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1 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. The related email thread is as below:

[112bis-e-R18-SL-04] Email discussion on SL operation for FR2 by April 26 – Chunxuan (Apple)
· Check points: April 21, April 26

2 Contact information
You are kindly requested to update the following contact information.
	Company
	Delegate name(s)
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	Kevin Lin
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	xingya.shen@transsion.com
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	Huan Wang
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	Qualcomm
	Wooseok Nam
Fred Takeda
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ktakeda@qti.qualcomm.com

	Ericsson
	Ratheesh Kumar Mungara
	ratheesh.kumar.mungara@ericsson.com

	MediaTek
	Xuanbo Shao
	Xuanbo.Shao@mediatek.com

	Lenovo
	Xin GUO
Zhennian SUN
	guoxin9@lenovo.com
sunzn1@lenovo.com
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	Chunxuan_ye@apple.com
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	eric.yoon@wilusgroup.com
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	thomas.fehrenbach@hhi.fraunhofer.de
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	Liqing Liu
	liu.liqing@sharp.co.jp
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	Zhao Qun
	zhaoqun1@xiaomi.com 
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	Zhaobang MIAO
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3 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, the beam correspondence and 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. 
3.1 Topic #1: Initial beam pairing 
3.1.1 Background
3.1.1.1 Relationship between initial beam pairing and unicast link establishment
The following agreement was made in 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.)



The relationship between PC5 unicast link establishment and sidelink initial beam pairing was discussed by companies. In this meeting, we aim to summarize the more details of each of these 3 procedures, including the potential associated reference signals/channels for initial beam pairing. 

Procedure 1: Initial beam pairing starts before unicast link establishment 
    Support: Huawei, Spreadtrum, Intel, xiaomi, Samsung, Apple, Qualcomm, DCM, Sharp 

In summary, the procedure is composed of the following steps:
· transmitter UE periodically sends reference signal (e.g., S-SSB or SL CSI-RS) via different transmit beams
· receiver UE measures reference signal via different receive beams and determines a pair of transmit beam and receive beam
· receiver UE indicates its determined beam to transmitter UE via using a resource associated with the determined beam
· transmitter UE and receiver UE set up sidelink unicast link via the indicated beam pair. 

The advantage and disadvantage of this procedure mentioned by companies are listed below:
  Advantage: 
· Good coverage on unicast link establishment messages 
· No need of DCR (Direct Communication Request) sweeping
· No impact on unicast link establishment procedure
  Disadvantage:
· Large resources needed for reference signal transmissions
· Unnecessary initial beam pairing
· Lack of UE pair specific configuration for initial beam paring 

Regarding the reference signals/channels used in this procedure for initial beam pairing: there is no PSCCH/PSSCH transmission in initial beam pairing since sidelink unicast link has not established. Hence, the initial beam pairing via PSCCH/PSSCH DMRS or PSFCH is infeasible in this procedure. It is suitable to use enhanced S-SSB or enhanced (resource pool (pre)configured) SL CSI-RS as reference signal for initial beam pairing. 

Procedure 2: Initial beam pairing starts during unicast link establishment 
Support: Nokia, vivo, LG, xiaomi, Samsung, Lenovo, MTK, DCM, Sharp

In summary, the procedure is composed of the following steps:
· transmitter UE sends DCR messages repeatedly via different transmit beams
· if receiver UE decodes one of the DCR messages sent via a certain transmit beam, it indicates to transmitter UE which DCR message is successively received (e.g., via PSFCH, slot index of the DCR message, PSCCH/PSSCH DMRS index)
· transmitter UE knows the transmit beam corresponding to the successively delivered DCR message and uses the same beam to finish the remaining sidelink unicast link establishment procedure. 

The advantage and disadvantage of this procedure mentioned by companies are listed below:
  Advantage: 
· Unicast link establishment is accomplished together with initial beam pairing 
  Disadvantage: 
· Mixture of PHY layer procedure and high layer procedure
· Modified DCR transmission to include beam information and/or UE ID
· Inefficient beam sweeping of multiple DCR messages with additional overhead and increased latency 
· Unclear beam reporting scheme
· Beamformed broadcast DCR messages is up to UE implementation

Regarding the reference signals/channels used in this procedure for initial beam pairing: the unicast link establishment procedure does not involve S-SSB transmission. Hence, the initial beam pairing via S-SSB is infeasible in this procedure. DMRS associated with PSCCH/PSSCH for DCR messages could be used as reference signals for initial beam pairing. PSFCH associated with PSCCH/PSSCH for unicast DCR messages could be used for initial beam pairing purpose. 

Procedure 3: Initial beam pairing starts after unicast link establishment 
Support: Nokia, OPPO, Spreadtrum, Interdigital, CMCC, Ericsson, ZTE, Apple

In summary, the procedure is composed of the following steps:
· transmitter UE and receiver UE set up sidelink unicast link (e.g., UE implementation)
· transmitter UE and receiver UE configure the resources for beam sweeping and beam reporting (e.g., via SL CSI-RS or sidelink data) 
· transmitter UE sweeps beams on the configured resources; receiver UE determines a pair of transmit beam and receive beam 
· receiver UE indicates its determined beam to transmitter UE (e.g., via SL CSI reporting or PSFCH or PSCCH/PSSCH DMRS reporting)

The advantage and disadvantage of this procedure mentioned by companies are listed below:
  Advantage: 
· UE implementation on unicast link establishment (e.g., via FR1)
· Simplified beam pairing procedure and efficient resource usage with UE pair specific configuration
· No impact on unicast link establishment procedure
  Disadvantage:
· Unicast link establishment messages have limited coverage 

Regarding the reference signals/channels used in this procedure for initial beam pairing: If S-SSB is to be used for initial beam pairing, then it is preferred to use S-SSB for initial beam pairing before unicast link establishment to enhance the coverage of unicast link setup messages. With the establishment of sidelink unicast link, transmitter UE and receiver UE could configure the resources for beam sweeping and beam reporting. The beam sweeping is typically on SL CSI-RS. But the beam sweeping on sidelink data is also possible, which implies the beam reporting is via PSFCH or PSCCH/PSSCH DMRS reporting. 

FL would like to align companies’ understanding on the details of the above 3 procedures. This is in Proposal 1-1-a. 

The following table provides a summary of company proposals on the relationship between initial beam pairing and unicast link establishment:

	Company
	Company proposal related to this issue

	Nokia
	Observation 1: Performing SL initial beam pairing after PC5 unicast link establishment may reduce the achievable communication range.
[bookmark: Proposal52382][bookmark: Proposal51819]Proposal 1: RAN1 to prioritize the study of SL initial beam pairing during (i.e., as part of) and after PC5 unicast link establishment. Whether to perform initial beam pairing during or after link establishment may depend on use case requirements. 

	Huawei
	[bookmark: _Ref130927440]Observation 1: If the TX UE 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 sweeps for transmitting the DCR for unicast link establishment.
[bookmark: _Ref130927444]Observation 2: If the TX UE establishes a unicast link during the initial beam pairing using DCR messages, 
· RX UE would have to attempt to decode multiple PSCCH/PSSCHs with 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 the TX UE 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.
· The RX UE would have to respond using a DCA message, which would cause additional overhead and increased latency.
[bookmark: _Ref130927446]Observation 3: If the TX UE establishes a unicast link prior to initial beam pairing, 
· The communication range for the transmission of the DCR (Direct Communication Request) is restricted due to the use of omni-directional beams.
· If directional beams are used, the same disadvantages of establishing a unicast link during initial beam pairing come into play – inefficient resource utilization, overhead and higher latency.
[bookmark: _Ref130927486]Proposal 2: For sidelink beam management, initial beam pairing is performed before PC5 unicast link establishment.
· FFS: whether/how initial beam pairing is performed during unicast link establishment.

	vivo
	[bookmark: _Ref127451473]Proposal 3: Initial beam training is performed during PC5 unicast link establishment procedure, e.g., at least based on DCR and DCA transmission.
[bookmark: _Ref131787066]Proposal 4: DMRS can be used for beam measurement during initial beam training procedure. 

	OPPO
	Observation 6: How to setup PC5-RRC connection can be left to UE implementation.
Proposal 6: SL beam management procedure can be after PC5-RRC connection setup procedure.

	Spreadtrum
	Proposal-1: Initial beam pairing procedure can be executed before or after unicast link establishment.
Proposal-2: Beam management oriented S-SSB could be introduced in sidelink FR2.  

	CATT
	Proposal 4: For the relationship between PC5 unicast link establishment and sidelink initial beam pairing, considering different deployment scenario and use cases:
· Include in the study the following three cases: Initial beam pairing procedure starts before ,during ,or after sidelink unicast link establishment procedure.
· Before establishing PC5-RRC links with other UE, UE can also use beam selection based on prior information.
· CSI-RS could be used in initial beam pairing procedure after sidelink unicast link establishment procedure.
Proposal 5: Beam sweeping schemes can be preconfigured with different beam-scanning numbers, beamwidth, and beam-scanning resources for sidelink beam establishment. 

	Intel
	Proposal 8: A PC5 unicast link is established after initial beam pairing for SL FR2 standalone operation.

	Interdigital
	Proposal 4: Study how to perform initial beam pairing during sidelink unicast link establishment, using beamformed broadcast transmissions.
Proposal 5: Associate TX and/or RX beam information with a unicast transmission identified by a pair UE source and destination ID.

	xiaomi
	Proposal 4: Initial beam pairing without unicast link establishment and joint procedure of initial beam pairing and unicast can be further investigated 

	Samsung
	Observation 1: For enhanced SL operation on FR2 licensed spectrum, an initial beam acquisition/identification signal can include:
· a UE identity and beam identity to identify the UE and the beam, or
· a beam identity to identify the beam. 
Observation 2: On Enhanced SL operation on FR2 licensed spectrum, the following options are possible for initial beam pairing:
· Beam pairing during link establishment procedure. 
· Beam pairing before link establishment procedure.
Proposal 1: For enhanced SL operation on FR2 licensed spectrum, study beam pairing before sidelink establishment procedure.
Proposal 2: For enhanced SL operation on FR2 licensed spectrum, study beam pairing during sidelink establishment procedure.

	CMCC
	[bookmark: OLE_LINK51]Proposal 7: RAN1 should prioritize the study of initial beam pairing procedure after sidelink unicast link establishment procedure.

	Lenovo
	Proposal 1: Study various methods to establish beam pair for a unicast connection 
· UE specific SSB-RACH like sequence exchange 
· Beam pair establishment procedure is performed by embedded SL RS while exchanging DCR and DCA messages as part of unicast link establishment procedure
Proposal 2: Transmit SL-RS embedded in the data to aid the peer UE to measure the L1-RSRP to choose the best reception beam/panel
Proposal 3: Other method involve standalone SSB-RACH like sequence exchange requires more work and should be further evaluated 
Proposal 4: RAN1 is to study whether and how the following could be enhanced for sidelink initial beam pairing:
· S-SSB
· Sidelink CSI RS 
· SSB-PSFCH like mechanism 

	Ericsson
	[bookmark: _Toc131720403]Observation 1: 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: _Toc131720413]Proposal 2: RAN1 prioritizes studying beam management procedure for a pair of UEs after the unicast connection has been established.

	MTK
	[bookmark: _Hlk131779689]Observation 1: Sidelink initial beam pairing starting before sidelink unicast link establishment procedure may be wasted due to lack of info for the need of unicast communication.
[bookmark: _Hlk131779696]Observation 2: For sidelink initial beam pairing starting after sidelink unicast link establishment procedure, beam sweeping has to be performed for each signalling exchange in the link establishment procedure.
[bookmark: _Hlk131779701]Proposal 1: Sidelink initial beam pairing starts at an early stage (e.g., DCR) during Layer-2 link establishment procedure 

	ZTE
	[bookmark: _Toc131790681]Observation 1: Initial beam pairing procedure starting before sidelink unicast link establishment procedure may lead to unnecessary beam training and resources overhead.
[bookmark: _Toc131790691]Proposal 1: Initial beam pairing is not supported before sidelink unicast link establishment procedure in Rel-18.
[bookmark: _Toc131790692]Proposal 2: Initial beam pairing is supported after sidelink unicast link establishment procedure. Further assess the overhead issues that come with the initial beam pairing during sidelink unicast link establishment procedure.

	Apple
	Observation 1: For initial beam pairing procedure starting before sidelink unicast link establishment procedure, 
· benefits include 
· simplified initial beam pairing procedure and intact unicast link establishment procedure
· enhanced coverage for unicast link establishment messages
· potential issues include
· unknown pair UE for initiating beam pairing procedure
· unavailable UE pair specific configuration for initiate beam pairing.
Observation 2: For initial beam pairing procedure starting during sidelink unicast link establishment procedure,
· benefit is sidelink unicast link establishment procedure can be accomplished together with initial beam pairing procedure
· potential issue includes
· mixture of initial beam pairing procedure (PHY layer) and sidelink unicast link establishment procedure (high layer)
· inefficient beam sweeping of DCR message
· unavailable UE pair specific configuration for initiate beam pairing.
Observation 3: For initial beam pairing procedure starting after sidelink unicast link establishment procedure, 
· benefits include 
· simplified initial beam pairing procedure and intact unicast link establishment procedure
· available UE pair specific configuration for initial beam pairing
· potential issue is the coverage shortage for unicast link establishment messages.
Proposal 2: Consider initial beam pairing procedure starts either before or after sidelink unicast link establishment procedure.

	Qualcomm
	Observation 3: Without initial beam-pairing, communication range for message exchanges between a pair of UEs for unicast-link establishment and other procedures is quite limited.
Proposal 2: Clarify that initial beam-pairing for SL beam management is for a pair of UEs that has not yet established unicast-link / PC5-RRC, so that the initial beam-pairing is part of the study.

	DCM
	Observation 1: Which reference signal/channel is appropriate for initial beam pairing depends on when initial beam pairing is performed.
Proposal 1: Initial beam pairing should be performed either during or before unicast link establishment procedure

	Sharp
	Proposal 1: For sidelink beam management, study of applying initial beam pairing procedure before or during sidelink unicast link establishment procedure is prioritized.
Proposal 3: Study initial beam pairing according to association of PSSCH resources and PSFCH resources by considering following steps.
· UE-1 sends DCR message on multiple PSSCH resources with multiple TX beams and monitors potential PSFCH on PSFCH occasions associated to PSSCH resources.
· UE-2 receives a DCR message from beam swept DCR messages from UE-1 by an appropriate RX beam.
· UE-2 determines a TX beam corresponding to the appropriate RX beam to send PSFCH on PSFCH occasion associated with the PSSCH resource where DCR message is received.
· Upon detection of PSFCH from UE-2, UE-1 can determine the RX beam for subsequent DCA message reception.
· UE-2 sends DCA message with the determined TX beam on a PSSCH resource.

	LG
	Observation 1: For sidelink unicast link establishment, the cast type of DCR message is broadcast or unicast, and the cast type of subsequent messages such as the security establishment messages and DCA message is unicast. 
Proposal 1: Support sidelink initial beam pairing procedure for at least following messages:
· DCR (Direct Communication Request) message transmitted from UE-1 to UE-2 in unicast
· Message(s) for security establishment exchanged between UE-1 and UE-2
· DCA (Direct Communication Accept) message transmitted from UE-2 to UE-1
· FFS: DCR (Direct Communication Request) message with/without Target User Info transmitted from UE-1 to UE-2 in broadcast
Proposal 2: For the sidelink initial beam pairing, 
· UE-1 can transmit the same DCR message with the same TX spatial setting or different settings.
· For each SL transmission occasion of the DCR message or each TX spatial setting of the DCR message, the response window is determined.
· When target user of the DCR from UE-1, UE-2, successes to decode the DCR with certain TX spatial setting(s), and if the measurement results (e.g., RSRP, RSRQ, or SINR) based on one or multiple RS(s) associated with the received DCR is above a certain level, the UE-2 can transmit the subsequent message(s) for the sidelink unicast establishment within the response window corresponding to the received DCR.
· UE-2 can report the measurement results based on one or multiple RS(s) associated with one or more DCR received from the UE-1.
· TX spatial setting for the subsequent message(s) from UE-2 is determined based on the RX spatial setting of UE-2 for the DCR reception and/or the TX spatial setting associated with the response window. 
· If UE-1 enables SL HARQ-ACK feedback for the DCR message, and if the UE-2 successes to decode the DCR with certain TX spatial setting(s), and if the measurement results (e.g., RSRP, RSRQ, or SINR) based on one or multiple RS(s) associated with the received DCR is above a certain level, the UE-2 can transmit ACK to the UE-1.



3.1.1.2 Reference signal/channel
In RAN1 #112 meeting, the reference signal/channel for initial beam pairing was discussed extensively, and the following is the latest version FL proposal. 

	Proposal 1-2-d: RAN1 is to study whether and how the following could be enhanced for sidelink initial beam pairing:
· S-SSB
· Sidelink CSI RS 
· PSCCH/PSSCH DMRS 
· PSCCH/PSSCH and corresponding PSFCH 



In this meeting, companies discussed the above 4 reference signals/channels to support initial beam pairing. 

S-SSB:
The usage of S-SSB for initial beam paring was discussed by several companies. Specifically, Huawei, CATT, Sony, CMCC, CEWiT, Wilus, Ericsson consider enhancing S-SSB for initial beam pairing, while Nokia, OPPO, ZTE, Apple are against to enhance S-SSB for initial beam pairing. 

The issues of using legacy S-SSB for initial beam pairing were discussed by Huawei, OPPO, MTK, ZTE, xiaomi, Interdigital, Apple, Fraunhofer, Sharp, Wilus, LG, Ericsson. These issues are listed below for companies to check. 
· S-SSB does not include UE specific information 
· S-SSB only carries SSID for synchronization purpose
· S-SSB does not carry source ID, resulting in receiver UE unable to determine a proper beam measurement  
· S-SSB is for broadcast  
· S-SSB does not carry destination ID for a specific UE, resulting in unnecessary beam measurement/reporting by irrelevant UEs 
· S-SSB does not include beam related information
· SSB-PRACH association does not exist, and no dedicated PRACH resources
· Unclear beam reporting scheme 
· Not every UE transmits/receives S-SSB 
· If a sidelink UE’s synchronization source is GNSS or gNB/eNB, then it does not need to receive S-SSB. If a sidelink UE is not SyncRefUE, then it does not need to transmit S-SSB. 
· S-SSB resources are shared by SyncRefUEs
· Shared resources result in interferences, and may be not suitable for initial beam pairing 

To address these issues on S-SSB for its usage for initial beam pairing, the potential enhancement of S-SSB is provided in Proposal 1-2-a. Besides the above discussions, Wilus discusses detailed procedure of SSB-based initial beam pairing. 

SL CSI-RS: 
The usage of SL CSI-RS for initial beam paring was discussed by several companies. Specifically, Nokia (“after” case), OPPO, CATT, Sony, xiaomi, CMCC, MTK, Transsion, ZTE, Apple, LG, Ericsson consider enhancing SL CSI-RS for initial beam pairing. 

The issues of using legacy SL CSI-RS for initial beam pairing were discussed by Huawei, xiaomi, Apple, ZTE, LG, Ericsson. These issues are listed below for companies to check.
· SL CSI-RS is non-standalone
· SL CSI-RS has to be transmitted with PSCCH/PSSCH, which may be unavailable for initial beam pairing
· Unclear beam for SL CSI-RS measurement and PSCCH/PSSCH reception 
· Slow beam sweeping of SL CSI-RS since a single SL CSI-RS resource is used per slot 
· SL CSI-RS does not include beam related information
· SL CSI-RS is aperiodic
· Unclear beam reporting mechanism

Besides the above discussions, other aspects of SL CSI-RS design for initial beam pairing were discussed. 
1. Nokia and Fraunhofer discuss the information exchange between a pair of UEs for enabling SL CSI-RS based beam sweeping. 
2. MTK discusses detailed SL CSI-RS design, including SL CSI-RS resource (pre-)configuration and indication. 

To address these issues on S-SSB for its usage for initial beam pairing, the potential enhancement of SL CSI-RS is provided in Proposal 1-3-a.

PSCCH/PSSCH DMRS:
The usage of PSCCH/PSSCH DMRS for initial beam pairing was discussed by some companies. Nokia, ZTE, LG, DCM consider it as suitable for the case where initial beam pairing procedure starts during or after unicast link establishment procedure. 

However, Huawei and CMCC are against it to be used for initial beam pairing, as it does not “reuse existing sidelink CSI framework and reusing Uu beam management concepts” or it is not reliable reference signal for beam pair. xiaomi mentions PSCCH/PSSCH DMRS has less flexibility and resource efficiency than SL CSI RS. Apple mentions the beam reporting mechanism is unclear.

PSCCH/PSSCH and corresponding PSFCH:
The usage of PSCCH/PSSCH and corresponding PSFCH for initial beam pairing was discussed by some companies. ZTE, DCM and Ericsson consider it as suitable for the case where initial beam pairing procedure starts during or after unicast link establishment procedure. Sharp discusses detailed procedure of using PSCCH/PSSCH and corresponding PSFCH for initial beam pairing. 

However, Huawei and CMCC are against it to be used for initial beam pairing, as it does not “reuse existing sidelink CSI framework and reusing Uu beam management concepts”. Apple discusses the issues of using PSCCH/PSSCH and corresponding PSFCH for initial beam pairing, including unclear how to determine the best beam if multiple ACK is received. 

Other aspects:
Besides the above discussions on different candidate reference signals/channels for initial beam pairing, the high-level principle of initial beam pairing is discussed. 

1. CATT and Qualcomm mention to use periodic reference signal for initial beam pairing
2. Intel mentions of new reference signal beyond S-SSB for initial beam pairing
3. Interdigital proposes to have common reference signal design for both initial beam pairing and beam maintenance, as well as aperiodic reference signal for beam management 
4. xiaomi mentions UE specific beam management signal transmission with beam sweeping is investigated for initial beam pairing.  
5. Samsung mentions multiple mechanisms for initial beam pairing with different latency and overhead targets. 
6. Qualcomm mentions different UE capabilities on the number of beams for initial beam pairing should be considered in designing unified framework. 
7. Qualcomm mentions to re-use the concept of “SSB-PRACH association” 

The following table provides a summary of company proposals on the sidelink reference signal/channel for initial beam pairing:

	Company
	Company proposal related to this issue

	Nokia
	Observation 2: PSSCH DMRS associated with beamformed DCR/DCA transmission/reception may be used for initial beam pairing during PC5 unicast link establishment. In case a PC5 unicast link is already established, SL CSI-RS may be used for initial beam pairing based on exchanged SL CSI-RS resource configuration information.
Proposal 2: RAN1 to deprioritize the study of S-SSB enhancements for SL initial beam pairing.

	


Observation 7: New control signaling is needed to support SL beam pairing.
Proposal 7: 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 pairing, and which layer (L1, L2, L3) may be used to convey such information.

	Huawei
	[bookmark: _Ref130927449]Observation 4: The following issues have been identified and needs to be addressed in order to use S-SSB for initial beam pairing:
· 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.
[bookmark: _Ref130927490]Proposal 5: For SL FR2 initial beam sweeping, the following enhancements are considered for S-SSB:
· Indication of UE-specific information is supported for initial beam sweeping, FFS details.
· Study the use of S-PSS and S-SSS resources to indicate UE-specific information and synchronization information, respectively.
· 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.
[bookmark: _Ref126672205][bookmark: _Ref130927493]Proposal 6: For SL FR2 initial beam sweeping, study whether/how to enhance SL CSI-RS.
· Study whether/how SL CSI-RS can be used for initial beam sweeping before/during unicast link establishment.
· [bookmark: _Ref130927452]Study how to determine SL CSI-RS transmission time/frequency resources.
Observation 5: For SL FR2 initial beam sweeping,
· DMRS has to be transmitted together with data and is not a reliable reference signal for beam pairing.
· PSCCH/PSSCH and corresponding PSFCH are infeasible for initial beam sweeping since unicast link establishment should be considered first before data transmission.

	vivo
	[bookmark: _Ref131787067]Proposal 5: Study how to align the transmission beam and reception beam between two UEs during the PC5 unicast link establishment procedure (e.g., for transmission/reception of DCR and DCA message) for more efficient unicast link establishment.

	OPPO
	Observation 1: In NR Uu, both SSB and CSI-RS can be used for QCL indication.
Observation 2: SSB for beam selection in NR Uu is beneficial since SSB detection is necessary during RACH procedure. While S-SSB detection is not necessary if synchronization source is from gNB/eNB or GNSS.
Observation 3: The transmission resources and ID for the synchronization signal are not UE-specific.
Observation 4: There is no additional benefit to apply S-SSB for beam selection compared to SL CSI-RS.
Proposal 2: S-SSB is not used as reference signal for QCL indication.
Observation 5: Legacy SL CSI-RS is not suitable for SL beam management and should be enhanced.
Proposal 3: The following SL CSI-RS enhancements can be considered for SL beam management
· At least 2 SL CSI-RS resource sets are supported
· Periodic SL CSI-RS
· Stand-alone SL CSI-RS
· Multiple SL CSI-RS resources within one slot

	CATT
	Proposal 2: In the initial beam matching process, UE sends beam sweeping burst set a fixed interval for beam scanning, and repeats the transmission at a certain period, similar to legacy procedure.
Proposal 3: Both modified S-SSB and SL CSI-RS can be used as a starting point to achieve initial beam pairing.

	Intel
	Proposal 15: Study if other reference signals besides the ones present in Rel-16 S-SSB can be used for initial beam alignment.

	Sony
	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.

	Interdigital
	[bookmark: _Hlk127369013]Observation 1: Periodical references signal transmissions are prerequisite for Uu beam management.
Observation 2: 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: Strive to consider a common RS design for both initial beam pairing and beam management.
Proposal 2: Study SL beam management based on aperiodic beamformed SL RS transmissions, e.g., CSI-RS.

	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
Observation 2: Supporting UE-specific S-SSB would introduce much specification impact and thus is not preferred.
Observation 3: Comparing CSI-RS and PSCCH/PSSCH DMRS, CSI-RS is better from flexibility and resource efficiency perspective.
Proposal 1: For reference signal of sidelink beam management, sidelink CSI-RS is considered as the baseline.
Proposal 2: UE specific beam management signal transmission with beam sweeping is investigated for SL initial beam pairing.
Proposal 3: TX beam sweeping is used in initial beam pairing, and a response time window is defined for each TX beam.

	Samsung
	Proposal 3: For enhanced SL operation on FR2 licensed spectrum, RAN1 can consider multiple mechanisms for initial beam pairing with different latency and overhead targets.

	CMCC
	Proposal 3:	RAN1 should study the following two alternatives for sidelink initial beam-pairing:
· [bookmark: OLE_LINK452][bookmark: OLE_LINK453]Alt 1: Sidelink initial beam-pairing is based on S-SSB transmission/reception;
· Alt 2: Sidelink initial beam-pairing is based on SL CSI-RS transmission/reception.
· Other alternatives, e.g., based on PSCCH/PSSCH DMRS is out-of-scope and should not be studied in Rel-18.
[bookmark: OLE_LINK40]Proposal 4: Periodic SL CSI-RS transmission for beam management can be studied in Rel-18.
[bookmark: OLE_LINK50]Proposal 5: Standalone SL CSI-RS transmission (i.e., without PSCCH/PSSCH) for beam management can be studied in Rel-18.
Proposal 6: RAN1 should study how to determines the associated resource of the selected S-SSB/SL CSI-RS, to transmit a response/confirmation message for initial beam-pairing.

