can be dropped or not on the intended resources. To be specific, in NR SL, UE can skip transmitting SL channel/signals with various reasons such as congestion control, UL/SL collision, and so on. Depending on the clarification or discussion, we may also need to consider aperiodic manner transmission as well even though the final form the RS transmission looks like periodic or semi-persistent periodic. 
Moreover, if the RS transmission can be skipped and UE2 does not know the situation, it is possible that UE2 measure RSRP on the unused RS resources. In this point of view, we need to remove “UE1’s transmit beam and UE2’s receive beam are determined as the pair with the largest RSRP measurement” or put it FFS to reconsider this. 

At last, we also thinks that “whether” in Step 3 needs to be removed. 
NR SL itself can be performed in distributed manner. If we do not consider this situation, most UEs can try to transmit its own RS, and it will definitely make high congestion. 

	JHU APL
	Yes
	Alt 1-1 
	Alt 2-2
	Alt 1-1: S-SSB transmissions have to be modified to include UE1 and UE2 IDs and the frequency of transmissions should be similar that in SSB. 
Alt 1-2: SL CSI-RS resource have to be pre-configured for initial beam pairing.
Alt 2-1: Periodic transmission of a reference signal may lead to waste of resources as beam pairing is necessary only data is available. 

	CATT
	Yes
	Both
	both
	1.      In step 3, 
· UE2’s beam reporting resource is associated with determined UE1’s transmit beam.
· FFS details of association
· FFS details of beam reporting
· FFS: whether/how to avoid unnecessary beam measurement and reporting from multiple UEs; how UE1 determines its transmit beam if it receives different beam reporting from different UEs


	vivo
	
	Alt.1-2
	Alt 2-2
	Regarding the ID issue mentioned by OPPO or LGE, we also think the higher layer ID should be known at PHY layer, even the ID defined by SA2 should be known by high layer, e.g., application ID or target user ID. Otherwise, there are many redundant beam reporting from irrelevant UE and some redundant beam measurement behavior.
Since it is sure whether/when the higher layer can provide such IDs, it is better to send LS to SA2/RAN2 to ask whether/how the ID can be provided to PHY layer

	WILUS
	Yes
	Alt 1-2
	Alt 2-2
	

	NEC
	OK
	Alt 1-2
	Alt 2-2
	Firstly, we think OPPO's comment makes sense in terms of the feasibility of performing beam pairing before unicast establishment.

Having said this, regarding the proposal itself, we have following comments:
For Alt1-1, if we use the S-SSB for initial beam pairing, as some other companies commented, some ID information should be added in the legacy S-SSB and other necessary enhancements seems necessary. We're not sure whether/how the synchronization performance will be impacted.
  

	MediaTek
	
	1-2
	2-2
	Agree with OPPO. The feasibility of destination/source ID before link establishment can be studied first, or clarify the changes that is needed to be done to carry ID information. If destination ID cannot be obtained before link establishment, then all the other UE2s within the coverage of UE1 would response to it and try to do initial beam pairing, which seems unreasonable. 
Furthermore, we should study the necessity of beam maintenance during link establishment for this case. 

	Fraunhofer
	
	Alt 1-2
	Alt 2-2
	We are ok with the FL’s proposal 1-1-a. We are also fine with the additions provided by Nokia.

	Toyota
	Yes with comments
	
	
	We are OK with the proposal for further study. Regarding FFS in Step 3, in our view, it is necessary to avoid unnecessary beam measurement and reporting from multiple UEs. Otherwise, it would cause a waste of resources and increase power consumption. However, it is not clear how to avoid unnecessary beam measurement and reporting before unicast link establishment because UE 2 doesn’t know with which UE 1 initial beam pair should be established.

	ZTE,Sanechips
	OK for progress
	Comment
	2-1
	For reference signal, we believe the usage of DMRS should not be pre-cluded. The use case for DMRS is as follows:
UEA is performing beam establishment with UEB using DMRS either during or after link establishment. UEC can leverage the DMRS from UEA to perform beam training. In this way, the overhead is marginal.
Given the situation, we propose to add DMRS as an add-on to the S-SSB/CSI-RS.
DMRS can be used as add-on

Between periodic or semi-static transmission, we believe periodic is more appropriate because UEA can hardly determine when the beam training process is sufficient.


As for UE2’s transmit beam determination, the following seems to be based on beam correspondence, but for beam training before link establishment, how can beam correspondence be assumed, in the end, the UE2 may not be establishing link or perform communication with UE1?
· UE2’s transmit beam is at least determined as the one corresponding to determined UE2’s receive beam
· FFS other scheme

In our view, although periodic CSI-RS resources are configured, UE can only transmit the CSI-RS based on a resource reservation scheme similar to R16/17 PSCCH/PSSCH resource reservation. Therefore, it is not necessary to support semi-persistent CSI-RS transmissions.




	Lenovo
	Yes with comment
	
	
	Regarding step 1, we propose a revision marked in red as follows:
· the applicable reference signal is selected from 
· Alt 1-1: S-SSB or enhanced S-SSB
· Alt 1-2: (standalone) SL CSI-RS or enhanced SL CSI-RS


	Sharp
	
	
	
	For step 3, currently beam reporting resource is not clear yet. We suggest adding an FFS below to study details of beam reporting resource.

· In step 3, 
· UE2’s beam reporting resource is associated with determined UE1’s transmit beam.
· FFS details of beam reporting resource
· FFS details of association
FFS details of beam reporting



The corresponding agreement is made in Monday online session. 

[H] Proposal 1-2-a
Proposal 1-2-a: In the candidate procedure where initial beam pairing is performed during sidelink unicast link establishment,
· In step 1, the applicable reference signal which is transmitted together with unicast link establishment message is  
· Alt 1-1: SL CSI-RS
· Alt 1-2: PSCCH/PSSCH DMRS
· In step 2, UE2 determines UE1’s transmit beam and UE2’s receive beam as the pair with the largest RSRP measurement.
· UE2’s transmit beam is at least determined as the one corresponding to determined UE2’s receive beam
· In step 2, UE2 indicates UE1’s transmit beam(s), each using the resource associated with indicated UE1’s transmit beam.
· Transmit beam of each UE2’s beam indication is derived from UE2’s receive beam of the indicated UE1’s transmit beam.
· FFS details of beam indication, including contents (e.g., ACK/NACK, beam ID, RSRP measurement), container (e.g., PSCCH/PSSCH, PSFCH) and association
· In step 3, UE1 determines UE1’s transmit beam based on 
· Alt 2-1: the latest beam indication
· Alt 2-2: beam indication contents (e.g., RSRP measurement)
· Alt 2-3: measurement of beam indication signal 

	Company
	Yes or No
	Alt 1-1 or Alt 1-2
	Alt 2-1, Alt 2-2, or Alt 2-3
	Comments

	OPPO
	Yes with comment
	
	
	For the sub-bullet under step2, does that mean beam correspondence is supported by UE2? If yes, we have some concern. For Uu beam management, beam correspondence including 2 sub features: beam correspondence with beam sweeping (beam is determined through beam sweeping method), and beam correspondence without beam sweeping (TX beam can be determined by RX beam or vice versa). UE should report which sub-feature is supported. In our view, the sub-feature for beam correspondence with beam sweeping should be default method since it can be supported by all UEs. The sub-feature for beam correspondence w/o beam sweeping should be optional since some UEs maybe not support that. 

	Intel
	Yes
	Alt 1-2
	Alt 2-2
	Like the comment on proposal 1-1-a in our understanding it is important that the Tx resource for this method are (pre)-configured but the occasions to perform the role of UE1 or UE2 are selected at random. Another procedure cannot guarantee that that both UEs not persistently collide by selecting the same role for initial beam alignment. 

	Nokia, NSB
	Yes, with addition
	Alt 1-1
	Alt 2-1, Alt 2-3
	Proposal 1-2-a: In the candidate procedure where initial beam pairing is performed during sidelink unicast link establishment,
· In step 1, the applicable reference signal which is transmitted together with unicast link establishment message is  
· Alt 1-1: SL CSI-RS
· Alt 1-2: PSCCH/PSSCH DMRS
· In step 2, UE2 determines UE1’s transmit beam and UE2’s receive beam as the pair with the largest RSRP measurement based on the RSRP measurements available at the time of beam indication.
· UE2’s transmit beam is at least determined as the one corresponding to determined UE2’s receive beam
· In step 2, UE2 indicates UE1’s transmit beam(s), each using the resource associated with indicated UE1’s transmit beam.
· Transmit beam of each UE2’s beam indication is derived from UE2’s receive beam of the indicated UE1’s transmit beam.
· FFS details of beam indication, including contents (e.g., ACK/NACK, beam ID, RSRP measurement), container (e.g., PSCCH/PSSCH, PSFCH) and association
· In step 3, UE1 determines UE1’s transmit beam based on 
· Alt 2-1: the latest beam indication
· Alt 2-2: beam indication contents (e.g., RSRP measurement)
· Alt 2-3: measurement of beam indication signal 


	Qualcomm
	
	
	
	On Step 1 Alt.1-1, some clarifications are necessary:
· Whether the same beam or different beam is used for PSCCH/PSSCH (and their DMRSs) carrying the unicast-link establishment message and the associated SL CSI-RS? If it uses the same beam, why it has to be transmitted with the PSCCH/PSSCH (why cannot rely on DMRS)? If they use different beams, how does the UE receives both SCI-1/SCI-2 and the indicated SL CSI-RS transmitted via different beams/panels?
· After the direct communication request message, UEs exchanges PSCCHs/PSSCHs. Whether SL CSI-RS can be associated with PSCCHs/PSSCHs after the PSCCH/PSSCH carrying unicast-link establishment message, or is the SL CSI-RS only with the PSCCH/PSSCH carrying unicast-link establishment message? 

On Step 3, we wonder why there is a rule necessary on how UE1 determines the transmit beam. Based on the response from UE2, UE1 identifies qualified beam(s). It can be up to UE1 which one from the qualified beam(s) to use (similar to how gNB determines which beam to use based on beam measurement report from UE).


	Samsung
	
	
	
	For step 1, there is no additional reference signal transmitted with the link establishment message. The reference signal that is already there can be used for measuring the RSRP. In fact, the UE can use the entire PSCCH/PSSCH to measure the RSRP. Therefore, we suggest to update step 1 as:
In step 1, UE1 transmits the unicast link establishment signal on different beams.

In step 2, UE2 determines its best Rx beam. UE2 may or may not know the Tx beam of UE1, this information might only be known to UE1.

In step 2, UE2 determines UE1’s transmit beam and UE2’s receive beam based on a signal transmitted from UE1 as the pair with the largest RSRP measurement.
· In case of beam correspondence at UE2, UE2’s transmit beam is at least determined as the one corresponding to determined UE2’s receive beam

In step 2, UE2 indicates best received signal(s) from UE1 UE1’s transmit beam(s), each using the corresponding resource associated with indicated UE1’s transmit beam


	LGE
	Yes
	Alt 1-2
	Alt 2-1, Alt 2-2
	On Alt 1-2, sine the UE2 will perform RSRP measurement based on PSCCH/PSSCH DMRS at least for SL sensing operation, it will reduce the additional burden for initial beam paring procedure. 

Regarding the 2nd bullet, if the periodic RS or RS transmission without SCI indication is adopted, “the largest RSRP measurement” may not be accurate since the UE2 can measure RSRP on the unused resources. 

If UE1 can change TX power for RS transmission, Alt 2-2 would be beneficial to decide accurate UE1’s TX beam since the UE1 knows which power level is used for RS transmission. If the TX power level could be similar level or PSFCH is used as a response, Alt 2-1 can be adopted. 

	JHU APL
	Yes
	Alt 1-1
	Alt 2-2
	Alt 1-1: Locations of SL CSI-RS have to be pre-configured.
Alt 1-2: DMRS may not be sufficient to establish initial beam pairing.
Alt 2-2: Gives some flexibility to UE1 to decide on using the power level when RSRP measurements are available.

	CATT/GOHIGH
	No
	
	
	We have concern for this procedure due to unnecessary complication to the spec it introduced, and the overhead that will incur during the procedure.

OK to study but the current wording needs to be changed.

Proposal 1-2-a: In the For the study that candidate procedure where initial beam pairing is performed during sidelink unicast link establishment,
· In step 1, the applicable reference signal which is transmitted together with unicast link establishment message is  
· Alt 1-1: SL CSI-RS
· Alt 1-2: PSCCH/PSSCH DMRS


	vivo
	
	Alt 1-2
	Alt 2-1/2-2
	In step 2, the proposal seems define a behavior for UE2 to determine transmit beam, in our opinion, this can be up to UE implementation, the beam may be omni-directional or in sweeping manner. “Transmit beam of each UE2’s beam indication is derived from UE2’s receive beam of the indicated UE1’s transmit beam.” 

In step 2, how to determine UE1’s transmit beam is defined as “UE2 determines UE1’s transmit beam and UE2’s receive beam as the pair with the largest RSRP measurement”, in this case, in step 3, only the determined beam is reported to UE1 and UE1 will use this determine beam (e.g., alt 3-1). We think more options should be added in step 2 associated with alt 3-2/3-3, if we further discuss alt 3-2/3-3.


	WILUS
	Yes
	Alt 1-1
	Alt 2-1
	

	NEC
	Yes
	Alt 1-1
	Alt 2-2
	Regarding step 2, we have confusion on how to determine "beam pair with the largest RSRP measurement ". we think RX UE can only determine the receiver beam with largest RSRP but can not ensure the beam pair has the largest RSRP because the transmit beam is determined by TX UE. 

	MediaTek
	Yes with comments
	1-1
	2-1
	In step 2, "UE2 determines UE1’s transmit beam and UE2’s receive beam as the pair with the largest RSRP measurement", however in step 3, "UE1 determines UE1’s transmit beam based on the latest beam indication or beam indication contents" , it seems controversial, since there may not be multiple beam indications if "UE2 determines UE1’s transmit beam and UE2’s receive beam as the pair with the largest RSRP measurement".

	Fraunhofer
	
	
	
	Some clarification is needed whether the unicast link establishment message and the associated reference signal is transmitted on the same beam or not.

	Toyota
	Yes
	
	
	

	ZTE,Sanechips
	OK
	
	
	In step 1, for CSI-RS and DMRS, we think both should be supported. For the following two sub-bullets based on beam correspondence, due to the reasons mentioned in the response to P1-1-a, we prefer to drop them. The UE2’s transmit beam (for beam indication) can be left to implementation.

· UE2’s transmit beam is at least determined as the one corresponding to determined UE2’s receive beam
· Transmit beam of each UE2’s beam indication is derived from UE2’s receive beam of the indicated UE1’s transmit beam.



	Lenovo
	Yes
	Alt 1-1
	Alt 2-1, Alt 2-2
	

	Sharp
	Yes
	Alt 1-2
	Alt 2-1 Alt 2-2
	For Alt 2-3, we are concerned that UE2 may not have a same understanding with UE1 about which indicated beams is used by UE1 for remaining SL unicast link establishment. 




The corresponding agreement is made in Monday online session. 

[H] Proposal 1-3-a 
Proposal 1-3-a: In the candidate procedure where initial beam pairing starts after sidelink unicast link establishment (if feasible), the initial beam pairing follows the similar framework as beam maintenance:
· In step 1, the beams used for unicast link establishment is up to UE implementation 
· In step 2, the resource configuration for beams sweeping and beam reporting is via PC5-RRC
· In step 3, the applicable reference signal is SL CSI-RS


	Company
	Yes or No
	Comments

	OPPO
	Yes 
	

	Intel
	Yes
	

	Nokia, NSB
	See comments
	The resources for beam reporting may be implicit (PSFCH). Moreover, in case of beam correspondence, there may be no reporting at all (i.e., each UE performs beam selection based on its own RX beam sweeping measurements only).

Proposal 1-3-a: In the candidate procedure where initial beam pairing starts after sidelink unicast link establishment (if feasible), the initial beam pairing follows the similar framework as beam maintenance:
· In step 1, the beams used for unicast link establishment is up to UE implementation 
· In step 2, the resource configuration for beams sweeping and beam reporting is via PC5-RRC
· In step 3, the applicable reference signal is SL CSI-RS


	Qualcomm
	
	Step 1 is not part of the beam maintenance, while Step 2 and Step 3 are fully part of the beam maintenance that are common for the other options (before and during unicast-link establishment). In our understanding, the correct statement should be something like following:

In the candidate procedure where initial beam pairing starts after sidelink unicast link establishment (if feasible), the initial beam pairing follows the similar framework as beam maintenance:
· In step 1, the beams used for unicast link establishment is up to UE implementation 
· In step 2, the resource configuration for beams sweeping and beam reporting is via PC5-RRC
· In step 3, the applicable reference signal is SL CSI-RS


	Samsung
	
	It is unclear what is the benefit of having three different procedures for initial beam pairing. We suggest to focus on the beam pairing before and during link establishment.

	LGE
	
	Even for this case, more detailed procedure is necessary. 
Step 2 and Step 3 in initial beam pairing during sidelink unicast link establishment could be a baseline. 

	JHU APL 
	Yes
	

	Catt 
	yes
	

	Vivo
	
	We also suggest to focus on the beam pairing before and during link establishment. We can make a conclusion for the ‘after’ case, i.e.,  

In the candidate procedure where initial beam pairing starts after sidelink unicast link establishment (if feasible), the initial beam pairing follows the similar framework procedure as beam maintenance:

	WILUS
	Yes
	

	NEC
	Yes
	

	MediaTek
	OK
	

	Fraunhofer
	Yes with comments
	We think that unicast link establishment could work with assistance of the gNB for mode 1 UEs. 

	Toyota
	No
	This procedure is more like beam maintenance rather than initial beam pairing. Step 1 implies that some initial beam pairing is necessary. It is not preferable to leave it up to UE implementation. 

	ZTE,Sanechips
	
	We believe DMRS can still be used by UEC leveraging UEA and UEB’s link establishment process as elaborated in response to P1-1-a.

	Lenovo
	Yes
	

	Sharp
	
	We also have concerns on the beam reporting.
The step 2 and step 3 are basically same as beam maintenance. It is not necessary to specify additional solution for beam maintenance. Container of SL beam reporting for beam maintenance agreed in last meeting can be reused. 




The corresponding agreement is made in Monday online session. 

[H] Proposal 1-4-a 
Proposal 1-4-a: In case S-SSB is supported for initial beam pairing between UE1 and UE2 (if feasible), at least the following is applied: 
· S-SSB for initial beam pairing is separately transmitted from Rel-16 S-SSB for synchronization
· FFS: resources for S-SSB for initial beam pairing
· S-SSB for initial beam pairing contains at least UE1’s source ID and beam related information
· FFS: how to carry these information
· Association between S-SSB resources and beam reporting resources
· FFS: details of association

	Company
	Comments

	OPPO
	We need determine whether proposal 1-1-a (initial beam pairing before unicast establishment) is feasible or not firstly, if yes, then we can continue discussing this proposal. 

	Intel
	We are fine with the proposal. 

	Nokia, NSB
	We do not support any further study of S-SSB for SL beam management.

	Qualcomm
	In case the RS is S-SSB based for initial beam pairing, we think the RS does not need to carry PSBCH, and the RS is at least S-SSS (and could be with P-SSS) and the RS (per beam) spans a small number of OFDM symbols. Then, multiple transmission of the RSs in a short period enables faster beam-sweeping. 

On the 2nd bullet, we agree a certain identification is necessary for the RS for initial beam pairing. However, it is not clear how UE1’s source ID is used for this purpose. For unicast-link establishment procedure triggered by UE1, the UE1 sets source ID by itself arbitrary, and the UE2 does not know what value is selected by UE1 before UE2 acquires the source ID in the direct communication request message. We wonder how source ID can be used.

Further, we suggest to clarify what/why/how beam related information needs to be contained in the RS based on S-SSB.

We agree with the 3rd bullet. Based on the above, we suggest to update the proposal as follows.

In case S-SSB based RS is supported for initial beam pairing between UE1 and UE2 (if feasible), at least the following is applied: 
· The RSS-SSB for initial beam pairing is separately transmitted from Rel-16 S-SSB for synchronization
· FFS: resources for S-SSB for initial beam pairing
· FFS: information conveyed by the RSS-SSB for initial beam pairing contains at least UE1’s source ID and beam related information
· FFS: how to carry these information
· Association between the S-SSB based RS resources and beam reporting resources
· FFS: details of association


	Samsung
	· We don’t think we need to define a signal separate from the S-SSB. The S-SSB can be followed by a transmission that includes additional identification information such as UE.
· We don’t think that we need to include beam related information, this can be determined implicitly, e.g., based on the associated S-SSB index or slot index.
The beam reporting resources are optional. It is possible to have no beam reporting, when the UE2 is the UE transmitting the link establishment message.

	LGE
	We are not so sure when UE1 decide its source ID, and how UE2 knows UE1’s source ID to monitor S-SSB. At this moment, we do not see that it is feasible for initial beam pairing. It needs to be deprioritized.

	JHU APL
	Support. Have to study the problem of S-SSB transmissions from SyncRef UE with directive beams. 

	Catt
	OK

	WILUS
	Yes

	NEC
	If S-SSB are designed with so many modifications to support beam pairing, it is more like a total new designed signal. In another words, we have doubts on the sync performance impacts with the S-SSB. 

	MediaTek
	There are many issues come with initial beam pairing S-SSB. In legacy SL, only the UE serves as synchronization UE transmits S-SSB. It means only a limit number of UE will transmits S-SSB on dedicated Resource Pool for a certain area. For initial beam pairing, if most of the UE are triggering for initial beam pairing procedure and transmit S-SSB on dedicated resource pool, collision is unavoidable. In this case, it is doubtful that S-SSB as beam measurement RS works. 

	Fraunhofer
	We think S-SSB for initial beam pairing can be deprioritized.

	Toyota
	We are fine with the proposal.

	ZTE,Sanechips
	OK for progress. We prefer to add an FFS under the first bullet:
FFS: how to resolve the S-SSB overhead


	Lenovo
	OK

	Sharp
	We share same view with Qualcomm about UE1’s source ID. We propose to add what Qualcomm proposed or add an FFS to discuss other ID information.
In addition, we propose an FFS to discuss what are the beam reporting resources.