	CEWiT
	Proposal 1: In sidelink beam management, S-SSB based P-1 procedure for beam selection can be supported. 

	MTK
	[bookmark: _Hlk131779827]Observation 3: In NR Uu, both SSB and CSI-RS are used for beam measurement of beam management. In NR SL, S-SSB is only used by SyncRef UE during sync procedure and there is no UE specific information within S-SSB, and CSI-RS is only used for CSI report and after unicast link establishment.
[bookmark: _Hlk131779881]Proposal 2: CSI-RS is prioritized to be used for beam measurement in SL FR2.
Observation 4: 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}.
[bookmark: _Hlk131779953]Observation 5: For SL FR2 beam management, NR SL CSI-RS resource configuration can be reused with only nrofPorts={p1}, density=1 and cdm-Type={noCDM} will be used.
[bookmark: _Hlk131779974]Proposal 3: For SL FR2 initial beam pairing before link establishment accomplished, the CSI-RS resource (pre-)configuration and indication are needed for beam pairing during the unicast connection establishment.
[bookmark: _Hlk131780007]Observation 6: In NR SL, CSI-RS is PC5-RRC configured so CSI-RS configurations is not available before link establishment accomplished.
Proposal 4: CSI-RS (pre-)configuration and indication are needed if initial beam pairing before link establishment accomplished:
Option 1: (pre-)configured CSI-RS
[bookmark: _Hlk131780073]Option 2: Dynamic indicated CSI-RS via SCI (based on configured CSI-RS resources)

	Transsion 
	Proposal 1: SL CSI-RS is used as the reference signal for beam training.

	ZTE
	[bookmark: _Toc131790682]Observation 2: If S-SSB is used for sidelink initial beam pairing, there are at least the following issues:
· [bookmark: _Toc131790683]Legacy S-SSB does not include UE specific ID;
· [bookmark: _Toc131790684]Configuring a larger number of S-SSB resources may lead to low resource utilization if the S-SSB resources are outside the resource pool, or may affect sensing procedure and lead to half duplex issues if the S-SSB resources are within the resource pool;
· [bookmark: _Toc131790685]Need to study new mechanisms to avoid S-SSB resource conflicts among mode 2 UEs.
[bookmark: _Toc131790693]Proposal 3: S-SSB is not used for sidelink initial beam pairing in Rel-18.
[bookmark: _Toc131790694]Proposal 4: CSI-RS is used for initial beam pairing after sidelink unicast link establishment procedure.
[bookmark: _Toc131790695]Proposal 5: PSCCH/PSSCH DMRS can be used for initial beam pairing after sidelink unicast link establishment procedure. If initial beam pairing during sidelink unicast link establishment is supported in Rel-18, PSCCH/PSSCH DMRS can also be used for initial beam pairing during sidelink unicast link establishment procedure.
[bookmark: _Toc131790696]Proposal 6: PSFCH can be used for initial beam pairing during or after sidelink unicast link establishment procedure. If initial beam pairing during sidelink unicast link establishment is deemed worth pursing in Rel-18, PSFCH can be used for initial beam pairing also be used for initial beam pairing during sidelink unicast link establishment procedure.
Observation 3: If R16/R17 CSI-RS mechanism is reused without enhancement, it may take a long time to complete a beam training because CSI-RS can be only transmitted together with PSSCH in one beam direction within one slot.
Proposal 7: The following options for CSI-RS resource configuration can be considered:
· Option 1(non-standalone CSI-RS): CSI-RS resources are TDMed with PSCCH/PSSCH transmission in a slot, and have the same transmission bandwidth with the PSSCH transmission;
· Option 2(standalone CSI-RS): Configure a CSI-RS resource pool, or configure dedicated CSI-RS resources which are TDMed with PSSCH in the same resource pool.
Proposal 8: At least support aperiodic CSI-RS resources, and FFS the support of periodic CSI-RS resources.

	Apple
	Observation 4: For a reference signal used for initial beam pairing, the source ID, destination ID and beam information associated with this reference signal should be indicated.
Observation 5: If S-SSB is used as reference signal for initial beam pairing, then S-SSB is to be enhanced to indicate source ID, destination ID and beam information associated with S-SSB.
Observation 5: If S-SSB is used as reference signal for initial beam pairing, then S-SSB is to be enhanced to indicate source ID, destination ID and beam information associated with S-SSB.
Observation 6: If S-SSB is used as reference signal for initial beam pairing, then the resources for such S-SSB transmission need to be examined.
Observation 7: If S-SSB is used as reference signal for initial beam pairing, then a new beam indication mechanism needs to be examined, without the existence of dedicated RACH resources in sidelink.
Proposal 3: Do not use S-SSB as reference signal for initial beam pairing.
Observation 8: If sidelink CSI-RS is used as reference signal for initial beam pairing, then beam information associated with sidelink CSI-RS needs to be indicated.
Observation 9: If sidelink CSI-RS is used as reference signal for initial beam pairing, then the association between sidelink CSI-RS and sidelink data transmission needs to be released, and fast beam sweeping mechanism needs to be examined.
Proposal 4: Consider using sidelink CSI-RS as reference signal for initial beam pairing.
Observation 10: If PSCCH/PSSCH and corresponding PSFCH are explored for initial beam pairing, then how a transmitter UE determines the best transmit beam needs to be examined.
Observation 11: If PSCCH/PSSCH and corresponding PSFCH are explored for initial beam pairing, then it needs to examine whether and how to reduce the time duration of initial beam pairing procedure.
Proposal 5: RAN1 to further check whether initial beam pairing can be achieved via PSCCH/PSSCH beam sweeping with corresponding sidelink ACK feedback.

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

	Qualcomm
	Observation 1: For FR2-SL initial beam-pairing (IBP), beam maintenance (BM), and beam-failure recovery (BFR), SL RS transmissions over multiple beams and monitoring them are necessary.
· The RS can be [1] symbol transmission per beam in theory
· FFS: Impact from AGC
· The RS should be transmitted/monitored in periodic manner
Observation 2: Different UE types may use different sets of beams for SL beam management, e.g.:
· One Type of UEs may use common set of (wide) beams for all SL beam management procedures including initial beam-pairing, beam maintenance, and beam failure recovery
· Another type of UEs may use multiple sets of beams for different SL beam management procedure
· E.g., one set of (wide) beams for initial beam-pairing for other UEs to measure, and another set of (narrow) beams for high data rate communication with a paired UE
Proposal 1: Enable periodic SL RS based beam-sweeping for SL beam management, including initial beam-pairing (IBP), beam maintenance (BM), and beam-failure recovery (BFR)
· Unified framework shall be able to support variety of scenarios and UE types
Observation 4: Initial beam-pairing can be based on the concept of ‘Uu SSB – PRACH association’.
Proposal 3: For initial beam-pairing, consider re-using the concept of ‘SSB – PRACH association’ from Uu
· UE1 transmits RSs over multiple beams (beam-sweeping) in periodic manner.
· FFS: structure of the RSs for beam-sweeping
· A set of resources for ‘beam-pairing response’ that are associated with UE1’s Tx beams are presented.
· FFS: structure of the ‘beam-pairing response’
· UE2 transmits ‘beam-pairing response’ on the resource that is associated with the preferred UE1’s Tx beam.
· UE1 identifies the UE2’s response and the preferred Tx beam for the UE2 based on the resource that UE1 detects the ‘beam-pairing response’ from UE2
Observation 5:
· Initial beam-pairing based on RSs for beam-sweeping requires much smaller overhead compared to initial beam-pairing using messages of unicast-link establishment.
· For the case where UE1 transmits RSs for beam-sweeping and UE1 initiates unicast-link establishment with UE2 that monitors the RSs from UE1 (Case 1):
· UE2 should be able to know when/whether UE1 initiates unicast-link establishment.
· Similar to Uu paging, UE1 can indicate/trigger unicast-link establishment.
Observation 6: Initial beam-pairing for the case where UE1 transmits RSs for beam-sweeping and UE2 that monitors the RSs from UE1 initiates unicast-link establishment with UE1 (Case 2):
· Procedure for Case 1 can mostly be re-used
· Unlike Case 1, initial beam-pairing can be triggered only when UE2 would like to initiate unicast-link establishment with UE1.
Proposal 4: Study detailed procedures of initial beam-pairing using RSs for beam-sweeping and ‘beam-pairing response’
· At least following should be taken into account:
· Overhead
· Delay until initial beam-pairing
· Both of the following cases should be considered:
· Case 1: UE1 transmits RSs for beam-sweeping and UE1 initiates unicast-link establishment with UE2 that monitors the RSs from UE1
· Case 2: UE1 transmits RSs for beam-sweeping and UE2 that monitors the RSs from UE1 initiates unicast-link establishment with UE1
Proposal 9:
· Study following two options for RS transmissions for SL beam management
· Option 1: Stand-alone transmission (RSs not associated with PSCCH/PSSCH)
· Option 2: Non-stand-alone transmission (RSs associated with PSCCH/PSSCH)
· Further discuss the structure of RS for SL beam management:
· Number of OFDM symbols per RS (per beam)
· Including impact from AGC
· RS waveform, sequence generation, etc
· E.g., reusing SL CSI-RS (or S-SSS)

	DCM
	Proposal 2: Study whether and how DMRS of PSSCH/PSCCH and PSFCH could be enhanced for SL initial beam pairing performed during unicast link establishment procedure
· PSFCH is assumed to be used only for responding the initiation of initial beam pairing
Proposal 3: Study whether and how S-SSB, CSI-RS and PSFCH could be enhanced for SL initial beam pairing performed before unicast link establishment procedure
· PSFCH is assumed to be used only for responding the initiation of initial beam pairing

	Sharp
	Observation 1: Utilizing association between PSSCH and corresponding PSFCH for sidelink initial beam pairing accords with the Uu beam management concept where association between SSB and corresponding RACH occasions are used for initial beam pairing between gNB and UEs.
Proposal 2: Study the feasibility and necessity of S-SSB enhancement for initial beam-pairing including following aspects.
· How to configure and identify resources of S-SSB specific to a pair of UEs with the destination Layer-2 ID.
· How to notify SL UE ID information by S-SSB.
· When the pair of UEs start or terminate beam sweeping of S-SSBs.

	Wilus
	Proposal 1: S-SSB should be used for sidelink initial beam pairing.
Observation 1: NR sidelink does not have PRACH transmission or concept of PRACH occasion, hence NR SL UE cannot indicate beam related information based on PRACH occasion.
Proposal 2: New process for sidelink initial beam pairing using S-SSB should be defined.
Proposal 3: NR SL Tx UE can perform beam sweeping for every configured S-SSB transmissions.
Proposal 4: 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 5: NR SL Rx UE can measure PSBCH-RSRP for identifying the best beam.
Proposal 6: NR SL Rx UE can transmit precoding applied S-SSB repeatedly at configure resources that the transmission beam of NR SL Rx UE’s S-SSB is associated with the best receive beam of the Rx UE.

	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.
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 3: 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 PSSCH including DCR or message(s) for sidelink unicast link establishment
· Alt 2: SL CSI-RS within PSSCH including DCR or message(s) for sidelink unicast link establishment
· Alt 3: Standalone SL CSI-RS which is QCLed with PSCCH DMRS and/or PSSCH DMRS associated with PSSCH including DCR or message(s) for sidelink unicast link establishment in Type D

	Ericsson
	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.
Proposal 3: RAN1 to consider potential enhancements to the S-SSB to be suitable for beam management procedures.
Observation 8: In current NR SL framework only S-SSB transmissions are periodic.
Observation 9: In current NR SL framework, CSI-RS is aperiodic and non-standalone.
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.
Proposal 5: RAN1 to consider studying the initial beam establishment by means of synchronization signals carrying additional information, e.g., transmitter ID and beam details, including dedicated resources for these transmissions.
Proposal 6: For SL operation in FR2, mapping between PSFCH resources and beams is used for beam establishment and beam refinement. 
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. 
Proposal 8: RAN1 to study the initial beam establishment by utilizing CSI-RS framework.



3.1.1.3 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: 
· Huawei mentions that for S-SSB based initial beam pairing, the beam reporting resources are associated with S-SSB, or using PSFCH-like channel (also CEWiT). 
· OPPO mentions that for CSI-RS based initial beam pairing, the beam measurement metric is SL-RSRP or SL-SINR, and beam reporting contents could be none, CRI, CRI-RSRP. 
· vivo mentions beam reporting contents could be logical beam ID or slot index to implicitly indicate the proper PSCCH/PSSCH (for DCR message).
· Intel mentions that both transmit beam and receive beam sweeping based on P1 is used.
· Samsung proposes to study beam indication schemes. 
· MTK mentions transmitter UE indicates receiver UE on the number of beams to be reported. 
· CATT mentions to reuse the Uu link beam management framework. 

Overall, FL thinks we could discuss the beam measurement, reporting and indication when the reference signal/channel to be used for initial beam pairing are 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/channel 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

	Huawei
	[bookmark: _Ref126672207]Proposal 5: For SL FR2 beam measurement reporting for initial beam sweeping,
· Study how to enable beam measurement reporting when S-SSB is used for initial beam sweeping.
· Support a mapping rule between beam sweeping opportunities and corresponding beam measurement reports.
· Study the use of a PSFCH-like channel for beam measurement reports, indicating the transmitter of the report.
· Study how to enable beam measurement reporting when SL CSI-RS is used for initial beam sweeping.
· Study how to indicate the optimal beam through beam measurement report

	OPPO
	Proposal 4: SL RSRP and SL SINR can be considered as measurement metric for SL beam management.
Proposal 5: The following report quantities can be supported for SL beam management: none, CRI, CRI-RSRP.

	vivo
	[bookmark: _Ref131787069]Proposal 6: Study how to perform beam feedback during the initial beam training procedure, e.g., feedback logical beam ID or slot index associated with a beam based PSCCH/PSSCH transmission. 

	Intel
	Proposal 7: Procedure P1 where both the Tx and the Rx UE perform beam sweeping is utilized for initial beam pairing.

	Samsung
	Proposal 4: On Enhanced SL operation on FR2 licensed spectrum, study beam indication mechanisms during initial beam pairing.

	CEWiT
	Proposal 2: Study further methods to enable beam selection and beam reporting mechanisms using S-SSB for P-1 procedure. PSFCH can be used for beam reporting for P1 procedure.

	MTK
	[bookmark: _Hlk131780136]Observation 7: 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: _Hlk131780140]Proposal 5: The supported beam number (e.g., coarse beam and/or fine beam numbers, etc.) of Tx UE needs to be informed by Tx UE to Rx UE during initial beam pairing.

	CATT
	Proposal 1: Sidelink (SL) beam management shall reuse NR beam management framework, and include the following components: beam determination, beam adjustment, beam measurement, beam reporting, beam indication, and beam failure recovery.



3.1.1.4 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

	Toyota
	[bookmark: _Toc131768505][bookmark: _Toc131435274]Observation 2: The use of narrow Tx/Rx beams increases the overhead of initial beam pairing because a lot of beam candidates need to be searched.
[bookmark: _Toc131768506][bookmark: _Toc131435275]Observation 3: For initial beam pairing, exhaustive beam search is not efficient and not suitable when UEs are moving.
[bookmark: _Toc131435253][bookmark: _Toc131768516]Proposal 3: Study fast, efficient initial beam pairing solutions to support UE mobility.

	Intel
	Proposal 5: Study which information can be used to assist the initial beam-pairing. 
Proposal 6: Study which information exchange is necessary to ensure that both UEs have the same understanding of the optimal beam at both devices.

	Sony
	[bookmark: OLE_LINK1]Proposal 1: When transmitter get the related information of receiver (e.g., position, speed, etc), part of the configured beams can be used for beam sweeping to reduce the overhead and delay of beam alignment.

	Ericsson
	[bookmark: _Toc131720404]Observation 3: When designing the beam management procedures, RAN1 needs to consider in SL a scenario that TX and RX are highly moving.
[bookmark: _Toc131720405]Observation 4: The initial beam establishment procedure in NR Uu relies on the transmission of SSB to infer the wide beam.

	Huawei
	[bookmark: _Ref127295374]Observation 7: 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.
Proposal 6: Study how to address the half duplex issue due to TX/RX transmission conflict and multiple beams in SL FR2.

	Fraunhofer
	Proposal 7: Study how to address the half duplex issue in SL FR2.

	NEC
	Proposal 1: The study of sidelink beam management should reuse existing sidelink CSI framework and reusing Uu beam management concepts wherever possible.



3.1.2 [Closed] First round discussions
3.1.2.1 Proposal 1-1-a 
Proposal 1-1-a: RAN1 to consider the following optional procedures on initial beam pairing and unicast link establishment
· Procedure 1: Initial beam pairing starts before sidelink unicast link establishment
· transmitter UE periodically sends reference signal (e.g., S-SSB or SL CSI-RS) via different transmit beams
· receiver UE measures reference signal via different receive beams and determines a pair of transmit beam and receive beam
· receiver UE indicates its determined beam to transmitter UE via using a resource associated with the determined beam
· transmitter UE and receiver UE set up sidelink unicast link via the indicated beam pair. 
· Procedure 2: Initial beam pairing starts during sidelink unicast link establishment 
· transmitter UE sends DCR messages repeatedly via different transmit beams
· if receiver UE decodes one of the DCR messages sent via a certain transmit beam, it indicates to transmitter UE which DCR message is successively received (e.g., via PSFCH, slot index of the DCR message, PSCCH/PSSCH DMRS index)
· transmitter UE knows the transmit beam corresponding to the successively delivered DCR message and uses the same beam to finish the remaining sidelink unicast link establishment procedure. 
· Procedure 3: Initial beam pairing starts after sidelink unicast link establishment
· transmitter UE and receiver UE set up sidelink unicast link (e.g., UE implementation)
· transmitter UE and receiver UE configure the resources for beam sweeping and beam reporting (e.g., via SL CSI-RS or sidelink data) 
· transmitter UE sweeps beams on the configured resources; receiver UE determines a pair of transmit beam and receive beam 
· receiver UE indicates its determined beam to transmitter UE (e.g., via SL CSI reporting or PSFCH or PSCCH/PSSCH DMRS reporting)


Companies are welcome to provide modified proposal directly.

	Company
	Yes or No
	Comments

	Qualcomm
	
	Editorial comment:
· Should the main bullet be like “RAN1 to consider the following optional procedures as options on initial beam pairing and unicast link establishment”?

On procedure 1 and procedure 2:
· Procedure 1 is the option of “before” that uses periodic RS. Procedure 2 is the option of “during” that uses repeated DCR message. However, we think periodic RS can be used even for initial beam-pairing “during” unicast-link establishment. 
· For example, Fig. 9 (copied below) in R1-2303594 presents a method that uses periodic RS and repetition of DCR message. Tx UE transmits RS in periodic manner and when the Tx UE initiates unicast-link, it transmits DCR message over the Tx beams. This reduces the overhead of beam-sweeping for DCR message thanks to the periodic RS that has been used by Rx UE to identify its Rx beam before DCR message is transmitted. This is an analogy from Uu paging.
· This is more efficient than the procedure 2 in Proposal 1-1-a as analyzed in Fig. 10 of R1-2303594.

· As such, we think it is not necessary to categorize options as “before” or “during”. It would be more useful to list-up valid options that enables initial beam-pairing before dedicated beam pair is available, for further discussion/comparison at the next step.


On procedure 3:
· We consider this option is technically problematic. This essentially means that a UE may not use an appropriate beam/panel for message exchanges with another UE until beam measurement/report are configured and dedicated beam pair is established for the unicast-link. In other words, the message exchanges until dedicated beam pair is available are quite unstable and sufficient communication range cannot be ensured.
· 2nd, 3rd, and 4th sub-bullets of Procedure 3 are not an initial beam pairing from our understanding; these are part of normal beam maintenance procedure (that can be common for all the options) and hence should be removed. 
· A UE typically has multiple antenna panels for spherical coverage; it is unclear how UE implementation can enable message exchanges without any form of beam/panel pairing until dedicated beam configurations are available.



	ZTE, Sanechips
	No
	Our first preference is to consider procedure 3 alone. However, for study purpose, in procedure 1 and 3 , we prefer to add PSSCH/PSCCH DMRS as well for beam sweeping. Depending on the CSI RS configuration and beam sweeping process, the CSI-RS transmission may be periodic or one-shot. For example, if sufficient beam sweeping can be accommodated within a single slot, there is no need to perform periodic CSI RS transmission. Moreover, we believe the PSSCH/PSCCH DMRS can also be used for beam training before and after link establishment as well. This procedure will lead to a unified BF framework for before/during and after link establishment. 
· Procedure 1
transmitter UE periodically sends reference signal  (e.g., S-SSB or SL CSI-RS) or sends SL PSSCH/PSCCH DMRS via different transmit beams
· Procedure 3 
· transmitter UE and receiver UE configure the resources for beam sweeping and beam reporting (e.g., via SL CSI-RS or sidelink data/PSCCH DMRS) 


	LGE
	Comments
	It seems that the purpose of this proposal is to list up candidate mechanism to be studied further. In this case, it would be better to say “can consider” in the main bullet. 

On Procedure 1, I would be necessary to investigate following issues:
· When the TX UE will start transmitting the reference signals 
· When the RX UE will start monitoring the reference signals 
· How the TX UE and RX UE has common understanding on the RS resources
If we do not study them, a number of UEs will try to transmit the RS regardless of whether it is intended to initiate unicast link or not, and it will increase the congestion level of the system.
On the resource configuration, since the RS will be transmitted even before DCR transmission, there is no PC5-RRC signaling. Moreover, since the (pre)configuration will be common for multiple UEs, it will cause resource collisions. In our understanding, at least SCI indication is supported to indicate the RS resources. 
In this point of view, “periodically” needs to be removed. In our understanding, whether or how to support periodic SL CSI-RS will be discussed in another proposal, and the important thing in Procedure 1 is that the RS can be transmitted before SL unicast link establishment.

For all the candidate procedure, we’d like to add “the same or “ before “different”. The reason is to support RX beam training, the TX UE may need to transmit RS or DCR with the same TX beam.  

	OPPO
	comment
	We prefer P3. In addition to the limitation summarized by FL, we have some further concerns for P1. 
Firstly, initial beam pairing procedure includes beam reporting from RX UE to TX UE. While in legacy NR SL, reporting is only supported in unicast case, not for broadcast and groupcast. For P1, before unicast link establishment, how the RX UE to report beam to TX UE? If we want to support reporting for BC/GC case, which needs related work to RAN2. It can up to RAN2 decision whether/how to support that.
Secondly, for a UE (UE1), if it has several unicast link with different UE2s (such as UE2 and UE3), the source ID maybe different for different unicast link. Furthermore, the source ID is different for UE1 to perform unicast and broadcast. Before unicast link establishment, it is hardly for RX UE know whether and who will be unicast pair. When RX UE receives a SL transmission from a TX UE with beam info, it cannot know whether the TX UE it potential unicast pair based on the source ID in the SCI. if the RX UE performs beam reporting for each received SL transmission with beam info, most of them will be useless if the TX UE is not its target unicast pair. That will cause resource waste and resource inefficiency. 

	Vivo
	
	For procedure 1, the DCR and DCA should be exchanged after the RS based beam paring, there is some association between the beam training RS and DCR/DCA transmission, similar as 4-step initial access in Uu. 
· Procedure 1: Initial beam pairing starts before sidelink unicast link establishment
· transmitter UE periodically sends reference signal (e.g., S-SSB or SL CSI-RS) via different transmit beams
· receiver UE measures reference signal via different receive beams and determines a pair of transmit beam and receive beam
· [vivo]: FFS the RX beam, e.g., omni-directional beam.
· receiver UE indicates its determined beam to transmitter UE via using a resource associated with the determined beam
· FFS enhancement of the associated DCR/DCA transmission to finalize initial beam pairing. 
· transmitter UE and receiver UE set up sidelink unicast link via the indicated beam pair
For procedure 2, CSI-RS resource index can be considered as well, if CSI-RS is transmitted together with DCR/DCA
· Procedure 2: Initial beam pairing starts during sidelink unicast link establishment 
· transmitter UE sends DCR messages repeatedly via different transmit beams
· if receiver UE decodes one of the DCR messages sent via a certain transmit beam, it indicates to transmitter UE which DCR message is successively received (e.g., via PSFCH, slot index of the DCR message, PSCCH/PSSCH DMRS index, CRI)
· transmitter UE knows the transmit beam corresponding to the successively delivered DCR message and uses the same beam to finish the remaining sidelink unicast link establishment procedure. 
Procedure 3 is beam maintenance procedure. We should focus on procedure 1/2 for enhancement

	Xiaomi
	comment
	We are generally fine with the direction. We also think both same transmit beam and different transmit beams shall be included in the procedures, as commented by LG. 
Our preference is on P1 and P2. The main concern on P3 is on the coverage performance of unicast connection setup messages before beam alignment. 

	CMCC
	No
	We do not think using PSCCH/PSSCH DMRS is feasible because this may violate the guideline in SID, which says the existing sidelink CSI framework and Uu beam management concepts should be reused wherever possible, so we prefer to remove procedure 2 and all the relevant parts in other procedures.

Proposal 1-1-a: RAN1 to consider the following optional procedures on initial beam pairing and unicast link establishment
· Procedure 1: Initial beam pairing starts before sidelink unicast link establishment
· transmitter UE periodically sends reference signal (e.g., S-SSB or SL CSI-RS) via different transmit beams
· receiver UE measures reference signal via different receive beams and determines a pair of transmit beam and receive beam
· receiver UE indicates its determined beam to transmitter UE via using a resource associated with the determined beam
· transmitter UE and receiver UE set up sidelink unicast link via the indicated beam pair. 
· Procedure 2: Initial beam pairing starts during sidelink unicast link establishment 
· transmitter UE sends DCR messages repeatedly via different transmit beams
· if receiver UE decodes one of the DCR messages sent via a certain transmit beam, it indicates to transmitter UE which DCR message is successively received (e.g., via PSFCH, slot index of the DCR message, PSCCH/PSSCH DMRS index)
· transmitter UE knows the transmit beam corresponding to the successively delivered DCR message and uses the same beam to finish the remaining sidelink unicast link establishment procedure. 
· Procedure 3: Initial beam pairing starts after sidelink unicast link establishment
· transmitter UE and receiver UE set up sidelink unicast link (e.g., UE implementation)
· transmitter UE and receiver UE configure the resources for beam sweeping and beam reporting (e.g., via SL CSI-RS or sidelink data) 
· transmitter UE sweeps beams on the configured resources; receiver UE determines a pair of transmit beam and receive beam 
· receiver UE indicates its determined beam to transmitter UE (e.g., via SL CSI reporting or PSFCH or PSCCH/PSSCH DMRS reporting)


	Nokia, NSB
	See comments
	We propose the following modifications:
· Procedure 1 is not further pursued. Procedure 1 is essentially a copycat version of the P-1 procedure from NR Uu based on SSB-PRACH, i.e., initial access. From our perspective, it makes no sense to perform such “initial access” by default with every surrounding UE. There could be hundreds of RXUEs within a TXUE’s SL FR2 coverage area, will all of them align their beams with the TXUE for nothing? Moreover, “transmitter UE periodically sends reference signal” will consume a lot of power, which is OK for gNB or RSU, but not for a handheld device that is battery driven. So it would need to be clarified what exactly is meant by “periodic transmission”, e.g., can it be turned on and off? 
· Procedure 2: RXUE may be able to decode more than one DCR. Thus, we propose that RXUE indicates DCR received with highest L1-RSRP.
· Procedure 3: In case of TX/RX beam correspondence, TX beam sweeping (and beam reporting) may not be needed, e.g., in case RX beam sweeping is performed by both UEs, as shown in the figure below, which could be done significantly faster:


Proposal 1-1-a: RAN1 to consider the following optional procedures on initial beam pairing and unicast link establishment
· Procedure 1: Initial beam pairing starts before sidelink unicast link establishment
· transmitter UE periodically sends reference signal (e.g., S-SSB or SL CSI-RS) via different transmit beams
· receiver UE measures reference signal via different receive beams and determines a pair of transmit beam and receive beam
· receiver UE indicates its determined beam to transmitter UE via using a resource associated with the determined beam
· transmitter UE and receiver UE set up sidelink unicast link via the indicated beam pair. 
· Procedure 2: Initial beam pairing starts during sidelink unicast link establishment 
· transmitter UE sends DCR messages repeatedly via different transmit beams
· if receiver UE decodes one (or more) of the DCR messages sent via a certain different transmit beams, it indicates to transmitter UE which DCR message is successively received with highest L1-RSRP (e.g., via PSFCH, slot index of the DCR message, PSCCH/PSSCH DMRS index)
· transmitter UE knows the transmit beam corresponding to the successively successfully delivered DCR message with highest L1-RSRP and uses the same beam to finish the remaining sidelink unicast link establishment procedure. 
· Procedure 3: Initial beam pairing starts after sidelink unicast link establishment
· transmitter UE and receiver UE set up sidelink unicast link (e.g., UE implementation)
· transmitter UE and receiver UE configure the resources for beam sweeping and beam reporting (e.g., via SL CSI-RS or sidelink data) 
· transmitter UE sweeps beams on the configured resources; receiver UE determines a pair of transmit beam and receive beam 
· receiver UE indicates its determined beam to transmitter UE (e.g., via SL CSI reporting or PSFCH or PSCCH/PSSCH DMRS reporting)


	Lenovo
	Yes








	In the first proposal when the unicast beam is established before the unicast link. Then the unicast beam needs to contain the source and destination IDs and do beam sweeping due to the fact that peer UE location nor ID is not known in advance. The peer UE whose destination ID is matched send response with the corresponding RS or feedback.   
Hence the unicast and the beam pair establishment should be done together and the IDs mentioned in the DCR messages can be reused for the beam pair establishment.  

	Huawei, HiSilicon
	Comments
	We support procedure 1, and are open to studying procedure 2. 

For procedure 1, with directional beam, unicast links can be established with RX UEs that are farther away. For Vivo’s comment, the unicast link establishment takes place as per legacy sidelink procedures, and no enhancements are required since the beam pair has already been determined.
For procedure 2, a reference signal like SL CSI-RS is sent along with DCR/RRC connection request and transmitted with different beams. The receiver UE measures the SL-RSRP, and sends beam reports to the transmitter UE via CSI reporting.
For procedure 3, it is infeasible to set up sidelink unicast link by UE implementation, since resources used for transmitting/receiving the DCR and reporting are needed to be specified for both TX and RX UEs. It would have to use directional beams, in which case the DCR/DCA messages would have to be transmitted on all the beams, resulting in inefficient resource utilization, or omni-directional beams, which are limited in their communication range.

The updated proposal is seen below, with the revisions in red.
Proposal 1-1-a: RAN1 to consider the following optional procedures on the relationship between initial beam pairing and unicast link establishment and their details
· Procedure 1: Initial beam pairing starts before sidelink unicast link establishment
· transmitter UE periodically sends reference signal (e.g., S-SSB or SL CSI-RS) via different transmit beams 
· receiver UE measures reference signal via different receive beams and determines a pair of transmit beam and receive beam
· receiver UE indicates its determined beam to transmitter UE via using a resource associated with the determined beam
· transmitter UE and receiver UE set up sidelink unicast link via the indicated beam pair, as per the legacy L2 link establishment procedure. 
· Procedure 2: Initial beam pairing starts during sidelink unicast link establishment 
· transmitter UE sends DCR messages repeatedly via different transmit beams along with reference signal (e.g. SL CSI RS)
· if receiver UE decodes one of the DCR messages sent via a certain transmit beam, it indicates to transmitter UE which DCR message is successively received (e.g., via PSFCH, slot index of the DCR message, PSCCH/PSSCH DMRS index), or if the receiver UE measures reference signal via different receive beams and sends measurement reports to the transmitter UE
· transmitter UE knows the transmit beam corresponding to the successfully delivered DCR message or received reports and uses the same beam to finish the remaining sidelink unicast link establishment procedure. 
· Procedure 3: Initial beam pairing starts after sidelink unicast link establishment
· transmitter UE and receiver UE set up sidelink unicast link (e.g., using directional beams, where the transmitter UE sends DCR messages repeatedly via different transmit beams, or using omni-directional beams, as per the legacy L2 link establishment procedure UE implementation)
· transmitter UE and receiver UE configure the resources for beam sweeping and beam reporting (e.g., via SL CSI-RS or sidelink data) 
· transmitter UE sweeps beams on the configured resources; receiver UE measures reference signals via different receive beams and determines a pair of transmit beam and receive beam 
· receiver UE indicates its determined beam to transmitter UE (e.g., via SL CSI reporting or PSFCH or PSCCH/PSSCH DMRS reporting)


	Intel
	No
	General: 
We would prefer to call these “options” rather than “procedures”. We would like to split this discussion into 3 separate ones as this would make the discussion more efficient.

Regarding procedure 1:
· This does assume beam correspondence as it does not work without it. Thus, this needs to be clarified in the first bullet of procedure 1. 
· In our understanding it is unclear which UE is transmitting and which UE is receiving during this procedure. If no prior alignment exist this means who is transmitting and receiving at a given occasion is determined at random. This is an essential part of the procedure and is not included yet. We would like to clarify this understanding. 

Regarding procedure 2:
· This does assume beam correspondence as it does not work without it. Thus, this needs to be clarified in the first bullet of procedure 2. 
· It is unclear how the UE transmitting in the first part of the procedure does know which PSFCH beam to use at which time for the related feedback. We again assume no prior connection thus this is unclear. 
· As in procedure 1 it is unclear which UE is transmitting and which UE is receiving during this procedure. If no prior alignment exist this means who is transmitting and receiving at a given occasion is determined at random. This is an essential part of the procedure and is not included yet. We would like to clarify this understanding. 

Regarding procedure 3:
· We do not feel comfortable leaving a unicast connection setup up to implementation. In our understanding the system should target an interoperable solution independent of the device vendor. This does introduce vendor specific solutions for initial beam pairing. 
· We can agree to study unicast connection setup via SL FR1 or network signaling. 


	InterDigital
	See Comments
	We have an overall preference for Procedure 2 “during”, or 3 “after”, but for the purpose of having a common understanding of the potential procedures, here are our comment on the proposal.

In proposal 1, we believe that the beam training signals don’t need to be periodical, or at least not with a static periodicity that will consume a lot of (pre-configured) resources. Also, this leads to a strong drawback that all the pairs of UEs will pair with each other’s, adding unnecessary overheads and beam processing/maintenance. 

Proposal 1-1-a: RAN1 to consider the following optional procedures on initial beam pairing and unicast link establishment
· Procedure 1: Initial beam pairing starts is performed before sidelink unicast link establishment
· transmitter UE periodically sends reference signal (e.g., S-SSB or SL CSI-RS) via different transmit beams
· receiver UE measures reference signal via different receive beams and determines a pair of transmit beam and receive beam
· receiver UE indicates its determined beam to transmitter UE via using a resource associated with the determined beam
· transmitter UE and receiver UE set up sidelink unicast link via the indicated beam pair. 
· Procedure 2: Initial beam pairing is performed starts during sidelink unicast link establishment 
· transmitter UE sends DCR messages repeatedly via different transmit beams
· if receiver UE decodes (at least) one of the DCR messages sent via a certain transmit beam, it indicates to transmitter UE which DCR message(s) is successively received (e.g., via PSFCH, slot index of the DCR message, PSCCH/PSSCH DMRS index)
· transmitter UE knows the transmit beam corresponding to the successively delivered DCR message and uses the same beam to finish the remaining sidelink unicast link establishment procedure. 
· Procedure 3: Initial beam pairing starts after sidelink unicast link establishment
· transmitter UE and receiver UE set up sidelink unicast link (e.g., UE implementation)
· transmitter UE and receiver UE configure the resources for beam sweeping and beam reporting (e.g., via SL CSI-RS or sidelink data) 
· transmitter UE sweeps beams on the configured resources; receiver UE determines a pair of transmit beam and receive beam 
receiver UE indicates its determined beam to transmitter UE (e.g., via SL CSI reporting or PSFCH or PSCCH/PSSCH DMRS reporting)

	Samsung
	
	We think that the intention of this proposal is to study different options for beam establishment. We are fine to study the first two options (i.e., beam identification before and during link establishment). We have concern with option 3. It is not clear if link establishment in FR2 can happen without knowing which beam to use. Therefore, we think that option 3 should be removed from consideration. For options 1 and 2, we have some wording refinement as some of the details should be discussed later.
Proposal 1-1-a: RAN1 to consider study the following optional procedures on initial beam pairing and unicast link establishment
· Procedure 1: Initial beam pairing starts before sidelink unicast link establishment
· transmitter first UE periodically sends reference signal (e.g., S-SSB or SL CSI-RS) via different transmit beams
· receiver second UE measures reference signal via different receive beams and determines a pair of transmit beam for the first UE and a transmit beam for the second (based on beam correspondence) and receive beam
· receiver second UE indicates its determined beam to transmitter first UE via using a resource associated with the determined beam
· transmitter first UE and/or receiver second UE set up sidelink unicast link via the indicated/measured beam pair. 
· Procedure 2: Initial beam pairing starts during sidelink unicast link establishment 
· transmitter UE sends DCR messages repeatedly via different transmit beams
· if receiver UE decodes at least one of the DCR messages sent via a certain transmit beam, it indicates to transmitter UE which DCR message is successively received (e.g., via PSFCH, slot index of the DCR message, PSCCH/PSSCH DMRS index)
· transmitter UE knows the uses transmit beam for subsequent transmissions corresponding to the successively delivered DCR message and uses the same beam to finish the remaining sidelink unicast link establishment procedure. 


	NEC
	Yes
	We prefer procedure 3.
Question: In procedure 1 step 3, does the "determined beam" means the TX beam or RX beam or both TX and RX beams?

Comment: In procedure 2, we think whether DCR message is successively received or not ≠ the beam quality. Besides, beam pairing based on DCR reception is largely different from RS measurement based beam pairing. Thus, we think this procedure should be excluded.

	Toyota
	Comments
	We are generally fine with the proposal. We prefer Procedure 2. Nevertheless, we are OK to study Procedures 1 and 3.

If Procedures 1 and 3 are further studied, we would suggest considering solutions to mitigate the following issues.
· Procedure 1 may cause unnecessary beam pairing. Particularly, this is problematic when there are a lot of UEs in proximity.
· Procedure 3 has an issue of limited communication range because unicast link establishment needs to be done before initial beam pairing.

	Fraunhofer
	Comments
	Procedure 1 seems to be challenging in case of many RX UEs in the vicinity as pointed out by Nokia, resulting a large overhead due to periodic transmission of reference symbols. This would need to be clarified in case Procedure 1 is further pursued. Without clarifications, we have an overall preference for Procedure 2 or Procedure 3. For Procedure 3, we share the view with Intel to study connection setup via SL FR1 or network signaling. The last bullet points of Procedure 3 should be aligned with the discussion on beam maintenance.

	CATT/ 
	Comments
	We can consider the following

· Procedure 1: Initial beam pairing starts before sidelink unicast link establishment
· transmitter UE periodically sends reference signal (e.g., S-SSB or SL CSI-RS) via different transmit beams
· receiver UE measures reference signal via different receive beams and determines a pair of transmit beam and receive beam
· receiver UE indicates its determined beam to transmitter UE via using a resource associated with the determined beam
· transmitter UE and receiver UE set up sidelink unicast link via the indicated beam pair. 
· Procedure 2: Initial beam pairing starts during sidelink unicast link establishment 
· transmitter UE sends DCR messages repeatedly via different transmit beams
· if receiver UE decodes one of the DCR messages sent via a certain transmit beam, it indicates to transmitter UE which DCR message is successively received (e.g., via PSFCH, slot index of the DCR message, PSCCH/PSSCH DMRS index)
· transmitter UE knows the transmit beam corresponding to the successively delivered DCR message and uses the same beam to finish the remaining sidelink unicast link establishment procedure. 
· Procedure 3: Initial beam pairing starts after sidelink unicast link establishment
· transmitter UE and receiver UE set up sidelink unicast link (e.g., UE implementation)
· transmitter UE and receiver UE configure the resources for beam sweeping and beam reporting (e.g., via SL CSI-RS or sidelink data) 
· transmitter UE sweeps beams on the configured resources; receiver UE determines a pair of transmit beam and receive beam 
· receiver UE indicates its determined beam to transmitter UE (e.g., via SL CSI reporting or PSFCH or PSCCH/PSSCH DMRS reporting)


	Sharp
	Yes
	We are generally fine with the proposal. Identification of how each procedure option work is helpful to further study.

For 2nd and 3rd sub-bullets of Procedure 2, “successively” seems a typo and should be “successfully”. 


	Sony
	Yes
	We are basically ok with the proposal. We prefer procedure 2 and 3 and open to studying procedure 1.
For procedure 1, the main concern of this procedure is that the TX UE needs transmit the reference signal periodically to the surrounding RX UE(s) and this would cause the large overhead of TX UE. 


	MTK
	Yes with comments
	For procedure 2, further clarification of "if receiver UE decodes one of the DCR messages sent via a certain transmit beam, it indicates to transmitter UE which DCR message is successively received" in procedure 2 is needed, which the bullet indicates the selected beam may not be the best (wide) beam in this proposal. For initial beam pairing, a best (wide) beam pair should be obtained in our understanding. And aside from procedure 1, good coverage can also be obtained by procedure 2.
For procedure 3, if UE equipped with multi panels but with only one panel can be activated at a time, beam sweeping at least in panel level may be required for link establishment, which will lead to overhead and latency.


	WILUS
	Comments
	We prefer Procedure 1, however, the word ‘periodically’ seems to be premature in this stage. Also, it is UE implementation perspective to transmit/receive different beam or same beam.

	Ericsson
	Comments
	We prefer Procedure 3 as baseline and further study procedure 2. For procedure 1, as point out already by multiple companies, there exist several limitations such as excessive overhead due to establishment of initial beam pairing with respect to all UEs in the vicinity without discriminating the UE that is intended for data transmission and reception.  




3.1.2.2 Proposal 1-2-a
Proposal 1-2-a: If S-SSB is to be used for initial beam pairing, one or more of the following enhancements are to be considered.
· S-SSB including source ID to allow receiver UE to identify the proper transmitter UE for beam measurement
· S-SSB including destination ID to avoid unnecessary beam measurement/reporting from irrelevant receiver UEs. 
· S-SSB including beam related information
· Allocation of beam reporting resources respectively associated with different S-SSB transmit beams
· Mechanism to avoid unnecessary S-SSB transmissions and receptions
· Mechanism to mitigate/avoid the inference between overlapped S-SSB transmissions from different UEs.

	Company
	Yes or No
	Comments

	Qualcomm
	
	
For the first 3 sub-bullets, we prefer the following wording. The reason is that the S-SSB itself may not need to carry such information, and the Tx UE / target UE identifications may not need to be Source/Destination IDs.

· Whether/how to enable a receiver UE to identify transmitter UE (e.g., Source ID) for the S-SSB transmission including source ID to allow receiver UE to identify the proper transmitter UE for beam measurement
· Whether/how to enable a receiver UE to identify target UE(s) (e.g., Destination ID) of the S-SSB transmission including destination ID to avoid unnecessary beam measurement/reporting from irrelevant receiver UEs. 
· Whether to enable a receiver UE to identify beam related information for the S-SSB transmission including beam related information
· If yes, what information and how to identify it



	ZTE,Sanecchips
	No
	Fine to list the open issues, but the main sentence should be revised as 
The following issues need to be addressed before determining whether S-SSB can be used for initial beam pairing.

Moreover, we are a bit confused as to the destination ID in the S-SSB and would like to seek clarification on whether/how the destination ID associates with the destination UE to which the trasmitter UE’s DCR message targets. 


	LGE
	
	Since it is study phase, and depending on the discussion, the enhancement on S-SSB may or may not be needed. In this point of view, “are to be considered” needs to be replaced with “can be considered”.


	OPPO
	No
	We are not supportive to use S-SSB for initial beam paring.
1. as commented in proposal 1-1-a, reporting is not supported for GC/BC, only supported for UC. It should be up to RAN2 to determine whether and how to support it.
2. if UE-specific source and destination ID is carried in S-SSB, the detection performance should be evaluated.
3. the UE specific transmission resource for S-SSB is allocated to avoid inter-UE collision. 
4. only mapping between PSCCH/PSSCH and PSFCH is supported in NR SL. If beam reporting is carried in PSCCH/PSSCH, the resource mapping between PSCCH/PSSCH and PSCCH/PSSCH should be supported which is different with legacy NR SL mechanism. Furthermore, for mode 2, all TX resources are selected based on sensing. It is hardly to fix a mapping between two PSSCHs.
5. S-SSB resource are not within resource pool in NR SL. If UE-specific S-SSB is introduced for beam pairing and if it is out of RP, that will result in resource inefficiency, if it is within RP, how to handle collision between S-SSB resource and PSSCH resource, and how to avoid half-duplex needs to be studied.

Based on above analyze, it shows lots of specification work is needed to support S-SSB for beam pairing. It should be down-prioritized. If other reference signal, such as CSI-RS, PSSCH DMRS cannot be used for beam pairing, we can further study the applicability of S-SSB for beam pairing to reduce specification effort.


	Vivo
	
	We suggest some other issue for further discussion
· FFS transmission resource of this S-SSB, e.g., whether this S-SSB is transmitted in resource pool or not. 
· FFS the structure of this S-SSB, e.g., whether PSS/SSS/PBCH are included in the S-SSB, the frequency resource size of this S-SSB, etc
· FFS the condition to transmit this S-SSB
We should also study mechanism that reduce S-SSB blind decoding complexity

	Xiaomi 
	No
	We think the study of S-SSB for initial beam pairing shall be deprioritized. Compared with SL CSI-RS, the spec. impact would be quite large. From our point of view, at least the following issues also need to be further studied:
- Impact on PSS/SSS/PSBCH design
- Impact on synchronization reference selection 
- Impact on UE behavior of transmitting S-SSB
- Impact on S-SSB resource allocation/(pre)configurations

	CMCC
	[bookmark: OLE_LINK118][bookmark: OLE_LINK117]Yes with comments
	For the 2nd sub-bullet, we are not sure whether destination ID can be included in the S-SSB, when initial beam pairing is performed before the unicast establishment.

We are fine with the remaining part of this proposal.

	Nokia, NSB
	No
	Premature to discuss this proposal, as Procedure 1 has not been agreed. (See comments above on why Procedure 1 is not feasible.)

	Lenovo
	Yes with comments
	SSB for beam pair establishment should be UE specific and should be transmitted in the dedicated time slot and within resource pool. 
The traditional SSB are SFNed and transmitted only by the Sync Ref UE which makes all UEs to use SSB for initial beam pair establishment. 

· 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.
· How to transmit UE specific SSB  
· How the source id and destination id used in SSB are related to the source id and destination id used for the unicast link establishment.   



	Huawei, HiSilicon
	Comments
	For S-SSB, unicast link is established based on the paired beam and source ID and destination ID is not needed at initial beam pairing stage. During initial beam pairing, the UE-specific ID, which can be indicated by S-PSS and S-SSS resources, is required for the receiver UE to identify different transmitter UEs
Beams can be differentiated through the association between the resources used for transmitting the S-SSB and its corresponding reporting resource, and hence beam related information is not essential. For example, TX UE can transmit S-SSB with UE-specific ID. 
Regarding S-SSB transmissions and receptions, the beam report itself can indicate the desired receiver of the beam report.
Therefore, the enhancements using S-SSB for initial beam pairing can be updated as follows, with the revisions in red:

Proposal 1-2-a: If S-SSB is to be used for initial beam pairing, one or more of the following enhancements are to be considered.
· S-SSB including source UE-specific ID to allow receiver UE to identify the proper different transmitter UEs 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.


	Intel
	Yes (comment)
	In our understanding destination ID is only available if an information exchange prior to initial beam pairing is possible. The beam reporting resource can also be (pre)-configured per resource pool relative to the S-SSB location.

	InterDigital
	
	Agree with ZTE.
In addition, with so many changes for the S-SSB to support initial beam pairing, both in content and usage, this RS should not be called a S-SSB.
Proposal 1-2-a: If S-SSB is to be used as a starting point for initial beam pairing, one or more of the following enhancements are to can be considered.
· Whether/how S-SSB can include source ID to allow receiver UE to identify the proper transmitter UE for beam measurement
· Whether/how S-SSB can include destination ID to avoid unnecessary beam measurement/reporting from irrelevant receiver UEs. 
· Whether/how S-SSB can include beam related information
· Allocation of beam reporting resources respectively associated with different S-SSB transmit beams
· Resource allocation and configuration specific to beam pairing S-SSB
· Mechanism to avoid unnecessary S-SSB transmissions and receptions
· Mechanism to mitigate/avoid the inference between overlapped S-SSB transmissions from different UEs.


	Samsung
	
	Too early to discuss these details before proposal 1-1 is agreed.

	NEC
	
	Whether S-SSB is to be used for initial beam pairing is based on outcome of previous proposal

	Toyota
	Yes with comments
	We are generally fine with the proposal, though we prefer CSI-RS over S-SSB because of a lot of spec impact to S-SSB.

	Fraunhofer
	Comment
	The Proposal 1-1-a needs to be decided on first. We can skip this discussion if S-SSB is not used.

	Catt/ 
	Yes with comments
	We think these aspects can be considered during the study phase. There is no need to preclude any of them at the start of the study.

: If S-SSB is to be used for initial beam pairing,  one or more of the following enhancements are to can be considered.
· S-SSB including source ID to allow receiver UE to identify the proper transmitter UE for beam measurement
· S-SSB including destination ID to avoid unnecessary beam measurement/reporting from irrelevant receiver UEs. 
· S-SSB including beam related information
· Allocation of beam reporting resources respectively associated with different S-SSB transmit beams
· Mechanism to avoid unnecessary S-SSB transmissions and receptions
· Mechanism to mitigate/avoid the inference between overlapped S-SSB transmissions from different UEs.


	Sharp
	
	For the second last bullet, “avoid unnecessary” seems a bit confusing. We propose following. 
· Mechanism to avoid unnecessary initiation and/or termination of S-SSB transmissions and receptions
For last bullet, clarification is need. Is it intended to configure common S-SSB resources for different UEs?

	Sony
	Yes
	We are generally fine with this proposal and further study can be decided after the last proposal.

	MTK
	See comments

	The reference signal is highly relevant with procedures on initial beam pairing and unicast link establishment. Proposal 1-1-a may be studied first or studied parallel with reference signal.


	WILUS
	Comments
	Since it is study phase, ‘are to be considered’ may be changed to ‘can be considered’
Also, we prefer to study transmission scheme(condition, transmission resources, number of transmissions, etc.) of S-SSB for initial beam pairing.

	Spreadtrum
	Yes with comments
	Destination ID may not be necessary.

	Ericsson
	No
	We can postpone the discussion until settling the procedures on initial beam pairing in proposal 1-1-a. 



3.1.2.3 Proposal 1-3-a 
Proposal 1-3-a: If SL CSI-RS is to be used for initial beam pairing, one or more of the following enhancements are to 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)
· Allocation of SL CSI-RS beam sweeping resources and their associated beam reporting resources

	Company
	Yes or No
	Comments

	Qualcomm
	
	For the 2nd bullet, the same comment as for S-SSB in Proposal 1-2-a:
· Whether to enable a receiver UE to identify beam related information for the SL CSI-RS transmission including beam related information
· If yes, what information and how to identify it

	ZTE,Sanechips
	No
	Our understanding from the WID is that SL CSI-RS shall be the most feasible RS for BF purpose. To reflect that, we suggest revising the main sentence as 
SL CSI RS is to be used for initial beam pairing, one or more of the following enhancements are to be considered

Moreover, we don't think periodic CSI RS transmission is always needed according to our response to previous question. Moreover, periodic CSI transmission is the legacy mechanism. Thus we believe before, during or after unicast link establishment, transmitter UE can perform aperiodic CSI-RS transmission associated with SCI depending on the beam training procedure and CSI-RS resource configuration. To reflect the aforementioned points, we propose the following change.   
Periodic SL CSI-RS transmission (at least in the procedure of initial beam pairing before unicast link establishment) or aperiodic SL CSI-RS transmission associated with SCI


	LGE
	
	Since it is study phase, and depending on the discussion, the enhancement on SL CSI-RS may or may not be needed. In this point of view, “are to be considered” needs to be replaced with “can be considered”.

On the 3rd bullet, from our side, rather than saying periodic concept, the important thing is whether the SL CSI-RS presence or resource will be indicated by SCI or not. Even though the SCI can indicate the SL CSI-RS existence as in NR SL, periodic manner could be supported by using the resource reservation period. Otherwise, it seems that we will introduce periodic SL CSI-RS without SCI indication and it never be dropped unlike in Rel-16/17 NR SL. 

If some companies want to introduce SL CSI-RS without SCI indication, we need followings as in S-SSB proposal:
· Mechanism to avoid unnecessary SL CSI-RS transmissions and receptions
· Mechanism to mitigate/avoid the inference between overlapped SL CSI-RS transmissions from different UEs.


	OPPO
	Comment
	Generally, we are fine to study the possibility of SL CSI-RS for initial beam pairing. We have the following comments for the proposal:
1st bullet: for initial beam pairing, it is also possible to reuse legacy SL CSI-RS. For example, SL CSI-RS is combined with PSSCH which carries DCR, and using beam sweeping to transmit multiple CSI-RS. When RX UE receives one of DCR from TX UE, it can report the CSI-RS resource to TX UE combined with DCA.
2nd bullet: CSI-RS is not used to include beam related info. In NR Uu, there is mapping between CSI-RS resource and beam through QCL type-D relationship.
3rd bullet: prefer to remove the part in bracket. Periodic SL CSI-RS can also be used for initial beam pairing after unicast link establishment. 
4th bullet: OK.
Furthermore, it would be better to study the possibility to apply SL CSI-RS for initial beam pairing before, during or after unicast link establishment.
Based on the above comment, we suggest the following modification: 

Proposal 1-3-a: If SL CSI-RS is to be used for initial beam pairing, one or more of the following enhancements are to be considered.  
· SL CSI-RS transmission not accompanied with or without sidelink data transmission
· Mapping between SL CSI-RS resource and including beam related information
· Periodic SL CSI-RS transmission (at least in the procedure of initial beam pairing before unicast link establishment)
· Allocation of SL CSI-RS beam sweeping resources and their associated beam reporting resources
· Study the possibility to apply SL CSI-RS for initial beam pairing before, during or after unicast link establishment

	vivo
	
	We think this CSI-RS can be transmitted together with DCR/DCA as well.
Proposal 1-3-a: If SL CSI-RS is to be used for initial beam pairing, one or more of the following enhancements are to be considered.  
· SL CSI-RS transmission not accompanied with sidelink data transmission or not.
· 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) or aperiodic transmission
· Allocation of SL CSI-RS beam sweeping resources and their associated beam reporting resources


	xiaomi
	Yes
	We are generally fine with the proposal. We also suggest to set CSI-RS as the baseline for SL beam management, and revise the main sentence as:
For initial beam pairing, one or more of the following enhancements are to be considered for SL CSI-RS

On whether periodic SL CSI-RS shall be indicated by SCI or not, we think it can be still open for further investigation. 