· S-SSB for initial beam pairing contains at least UE1’s source ID and beam related information
· FFS: other ID information
· FFS: how to carry these information
· Association between S-SSB resources and beam reporting resources
· FFS: details of association
· FFS: details of beam reporting resources




[H] Proposal 1-5-a 
Proposal 1-5-a: In the candidate procedure where initial beam pairing is performed before sidelink unicast link establishment, at least the following is applied for SL CSI-RS (if feasible)
· Standalone SL CSI-RS
· FFS: how a UE determines the resources for its standalone SL CSI-RS transmission
· Periodic or semi-persistent SL CSI-RS
· FFS: details
· Resources for SL CSI-RS beam sweeping are (pre-)configured
· Association between SL CSI-RS resources and beam reporting resources
· FFS: details of association

	Company
	Comments

	OPPO
	Same comment as proposal 1-4-a.

	Intel
	We are fine with the proposal. However, the first FFS and the association might better be discussed in the initial beam alignment methods and not in the CSI-RS structure related discussion. In our understanding the definition of standalone CSI-RS might be different compared to the definition of periodic/aperiodic non-standalone CSI-RS.

	Nokia, NSB
	No, we do not support this proposal.
We prefer transmitting non-standalone SL CSI-RS within PSSCH carrying the discovery message, as described above.

	Qualcomm
	In general OK, but similar to S-SSB based, it should be clear that the RS we are discussing here is the RS for initial beam pairing. Proposal 1-5-a is about the RS based on SL CSI-RS.

	Samsung
	Suggest to reword the proposal to study the aspects listed.
We would also alike to study association between Tx beam and slot index.
Regarding the last bullet: The beam reporting resources are optional. It is possible to have no beam reporting, when the UE2 is the UE transmitting the link establishment message.

	LGE
	No. To decide standalone CSI-RS, it is necessary to discuss how to resolve resource collision first. 

	JHU APL
	Support. Have to study the problem of S-SSB transmissions from SyncRef UE with directive beams. 

	Catt
	Ok


	Vivo
	We think some control information should be transmitted with the CSI-RS, e.g., beam information, UE ID information, etc. therefore, we suggest to add another bullet

FFS transmission of additional information associated with the CSI-RS

	WILUS
	Yes

	MediaTek
	It seems CSI-RS for before case has the same problem of "how to avoid irrelevant UEs" as "S-SSB".

	Fraunhofer
	OK

	Toyota
	We are fine with the proposal.

	ZTE,Sanechips
	OK

	Lenovo
	No. whether to apply Standalone SL CSI-RS needs a further study.

	Sharp
	Beam reporting resource is not clear yet. We suggest adding an FFS below to study details of beam reporting resource associated to SL CSI-RS resources.
· Association between SL CSI-RS resources and beam reporting resources
· FFS details of beam reporting resource
· FFS: details of association




[H] Proposal 1-6-a 
Proposal 1-6-a: In the candidate procedure where initial beam pairing is performed during sidelink unicast link establishment, at least the following is applied for SL CSI-RS (if feasible)
· Non-standalone SL CSI-RS
· Aperiodic SL CSI-RS
· Association between SL CSI-RS resources and beam reporting resources
· FFS: details of association

	Company
	Comments

	OPPO
	Yes.

	Intel
	We are fine with the proposal the association could be discussed in the method instead of the reference signal definition. In our understanding as no prior information exchange is supported for this case this association has to be (pre)-configured. 

	Nokia, NSB
	Yes, we support the proposal.

	Qualcomm
	As we pointed out earlier, clarification is necessary why/how non-standalone/aperiodic SL CSI-RS is used for initial beam-pairing during unicast-link establishment.

	Samsung
	Don’t support. When beam pairing is performed during link establishment, the link establishment message can be beam sweeped without the need for SL CSI-RS

	LGE
	OK if it is used for initial beam pairing. However, it seems like that it just increases RS overhead unnecessarily. 

	Catt
	· Non-standalone SL CSI-RS


	vivo
	In 1-2-a, it already says that the reporting resource is associated with the transmit beam, so the 3rd bullet seems redundant

	WILUS
	Yes

	MediaTek
	Yes

	Fraunhofer
	OK

	Toyota
	We are fine with the proposal.

	ZTE,Sanechips
	Yes

	Lenovo
	OK.


Question 1-1
Question 1-1: 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 is clear?

	Company
	Comments

	Intel
	We think it would be important to discuss assumption on synchronization of the different initial beam alignment. 

	Samsung
	Association between beams (Tx and Rx) and slot index




[Closed] Second round discussions
[H] Proposal 1-4-b 
Proposal 1-4-b: In case S-SSB (or its modified format) is supported for initial beam pairing between UE1 and UE2 (if feasible), at least the following is applied: 
· S-SSB for initial beam pairing is separately transmitted from Rel-16 S-SSB for synchronization
· FFS: resources for S-SSB for initial beam pairing
· FFS: how to resolve S-SSB overhead
· S-SSB for initial beam pairing contains at least UE1’s source ID and beam related information
· FFS: how to carry these information
· FFS: how UE1 and UE2 know UE1’s ID
· Association between S-SSB resources and beam reporting resources
· FFS: details of association

	Company
	Yes or No
	Comments

	WILUS
	Yes
	

	Qualcomm
	No
	On the first bullet, we propose to refine the wording a bit as follows:

· S-SSB for initial beam pairing is not the separately transmitted from Rel-16 S-SSB for synchronization
· FFS: resources for S-SSB for initial beam pairing
· FFS: how to resolve S-SSB overhead

On the second bullet, we agree that a certain ID should be used to enable identification of the RS based on S-SSB for initial beam-pairing. The ID should be known by UE1 and UE2. However, it cannot simply be UE1’s Layer-2 ID since UE1’s Layer-2 ID is self-assigned by UE1 and may not be informed until UE1 transmits direct communication request (DCR) message, which uses the UE1’s Layer-2 ID as the source ID of the PSCCH/PSSCH carrying the message. So, we suggest to update it as follows.

· S-SSB for initial beam pairing uses contains at least UE1’s source a certain ID for UE2 to identify the S-SSB for initial beam pairing and beam related information
· FFS: how to carry these information
· FFS: how UE1 and UE2 know the UE1’s ID and how to use the ID for S-SSB for initial beam pairing

The third bullet is OK for us.


	Intel
	Comment
	Overall, we are fine with the proposal. However, we worry about the coverage of the S-SSB for synchronization as based on the current wording they are transmitted either without beamforming or repeated with different beams (like the Uu case). In our understanding it is possible to use the new S-SSB for initial beam pairing for both synchronization and beam related measurements. 

	NEC
	
	Can other UE use this new S-SSB for sync purpose? Or it's only designed for beam training?

	Lenovo
	
	The first and third bullets are OK for us.

Regarding the second bullet, we are OK with Qualcomm’s proposal. 


	Transsion
	
	We are fine with the first and third bullet.
Regarding the second bullet, we are fine with Qualcomm’s updated proposal.

	ETRI
	No
	For the first bullet, we are fine with Qualcomm’s modification. We can consider the case where S-SSBs for different purposes (synchronization and initial beam pairing) share the same resource. In our opinion, it is possible as long as the S-SSB contains information indicating its purpose (synchronization or initial beam pairing).

	Catt
	
	S-SSB for initial beam pairing is separately transmitted different  from Rel-16 S-SSB for synchronization


	JHU APL
	Yes with comments
	We agree with all three bullets of this proposal.  Regarding the first bullet item, we believe that this transmission separation is good to accommodate situations when this need arises.

	Sony		

	
	For the first bulled, whether S-SSB for beam sweeping and S-SSB for synchronization can share the same resource can be further studied, thus we agree Qualcomm’s view.
We are ok with the second and third bullet.



Companies’ views are still not converging. Let us discuss this topic in the next RAN1 meeting. 

[H] Proposal 1-5-b 
Proposal 1-5-b: In the candidate procedure where initial beam pairing is performed before sidelink unicast link establishment, at least the following is applied for SL CSI-RS (or its modified format) (if feasible)
· Standalone SL CSI-RS
· FFS: how a UE determines the resources for its standalone SL CSI-RS transmission
· Periodic or semi-persistent SL CSI-RS
· FFS: details
· Resources for SL CSI-RS beam sweeping are (pre-)configured
· FFS: how to avoid resource collision of SL CSI-RS transmissions from different UEs
· Association between SL CSI-RS resources and beam reporting resources
· FFS: details of association
	Company
	Yes or No
	Comments

	vivo
	
	Another key point to determine whether CSI-RS is used or not is the control information associated with the CSI-RS, including whether the CSI-RS reflect UE ID information, Beam information, application ID information. 

FFS Association between beam information and CSI-RS
FFS Association between UE ID and CSI-RS

	Nokia, NSB
	See comments
	Proposal 1-5-b: In the candidate procedure where initial beam pairing is performed before sidelink unicast link establishment, at least the following is applied for SL CSI-RS (or its modified format) (if feasible)
· Standalone SL CSI-RS
· FFS: how a UE determines the resources for its standalone SL CSI-RS transmission
· Periodic or semi-persistent SL CSI-RS
· FFS: details
· Option 1: Resources for standalone SL CSI-RS beam sweeping are (pre-)configured
· FFS: how to avoid resource collision of SL CSI-RS transmissions from different UEs
· Option 2: PSCCH/PSSCH resources (e.g., carrying discovery message) including non-standalone SL CSI-RS are selected based on sensing and/or IUC
· Association between SL CSI-RS resources and beam reporting resources
· FFS: details of association


	WILUS
	Yes
	

	Qualcomm
	Yes
	

	Intel
	Yes
	

	OPPO
	Comment 
	We think the 2nd bullet of S-SSB should also be applied for CSI-RS. Therefore, we suggest to add the following bullet.

· SL CSI-RS S-SSB for initial beam pairing contains at least UE1’s source ID and beam related information
· FFS: how to carry these information
· FFS: how UE1 and UE2 know UE1’s ID


	NEC
	Yes
	

	Lenovo
	Yes
	

	Toyota
	Yes
	

	Fraunhofer
	Yes
	We also support the modification from Nokia.

	Transsion
	Comment
	UE2 should know which CSI-RS are for UE1 and the associated beam information.
Hence we are fine with OPPO’s updated proposal.

	ETRI
	Yes
	

	Catt
	ok
	

	Sony
	Yes
	



The corresponding agreement is made on this topic.
[H] Proposal 1-6-b 
Proposal 1-6-b: In the candidate procedure where initial beam pairing is performed during sidelink unicast link establishment, at least the following is applied for SL CSI-RS (or its modified format) (if feasible)
· Non-standalone SL CSI-RS
· Aperiodic SL CSI-RS
· Association between SL CSI-RS resources and beam reporting resources
· FFS: details of association

	Company
	Yes or No
	Comments

	Vivo
	
	Standalone CSI-RS can be considered as well, e.g., SCI indicate standalone CSI-RS associated with the PSCCH/PSSCH transmission

	Nokia, NSB
	Yes
	

	WILUS
	Yes
	

	Qualcomm
	
	As we commented in the previous round, it is unclear how the non-standalone/aperiodic SL CSI-RS is used for initial beam-pairing during unicast-link establishment procedure. Even with the agreement achieved in RAN1#113 for initial beam-pairing during unicast-link establishment, it was not clarified how SL CSI-RS is used for the whole procedure. Before agreeing this is applicable to the procedure, we should clarify how it is considered to be applied.


	Intel
	Yes
	

	OPPO
	Yes
	

	NEC
	Yes
	

	Lenovo
	Yes
	

	Toyota
	Yes
	

	Fraunhofer
	Yes
	

	Transsion
	Yes
	

	ETRI
	Yes
	

	Catt
	 
	Agree with QC

	Sony
	Yes
	



Companies’ views are still not converging. Let us discuss this topic in the next RAN1 meeting. 

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. 
 
It is mentioned by DCM that sidelink beam maintenance procedure is performed after PC5-RRC connection establishment procedure and sidelink beam maintenance is designed, regardless whether initial beam pairing is performed. 

In Uu downlink, P2 procedure is to train transmit beam and P3 procedure is to train receive beam. ZTE, 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 Nokia, xiaomi, JHU and Intel. 

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: Obs88480][bookmark: Obs29929][bookmark: Obs62459][bookmark: Obs62485][bookmark: Obs35073]Observation 15: 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: Proposal58865][bookmark: Proposal35662][bookmark: Proposal38859][bookmark: Proposal51821][bookmark: Proposal80325]Proposal 15: 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: Obs62487][bookmark: Obs29931][bookmark: Obs62461][bookmark: Obs88482]Observation 17: 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: Proposal80327][bookmark: Proposal35664][bookmark: Proposal51823][bookmark: Proposal38861]Proposal 17: Study how TX/RX beam correspondence may be exploited for SL beam refinement, e.g., by performing P-3 in both link directions.
[bookmark: Obs29932][bookmark: Obs62488][bookmark: Obs62462][bookmark: Obs88483]Observation 18: Different SL beam refinement approaches may be preferred in different settings.
Proposal 18: 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

	Xiaomi
	Proposal 6: Both gNB based and UE autonomous based TX beam determination shall be investigated.
Proposal 7: Beam correspondence is assumed for SL beam management in FR2.

	ZTE
	[bookmark: _Toc135070426][bookmark: _Toc131790701]Proposal 14: NR DL Tx/Rx beam training procedure can be the starting point for sidelink Tx/Rx beam training procedure.

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

	DCM
	Proposal 2: SL beam maintenance procedure is performed after PC5-RRC connection establishment procedure.	
Proposal 3: SL beam maintenance (management) procedure is designed regardless of whether/when initial beam pairing is performed.

	JHU
	Observation 4: Beam correspondence benefits beam maintenance operations by reducing resource requirements.
Proposal 12: RAN1 should include considerations on beam correspondence in the beam maintenance study.

	Intel
	Proposal 3: Prioritize UEs with beam correspondence for the study of SL FR2 BM.
Proposal 4: 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.



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



It was agreed that using sidelink CSI-RS as a starting point for beam maintenance. The detailed design of sidelink CSI-RS for beam maintenance are open. 

The non-standalone sidelink CSI-RS for beam maintenance is proposed by companies (vivo, NEC, Apple, Samsung, Wilus, ZTE, interdigital). In Release 16 NR sidelink, sidelink CSI-RS is already supported in the form of aperiodic and non-standalone. A PSCCH/PSSCH transmission from transmitter UE to receiver UE can be accompanied with non-standalone sidelink CSI-RS, which facilitates beam measurements. Overall, the non-standalone sidelink CSI-RS can be supported for beam maintenance. 

The slot structure of non-standalone CSI-RS is discussed by ZTE, Interdigital, vivo. These include the time and frequency resources of sidelink CSI-RS, as well as the multiplexing between CSI-RS and PSSCH, etc. The signaling aspect for sidelink CSI-RS is discussed by ZTE, Apple, LG. This includes the existence of sidelink CSI-RS and the beam information of sidelink CSI-RS. Both slot structure and signaling details of non-standalone sidelink CSI-RS can be further discussed. 

FL makes the corresponding proposal in Proposal 2-1-a.

On the other hand, the standalone sidelink CSI-RS for beam maintenance is proposed by companies (Qualcomm, Nokia, Toyota, vivo, Spreadtrum, Huawei, CATT, xiaomi, Sony, Interdigital, Apple, ZTE, OPPO, Samsung, Mediatek, ETRI, Ericsson, DCM). To facilitate the measurement of candidate beam pairs, sidelink CSI-RS with same or different transmit beams as the current serving transmit beam should be transmitted from transmitter UE to receiver UE. Since sidelink CSI-RS with candidate transmit beam different from the current serving transmit beam may not have high beam quality, this candidate transmit beam is not ready for sidelink data transmission. Also, the sidelink beam maintenance should be independent of the appearance of sidelink data for transmission. Overall, the standalone sidelink CSI-RS can be supported for beam maintenance. 

Some open issues of standalone sidelink CSI-RS are discussed by companies. The slot structure of standalone sidelink CSI-RS is discussed by companies, including whether standalone sidelink CSI-RS is of length in whole slot or in a few symbols (e.g., few symbols as PSFCH as mentioned by OPPO). The slot structure of standalone sidelink CSI-RS can be further considered. 

The resources for standalone sidelink CSI-RS are also discussed, including whether they belong to a shared resource pool or a dedicated resource pool (e.g., vivo, DCM). The resource selection of standalone sidelink CSI-RS is mentioned by Nokia, vivo, ZTE, interdigital, including mode 1 or mode 2 resource selection schemes, as well as pre-defined mapping between PSSCH and standalone sidelink CSI-RS. The resource indication/reservation of standalone sidelink CSI-RS is discussed by ZTE. Overall, the resources, resource allocation and resource indication for standalone sidelink CSI-RS can be further considered.

For standalone sidelink CSI-RS, the beam related information needs to be indicated (CATT, Apple, LG). Also, the source and destination ID of the standalone sidelink CSI-RS needs to be indicated (Apple). The signaling details, including which information is to be indicated for sidelink CSI-RS and the container of the information (e.g., SCI, sidelink MAC CE, etc) can be further studied. 

FL makes the corresponding proposal in Proposal 2-2-a.

The periodicity of sidelink CSI-RS transmissions are discussed by companies. 

The aperiodic sidelink CSI-RS transmissions are proposed by Nokia, Toyota, vivo, JHU, Apple, Samsung, LG, Mediatek, Fraunhofer, Wilus, Ericsson. In Release 16 NR sidelink, sidelink CSI-RS is already supported in the form of aperiodic and non-standalone. A PSCCH/PSSCH transmission from transmitter UE to receiver UE can be accompanied with aperiodic sidelink CSI-RS, which facilitates beam measurements. Hence, the aperiodic sidelink CSI-RS transmissions can be supported for beam maintenance. 

Furthermore, the triggering conditions of sidelink CSI-RS transmissions are mentioned by Nokia, Toyota, Intel, Interdigital, Samsung, Fraunhofer, Wilus. This can be further studied. 

On the other hand, the periodic and/or semi-persistent sidelink CSI-RS transmissions are proposed by Qualcomm, Nokia, Toyota, vivo, Spreadtrum, CATT, Sony, JHU, Apple, OPPO, Samsung, LG, Mediatek, ETRI, Ericsson. Periodic and/or semi-persistent sidelink CSI-RS transmissions allow receiver UE to prepare the corresponding receive beams for beam measurement, since receiver UE knows which slots are to be used for beam measurement beforehand. Hence, the periodic and/or semi-persistent sidelink CSI-RS can be supported for beam maintenance. 

Furthermore, the activation and deactivation of semi-persistent sidelink CSI-RS can be further studied. 

FL makes the corresponding proposal in Proposal 2-3-a.

The transmissions of multiple sidelink CSI-RS in a slot are proposed by Nokia, Qualcomm, NEC, Apple, ZTE, OPPO, Samsung, LG, Sharp, DCM. This is aimed for fast beam sweeping for beam maintenance, which can be supported. If the multiple sidelink CSI-RS transmissions are of different beams, the resulting AGC issues need to be addressed (e.g., Nokia, LG). It is unclear whether this multiple sidelink CSI-RS in a slot is applied to standalone sidelink CSI-RS only or applied to non-standalone sidelink CSI-RS as well. This can be further studied. 

FL makes the corresponding proposal in Proposal 2-4-a.

The support of sidelink CSI-RS transmissions with or without repetition is proposed by Qualcomm, vivo, Huawei, ZTE, Mediatek, Sharp. The signaling details of this design need to be studied. 

FL makes the corresponding proposal in Proposal 2-5-a.

Finally, other proposals are raised by companies: 
· Qualcomm mentions SL CSI-RS burst
· Nokia mentions adjacent beam measurement
· Vivo mentions SCI indication of sidelink CSI-RS resource configurations and/or CSI report quantities
· NEC mentions no sidelink CSI-RS transmissions in a slot with PSFCH
· LG mentions sidelink CSI-RS configuration via PC5-RRC. 

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: Obs62486][bookmark: Obs62460][bookmark: Obs88481][bookmark: Obs29930][bookmark: Obs62463][bookmark: Obs62490][bookmark: Obs29933]Observation 16: 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: Proposal51822][bookmark: Proposal80326][bookmark: Proposal38860][bookmark: Proposal35663]Proposal 16: Study how to address the AGC issue caused by intra-slot TX beam sweeping.
Observation 19: 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: Proposal38863][bookmark: Proposal51826][bookmark: Proposal35666]Proposal 19: 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: Obs62491][bookmark: Obs62464][bookmark: Obs29934]Observation 20: 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: Proposal38864]Proposal 20: Study trigger conditions for aperiodic beam measurement and reporting.
[bookmark: Obs62465][bookmark: Obs29935][bookmark: Obs62492][bookmark: Obs88485]Observation 21: In LOS conditions, a future best beam pair is likely to be adjacent to the present best beam pair.
[bookmark: Proposal38865][bookmark: Proposal80330][bookmark: Proposal35668][bookmark: Proposal51828]Proposal 21: Study how to optimize SL beam maintenance, e.g., by prioritizing adjacent beam measurements.
[bookmark: Obs29936][bookmark: Obs62466]Observation 22: 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: Proposal35669]Proposal 22: Study standalone SL CSI-RS transmission for intra-slot TX/RX beam sweeping.
[bookmark: Obs29937][bookmark: Obs62467]Observation 23: Standalone SL CSI-RS transmissions may be accompanied by SCI for resource reservation, similar to legacy PSCCH/PSSCH.
[bookmark: Proposal35670][bookmark: Proposal38867]Proposal 23: Study resource selection for standalone SL CSI-RS transmission, reusing mode 2 as a baseline.

	Toyota
	[bookmark: _Toc131435276][bookmark: _Toc134952584]Observation 4: 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: _Toc134952593]Proposal 2: Study both periodic/semi-persistent and aperiodic SL CSI-RS transmissions for beam maintenance.
[bookmark: _Toc134952594][bookmark: _Toc131435259]Proposal 3: If aperiodic CSI-RS transmission is supported, study triggering mechanisms for aperiodic CSI-RS transmission.
[bookmark: _Toc134952585][bookmark: _Toc131435254]Observation 5: Standalone SL CSI-RS transmission for beam maintenance is useful to search a greater number of beams within a slot.
[bookmark: _Toc131435255][bookmark: _Toc134952595]Proposal 4: Study standalone SL CSI-RS transmissions for beam maintenance.