	CMCC
	Yes with comments
	We think  for generating CSI-RS may need to be redesigned and source ID (and destination ID, if any) may also need to be included, note that SL CSI-RS will be standalone transmitted.
Another option is to modify the 1st sub-bullet to clarify SCI should be transmitted along with SL CSI-RS in this case 
· SL CSI-RS transmission not accompanied with sidelink data transmission but transmitted along with SCI.

	Nokia, NSB
	See comments
	We propose the following modifications:
· Periodic SL CSI-RS: This seems to be linked to Procedure 1, which in our view makes no sense. For Procedure 3, SL CSI-RS do not need to be periodic.
· Beam reporting may not be needed in case of TX/RX beam correspondence (see our comments/figure above).

Proposal 1-3-a: If SL CSI-RS is to be used for initial beam pairing, one or more of the following enhancements are to 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)
· Allocation of SL CSI-RS beam sweeping resources and, if applicable, their associated beam reporting resources

	Lenovo
	Yes with comments
	SL SCI-RS can also be accompanied with the datain Rel16 and such mechanism should be reused. When beam pair and unicast link establishment procedure are done together, it is beneficial. 

· SL CSI-RS transmission accompanied and 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)
· Allocation of SL CSI-RS beam sweeping resources and their associated beam reporting resources

	Huawei, HiSilicon
	Yes
	SL CSI-RS can also be multiplexed with DCR/RRC connection request in order to facilitate procedure 2 from Proposal 1-1-a. Therefore, the proposal can be updated as follows, with the revisions in red:

Proposal 1-3-a: If SL CSI-RS is to be used for initial beam pairing, one or more of the following enhancements are to be considered.  
· SL CSI-RS transmission not accompanied with sidelink data transmission
· SL CSI-RS transmission multiplexed with DCR/RRC connection request
· 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)
· Allocation of SL CSI-RS beam sweeping resources and their associated beam reporting resources

	Intel
	Yes
	

	InterDigital
	
	Here are some modifications of the proposal:
Proposal 1-3-a: If SL CSI-RS is to be used as a starting point for initial beam pairing, one or more of the following enhancements can be considered.  
· SL CSI-RS transmission not accompanied with sidelink data transmission
· SL CSI-RS including beam related information
· Whether Periodic SL CSI-RS transmission are needed(at least in the procedure of initial beam pairing before unicast link establishment)
· Allocation of SL CSI-RS beam sweeping resources and their associated beam reporting resources
· Transmission of multiple beam CSI-RS within a slot and the associated slot structure

	Samsung
	
	Too early to discuss these details before proposal 1-1 is agreed.

	NEC
	
	We think SL CSI-RS transmission accompanied with sidelink data transmission should also be studied.


	Toyota
	Yes
	

	Fraunhofer
	Yes with comments
	We are in general fine with the direction of the proposal. We also believe that CSI-RS do not necessarily have to be periodic as pointed out by other companies. Furthermore, the study for the allocation of SL CSI-RS should contain details on the slot structure, e.g., intra-slot and inter-slot beam sweeping.

	CATT/ 
	
	Proposal 1-3-a: If SL CSI-RS is to be used for initial beam pairing, one or more of the following enhancements are to bec 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)
· Allocation of SL CSI-RS beam sweeping resources and their associated beam reporting resources

	Sharp
	
	We would like to confirm the first bullet for common understanding. Whether the first bullet includes “SL CSI-RS transmission accompanied with SCI/MAC CE”? 

	Sony
	Yes
	

	MTK
	Yes with comments
	Beam related information may not be included in SL CSI-RS, other options (e.g., resource allocation of CSI-RS) should also be considered. Furthermore, "SL CSI-RS transmission" may not be necessary to confine within "periodic" or "in the procedure of initial beam pairing before unicast link establishment", which could be further discussed after or with the general procedure of initial beam pairing.

	WILUS
	Comments
	We prefer to study transmission schemes for multiple beam in a slot and the associated slot structure.

	Spreadtrum
	Yes with comment
	The proposals are generally fine. But we still have concern on the usage of CSI-RS for IBP. For Uu IBP, only SSB-RO is used.

	Ericsson
	Yes
	



3.1.2.4 Question 1-1
Question 1-1: Do you think any other topics could be studied for sidelink initial beam pairing, before the reference signal/channel used for sidelink initial beam pairing is clear?

	Company
	Comments

	Qualcomm
	We agree FL that the discussion can be split into (1) overall procedure of each option for initial beam pairing, and (2) necessary enhancements for RS for initial beam pairing.

For (1), it would be good to list up possible/valid options and then carry out comprehensive study/comparison. Companies should have clear understanding on the pros/cons (e.g., overhead, efficiency, communication range, etc) of the options. Based on the better understanding on (1), it is possible to identify whether/what need to be done for the RS (either S-SSB based or SL CSI-RS based) for initial beam pairing, which is for (2). Since it is not mandatory to pick up one option during the study, it is more useful to study the options comprehensively. 

Another note we would like to point out is that for NR FR2-Uu, so far, overall beam management is not possible without periodic RS. Initial access uses SSB transmitted periodically, and BFR uses periodic RS. We consider the same applies to FR2-SL.

	Vivo
	Beam correspondence can be discussed as well. In Uu, it is likely that gNB transmits SSB and receive the corresponding PRACH using the same beam. In Uu, this is up to implementation, however for SL such beam correspondence should be specified.

	Lenovo 
	The slot-based transmission structure that we defined in Rel16 should be reused even when we define standalone CSI-RS. Defining mini-slot for standalone CSI-RS increases the workload.  

	Huawei, HiSilicon
	In SL FR2, with multiple beam directions, half-duplex issue is more serious since transmission only succeeds when one UE is transmitting and the other UE is receiving with paired beams simultaneously. As shown in the following figure, if both UE-1 and UE-2 decide to transmit or receive S-SSB/SL CSI-RS together, they may not be able to hear each other, causing the half-duplex issue. Furthermore, with the existence of multiple beams, though UE-1 and UE-2 may not transmit or receive at the same time, they can know each other’s existence only when UE-1 is transmitting and UE-2 is receiving with paired beams simultaneously. i.e., beam 2 of UE-1 and beam 0 of UE-2, and vice versa. This issue can happen immaterial of the signals used (SL CSI RS or S-SSB) and it also exists during beam maintenance. Therefore, multiple beam directions make the half-duplex issue more serious and it needs to be addressed. 




	Intel
	In our understanding exchanging information prior to initial beam pairing via for example SL FR1 or the network needs to be also discussed.

	Samsung
	First RAN1 should agree on the overall procedure (proposal 1-1). Then RAN1 should discuss the signaling enhancements/details for example, whether/how to enhance S-SSB/CSI-RS and timing details for example, whether and how to associate slots to beams, etc.

	Fraunhofer
	We believe that at least in SL mode 1, the gNB/network could assist during initial beam pairing, which should be discussed. 




3.1.3 [Closed] Second round discussions
3.1.3.1 [H] Proposal 1-1-b-x 
Companies provided a lot of comments on Proposal 1-1-a. Below is FL’s response to some common comments:

1. To facilitate efficient discussions, FL separates proposal 1-1-a to 3 proposals (i.e., Proposals 1-1-b-1, 1-1-b-2, 1-1-b-3 below). 
2. The purpose of these 3 proposals is not to down-select among them at this stage. It is mainly to align the detailed understandings of each procedure. Hence, it is encouraged for companies to focus on the procedure itself, rather than commenting on the feasibility or preference of each procedure.
3. To avoid additional debate, FL removes the examples and hopes to focus on high level procedure.
4. Please directly provide modified version at your convenience. 


Proposal 1-1-b-1: RAN1 can study the following candidate procedure where initial beam pairing is performed before sidelink unicast link establishment
· UE1 sends reference signal via the same or different transmit beams
· UE2 measures reference signal and determines a transmit beam for UE1 and/or a receive beam for UE2
· UE2 indicates its determined beam to UE1 
· UE1 and UE2 set up sidelink unicast link via the indicated beam, following legacy link establishment procedure. 

	Company
	Yes or No
	Comments

	OPPO
	No
	We are not sure how “UE2 indicates its determined beam to UE1” can be performed. SL reporting is only supported for unicast in legacy NR SL. Before unicast link setup, how to perform beam reporting in broadcast mode? 
Furthermore, how UE1 and UE2 knows which UE is target unicast pair before unicast link setup is not clear to us.

We think we need to study the feasibility to perform initial beam pairing firstly. If feasible, then we can discuss the candidate procedures. 


	xiaomi
	Yes
	We are generally fine with the proposal. However, it is not clear on how UE2 TX beam to UE 1 shall be determined, i.e. which TX beam shall UE2 use to indicate it determined beam. An additional procedure is needed. In addition, some FFS can be added as suggested below:
· UE1 sends reference signal via the same or different transmit beams
· FFS when/in which condition the reference signal is sent
· UE2 measures reference signal and determines a transmit beam for UE1 and/or a receive beam for UE2 and/or a transmit beam for UE 2
· UE2 indicates its determined transmit beam for UE1 to UE1 
· UE1 and UE2 set up sidelink unicast link via the indicated beam, following legacy link establishment procedure. 


	LGE
	
	Regarding the OPPO’s comments, why don’t we add “implicitly or explicitly” on the 3rd bullet? 

Rather than saying “legacy”, it would be better to say “the existing” or “Rel-16/17”. 

	Nokia, NSB
	Yes
	Just a comment on the third bullet: in case UE1 sends the RS via the same TX beam, then UE2 does not need to determine any TX beam (i.e., there is only one TX beam anyway), so no need to indicate it in the third bullet.

Proposal 1-1-b-1: RAN1 can study the following candidate procedure where initial beam pairing is performed before sidelink unicast link establishment
· UE1 sends reference signals via the same or different transmit beams
· UE2 measures the reference signals and determines a transmit beam for UE1 and/or a receive beam for UE2
· UE2 indicates its the determined transmit beam for UE1 (if determined) to UE1 
· UE1 and UE2 set up sidelink unicast link via the indicated determined beam(s), following legacy link establishment procedure. 


	Transsion
	Yes with comment
	We are fine with this proposal in general. However，we are not sure how UE2 can inform UE1 about the determined beam information before sidelink unicast link is established. Therefore, it is better to add an FFS to the third bullet.

Proposal 1-1-b-1: RAN1 can study the following candidate procedure where initial beam pairing is performed before sidelink unicast link establishment
· UE1 sends reference signal via the same or different transmit beams
· UE2 measures reference signal and determines a transmit beam for UE1 and/or a receive beam for UE2
· UE2 indicates its determined beam to UE1
· FFS how to indicate the information of determined beam to UE1 
· UE1 and UE2 set up sidelink unicast link via the indicated beam, following legacy link establishment procedure. 


	Qualcomm
	Yes
	In general, we are supportive of the option.

In the main bullet, we suggest to say “for further study initial beam pairing before unicast-link establishment, following can be considered as a starting point”.

Then, it would be constructive to add a list of FFS for the procedure that captures concerns or open issues raised by companies. Proponents can address them at the next RAN1 meeting.


	Ericsson
	No
	Given that the signals are broadcasted before the link establishment, there may be significant changes necessary to facilitate the initial beam pairing in addition to the excessive signaling overhead. Therefore, sharing the similar view as OPPO, we think its first necessary to study the feasibility of initial beam pairing and then discuss the procedure in detail.

	Lenovo
	Yes with comments 
	Regarding OPPO’s comments, maybe we can modify the proposal as follows:
Proposal 1-1-b-1: RAN1 can study the feasibility of the following candidate procedure where initial beam pairing is performed before sidelink unicast link establishment…

Our concern is that the while trying to establish the beam pair before unicast link, some of the unicast link establishment procedure might need to be repeated such as to discover UE2, which makes the procedure is less optimal. It is like doing discovery two times. 1.to establish unicast beam 2. To establish unicast link 


	Sony
	Yes
	We are fine with this proposal and the details of UE2 indicate the determined beam to UE1 need to be studied.

	InterDigital
	Yes
	Although this is not our preferred solution, the proposal of studying this procedure seems reasonable, with some editorial comments:
Proposal 1-1-b-1: RAN1 can study the following candidate procedure where initial beam pairing is performed before sidelink unicast link establishment
· UE1 sends reference signals via the same or different transmit beams
· UE2 measures reference signals and determines a transmit beam for UE1 and/or a receive beam for UE2
· UE2 indicates it’s the determined beam(s) to UE1 
· UE1 and UE2 set up sidelink unicast link via using the indicated beam(s), following legacy existing link establishment procedure. 

We also think a list of FFS should be captured in this meeting.

	Intel
	Yes
	The proposal is generally OK. However, as commented by other companies the conditions under which the initial beam pairing techniques are applicable should be studied. In this sense, a list of FFSs that capture concerns or open issues raised by companies could be added. 

	Toyota
	Yes with comments
	We are generally fine with the proposal. As other companies mentioned, the details and criteria for “UE2 indicates its determined beam to UE1” before unicast link establishment should be studied. 

	Samsung
	Yes with comments
	We are fine with the direction of the proposal. We think that UE can also determine its transmit beam (for example, in case of beam correspondence at UE2). UE2 indicates to UE1 the UE1 beam it determined. Therefore, we suggest the following updates:
Proposal 1-1-b-1: RAN1 can to study the following candidate procedure where initial beam pairing is performed before sidelink unicast link establishment
· UE1 sends reference signal via the same or different transmit beams
· UE2 measures the reference signal and determines a transmit beam for UE1 and/or a receive beam for UE2 and/or a transmit beam for UE2.
· UE2 indicates its determined beam the determined UE1 transmit beam to UE1 
· UE1 and UE2 set up sidelink unicast link via the indicated/determined beams, following legacy link establishment procedure. 


	Huawei, HiSilicon
	Yes, with comments
	We are supportive of the FL’s proposal.
For the 3rd bullet, we want to remove the “/or”. After measuring reference signals, a pair of transmit beam and receive beam is determined. It is not clear why only one of the paired beams can be determined.
Regarding OPPO’s question on how “UE2 indicates its determined beam to UE1”, we assume there would be an implicit mapping between the S-SSB and the reporting resource, similar to Uu FR2. When UE2 responds with its optimum beam, UE1 can ascertain which is the indicated beam based on the resource on which is received the indication.





Proposal 1-1-b-2: RAN1 can study the following candidate procedure where initial beam pairing is performed during sidelink unicast link establishment 
· UE1 sends DCR messages repeatedly via the same or different transmit beams 
· if UE2 decodes one (or more) of the DCR messages, it indicates to UE1 a single transmit beam of DCR message which is successfully received 
· UE1 uses the indicated beam to finish the remaining sidelink unicast link establishment procedure. 
· FFS: use of additional reference signal or additional messages for efficient beam pairing

	Company
	Yes or No
	Comments

	OPPO
	Yes with comment
	For 2nd bullet, it is hard for UE2 to perform beam reporting after receive all transmissions using same/diff beam from UE1 since UE2 is not sure when/whether UE1 has finished all transmissions. It is more reasonable that when UE2 decodes one DCR message, it reports the beam corresponding to the DCR message to UE1. It is possible that UE2 decode DCR more times and report more beams to UE1. If UE1 receives more reported beam from UE2, it can be up to UE2 implementation to select one of them for following transmission.

	Xiaomi
	Yes
	

	LGE
	
	Similar with the case of “before uncast link establishment”, for initial beam pairing, the beam quality can be considered as well. 

When we see the association between SSB and PRACH in Uu link, measurement based on PBCH DMRS can be used. 

In this case, we can update the FFS part as follows:
· FFS: use of additional reference signal or additional messages or additional measurement for efficient beam pairing

As per OPPO’s comment, UE2 can indicate more than one beams, and the indication method could be in implicit or explicit manner. 
· if UE2 decodes one (or more) of the DCR messages, it implicitly or explicitly indicates to UE1 a single (or more) transmit beam(s) of DCR message which is successfully received 



	Nokia, NSB
	Yes
	Proposal 1-1-b-2: RAN1 can study the following candidate procedure where initial beam pairing is performed during sidelink unicast link establishment 
· UE1 sends DCR messages repeatedly via the same or different transmit beams 
· if UE2 decodes one (or more) of the DCR messages, it indicates to UE1 a single transmit beam of DCR message which is successfully received 
· FFS details (e.g., implicit or explicit indication)
· UE1 uses the indicated beam to finish the remaining sidelink unicast link establishment procedure. 
· FFS: use of additional reference signal or additional messages for efficient beam pairing


	MediaTek
	Yes with comments
	The 2nd sub-bullet needs further modification. In our opinion, if UE2 only report a single transmit beam, "beam of DCR message which is successfully received" doesn't indicate the beam is the best (e.g., highest RSRP, etc). Besides, UE2 can report multiple transmit beams aside from a single one depending on circumstances. Furthermore, we support taking CSI-RS as reference signal for initial beam pairing is performed during sidelink unicast link establishment. The following proposal modification may be considered:

Proposal 1-1-b-2: RAN1 can study the following candidate procedure where initial beam pairing is performed during sidelink unicast link establishment 
· UE1 sends DCR messages repeatedly via the same or different transmit beams 
· if UE2 decodes one (or more) of the DCR messages, it indicates to UE1 a single best transmit beam or multiple transmit beams of DCR message(s) which is successfully received 
· UE1 uses one of the indicated beam(s) to finish the remaining sidelink unicast link establishment procedure. 
· FFS: use of additional reference signal or additional messages for efficient beam pairing


	Transsion
	Yes with comments
	In NR Uu, the DL beam is implicitly indicated by the association of the SSB and the RO/preamble. Similarly, there are two directions to indicate the transmit beam. Therefore, we support the proposal revised by Nokia.

	Qualcomm
	Yes
	In general, we are OK to study this option as well.

Same as for the previous option, in the main bullet, we suggest to say “for further study initial beam pairing during unicast-link establishment, following can be considered as a starting point”.

Then, it would be constructive to add a list of FFS for the procedure that captures concerns or open issues raised by companies. Proponents can address them at the next RAN1 meeting.

One general comment on this option for initial beam pairing during unicast-link establishment; we wonder whether the message used to enable beam pairing has to be limited to DCR message. If we go with this option, the beam-pairing can be enabled by any messages before beam-pairing based on dedicated configuration is available for the unicast-link. We suggest to delete “DCR” from the procedure.


	Ericsson
	Yes 
	This can be treated with lower priority with respect to beam pairing after SL unicast link establishment. 

	Lenovo
	Yes
	

	Sony
	`Yes
	We are fine with this proposal and agree with Nokia the details of UE2 to indicate the best transmit beam need to be studied

	InterDigital
	Yes
	We agree with the proposal in general.
Similarly with the previous proposal, a list of FFS targeting issues would be needed.


	Intel
	Yes
	

	Toyota
	Yes
	

	Samsung
	Yes with comments
	We are fine with the direction of this proposal, with the following updates:
When UE2 successfully decodes a DCR, it can send an acknowledgement for that DCR, which implicitly determines the transmit beam of UE1.

Proposal 1-1-b-2: RAN1 can to study the following candidate procedure where initial beam pairing is performed during sidelink unicast link establishment 
· UE1 sends DCR messages repeatedly via the same or different transmit beams 
· if UE2 successfully decodes one (or more) of the DCR messages, it acknowledges the successfully decoded transmission which determines indicates to UE1 a single transmit beam of DCR message which is successfully received 
· UE1 uses the indicated beam to finish the remaining sidelink unicast link establishment procedure and for subsequent communication. 
· FFS: use of additional reference signal or additional messages for efficient beam pairing


	Huawei, HiSilicon
	No, with comments
	We have a few questions regarding this proposal.
· Is the intention here to use DCR as a signal for initial beam pairing? If yes, the DCR message would need to be redesigned since it is a higher layer message, putting in more specification work for other WGs.
· If UE2 decodes more than one DCR message on different beams, how can it indicate only one transmit beam based on the DCR being decoded successfully?
In our view, the point of performing initial beam pairing during link establishment was to send DCR multiplexed with a beam pairing signal, like SL CSI RS, such that the CSI RS would handle the initial beam pairing, while the DCR would handle the link establishment. 
As such this solution is more complicated than the previous one, and we can accept this proposal if the CSI RS is multiplexed with the DCR.



Proposal 1-1-b-3: RAN1 can study the following candidate procedure where initial beam pairing starts after sidelink unicast link establishment
· UE1 and UE2 set up sidelink unicast link
· UE1 and UE2 configure the resources for beam sweeping and/or beam reporting 
· 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.

	Company
	Yes or No
	Comments

	OPPO
	Yes 
	

	Xiaomi
	NO
	Due to coverage issue of setting up SL unicast link without beam alignment, we are not sure this option is feasible, and what is the difference between this option and beam refinement.

	LGE
	
	For clarification, it would be good to add “according to Rel-16/17 link establishment procedure” in the 1st bullet. 

	Nokia, NSB
	Yes
	

	Transsion
	Yes
	

	Qualcomm
	No
	Message exchanges without beam association/pairing significantly degrades the communication range for FR2 sidelink. Some analysis were provided in R1-2302356 and R1-2303594. We have not seen any evidence or counter argument that the communication range can be sufficient without any beam pairing/association. Therefore, we do not think this is a technically feasible option. This option does not even allow a UE to select appropriate antenna panel for FR2 until beam-pairing based on dedicated configuration of the unicast-link is established, which does not make sense at all.

Note that there is no actual “omni” directional antenna pattern for FR2 in reality. Some companies mentioned that the unicast-link establishment can be done using omni beam, but we do not think this is a feasible assumption.

Besides, again, 2nd and 3rd bullets are the procedure after the initial beam pairing. These are common ground for any options as before, during, and after unicast-link establishment. In this sense, it is not necessary to include part of the Proposal 1-1-b-3.


	Ericsson
	Yes 
	

	Lenovo
	Yes
	Feasibility of this option after establishment of the unicast link is a question due to coverage. We can accept to study all options. 

	Sony
	Yes
	We are fine with this proposal

	InterDigital
	Yes
	OK with the proposal, with LGE’s comment on the link establishment procedure.


	Intel
	Yes
	Our interpretation of this initial beam alignment technique is that the unicast link is established via other communication interfaces (not SL FR2). In this sense, a note underneath the proposal would address our concern.

	Toyota
	Yes
	

	Samsung
	No
	We don’t think that a link can be established in FR2 without first identifying the beams to use.

	Huawei, HiSilicon
	No
	We have questions regarding this proposal since it does not describe a lot of the procedures.
· How does UE1 and UE2 set up the unicast link? For initial beam pairing, directional beams and corresponding beam pairing should be considered, otherwise, it will lead to significant communication range loss.
· How are the UEs configured with the resources for beam sweeping? It seems that there needs to be a configuration sent between the UEs for performing link establishment.
There are a lot of details lacking here, and it seems to be more complicated than the previous 2 solutions. In this case, we can first study the first 2 and if found infeasible, we can revisit this proposal.



3.1.3.2 [M] Proposal 1-2-b 
Proposal 1-2-b: Before S-SSB can be used as a starting point for initial beam pairing, the following enhancements can be considered.
· Whether/how to enable a receiver UE to identify transmitter UE (e.g., source ID) for the S-SSB transmission 
· Whether/how to enable a receiver UE to identify target UE(s) (e.g., destination ID) of the S-SSB transmission to avoid unnecessary beam measurement/reporting from irrelevant receiver UEs. 
· Mapping between S-SSB transmission/resource and beam related information.
· Allocation of beam reporting resources respectively associated with different S-SSB transmit beams
· Structure of S-SSB
· Mechanism to avoid unnecessary S-SSB transmissions and receptions
· Mechanism to mitigate/avoid the interference between overlapped S-SSB transmissions from different UEs, including S-SSB transmission resources.

	Company
	Yes or No
	Comments

	OPPO
	
	If S-SSB is to be used for initial beam pairing, it seems lots of enhancement to be studied which is not align with legacy NR SL S-SSB mechanism. It is preferred to study the feasibility to apply S-SSB for initial beam pairing. 
 

	Xiaomi
	No
	We needs to first study the feasibility of using S-SSB for initial beam pairing before studying on possible enhancement, so we suggest to revise the main bullet as:

Before S-SSB can be used as a starting point for initial beam pairing, the following issues need to be solved.

	Nokia, NSB
	Yes
	Second bullet correction:
· Whether/how to enable a receiver transmitter UE to identify target UE(s) (e.g., destination ID) of the S-SSB transmission to avoid unnecessary beam measurement/reporting from irrelevant receiver UEs. 


	Transsion
	No
	The introduction of S-SSB based beam pairing required extensive changes to the specification.
This is because S-SSB is sent in an SFN manner, i.e., multiple SL transmitting UEs use the same resources to send S-SSBs, and S-SSB includes only common ID without UE-specific ID information, so the SL receiving UE receiving the S-SSB can not distinguish which SL transmitting UE the SSB comes from. Second, the S-SSB does not contain beam information. For initial beam pairing of a sidelink, the beam information needs to be included in the S-SSB. Third, if a sidelink UE’s synchronization source is GNSS or gNB/eNB, it does not need to search S-SSB for synchronization. If S-SSB is used for sidelink initial beam pairing, a sidelink UE needs to monitor S-SSB.

	Ericsson
	No
	Before considering the enhancements in detail for S-SSB, it is first necessary to study the feasibility of S-SSB for initial beam pairing.

	Lenovo
	Yes with comments 
	The proposal should be modified 

Proposal 1-2-b: Before S-SSB can be used as a starting point Study the feasibility of reusing SSB for initial beam pairing, the following enhancements can be considered.

Our concern is that legacy SL-SSB requires lot of changes to reuse it for sidelink beam pair establishment.  

	Sony
	Yes
	We are fine with this proposal

	Interdigital
	
	The only common aspect that this beam pairing RS has with the existing S-SSB is to perform a beam sweeping (which may even be modified) and a potential regular transmission. All the open issues indicate to use something different than S-SSB.
Some additional issue:
How to distinguish this RS with existing S-SSB (that may still be transmitted by SyncRef UEs) and avoid resource/interference conflicts?

	Intel
	Yes
	

	Toyota
	Yes
	

	Samsung
	
	This proposal is predicated on Proposal 1-1-b-1 being agreed. We can discuss further if Proposal 1-1-b-1 is agreed.

	Huawei, HiSilicon
	Yes, with comments
	During initial beam pairing, source ID and destination ID are not need for S-SSB to identify specific UE pair at this stage. Only UE-specific ID is required for the receiver UE to identify different transmitter UEs. Using the same terms as the previous proposals, UE1 has to identify UE2 for the S-SSB transmission and the first 2 bullets can be clubbed together.
Regarding the 3rd bullet, the relationship between the resources used for a given beam and the beam itself is not exclusive to only S-SSBs, and can be discussed separately.
Regarding the 6th bullet, if the FL’s intention is to avoid unnecessary monitoring of S-SSBs, it would be covered in the 1st two bullets.
Hence, the updated proposal is seen below, with changes in blue:
Proposal 1-2-b: Before S-SSB can be used as a starting point Study S-SSB for initial beam pairing with the following enhancements can be considered.
· Whether/how to enable a receiver UE2 to identify transmitter UE1 (e.g., source ID) for the S-SSB transmission 
· Whether/how to enable a receiver UE to identify target UE(s) (e.g., destination ID) of the S-SSB transmission to avoid unnecessary beam measurement/reporting from irrelevant receiver UEs. 
· Mapping between S-SSB transmission/resource and beam related information.
· Allocation of beam reporting resources respectively associated with different S-SSB transmit beams
· Structure of S-SSB
· Mechanism to avoid unnecessary S-SSB transmissions and receptions
· Mechanism to mitigate/avoid the interference between overlapped S-SSB transmissions from different UEs, including S-SSB transmission resources.