	Vivo
	[bookmark: _Ref135070800]Proposal 16: Study SL CSI-RS resource set configuration for beam training purpose, and repetition on/off property should be configured associated with the CSI-RS resource set configuration. 
[bookmark: _Ref135070803]Proposal 18: 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 22: The following enhancement can be considered 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]Proposal 23: 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.
[bookmark: _Ref131787088]Proposal 24: Both periodic and aperiodic SL CSI-RS transmission should be supported for beam maintenance.

	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.

	Huawei
	[bookmark: _Ref134726260]Observation 10: Existing SL CSI framework already supports aperiodic 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.
[bookmark: _Ref126674403][bookmark: _Ref126598703][bookmark: _Ref134203293]Observation 11: Multiple SL CSI-RS transmissions with different TX spatial settings within a slot will lead to AGC issues.

[bookmark: _Ref130927504]Proposal 5: 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.

	CATT
	Proposal 6: CSI-RS can be used as a starting point to achieve beam maintenance. If CSI-RS is to be used for beam maintenance, the following enhancements can be considered.
· SL CSI-RS transmission not accompanied with sidelink data transmission.
· SL CSI-RS including beam related information.
· Periodic SL CSI-RS transmission (at least in the procedure of initial beam pairing before unicast link establishment).
· It is preferred to introduce multiple set of SL CSI-RS resources within one slot.
· SL CSI-RS occupies the time domain resources of PSSCH.

	Xiaomi
	Proposal 8: Standalone SL CSI-RS transmission in resources not belonging to a PSSCH transmission shall be investigated. 

	NEC
	[bookmark: _Toc134523797]Proposal 2: CSI-RSs used for beam measurements can be transmitted with PSCCH/PSSCH in a slot.
Proposal 3: Support multiple contiguous SL CSI-RS transmissions within one slot.
[bookmark: _Toc134523798]Proposal 4: CSI-RS transmission should be disabled in a slot configured with PSFCH symbols.

	Intel 
	Proposal 11: Study which conditions may trigger beam maintenance.
Proposal 12: Study which techniques can be utilized for beam maintenance.

	Sony
	Proposal 3: Stand-alone CSI-RS without PSCCH/PSSCH and periodic CSI-RS for beam measurement in beam maintenance step can be supported.

	Interdigital
	Proposal 10: Support stand-alone transmission of SL CSI-RS transmissions using different beams in time, multiplexed with at least a 1st stage SCI. FFS: 2nd stage SCI, and SCIs content in the context of beam maintenance.
Proposal 11: Study resource selection for stand-alone BM SL CSI-RS transmissions using Mode 1 and Mode 2 PSSCH as a baseline.
Proposal 12: Study multiplexing of PSSCH and SL CSI-RS transmissions using different TX beams in a slot.
Proposal 13: Study triggering conditions for SL CSI-RS transmissions for beam maintenance. 

	JHU
	Observation 2: In the case of sidelink, the receiving UE is capable of discerning the need for beam measurement more promptly than the transmitting UE.
Proposal 10: Sidelink should incorporate an option that allows the receiving UE to initiate semi-persistent and aperiodic beam measurement procedures.

	Apple
	Proposal 19: Reuse the existing aperiodic and non-standalone sidelink CSI-RS transmissions for beam maintenance, where the beam information of sidelink CSI-RS is indicated via the scheduling SCI. 
Proposal 20: Support standalone sidelink CSI-RS transmissions for beam maintenance, where SCI and SL MAC CE are transmitted together with standalone sidelink CSI-RS to indicate the transmit beam of sidelink CSI-RS, as well as source and destination IDs of sidelink CSI-RS transmission.
Proposal 21: Support multiple sidelink CSI-RS transmissions within one slot at least for standalone sidelink CSI-RS transmissions.
Proposal 22: Support periodic and/or semi-persistent sidelink CSI-RS transmissions for beam maintenance.

	Qualcomm
	Proposal 2-1:
· The SL CSI-RS for beam maintenance should have the following properties, same as for periodic RS for initial beam-pairing:
· The SL CSI-RS transmissions via different transmit beams (= an RS burst) should be confined within a short period of time
· The burst should be repeated multiple times so that a receiving UE (e.g., UE2) can also sweep or train its receiving beams over the multiple RS bursts
· The SL CSI-RS for beam maintenance should take the Uu CSI-RS for L1 beam management as the starting point.
Proposal 2-2:
· Enable stand-alone periodic SL CSI-RS transmissions without associated SL MAC-CE, SCI(s), and PSFCH
· The SL CSI-RS is based on dedicated configuration for the unicast link
· Enable multiple SL CSI-RS transmissions associated with different transmit beams within one slot
· Enable SL CSI-RS transmissions with or without repetition on transmit beams

	ZTE
	[bookmark: _Toc135070406][bookmark: _Toc131790686]Observation 6: If R16/R17 SL CSI-RS resource mapping is reused without enhancement, it may take a long time to complete beam training because SL CSI-RS can only be transmitted together with PSSCH in one beam direction within one slot.
[bookmark: _Toc135070420]Proposal 8: Non-standalone SL CSI-RS(s) can be transmitted in a different beam from the beam for PSCCH/PSSCH transmission on the same slot to achieve efficient beam training. 
[bookmark: _Toc135070421]Proposal 9: For non-standalone SL CSI-RS, CSI-RS resources are TDMed with PSCCH/PSSCH transmission in a slot, and have the same transmission bandwidth with the PSSCH transmission.
[bookmark: _Toc135070407]Observation 7: It is not necessary to support semi-persistent CSI-RS transmissions because UE may not transmit CSI-RS in every CSI-RS configuration period.
[bookmark: _Toc135070422]Proposal 10: Standalone CSI-RS transmissions can be supported for flexible CSI-RS configuration. 
[bookmark: _Toc135070423]Proposal 11: Standalone CSI-RS resources can be independently configured and have no relationship with PSCCH/PSSCH resources, but the standalone CSI-RS resources can be indicated by previous PSCCH/PSSCH transmission. 
[bookmark: _Toc135070424]Proposal 12: One or multiple CSI-RS can be transmitted within one slot to reduce beam training delay and overhead.
[bookmark: _Toc135070425]Proposal 13: In order to flexibly achieve Tx beam training and Rx beam training, Tx UE can dynamically indicate whether the space domain filter parameters of CSI-RS transmissions are same or not.
[bookmark: _Toc131790703][bookmark: _Toc135070427]Proposal 15: For non-standalone CSI-RS, Tx UE can indicate whether and how to transmit CSI-RSs for beam management in current slot by sidelink control information so that beam management can be performed based on the CSI-RS resources.
[bookmark: _Toc135070408][bookmark: _Toc131790687]Observation 8: For non-standalone CSI-RS, AGC issues may occur if Tx UE transmits different CSI-RSs in different beam directions in a slot.
[bookmark: _Toc135070428]Proposal 16: For non-standalone CSI-RS, each CSI-RS resource occupies at least 2 symbols within the first symbol being the AGC symbol, and the time domain location of CSI-RS can be configured per sidelink resource pool, i.e the slots containing CSI-RS and the time domain location of CSI-RS within each slot are the same for all UE.
[bookmark: _Toc135070429][bookmark: _Toc131790704]Proposal 17: For standalone CSI-RS, the following two alternatives can be considered for the issue of how to allocate CSI-RS resources to different UEs:
[bookmark: _Toc135070430][bookmark: _Toc131790705][bookmark: _Toc131790706][bookmark: _Toc135070431]Alt 1: Pre-definition: Pre-define the mapping rules between PSSCH and CSI-RS resources for beam management;
Alt 2: Dynamical indication: CSI-RS resources is dynamically indicated.

	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. 
Proposal 10: Periodic or semi-persistent SL CSI-RS transmission can be supported for initial beam pairing or beam maintenance. 
Proposal 11: Stand-alone SL CSI-RS can be supported for initial beam pairing or beam maintenance. The design of stand-alone SL CSI-RS structure can take PSFCH structure as baseline.

	Samsung
	Proposal 5: For enhanced SL operation on FR2 licensed spectrum, CSI-RS can be used for beam management, the following are supported:
· SL CSI-RS transmitted with other SL data, as well as standalone SL CSI-RS within a slot.
· SL CSI-RS can be periodic, semi-persistent or aperiodic.
· SL CSI-RS using the same transmit beam on multiple symbols of a slot.
· SL CSI-RS using different transmit beams within a slot.
Proposal 9: 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.

	LG
	Observation 8: 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 9: 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. 
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.

	Mediatek
	[bookmark: _Ref134998988]Proposal 10: At least supporting standalone CSI-RS for beam maintenance, further study whether/how to support the non-standalone CSI-RS for beam maintenance.
[bookmark: _Ref134998991]Proposal 11: Supporting SL CSI-RS transmission with or without repetition on transmit beams.
[bookmark: _Ref127567164]Observation 16: Semi-persistence beam management period or aperiodic beam management to maintain data beam pair is enough for SL FR2 beam management
[bookmark: _Ref135057893]Proposal 17: Supporting to prioritized semi-persistence SL CSI-RS or aperiodic SL CSI-RS for beam management. Further study whether it is necessary to have periodic SL CSI-RS

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

	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 to introduce periodic CSI-RS for beam sweeping in beam maintenance and study standalone SL CSI-RS transmitted without SL data.

	Wilus
	Proposal 9: NR SL UE can perform beam maintenance procedure using aperiodic and non-standalone SL CSI-RS which is supported by current NR sidelink.
Proposal 10: RAN1 to study triggering mechanisms of aperiodic SL CSI-RS for beam maintenance purpose.
Proposal 11: RAN1 to study the signalling method for triggering the transmission of aperiodic SL CSI-RS for beam maintenance purpose.

	Sharp
	Proposal 3: Study the following enhancement to the existing aperiodic and non-standalone SL CSI-RS for beam maintenance.
· Multiple SL CSI-RS transmissions within single or multiple slots 
· Note: the single or multiple slots are scheduled by a SCI format for the initial transmission and reservation of the resource(s)
Proposal 4: Study both of the followings for standalone SL CSI-RS transmissions
· SL CSI-RS transmission only
· SL CSI-RS with accompanying SCI(s) or SL MAC CE transmissions 
Proposal 6: Support SL CSI-RS transmissions with or without repetition on transmit beams for beam refinement.
· Indication of beam repetition (similar as higher layer parameter repetition in NR Uu operation) is set in sidelink CSI-RS resource configuration.  

	Ericsson
	[bookmark: _Toc135045298]Observation 10: The current NR SL CSI framework is not suitable for beam management.
[bookmark: _Toc135045307]Proposal 9: RAN1 to study enhancements to CSI-RS reporting/indication by using periodic, semi-persistent and/or aperiodic transmissions.
[bookmark: _Toc135045308]Proposal 10: RAN1 to study the use of standalone CSI-RS signalling for beam management in NR SL for FR2.

	DCM
	[bookmark: OLE_LINK4]Proposal 4: Support standalone SL CSI-RS and multiple SL CSI-RS transmissions within one slot (intra-slot beam sweeping).
Proposal 5: Study dedicated resources that are not included in resource pool for SL data transmissions and receptions, for multiple SL CSI-RS transmissions that are related to each transmission beam within one SL slot (intra-beam sweeping)



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

RAN1 #112b-e Agreement
Consider one or more of the following items as sidelink beam reporting contents for beam maintenance: 
· Beam indication (e.g., CRI)
· L1-RSRP
· FFS: L1-SINR or other reporting contents if necessary enhancement is identified. 
· Note: This does not preclude performing beam maintenance without any beam reporting

RAN1 #112b-e Agreement
The container(s) of sidelink beam reporting for beam maintenance is at least selected from the following options:
· Option 1: SL PHY layer signal (e.g., PSFCH, SCI)
· Option 2: SL MAC CE
· FFS: PC5-RRC, Signaling over Uu link (e.g., UCI)



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

Regarding the sidelink beam reporting contents, beam indication and L1-RSRP are supported by companies (vivo, Apple, OPPO, Samsung, Huawei, Sony, Samsung, LG). It is also mentioned by LG of the same transmit power for sidelink CSI-RS with different beams. Nokia and Mediatek mention no beam reporting is needed, where bi-directional sidelink CSI-RS is transmitted, and each UE applies receive beam sweeping. 

Sidelink beam reporting of L1-SINR is discussed by companies. Sony and CEWiT wants to use L1-SINR as beam reporting contents, while Spreadtrum and ZTE propose to remove it from the candidate list, since L1-SINR has a higher complexity and the value of L1-SINR has greater fluctuation. Qualcomm proposes to not consider “other reporting contents”. 

Regarding the sidelink beam reporting container, several options are discussed by companies. 

The container of PSFCH has the benefit of low latency and low signaling overhead. However, the capacity of PSFCH is limited in Re-16 NR sidelink. Only 1 bit can be carried by PSFCH. The beam reporting payload is more than 1 bit in general. Interdigital and Sharp propose to introduce a new PSFCH format, while Huawei and OPPO propose to keep PSFCH format 0. Ericsson mentions to use PSFCH as an implicit beam reporting. Huawei and CEWiT propose to use frequency-domain resources for L1-RSRP reporting. Furthermore, the association between PSFCH resources for beam reporting and sidelink CSI-RS resources (either standalone or non-standalone) needs to be further studied. This option is supported by Nokia, Toyota, vivo, Huawei, Spreadtrum CATT, OPPO, ETRI, CEWiT. 

FL makes the corresponding proposal in Proposal 2-6-a. 

The container of sidelink MAC CE has the benefit of large capacity. It is also used for sidelink CSI reporting in Rel-16 NR sidelink. The disadvantage of sidelink MAC CE is relatively high latency. This option is supported by Nokia, Toyota, vivo, CATT, Intel, Apple, LG, CEWiT. In Rel-16 NR sidelink, the sidelink CSI reporting is restricted within a window after the transmission of sidelink CSI-RS. In this way, the sidelink CSI reporting is associated with sidelink CSI-RS. Whether such a reporting window applies to sidelink beam reporting can be further studied. 

FL makes the corresponding proposal in Proposal 2-7-a. 

The container of SCI for beam reporting is proposed by Spreadtrum, CATT, ETRI. SCI has smaller capacity than sidelink MAC CE, and higher latency and signaling overhead than PSFCH. At this stage, it is unclear how SCI carries multiple beam reporting bits and the advantage of SCI comparing with PSFCH and sidelink MAC CE. FL would like to learn companies’ views here, and this is in Question 2-1. 

The container of PC5-RRC for beam reporting is proposed by Intel, but is against by Toyota, Qualcomm, ZTE, OPPO. Comparing with sidelink MAC CE, PC5-RRC has a larger latency and the benefit of PC5-RRC is unclear. 

The container of signaling over Uu is proposed by CATT, Intel, Samsung, Fraunhofer, CEWiT, but is against by Toyota, Qualcomm, ZTE, OPPO. The main applicable scenario is for mode 1 UE, the beam reporting to gNB will help gNB scheduling. However, this beam reporting to gNB does not guarantee the beam reporting can reach the transmitter UE if it is out of gNB coverage. Instead, this beam reporting to gNB is more like assistant information for gNB’s scheduling. Hence, FL suggests deprioritizing the discussion of this topic.

The sidelink beam reporting periodicity is discussed by companies. ZTE supports aperiodic beam reporting, while Samsung and Apple support aperiodic, periodic and/or semi-persistent beam reporting. Wilus discusses the triggering of (aperiodic) beam reporting. This topic is related to Proposal 2-3-a, and we could wait for the outcome of sidelink CSI-RS periodicity. 

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: Obs29938][bookmark: Obs62468]Observation 24: In case of TX/RX beam correspondence, SL beam maintenance may be performed without any associated beam reporting.
[bookmark: Proposal35671][bookmark: Proposal38868]Proposal 24: 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: Obs29939]Observation 25: If PSFCH mapped to SL CSI-RS is used as container, the contents of the beam report are implicit.
[bookmark: Proposal38869][bookmark: Proposal35672]Proposal 25: For SL beam reporting for beam maintenance, study how PSFCH can be mapped to configured SL CSI-RS resources.
[bookmark: Obs29940][bookmark: Obs62470]Observation 26: 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: Proposal38870][bookmark: Proposal35673]Proposal 26: 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.

	Toyota
	[bookmark: _Toc134952586]Observation 6: Option 1 (SL PHY layer signal) 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: _Toc134952587]Observation 7: Option 2 (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: _Toc134952596]Proposal 5: Study further Option 1 (SL PHY layer signal) and Option 2 (SL MAC CE) for the container of sidelink beam reporting for beam maintenance, and other containers are not pursued.

	Vivo
	[bookmark: _Ref135070801]Proposal 17: Enhance SL CSI report to include beam index/resource index and/or L1-RSRP as report quantity.  
[bookmark: _Ref135070805]Proposal 19: Both MAC CE and PSFCH can be used for CSI report.
[bookmark: _Ref135070806]Proposal 20: 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 21: 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.

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

	Huawei
	[bookmark: _Ref130927465][bookmark: _Ref127295422][bookmark: _Ref126674343][bookmark: _Ref126598749][bookmark: _Ref130927507][bookmark: _Ref134726306]Observation 12: 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.
Proposal 6: 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 through frequency-code domain resources following the legacy PSSCH resource and PSFCH slot mapping rules. 

	CATT
	Proposal 7: Sidelink CSI feedback framework can be used as starting point for sidelink beam measurement report. Beam indication (e.g., CRI), L1-RSRP, L1-SINR can be considered for the candidate reporting parameter.
Proposal 8: The container(s) of sidelink beam reporting for beam maintenance can be selected from the following options:
· Option 1: SL PHY layer signal (e.g., PSFCH, SCI)
· Option 2: SL MAC CE
· Option 3: Signaling over Uu link (e.g., UCI)

	Intel 
	Proposal 16: SL Beam reporting can utilize the following containers:
· SL MAC CE,
· SL RRC,
· Signalling between the UEs through the network.

	Sony
	Proposal 4: At least L1-RSRP and/or L1-SINR reporting can be supported on the physical layer signalling.

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

	Interdigital
	Proposal 9: CSI reporting for SL beam management includes PHY layer CSI feedback, e.g., based on a new PSFCH format.

	JHU
	Observation 3: As we consider the container for beam reporting, it makes sense to maintain the existing local architecture.
Proposal 11: RAN1 should clarify the functional split and interface between MAC and PHY regarding beam management functionalities, independent of container choice for beam reporting.

	Apple
	Proposal 23: Consider both periodic and aperiodic sidelink beam reporting for beam maintenance. 
Proposal 24: Support the contents of sidelink beam reporting are sidelink CSI-RS resource index(s), with or without the corresponding L1-RSRP measurement results.  
Proposal 25: The sidelink beam reporting is carried by SL MAC CE.
Proposal 26: The time gap between the triggering of sidelink beam reporting and the transmission of sidelink beam reporting is upper bounded.

	Qualcomm
	Proposal 2-3: On beam reporting, updates the RAN1#112bis-e agreements as follows
· 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
· 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)

	ZTE
	[bookmark: _Toc135070432]Proposal 18: Beam reporting contents do not include L1-SINR for sidelink beam management.
[bookmark: _Toc135070409]Observation 9: For container(s) of sidelink beam reporting, PC5-RRC should not be supported since Option 1(PHY layer signal) and Option 2(MAC CE) are sufficient.
[bookmark: _Toc135070410]Observation 10: For container(s) of sidelink beam reporting, signaling over Uu link is only used for mode 1 UE, which may require too much effort.
[bookmark: _Toc135070433]Proposal 19: For container(s) of sidelink beam reporting, PC5-RRC should not be supported.
[bookmark: _Toc135070434]Proposal 20: For container(s) of sidelink beam reporting, signaling over Uu link should not be supported.
[bookmark: _Toc135070435]Proposal 21: R16/R17 aperiodic CSI report mechanism can be considered as a starting point for aperiodic beam reporting.
[bookmark: _Toc135070436]Proposal 22: At least support aperiodic beam reporting, and whether to support periodic beam reporting needs further study.

	OPPO
	Proposal 12: For SL beam maintenance, both beam indication (CRI) and L1-RSRP can be supported for beam reporting. 
· Multiple beam indication (CRI) and their associated L1-RSRP can be reported. 
Proposal 13: For the container of beam reporting, both option 1 and option 2 can be supported. Down-prioritize beam reporting over PC5-RRC and over Uu link.
· Option 1: SL PHY layer signal (e.g., PSFCH, SCI)
· Option 2: SL MAC CE
Proposal 14: If PSFCH is used as container for beam reporting: 
· One PSFCH transmission occasion can be (pre-)configured to be associated to one or one set of SL CSI-RS resources. 
· Legacy PSFCH format 0 can be used for beam reporting.
Proposal 15: If SCI or MAC CE is used as container for beam reporting, the resource selection window of PSCCH/PSSCH for carrying the beam indicator can be determined based on SL CSI-RS resource. 

	Samsung
	Proposal 6: For enhanced SL operation on FR2 licensed spectrum, the 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, additional consider Uu PHY layer signalling (UCI) and Uu MAC CE.
· Report timing: Report can be periodic, semi-persistent or aperiodic.

	LG
	Proposal 7: For beam maintenance, only MAC CE is prioritized for the container of SL beam reporting. 
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. 

	Mediatek
	[bookmark: _Ref135035017]Proposal 12: In addition to the beam indication and L1-RSRP, the SL beam reporting contents also need to include {L1-RSRP, None}.

	Fraunhofer
	Proposal 6: For beam maintenance, study how to use UCI as a container for beam reporting via the Uu link. 

	ETRI
	Observation 3: While the Rel-16/17 aperiodic SL CSI-RS is not suitable for rapid beam sweeping in SL beam maintenance, beam measurement and reporting by reusing the aperiodic SL CSI-RS and CSI report via MAC CE has the minimum specification impact.
Proposal 5: Regarding the beam reporting contents and the container, we prefer beam indication through PSFCH or SCI considering that using MAC CE may have a latency issue.

	Wilus
	Proposal 12: NR SL UE can transmit beam report if both signalling for triggering transmission of SL CSI-RS and CSI request are configured.