3.1.3.3 [M] Proposal 1-3-b 
Proposal 1-3-b: If SL CSI-RS is to be used as a starting point for initial beam pairing, the following enhancements can be considered.  
· SL CSI-RS transmission with or without sidelink data transmission
· Mapping between SL CSI-RS transmission/resource and beam related information
· Periodic SL CSI-RS transmission or aperiodic SL CSI-RS transmission 
· 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

	Company
	Yes or No
	Comments

	OPPO
	Yes 
	

	Xiaomi
	
	We think SL CSI-RS as starting point has already be captured in the WID, so no need to using “if” here.

	LGE
	
	We want to add the SL CSI-RS with or without SCI indication. 

Or, for simplicity, SL CSI-RS with SCI indication is a baseline. 

It also need to add following:
FFS: Whether or how to mitigate/avoid the interference between overlapped SL CSI-RS transmissions from different UEs

	Nokia, NSB
	Yes
	

	MediaTek
	Yes with comments
	For the 1st bullet, the further clarification is needed. If SL CSI-RS transmission without sidelink data transmission, whether it includes SCI or not? Since CSI-RS is configured by PC5-RRC, there is no CSI-RS resource configuration if initial beam pairing is performed before/during sidelink unicast link establishment. So, further study of CSI-RS resource configuration method is needed. The following proposal modification may be considered:
If SL CSI-RS is to be used as a starting point for initial beam pairing, the following enhancements can be considered.
· SL CSI-RS transmission with or without sidelink data transmission
· Mapping between SL CSI-RS transmission/resource and beam related information
· Periodic SL CSI-RS transmission or aperiodic SL CSI-RS transmission
· 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 CSI-RS resource configuration.


	Transsion
	Yes
	

	Ericsson
	Yes 
	

	Lenovo
	Yes
	

	Sony
	Yes
	

	InterDigital
	Yes 
	Overall agree with the proposal. 
Some additional aspects should be considered:
· Slot structure of the transmission including CSI-RS, and whether/how to enable multiple SL CSI-RS in different directions.
If using SL CSI-RS for initial beam training, it would be good to have a common framework with the beam maintenance part as well.

	Intel
	Yes
	

	Toyota
	Yes
	

	Samsung
	
	This proposal is predicated on Proposal 1-1-b-1 being agreed. We can discuss further if Proposal 1-1-b-1 is agreed.

	Huawei, HiSilicon
	Yes
	We want to add a bullet to study the use of SL CSI RS transmissions with DCR.
SL CSI-RS transmission multiplexed with DCR/RRC connection request



3.1.4 [Closed] Third round discussions
3.1.4.1 [H] Proposal 1-1-c-x 
In first week Tuesday’s GTW, the proposal 1-1-c-1 (with modifications) was agreed. Hence, we will continue discussing the other proposals. 
Based on the existing discussions in second round, Proposal 1-1-b-2 is modified as follows, also shown in Section 4.1.
Proposal 1-1-c-2: RAN1 can study the following candidate procedure where initial beam pairing is performed during sidelink unicast link establishment 
· UE1 sends DCR messages repeatedly via the same or different transmit beams 
· if UE2 successfully decodes one (or more) of the DCR messages, it indicates to UE1 one (or more) transmit beam(s) of DCR message which is successfully received 
· FFS details (e.g., implicit or explicit indication) 
· UE1 uses one of the indicated beam(s) to finish the remaining sidelink unicast link establishment procedure
· 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.

Please directly provide modified version if possible
	Company
	Yes or No
	Comments

	
	
	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. 


We suggest re-using the structure of the agreeement, i.e. the sam beams can be replaced by the note. We don’t need to consider more beams for the time being and the determination of one beam out of many in the second and third subbullet, we can just re-use the singular form ‘beam’

	Xiaomi
	yes
	Beam management reference signal such as CSI-RS may be transmitted together with DCR message, and UE2 may determine UE1 transmit beam based on the measurement of reference signal. This shall also be included in the study. Therefore, we suggest to revise the 1st and 2nd bullets as following:
· UE1 sends DCR messages repeatedly via the same or different transmit beams
· FFS which reference signal can be transmitted together with DCR message
· if UE2 successfully decodes one (or more) of the DCR messages, it indicates to UE1 one (or more) transmit beam(s) of DCR message which is successfully received 
· FFS details (e.g., implicit or explicit indication) 
· FFS how the transmit beam(s) are determined by UE2


	LGE
	Yes
	It would be better to have some revision based on the agreement wording.
Proposal 1-1-c-2: 
RAN1 can study the following candidate procedure where initial beam pairing is performed during sidelink unicast link establishment 
· UE1 sends DCR messages repeatedly via the same or different transmit beams 
· Note: multiple reference signals transmissions (e.g. repetitions) from each of the beams can be studied
· Note: multiple reference signals transmissions (e.g. repetitions) from each of the beams can be studied
· if UE2 successfully decodes one (or more) of the DCR messages, it indicates to UE1 one (or more) UE1 transmit beam(s) of DCR message which is successfully received 
· FFS:whether/how to determine a UE2 transmit beam and/or a UE2 receive beam 
· FFS details (e.g., implicit or explicit indication) 
· UE1 uses one of the indicated beam(s) to finish the remaining sidelink unicast link establishment procedure
· 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.


	Nokia, NSB
	Yes, with modification
	According to TS 23.287, UE2 may not reply to UE1 at all (e.g., if not interested in UE1’s announced service:
“If the Target User Info is not included in the Direct Communication Request message, the UEs that are interested in using the announced V2X service type(s) over a PC5 unicast link with UE-1 responds by establishing the security with UE-1.”
Note: the RX beam side is missing in the current FL version.
Proposed changes:
Proposal 1-1-c-2: RAN1 can study the following candidate procedure where initial beam pairing is performed during sidelink unicast link establishment 
· UE1 sends DCR messages with embedded reference signals repeatedly via the same or different transmit beams 
· FFS applicable reference signal
· if UE2 successfully decodes one (or more) of the DCR messages and UE2 determines to establish a unicast link with UE1, it measures the reference signals and determines a UE1 transmit beam and/or a UE2 receive beam
· UE2 indicates to UE1 one (or more) transmit beam(s) of DCR message which is successfully received the determined UE1 transmit beam
· FFS details (e.g., implicit or explicit indication) 
· UE1 and UE2 uses one of the indicated the determined beam(s) to finish the remaining sidelink unicast link establishment procedure
· 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.


	NEC
	
	· if UE2 successfully decodes one (or more) of the DCR messages, it indicates to UE1 one (or more) transmit beam(s) of DCR message which is successfully received 
· FFS details (e.g., implicit or explicit indication) 
· FFS how to map each DCR message with transmit beam 

The modification is suggested because when UE2 decodes a DCR message, it actually does not know the associated transmit beam used by UE1 for the DCR. 


	Qualcomm
	
	It is not clear whether the first step is only for DCR message or is applicable to other messages. In general, physical-layer does not identify the message contents from higher-layer. We prefer to make it generic.
Therefore, suggest to update as follows:
Proposal 1-1-c-2: RAN1 can study the following candidate procedure where initial beam pairing is performed during sidelink unicast link establishment 
· UE1 sends DCR messages PSCCH/PSSCH that carries message(s) for unicast-link establishment repeatedly via the same or different transmit beams 
· The message maybe the DCR message in L2 link-establishment procedure in TS23.304 
· if UE2 successfully decodes one (or more) of the DCR messages, it indicates to UE1 one (or more) transmit beam(s) of DCR message which is successfully received 
· FFS details (e.g., implicit or explicit indication) 
· UE1 uses one of the indicated beam(s) to finish the remaining sidelink unicast link establishment procedure
· 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.


	CMCC
	Yes
	We also agree with the modification proposed by Xiaomi and LGE

	vivo
	
	1.we add a bracket for the ‘DCR messages’ in 1/2 bullet, because it may be possible that UE1 and UE2 build some beam before DCR/DCA transmission via the additional RS, then the DCR message may be transmitted only once towards the UE2 (if there is only one UE2)
2.in 3rd bullet, we further clarify the procedure is performed between UE1 and UE2 using the indicated beam from UE2. Since DCR can be broadcast, UE1 may use other beam to transmit DCR to other UEs.
Proposal 1-1-c-2: RAN1 can study the following candidate procedure where initial beam pairing is performed during sidelink unicast link establishment 
· UE1 sends DCR message(s) repeatedly via the same or different transmit beams 
· if UE2 successfully decodes one (or more) of the DCR message(s), it indicates to UE1 one (or more) transmit beam(s) of DCR message which is successfully received 
· FFS details (e.g., implicit or explicit indication) 
· 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.


	Lenovo
	Yes with modification
	We share the same views as Xiaomi and LGE on the reference signal transmitted together with DCR message. Considering it is essential, we suggest a modification as follows:

· UE1 sends DCR messages repeatedly via the same or different transmit beams
· Study which reference signal can be transmitted together with DCR message


	InterDigital
	Yes with modification
	Agree with Nokia that only the intended UEs (from the decoded DCR) should reply to UE1. However, “UE2 may indicate to UE1” doesn’t clearly indicate the reason behind the possibility to not reply and may lead to other interpretations. 
We are assuming in the proposal that UE2 is the intended recipient of the DCR. But it may be worth being explicitly mentioned.
Proposal 1-1-c-2: RAN1 can study the following candidate procedure where initial beam pairing is performed during sidelink unicast link establishment 
· UE1 sends DCR messages repeatedly via the same or different transmit beams
· Note: multiple transmissions (e.g. repetitions) from each of the beams can be studied
· FFS if/when/which reference signals are sent with the DCR message

· if UE2 successfully decodes one (or more) of the DCR messages and is the intended recipient of the DCR, it indicates to UE1 one (or more) transmit beam(s) of DCR message which is successfully received 
· FFS details (e.g., implicit or explicit indication)
· FFS:whether/how to determine a UE2 receive beam and/or UE2 transmit beam
· UE1 uses one of the indicated beam(s) to finish the remaining sidelink unicast link establishment procedure
· 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.


	Intel
	Yes
	To get the proposal inline with the latest agreement we agree with the modifications by LGE.

	Toyota
	Yes with comments
	We support modifications by Xiaomi and LGE. Also, as Nokia and InterDigital mentioned, it would be better to clarify that UE 2 is a UE that determines to establish a unicast link with UE 1.

	Huawei, HiSilicon
	No, with comments
	In Rel-16, DCR and DCA messages are used for unicast link establishment in higher layers, which is not related to beam pairing. If the intention of this proposal is to redesign the DCR message to indicate beam pairing related information, it would lead to significant specification work. 
In our view, the point of performing initial beam pairing during link establishment was to send DCR multiplexed with a beam pairing signal, like SL CSI RS, such that the CSI RS would handle the initial beam pairing, while the DCR would handle the link establishment. 
As such this solution is more complicated than the “before” case, and we can accept this proposal if a reference signal is multiplexed with the DCR.

	Fraunhofer
	Yes with comments
	In the 1st bullet, ‘same’ can be removed. We have a question on the 2nd bullet: how is a DCR message linked to a transmit beam if decoded on higher layer? This needs to be linked somehow so that UE2 can indicate this to UE1, correct?

	Ericsson
	Yes
	We share the same view for the modifications proposed by LGE to make the proposal in line with the agreement.

	JHUAPL
	Yes, with comments
	Agree with Qualcomm on removing DCR message

	Sharp
	Yes
	We support modifications by InterDigital. 
For the comments as to whether additionally transmit reference signal together with DCR messages, we think the last FFS bullet already covers this point.   

	Samsung2
	Yes with comments
	The indicated beam is also used for subsequent communication until the beam is further refined or tracked.

	Sony
	Yes
	Agree with Xiaomi and LGE to further study whether/which reference signal can transmitted together with DCR message.

	MediaTek
	Yes with comments
	It seems that the procedure of this bullet didn't take reference signal into consideration, so we recommend to add reference signal related information into the procedure. In the 2nd sub-bullet, UE2 should decide the UE1 transmit beam(s) and indicate it(them) to UE1 by measuring the reference signal(s), instead of decoding the DCR message(s) only. And the 2nd sub-bullet didn't mention how UE2 determines its transmit beam. Therefore, we suggest revising the 1st and 2nd sub-bullets as following:
· UE1 sends DCR messages repeatedly via the same or different transmit beams 
· FFS: applicable reference signal
· if UE2 successfully decodes one (or more) of the DCR messages, it determines and indicates to UE1 one (or more) UE1 transmit beam(s) of DCR message which is successfully received by measuring the reference signal(s)
· FFS details (e.g., implicit or explicit indication)
· FFS: how UE2 determine its transmit beam


	WILUS
	Yes
	Agree with modification of LGE

	Transsion
	Yes
	

	OPPO
	Yes 
	



Based on the existing discussions in second round, Proposal 1-1-b-3 is modified as follows, also shown in Section 4.1.
Proposal 1-1-c-3: RAN1 can study the following candidate procedure where initial beam pairing starts after sidelink unicast link establishment
· UE1 and UE2 set up sidelink unicast link, following existing link establishment procedure
· FFS feasibility of unicast link establishment 
· UE1 and UE2 configure the resources for beam sweeping and/or beam reporting 
· 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

Please directly provide modified version if possible
	Company
	Yes or No
	Comments

	Xiaomi
	
	We still wonder what is the difference between this procedure and the procedure of beam refinement in beam maintenance part. It is assumed that UE 1 and UE 2 can already perform unicast before initial beam pairing, so this procedure is just to refine the TX/RX beam from a wide beam or omni-directional beam to thinner beam. Does this procedure actually imply that there is no initial beam pairing for SL FR2?

	LGE
	
	As we know, Rel-16/17 NR SL already support FR2 without TX and/or RX beam training. In this point of view, “FFS feasibility of unicast link establishment” should be removed. 

	Nokia, NSB
	Yes
	

	NEC
	Yes
	
RAN1 can study the following candidate procedure where initial beam pairing starts after sidelink unicast link establishment between UE1(source UE) and UE2(destination UE)

The modification is suggested to clarify UE1 and UE2.

	Vivo
	Yes
	

	Lenovo
	Yes
	Agree with LGE, Rel16 already supports such feature with Tx and Rx beam training. 
If the unicast link is already established with omnidirectional or wider beam then the beam pair establishment is more like beam refinement 
New bullet is need to clarify this 
RAN1 can study the following candidate procedure where initial beam pairing starts after sidelink unicast link establishment
· UE1 and UE2 set up sidelink unicast link, following existing link establishment procedure
· FFS beams (e.g., omni-directional, wider beam) used for the unicast link establishment procedure 
· UE1 and UE2 configure the reference signal resources for beam sweeping and/or beam reporting 
· UE1 and/or UE2 use the configured reference signal resources to transmit reference signals and determine a pair of transmit beam and receive beam based on beam sweeping.
FFS applicable reference signal and study standalone reference signal, non-standalone reference signal 

	Interdigital
	Yes
	Note that in this case the beam pairing procedure should be similar with the beam maintenance/beam recovery procedure.

	Intel
	Yes
	In our understanding there is a further step to exchange the determined beams missing. Thus, we would like to add the following bullet:
· UE2 indicates to UE1 the determined Tx beam for UE1. UE1 indicates to UE2 the determined Tx for UE2, for the case without beam correspondence. 


	Toyota
	Yes
	

	Huawei, HiSilicon
	No
	As companies already discussed in previous rounds, it is infeasible to set up a sidelink unicast link without paired beams because of significant communication range loss.
We have a few questions regarding the proposal since it does not describe a lot of procedures specific to initial beam pairing.
· How does UE1 and UE2 set up the unicast link? The existing link establishment procedure cannot be reused since the UE has to send multiple DCRs on different beams to set up the link.
· How are the UEs configured with the resources for beam sweeping?
There are a lot of details lacking here, and it seems to be more complicated than the “before” and “during” cases. We can first study the first 2 and if found infeasible, we can revisit this proposal.

	Fraunhofer
	Yes
	

	Ericsson
	Yes
	

	JHUAPL
	Yes
	Unicast link establishment can be accomplished by other means, e.g., FR1.

	Sharp
	Yes
	

	Qualcomm
	
	We have missed to provide our comment on this field.. Let us re-add it…

We disagree “Rel-16/17 NR SL already support FR2 without TX and/or RX beam training”. “So far not defined” does not mean 3GPP considers this is feasible. To make the FR2-SL in reality, beam management is essential. And this requires periodic RS transmission.

As we have commented in the previous round, 2nd and 3rd bullets are common procedure for all the options. Should be deleted.

We suspect the feasibility of this option and hence “FFS feasibility of unicast link establishment” should be kept. This option makes initial SL link-establishment in FR2 impossible in many cases and significantly limit the applicable use-cases. Again, there is no “omni” directional spherical beam at UE.


	Samsung2
	No
	We don’t think it is feasible to establish a link before identifying the beams to uses.

	Sony
	Yes
	Agree with Lenovo, the beams for DCR message is omni-directional or directional need to be further studied.

	WILUS
	Yes
	We think that unicast link establishment is infeasible before beam pairing process, however, we are OK since the feasibility of unicast link establishment is FFS point.

	Transsion
	Yes
	

	OPPO
	Yes 
	



3.1.4.2 [M] Proposal 1-2-c 
With the agreement on the candidate procedure where initial beam pairing is performed before sidelink unicast link establishment, we could continue discussing the reference signals for this candidate procedure. 
In the second round, 
· OPPO, xiaomi, transsion, Ericsson, Lenovo propose to first study the feasibility of reusing existing S-SSB for initial beam pairing. This is reflected in the following proposal. 
· Interdigital proposes to study the relationship between this reference signal for initial beam pairing and existing S-SSB. This is added as the last bullet. 
· Huawei proposed editorial changes on the first bullet, which is applied. Regarding Huawei’s questions 
· On 2nd bullet, when UE1 broadcasts S-SSB, all its neighbor UEs may receive the S-SSB. Since there is no destination ID, any neighbor UE may indicate to UE 1 the determined UE1’s transmit beam. This is unnecessary since UE1 only needs to set up unicast link with one particular UE. 
· On 3rd bullet, it is remained, as in Proposal 1-3-c since this issue is common to S-SSB and SL CSI-RS.
· On 6th bullet, the main motivation is if a UE has synchronization source of GNSS/gNB/eNB, it does not need to monitor S-SSB. However, if S-SSB is used for initial beam pairing, this UE needs to monitor S-SSB. The same applies to S-SSB transmission.  

Proposal 1-2-c: To study the feasibility of reusing S-SSB can be used as a starting point for initial beam pairing, the following enhancements can be considered.
· Whether/how to enable UE2 to identify UE1 (e.g., source ID) for the S-SSB transmission 
· Whether/how to enable UE1 to identify UE2 (e.g., destination ID) of the S-SSB transmission to avoid unnecessary beam measurement/reporting from irrelevant receiver UEs
· Mapping between S-SSB transmission/resource and beam related information
· Allocation of beam reporting resources respectively associated with different S-SSB transmit beams
· Structure of S-SSB
· Mechanism to avoid unnecessary S-SSB transmissions and receptions
· Mechanism to mitigate/avoid the interference between overlapped S-SSB transmissions from different UEs, including S-SSB transmission resources
· Relation between S-SSB for initial beam pairing and existing S-SSB. 

Please directly provide modified version if possible
	Company
	Yes or No
	Comments

	ZTE, Sanechips
	
	Our understanding is that the S-SSB of study has nothing to do with the xisting S-SSB. What’s the intention of the red text?

	Xiaomi
	
	We can accept the proposal.

	Nokia, NSB
	Yes
	

	NEC
	OK to study
	We don't prefer this option but OK to study.

Proposal 1-2-c: To study the feasibility of reusing S-SSB can be used as a starting point for initial beam pairing between UE1 and UE2, the following enhancements can be considered.

The modification is suggested to clarify UE1 and UE2.

	Qualcomm
	
	OK with the proposal

	CMCC
	
	Agree with ZTE that since legacy S-SSB cannot be reused. 

	Vivo
	
	Fine to discuss, but negative to support. Even a beam pair is built before DCR/DCA. When building the unicast connection, UE1 still need to transmit DCR/DCA in beam sweeping manner, since DCR/DCA is broadcast.

For better understanding the proposal, we prefer to add following sentence in main bullet
For the case when initial beam pairing is performed before sidelink unicast link establishment, …

	Lenovo
	Yes
	· Structure of S-SSB and content of S-SSB,


	InterDigital
	OK to study
	We don't prefer this option but OK to study.
The intention of studying the relationship between this “new S-SSB” and the legacy one is, e.g., about how UEs will identify which type of S-SSB it is and how the resources are used between the different type to avoid confusion and overlaps. This assumes that the new S-SSB is somewhat similar with the legacy one.

	Intel
	Yes
	

	Toyota
	Yes
	

	Huawei, HiSilicon
	Yes, with comments
	In the main bullet, it is feasible to use S-SSB for initial beam pairing with essential enhancement following Uu design, which is aligned with the WID.
Regarding the 1st and 2nd bullets, the target of initial beam pairing is to determine a TX/RX beam pair between UEs, where source ID and destination ID are not needed to identify a specific UE pair at this stage. For initial beam pairing, UE2 needs to identify different UE1s for the S-SSB transmission and UE1 needs to differentiate the corresponding UE2’s report. 
Regarding the 9th bullet, the “relation” is not clear since existing S-SSB needs to be enhanced for initial beam pairing, which is the purpose of this proposal.
Hence, the updated proposal is seen below, with changes in blue:
Proposal 1-2-c: To study the feasibility of reusing S-SSB can be used as a starting point for initial beam pairing, with the following enhancements can be considered.
· Whether/how to enable UE2 to identify UE1 (e.g., source ID) for the S-SSB transmission and UE1 to identify the corresponding beam measurement/reporting from UE2
· Whether/how to enable UE1 to identify UE2 (e.g., destination ID) of the S-SSB transmission to avoid unnecessary beam measurement/reporting from irrelevant receiver UEs
· Mapping between S-SSB transmission/resource and beam related information
· Allocation of beam reporting resources respectively associated with different S-SSB transmit beams
· Structure of S-SSB
· Mechanism to avoid unnecessary ensure S-SSB transmissions and receptions monitoring
· Mechanism to mitigate/avoid the interference between overlapped S-SSB transmissions from different UEs, including S-SSB transmission resources
Relation between S-SSB for initial beam pairing and existing S-SSB. 

	Fraunhofer
	OK
	

	Ericsson
	OK
	

	JHUAPL
	Yes, with comments
	Significant enhancements to S-SSB are required. Remove last bullet.
Relation between S-SSB for initial beam pairing and existing S-SSB

	Sharp
	OK to study
	We also support the modification proposed by Lenovo.

	Samsung2
	
	OK to study, with the following update:
To study the feasibility of reusing S-SSB can be used as a starting point for initial beam pairing, at least the following enhancements can be considered.
We are not clear on the intention of the last bullet:
Relation between S-SSB for initial beam pairing and existing S-SSB
We prefer to remove 

	Sony
	OK
	

	Spreadtrum
	Fine to study
	

	WILUS
	Yes
	

	Transsion
	OK to study
	

	CEWiT
	Yes
	

	OPPO
	Yes 
	



3.1.4.3 [M] Proposal 1-3-c 
Based on the existing discussions in second round, Proposal 1-1-b-3 is modified as follows, also shown in Section 4.1.
For the comments in second round:
· xiaomi: WID says “reusing existing sidelink CSI framework and reusing Uu beam management concepts”. However, CSI-RS is not used for initial beam pairing in Uu link. Hence, it may be too early to agree that SL CSI-RS is used for sidelink initial beam pairing. The proposed FFS point is added in the new version. 
· MediaTek: “with or without SCI indication” is added in a bullet; “How to provide SL CSI-RS resource configuration” is added in a bullet. 
· Interdigital: the proposed bullet is related to the bullet of “Allocation of SL CSI-RS beam sweeping resources”. They could be considered together. 
· Samsung: The proposal 1-1-b-1 with modification is already agreed. 
· Huawei: the proposed bullet is related to the bullet of “Study the possibility to apply SL CSI-RS for initial beam pairing before, during or after unicast link establishment”
Proposal 1-3-c: If SL CSI-RS is to be used as a starting point for initial beam pairing, the following enhancements can be considered.  
· SL CSI-RS transmission with or without sidelink data transmission
· Mapping between SL CSI-RS transmission/resource and beam related information
· Periodic 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
Please directly provide modified version if possible
	Company
	Yes or No
	Comments

	ZTE,Sanechips
	
	Yes

	Xiaomi
	Yes
	

	Nokia, NSB
	Yes
	

	NEC
	Yes 
	· SL CSI-RS transmission with or without sidelink data transmission in a same slot

Modification is made because we think the intention is to say whether CSI-RS transmission is together with data transmission in the same slot as R16 SL does.

	Qualcomm
	
	To be fair, the main bullet can be aligned with Proposal 1-2-c, “To study the feasibility of reusing SL CSI-RS can be used as a starting point for initial beam pairing, the following enhancements can be considered.”

	CMCC
	Yes
	We are also fine with the modification from NEC.

	Vivo
	Yes
	

	Lenovo
	Yes
	Add one bullet to clarify the slot structure of SL CSI as:

· How to reuse existing sidelink slot structure for the transmission/reception of SL-CSI 

	Interdigital
	Yes
	· SL CSI-RS transmission with or without sidelink data transmission in the same slot
· FFS Structure of the transmission slot with one or multiple CSI-RS beams
· FFS Structure of the transmission slot without sidelink data (e.g. with/without SCIs/PSSCH/PSCCH) 

	Intel
	Yes
	

	Toyota
	Yes
	

	Huawei, HiSilicon
	Yes
	We are also fine with the suggested wording for the main bullet from QC if the previous proposal’s wording is not revised. We prefer to keep them the same, since they are both to be studied.

	Fraunhofer
	Yes
	

	Ericsson
	Yes
	

	JHUAPL
	Yes
	

	Sharp
	Yes
	We support the modification by Qualcomm. 

	Samsung2
	Yes with comments
	We would like to update one of the bullets as follows:
· Periodic SL CSI-RS transmission or semi-persistent SL CSI-RS transmission, or aperiodic SL CSI-RS transmission, with or without SCI indication 
We would like to add the following, (repetition is when a CSI-RS is repeated on a beam for N times before moving on to the next beam, without repetition is when a CSI-RS is transmitted once on each beam):
· SL CSI-RS transmission with or without repetition on transmit beams

	Sony
	Yes
	

	Spreadtrum
	Yes
	

	MediaTek
	Yes
	

	WILUS
	Yes
	

	Transsion
	Yes
	

	CEWiT
	Yes
	

	OPPO
	Yes 
	


3.1.5 [Closed] Fourth round discussions
3.1.5.1 [H] Proposal 1-1-d-x
In the third round for Proposal 1-1-c-2, 
· ZTE, LG, CMCC, Interdigital, Sharp, Intel, Toyota, Fraunhofer, Ericsson, Wilus mention to replace “the same” by a note in the same way as the existing agreement. This is applied.
· Xiaomi, LG Intel, CMCC, Lenovo, Interdigital, Sharp, Toyota, Huawei, Sony, Mediatek, Wilus mention DCR message transmission is associated with reference signals. To clarify the connection between reference signal and DCR message, an FFS is added under the first bullet.  
· Xiaomi, LG, Intel, Interdigital, Mediatek, Wilus mention in 2nd bullet, how UE2 determines UE1’s transmit beam and UE2’s transmit/receive beam need to be studied. An FFS is added.
· Nokia, Interdigital, Toyota mention only “interesting” UE2 follows the remaining steps. This is added. 
· NEC, Fraunhofer mention to study the mapping between DCR message and UE1 transmit beam. An FFS is added.
· Qualcomm and JHUAPL suggest replacing DCR message by PSCCH/PSSCH carrying unicast link establishment message to be more generic. This change is used over the whole proposal. 
· ZTE mentions in step 2 and 3, only one beam is to be determined and indicated. At this stage, FL suggests keeping the proposal general and down-selection could be in a later stage.  