	Sharp
	Proposal 7: Support the following containers of sidelink beam reporting for beam maintenance.
· Option 1: PSFCH
· Study new PSFCH format to carry multiple information bits 
· Option 2: SL MAC CE

	Ericsson
	[bookmark: _Toc135045304]Proposal 6: For SL operation in FR2, mapping between PSFCH resources and beams is used for beam establishment and beam refinement. 
[bookmark: _Toc135045305]Proposal 7: Based on the outcome of the HARQ feedback detection by the RX UE, i.e., ACK, NACK, or absence of HARQ feedback, the TX UE decides the best beam to be used for further transmissions to the RX UE.
[bookmark: _Toc135045306]Proposal 8: RAN1 to support using PSFCH transmissions to facilitate the SL FR2 beam management.

	CEWiT
	Proposal 2: UE2 can determine the transmit beam by beam sweeping of SL-CSI-RS reference signals at UE2 after beam pairing.
· FFS on Indication of receiver beam to UE1 based on initial pairing.
Proposal 3: In the SL beam reporting, the L1-SINR should be reported corresponding to the reported beam(s).
Proposal 7: The uplink control information (UCI) can be used to report the beam for in-coverage UEs.
Proposal 8: The UE 2 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 9: The UE 2 reports the SL beam management report explicitly by transmitting the beam-id using MAC-CE.
Proposal 10: 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.



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.



Regarding the beam indication mechanism, reusing NR Uu link TCI framework is mentioned by companies vivo, Huawei, CATT, xiaomi, OPPO, Samsung, Transsion, CEWiT, Qualcomm, Spreadtrum. Specifically, sidelink TCI state can be configured which includes sidelink TCI state ID, sidelink CSI-RS resource ID and QCL type D (CATT, Transsion, Huawei). 

For beam indication in sidelink beam maintenance, sidelink TCI state could be considered as the beam indication content.

Toyota, CMCC mention that PSCCH and its associated PSSCH share the same sidelink TCI state since they are TDM+FDM multiplexed. In RAN1 #112b-e meeting, some companies mentioned PSCCH transmit beam may be different from PSSCH transmit beam since PSCCH needs to be decoded by neighbor UEs for resource reservation purpose. Whether PSCCH and its associated PSSCH share the same sidelink TCI state could be further discussed. 

The container of sidelink beam indication could be either SCI or sidelink MAC CE (Qualcomm, Apple). The SCI has lower latency than sidelink MAC CE, but SCI has lower reliability than sidelink MAC CE. Both of them can be considered. 

Toyota, ZTE mentions that PSCCH and PSSCH transmit beam needs to be indicated in advance. Some gap needs to be considered between beam indication time and beam switching time, to include signal processing time and beam switching time at receiver UE (e.g., Toyota, Qualcomm, Huawei). On the other hand, the activation time of indicated beam depends on beam indication container. For example, if sidelink MAC CE is the beam indication container, the activation time of beam indication could be 3 ms after the ACK of the PSSCH carrying the sidelink MAC CE (e.g., Apple). 

Depending on beam indication container, the activation time of indicated beam can be further studied. Furthermore, Toyota mentions to consider signal processing time and beam switching time at receiver UE. 

CATT also mentions that beam indication can be dynamic or semi-static. The duration of indicated beam can be further studied. 

FL makes the corresponding proposal in Proposal 2-8-a. 

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

	Company
	Company proposal related to this issue

	Toyota
	[bookmark: _Toc131435256][bookmark: _Toc134952597]Proposal 6: 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: _Toc134952588]Observation 8: 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: _Toc134952598][bookmark: _Toc131435251]Proposal 7: If the Rel-16/17 NR sidelink packet structures are reused, Tx UE uses the same Tx beam for PSCCH and corresponding PSSCH.
[bookmark: _Toc134952599][bookmark: _Toc131435252]Proposal 8: 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: _Toc131435257][bookmark: _Toc134952600]Proposal 9: 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][bookmark: _Ref127451490]Proposal 32: Study whether Rel-15 Uu beam indication framework or Rel-17 unified TCI framework is reused for SL beam indication.
Proposal 33: Investigate the following solutions for beam indication from TX UE side, if Rel-15 Uu beam indication framework is reused.
- Option1: TX UE indicates the TX beam on the associated PSSCH;
- Option2: TX UE indicates the TX beam on the reserved resource.

	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.

	Huawei
	[bookmark: _Ref130927469][bookmark: _Ref127295424]Observation 13: Compared to the Uu TCI framework, there is no beam indication method defined for SL FR2.
[bookmark: _Ref130927509]Proposal 7: Study how to support beam indication in SL FR2 using the Uu TCI and QCL framework.
· 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.
[bookmark: _Ref127295390]Observation 14: In Uu, symbol-level beam switching is supported for UE to perform Tx and Rx beam change.
[bookmark: _Ref127295426]Proposal 9: In SL FR2, the beam switching times within a slot from Uu is taken as baseline.
[bookmark: _Ref127295395]Observation 15: 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: _Ref127295429][bookmark: _Ref131709332]Proposal 10: 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.

	CATT
	Proposal 9: Similar to legacy NR operation, SL_TCI can be introduced for beam indication.
Proposal 10: SL TCI ID, SL CSI-RS resource and QCL type should be included in the SL TCI state configuration. 
Proposal 11: Legacy NR beam indication mechanism should be used as a starting point for sidelink beam indication. The indication of the transmitted beam can be dynamic or semi-static, depending on the duration of the indicated beam, the speed of switching, and the cost of the indicating information.

	Xiaomi
	Proposal 5: Sidelink TCI state is introduced for Sidelink beam management.

	CMCC
	Observation 2: 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 12: 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 27: The content of sidelink beam indication is a single sidelink CSI-RS resource index. 
Proposal 28: The sidelink beam indication is carried by sidelink MAC CE.
Proposal 29: The ACK for sidelink beam indication serves as a reference time to determine the activation timing of selected beam pair. 

	Qualcomm
	Proposal 2-5: Re-use the concept of Uu Unified-TCI framework
· For a paired UE, one or multiple spatial filter(s) for transmissions to/receptions from the paired UE can be configured/active
· If one spatial filter is configured/active for a paired UE, the spatial filter is used for transmissions to /receptions from the paired UE
· If multiple spatial filter are configured/active for a paired UE, one of the spatial filter is used for transmissions to/receptions from the paired UE, where: 
· The spatial filter can be switched/selected according to the indication by a SCI format with a certain time gap (FFS the gap)

	ZTE
	[bookmark: _Toc131790710][bookmark: _Toc135070437][bookmark: _Toc131790690][bookmark: _Toc135070411]Proposal 23: The Tx UE indicating the beam used for future/reserved PSCCH/PSSCH transmission to the Rx UE can be considered.
Observation 11: Tx UE indicating the beam used for current PSCCH/PSSCH transmission to the Rx UE can assist in initial beam pairing or beam maintenance.

	OPPO
	Proposal 16: TCI-state mechanism is supported for SL beam indication.

	Samsung
	Proposal 7: For enhanced SL operation on FR2 licensed spectrum, study beam indication mechanisms including aspects such:
· Design of beam indicators.
· Joint vs separate beam indication.
· Configuration and signalling of beam indicators.
Which UE can perform as a controller to determine a beam pair to use and associated signalling.

	LG
	Observation 10: 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.
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.

	Transsion
	[bookmark: OLE_LINK7]Proposal 4: The mechanism of TCI-state based beam configuration and indication in NR Uu should be reused in sidelink systems, and the TCI-state based beam configuration can include:
· TCI-state ID, which identifies the TCI-state;
· SL CSI-RS resource ID, which identifies the SL CSI-RS resource;
· QCL-TypeD type, where QCL-TypeD means that the SL transmitting UE utilizes the transmit beam corresponding to this SL CSI-RS resource for transmission.

	CEWiT
	Proposal 5: The UE1 should configure a TCI state to UE2 with QCL assumptions to determine the UE1 transmit beam related parameters.
Proposal 6: The UE2 can determine the transmit beam based on the beam correspondence.



Others
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 2-2. 

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: Obs62471][bookmark: Obs29941]Observation 27: New control signaling is needed to support SL beam maintenance.
[bookmark: Proposal38871][bookmark: Proposal35674]Proposal 27: 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.

	Samsung
	Proposal 10: For enhanced SL operation on FR2 licensed spectrum, study beam-based open-loop power control operation.
Proposal 11: For enhanced SL operation on FR2 licensed spectrum, for mode 1 study network-based beam management. 




[Closed] First round discussions
[H] Proposal 2-1-a
Proposal 2-1-a: For beam maintenance, support non-standalone sidelink CSI-RS transmissions. 
· FFS slot structure
· FFS signaling details

	Company
	Yes or No
	Comments

	OPPO
	Yes 
	

	Intel
	Yes
	

	Nokia, NSB
	Yes, with added note
	Proposal 2-1-a: For beam maintenance, support non-standalone sidelink CSI-RS transmissions. 
· FFS slot structure
· FFS signaling details
· Note: The transmit beam for a non-standalone sidelink CSI-RS transmission is the same as the transmit beam for the accompanying data.


	Qualcomm
	Yes
	The first bullet should be “RS structure”, not slot structure.

	Samsung
	
	Prefer to change “support” to “study”

	LGE
	
	It is study phase, why do we need to say “support”.

	Catt
	yes
	

	Vivo
	Yes
	

	WILUS
	Yes
	

	MediaTek
	Yes
	

	Fraunhofer
	Yes
	

	Toyota
	Yes
	

	ZTE,Sanechips
	Yes
	

	Lenovo
	Yes
	

	Sharp
	Yes
	Also agree with modifications from Qualcomm and Samsung.



[H] Proposal 2-2-a
Proposal 2-2-a: For beam maintenance, support standalone sidelink CSI-RS transmissions. 
· FFS slot structure
· FFS resources, resource allocation and resource indication 
· FFS signaling details, including which information is to be indicated for sidelink CSI-RS transmissions and the container of the information.  

	Company
	Yes or No
	Comments

	OPPO
	Yes 
	

	Intel
	Yes
	We prefer standalone CSI-RS for this case as in our understanding this would result in a reduced overhead. 

	Nokia, NSB
	Yes
	

	Qualcomm
	Yes
	The first bullet should be “RS structure”, not slot structure.

	Samsung
	
	Prefer to change “support” to “study”

	LGE
	No
	Without clarification on how resource collision will be resolved, it is too early to agree it. Moreover, it is study phase, why do we need to say “support”. 

	Catt
	yes
	

	Vivo
	Yes
	

	WILUS
	Yes
	

	MediaTek
	Yes
	

	Fraunhofer
	Yes
	

	Toyota
	Yes
	

	ZTE,Sanechips
	Yes
	

	Lenovo
	Yes
	

	Sharp
	Yes
	Also agree with modifications from Qualcomm and Samsung.



[M] Proposal 2-3-a
Proposal 2-3-a: For beam maintenance, support aperiodic, periodic and/or semi-persistent sidelink CSI-RS transmissions. 
· FFS triggering conditions for aperiodic sidelink CSI-RS transmissions
· FFS activation/deactivation of semi-persistent sidelink CSI-RS transmissions

	Company
	Yes or No
	Comments

	OPPO
	Yes 
	

	Intel
	Yes
	

	Nokia, NSB
	Yes, with addition
	Proposal 2-3-a: For beam maintenance, support aperiodic, periodic and/or semi-persistent sidelink CSI-RS transmissions. 
· FFS triggering conditions and transmit beam(s) for aperiodic sidelink CSI-RS transmissions
· FFS activation/deactivation and transmit beam(s) of semi-persistent sidelink CSI-RS transmissions


	Qualcomm
	Yes
	

	Samsung
	
	Prefer to change “support” to “study”

	LGE
	Yes
	It also need to clarify the exact meaning of the periodic and semi-persistent periodic in terms of physical slots or logical slots. Moreover, it is study phase, why do we need to say “support”.

	Catt
	yes
	Similar view with LGE

	Vivo
	Yes
	

	WILUS
	Yes
	

	MediaTek
	
	We have concern on how to perform periodic sidelink CSI-RS transmission. From legacy SL, only semi-persistent resource reservation can be achieved. If we want to have periodic CSI-RS resource, it means it have to be system (pre-)configured. If all UE in the area transmit on the (pre-)configured CSI-RS resource, how to avoid the collision on CSI-RS transmission is a problem.
Furthermore, from our contribution, we observed that SL UE’s performance with relative coarse beam transmission (comparing to gNB’s beam) is not sensitive to beam management period. Aperiodic beam management or semi-persistence beam management should be enough. We should first clarify the usecase and necessity to have periodic SL CSI-RS resource

	Fraunhofer
	Yes
	

	Toyota
	Yes
	

	ZTE,Sanechips
	No
	In our view, although periodic CSI-RS resources are configured, UE can only transmit the CSI-RS based on a resource reservation scheme similar to R16/17 PSCCH/PSSCH resource reservation. Therefore, it is not necessary to support semi-persistent CSI-RS transmissions.


	Lenovo
	Yes
	



[M] Proposal 2-4-a
Proposal 2-4-a: For beam maintenance, support multiple sidelink CSI-RS transmissions in a slot. 
· FFS how to avoid/mitigate AGC issues
· FFS applicable scenarios

	Company
	Yes or No
	Comments

	OPPO
	Yes 
	

	Intel
	Yes
	

	Nokia, NSB
	Yes, with changes
	Proposal 2-4-a: For standalone sidelink CSI-RS transmissions for beam maintenance, support multiple sidelink CSI-RS transmissions in a slot. 
· FFS how to avoid/mitigate AGC issues in case the multiple sidelink CSI-RS transmissions are transmitted using different transmit beams
· FFS applicable scenarios


	Qualcomm
	
	On the 1st FFS, suggest to update as “FFS how/whether to avoid/mitigate AGC issues”. So far, we are not so sure whether there is a serious AGC issue per beam that requires special handling (e.g., AGC symbol per beam). Further study is necessary on this.

	Samsung
	
	Prefer to change “support” to “study”

	LGE
	
	We think that it is necessary to consider how to avoid/mitigate AGC issues before agree this. Moreover, it is study phase, why do we need to say “support”.
Why don’t we just say “the study of multiple sidelink CSI-RS transmissions in a slot includes….” 

	Catt
	yes
	

	vivo
	Yes
	

	WILUS
	Yes
	

	MediaTek
	
	There is not only AGC problem to be solved for this issue. With beam sweeping CSI-RS transmission within a slot, it causes unexpected interference toward other UE’s transmission.

	Fraunhofer
	Yes
	

	Toyota
	Yes
	

	ZTE,Sanechips
	Yes
	

	
	
	



[M] Proposal 2-5-a
Proposal 2-5-a: For beam maintenance, support sidelink CSI-RS transmissions with or without repetition on transmit beams. 
· FFS signaling details

	Company
	Yes or No
	Comments

	OPPO
	Yes 
	

	Intel
	Yes
	

	Nokia, NSB
	Yes
	

	Qualcomm
	Yes
	

	Samsung
	
	Prefer to change “support” to “study”, e.g. the proposal can say
For beam maintenance, support study signaling details for sidelink CSI-RS transmissions with or without repetition on transmit beams

	LGE
	
	It is study phase, why do we need to say “support”.
Why don’t we just say “the study of sidelink CSI-RS transmissions with or without repetition on transmit beams includes….”

	Catt
	yes
	

	Vivo
	Yes
	

	WILUS
	Yes
	

	MediaTek
	Yes
	

	Fraunhofer
	Yes
	

	Toyota
	Yes
	

	ZTE,Sanechips
	Yes
	

	Lenovo
	Yes
	



[M] Proposal 2-6-a
Proposal 2-6-a: For beam reporting using PSFCH (if supported) in beam maintenance, study 
· the association rule between PSFCH resources for beam reporting and sidelink CSI-RS resources (either standalone or non-standalone)
· how PSFCH carries multiple beam reporting bits
· Alt 1: New PSFCH format
· Alt 2: PSFCH format 0 by exploring frequency and/or code domain resources
· Other alternatives are not precluded 

	Company
	Yes or No
	Comments

	OPPO
	Yes 
	We prefer Alt 2. New PSFCH format to carry more than 1 bits was discussed several times but not specified. We don’t think it needs to be supported here. Legacy PSFCH F-0 can be reused for beam reporting. For multiple CSI-RS resources for TX beam selection, each CSI-RS resource can be mapped with one PSFCH resource. If the beam associated to a CSI-RS is preferred, the RX UE can determine the PSFCH transmission resource corresponding to the CSI-RS resource. Multiple PSFCH resource can correspond to different freq/code resource within the same PSFCH transmission occasion.   

	Intel
	Comment
	In our understanding the beam information would be encoded in the used transmission slot used for PSFCH. In our understanding this would be a substantial overhead as many PSFCH occasions would need to be monitored with different beams. This however is assuming that the new PSFCH format is sequence based. The proposal is not clear if the new proposal is a content based PSFCH format or not. 

	Nokia, NSB
	Yes, with changes
	For non-standalone, we assume a single CSI-RS accompanies the data (using same beam as data). Thus, the Rel-16 PSFCH-to-PSSCH mapping is sufficient and can be reused without modification.

Proposal 2-6-a: For beam reporting using PSFCH (if supported) in beam maintenance, study 
· the association rule between PSFCH resources for beam reporting and different sidelink CSI-RS resources within a slot (either standalone or non-standalone)
· how PSFCH carries multiple beam reporting bits
· Alt 1: New PSFCH format
· Alt 2: PSFCH format 0 by exploring frequency and/or code domain resources
· Other alternatives are not precluded 


	Qualcomm
	No
	Alt.1 requires huge specification work. 
Alt.2 requires UE’s blind detection of PSFCH format 0 from many candidate resources associated with different reporting values. We think use of PSFCH would not be feasible for beam reporting.

	Samsung
	No
	Beam report includes CSI-RS resources and L1-RSRP. It is not clear how the L1-RSRP will be conveyed in this proposal

	LGE
	OK
	OK to study. 

	Catt
	
	· 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 


	Vivo
	
	Legacy PSFCH should be baseline, and PSFCH carries single beam should be the baseline

	WILUS
	Yes
	Alt 2 is preferred

	MediaTek
	
	Same as vivo, legacy PSFCH should be used as baseline

	Fraunhofer
	Yes
	We prefer Alt 2.

	Toyota
	Yes
	

	ZTE,Sanechips
	Yes
	

	Lenovo
	Yes
	



[M] Proposal 2-7-a
Proposal 2-7-a: For beam reporting using sidelink MAC CE (if supported) in beam maintenance, study whether to reuse Rel-16 sidelink CSI reporting window for the association between sidelink beam reporting and sidelink CSI-RS resources. 

	Company
	Yes or No
	Comments

	OPPO
	Yes.
	

	Intel
	Yes
	

	Qualcomm
	Yes
	

	Samsung
	
	We are fine to further study using MAC CE for beam reporting, however, proposal can be reworded to study the timing of the beam report. For example, there can be multiple CSI-RS resources transmitted at different times and single beam report associated with the multiple CSI-RS resources.

For beam reporting using sidelink MAC CE (if supported) in beam maintenance, study whether to reuse Rel-16 sidelink timing of CSI reporting window for the association between sidelink beam reporting and sidelink CSI-RS resources.

	LGE
	OK
	

	Vivo
	Yes
	

	WILUS
	Yes
	

	Fraunhofer
	OK
	

	Toyota
	Yes
	

	ZTE,Sanechips
	Yes
	

	Lenovo
	Yes
	



Question 2-1
Question 2-1: Do you think which SCI format can be used for sidelink beam reporting?
· Option 1: SCI format 1-A 
· Option 2: SCI format 2-A or 2-C
· Option 3: New SCI format
· Option 4: Not support

	Company
	Option(s)
	Comments

	OPPO
	Option 3
	

	Intel
	Option 4
	This proposal is not clear. Is it suggested to add the report to the given SCI formats or is it suggested to change the interpretation of the bit fields? Note also that currently it is still open if a new 2nd stage SCI format is used for SL positioning, thus it is possible that no new format is available. 

	Nokia, NSB
	4
	PSFCH and SL MAC CE provide enough signaling flexibility already (latency vs capacity). No need to consider SCI.

	Qualcomm
	
	We wonder how a SCI format can be used for beam reporting. Does it mean a UE2 transmits a SCI format that carries beam reporting without SL data/MAC-CE?

	Samsung
	Option 3
	New second stage SCI Format

	LGE
	Option 4
	For other option, we also need to consider how to modify SL grant generation/resource (re)selection procedure in MAC layer. To be specific, unlike MAC CE, for physical signaling only without MAC message, the resource (re)selection procedure will not be triggered according to the existing spec. 

	Vivo
	 Optio 3/4
	

	WILUS
	Option 4
	Requiring of beam reporting can be performed using SCI(with introducing new format or new signaling to existing SCI format), but beam reporting itself can be done with PSFCH or SL MAC CE.

	Fraunhofer
	Option 3
	

	Toyota
	Option 4
	Benefit of SCI for beam reporting is not clear, compared with PSFCH and MAC CE.

	ZTE,Sanechps
	Option 4
	We believe MAC-CE is sufficent and which re-uses mostly the legacy CSI-RS report.

	
	
	



[M] Proposal 2-8-a
Proposal 2-8-a: For beam indication in sidelink beam maintenance, introduce sidelink TCI state mechanism: 
· Configure sidelink TCI state including sidelink TCI state ID, sidelink CSI-RS resource ID and QCL type D
· FFS: whether PSCCH and associated PSSCH always have the same TCI state 
· FFS: whether the beam indication is via sidelink TCI state ID or sidelink CSI-RS resource ID
· Consider the following optional beam indication container 
· Alt 1: SCI
· Alt 2: sidelink MAC CE
· FFS: activation time of indicated beam
· FFS: duration of indicated beam (e.g., dynamic or semi-static)

	Company
	Yes or No
	Comments

	OPPO
	Yes 
	

	Intel
	Yes
	In our understanding Alt 1 might not be feasible and only Alt 2 is feasible in all cases. 

	Nokia, NSB
	Yes
	

	Qualcomm
	
	On the 1st bullet, we are OK to introduce sidelink TCI state, but all other details should be FFS. We think better to make a progress on beam management framework for sidelink.

On the 2nd bullet, We prefer Alt.1.

	Samsung
	
	OK, it would be good change “consider” to “study”

	LGE
	No
	In our understanding, beam indication is also used for initial beam paring. In this case, what happened that SL CSI-RS is not used for initial beam pairing. In our understanding, if the beam indication is defined independently from SL CSI-RS resource, it can be applied to beam maintenance as well. To decide this, it is necessary to clarify the definition of beam indication for initial beam paring. 

	vivo
	
	PC5-RRC can be used for periodic beam indication, PC5-RRC can be a container as well

We also suggest to study association between the beam indication during initial beam pairing and the SL TCI

	WILUS
	Yes
	

	Fraunhofer
	Yes
	

	Toyota
	Yes
	

	ZTE,Sanechips
	
	For the last FFS under the first bullet, it seems the TCI state ID being used for beam indication is quite likely if it’s included as part of the content, it’s also Uu mechanism. 

	Lenovo
	Yes
	



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

	Company
	Comments

	Nokia, NSB
	We would like to bring forward the following proposal:

Proposal xxx: For the case of sidelink beam correspondence, study sidelink beam maintenance without beam reporting (e.g., based on bi-directional sidelink CSI-RS transmissions and receive beam sweeping at both UE1 and UE2).

	
	



[Closed] Second round discussions
[H] Proposal 2-1-b
Proposal 2-1-a: For beam maintenance, supportconsider non-standalone sidelink CSI-RS transmissions. 
· FFS slot structure
· FFS signaling details

	Company
	Yes or No
	Comments

	WILUS
	Yes
	

	Qualcom,
	OK
	

	Intel
	Yes
	

	OPPO
	Yes
	

	NEC
	Yes
	

	Lenovo
	Yes
	

	Toyota
	Yes
	

	Fraunhofer
	Yes
	

	Transsion
	Yes
	

	Catt
	yes
	

	JHU APL 
	Yes with comments
	We believe non-standalone CSI-RS can be a part of the beam maintenance mechanism.

	Sony
	Yes
	



The corresponding agreement is made on this topic.

[H] Proposal 2-2-b
Proposal 2-2-b: For beam maintenance, supportconsider standalone sidelink CSI-RS transmissions. 
· FFS slot structure
· FFS resources, resource allocation and resource indication 
· FFS signaling details, including which information is to be indicated for sidelink CSI-RS transmissions and the container of the information.  
· Note: standalone SL CSI-RS transmission means at least no accompanying sidelink data (SL MAC SDU) transmissions in the same slot. FFS: accompanying SCI(s) or SL MAC CE transmissions or PSFCH.

	Company
	Yes or No
	Comments

	WILUS
	Yes
	

	Qualcomm
	
	The first FFS is unclear. We could suggest to update as “FFS physical layer structure”.

	Intel
	Yes
	We are fine with the update from Qualcomm

	OPPO
	Yes
	

	NEC
	Yes
	

	Lenovo
	Yes
	

	Toyota
	Yes
	

	Fraunhofer
	Yes
	

	Transsion
	Yes
	

	Catt
	ok
	

	JHU APL
	Yes
	We believe that standalone CSI-RS is needed for beam management.

	Sony
	Yes
	



The corresponding agreement is made on this topic.

[H] Proposal 2-3-b
Proposal 2-3-b: For beam maintenance, supportconsider aperiodic, periodic and/or semi-persistent sidelink CSI-RS transmissions. 
· FFS triggering conditions for aperiodic sidelink CSI-RS transmissions
· FFS activation/deactivation of semi-persistent sidelink CSI-RS transmissions

	Company
	Yes or No
	Comments

	Nokia, NSB
	Yes, with changes
	Proposal 2-3-b: For beam maintenance, supportconsider aperiodic, periodic and/or semi-persistent sidelink CSI-RS transmissions. 
· FFS triggering conditions and transmit beam(s) for aperiodic sidelink CSI-RS transmissions
· FFS activation/deactivation and transmit beam(s) of semi-persistent sidelink CSI-RS transmissions


	WILUS
	Yes
	

	Qualcomm
	Yes
	

	Intel
	Yes
	

	OPPO
	Yes
	

	NEC
	Yes
	

	Lenovo
	Yes
	

	Toyota
	Yes
	

	Fraunhofer
	Yes
	

	Transsion
	Yes
	

	Catt
	ok
	

	JHU APL
	Yes, with additions
	We suggest an FFS bullet: beam management schemes that do not rely on periodic CSI-RS transmissions.

	Sony
	Yes
	



Companies’ views are still not converging. Let us discuss this topic in the next RAN1 meeting. 

[H] Proposal 2-4-b
Proposal 2-4-b: For beam maintenance, support consider multiple sidelink CSI-RS transmissions in a slot. 
· FFS whether/how to avoid/mitigate AGC issues in case the multiple sidelink CSI-RS transmissions are transmitted using different transmit beams
· FFS applicable scenarios

	Company
	Yes or No
	Comments

	WILUS
	Yes
	In our view, there is no need to limit the case. For example, if SL beam maintenance is performed using non-standalone SL CSI-RS, and if data and the CSI-RS is transmitted via different beam, solutions for mitigating AGC issues can also be needed. Hence, we suggest modifying the proposal,
· FFS whether/how to avoid/mitigate AGC issues in case the transmissions are done using different beams in a slot.


	Qualcomm
	Yes
	

	Intel
	Yes
	

	OPPO
	Yes
	

	NEC
	Yes
	

	Lenovo
	Yes
	Support WILUS’s modified proposal 

	Toyota
	Yes
	

	Fraunhofer
	Yes
	

	Transsion
	Yes
	

	JHU APL
	Yes
	

	Sony
	Yes
	



Companies’ views are still not converging. Let us discuss this topic in the next RAN1 meeting. 

[M] Proposal 2-5-b
Proposal 2-5-b: For beam maintenance, support consider signaling details for sidelink CSI-RS transmissions with or without repetition on transmit beams. 
· FFS signaling details

	Company
	Yes or No
	Comments

	WILUS
	Yes
	

	Qualcomm
	Yes
	

	Intel
	Yes
	

	OPPO
	Yes with comment
	How to understand “repetition”?
For SL CSI-RS transmissions with repetition on transmit beams: whether the SL CSI-RS repetition corresponds to same or different CSI-RS resources? In NR Uu, (if my understanding is correct), different resources are transmitted using same transmit beam, such as for receive beam selection, and these CSI-RS resource are from a CSI-RS resource set with “repetition” set to on. 

	NEC
	Yes
	

	Lenovo
	Yes
	

	Toyota
	Yes
	

	Fraunhofer
	Yes
	

	Transsion
	Yes
	

	Catt
	yes
	Add subbullet:
· FFS details of the repetition

	Sony
	Yes
	



The corresponding agreement is made on this topic.

[M] Proposal 2-6-b
Proposal 2-6-b: For beam reporting using PSFCH (if supported) in beam maintenance, study 
· the association rule between PSFCH resources for beam reporting and sidelink CSI-RS resources (either standalone or non-standalone)
· 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 

	Company
	Yes or No
	Comments

	WILUS
	Yes
	Alt 2 is preferred

	Qualcomm
	
	We can accept to keep them as options. However, if we have to make narrow down or scope reduction, we suggest to agree to use SL MAC-CE for beam reporting. We think Alt.1 or Alt.2 requires large specification work or blind detections and hence are not justifiable.

	Intel
	
	Agree with Qualcomm’s understanding. 
In our understanding the beam information would be encoded in the used transmission slot used for PSFCH. In our understanding this would be a substantial overhead as many PSFCH occasions would need to be monitored with different beams. This however is assuming that the new PSFCH format is sequence based. The proposal is not clear if the new proposal is a content based PSFCH format or not.


	OPPO
	Yes 
	

	Lenovo
	Yes with comments
	SL MAC CE as one option can be included 

	Toyota
	Yes
	

	Fraunhofer
	Yes
	

	Transsion
	Yes
	

	Catt
	Ok to study
	

	Sony
	Yes
	



The corresponding agreement is made on this topic.

[M] Proposal 2-7-b
Proposal 2-7-b: For beam reporting using sidelink MAC CE (if supported) in beam maintenance, study whether to reuse Rel-16 sidelink CSI reporting window for the association between sidelink beam reporting and sidelink CSI-RS resources. 

	Company
	Yes or No
	Comments

	WILUS
	Yes
	

	Qualcomm
	Yes
	

	Intel
	Yes
	

	OPPO
	Yes with comment
	We think “Rel-16 sidelink CSI reporting window” can be taken as baseline. The starting position of SL CSI reporting is based on SCI with “CSI request”. While for beam maintenance, how to determine the starting position of beam reporting can be FFS. Therefore, we suggest the following modification:

Proposal 2-7-b: For beam reporting using sidelink MAC CE (if supported) in beam maintenance, study whether to reuse Rel-16 sidelink CSI reporting window as baseline for the association between sidelink beam reporting and sidelink CSI-RS resources. 


	NEC
	Yes
	

	Lenovo
	Yes
	

	Toyota
	Yes
	

	Fraunhofer
	Yes
	

	Transsion
	Yes
	

	Catt
	ok
	

	Sony
	Yes
	



The corresponding agreement is made on this topic.

Response to Question 2-1
In the first round, four companies support that a new SCI format can be used for sidelink beam reporting, while seven companies do not support to use SCI for sidelink beam reporting. 

@ Qualcomm. This proposal indicates the beam reporting information is carried by SCI. This implies beam reporting information is not carried by SL data/MAC-CE, but SL data or MAC-CE may be transmitted with this SCI. 

At this stage, FL suggests holding the discussions on this topic. We may revisit this topic in a later stage. 

[H] Proposal 2-8-b
Proposal 2-8-b: For beam indication in sidelink beam maintenance, introduce sidelink TCI state mechanism: 
· Configure sidelink TCI state including sidelink TCI state ID, sidelink CSI-RS resource ID and QCL type D
· FFS: whether PSCCH and associated PSSCH always have the same TCI state 
· FFS: whether the beam indication is via sidelink TCI state ID or sidelink CSI-RS resource ID
· Consider Study the following optional beam indication container 
· Alt 1: SCI
· Alt 2: sidelink MAC CE
· FFS: activation time of indicated beam
· FFS: duration of indicated beam (e.g., dynamic or semi-static)

	Company
	Yes or No
	Comments

	vivo
	
	1.PC5-RRC can be used for periodic beam indication, PC5-RRC can be a container as well
2.We also suggest to study association between the beam indication during initial beam pairing and the SL TCI
3.the beam indication can be sent by TX UE (similar as Uu DL beam indication) or RX UE (similar as Uu UL beam indication)

· Configure sidelink TCI state at least including sidelink TCI state ID, sidelink CSI-RS resource ID and QCL type D
· FFS: whether PSCCH and associated PSSCH always have the same TCI state 
· FFS: whether the beam indication is via sidelink TCI state ID or sidelink CSI-RS resource ID
· FFS the relation between SL TCI and beam information (if any) used in the initial beam pairing procedure.
· Study the following optional beam indication container 
· Alt 1: SCI
· Alt 2: sidelink MAC CE
· Alt.3: PC5-RRC
· FFS: activation time of indicated beam
· FFS: duration of indicated beam (e.g., dynamic or semi-static)
· Study whether the beam indication is sent by TX UE and/or RX UE

	WILUS
	Yes
	

	Qualcomm
	Yes
	

	Intel
	Yes
	

	OPPO
	Yes with comment
	For the first FFS under 1st bullet: how to support PSCCH and associated PSSCH corresponds to different TCI state since PSCCH and PSSCH are simultaneously transmitted in the PSCCH symbols. In our view, it is not feasible to apply different TCI state for them. Therefore, we suggest to remove it.
For the second FFS under 2nd bullet, indicating TCI state reuse the same mechanism as NR Uu. We don’t think there is necessary/motivation to use different mechanism as NR Uu. Therefore, we suggest to remove it.   

	Lenovo
	Yes with comments 
	The initial TCI state table can be exchanged using the PC5 RRC and then TCI value can be indicated using SCI or MAC CE further. 

TCI state table should include association with following RS
· SL CSI-RS 
· PSCCH/PSSCH DMRS 
· SSB 

	Toyota
	Yes
	

	Fraunhofer
	Yes
	

	Transsion
	Yes
	

	Catt
	ok
	

	Sony
	Yes
	



The corresponding agreement is made on this topic.

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.

FL Proposal in RAN1 #112b-e: 
RAN1 can study the following two options of schemes to trigger sidelink beam failure instance (BFI) that PHY layer provides to MAC layer. 
· Scheme 1: Sidelink BFI is triggered based on sidelink HARQ feedback
· FFS whether/how to support candidate beam identification in case of BFD
· Note: this scheme follows the principle of sidelink RLF.
· FFS any other enhancements
· Scheme 2: Sidelink BFI is triggered based on the measurement of reference signal for BFD
· FFS details on reference signal for BFD 
· Note: this scheme follows the principle of Uu BFR.
·  FFS any other enhancements
· Other options are not precluded.
· FFS: whether to prioritize the study of Scheme 2.  



In this meeting, companies discuss on the trigger of sidelink Beam Failure Instance (BFI) that PHY layer provides to MAC layer. 

Overall, there are two different schemes proposed. In the first scheme, the sidelink BFI is triggered at transmitter UE. This is similar to Rel-16 sidelink radio link failure (RLF) detection procedure, which relies on the track of sidelink HARQ feedback. Specifically, on each PSFCH reception occasion, if a transmitter UE detects a PSFCH reception absent, then the counter (i.e., “numConsecutiveDTX”) at MAC layer is increased by 1. Otherwise, the counter is reset to 0. If the counter reaches a threshold, then sidelink RLF is detected. Basically, transmitter UE reports the existence of HARQ-ACK from PHY layer to MAC layer on each PSFCH reception occasion. 

In the second scheme, the sidelink BFI is triggered at receiver UE. This is similar to Uu link BFI procedure. In Uu link Beam Failure Detection (BFD), if a receiver UE detects that hypothetical PDCCH BLER is below a threshold, it provides MAC layer an indication of BFI. MAC layer starts or restarts a timer every time it receives BFI and it keeps incrementing the counter by 1 for every BFI. If the BFI counter value is larger than or equal to a threshold, then the beam failure is detected. If the timer expires, then the BFI counter is reset to 0. This similar scheme could be reused for sidelink BFD. Transmitter UE sends sidelink BFD reference signal, and receiver UE measures the sidelink BFD reference signal. If the measurement is below a threshold, then receiver UE reports sidelink BFI from PHY layer to MAC layer. 

The prioritization of scheme 1 and scheme 2 is discussed by companies. Nokia, vivo, Huawei, Qualcomm mention to prioritize the study of scheme 2, while Intel, Interdigitial, LG, Fraunhofer mention to prioritize the study of scheme 1. Toyota, Spreadtrum, CATT, Lenovo, JHU, Sony, ZTE, OPPO, DCM, Mediatek, Transsion, JHU, Samsung (measurement of PSFCH) mention to study both schemes.

Additionally, Spreadtrum proposes to consider the BFI is triggered based on CSI report or CBR value. 

Regarding the details of scheme 2, the sidelink BFD reference signals are discussed. Qualcomm, vivo, Huawei, Apple mention to use periodic and/or semi-persistent sidelink CSI-RS as sidelink BFD reference signal. Additionally, Huawei, Wilus mention to use S-SSB as sidelink BFD reference signal. 

The BFI detection criteria based on the measurement of sidelink BFD reference signals is also discussed. CATT, Apple mention the hypothetical BLER below a threshold could be the trigger of BFI, and Wilus mentions the measured RSRP below a threshold could be the trigger of BFI. 

Additionally, Huawei discusses the detection window of sidelink BFD, and timer-counter based schemes for sidelink BFD is mentioned by OPPO and Wilus. 

Regarding the details of scheme 1, the BFI triggering criteria based on HARQ feedback’s BLER is mentioned by CATT, and the BFI triggering criteria based on a consecutive number of PSFCH DTX reaching a threshold is mentioned by LG.  

This is in Proposal 3-1-a. 

Finally, CMCC mentions to delay the discussion of sidelink BFD until some progress is made on initial beam pairing and beam maintenance. 

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

	Company
	Company proposal related to this issue

	Nokia
	[bookmark: Obs29942][bookmark: Obs62493][bookmark: Obs62472]Observation 28: 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: Proposal38872][bookmark: Proposal35675]Proposal 28: Prioritize the study of Scheme 2 to trigger SL BFI.

	Toyota
	[bookmark: _Toc134952601][bookmark: _Toc131435260]Proposal 10: Study both Scheme 1 (based on sidelink HARQ feedback) and Scheme 2 (based on measurement of reference signal) to trigger sidelink beam failure instance. Other options are not precluded.

	Vivo
	[bookmark: _Ref131787093]Proposal 25: Regarding SL beam failure recovery, UE performs beam failure detection based on periodic SL CSI-RS, and performs BFR as the Uu BFR procedure.

	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.

	Huawei
	[bookmark: _Ref134726282]Observation 17: 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 11: 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.
· Periodic BFD reference signals are supported.
· A detection window is configured for each BFD SL CSI-RS occasion to provide multiple chances for BFD SL CSI-RS transmissions.

	CATT
	Proposal 12: Sidelink BFR process should contain the following four steps: 
1) Beam-failure detection 
2) Candidate-beam identification 
3) Recovery-request transmission 
4) Response to the beam-recovery request.
Proposal 14:  Both HARQ feedback’s BLER and reference signal’s L1-RSRP measurement can be considered as candidate criteria for beam failure.
Proposal 15:  Beam failure instance occurs when BLER is above a certain threshold (for example, 10%), or when multiple reference signal’s L1-RSRP measured by UE are all below a certain threshold.
Proposal 16:  The configuration of the reference signal set for beam failure measurement can be either explicitly indicated or implicitly configured by the beam configuration of the control channel

	Intel
	Proposal 13: Study the conditions to detect and declare a sidelink beam failure.
Proposal 15: Sidelink RLF should be used as the starting point for beam failure. 

	Sony
	Observation 3: The beam failure detection can be happened on both the transmit UE side and receive UE side. 

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

	CMCC
	Observation 3: RAN1 needs to support periodic SL CSI-RS first when defining the BFR-RS for sidelink.
Observation 4: When designing BFR procedure for sidelink, some issues existing in initial beam-pairing and beam maintenance may recur.
Proposal 14: The discussion on BFR procedure may need to be postponed until more outcomes have been reached for initial beam-pairing and beam maintenance.

	Interdigital
	Proposal 15: Study beam failure detection based on detection of PSFCH corresponding to transmitted CSI-RSs. 

	JHU
	Proposal 13: Comprehensively study possible configurations for beam failure recovery mechanisms in sidelink networks where either the TX UE or RX UE engages in candidate beam identification, BFR request, and BFR response.
Proposal 14: Incorporate consideration of highly dynamic (high UE mobility) V2X scenarios when studying details for reference signals for BFD.

	Apple
	Proposal 30: In case sidelink BFI is triggered based on sidelink HARQ feedback, a transmitter UE starts transmitting reference signal for BFD, when the number of consecutive PSFCH absence on PSFCH reception occasions reaches a certain threshold
Proposal 31: In case sidelink BFI is triggered based on the measurement of reference signal for BFD, periodic and/or semi-persistent sidelink CSI-RS serves as reference signal for sidelink beam failure detection. 
Proposal 32: In case sidelink BFI is triggered based on the measurement of reference signal for BFD, if PSCCH hypothetical BLER is less than a threshold, a sidelink BFI is indicated from PHY layer to MAC layer.

	Qualcomm
	Proposal 3-1:
· For FR2-SL, beam failure detection re-uses the concept of Uu BFR procedure:
· A UE is configured to monitor periodic transmissions of BFD-RS and CBD-RSs
· The BFD-RS and CBD-RSs can be at least SL CSI-RS transmissions
· If a receiving UE detect BFD condition is met, the UE triggers the BFR procedure.
Observation 5:
· Beam failure detection at Tx UE based on HARQ feedback cannot be viewed as SL BFR since it does not support CBD and recovery from beam failure

	ZTE
	[bookmark: _Toc135070438]Proposal 24: HARQ feedback can be enhanced to better reflect the quality of the Tx/Rx beams of the PSSCH.
[bookmark: _Toc135070412]Observation 12: Scheme 2, i.e., Sidelink BFI is triggered based on the measurement of reference signal for BFD, depends whether/how to design periodic reference signal.
[bookmark: _Toc135070439]Proposal 25: For BFD, the following two schemes can be studied simultaneously to find a more feasible solution, or both schemes can be supported:
[bookmark: _Toc135070440]Scheme 1: Sidelink BFI is triggered based on sidelink HARQ feedback
[bookmark: _Toc135070441]Scheme 2: Sidelink BFI is triggered based on the measurement of reference signal for BFD.

	OPPO
	Proposal 19: The following options can be considered for SL beam failure detection: 
· Scheme 1: SL beam failure detection is based on sidelink HARQ feedback
· Scheme 2: SL beam failure detection is based on the measurement of reference signal 
· Timer and counter based BFD mechanism in NR Uu is taken as baseline. 

	DCM
	Proposal 6: Support both options of schemes to trigger SL BFI, based on sidelink HARQ feedback and measurement of reference signal at this stage.
· No prioritization of scheme 2.

	Samsung
	Observation 2: 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 3: 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.
Proposal 13: For enhanced SL operation on FR2 licensed spectrum, study the following two options of schemes to trigger sidelink beam failure instance (BFI) that PHY layer provides to MAC layer.
· Scheme 1: Sidelink BFI is triggered based on the measurement of the PSFCH carrying the sidelink HARQ feedback
· Scheme 2: Sidelink BFI is triggered based on the measurement of reference signal for BFD

	LG
	Observation 11: 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 12: As in NR Uu link, the RLF detection mechanism can be a baseline for the beam failure detection mechanism for NR SL. 
Proposal 10: 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.

	Mediatek
	[bookmark: _Ref135057822]Observation 10: 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: _Ref135057888]Proposal 13: Both SL HARQ feedback and SL reference signal measurement should be support for beam failure instance detection.