Proposal 1-1-d-2: 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) repeatedly via the same or 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 DCR messages and UE2 determines to establish a unicast link with UE1, it indicates to UE1 one (or more) UE1 transmit beam(s) of DCR message(s) which is successfully received 
· FFS details (e.g., implicit or explicit indication) 
· FFS: how to map between each message 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.

Please directly provide modified version if possible
	Company
	Yes or No
	Comments

	
	
	it may be possible that UE1 and UE2 build some beam before DCR/DCA transmission via the additional RS, then the DCR message may be transmitted only one time towards the UE2. We add another note to clarify this case.
· UE1 sends PSCCH/PSSCH that carries unicast link establishment message (e.g., DCR message) repeatedly via different transmit beams 
· Note: PSCCH/PSSCH transmission(s) via a single beam can still be considered.

	OPPO
	Yes 
	

	NEC
	Yes
	

	Interdigital
	Yes
	

	Lenovo
	Yes
	The applicable reference signal transmission together with the DCR message is essential and FFS should be removed. 
Kindly remove FFS from the sub-bullet ‘’applicable reference signal’’ 

	Intel
	Yes
	We are fine with the current wording and think this provides a good basis for the study of this aspect.

	Toyota
	Yes
	

	Samsung3
	Yes with comments
	· UE1 uses one of the indicated beam(s) to finish the remaining sidelink unicast link establishment procedure with UE2 and for subsequent communication until it determines or is indicate a new beam.
· FFS: how UE1 determines one of the indicated beam(s) 


	Nokia, NSB
	Yes
	

	Huawei, HiSilicon
	Yes
	

	Qualcomm
	Yes
	Agree with Samsung3. 
This addition by Samsung3 (the paired beams are used for subsequent communication until it determines or is indicate a new beam) should be common for this option (MSG-based initial beam-pairing) and the option already agreed (RS-based initial beam-pairing).


	Fraunhofer
	Yes
	

	JHUAPL
	Yes
	

	Sharp
	Yes
	

	Xiaomi
	Yes
	

	WILUS
	Yes
	

	CATT
	Yes
	

	Transsion
	Yes
	

	MediaTek
	Yes with comments
	Regarding the last bullet, how to understand “additional reference signal”? Does it mean there is default RS for IBP if reference signal is not agreed?



In the third round for Proposal 1-1-c-3, 
· NEC mentions some editorial changes, which are adopted. 
· LG and Lenovo mentions that R16 NR sidelink already supports FR2 operations, and hence, there is no problem of establishing unicast link in FR2. Hence, they prefer to remove the first FFS. Furthermore, WID mentions the title of this objective is “Study enhanced sidelink operation on FR2 licensed spectrum”. Does this imply the sidelink operation on FR2 is already feasible and subsequently, the unicast link establishment is feasible in R16 NR sidelink? JHUAPL mentions the unicast link establishment can be accomplished by other means, e.g., FR1. Lenovo and Sony mention to study the beam used for unicast link establishment. On the other hand, Huawei mentions it is infeasible due to communication range loss due to omni-directional beam. Qualcomm mentions there is no omni-directional spherical beam at UE. Samsung and Wilus also question the feasibility of unicast link establishment before initial beam pairing. FL modifies the sub-bullet to reflect the discussions. 
· Xiaomi, Lenovo and Interdigital mention that in this procedure, initial beam pairing is actually similar to beam maintenance. This can be further studied, and FL adds an FFS for this. 
· Lenovo mentions to add “reference signal” in 2nd and 3rd bullet. But it seems unnecessary. For example, in 2nd bullet, the reference signal resources for beam reporting is unclear. Also, Lenovo mentions to study standalone/non-standalone reference signal. This is covered in Proposal 1-3-d. 
· Intel mentions to add additional step to exchange the determined beam between UE1 and UE2. This is generally the understanding of many companies. However, Nokia mentions this step of beam indication is not necessary if UE1 and UE2 separately apply receive beam training. To clarify this difference, a new FFS is added. 
· Huawei asks how are the UEs configured with resources for beam sweeping. FL thinks this could be based on PC5-RRC configuration between UE1 and UE2 and resources may be reserved using existing scheme. FL adds an FFS on this part for companies’ study. 

Proposal 1-1-d-3: RAN1 can study the following candidate procedure where initial beam pairing starts after sidelink unicast link establishment between UE1 and UE2. 
· UE1 and UE2 set up sidelink unicast link, following existing link establishment procedure
· FFS how to ensure unicast link establishment, including used beams in FR2, via FR1 or other methods, and their feasibility.
· UE1 and 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 and beam maintenance

Please directly provide modified version if possible
	Company
	Yes or No
	Comments

	Vivo
	Yes
	

	OPPO
	Yes with comment
	Generally fine with the proposal. For the FFS under 1st bullet, we suggest to remove “via FR1”. The scenario using FR1 to establish unicast link and FR2 for following transmission which requires multiple carrier operation and is out of scope of the WID. 
Another possibility to set up unicast link is based on omni-directional transmission at lease in case of short communication range requirement. Therefore, we suggest the following modification for the 1st bullet:
· UE1 and UE2 set up sidelink unicast link, following existing link establishment procedure
· FFS how to ensure unicast link establishment, including used beams in FR2, via FR1 omni-direction or other methods, and their feasibility.



	Interdigital
	Yes with comments
	We would rather remove the potential solutions in the FFS, especially the FR1 part. We could possibly add the option how to deal with beams (or absence of beams) for the connection establishment is left to UE implementation or standardized. 
· UE1 and UE2 set up sidelink unicast link, following existing link establishment procedure
· FFS how to ensure unicast link establishment, including used beams in FR2, via FR1 or other methods, and their feasibility

	Lenovo 
	Yes
	

	Intel
	Yes
	FFS for beam maintenance not applicable as the main bullet states initial beam pairing. 

	Toyota
	Yes
	

	Samsung3
	No
	We don’t think it is feasible to establish a link in FR2 (due to link budget constraints) before identifying the beams to use. This would also imply that the UE supports an omni-directional beam in FR2, which might not be feasible.

	Nokia, NSB
	Yes
	

	Huawei, HiSilicon
	No
	In SL FR2, unicast link establishment with paired beams is critical to maintain sufficient communication range. Although Rel-16 NR SL already supports FR2 operations, there is no conclusion on supporting SL FR2 without TX and/or RX beam training. In addition, “enhanced” in the WID is an overall enhancement on sidelink and does not imply that sidelink operation on FR2 is already feasible with initial beam pairing.
To enable FR2 standalone communication, FR1 assistance and use of prior information have not been discussed so far. Since there is ambiguity that whether FR1-assisted FR2 can be supported, it is unclear how a UE can access to two carriers given that SL is single carrier operation.
Therefore, feasibility of performing initial beam pairing after sidelink unicast link establishment should be discussed first.
The first bullet states that unicast link is set up using the existing link establishment procedure, but the existing procedure cannot be reused since the UE has to send multiple DCRs on different beams to set up the link, instead of only one.
This case seems to be more complicated than the “before” and “during” cases. We can first study the first 2 and if found infeasible, we can revisit this proposal.

	Qualcomm
	No
	Agree with Samsung3 and Huawei that the option is problematic and is not feasible. 

If we have to keep this option (after unicast-link establishment) for study, the main focus of the study on this option should be the feasibility itself. From our point of view, this option cannot ensure unicast-link establishment. Especially it is not possible to use beams in FR2 to ensure it. So, the FFS of the first bullet should be something like following:
· FFS how to ensure feasibility of unicast link establishment, including not using appropriate used beams in FR2, via FR1 or other methods, and their feasibility.

And as we commented multiple times, the 2nd and 3rd main bullets are irrelevant to initial beam pairing. It is part of beam maintenance. We need to remove them.
· UE1 and 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 and beam maintenance



	Fraunhofer
	Yes
	

	WILUS
	Yes
	

	CATT
	Yes
	

	Transsion
	Yes
	

	MediaTek
	No
	Agree with Sumsumg3. Omni beam may not be feasible for UEs with multiple panels in FR2, which increases the complexity of IBP after link establishment.



3.1.5.2 [M] Proposal 1-2-d
In the third round, 
· NEC has some editorial changes, which are applied.
· Lenovo and Sharp suggest studying the contents of S-SSB together with structure of S-SSB, which is added. 
· ZTE, CMCC, Huawei, JHUAPL and Samsung think the S-SSB for initial beam pairing is independent of existing S-SSB. Hope this is common understanding, and FL removes the last bullet. 
· Vivo mentions S-SSB is applicable only for the case when initial beam pairing is performed before sidelink unicast link establishment. However, as Qualcomm mentions in their comments for Proposal 1-1-a, S-SSB may also be used when initial beam pairing is performed during sidelink unicast link establishment. Hence, at this stage, our discussion focus is not on the linkage between S-SSB and procedure.  
· Huawei mentions that in the first two bullets, UE2 needs to identify different UE1s for the S-SSB transmission and UE1 needs to differentiate the corresponding UE2’s report. Hence, they suggest merging these two bullets. Additionally, FL thinks the avoidance of beam measurement/reporting from other irrelevant Ues should also be studied. With this, the first two bullets are merged. Huawei suggests rewording the third last bullet, which is used.   
· Samsung wants to add “at least” in the main bullet. It is added. 

Proposal 1-2-d: To study the feasibility of reusing 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) for UE1’s S-SSB transmission, to enable UE1 to identify the corresponding beam measurement/reporting from UE2, and to avoid irrelevant Ues from beam measurement/reporting.  
· Whether/how to enable UE1 to identify UE2 (e.g., destination ID) of the S-SSB transmission to avoid unnecessary beam measurement/reporting from irrelevant receiver Ues
· 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
· Mechanism to ensure S-SSB monitoring
· Mechanism to mitigate/avoid the interference between overlapped S-SSB transmissions from different Ues, including S-SSB transmission resources
· Relation between S-SSB for initial beam pairing and existing S-SSB. 

Please directly provide modified version if possible
	Company
	Yes or No
	Comments

	Vivo
	Yes, with comment
	we suggest to add ‘the trigger of S-SSB transmission’ 

	OPPO
	Yes 
	

	NEC
	Yes
	

	Interdigital
	Ok
	

	Lenovo 
	Yes
	

	Intel
	Yes
	

	Toyota
	Yes
	

	Samsung3
	Yes
	

	Nokia, NSB
	Yes
	

	Huawei, HiSilicon
	Yes, with comments
	For the 1st bullet, the aim of initial beam pairing is to determine a TX/RX beam pair between Ues instead of identifying the target UE, which should be performed in unicast link establishment procedure following the existing framework. Therefore, there is no concept of “irrelevant” in the initial beam pairing stage.
Hence, the 1st bullet can be updated with changes in blue:
Whether/how to enable UE2 to identify UE1 (e.g., source ID) for UE1’s S-SSB transmission, to enable UE1 to identify the corresponding beam measurement/reporting from UE2, and to avoid irrelevant Ues from beam measurement/reporting.  

	Qualcomm
	
	We also think the 1st bullet is now quite redundant. Similar to Huawei, we think the update should be reverted. It is “to enable/avoid …” is already clear from “to identify UE1 for UE1’s S-SSB transmission”.

· Whether/how to enable UE2 to identify UE1 (e.g., source ID) for UE1’s S-SSB transmission, to enable UE1 to identify the corresponding beam measurement/reporting from UE2, and to avoid irrelevant Ues from beam measurement/reporting.  


	Fraunhofer
	OK
	

	JHUAPL
	Yes
	

	Sharp
	Yes
	

	Xiaomi
	OK
	

	WILUS
	Yes
	

	CATT
	Comments
	Can sb. clarify what is ‘Mechanism to ensure S-SSB monitoring’ ?

	Transsion
	Yes
	

	MediaTek
	See comments
	In the 2nd sub-bullet, if there are irrelevant UEs can be avoided, then service type or target UE ID is known, which means IBP happens during/after link establishment. We don't think S-SSB is an appropriate option for IBP during/after link establishment.



3.1.5.3 [M] Proposal 1-3-d
In the third round, 
· NEC, CMCC and Interdigital mention to add “in the same slot” for the first bullet. FL thinks this is clear and makes the change.
· Qualcomm, Huawei, Sharp mention to treat SL CSI-RS in the same priority as S-SSB (i.e., in Proposal 1-2-c). Although some other companies prefer to treat SL CSI-RS with higher priority than S-SSB for initial beam pairing, FL thinks it is pair to treat them in the same way at this stage. 
· Lenovo and Interdigital mention the slot structure update, e.g., for SL CSI-RS transmissions without data transmission in the same slot. Hence, a sub-bullet is added. 
· Samsung wants to study “semi-persistent SL CSI-RS”, together with periodic or aperiodic SL CSI-RS; and study SL CSI-RS transmissions with or without repetition on transmit beams These are added. 

Proposal 1-3-d: To study the feasibility of reusing SL CSI-RS for initial beam pairing, 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

Please directly provide modified version if possible
	Company
	Yes or No
	Comments

	Vivo
	Yes
	

	OPPO
	Yes 
	

	NEC
	Yes
	

	Interdigital
	Yes
	

	Lenovo
	Yes
	We want to empathize reuse Rel16/Rel17 slot structure 
· FFS: reuse Rel16/17 slot structure


	Intel
	Yes
	

	Toyota
	Yes
	

	Samsung3
	Yes
	

	Nokia, NSB
	Yes
	

	Huawei, HiSilicon
	Yes, with comments
	We prefer to keep main bullets of Proposal 1-2-d and Proposal 1-3-d the same, i.e.,
Proposal 1-3-d: To study the feasibility of reusing SL CSI-RS for initial beam pairing between UE1 and UE2, at least the following enhancements can be considered.  

	Qualcomm
	Yes
	Huawei’s suggestion is good.

	Fraunhofer
	Yes
	Also ok with the suggested changes by Huawei.

	JHUAPL 
	Yes
	

	Sharp
	Yes
	

	Xiaomi
	Yes
	We still prefer to set CSI-RS as higher priority than S-SSB, due to less specification impact. But we can accept the current version.

	WILUS
	Yes
	

	CATT
	Yes
	

	Transsion
	Yes
	

	MediaTek
	Yes
	



3.1.6 [Active] Fifth round discussions
3.1.6.1 [H] Proposal 1-1-e-x
In the fourth round for Proposal 1-1-d-2,  
· Vivo mentions the case where UE1 and UE2 build some beam before DCR/DCA transmission and hence, PSCCH/PSSCH is sent via a single beam. FL thinks this belongs to the “before” case. Also, vivo mentions to remove “repeatedly” since the corresponding messages in PSSCH (including MAC CE) could be different. It is removed to be more general.  
· Lenovo mentions to remove the first “FFS”. FL thinks which reference signals is applicable is unclear, and we could keep the FFS, just like in the agreement made in Tuesday’s GTW for the “before” case. 
· Samsung and Qualcomm suggest extending the last step of the procedure. Although it follows the principle of Uu link, we do not need to explicitly add it in the proposal. This is aligned with the proposal agreed in Tuesday’s GTW for the “before” case.
· Mediatek asks the additional reference signal in the last bullet. In FL’s understanding, this could be some (e.g., periodic) reference signal for initial beam pairing, which are not transmitted with unicast link establishment message. 

Proposal 1-1-e-2: 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) repeatedly 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 messages and UE2 determines to establish a unicast link with UE1, it indicates to UE1 one (or more) UE1 transmit beam(s) of message(s) which is successfully received 
· FFS details (e.g., implicit or explicit indication) 
· FFS: how to map between each message 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.

	Company
	Yes or No
	Comments

	Nokia, NSB
	Yes
	

	LGE
	OK
	

	Vivo
	Yes
	

	OPPO
	Yes
	

	Qualcomm
	OK
	

	MediaTek
	Ok
	

	Huawei, HiSilicon
	Yes, with comments
	We are in general supportive of the proposal, but after re-reading, noticed some inconsistencies between the first and second bullets. The second bullet talks about UE2 decoding “the message”, which refers to the link establishment message from the first bullet. Since DCR or unicast link establishment message is not defined in RAN1, and to align with the FFS on the use of reference signals, “messages” in the second bullet should be replaced with “PSCCH/PSSCH”
Hence we propose the following text changes for the second bullet in blue:
if UE2 successfully decodes one (or more) of the PSCCH/PSSCHs messages and UE2 determines to establish a unicast link with UE1, it indicates to UE1 one (or more) UE1 transmit beam(s) of message(s) which is successfully received 

	Samsung4
	OK
	OK for progress

	Toyota
	Yes
	

	Ericsson
	Yes
	

	JHUAPL
	Yes, with comments
	FR2 beam sweeping is not required for establishing the unicast link. The unicast link can be established using other means. This is covered by the FFS under the first bullet.



In the fourth round for Proposal 1-1-d-3,  
· OPPO mentions to replace FR1 by omni-directional beams. Interdigital proposes to remove all the examples. On the other hand, Samsung, Qualcomm and Huawei think this procedure is infeasible because the unicast link establishment part has coverage issue. Samsung, Mediatek think omni-directional beam may not be feasible for UEs with multiple panels. FL thinks whether this procedure is feasible or not depends on the study outcome. FL modifies the example of the first FFS to be more generic.  
· Intel mentions the last FFS bullet about beam maintenance is not relevant. Actually, some companies mentioned that in the procedure where initial beam pairing starts after sidelink unicast link establishment, the initial beam pairing is similar to beam maintenance. The difference between them needs to be clarified. FL moves the last FFS bullet one level up to avoid confusion.
· Qualcomm wants to remove the last 2 bullets and thinks it does not belong to initial beam pairing, rather than beam maintenance. It is assumed that in the first bullet, the initial beam pair has not been set up. Hence, the last 2 steps are really about initial beam pairing. As for the difference from beam maintenance, it is captured in the last FFS bullet. 

Proposal 1-1-e-3: RAN1 can study the following candidate procedure where initial beam pairing starts after sidelink unicast link establishment between UE1 and UE2. 
· UE1 and UE2 set up sidelink unicast link, following existing link establishment procedure
· FFS how to ensure unicast link establishment, including the beams used for unicast link establishment, via FR1 or other methods, and their feasibility.
· UE1 and 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

	Company
	Yes or No
	Comments

	Nokia, NSB
	Yes
	

	LGE
	Yes with comment
	In my memory, some company provide field test results for NR SL in FR2 during Rel-16 NR SL discussion. Then, NR SL with omni-directional beam can work properly. In that point of view, I think that this approach itself is feasible. Applicable scenario or limited range is different story in our perspective. For progress, we are fine with the wording about the feasibility, but I hope that companies keep it in mind. 

	Vivo
	Yes
	

	OPPO
	Yes with comment
	Thanks for LGE’s remind. The related Tdoc is copied below. The field test shows that w/o beamforming, the communication range is about 100m. Considering that, we think to setup unicast link before initial beam paring is possible.

[image: ]

	Qualcomm
	OK
	OK with the FL proposal.
@ LGE, @ OPPO
Please check the shape of Rx antenna in Fig. 2. This is for V2V with the Rx antenna mounted on top of car ceil, so that there is no blockage over 360 degrees. Typical FR2 RF module for smartphone/CPE cannot be like that.
 [Update] Sorry, correction – Rx antenna is not on top of the car, it seems on the bumper. Then the field test was carried out to see the SL performance between the two cars, with the bumpers are face-to-face relation. It seems there was no spherical coverage test. “omni” here simply means the Rx antenna is passive device (no active beam-forming). Fig. 9 shows RSRP dropping of more than 5 dB due to the blockage by a car. This essentially means that, if either Tx or Rx car rotates 180 degrees, then there would be the same blockage loss, i.e., - 5dB, would be added. This still implies that selection of appropriate antenna panel or beam is important for SL on FR2.


	MediaTek
	
	In our opinion, omni beam is not feasible for FR2 UE, which means beam sweeping is needed for link establishment for this proposal. Up to UE implementation may not solve the problem. But we are OK to study.

	Huawei, HiSilicon
	
	It is illustrated in the TDoc quoted by LG and OPPO that a widebeam antenna is used. Though advanced beamforming techniques are not used, it is already a directional beam with 115° in azimuth and 60° in elevation. In addition, both TX and RX gains are listed in Table-1, i.e., 6dB and 2dB. Thus, the TDoc indicates directional beams are essential for SL FR2.
We cannot accept “following existing link establishment procedure” because the “after” case cannot follow it.

	Samsung4
	
	We still have concern on this proposal. We agree with MediaTek that omni antennas are not feasible in FR2.
To move forward, we suggest the following update:
Proposal 1-1-e-3: RAN1 can study the following candidate procedure where initial beam pairing starts after sidelink unicast link establishment between UE1 and UE2 if unicast link establishment before initial beam pairing is feasible.
…

	Toyota
	OK
	We are OK with the proposal for study. We share the views of MediaTek and Samsung that omni-directional transmission (i.e., 360-degree angular coverage) in FR2 is practically not feasible. 

	Ericsson
	Yes
	



3.1.6.2 [H] Proposal 1-2-e
In the fourth round, 
· Vivo wants to add a new bullet of “trigger of S-SSB transmission”. FL thinks this can be studied since periodic S-SSB transmission for initial beam pairing wastes resources.  A new bullet is added. 
· Huawei and Qualcomm want to remove “avoid irrelevant UEs from beam measurement/reporting”, since there is no “irrelevant” UE in the initial beam pairing procedure. This is accepted. On the other hand, the mechanism of S-SSB monitoring and reporting/responding can be studied to avoid beam reporting/responding collision.
· CATT asks to clarify what is the mechanism to ensure S-SSB monitoring. In FL’s understanding, this S-SSB for initial beam pairing is not always transmitted. When UE1 starts transmitting S-SSB, how could UE2 knows when to monitor it. 

Proposal 1-2-e: To study the feasibility of reusing 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) for UE1’s S-SSB transmission and to enable UE1 to identify the corresponding beam measurement/reporting from UE2, and to avoid irrelevant Ues from beam measurement/reporting.  
· 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 of S-SSB transmission
· Mechanism to ensure 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

	Company
	Yes or No
	Comments

	Nokia, NSB
	No, see comments
	Now that “irrelevant Ues” has been removed, will UE2 report beam measurements even if it’s not interested in communicating with UE1?? We think it is necessary for UE1 to specify who is the target (e.g., destination ID) of the S-SSB. This is a critical issue, as there could be 100s of UE2s within UE1’s S-SSB coverage.

	LGE
	
	Considering DCR contents, the opposite direction may be need to be considered. To be specific, it is allowed that the DCR does not contain Targer User information, then UEs are interested in service type indicated by the DCR from UE1 could be UE2. 
In this case, UE1 does not know which UE will be UE2, and the number of candidate UE2 could be large in the above case especially when the initial beam paring procedure is performed before or during unciast link establishment.
In this case, such a removed part would be needed for whether or how to handle the high congestion case. 
Then, my suggestion is to add “FFS: whether or how to avoid irrelevant UEs from beam measurement/reporting”.

	Vivo
	Yes
	

	OPPO
	
	We share similar view as Nokia and LGE.  The removed part is related how to determine the target unicast pair, whether there is other UEs which are not target unicast pair can send beam measurement. 
Therefore, we suggest to keep the remove part or we are fine with the modification from LGE. 


	Qualcomm
	OK
	 

	MediaTek
	
	Similar to NOKIA. Now “irrelevant UEs” are removed, but the unnecessary IBP issue remained. If “avoid irrelevant UEs” remains, then the S-SSB based IBP may starts during/after link establishment, or it is meaningless to repeat transmitting the information (e.g., destination ID, service info, etc.) during DCR of link establishment procedure.

	Huawei, HiSilicon
	Yes, with comments
	Regarding Nokia’s comment, the target of initial beam pairing is to determine TX and RX beam pairs and it is possible that there are multiple UE2s within UE1’s S-SSB coverage. Using the paired beams, unicast link establishment procedures can be performed among UEs, which is exactly the same as Rel-16.
We are not sure why the “triggering of S-SSB transmission” is added. S-SSB is periodically transmitted.

	Samsung4
	Yes with comments
	Our first preference is to only include the main bullet. The remaining items are examples of what can be enhanced, they don’t need to be in the proposal. They are already included in the feature lead summary and can be referred to there.
If we include examples of what can be enhanced, we prefer the following updates:

Proposal 1-2-e: To study the feasibility of reusing 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) for UE1’s S-SSB transmission and to enable UE1 to identify the corresponding beam measurement/reporting from UE2, and to avoid irrelevant Ues from beam measurement/reporting.  
· Whether/how to do Mapping between S-SSB transmission/resource and beam related information
· Whether/how to do Allocation of beam reporting resources respectively associated with different S-SSB transmit beams
· Whether/how to enhance the Structure and contents of S-SSB
· Whether/how to configuration and/or Triggering of S-SSB transmission
· Mechanism Whether/how to ensure 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


	Toyota
	Comments
	Regarding “irrelevant UEs”, we share the views of Nokia, LGE, and OPPO. We suggest keeping the removed part or adopting LGE’s proposal.

	Ericsson
	Comments
	We share the view of Nokia regarding “irrelevant UEs” and agree with the LGE proposal of studying at least how to avoid irrelevant UEs from beam measurement/reporting.

	JHUAPL
	Yes
	



3.1.6.3 [H] Proposal 1-3-e
In the fourth round, 
· Lenovo has a comment to reuse R16/17 slot structure. However, if SL CSI-RS transmissions without data transmissions, the slot structure may be modified. The potential slot structure enhancement will anyway be discussed.  On the other hand, the “reusing” is already in the main bullet. Hence, FL suggests no update, and hope it is acceptable by Lenovo. 
· Huawei, Qualcomm, Fraunhofer want to add “at least” to Proposal 1-3-d, in a similar way as Proposal 1-2-d. Xiao can accept it although it is not preferred. It is added to be fair.  Note “UE1 and UE2” are not added since they are not cited in the following bullets. 

Proposal 1-3-e: 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

	Company
	Yes or No
	Comments

	Nokia, NSB
	Yes
	

	LGE
	OK
	

	Vivo
	Yes 
	

	OPPO
	Yes 
	

	Qualcomm
	OK
	

	MediaTek
	Yes
	

	Huawei, HiSilicon
	Yes
	

	Samsung4
	Yes
	

	Toyota
	Yes
	

	Ericsson
	Yes
	

	JHUAPL
	Yes
	



3.2 Topic #2: Beam maintenance
3.2.1 Background
3.2.1.1 Principles
The following agreement is made in 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.)



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 and initial beam pairing. Intel mentions to study the conditions to trigger beam maintenance. 