	Transsion
	Proposal 5: RAN1 can consider the following two options of schemes to trigger sidelink beam failure instance (BFI) that PHY layer provides to MAC layer. 
· Scheme 1: Sidelink BFI is triggered based on sidelink HARQ feedback
· Note: this scheme follows the principle of sidelink RLF.
· Scheme 2: Sidelink BFI is triggered based on the measurement of reference signal for BFD
· Note: this scheme follows the principle of Uu BFR.

	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.

	Wilus
	Proposal 13: For sidelink beam failure recovery process, SL UE can measure PSBCH-RSRP or SL CSI-RSRP for sidelink beam failure detection.
Proposal 14: 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 15: Sidelink beam failure recovery request can be transmitted if sidelink BFI counter reaches the (pre-)configured threshold before SL BFD timer expires.



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).



For the sidelink BFR mechanism, which is at least for the scheme where sidelink BFRI is triggered based on the measurement of BFD reference signal (if supported), the details of candidate beam detection, sidelink BFRQ and sidelink BFRR are discussed by companies. 

For candidate beam identification (CBD), the reference signals are discussed by companies. vivo, QC, Huawei, Lenovo, Apple, OPPO, CEWiT propose to use sidelink CSI-RS, while Huawei, Lenovo also propose to use S-SSB. Apple discusses some details of sidelink CSI-RS for CBD, in terms of periodicity, standalone vs. non-standalone, resources, etc. 

The criteria of determining candidate beam are discussed by companies. Vivo and Apple mention the candidate beam is selected as the one with the largest RSRP. Huawei and LG mention the candidate beam is selected as the measured RSRP larger than a threshold. Interdigital mentions the candidate beam is configured/determined during initial beam paring. 


This is in Proposal 3-2-a. 

Regarding sidelink BFRQ, the resource, container, contents and transmit/receive beam are discussed by companies. Nokia, Qualcomm, LG mentions the resources of sidelink BFRQ could be associated with the selected sidelink CBD reference signal. Huawei mentions to reuse beam reporting mechanism. LG mentions a responding window after sidelink CBD reference signal is used for the sidelink BFRQ transmission. 

The container of sidelink BFRQ could be PSFCH (Nokia, vivo, OPPO, LG, Wilus), SCI (OPPO, Fraunhofer), sidelink MAC CE (OPPO, Fraunhofer). OPPO mentions the content of sidelink BFRQ could be BFD and/or new beam indication (CRI). 

The transmit beam of sidelink BFRQ could be wide beam (Nokia, OPPO), beam sweeping (OPPO), or the one corresponding to the indicated candidate beam (vivo, Apple, Qualcomm, LG). The receive beam of sidelink BFRQ could be wide beam (OPPO).

The triggering signal for sidelink BFRQ is mentioned by LG. 

This is in Proposal 3-3-a. 

Regarding sidelink BFRR, the container, contents and transmit/receive beam are discussed by companies. Huawei and OPPO mention the container of sidelink BFRR could be SCI, whose transmission is within a window after sidelink BFRQ. Vivo, Apple, OPPO mention the content of sidelink BFRR is the selected new beam (e.g., CRI). OPPO mentions the transmit beam of sidelink BFRR could be wide beam or via beam sweeping, and the receive beam of sidelink BFRR could be wide beam. The activation time of the new beam is discussed by Samsung.  

This is in Proposal 3-4-a. 

Additionally, Sony and Fraunhofer propose the beam failure recovery with gNB’s assistance. Mediatek mentions to trigger re-initiate beam pairing in case of sidelink BFD. Overall, ZTE wants to delay the discussion until some progress on initial beam pairing on beam maintenance. 

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

	Company
	Company proposal related to this issue

	Nokia
	[bookmark: Obs62473][bookmark: Obs29943]Observation 29: 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: Proposal38873][bookmark: Proposal35676]Proposal 29: Periodic SL CSI-RS transmission on multiple beams may be configured bidirectionally to allow candidate beam identification at both UEs.
[bookmark: Obs62474][bookmark: Obs29944]Observation 30: PSFCH mapped to SL CSI-RS provides a fast and efficient container for SL BFRQ.
[bookmark: Proposal35677][bookmark: Proposal38874]Proposal 30: 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: Obs62494][bookmark: Obs62475][bookmark: Obs29945]Observation 31: 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: Proposal38875]Proposal 31: Study beam fallback mechanisms based on TX/RX beam widening.
[bookmark: Obs88486][bookmark: Obs62476][bookmark: Obs29946][bookmark: Obs62495]Observation 32: SL beam diversity may be used to maintain SL communication while recovering from a SL beam failure.
[bookmark: Proposal38876][bookmark: Proposal80331][bookmark: Proposal35679][bookmark: Proposal51831]Proposal 32: Study how SL beam diversity can be used to enhance resilience against SL beam failures.

	Vivo
	[bookmark: _Ref135070824]Proposal 26: Regarding the reference signals transmission for new candidate beam identification, the following solutions are considered:
- 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 27: UE determines the new candidate beam based on the measurement result, and the following solutions can be considered:
-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 28: PSFCH is used for BFRQ transmission.
[bookmark: _Ref135070830]Proposal 29: The BFRQ is sent using a beam covering the new candidate beam.
[bookmark: _Ref135070832]Proposal 30: At least the selected new candidate beam information is contained in BFRR. FFS applicable time of the new beam.
[bookmark: _Ref135070836]Proposal 31: How to enhance the BFR procedures should be further studied to achieve a more efficient BFR mechanism.

	Huawei
	[bookmark: _Ref126598752]Proposal 12: 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.
· BFRR can be indicated through SCI over Mode 2 sensing-based resources within the corresponding window with BFRQ.
· Enhance BFR procedures including BFR request and BFR response procedures to enable effective BFR.
[bookmark: _Ref134203324]Observation 18: For SL FR2, it is not feasible to perform BFRQ and BFRR for the scheme where SL BFI is triggered based on SL HARQ feedback.

	CATT
	Proposal 12: Sidelink BFR process should contain the following four steps: 
1) Beam-failure detection 
2) Candidate-beam identification 
3) Recovery-request transmission 
4) Response to the beam-recovery request.
Proposal 13: Further study the following information that PHY layer provides to the MAC layer during BFR procedure
· BFRQ configuration, generation and transmission
· BFRR configuration, generation and transmission, including new beam determination and indication

	Intel 
	Proposal 14: Study how two UEs can get a mutual agreement on the beam recovery procedure.

	Sony
	Proposal 5: Indirect beam links to assist direct beam link failure recovery need to be supported in NR SL beam management.
Proposal 6: SL UE and gNB can both work as the indirect beam transmitter/receiver.

	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

	Interdigital
	Proposal 14: Identify a beam pair e.g., in initial beam pairing as alternative beam pair to associate with a unicast SL for beam failure recovery. 

	JHU
	Proposal 15: UE pairs should establish multiple backup candidate beam pairs to mitigate beam failure recovery delays in scenarios where beam failure may take place often.

	Apple
	Proposal 33: If sidelink CSI-RS serves as reference signal for sidelink BFD, 
· Sidelink CSI-RS is transmitted without sidelink data transmission in the same slot
· Sidelink CSI-RS for BFD shares the same resources as that for initial beam pairing.  
Proposal 34: In sidelink beam failure recovery, the candidate transmit beam is selected as the one with the largest RSRP measurement of beam sweeping reference signal for BFD.
Proposal 35: If sidelink CSI-RS serves as reference signal for sidelink BFR, sidelink BFRQ is sent using the resource associated with the candidate transmit beam of reference signal for sidelink BFD. 
Proposal 36: After receiving sidelink BFRQ, transmitter UE sends the sidelink beam failure recovery response (BFRR) with the content of a new transmit beam ID.

	Qualcomm
	Proposal 3-2: For FR2-SL, BFR request re-uses the concept of Uu BFR request:
· Each UE is configured with resources for BFR request associated with UE1’s Tx beams
· FFS: ‘BFR request’ structure (e.g., re-use of ‘beam-pairing response signal’ for initial beam-pairing)
· Once the UE detects beam failure, the UE transmits a BFR request using the resource associated with the UE1’s preferred Tx beam (= the resource associated with the preferred CBD-RS)
· For different UE, different set of resources for BFR request can be reserved.

	ZTE
	[bookmark: _Toc131790714][bookmark: _Toc135070442]Proposal 26: The issue related to beam failure recovery where SL BFI is triggered based on the measurement of reference signal for BFD is put on hold till some conclusions on SL initial beam pairing or beam maintenance are made.

	OPPO
	Proposal 20: Consider the followings for SL beam failure recovery
· Reference signals for candidate beam identification: SL CSI-RS
· SL BFR request:
· Contents: BFD and/or new beam indication (such as CRI)
· Container: SCI, MAC CE or PSFCH
· Transmit beam: default wide beam or beam sweeping
· Receive beam: default wide beam 
· SL BFR response:
· Contents: beam indication  (such as CRI) reported from RX UE
· Container: SCI
· Transmit beam: default wide beam or beam sweeping
· Receive beam: default wide beam 

	Samsung
	Proposal 14: 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
	Proposal 11: 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. 
Proposal 12: 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. 


	Mediatek
	[bookmark: _Ref135057824]Observation 11: A unified SL BFR procedure should be considered regardless of UE’s role on TX/RX transmission.
[bookmark: _Ref135057889]Proposal 14: SL UE triggers re-initial beam pairing procedure for BFR.

	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.

	Wilus
	Proposal 16: For sidelink beam failure recovery process, UE can transmit beam failure recovery request via PSFCH transmission.
Proposal 17: For sidelink beam failure recovery process, occasions for sidelink beam failure recovery request transmission can be configured as a subset of sidelink PSFCH occasion.

	CEWiT
	Proposal 11: For the selection of candidate beam, the UE can be use SL-DMRS/SL-CSI-RS reference signals.



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: RAN1 can study the following two options of schemes to trigger sidelink beam failure instance (BFI) that PHY layer provides to MAC layer. 
· Scheme 1: Sidelink BFI is triggered based on sidelink HARQ feedback
· 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
· 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 
· Option 1: periodic and/or semi-persistent sidelink CSI-RS
· Option 2: S-SSB
· FFS criteria of triggering of sidelink BFI 
· Other options are not precluded.

	Company
	Yes or No
	Comments

	OPPO
	Yes 
	

	Intel
	Yes
	We prefer scheme 1 but are fine to study both. 

	Nokia, NSB
	Yes, with changes
	Proposal 3-1-a: RAN1 can study the following two options of schemes to trigger sidelink beam failure instance (BFI) that PHY layer provides to MAC layer. 
· Scheme 1: Sidelink BFI is triggered based on sidelink HARQ feedback
· 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
· Note: this scheme assumes sidelink beam correspondence
· 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 
· Option 1: periodic and/or semi-persistent sidelink CSI-RS
· Option 2: S-SSB
· FFS criteria of triggering of sidelink BFI 
· Other options are not precluded.


	Qualcomm
	
	Scheme 1 needs some more clarifications. The most important issue is how to enable candidate beam identification in case of BFD in scheme 1. Without this, the procedure cannot be BFR – it is just an SL RLF.

For Scheme 2, 2nd sub-bullet Option 2, similar to the previous discussions, S-SSB for BFR does not need to be legacy S-SSB – it should be described as “RS based on S-SSB”.

	Samsung
	
	For scheme 1, we prefer to reword as:
Sidelink BFI is triggered based on the measurement of the PSFCH carrying the sidelink HARQ feedback

As explained in our Tdoc, we don’t think that the HARQ feedback is a good metric to determine beam failures. A NACK can’t be used to indicate a beam failure as the PSCCH and SCI2 must have been received. A DTX can be due to a bad beam on one or both of the links or can be due to other issues such has half duplex, high noise, etc, so we don’t think that it is a reliable metric either.

	LGE
	Yes
	It would be possible to adopt scheme 1 and scheme 2 simultaneously. In scheme 2, under the condition of beam failure, RX UE may not perform reliable communication with TX UE for transmitting BFRQ. If the TX UE always transmit RS, it will cause huge congestion and/or large power consumption at RX UE side for monitoring/measuring RS. In scheme 1, TX UE know BFR, but depending on the RX beam sweeping, RX UE may not use suitable RX UE beam. For simplicity, TX UE and RX UE decide RLF independently, and then each UE try to perform beam recovery. 

	JHU APL
	Yes with comments
	Study both schemes.  For Scheme 2, consider both options.

	WILUS
	Yes
	

	MediaTek
	OK
	When periodic (if supported) and/or semi-persistent CSI-RS and/or aperiodic CSI-RS is transmitted from peer UE, the RS can be used for BFD. If HARQ feedback is transmitted from peer UE, the feedback can be used for BFD. The application of scheme1 and scheme2 should not be limited to TX/RX UE role, because a SL UE can be a transmitter and a receiver toward its peer UE. Furthermore, HARQ feedback and RS may be both available or only one of them is available. We should consider the case that scheme1 and scheme2 are applied together with another criteria of triggering of sidelink BFI.

	Fraunhofer
	Yes
	

	Toyota
	Yes
	Support both Schemes 1 and 2.

	ZTE,Sanechips
	Yes
	

	Lenovo
	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 identification (CBD)
· Consider the following reference signals for CBD
· Option 1: sidelink CSI-RS
· FFS details (e.g., resources, periodicity, etc)
· Option 2: S-SSB
· FFS criteria of determining candidate beam (e.g., largest RSRP measurement, RSRP measurement larger than a threshold, pre-determined during initial beam pairing, etc)

	Company
	Yes or No
	Comments

	OPPO
	Yes
	We prefer option 1. For option 2, whether the S-SSB structure is same as R16 or not? If yes, it is resource inefficiency. If no, we need to discuss the S-SSB structure firstly. 

	Intel
	Yes
	

	Nokia, NSB
	Yes, with changes
	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 identification determination (CBD)
· Consider the following reference signals for CBD
· Option 1: sidelink CSI-RS
· FFS details (e.g., resources, periodicity, transmit beams, bidirectionality, etc)
· Option 2: S-SSB
· FFS criteria of determining candidate beam (e.g., largest RSRP measurement, RSRP measurement larger than a threshold, pre-determined during initial beam pairing, etc)


	Qualcomm
	
	Similar to the previous discussions, S-SSB for BFR does not need to be legacy S-SSB – it should be described as “RS based on S-SSB”.

	Samsung
	
	Option 2 is not clear, is this existing S-SSB or a new S-SSB. Prefer to remove option 2.
For option 1, we would like add “timing” in the FFS. The BFI transmission can be first triggered as a result of BFD, rather than being continuously transmitted.

	LGE
	OK
	We are also fine with removing S-SSB. 

	JHU APL
	Yes with comments
	Consider both options.

	WILUS
	Yes
	

	MediaTek
	
	We should consider the BFI triggered device sends RS to peer UE  for the peer UE to identify candidate beam too

	Fraunhofer
	Yes
	We are fine to remove S-SSB.

	Toyota
	Yes 
	 

	ZTE,Sanechips
	Ok for progress
	Or we can say at least for CSI-RS, FFS S-SSB.

	Lenovo
	Yes
	

	
	
	



[M] Proposal 3-3-a
Proposal 3-3-a: At least for the scheme where sidelink BFI is triggered on measurement of BFD reference signal (if supported), for sidelink BFRQ,
· Resources  
· Option 1: associated with identified candidate beam
· Option 2: within a responding window after CBD reference signal transmission
· Other options are not precluded
· Container
· Option 1: PSFCH
· Option 2: SCI
· Option 3: sidelink MAC CE
· Other options are not precluded
· Transmit beam
· Option 1: quasi-omni beam 
· Option 2: beam sweeping
· Option 3: corresponding to the identified candidate beam
· Other options are not precluded 
· Content is the BFD and/or new beam indication

	Company
	Yes or No
	Comments

	OPPO
	Yes 
	

	Intel
	Yes
	

	Nokia, NSB
	Yes, with changes
	We prefer the term “widest attainable” (as found, e.g., in IEEE Std 802.11-2020). Some UEs may not be capable of simultaneous multi-panel TX to cover all directions, but using the widest possible beam on the panel on which the (narrow) beam failure occurred may be sufficient in many cases.

Proposal 3-3-a: At least for the scheme where sidelink BFI is triggered on measurement of BFD reference signal (if supported), for sidelink BFRQ,
· Resources  
· Option 1: associated with identified candidate beam
· Option 2: within a responding window after CBD reference signal transmission
· Other options are not precluded
· Container
· Option 1: PSFCH
· Option 2: SCI
· Option 3: sidelink MAC CE
· Other options are not precluded
· Transmit beam
· Option 1: quasi-omni widest attainable beam 
· Option 2: beam sweeping
· Option 3: corresponding to the identified candidate beam
· Other options are not precluded 
· Content is the BFD and/or new beam indication


	Qualcomm
	
	In general, OK with the proposal. 

	Samsung
	
	For resources we would like to added Option 3: Resources determined based on sensing and resource allocated after identification of a new beam.

For Content, this should be new beam indication. BFD can be removed.
 

	LGE
	OK
	OK to discuss

	JHU APL
	Yes with comments
	Consider both options for Resources, all options for Container, Option 1 and 2 for Transmit Beam.

	WILUS
	Yes
	

	MediaTek
	
	For transmit beam, the beam corresponding to the identified candidate beam should be used. We are not clear for the reason why UE still need to perform beam sweeping even if the new candidate beam is identified. The overhead and the resource associated with identified candidate beam should be limited.
· Transmit beam
· Option 1: quasi-omni beam 
· Option 2: beam sweeping
· Option 3: corresponding to the identified candidate beam
· Other options are not precluded 


	Fraunhofer
	OK
	

	Toyota
	Yes
	

	ZTE,Sanechips
	Yes
	

	Lenovo
	Yes
	



[M] Proposal 3-4-a
Proposal 3-4-a: At least for the scheme where sidelink BFI is triggered on measurement of BFD reference signal (if supported), for sidelink BFRR
· Container
· Option 1: SCI
· Other options are not precluded
· Transmit beam
· Option 1: quasi-omni beam
· Option 2: beam sweeping
· Other options are not precluded 
· Content is the new beam indication (e.g., CRI)
· FFS activation time of new beam 

	Company
	Yes or No
	Comments

	OPPO
	Yes 
	

	Intel
	Yes
	

	Nokia, NSB
	Yes, with changes
	Proposal 3-4-a: At least for the scheme where sidelink BFI is triggered on measurement of BFD reference signal (if supported), for sidelink BFRR
· Container
· Option 1: SCI
· Other options are not precluded
· Transmit beam
· Option 1: quasi-omni widest attainable beam
· Option 2: beam sweeping
· Option 3: corresponding to the candidate beam indicated by the received BFRQ
· Other options are not precluded 
· Content is the new beam indication (e.g., CRI)
· FFS activation time of new beam 


	Qualcomm
	
	In general, we are OK with the proposal.

	Samsung
	
	Resources can also include MAC CE and PSFCH
The transmit beam is the beam indicated in BFRQ. Don’t see the necessity of including option 1 and option 2 for the transmit beam.
The content is the confirmation of the new beam indication rather than the new beam indication. 

	LGE
	OK
	

	JHU APL
	Yes with comments
	Consider Option 1 for Container, and both Option 1 and 2 for transmit beam.

	WILUS
	Yes
	

	Fraunhofer
	OK
	

	Toyota
	Yes
	

	ZTE,Sanechips
	Yes
	

	Lenovo
	Yes
	



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

	Samsung
	When to apply the new beam identified by BFR



[Closed] Second round discussions
[H] Proposal 3-1-b
Proposal 3-1-b: RAN1 can study the following two options of schemes to trigger sidelink beam failure instance (BFI) that PHY layer provides to MAC layer. 
· Scheme 1: Sidelink BFI is triggered based on sidelink HARQ feedback
· 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
· 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 
· Option 1: periodic and/or semi-persistent sidelink CSI-RS
· Option 2: S-SSB
· FFS criteria of triggering of sidelink BFI 
· Other options are not precluded.

	Company
	Yes or No
	Comments

	WILUS
	Yes
	

	Qualcomm
	
	On Scheme 2, Option 2 should be “S-SSB or its modified format”

	Intel
	Yes
	

	OPPO
	Yes. 
	

	Lenovo
	Yes with comments
	Regarding Scheme2 Option 2, S-SSB is suggested to be updated as “S-SSB or its modified format”.

	Toyota
	Yes
	

	Fraunhofer
	Yes
	

	Transsion
	Yes
	

	Catt
	ok
	

	JHU APL 
	Yes
	

	Sony
	Yes
	



The corresponding agreement is made on this topic.

[M] Proposal 3-2-b
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 identificationdetermination (CBD)
· Consider the following reference signals for CBD
· Option 1: sidelink CSI-RS or its modified format
· FFS details (e.g., resources, periodicity, transmit beams, etc)
· Option 2: 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)

	Company
	Yes or No
	Comments

	WILUS
	Yes
	

	Qualcomm
	Yes
	

	Intel
	Yes
	

	OPPO
	Yes. 
	

	Toyota
	Yes
	

	Fraunhofer
	Yes
	

	Transsion
	Yes
	

	JHU APL
	Yes
	

	Sony
	Yes
	



The corresponding agreement is made on this topic.

[M] Proposal 3-3-b
Proposal 3-3-b: At least for the scheme where sidelink BFI is triggered on measurement of BFD reference signal (if supported), for sidelink BFRQ,
· Resources  
· Option 1: associated with 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.
· Other options are not precluded
· Container
· Option 1: PSFCH
· Option 2: SCI
· Option 3: sidelink MAC CE
· Other options are not precluded
· Transmit beam
· Option 1: quasi-omni widest attainable beam 
· Option 2: beam sweeping
· Option 3: corresponding to the identified candidate beam
· Other options are not precluded 
· Content is the BFD and/or new beam indication

	Company
	Yes or No
	Comments

	Vivo
	
	For transmit beam determination, option 3 assumes beam correspondence, we suggest some wording change.
corresponding to the reception beam of identified candidate beam

	WILUS
	Yes
	

	Qualcomm
	Yes
	

	Intel
	Yes
	

	OPPO
	
	Another possibility is that if UE2 determines beam failure, it only reports beam failure indicator(BFI) to UE1. When UE1 receives BFI from UE2, then it can trigger new beam selection procedure, such as UE1 transmits reference signals for new beam selection. In such case, RS for new beam selection is only transmitted when BFI is received, instead of periodically transmitted no matter whether there is beam failure or not. In such as, RS overhead can be reduced. 
Therefore, we suggest to add option 4 for “resources”

· Resources  
· Option 1: associated with 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


	Toyota
	Yes
	

	Fraunhofer
	Yes
	

	Transsion
	Yes
	

	JHU APL
	Yes
	

	Sony
	Yes
	



The corresponding agreement is made on this topic.

[M] Proposal 3-4-b
Proposal 3-4-b: At least for the scheme where sidelink BFI is triggered on measurement of BFD reference signal (if supported), for sidelink BFRR
· Container
· Option 1: SCI
· Option 2: sidelink MAC CE
· Option 3: PSFCH
· Other options are not precluded
· Transmit beam
· Option 1: quasi-omni widest attainable beam
· Option 2: beam sweeping
· Option 3: corresponding to the candidate beam indicated by the received BFRQ
· Other options are not precluded 
· Content is the new beam indication (e.g., CRI)
· FFS activation time of new beam 

	Company
	Yes or No
	Comments

	Vivo
	
	We agree that the new beam indication can be used as BFRR.
For the container, PC5-RRC can be used for periodic beam indication, which is used as BFRR

	WILUS
	Yes
	

	Qualcomm
	Yes
	

	Intel
	Yes
	

	OPPO
	Yes 
	

	Toyota
	Yes
	

	Fraunhofer
	Yes
	

	Transsion
	Yes
	

	JHU APL
	Yes
	

	Sony
	Yes
	



The corresponding agreement is made on this topic.

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.



Two options of PSFCH transmit/receive beam determination is considered by companies. Some companies (Qualcomm, Apple, Lenovo, Ericsson) mention to only support Option 1 or prioritize Option 1 since beam correspondence is assumed in reality. Other companies (Nokia, Spreadtrum, Huawei, CATT, Interdigital, OPPO, Samsung, Mediatek, Transsion) mention to support both Option 1 and Option 2. The selection between Option 1 and Option 2 could be based on UE implementation (e.g., CATT) or could be UE capability (e.g., Mediatek). 

This is in Proposal 4-1-a. 

Additionally, Nokia considers the case where UE1 and UE2 do not have trained beams in the case of inter-UE coordination. Huawei mentions that the PSSCH-PSFCH time gap for FR2 is not large enough. 

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: Obs62477]Observation 33: Both Option 1 and Option 2 for determining PSFCH transmit/receive beam may have strengths and weaknesses in different situations.
[bookmark: Proposal38877][bookmark: Proposal35680]Proposal 33: 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: Obs62496][bookmark: Obs29948]Observation 34: 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 34: 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.

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

	Huawei
	[bookmark: _Ref134203360]Proposal 8: 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.
[bookmark: _Ref127543476][bookmark: _Ref131709144]Observation 16: In SL FR2, the PSFCH preparation time, defined by sl-MinTimeGapPSFCH, is not enough with higher SCS, since the required slots for decoding SCIs in SL increases with the increasing of SCS.

	CATT
	[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Proposal 17: Both option 1 and option 2 below are acceptable, and the specific choice depends on the UE implementation.
· 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.
· 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.  

	Sony
	Proposal 7: 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.

	Lenovo
	Proposal 11: PSFCH beam is determined using the beam correspondence framework i.e., PSFCH UE uses the same Tx beam for PSFCH transmission corresponds to the Rx beam used for the reception of PSCCH/PSSCH
Proposal 12: Study supporting one-to-one mapping between PSFCH occasions and PSCCH/PSSCH transmission slots as part of PSFCH beamforming 

	Interdigital
	Proposal 16: Support Option1 and Option 2 for determining the beam pair of the PSFCH transmissions.

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

	Qualcomm
	Observation 4:
· In reality and in the legacy FR2 WIs, beam correspondence availability is commonly assumed
· If beam correspondence is not applicable, dual beam managements for forward-link and reverse-link of each unicast-link pair (UE1UE2, UE2UE1) are necessary
Proposal 2-4:
· Conclude beam correspondence is applicable
· Adopt Option 1 for FR2-SL
· PSFCH transmit beam is derived from the corresponding PSCCH/PSSCH receive beam; PSFCH receive beam is derived from the corresponding PSCCH/PSSCH transmit beam

	OPPO
	Proposal 17: Both option 1 and option 2 can be supported for determining PSFCH transmit/receive beam. 
· Option 1: PSFCH transmit beam is derived from the corresponding PSCCH/PSSCH receive beam; PSFCH receive beam is derived from the corresponding PSCCH/PSSCH transmit beam.
· Note this is based on sidelink beam correspondence
· Option 2: PSFCH transmit beam is derived from the PSCCH/PSSCH transmit beam for reverse data transmission; PSFCH receive beam is derived from the PSCCH/PSSCH receive beam for reverse data transmission.  
· Note this is based on beam training for reverse data transmission
· Note: The PSFCH transmit/receive beam can be the same as PSCCH/PSSCH transmit/receive beam used for the reverse data transmission.

	Samsung
	Proposal 8: For determining the PSFCH transmit/receive 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.

	Mediatek
	[bookmark: _Ref135057825]Observation 12: For beam correspondence, both options can be supported based on UE’s capability 
[bookmark: _Ref135057890]Proposal 15: The PSFCH transmit beam is the same beam from either the corresponding PSCCH/PSSCH receive beam or PSCCH/PSSCH transmit beam for reverse data transmission. The PSFCH receive beam is the same beam from the corresponding PSCCH/PSSCH transmit beam or the PSCCH/PSSCH receive beam for reverse data transmission. FFS if PSCCH and PSSCH uses different beam.

	Ericsson
	[bookmark: _Toc135045303]Proposal 5: RAN to support Option 1 that relies on beam correspondence for determining PSFCH transmit/receive beam for a single PSFCH transmission/reception in a slot. 

	Transsion
	Proposal 6: If beam correspondence is applicable, only Option 1 should be supported. While beam correspondence is not applicable, Option 2 is supported. 



[Closed] First round discussions
[M] Proposal 4-1-a
Proposal 4-1-a: For determining PSFCH transmit/receive beam for a single PSFCH transmission/reception in a slot, down-select one of the two alternatives
· Alt 1: Only Option 1 is supported 
· Alt 2: Both Option 1 and Option 2 are supported
· FFS how to select between Option 1 and Option 2
· Note: 
· Option 1: PSFCH transmit/receive beam is derived from the corresponding PSCCH/PSSCH receive/transmit beam.
· Option 2: PSFCH transmit/receive beam is derived from PSCCH/PSSCH transmit/receive beam for the reverse data transmission. 
 
	Company
	Yes or No
	Alt 1 or Alt 2
	Comments

	OPPO
	Yes
	Alt 2
	

	Intel
	Yes
	Alt 2
	In our understanding as we did not preclude the case of not having beam correspondence, we cannot preclude Option 2. In our understanding for beam correspondence Option 2 would fall back to Option 1. 

	Nokia, NSB
	Yes
	Alt 2
	

	Qualcomm
	
	
	We should defer this discussion. The more fundamental questions are (1) how/whether the PSCCH/PSSCH/PSFCH transmit/receive beams are derived from the transmit/receive RS for beam maintenance and (2) how/whether the beams to be used for PSCCH/PSSCH/PSFCH transmission/reception are derived. 

The relation between beams for PSCCH/PSSCH and PSFCH are secondary issue.

	Samsung
	
	
	Alt2 or Alt3, where Alt3 is only option 2.
Alt1 is limited to have beam correspondence only which is quite restrictive.

	LGE
	Yes
	Alt 1
	I’d like to understand how Option 2 can work. PSCCH/PSSCH TX UE would expect to receive PSFCH from PSCCH/PSSCH RX UE with proper TX UE RX beam. Then, if the RX UE use TX UE beam independent from the TX beam of the received PSCCH/PSSCH, how the TX UE reliably detect PSFCH? 

	WILUS
	Yes
	Alt 2
	

	MediaTek
	Yes
	Alt2
	

	Toyota
	Yes
	Alt 2
	Both Options 1 and 2 can be supported. If beam correspondence is assumed, Option 1 is used. On the other hand, if beam correspondence is not assumed, Option 2 is used.

	ZTE,Sanechips
	Yes
	Alt 1
	

	Transsion
	Yes
	Alt 2
	

	catt
	
	
	Proposal 4-1-a: For determining PSFCH transmit/receive beam for a single PSFCH transmission/reception in a slot, down-select one of the two alternatives
· Alt 1: Only Option 1 is supported to be studied 
· Alt 2: Both Option 1 and Option 2 are supported to be studied
· FFS how criteria to select between Option 1 and Option 2
· Note: 
· Option 1: PSFCH transmit/receive beam is derived from the corresponding PSCCH/PSSCH receive/transmit beam.
Option 2: PSFCH transmit/receive beam is derived from PSCCH/PSSCH transmit/receive beam for the reverse data transmission

	Sony
	Yes
	Alt 2
	There still many fundamental issues need to be further studied and we can support all the available solutions at this stage.



Companies’ views are still not converging. Let us discuss this topic in the next RAN1 meeting. 

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, CATT, xiaomi, NEC, CMCC, DCM, Lenovo, Apple, Wilus, Qualcomm, OPPO discuss the issue of beam conflict among multiple simultaneous transmissions/receptions. This includes multiple simultaneous PSFCH transmissions with different transmit beams (xiaomi, Apple, OPPO, Wilus), as well as multiple simultaneous PSCCH/PSSCH/PSFCH receptions with different receive beams (xiaomi, Apple, Lenovo, OPPO, Wilus). 

Several beam conflict solutions are proposed, and categorized as follows:
· Beam conflict preclusion (Lenovo)
· Enhanced resource selection or IUC-based coordination with peer UEs on their transmission beam 
· Transmission/reception dropping (Nokia, Apple, NEC, Lenovo)
· 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, Qualcomm and Nokia 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: Obs62497][bookmark: Obs29949][bookmark: Obs62479]Observation 35: A UE may not be capable of simultaneous PSxCH transmission/reception using different beams.
Proposal 35: 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.
Observation 38: 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 38: Study SL/UL coexistence in FR2, including cross-link interference (CLI) and its avoidance/mitigation.

	CATT
	Proposal 5: RAN1 needs to study how to address the half duplex issue due to TX/RX transmission conflict and multiple beams in SL FR2.

	Xiaomi
	Proposal 9: Investigate the solution when there are multiple PSFCHs with different TX beam to be transmitted in a slot.
Proposal 10: Investigate the solution to determine the RX beam of a UE when RX beam collision happens 

	NEC
	[bookmark: _Toc131767895][bookmark: _Toc126942725][bookmark: _Toc131412008][bookmark: _Toc134523799][bookmark: _Toc127187416]Proposal 5: Study the transmission/reception drop issue when they are intended for beam measurement.

	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.
Proposal 18: Study the enhancement of inter-UE coordination schemes to align the reception beams from different TX UEs.

	CMCC
	Proposal 13: 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.

	Apple
	Proposal 38: If a receiver UE is trained with different PSFCH transmit beams towards different transmitter UEs belonging to different sidelink unicast sessions, RAN1 to study the scheme to determine PSFCH transmit beam in a slot, in case multiple PSFCH transmissions with different trained beams are scheduled. 
Proposal 39: RAN1 to study receive beam selection for multiple simultaneous PSCCH/PSSCH receptions, for multiple simultaneous PSFCH receptions, and for simultaneous PSCCH/PSSCH reception and sidelink reference signal reception for beam measurement. 

	Qualcomm
	Proposal 4-2: Investigate potential impact when/if a UE has to maintain multiple sets of configured/active beams for Uu beam management and/or multiple SL beam management on the same carrier/band

	OPPO
	Proposal 18: How to determine the TX beam or RX beam when a UE needs to transmitted or received multiple PSFCH simultaneously should be studied.

	Wilus
	Proposal 18: PSFCH Tx/Rx beam for simultaneous multiple PSFCH transmission/reception should be studied respectively.

	DCM
	Proposal 9: 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 10: 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.



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, Qualcomm, NEC, Wilus, 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, Intel, xiaomi, NEC, Samsung, DCM, Mediatek, Wilus, Sharp, Lenovo, LG, OPPO, Qualcomm, Huawei mention the resource allocation mode 2 needs to be enhanced, which includes
· Sensing: vivo, Toyota, xiaomi, Qualcomm, DCM, LG, Samsung, 
· Resource selection procedure (including IUC): Nokia, vivo, Toyota, Spreadtrum, Lenovo, Qualcomm, NEC, LG, Samsung, Wilus, Sharp, OPPO, Huawei,   
· Resource indication: Toyota, DCM
· Random resource selection only: vivo, Mediatek
· Congestion control: Spreadtrum, LG, OPPO
· Triggering condition: 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: Obs62498][bookmark: Obs62480][bookmark: Obs29950]Observation 36: 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: Proposal35683][bookmark: Proposal38880]Proposal 36: 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: Obs62481][bookmark: Obs29951][bookmark: Obs62499]Observation 37: Rel-17 IUC schemes 1 and 2 were specified under the assumption of omnidirectional transmission/reception.
Proposal 37: 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

	Toyota
	[bookmark: _Toc131435281][bookmark: _Toc134952589]Observation 9: 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: _Toc134952590][bookmark: _Toc131435282]Observation 10: 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: _Toc131435283][bookmark: _Toc134952591]Observation 11: The directionality of beam-based communication can be utilized to improve the spatial reuse of time/frequency resources.
[bookmark: _Toc131435266][bookmark: _Toc134952602]Proposal 11: Study enhancements of sensing, resource selection, and resource reservation/SCI to take into account directional Tx/Rx beams and UE mobility.

	Vivo
	Observation 1: 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.
Proposal 35: Investigate the following options for beam coordination from RX UE side:
- Option 1: RX UE coordinates the transmission time resources for different TX UEs based on RX UE’s intended reception beam.
- Option 2: RX UE coordinates the transmission beams for different TX UEs based on RX UE’s intended reception beam.
[bookmark: _Ref127451465]Observation 1: 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: _Ref127451494]Proposal 36: Investigate the following mechanisms to exploit the spatial reuse gain:
- Non-preferred resource determination and notification mechanism based on directional reception beam;
- Sensing mechanism enhancement based on directional sensing beam.

	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.

	Huawei
	[bookmark: _Ref127295374][bookmark: _Ref127295377][bookmark: _Ref127295419]Observation 8: In SL FR2, half duplex issues exist during initial beam alignment and beam maintenance due to multiple beam directions and a lack of centralized scheduling.
[bookmark: _Ref127295416]Proposal 3: 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.
Observation 9: In SL FR2, beam-based transmissions will lead to beam switch conflicts with multiple unicast pairs when different TX/RX beams are TDMed.
Proposal 4: 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.
[bookmark: _Ref130927534]Proposal 13: 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.

	Intel
	Proposal 20: Study resource allocation enhancements for SL FR2 considering the changed system assumption and changed interference environment.

	Xiaomi
	Proposal 11: Intended TX beam based sensing is investigated for mode 2 resource allocation in FR2.

	NEC
	[bookmark: _Toc131412009][bookmark: _Toc134523800][bookmark: _Toc131767896][bookmark: _Toc131767897][bookmark: _Toc131412010][bookmark: _Toc134523801]Proposal 6: Study IUC scheme 2-like scheme to detect and solve receiver beam conflicts in mode 2.
Proposal 7: Study mechanism that gNB schedule proper transmit beam for TX UE to avoid receive beam conflict issue.

	Qualcomm
	Proposal 4-1: Study BS-involvement for SL beam management for a UE in the coverage of the BS
· Solutions of Tx/Rx beam control for IAB/NCR can be starting points
Proposal 4-2: Investigate potential impact when/if a UE has to maintain multiple sets of configured/active beams for Uu beam management and/or multiple SL beam management on the same carrier/band
Proposal 4-3:
· Confirm that legacy sensing-based and random resource selection are available for FR2-SL
· Evaluate the impact of FR2 beamforming operation on sidelink resource allocation to see if any enhancements are necessary
Proposal 4-4: If enhancement on resource allocation is necessary, consider a methodology of announcement from a receiving UE so that sensing UE can identify the potential resource collision
Proposal 4-5:
· If enhancement on inter-UE coordination is necessary, consider incorporating Tx/Rx beam information with the preferred/non-preferred resources for inter-UE coordination.

	OPPO
	Observation 5: The Mode 2 resource selection procedure needs to be enhanced due to the beam-based SL transmission and reception in FR2.
Observation 6: It is impossible to use a specific RX beam which is associated to a TX beam for SCI monitoring before the triggering of initial resource selection due to the TX beam is unpredictable.
Proposal 21: Physical layer may initialize multiple candidate resource sets associated with different TX beams and perform resource exclusion for each candidate resource set respectively.
Proposal 22: TX UE utilizes the SCIs monitored by omnidirectional beam and the RX beam which covers its TX beam for resource exclusion.
· The TX beam refers to a TX beam associated with a candidate resource set.
Proposal 23: Different SL RSRP threshold lists may need to be (pre-)configured for different RX beams corresponding to directional and omnidirectional reception respectively.
Proposal 24: Inter-UE coordination for resource selection should be further studied for SL FR2 and both IUC Scheme 1 and IUC Scheme 2 can be considered.
Proposal 25: The following enhancements can be considered for SL congestion control in SL FR2,
· At least the slots in which UE uses omnidirectional beam and the RX beam which covers its TX beam for data reception should be included in the CBR measurement window.
· Different SL RSSI thresholds can be (pre-)configured for different RX beams corresponding to directional and omnidirectional reception respectively.
· SL CR is calculated per TX beam.

	DCM
	Proposal 7: 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 8: SCIs reserving future resources and future data on the reserved resources are transmitted by same transmission beam.

	Samsung
	Proposal 12: For enhanced SL operation on FR2 licensed spectrum, study the impact of beam forming on sensing and resource selection.

	LG
	Proposal 13: 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. 
Proposal 14: 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. 

	Mediatek
	[bookmark: _Ref135057833]Observation 17: SL resource selection is not necessary to reduce system interference with directional beamformed transmission in FR2 frequency band
[bookmark: _Ref135057894]Proposal 18: SL SCI-based resource selection can be conditionally disabled when beamformed transmission/reception is adopted

	Wilus
	Proposal 19: Possible impact and enhancement to resource allocation schemes (both Mode 1 and Mode 2) in terms of beam should be studied.

	Sharp
	Proposal 5: Study resource (re-)selection procedure triggered by standalone SL CSI-RS transmission in sidelink RA mode 2.

	Lenovo
	Proposal 18: Study the enhancement of inter-UE coordination schemes to align the reception beams from different TX UEs.



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.
· MTK 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 #113 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.

	Mediatek
	[bookmark: _Ref115434613]Observation 13: The evaluation methodology for SL FR2 shall focus on the commercial use case.
[bookmark: _Ref127567161][bookmark: _Ref118389845]Observation 14: 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: _Ref127540989][bookmark: _Ref135057891]Proposal 16: Relay topology shall be defined for SL FR2 evaluation.
[bookmark: _Ref118739761][bookmark: _Ref127567163]Observation 15: 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: _Toc135045289]Observation 1: The existing sub-channel sizes are not efficient for SL operation in FR2 spectrum
[bookmark: _Toc126782282][bookmark: _Toc126782220][bookmark: _Toc126782251][bookmark: _Toc126782189][bookmark: _Toc135045299]Proposal 1: For SL operation in FR2, the following sub-channel sizes are supported: 16, 32, 33, 62, 66, 124, 132, 148, 248, 264.
Observation 3: 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
Question 7-1
Question 7-1: 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

	Samsung
	Beam based SL Power control in FR2




Proposals for online discussions
Proposals for Monday online discussions
Proposal 1-1-a: In the candidate procedure where initial beam pairing is performed before sidelink unicast link establishment,
· In step 1, 
· the applicable reference signal is selected from 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
· 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 PSCCH/PSSCH DMRS to another UE is usable
· In step 2, 
· UE1’s transmit beam and UE2’s receive beam are determined as the pair with the largest RSRP measurement satisfying certain condition(s)
· FFS details of condition(s)
· UE2’s transmit beam is at least determined as the one corresponding to determined UE2’s receive beam
· FFS other scheme
· In step 3, 
· UE2’s beam reporting resource 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 terms of link establishment message.
· FFS: whether/how to avoid unnecessary beam measurement and reporting from multiple UEs; how UE1 determines its transmit beam if it receives different beam reporting from different UEs


Proposal 1-2-a: In the candidate procedure where initial beam pairing is performed during sidelink unicast link establishment,
· In step 1, the applicable reference signal which is transmitted together with unicast link establishment message is  
· Alt 1-1: SL CSI-RS
· Alt 1-2: PSCCH/PSSCH DMRS
· In step 2, UE2 determines UE1’s transmit beam and UE2’s receive beam as the pair with the largest RSRP measurement satisfying certain condition(s).
· UE2’s transmit beam is at least determined as the one corresponding to determined UE2’s receive beam
· FFS the format of UE1’s transmit beam determined by UE2
· FFS details of condition(s)
· In step 2, UE2 indicates UE1’s transmit beam(s), each using the resource associated with indicated UE1’s transmit beam.
· Transmit beam of each UE2’s beam indication is derived from UE2’s receive beam of the indicated UE1’s transmit beam.
· FFS details of beam indication, including contents (e.g., ACK/NACK, beam ID, RSRP measurement), container (e.g., PSCCH/PSSCH, PSFCH) and association
· In step 3, UE1 determines UE1’s transmit beam based on 
· Alt 2-1: the latest beam indication
· Alt 2-2: beam indication contents (e.g., RSRP measurement)
· Alt 2-3: measurement of beam indication signal 

Proposal 1-3-a: In the candidate procedure where initial beam pairing starts after sidelink unicast link establishment (if feasible), the initial beam pairing follows the similar framework as beam maintenance:
· In step 1, the beams used for unicast link establishment is up to UE implementation 
· In step 2, the resource configuration for beams sweeping and beam reporting (if necessary) is via PC5-RRC
· In step 3, the applicable reference signal is SL CSI-RS

Proposal 1-4-a: In case S-SSB (or its modified format) is supported for initial beam pairing between UE1 and UE2 (if feasible), at least the following is applied: 
· S-SSB for initial beam pairing is separately transmitted from Rel-16 S-SSB for synchronization
· FFS: resources for S-SSB for initial beam pairing
· S-SSB for initial beam pairing contains at least UE1’s source ID and beam related information
· FFS: how to carry these information
· FFS: how UE1 and UE2 know UE1’s ID
· Association between S-SSB resources and beam reporting resources
· FFS: details of association

Proposal 1-5-a: In the candidate procedure where initial beam pairing is performed before sidelink unicast link establishment, at least the following is applied for SL CSI-RS (or its modified format) (if feasible)
· Standalone SL CSI-RS
· FFS: how a UE determines the resources for its standalone SL CSI-RS transmission
· Periodic or semi-persistent SL CSI-RS
· FFS: details
· Resources for SL CSI-RS beam sweeping are (pre-)configured
· FFS: how to avoid resource collision of SL CSI-RS transmissions from different UEs
· Association between SL CSI-RS resources and beam reporting resources
· FFS: details of association


Proposal 1-6-a: In the candidate procedure where initial beam pairing is performed during sidelink unicast link establishment, at least the following is applied for SL CSI-RS (or its modified format) (if feasible)
· Non-standalone SL CSI-RS
· Aperiodic SL CSI-RS
· Association between SL CSI-RS resources and beam reporting resources
· FFS: details of association

Proposal 2-1-a: For beam maintenance, supportconsider non-standalone sidelink CSI-RS transmissions. 
· FFS slot structure
· FFS signaling details

Proposal 2-2-a: For beam maintenance, supportconsider standalone sidelink CSI-RS transmissions. 
· FFS slot structure
· FFS resources, resource allocation and resource indication 
· FFS signaling details, including which information is to be indicated for sidelink CSI-RS transmissions and the container of the information.  
Proposals for Thursday offline discussions
Proposal 2-1-c: For beam maintenance, consider non-standalone sidelink CSI-RS transmissions. 
· FFS physical layer structure
· FFS signaling details
· FFS timing details
· FFS whether non-standalone sidelink CSI-RS transmissions on the same transmit beam as accompanying data

Proposal 2-2-c: For beam maintenance, consider standalone sidelink CSI-RS transmissions. 
· FFS physical layer structure
· FFS timing details
· FFS whether the same or different transmit beams are used in the same slot of standalone sidelink CSI-RS transmissions.
· FFS resources, resource allocation and resource indication 
· FFS signaling details, including which information is to be indicated for sidelink CSI-RS transmissions and the container of the information.  
· Note: standalone SL CSI-RS transmission means at least no accompanying sidelink data (SL MAC SDU) transmissions in the same slot. FFS: accompanying SCI(s) or SL MAC CE transmissions or PSFCH.