As Uu link P2 procedure is to train transmit beam and P3 procedure is to train beam. Whether one or both of these procedures needs to be applied to sidelink has been discussed. Several companies (Nokia, Huawei, vivo, OPPO, Xiaomi, Samsung, Ericsson, CEWiT, CATT) support to training both transmit beam and receive beam for PSCCH/PSSCH. Huawei and vivo mention that if only the transmit beam is trained, it has significant communication range restrictions compared with both transmit beam and receive beam are trained. 

On the other hand, ZTE mentions that receive beam training takes lower priority in Rel-18 since it is hard for a UE to determine a preferred receive beam if it has multiple unicast receptions, as well as broadcast or groupcast receptions. In FL’s understanding, the beam training could be separated from the beam usage. A pair of UE could have both transmit beam and receive beam to be trained. How to use the trained (receive) beam in case of multiple beams conflict could be separately discussed, as in Section 3.5.1. Furthermore, the PSCCH/PSSCH receive beam training could benefit in determining the PSFCH transmit beam or reverse data PSCCH/PSSCH transmit beam, in case of beam correspondence. Hence, it is worthy to have both transmit beam and receive beam training, as in Proposal 2-1-a. 

Additionally, Nokia mentions several different beam pairing approaches, including exhaustive beam search, P2+P3 and P3+P3. OPPO discusses the detailed transmit beam training process and receive beam training process. vivo mentions that the impact of applying trained receive beam on sensing could be mitigated by resource coordination. 

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

	Company
	Company proposal related to this issue

	Nokia
	Observation 3: In certain situations (e.g., long-range SL), using the narrowest attainable TX beam simultaneously with the narrowest attainable RX beam may be necessary to obtain reliable beam measurements, resulting potentially in a very long (multi-slot) search for the best beam pair.
Proposal 3: Study mechanisms to reduce the beam search space for SL beam pairing, especially for long-range SL.
Observation 4: 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.
Proposal 4: Study how to address the AGC issue caused by intra-slot TX beam sweeping.
Observation 5: 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 pairing.
Proposal 5: Study how TX/RX beam correspondence may be exploited for SL beam pairing, e.g., by performing P-3 in both link directions.
Observation 6: Different SL beam pairing approaches may be preferred in different settings.
Proposal 6: Study how the specification may support different SL beam pairing 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

	Huawei
	Observation 6: The communication range 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.
Proposal 7: Study both TX and RX beam training in R18 SL.

	vivo
	Observation 2: Using directional beam for PSCCH transmission and reception is beneficial, considering that the spatial reuse gain and beamforming gain can compensate the loss due to the in-effective sensing. 
Observation 3: When PSCCH/PSSCH reception beam is directional, the UE may miss some PSCCH/PSSCH transmitted by the UE outside the reception beam coverage; however, the issue can be mitigated by proper resource coordination. 
Proposal 1: For PSCCH/PSSCH transmission and reception, directional beam is assumed.  

	OPPO
	Proposal 1: Both TX beam and RX beam are supported for SL operation on FR2.
Proposal 7: For TX beam selection:
· 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 8: For RX beam selection:
· 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.

	xiaomi
	Proposal 8: Both TX beam training and RX beam training is investigated for SL beam management in FR2.

	Intel
	Proposal 9: Study which conditions may trigger beam maintenance.

	Samsung
	Proposal 5: For enhanced SL operation on FR2 licensed spectrum, consider legacy P-2 or P-3 procedures for sidelink beam maintenance.

	ZTE
	Observation 5: If UE has to receive multiple unicast transmissions or broadcast transmissions or groupcast transmissions in a slot, it is difficult for the UE to determine the preferred receiving beam.
Proposal 15: Studying Rx beam training takes a low priority in R18.

	Ericsson
	Proposal 9: For SL operation in FR2, the SL CSI-RS framework is used for beam refinement procedures (P2 and P3).

	DCM
	Proposal 4: SL beam maintenance procedure should be performed after PC5-RRC connection establishment procedure (and initial beam pairing)

	CEWiT
	Proposal 3: Study of beam refinement in sidelink using SL-CSI-RS or PSCCH/PSSCH DMRS for P-2 and P-3 procedures, including possible modifications to legacy SL-CSI-RS configuration and PSCCH/PSSCH DMRS.
Proposal 4: Study further methods to enable beam selection and beam reporting mechanisms using SL-CSI-RS or PSCCH/PSSCH DMRS for P-2 and P-3 procedures.

	CATT
	Proposal 10: The following three beam measurements processes can be further studied: joint transmission and reception beam measurement, transmitting beam measurement, receiving beam measurement.



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

In Rel-16 NR sidelink, only aperiodic sidelink CSI-RS transmission is supported. Sidelink CSI-RS is confined in PSSCH. This non-standalone sidelink CSI-RS transmission for beam maintenance has less specification impact. Also, it is simple since there is no extra resource allocation for sidelink CSI-RS transmission. 

In RAN1 #112 meeting, the reference signal for beam maintenance was discussed extensively, and the following is the latest version of FL proposal.  
 
	Proposal 2-2-d: RAN1 is to prioritize to study whether and how sidelink CSI RS can be used/enhanced for beam maintenance procedure, as well as the details of sidelink CSI RS (e.g., periodicity, transmission resources, repetition, etc). 
· This doesn’t preclude the study of using PSCCH/PSSCH DMRS or S-SSB for beam maintenance, [if sidelink CSI RS is not feasible].



In this meeting, the usage of SL CSI-RS for beam maintenance was discussed by several companies. Specifically, Nokia, Huawei, vivo, OPPO, Spreadtrum, CATT, Sony, Interdigital, Xiaomi, Samsung, CEWiT, Ericsson, MTK, Transsion, ZTE, Apple, Fraunhofer, Qualcomm, NCE, DCM, Sharp, Wilus, LG consider the enhancement of sidelink CSI-RS for beam maintenance. 

The first topic on sidelink CSI-RS is its periodicity. Basically, aperiodic, periodic and semi-persistent sidelink CSI-RS are considered. 
· The aperiodic sidelink CSI-RS are discussed by Nokia, Huawei, vivo, Samsung, ZTE, Apple, Wilus, Toyota, CATT.
· The benefit of aperiodic sidelink CSI-RS for beam maintenance includes less specification impact and allowing instantaneous and event-triggered beam measurement. 
· The periodic or semi-persistent sidelink CSI-RS are discussed by Nokia, Huawei, vivo, OPPO, Spreadtrum, Sony, Apple, Qualcomm, LG, Toyota, CATT. 
· The benefit of periodic or semi-persistent sidelink CSI-RS includes allowing receiver UE to prepare the corresponding receive beams for beam measurement and facilitating optimal beam maintenance in dynamic environment. 
· Nokia mentions that periodic sidelink CSI-RS may results in too frequent beam measurements with high signaling overhead and power consumption. 

The second topic on sidelink CSI-RS is whether its transmission is always accompanied with sidelink data transmission. Basically, both non-standalone CSI-RS transmission and standalone CSI-RS transmission are considered. 
· The non-standalone CSI-RS transmission are discussed by vivo, Interdigital, ZTE, Apple, Qualcomm, NEC
· The benefit of non-standalone CSI-RS for beam maintenance includes less specification impact and no additional sidelink CSI-RS resource allocation
· The potential issue of non-standalone CSI-RS for beam maintenance includes delayed triggering of sidelink beam maintenance due to lack of data for transmission. 
· The standalone CSI-RS transmission are discussed by Huawei, OPPO, Spreadtrum, Sony, Interdigital, Xiaomi, Ericsson, MTK, ZTE, Apple, Qualcomm, DCM. 
· The benefit of standalone CSI-RS for beam maintenance includes avoiding the delay of triggering sidelink beam maintenance
· The potential issue of non-standalone CSI-RS for beam maintenance includes requiring additional resources, additional slot structure and additional resource allocation/indication mechanism. 

Companies also discuss other topics of sidelink CSI-RS, which are listed below:
· Nokia, Interdigital, Samsung, Fraunhofer, Wilus discuss the triggering conditions for aperiodic sidelink CSI-RS transmission
· vivo, OPPO, DCM, Sharp, Wilus mention that for fast beam sweeping or intra-slot beam sweeping, it is beneficial to support multiple sidelink CSI-RS resources in a slot. But Transsion mentions that a single transmit beam is applied in a slot. 
· vivo, OPPO, Samsung, Transsion mention to study sidelink CSI-RS resource set configuration with repetition on/off property, in support of P3 procedure (cf. Section 3.2.1.1). 
· Huawei mentions that standalone CSI-RS transmission may be together with MAC-CE transmission.

Since majority of the companies consider sidelink CSI-RS as reference signal for beam maintenance, FL makes the corresponding proposal in Proposal 2-2-a. 

Finally, CEWiT discusses the modification of PSCCH/PSSCH DMRS to support beam maintenance. Ericsson mentions to use PSFCH to support beam maintenance. DCM mentions to consider PSCCH/PSSCH DMRS or S-SSB for beam maintenance. 

The following table provides a summary of company proposals on the reference signal design for sidelink beam maintenance:

	Company
	Company proposal related to this issue

	Nokia
	[bookmark: Obs51859][bookmark: Obs62490]Observation 8: 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.
Proposal 8: 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: Obs51860][bookmark: Obs62491]Observation 9: 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: Proposal51826][bookmark: Proposal52390][bookmark: Proposal52389]Proposal 9: Study trigger conditions for aperiodic beam measurement and reporting.

	Huawei
	[bookmark: _Ref126674403]Observation 9: Existing SL CSI-RS is not suitable for SL beam refinement because:
· [bookmark: _Ref126598703]SL CSI-RS is transmitted in an aperiodic manner.
· SL CSI-RS has to be transmitted together with SL data.
[bookmark: _Ref130927504]Proposal 8: For SL FR2 beam refinement, study the use of SL CSI-RS for beam sweeping, including the following aspects:
· Support for periodic SL CSI-RS transmissions.
· Design for standalone SL CSI RS transmissions using MAC CE only transmissions. 
[bookmark: _Ref130927467]Observation 11: 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.

	vivo
	[bookmark: _Ref127451477]Proposal 8: 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: _Ref127451482]Proposal 118: Study SL CSI-RS resource mapping for beam sweeping purpose, e.g., mapping multiple swept CSI-RSs on single slot or on multiple slots, as well as the symbols within the slot.  
[bookmark: _Ref131787083]Proposal 12: For SL CSI-RS transmission for beam training purpose, consider TDMed resource multiplexing between SL CSI-RS and PSCCH/PSSCH. FFS support of standalone CSI-RS without companion PSSCH.
[bookmark: _Ref131787088]Proposal13: Both periodic and aperiodic SL CSI-RS transmission should be supported for beam maintenance.

	OPPO
	Observation 5: Legacy SL CSI-RS is not suitable for SL beam management and should be enhanced.
Proposal 3: The following SL CSI-RS enhancements can be considered for SL beam management
· At least 2 SL CSI-RS resource sets are supported
· Periodic SL CSI-RS
· Stand-alone SL CSI-RS
· Multiple SL CSI-RS resources within one slot

	Spreadtrum
	Proposal-3: Periodic/Semi-persistent CSI-RS should be supported for sidelink beam maintenance.
Proposal-4: Standalone CSI-RS for beam maintenance should be supported for sidelink FR2.

	CATT
	Proposal 6: Sidelink CSI-RS can be used as starting point for sidelink beam adjustment.
Proposal 7: SL can choose different types of transmission beam according to different service data types. For example, security-related business data can use a wider beam for reliability, while entertainment-related business data can use a narrower beam for flexibility.
Proposal 9: Sidelink CSI-RS can be configured for either periodic or aperiodic, also it can be configured for standalone transmission.

	Intel
	Proposal 16: Study which reference signals to use for beam maintenance and beam recovery.

	Sony
	Proposal 3: Stand-alone CSI-RS without PSCCH/PSSCH and periodic CSI-RS for beam measurement in beam maintenance step can be supported.
· [bookmark: OLE_LINK2]At least L1-SINR or L1-RSRP reporting can be supported in physical layer signalling. 

	Interdigital
	Proposal 6: CSI reporting for SL beam management includes stand-alone CSI-RS transmission and PHY layer CSI feedback. 
Proposal 8: Study multiplexing of PSSCH and CSI-RS transmissions using different TX beams in a slot.
Proposal 12: Study triggering conditions for CSI-RS transmissions for beam maintenance.

	xiaomi
	Proposal 9: Standalone SL CSI-RS transmission in resources not belonging to a PSSCH transmission shall be investigated. 

	Samsung
	Proposal 6: For enhanced SL operation on FR2 licensed spectrum, study the design of the reference signal used for beam measurement and reporting including aspects such as:
· Configuration, triggering and transmission timing. 
· Reference signal structure and slot structure with and without repetition. 
· Timing. 
Proposal 10: 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.

	CEWiT
	Proposal 3: Study of beam refinement in sidelink using SL-CSI-RS or PSCCH/PSSCH DMRS for P-2 and P-3 procedures, including possible modifications to legacy SL-CSI-RS configuration and PSCCH/PSSCH DMRS.

	Ericsson
	Observation 8: In current NR SL framework only S-SSB transmissions are periodic.
Observation 9: In current NR SL framework, CSI-RS is aperiodic and non-standalone.
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.
[bookmark: _Toc131720417]Proposal 6: For SL operation in FR2, mapping between PSFCH resources and beams is used for beam establishment and beam refinement. 
[bookmark: _Toc127462415][bookmark: _Toc127461811][bookmark: _Toc131720418]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: _Toc131720422]Proposal 11: RAN1 to study the use of standalone CSI-RS signalling for beam management in NR SL for FR2.

	MTK
	Proposal 6: For sidelink, CSI-RS transmission for beam measurement can be transmitted for the following three options:
· Option 1: CSI-RS associated with data in Mode 2
· Option 2: Standalone CSI-RS in Mode 2
· Option 3: gNB configured CSI-RS in Mode 1
Beam measurement report can be transmitted for the following two options:
· Option 1: PSFCH channel (e.g., for initial beam pairing)
· Option 2: data channel (e.g., for unicast beam maintenance)
[bookmark: _Hlk131780489]Further study the matching between CSI-RS transmission and beam measurement report options under different usecase(e.g., initial beam pairing, beam maintenance) and SL resource allocation mode.

	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 6: 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.

	ZTE
	[bookmark: _Toc131790686]Observation 3: If R16/R17 CSI-RS mechanism is reused without enhancement, it may take a long time to complete a beam training because CSI-RS can be only transmitted together with PSSCH in one beam direction within one slot.
[bookmark: _Toc131790697]Proposal 7: The following options for CSI-RS resource configuration can be considered:
· [bookmark: _Toc131790698]Option 1(non-standalone 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: _Toc131790699]Option 2(standalone CSI-RS): Configure a CSI-RS resource pool, or configure dedicated CSI-RS resources which are TDMed with PSSCH in the same resource pool.
[bookmark: _Toc131790700]Proposal 8: At least support aperiodic CSI-RS resources, and FFS the support of periodic CSI-RS resources.
Proposal 11: For option 1(non-standalone CSI-RS), Tx UE can indicate whether 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.
Observation 4: For option 1(non-standalone CSI-RS), AGC issues may occur at Rx UE if Tx UE transmits different CSI-RSs in different beam directions in a slot.
Proposal 12: For option 2(standalone CSI-RS), the following two alternatives can be considered for the issue of how to allocate CSI-RS resources to different Ues:
· Alt 1: Pre-definition: Pre-define the mapping rules between PSSCH and CSI-RS resources for beam management;
· Alt 2: Dynamical indication: CSI-RS resources is dynamically indicated.

	Apple
	Proposal 6: Consider sidelink CSI RS as reference signal for beam maintenance.
Observation 12: For non-standalone sidelink CSI RS transmission for beam maintenance, 
· benefits include 
· less specification impact 
· no additional sidelink CSI RS resource allocation
· potential issues include 
· delayed triggering of sidelink beam maintenance
· impact on sidelink data transmission due to increased sidelink CSI RS overhead for fast beam sweeping.  
Observation 13: For standalone sidelink CSI RS transmission for beam maintenance, 
· benefits include 
· avoiding the delay of triggering sidelink beam maintenance
· no impact on sidelink data transmission due to increased sidelink CSI RS overhead for fast beam sweeping 
· potential issues include 
· requiring additional resources and resource allocation mechanism
· requiring additional information indication associated with sidelink CSI RS. 
Proposal 7: Consider both standalone and non-standalone sidelink CSI-RS transmission for beam maintenance.
Observation 14: The benefits of periodic sidelink CSI-RS transmission include allowing receiver UE to prepare the corresponding receive beams for beam measurement, as well as facilitating receiver UE’s frequent sidelink beam failure instance detection. 
Observation 15: The benefits of aperiodic sidelink CSI-RS transmission include less specification impact, as well as allowing instantaneous beam measurement.
Proposal 8: Consider both periodic and aperiodic sidelink CSI-RS transmission for beam maintenance. 

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

	Qualcomm
	Proposal 1: Enable periodic SL RS based beam-sweeping for SL beam management, including initial beam-pairing (IBP), beam maintenance (BM), and beam-failure recovery (BFR) 
· Unified framework shall be able to support variety of scenarios and UE types
Proposal 5: Enable beam maintenance based on periodic RSs for multiple beams, similar to Uu beam maintenance
· RSs for beam maintenance are transmitted by one UE (UE1) or by both Ues for a pair of Ues
· L1-RSRP/SINR report can be transmitted in the same way as SL CSI report (via SL MAC-CE)
Proposal 9:
· Study following two options for RS transmissions for SL beam management
· Option 1: Stand-alone transmission (RSs not associated with PSCCH/PSSCH)
· Option 2: Non-stand-alone transmission (RSs associated with PSCCH/PSSCH)
· Further discuss the structure of RS for SL beam management:
· Number of OFDM symbols per RS (per beam)
· Including impact from AGC
· RS waveform, sequence generation, etc
· E.g., reusing SL CSI-RS (or S-SSS)

	NEC
	Proposal 2:	CSI-RSs used for beam measurements should be transmitted with PSCCH/PSSCH in a slot.

	DCM
	Proposal 5: Prioritize studying SL CSI-RS for SL beam maintenance
Proposal 6: Study firstly how/whether to support SL CSI-RS only transmission and/or intra-slot beam sweeping, which would change SL slot structure
· For SL CSI-RS only transmission, study which structure to be used such as SL CSI-RS without PSCCH/PSSCH, only without PSSCH or without data but with SCI.
· For intra-slot beam sweeping, study how to resolve the AGC issue.
Observation 2: The advantages of SL CSI-RS for SL beam maintenance are considered to be minimum resources and flexible resources to maintain the paired beam. 
Proposal 7: Support SL CSI-RS for SL beam maintenance if SL CSI-RS transmission without data and intra-slot beam sweeping are feasible
· Otherwise, support DMRS or S-SSB for SL beam maintenance

	Sharp
	Proposal 4: Study the number of sidelink CSI-RS resources for beam management on FR2 licensed spectrum.
Proposal 5: Study the necessity of not limiting CSI-RS resource to 1 slot in time domain for beam management on FR2 licensed spectrum.

	Wilus
	Proposal 7: NR SL UE can perform beam maintenance procedure using aperiodic SL CSI-RS which is supported by current NR sidelink.
Proposal 8: RAN1 to study triggering mechanisms of aperiodic SL CSI-RS for beam maintenance purpose.
Proposal 9: RAN1 to study the signalling method for triggering the transmission of aperiodic SL CSI-RS for beam maintenance purpose.
Observation 2: Supporting intra-slot beam switching can achieve lower latency.
Proposal 11: RAN1 to study intra-slot beam switching scheme for low latency performance of NR SL.
Observation 3: Inter-slot beam switching can be used for UE with limited capability.
Observation 4: Inter-slot beam switching scheme can use existing PSFCH for beam reporting.
Proposal 12: RAN1 to study inter-slot beam switching and corresponding beam reporting schemes.

	LG
	Observation 7: 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 8: 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 5: For SL CSI-RS transmission in FR2, support at least SL CSI-RS transmission/resources indicated by the SCI
· FFS: Whether SL CSI-RS is transmitted with/without SL-SCH
· FFS: Whether or how to support SL CSI-RS transmission/resource without SCI’s indication

	Toyota
	Observation 4: Periodic measurement and reporting is beneficial for regular monitoring, while aperiodic measurement and reporting is beneficial for event-triggered monitoring (e.g., based on change of UE position/speed).
Proposal 4: Study both periodic/semi-persistent and aperiodic schemes for sidelink beam measurement and reporting
Proposal 6: If aperiodic beam measurement and reporting are supported, study triggering mechanisms to initiate the beam maintenance procedure.



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

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

The following agreement was made in RAN1 #112 meeting. 

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



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

Sidelink beam reporting contents
vivo, OPPO, Toyota, CATT, Interdigital, Xiaomi, Samsung, Transsion, ZTE, Apple, Qualcomm, Sharp and LG discuss the sidelink beam measurement and reporting contents. Companies’ proposed sidelink beam reporting contents are listed below, where one or combination of these contents are possible. 
· Beam indication (e.g., CRI): vivo, interdigital, Transsion, ZTE, Apple, Sharp
· L1-RSRP: vivo, OPPO, Toyota, CATT, Interdigital, Xiaomi, Transsion, ZTE, Apple, Qualcomm, Sharp, LG, Ericsson
· L1-SINR : OPPO, Toyota, CATT, xiaomi, Transsion, Qualcomm
· L1-RSRQ: CATT
· LOS/NLOS indication: Interdigital

At this stage, FL just lists the candidate sidelink beam reporting contents for future down-selection. This is in Proposal 2-3-a.
  
Sidelink beam reporting container 
Huawei, Intel, Interdigital, Transsion, Apple, Qualcomm discuss the sidelink beam reporting container, listed as follows:
· PHY (e.g., PSFCH): Huawei, Interdigital
· Low latency
· MAC CE : Intel, Transsion, Apple, Qualcomm
· Similar to legacy CSI reporting
· Larger capacity than PHY layer signal
· RRC: Intel 
· Uu link: Intel

Note that the sidelink beam reporting container may depend on the sidelink beam reporting contents. Hence, the topic may be jointly considered with sidelink beam reporting contents. At this stage, FL just lists different options of sidelink beam reporting container for future down-selection. This is in Proposal 2-4-a. 

Sidelink beam reporting timing and its association with sidelink reference signal
vivo, Samsung, Lenovo, ZTE, Apple, LG discuss the sidelink beam reporting timing and its association with sidelink reference signal.
· vivo mentions the linkage between sidelink CSI RS transmission and the associated beam reporting.
· Lenovo and LG mention to evaluate the legacy sidelink CSI report latency
· Apple and ZTE mention the time gap between sidelink beam reporting trigger and sidelink beam reporting transmission is upper bounded. 

Note that the association between sidelink beam reporting and sidelink reference signal may be related to sidelink beam reporting container. For example, if PSFCH is the container of sidelink beam reporting, then the timing of sidelink beam reporting is clear. FL suggests companies to further consider this topic. The corresponding FL proposal may be made, depending on other sidelink beam reporting details (i.e., contents, container). 

Sidelink beam reporting periodicity
Toyota, ZTE, Apple, Fraunhofer and Ericsson discuss the sidelink beam reporting periodicity, as listed below: 
· Toyota, Ericsson, and Apple mentions to study both periodic/semi-persistent and aperiodic beam reporting
· ZTE and Fraunhofer mention to support at least aperiodic beam reporting 
Note that the sidelink beam reporting periodicity depends on the sidelink reference signal periodicity. FL suggests delaying the discussion, depending on the progress of Proposal 2-2-a. 

Other topics related sidelink beam measurement and reporting are discussed by companies, listed below
· Nokia suggests prioritizing adjacent beam measurement
· vivo and Wilus discuss the signaling of triggering sidelink beam reporting

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: Obs62492][bookmark: Obs88485][bookmark: Obs51861]Observation 10: In LOS conditions, a future best beam pair is likely to be adjacent to the present best beam pair.
[bookmark: Proposal80330][bookmark: Proposal52391][bookmark: Proposal51828]Proposal 10: Study how to optimize SL beam maintenance, e.g., by prioritizing adjacent beam measurements.

	Huawei
	[bookmark: _Ref130927465]Observation 10: 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.
[bookmark: _Ref127295422][bookmark: _Ref126598749][bookmark: _Ref126674343][bookmark: _Ref130927507]Proposal 9: Study how to enable beam measurement reporting for SL FR2 beam refinement using SL CSI reports.
· Consider the use of PHY layer signaling like PSFCH to carry optimal beam indication.

	vivo
	[bookmark: _Ref127451476]Proposal 7: Enhance SL CSI report procedure to support beam training. 
[bookmark: _Ref127451479]Proposal 9: Enhance SL CSI report to include CRI/RSRP as report quantity.  
[bookmark: _Ref127451481]Proposal 10: 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: _Ref127451486]Proposal 14: Revisit the rule to link CSI-RS transmission and associated CSI report.

	OPPO
	Proposal 4: SL RSRP and SL SINR can be considered as measurement metric for SL beam management.
Proposal 5: The following report quantities can be supported for SL beam management: none, CRI, CRI-RSRP.

	Toyota
	[bookmark: _Toc131435276][bookmark: _Toc131768507]Observation 4: Periodic measurement and reporting is beneficial for regular monitoring, while aperiodic measurement and reporting is beneficial for event-triggered monitoring (e.g., based on change of UE position/speed).
[bookmark: _Toc131435254][bookmark: _Toc131768517]Proposal 4: Study both periodic/semi-persistent and aperiodic schemes for sidelink beam measurement and reporting.
[bookmark: _Toc131768518][bookmark: _Toc131435255]Proposal 5: Study at least RSRP and SINR as the contents of sidelink beam reporting.
[bookmark: _Toc131768519][bookmark: _Toc131435259]Proposal 6: If aperiodic beam measurement and reporting are supported, study triggering mechanisms to initiate the beam maintenance procedure.

	CATT
	Proposal 8: Sidelink CSI feedback framework can be used as starting point for sidelink beam measurement report. L1-RSRP, L1-RSRQ and L1-SINR can be considered for the candidate reporting parameter.

	Intel
	Proposal 14: SL Beam reporting can utilize the following containers:
· SL MAC CE,
· SL RRC,
· Signalling between the Ues through the network.

	Interdigital
	Proposal 6: CSI reporting for SL beam management includes stand-alone CSI-RS transmission and PHY layer CSI feedback. 
Proposal 9: Consider beam-specific CSI-RS measurement including e.g., L1-RSRP, L1-SINR and LOS/NLOS indication.
Proposal 10: Study BM CSI reporting including beam indication information based on beam-specific measurement.
Proposal 11: Study a new PSFCH format to carry BM CSI reporting information.

	xiaomi
	Proposal 10: SL L1-RSRP/SINR measurement report shall be supported for beam management. 

	Samsung
	Proposal 7: For enhanced SL operation on FR2 licensed spectrum, study the design, content and timing of beam measurement reports.

	CEWiT
	Proposal 4: Study further methods to enable beam selection and beam reporting mechanisms using SL-CSI-RS or PSCCH/PSSCH DMRS for P-2 and P-3 procedures.
Proposal 5: Study the beam reference signal configurations and feedback reporting mechanisms for the beam switching for beam maintenance in sidelink.

	Lenovo
	Proposal 8: Evaluate the existing CSI report latency for L1 beam measurement reporting

	Transsion
	Proposal 3: The content of the beam report can be configured by PC5-RRC signaling with: CRI and L1-RSRP/SINR or only CRI.
Proposal 4: The beam reports can be carried on the MAC CE.
Proposal 6: When performing receiving beam training, the SL transmitting UE can send the same beam on one sidelink slot or multiple sidedelink 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.