Proposal 2-3-c: For beam maintenance, consider aperiodic, periodic and/or semi-persistent sidelink CSI-RS transmissions. 
· FFS triggering conditions and transmit beam(s) for aperiodic sidelink CSI-RS transmissions
· FFS activation/deactivation and transmit beam(s) for semi-persistent/periodic sidelink CSI-RS transmissions


Proposal 2-4-c: For beam maintenance, consider multiple sidelink CSI-RS transmissions in a slot. 
· FFS whether/how to avoid/mitigate AGC issues in case the multiple sidelink CSI-RS transmissions are transmitted using different transmit beams in case the transmissions are done using different beams are used in a slot.
· FFS applicable scenarios

Proposal 2-5-c: For beam maintenance, consider signaling details for sidelink CSI-RS transmissions with or without repetition on transmit beams. 

Proposal 2-6-c: 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)
· 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 

Proposal 2-7-c: For beam reporting using sidelink MAC CE (if supported) in beam maintenance, study whether to reuse Rel-16 sidelink CSI reporting window as baseline for the association between sidelink beam reporting and sidelink CSI-RS resources. 

Proposal 2-8-c: For beam indication in sidelink beam maintenance, study sidelink TCI state mechanism: 
· Configure sidelink TCI state at least including sidelink TCI state ID, sidelink CSI-RS resource ID and QCL type D 
· FFS: other QCL types
· FFS: whether PSCCH and associated PSSCH always have the same TCI state 
· FFS: whether the beam indication is via sidelink TCI state ID or sidelink CSI-RS resource 
· Study the following optional beam indication container 
· Alt 1: SCI
· Alt 2: sidelink MAC CE
· Alt 3: PC5-RRC
· FFS: activation time of indicated beam
· FFS: duration of indicated beam (e.g., dynamic or semi-static)
· Study whether beam indication is sent by transmitter UE or receiver UE.

Proposal 3-1-c: RAN1 can study the following two options of schemes to trigger sidelink beam failure instance (BFI) that PHY layer provides to MAC layer. 
· Scheme 1: Sidelink BFI is triggered based on 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 
· Option 1: periodic and/or semi-persistent sidelink CSI-RS
· Option 2: S-SSB or its modified format
· FFS criteria of triggering of sidelink BFI 
· Other options are not precluded.

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)
· Consider the following reference signals for CBD
· Option 1: sidelink CSI-RS or its modified format
· FFS details (e.g., resources, periodicity, transmit beams, timing, etc)
· Option 2: 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)

Proposal 3-3-c: 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 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
· Option 2: SCI
· Option 3: sidelink MAC CE
· 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 is the BFD and/or new beam indication


Proposal 3-4-c: 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., CRI)
· FFS activation time of new beam 

Proposal 1-5-c: In the candidate procedure where initial beam pairing is performed before sidelink unicast link establishment, at least the following is applied for SL CSI-RS (or its modified format) (if feasible)
· Periodic or semi-persistent SL CSI-RS
· FFS: details
· In case of standalone SL CSI-RS (if supported), resources for SL CSI-RS beam sweeping are (pre-)configured 
· FFS: how to avoid resource collision of SL CSI-RS transmissions from different UEs
· Association between SL CSI-RS and beam reporting 
· FFS: details of association
· SL CSI-RS for initial beam pairing contains at least certain ID(s) and beam related information
· FFS: how to carry these information
· FFS: how UE1 and UE2 know the ID(s)

Proposals after Thursday offline discussions
Proposal 2-1-c: For beam maintenance, consider non-standalone sidelink CSI-RS transmissions. 
· FFS physical layer structure
· FFS signaling details
· FFS timing details
· FFS whether non-standalone sidelink CSI-RS transmissions on the same transmit beam as accompanying data

	Company
	Comments

	Samsung
	Please add the following FFS
FFS: Whether/how to support multiple beams for non-standalone SL CSI-RS in the same slot 
FFS: Enhancements to Rel-16 structure



Proposal 2-2-c: For beam maintenance, consider standalone sidelink CSI-RS transmissions. 
· FFS physical layer structure
· FFS timing details
· FFS whether the same or different transmit beams are used in the same slot of standalone sidelink CSI-RS transmissions.
· FFS resources, resource allocation and resource indication 
· FFS signaling details, including which information is to be indicated for sidelink CSI-RS transmissions and the container of the information.  
· Note: standalone SL CSI-RS transmission means at least no accompanying sidelink data (SL MAC SDU) transmissions in the same slot. FFS: accompanying SCI(s) or SL MAC CE transmissions or PSFCH.
	Company
	Comments

	Samsung
	Suggest the following update:
FFS whether/how the same or different transmit beams are used in the same slot of standalone sidelink CSI-RS transmissions
The following is not clear and suggest to remove:
“including which information is to be indicated for sidelink CSI-RS transmissions and the container of the information”
It is just enough to say signaling details





Proposal 2-5-c: For beam maintenance, consider signaling details for sidelink CSI-RS transmissions with or without repetition on transmit beams. 

	Company
	Comments

	Samsung
	Suggest to change “signaling” to “design” as there could be additional aspects to consider beyond signaling
For beam maintenance, consider signaling design details for sidelink CSI-RS transmissions with or without repetition on transmit beams



Proposal 2-6-c: 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)
· 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

	Company
	Comments

	Samsung
	Intention of last FFS (PSFCH carries one beam reporting bit) is not clear. Suggest to remove.
Suggest to add the following FFS:
FFS: Whether/how PSFCH can be used for beam reporting in beam maintenance.
FFS: Beam report content


	
Proposal 2-7-c: For beam reporting using sidelink MAC CE (if supported) in beam maintenance, study whether to reuse Rel-16 sidelink CSI reporting window as baseline for the association between sidelink beam reporting and sidelink CSI-RS resources. 

	Company
	Comments

	Samsung
	This proposal is too narrowly focused on reusing the Rel-16 structure. We suggest the following update:
For beam reporting using sidelink MAC CE (if supported) in beam maintenance, study
· Timing aspects
· Beam report content



Proposal 2-8-c: For beam indication in sidelink beam maintenance, study sidelink TCI state mechanism: 
· Configure sidelink TCI state at least including sidelink TCI state ID, sidelink CSI-RS resource ID and QCL type D 
· FFS: other QCL types
· FFS: whether PSCCH and associated PSSCH always have the same TCI state 
· FFS: whether the beam indication is via sidelink TCI state ID or sidelink CSI-RS resource 
· Study the following optional beam indication container 
· Alt 1: SCI
· Alt 2: sidelink MAC CE
· Alt 3: PC5-RRC
· FFS: activation time of indicated beam
· FFS: duration of indicated beam (e.g., dynamic or semi-static)
· Study whether beam indication is sent by transmitter UE or receiver UE.

	Company
	Comments

	Samsung
	Suggest the following updates:
For beam indication in sidelink beam maintenance, study sidelink TCI state mechanism: 
· Configure content of sidelink TCI state at least including sidelink TCI state ID, sidelink CSI-RS resource ID and [QCL type D] 
· FFS: other QCL types
· FFS: whether PSCCH and associated PSSCH always have the same TCI state 
· FFS: whether the beam indication is via sidelink TCI state ID or sidelink CSI-RS resource 
· Study the following optional beam indication container 
· Alt 1: SCI
· Alt 2: sidelink MAC CE
· Alt 3: DCI
· Alt 4: Uu MAC CE
· Alt 3: PC5-RRC
· FFS: beam activation time of indicated beam
· FFS: duration of indicated beam (e.g., dynamic or semi-static)
· Study whether/how beam indication is sent by transmitter UE or receiver UE.
· Study beam indication in mode 1 on the Uu interface.




Proposal 3-1-c: RAN1 can study the following two options of schemes to trigger sidelink beam failure instance (BFI) that PHY layer provides to MAC layer. 
· Scheme 1: Sidelink BFI is triggered based on 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 
· Option 1: periodic and/or semi-persistent sidelink CSI-RS
· Option 2: S-SSB or its modified format
· FFS criteria of triggering of sidelink BFI 
· Other options are not precluded.

	Company
	Comments

	Samsung
	Suggest the following updates for scheme 2
· 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 one or more the following reference signals for BFD 
· Option 1: periodic and/or semi-persistent sidelink CSI-RS
· Option 2: S-SSB or its modified format
· Whether/how to trigger/activate the transmission of BFD RS 
· FFS criteria of triggering of sidelink BFI 


	
	



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)
· Consider the following reference signals for CBD
· Option 1: sidelink CSI-RS or its modified format
· FFS details (e.g., resources, periodicity, transmit beams, timing, etc)
· Option 2: 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)

	Company
	Comments

	Samsung
	Suggest the following update:
At least for the scheme where sidelink BFI is triggered on measurement of BFD reference signal (if supported), for candidate beam determination (CBD)
· Consider one or more of the following reference signals for CBD
· Option 1: sidelink CSI-RS or its modified format
· FFS details (e.g., resources, periodicity, transmit beams, timing, etc)
· Option 2: S-SSB or its modified format
· Whether/how to trigger/activate the transmission of CBD RS 
· FFS criteria of determining candidate beam (e.g., largest RSRP measurement, RSRP measurement larger than a threshold, pre-determined during initial beam pairing, etc)



Proposal 3-3-c: 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 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
· Option 2: SCI
· Option 3: sidelink MAC CE
· 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 is the BFD and/or new beam indication

	Company
	Comments

	
	For container, we should also consider mode 1 and Uu interface
· Option 4: UCI
· Option 5: Uu MAC CE

In the Uu interface, BFRQ indicates the new beam. Therefore, we suggest the following update:
Content is the BFD and/or new beam indication
We also like to add the following bullet:
· FFS: Whether/how to support sidelink BFRQ in mode 1 including signaling to/from the network.




Proposal 3-4-c: 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., CRI)
· FFS activation time of new beam 

	Company
	Comments

	Samsung
	For container, we should also consider mode 1 and Uu interface
· Option 5: UCI
· Option 6: Uu MAC CE

We also like to add the following bullet:
· FFS: Whether/how to support sidelink BFRR in mode 1 including signaling to/from the network.



Proposals for Friday offline discussions
Proposal 2-1-d: For beam maintenance, consider non-standalone sidelink CSI-RS transmissions. 
· FFS physical layer structure
· FFS signaling details
· FFS timing details
· FFS whether non-standalone sidelink CSI-RS transmissions on the same or different transmit beam as accompanying data
· FFS whether/how to support multiple beams for non-standalone sidelink CSI-RS in the same slot

Proposal 2-2-d: For beam maintenance, consider standalone sidelink CSI-RS transmissions. 
· FFS physical layer structure
· FFS timing details
· FFS whether/how the same or different transmit beams are used in the same slot of standalone sidelink CSI-RS transmissions.
· FFS resources, resource allocation and resource indication 
· FFS signaling details, including which information is to be indicated for sidelink CSI-RS transmissions and the container of the information.  
· Note: standalone SL CSI-RS transmission means at least no accompanying sidelink data (SL MAC SDU) transmissions in the same slot. FFS: accompanying SCI(s) or SL MAC CE transmissions or PSFCH.

Proposal 2-5-d: For beam maintenance, consider signaling design details for sidelink CSI-RS transmissions with or without repetition on transmit beams. 

Proposal 2-6-d: 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 

Proposal 2-7-d: For beam reporting using sidelink MAC CE (if supported) in beam maintenance, study 
· beam reporting content
· timing aspects timeline, e.g., whether to reuse Rel-16 sidelink CSI reporting window as baseline for the association between sidelink beam reporting and sidelink CSI-RS resources. 

Proposal 2-8-d: For beam indication in sidelink beam maintenance, study sidelink TCI state mechanism: 
· Content of sidelink TCI state at least including sidelink TCI state ID, sidelink CSI-RS resource ID and QCL type D Tx/Rx spatial filter related information
· FFS: QCL types for sidelink
· FFS: whether PSCCH and associated PSSCH always have the same TCI state 
· FFS: whether the beam indication is via sidelink TCI state ID or sidelink CSI-RS resource 
· Study the following optional beam indication container 
· Alt 1: SCI
· Alt 2: sidelink MAC CE
· Alt 3: PC5-RRC
· FFS: activation time of indicated beam
· FFS: duration of indicated beam (e.g., dynamic or semi-static)
· Study whether/how beam indication is sent by transmitter UE or receiver UE.
· FFS study beam indication in mode 1 on Uu interface

Proposal 3-1-d: RAN1 can study the following two options of schemes to trigger sidelink beam failure instance (BFI) that PHY layer provides to MAC layer. 
· Scheme 1: Sidelink BFI is triggered based on 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 
· Option 1: periodic and/or semi-persistent sidelink CSI-RS
· Option 2: 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.

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)
· Consider the following reference signals for CBD
· Option 1: sidelink CSI-RS or its modified format
· FFS details (e.g., resources, periodicity, transmit beams, timing, etc)
· Option 2: 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

Proposal 3-3-d: 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 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
· Option 2: SCI
· Option 3: sidelink MAC CE
· 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 is the BFD and/or new beam indication
· FFS: whether/how to support sidelink BFRQ in mode 1 including signaling to/from the network.

Proposal 3-4-d: 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., CRI)
· FFS: activation time of new beam 
· FFS: whether/how to support sidelink BFRR in mode 1 including signaling to/from the network

Proposal 1-5-c: In the candidate procedure where initial beam pairing is performed before sidelink unicast link establishment, at least the following is applied for SL CSI-RS (or its modified format) (if feasible)
· Periodic and/or semi-persistent SL CSI-RS
· FFS: details
· In case of standalone SL CSI-RS (if supported), resources for SL CSI-RS beam sweeping are (pre-)configured 
· FFS: how to avoid resource collision of SL CSI-RS transmissions from different UEs
· Association between SL CSI-RS and beam reporting 
· FFS: details of association
· SL CSI-RS for initial beam pairing contains at least certain ID(s) and beam related information
· FFS: how to carry these information
· FFS: how UE1 and UE2 know the ID(s)

Proposal 1-6-c: In the candidate procedure where initial beam pairing is performed during sidelink unicast link establishment, at least the following is applied for SL CSI-RS (or its modified format) (if feasible)
· Non-standalone SL CSI-RS and/or standalone SL CSI-RS
· Aperiodic SL CSI-RS
· Association between SL CSI-RS and beam reporting 
· FFS: details of association

Proposal 1-4-c: In case S-SSB (or its modified format) is supported for initial beam pairing between UE1 and UE2 (if feasible), at least the following is applied: 
· Alt 1: S-SSB for initial beam pairing is separately transmitted from Rel-16 S-SSB for synchronization
· FFS: resources for S-SSB for initial beam pairing
· FFS: how to resolve S-SSB overhead
· Alt 2: S-SSB for initial beam pairing includes Rel-16 S-SSB plus additional transmission to convey additional information
· FFS: resources for additional transmission
· FFS: whether/how does the UE not transmitting Rel-16 S-SSB support this S-SSB transmission 
· S-SSB for initial beam pairing contains/indicates at least UE1’s certain ID(s) and beam related information for UE2 to identify the S-SSB for initial beam pairing
· FFS: how to carry these information
· FFS: how UE1 and UE2 know UE1’s the ID(s)
· Association between S-SSB and beam reporting
· FFS: details of association


Proposals for Friday online discussions
Proposal 2-1-e: For beam maintenance, consider non-standalone sidelink CSI-RS transmissions. 
· FFS physical layer structure
· FFS signaling details
· FFS timing details
· FFS whether non-standalone sidelink CSI-RS transmissions on the same or different transmit beam as accompanying data
· FFS whether/how to support multiple beams for non-standalone sidelink CSI-RS in the same slot
Proposal 2-2-e: For beam maintenance, consider standalone sidelink CSI-RS transmissions. 
· FFS physical layer structure
· FFS timing details
· FFS whether/how the same or different transmit beams are used in the same slot of standalone sidelink CSI-RS transmissions.
· FFS resources, resource allocation and resource indication 
· FFS signaling details, including which information is to be indicated for sidelink CSI-RS transmissions and the container of the information.  
· Note: standalone SL CSI-RS transmission means at least no accompanying sidelink data (SL MAC SDU) transmissions in the same slot. FFS: accompanying SCI(s) or SL MAC CE transmissions or PSFCH.

Proposal 2-5-e: For beam maintenance, consider signaling design details for sidelink CSI-RS transmissions with or without repetition on transmit beams. 

Proposal 2-6-e: 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 

Proposal 2-7-e: For beam reporting using sidelink MAC CE (if supported) in beam maintenance, study 
· beam reporting content
· timeline, e.g., whether to reuse Rel-16 sidelink CSI reporting window as baseline for the association between sidelink beam reporting and sidelink CSI-RS resources. 

Proposal 2-8-e: For beam indication in sidelink beam maintenance, study sidelink TCI state mechanism: 
· Contents of sidelink TCI state at least including sidelink TCI state ID, sidelink CSI-RS resource and QCL type D Tx/Rx spatial filter related information
· FFS: QCL types for sidelink 
· FFS: whether PSCCH and associated PSSCH always have the same TCI state 
· FFS: whether the beam indication is via sidelink TCI state ID or sidelink CSI-RS resource 
· Study the following optional beam indication container 
· Alt 1: SCI
· Alt 2: sidelink MAC CE
· Alt 3: PC5-RRC
· FFS: activation time of indicated beam
· FFS: duration of indicated beam (e.g., dynamic or semi-static)
· Study whether/how beam indication is sent by transmitter UE or receiver UE.
· FFS study beam indication in mode 1 on Uu interface

Proposal 3-1-e: RAN1 can study the following two options of schemes to trigger sidelink beam failure instance (BFI) that PHY layer provides to MAC layer. 
· Scheme 1: Sidelink BFI is triggered based on 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 
· Option 1: periodic and/or semi-persistent sidelink CSI-RS
· Option 2: 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.

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)
· Consider the following reference signals for CBD
· Option 1: sidelink CSI-RS or its modified format
· FFS details (e.g., resources, periodicity, transmit beams, timing, etc)
· Option 2: 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

Proposal 3-3-e: 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 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
· Option 2: SCI
· Option 3: sidelink MAC CE
· 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 is the BFD and/or new beam indication
· FFS: whether/how to support sidelink BFRQ in mode 1 including signaling to/from the network.

Proposal 3-4-e: 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., CRI)
· FFS: activation time of new beam 
· FFS: whether/how to support sidelink BFRR in mode 1 including signaling to/from the network

Proposal 1-5-d: 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)
· Periodic and/or semi-persistent SL CSI-RS
· FFS: details
· In case of standalone SL CSI-RS (if supported), 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
· Association between SL CSI-RS and beam reporting 
· FFS: details of association
· SL CSI-RS for initial beam pairing has at least certain ID(s) and beam related information
· FFS: how to carry these information
· FFS: how UE1 and UE2 know the ID(s)

Proposal 1-6-d: In the candidate procedure where initial beam pairing is performed during sidelink unicast link establishment, at least the following is considered for SL CSI-RS (or its modified format) (if feasible)
· Non-standalone SL CSI-RS and/or standalone SL CSI-RS
· Aperiodic SL CSI-RS
· Association between SL CSI-RS and beam reporting 
· FFS: details of association

Outcomes of 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, including which information is to be indicated for sidelink CSI-RS transmissions and the container of the information.  
· Note: standalone SL CSI-RS transmission means at least no accompanying sidelink data (SL MAC SDU) transmissions in the same slot. FFS: accompanying SCI(s) or SL MAC CE transmissions or PSFCH.

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

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

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

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

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

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

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

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

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