	ZTE
	[bookmark: _Toc131790701]Proposal 9: NR DL Tx beam training procedure can be the starting point for sidelink Tx beam training procedure.
[bookmark: _Toc131790702]Proposal 10: At least support aperiodic beam reporting, and whether to support periodic beam reporting needs further study.
[bookmark: _Toc131790703]Proposal 11: For option 1(non-standalone CSI-RS), Tx UE can indicate whether 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: _Toc131790687]Observation 4: For option 1(non-standalone CSI-RS), AGC issues may occur at Rx UE if Tx UE transmits different CSI-RSs in different beam directions in a slot.
[bookmark: _Toc131790704]Proposal 12: For option 2(standalone CSI-RS), the following two alternatives can be considered for the issue of how to allocate CSI-RS resources to different Ues:
· [bookmark: _Toc131790705]Alt 1: Pre-definition: Pre-define the mapping rules between PSSCH and CSI-RS resources for beam management;
· [bookmark: _Toc131790706]Alt 2: Dynamical indication: CSI-RS resources is dynamically indicated.
[bookmark: _Toc131790707][bookmark: _Toc131790708]Proposal 13: R16/R17 sidelink aperiodic CSI report mechanism can be considered as a starting point for aperiodic beam reporting, e.g. introducing a latency boundary for beam reporting, beam reporting can be carried by MAC CE.
Proposal 14: In MAC CE, the following report information for sidelink beam management can be considered: beam ID (or CRI), L1-RSRP/L1-SINR etc.

	Apple
	Proposal 9: RAN1 to prioritize the procedure that sidelink beam reporting is from receiver UE to transmitter UE for beam maintenance.
Proposal 10: Consider both periodic and aperiodic sidelink beam reporting for beam maintenance. 
Proposal 11: Consider the contents of sidelink beam reporting are sidelink CSI-RS resource index(s), with or without the corresponding L1-RSRP measurement results. 
Proposal 12: The sidelink beam reporting is carried by MAC CE.
Proposal 13: The time gap between the triggering of sidelink beam reporting and the transmission of sidelink beam reporting is upper bounded.

	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.

	Qualcomm
	Proposal 5: Enable beam maintenance based on periodic RSs for multiple beams, similar to Uu beam maintenance
· RSs for beam maintenance are transmitted by one UE (UE1) or by both Ues for a pair of Ues
· L1-RSRP/SINR report can be transmitted in the same way as SL CSI report (via SL MAC-CE)

	Sharp
	Proposal 6: For enhanced sidelink operation on FR2 licensed spectrum, sidelink CSI report includes reporting parameters CRI and RSRP for beam reporting.

	LG
	Observation 6: Reusing Rel-16/17 NR SL CSI reporting/triggering for the purpose of the sidelink beam maintenance will cause a huge latency. 
Proposal 4: For CSI measurement and reporting in FR2, study following cases:
· Option 1: Relaxation on the condition of SL CSI reporting triggering and SL CSI reporting window.
· Option 2: RX UE transmits a single CSI reporting for more than one SL CSI reporting requests associated with different TX spatial setting. 
· Option 3: TX UE transmits multiple SL CSI-RS with different TX spatial settings in a slot. 
· Option 4: TX UE transmits multiple SL CSI-RS with the same TX spatial settings across different symbols, and RX UE switches RX spatial setting in a slot. 
· FFS: Additional CSI type (e.g., beam-related information, SL CSI-RS resource index).
Proposal 6: For RSRP reporting and power control in FR2, study following cases:
· Option 1: RX UE can report RSRP measurement for each TX spatial setting. 
· Option 2: TX UE can ensure the same transmit power at least for SL CSI-RS with different TX spatial settings. 

	Wilus
	Proposal 10: NR SL UE can transmit beam report if both signalling for triggering transmission of SL CSI-RS and CSI request are configured.

	Ericsson
	[bookmark: _Toc131720406]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: _Toc131720407]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: _Toc131720411]Observation 10: The current NR SL CSI framework is not suitable for beam management.
[bookmark: _Toc131720421]Proposal 10: RAN1 to study enhancements to CSI-RS reporting/indication by using periodic, semi-persistent and/or aperiodic transmissions.



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

The following agreement was made in RAN1 #112 meeting. 

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



In NR sidelink, PSCCH and its associated PSSCH are multiplexed in FDM plus TDM manner in the same slot. It is mentioned by Toyota, OPPO, Interdigital, CMCC that there is not enough time for a UE to switch beam between PSCCH and the corresponding PSSCH. Hence, the same transmit beam is applied for PSCCH and its associated PSSCH. 

FL would like to learn companies’ view on this design. This is in Question 2-1. 

In case PSCCH and its associated PSSCH have the same transmit beam, then the indication of PSCCH/PSSCH transmit beam should be before this PSCCH/PSSCH transmission, so that receiver UE could apply the proper receive beam.

One approach is that the transmit beam of the current PSCCH/PSSCH transmission is indicated by a previous transmission. Here, the time gap between the current PSCCH/PSSCH transmission and the previous beam indication should be large enough to allow receiver UE to decode beam indication and switch beam. Overall, the starting time and duration of the indicated beam need to be aligned between transmitter UE and receiver UE. This is in Proposal 2-5-a. 

In Uu downlink, the PDCCH transmit beam is indicated via MAC CE, and this transmit beam is semi-statically applied. It is mentioned by Apple and CEWiT that PSCCH/PSSCH transmit beam indication is carried by MAC CE. In this case, both transmitter UE and receiver UE know that the timing of switching to the indicated beam pair is based on the ACK for the sidelink beam indication. 

In Uu downlink, the PDSCH transmit beam is indicated via DCI if the time gap between DCI and PDSCH is large enough. It is mentioned by Huawei that PSCCH/PSSCH transmit beam indication is carried by SCI. 

Additionally, CEWiT mentions PSCCH/PSSCH transmit beam indication is carried by PSFCH. 

FL would like to learn companies’ view on this design. This is in Question 2-2. Note that this problem may be considered together with Proposal 2-4-a. 

ZTE mentions the PSCCH/PSSCH transmit beam needs to be indicated from transmitter UE to receiver UE only if the receiver UE applies directional beam reception. 

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

	Company
	Company proposal related to this issue

	Huawei
	[bookmark: _Ref127295390]Observation 12: Compared to the Uu TCI framework, there is no beam indication method defined for SL FR2.
Proposal 10: 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.
Observation 13: In Uu, symbol-level beam switching is supported for UE to perform Tx and Rx beam change.
[bookmark: _Ref127295426]Proposal 12: In SL FR2, the beam switching times within a slot from Uu is taken as baseline.
[bookmark: _Ref127295395]Observation 14: 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 13: 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.
[bookmark: _Ref127543476][bookmark: _Ref131709144]Observation 15: 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.

	vivo
	[bookmark: _Ref127451490]Proposal 16: Investigate the following solutions for beam indication from TX UE side:
 - Option1: TX UE indicates the TX beam on the associated PSSCH;
 - Option2: TX UE indicates the TX beam on the reserved resource.

	OPPO
	Observation 7: The TX beam of PSSCH cannot be indicated by its associated PSCCH since they are simultaneously transmitted.
Proposal 10: Same TX beam should be applied for PSCCH and its scheduled PSSCH.
Proposal 11: TX beam of PSCCH/PSSCH should be indicated in advance. 
Proposal 12: TCI-state indication in previous PSCCH/PSSCH can be used for following SL transmission(s).

	Toyota
	[bookmark: _Toc131435273][bookmark: _Toc131768504]Observation 1: Since PSCCH and corresponding PSSCH are multiplexed in FDM+TDM manner in the same slot, there is not enough time for Rx UE to switch Rx beam between PSCCH and the corresponding PSSCH.
[bookmark: _Toc131435251][bookmark: _Toc131768514]Proposal 1: If the Rel-16/17 NR sidelink packet structures are reused, Tx UE uses the same Tx beam for PSCCH and corresponding PSSCH.
Proposal 2: 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: _Toc131768520][bookmark: _Toc131435256]Proposal 7: 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: _Toc131435257][bookmark: _Toc131768521]Proposal 8: 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).

	CATT
	Proposal 11: Since more frequent beam switching will occur in sidelink deployment, further enhancement to the legacy NR beam management scheme may be needed to handle this problem.
Proposal 13: 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.

	Samsung
	Proposal 8: 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.

	CEWiT
	Proposal 6: In sidelink, the beam indication is performed using MAC-CE or PSFCH.
Proposal 7: In sidelink beam management, the beam indication should include at least one of the Beam-id, beam-strength and beam-validity.

	ZTE
	[bookmark: _Toc131790689]Observation 6: Whether the Tx UE indicates its Tx beam to the Rx UE depends on whether the Rx UE adopts directional beam reception.
[bookmark: _Toc131790710]Proposal 16: If Rx beam is supported, the Tx UE indicating the beam used for future/reserved PSCCH/PSSCH transmission to the Rx UE can be considered.
[bookmark: _Toc131790690]Observation 7: Tx UE indicating the beam used for current PSCCH/PSSCH transmission to the Rx UE can assist in initial beam pairing or beam maintenance.
[bookmark: _Toc131790711]Proposal 17: Study the Tx UE indicating the beam used for current PSCCH/PSSCH DMRS transmission to the Rx UE.

	Apple
	Proposal 14: Consider the procedure where sidelink beam indication is from transmitter UE to receiver UE or from receiver UE to transmitter UE. 
Proposal 15: The content of sidelink beam indication is a single sidelink CSI-RS resource index. 
Proposal 16: The sidelink beam indication is carried by MAC CE.
Proposal 17: The ACK for sidelink beam indication serves as a reference time to determine the activation timing of selected beam pair. 

	Qualcomm
	Proposal 11:
· Beam indication and switching schemes for FR2-SL should include at least following:
· Case 1: A UE switches its beam (Tx/Rx spatial filter) by itself towards a paired UE
· Case 2: One of the Ues indicates/switches beam (Tx/Rx spatial filter) of both Ues in the pair
· Case 3: A UE detects beam failure for a paired UE and switch its beam (Tx/Rx spatial filter) toward the paired UE based on the selected candidate beam for beam failure recovery
· Consider re-using 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)

	Interdigital
	Observation 3: PSCCH and PSSCH are multiplexed in both time and frequency in a slot and thus cannot apply different TX beams. 

	LG
	Observation 9: 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 7: For the SL beam maintenance, study how to align the TX spatial setting of the TX UE and the RX spatial setting of the RX UE in time domain.
· e.g, PSCCH/PSSCH TX UE uses the RX spatial setting associated with the transmission from the PSCCH/PSSCH RX UE in PSFCH occasion corresponding to the transmitted PSCCH/PSSCH.
· e.g, PSCCH/PSSCH RX UE can inform the time duration where the RX UE will use the RX spatial setting associated with the transmission from the PSCCH/PSSCH TX UE.
e.g, PSCCH/PSSCH TX UE can inform the time duration where the TX UE will use the TX spatial setting targeting the PSCCH/PSSCH RX UE.

	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 8: When RAN1 study beam management mechanism in FR2 licensed spectrum, the TCI-states of PSCCH and PSSCH should always be assumed as same.



3.2.1.5 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 2-3. 

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

	Company
	Company proposal related to this issue

	Toyota
	[bookmark: _Toc131768508][bookmark: _Toc131435277]Observation 5: When directional Tx/Rx beams are used and Ues are moving, even after initial beam pairing, Tx UE and Rx UE need to adjust Tx/Rx beams to maintain the beam link.
[bookmark: _Toc131768509][bookmark: _Toc131435278]Observation 6: It is not efficient to use the initial beam pairing procedure for beam maintenance because initial beam pairing does not utilize temporal correlation of previously used beams.
[bookmark: _Toc131435258][bookmark: _Toc131768522]Proposal 9: Study fast, efficient beam maintenance solutions to support UE mobility.

	Intel
	Proposal 10: Study which techniques can be utilized for beam maintenance.

	xiaomi
	Proposal 6: Both gNB based and UE autonomous based TX beam determination shall be investigated.

	Interdigital
	Proposal 3: Study SL FR2 PSCCH/PSSCH multiplexing structure and related reference RX beam configuration.




3.2.2 [Closed] First round discussions
3.2.2.1 Proposal 2-1-a
Proposal 2-1-a: RAN1 strives to have both transmit beam training and receive beam training. 

	Company
	Yes or No
	Comments

	Qualcomm
	
	We agree that beam training should be enabled for both transmission to/received from a paired UE. However, the proposal here sounds like proposing two separate beam training procedures for Tx beam and Rx beam for a given pair of SL Ues, which we think is not the intention.

In addition, the definition of “beam training” is unclear. We would need to define the term first, or to use different terms to describe the intention.

Instead of using the term “beam training”, following can be a simple proposal:
For FR2-SL, beam maintenance should enable selection of appropriate Tx/Rx beam for transmitting to/receiving from a paired UE with a unicast-link.


	ZTE,Sanechips
	No
	We still believe there is no hurry to consider receive beam training before details of transmit beamforming are clear. Receive beam training can be re-visited, if needed, after the transmit beam training design is clear.
Even if companies feel there is such a need, we don’t need this proposal, instead we can just treat those detailed aspects directly.

	LGE
	Yes
	

	OPPO
	Yes 
	

	Vivo
	Yes
	How about to say study both…

	xiaomi
	Yes
	

	CMCC
	Yes
	

	Nokia, NSB
	Yes, with modification
	Proposal 2-1-a: RAN1 strives to have studies both transmit beam training and receive beam training.

	Lenovo
	Yes
	

	Huawei, HiSilicon
	Yes
	Both transmit beam training and receive beam training is required in SL FR2. The communication range 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.
The proposal can be re-worded to state:
RAN1 strives to have to study both transmit beam training and receive beam training.

	Intel
	Yes (comment)
	We think both are essential thus we would like to modify the proposal to: 
RAN1 strives to have defines both transmit beam training and receive beam training. 


	InterDigital
	
	Agree with Qualcomm

	Samsung
	
	Support the direction of this proposal. Agree with Nokia to change strive to study.

	NEC
	Yes 
	

	Toyota
	Yes
	

	Fraunhofer
	Yes
	

	CATT/ 
	Yes
	

	Sharp
	Yes
	We support to study both TX beam training and RX beam training.

	Sony
	Yes
	

	MTK
	Yes
	

	WILUS
	Yes
	

	Spreadtrum
	Yes with comment
	For UE support/or not support beam correspondence, the beam training procedure could be slightly different. 

	Ericsson
	Yes
	.



3.2.2.2 Proposal 2-2-a
Proposal 2-2-a: Consider at least using sidelink CSI-RS for beam maintenance.
· FFS: one or more of aperiodic, periodic, and semi-persistent CSI-RS transmissions 
· FFS: one or both of non-standalone and non-standalone CSI-RS transmissions

	Company
	Yes or No
	Comments

	Qualcomm
	Yes
	Note that the “sidelink CSI-RS for beam maintenance” in this proposal is not necessarily the legacy sidelink CSI-RS. Depending on further discussion, some changes/enhancements maybe necessary.

If RAN1 agrees to use S-SSB based RS for initial beam-pairing, then the S-SSB based RS can also be considered for beam maintenance, at least for some scenarios. This is same as for Uu, in which SSB can be used for beam maintenance (L1-RSRP measurement and report).

	ZTE,Sanechips
	No
	Aperiodic transmission can be supported as baseline and FFS others following legacy CSI RS transmission design. For standalone CSI-RS, some information such as beam IDs and source/destination ID still needs to be carried in associated SCI. Prefer to clarify that aspect, i.e. CSI RS without neither PSCCH nor PSSCH is not pursued. Reflecting change as below.
 
Consider at least using sidelink CSI-RS for beam maintenance.
· Aperiodic CSI RS transmissions as baseline, FFS: one or more of  periodic and semi-persistent CSI-RS transmissions 
· FFS: one or both of non-standalone and non-standalone CSI-RS transmissions. Standalone CSI-RS is associated with SCI


	LGE
	Yes with comments
	Some clarification is needed. To be specific, the meaning of standalone CSI-RS transmission. Does it mean that SL CSI-RS transmission without SCI indication? Or, does it include that SL CSI-RS transmission without SL-SCH, but indicated by SCI? 

	OPPO
	Yes 
	Furthermore, we think multiple CSI-RS in one slot can also benefit for beam maintenance with respect to improve resource efficiency. 

Proposal 2-2-a: Consider at least using sidelink CSI-RS for beam maintenance.
· FFS: one or more of aperiodic, periodic, and semi-persistent CSI-RS transmissions 
· FFS: one or both of non-standalone and non-standalone CSI-RS transmissions
· FFS: multiple SL CSI-RS within one slot


	Vivo
	Yes
	

	Xiaomi
	Yes
	

	CMCC
	Yes
	

	Nokia, NSB
	Yes, with correction
	Proposal 2-2-a: Consider at least using sidelink CSI-RS for beam maintenance.
· FFS: one or more of aperiodic, periodic, and semi-persistent CSI-RS transmissions 
· FFS: one or both of non-standalone and non-standalone CSI-RS transmissions


	Lenovo
	Yes
	

	Huawei, HiSilicon
	Comments
	With aperiodic SL CSI-RS transmissions, RX UE would not be aware of when to expect the beam management related SL CSI RS transmissions. If periodic CSI-RS is supported, the RX UE can expect receiving occasions for subsequent transmissions based on the periodicity instead of blind decoding for all opportunities. In order to enable stable and effective periodic transmissions, standalone SL CSI RS transmissions need to be supported, which can be enabled by using MAC CE only transmissions.

Note that aperiodic and non-standalone SL CSI-RS is already supported in the existing SL CSI framework, based on which beam refinement can be supported without specification changes.
We have the following updated proposal: 

Proposal 2-2-a: Consider using at least using sidelink CSI-RS for beam maintenance.
· FFS: one or more of aperiodic, periodic and/or semi-persistent CSI-RS transmissions 
· FFS: one or both of non-standalone and non-standalone CSI-RS transmissions


	Intel
	Yes
	

	InterDigital
	
	We think it would be good to enable CSI-RS enhancements progress that it is more clearly targeted as a solution.

Proposal 2-2-a: Consider at least using sidelink CSI-RS as a starting point for beam maintenance.
· FFS: one or more of aperiodic, periodic, and semi-persistent CSI-RS transmissions 
· FFS: one or both of non-standalone and non-standalone CSI-RS transmissions
· FFS: Transmission of a single or multiple CSI-RS within a slot and the associated slot structure, and/or CSI-RS transmitted with a different beam than the PSSCH.
In case CSI-RS is used for initial beam pairing, strive to use a common mechanism for both initial beam pairing and beam management.

	Samsung
	
	Fine with proposal. For the second FFS, one of the “non-standalone” should be “standalone”

	NEC
	Yes 
	

	Toyota
	Yes
	

	Fraunhofer
	Yes
	With the correction to “standalone” in the 2nd FFS as pointed out by other companies.

	CATT/ 
	Yes
	

	Sharp
	Yes
	

	Sony
	Yes
	

	MTK
	Yes
	· FFS: one or both of non-standalone and non-standalone CSI-RS transmissions


	WILUS
	Yes with comments
	· To reuse current SL CSI framework, consider aperiodic/non-standalone CSI-RS transmissions as baseline

	Spreadtrum
	Yes
	

	Ericsson
	Yes
	



3.2.2.3 Proposal 2-3-a
Proposal 2-3-a: Consider one or more of the following items as sidelink beam reporting contents for beam maintenance: 
· Beam indication (e.g., CRI)
· L1-RSRP 
· L1-SINR 
· L1-RSRQ
· LOS/NLOS indication

	Company
	Yes or No
	Comments

	Qualcomm
	
	It is not clear whether L1-RSRQ and LOS/NLOS identification should be listed. These do not exist for Uu beam management. The benefits or needs should be verified.

	ZTE,Sanechips
	
	We are not clear about the relationship between LOS/NLOS indication and beam reporting. Can the proponents clarify that?

	LGE
	
	Some clarification is needed. 

In Uu link, the transmit power of CSI-RS for the purpose of beam management is kept constant, so the RX UE can decide proper beam based on its measurement. 

However, in NR SL, if the transmit power, especially the pathloss compensation term, can be changed depending on the TX beam, the beam selected by the RX UE based on its measurement would be inaccurate. To be specific, TX UE can transmit CSI-RS with good beam direction with small TX power, or the TX UE can transmit CSI-RS with bad beam direction with high TX power. For the both cases, the measurement results at the RX UE could be comparable. 
In this point of view, CRI reporting without any other quantity reporting is not preferable. 

On the LOS/NLOS indication, more explanation is needed including How the RX UE decide it, what is the expected TX UE behavior with this information. 

	OPPO
	comment
	Beam reporting (including CRI and L1-RSRP) is specified in NR Uu. We should reuse NR Uu mechanism as much as possible. If it cannot work, we can consider some further enhancement. Therefore, we suggest the following proposal:
Proposal 2-3-a: Consider one or more of the following items as sidelink beam reporting contents for beam maintenance: 
· Beam indication (e.g., CRI)
· L1-RSRP 
· FFS other reporting contents if necessary enhancement is identified. 
· L1-SINR 
· L1-RSRQ
· LOS/NLOS indication


	Vivo
	
	The legacy metric as in Uu is the baseline, the new one is FFS or removed.

	xiaomi
	
	We also think the needs of L1-RSRQ and LOS/NLOS indication shall be further clarified.

	CMCC
	No
	Only the first three reporting contents should be considered to reuse NR Uu beam management principle as much as possible.
· Beam indication (e.g., CRI)
· L1-RSRP 
· L1-SINR 
· L1-RSRQ
· LOS/NLOS indication


	Nokia, NSB
	Yes, with added note
	Proposal 2-3-a: Consider one or more of the following items as sidelink beam reporting contents for beam maintenance: 
· Beam indication (e.g., CRI)
· L1-RSRP 
· L1-SINR 
· L1-RSRQ
· LOS/NLOS indication
Note: This does not preclude performing beam maintenance without any beam reporting (e.g., in case of TX/RX beam correspondence).

	Lenovo
	Yes
	

	Huawei, HiSilicon
	Comment
	We prefer to consider the reporting parameters that were used in Uu as a starting point i.e. CRI and L1-RSRP, with the others as FFS.

	Intel
	Yes (comment)
	The benefits of including LOS/NLOS is unclear, and further discussion may be needed to further motivate their need. Also we may need to further discuss the changes in UE behavior when this may be indicated.

	InterDigital
	Yes
	We are OK with the proposal.
The measurement can be e.g., L1-RSRP and/or L1-SINR and potentially LOS/NLOS indication. We think LOS/NLOS measurement can be beneficial e.g., for beam failure recovery by identifying beam pairs with uncorrelated channel condition (e.g., blockage occur in one beam pair may not affect another beam pair) or for beam selection to anticipate the stability of a beam. Note that the LOS/NLOS measurement is already done for Uu Positioning and can be done similarly for SL. The determination itself is left for UE implementation but with standardized values similarly as Uu positioning.


	Samsung
	
	LOS/NLOS indication and L1-RSRQ are not needed.
Prefer to focus on L1-RSRP, therefore L1-SINR can be FFS for now.

	NEC
	Yes 
	

	Toyota
	Yes
	

	Fraunhofer
	Yes
	We also think that the usability of LOS/NLOS indication requires some clarification.

	Catt/ 
	
	· L1-RSRQ
· LOS/NLOS indication


	Sharp
	
	The benefit of reporting L1-RSRQ and LOS/NLOS indication is unclear to us. Clarification is needed.

	Sony
	Yes
	The usage of LOS/NLOS indication is not clearly to us

	MTK
	Comment
	We prefer to reuse the legacy mechanism as a baseline. The motivation for introducing the L1 RSRQ and LOS/NLOS indication is not clear, need further clarification.

	WILUS
	Yes
	

	Spreadtrum
	Yes
	We think CRI and L1-RSRP are sufficient.

	Ericsson
	Comment
	We are not sure about the relevance and usefulness of L1-RSRQ and LOS/NLOS indication for beam reporting. We prefer to keep Beam indication (e.g., CRI) and L1-RSRP as inline with NR Uu mechanism.
We are fine to keep L1-SINR as FFS. 



3.2.2.4 Proposal 2-4-a
Proposal 2-4-a: The container of sidelink beam reporting for beam maintenance is selected from the following options:
· Option 1: PHY layer signal (e.g., PSFCH)
· Option 2: MAC CE
· Option 3: RRC 
· Option 4: Uu link

	Company
	Yes or No
	Comments

	Qualcomm
	
	We think Option 1, 2, and 4 can be valid options for further study. A clarification is necessary on how Option 3 works.

	ZTE,Sanechips
	
	our understanding is that more than one options can be used for reporting Reflecting comment to the main sentence, 
The container(s) of sidelink beam reporting for beam maintenance is selected from the following options:
Some clarification wording for option 4
Option 4: Signaling over Uu link

	LGE
	
	For Option 1/2, it would be better to add SL and add PC5- for option 3 for the clarification. 

On the option 4, it seem that the different proposal is necessary for the case when the UE is in-coverage or in mode 1 operation to check the view on whether SL beam reporting to gNB can be considered or not. 

	OPPO
	Comment 
	We are fine with option 1/2/3, but have concern for option 4. Option 4 is not applicable to OOC case, the TX/RX UE correspond to different gNBs. That is similar as SL feedback reporting to gNB which was discussed in NR SL, but not supported.  

	vivo
	
	RRC should be removed considering there is no baseline solution to convey CSI report in RRC. 

	Xiaomi
	Yes
	For physical layer signal, SCI may also be included in the example. We are fine to remove RRC.

	CMCC
	No
	We think option 3 should be PC5 RRC and option 4 should be removed to achieve unified design b/w mode 1 and mode 2.
· Option 1: PHY layer signal (e.g., PSFCH)
· Option 2: MAC CE
· Option 3: PC5 RRC 
· Option 4: Uu link


	Nokia, NSB
	See comments
	Proposal 2-4-a: The container of sidelink beam reporting for beam maintenance is selected from the following options:
· Option 1: PHY layer signal (e.g., PSFCH)
· Option 2: MAC CE
· Option 3: RRC 
· Option 4: Uu link


	Lenovo
	Yes
	

	Huawei, HiSilicon
	Comment
	It is unclear how signaling over the Uu link (option 4) is possible for Ues operating in Mode 2. We should strive for a unified solution at this point.
We are fine to study Option 1 and 2.

	Intel
	Yes (comment)
	We would like to clarify that this is for the SL thus we would reformulate the proposal into:

· Option 1: SL PHY layer signal (e.g., PSFCH)
· Option 2: SL MAC CE
· Option 3: SL RRC 
· Option 4: Uu link

Our preference is to mainly use Option 4 at least for mode 1.

	InterDigital
	
	We think option 1 and 2 are worth studying in this Release.
Option 3 is unclear.
Option 4 is a new framework that would require too much effort.

	Samsung
	
	Suggest the following changes:
Proposal 2-4-a: The container of sidelink beam reporting for beam maintenance is selected from the following options:
· Option 1: PHY layer signal (e.g., PSFCH, SCI or UCI)
· Option 2: MAC CE on SL or Uu interfaces
· Option 3: RRC 
· Option 4: Uu link


	NEC
	Yes 
	

	Toyota
	Yes
	We are OK with the proposal. Also, we are fine to remove Options 3 and 4.

	Fraunhofer
	
	We support Option 1 – SL-PHY, Option 2 SL-MAC, and Option 4. Option 3 needs some clarification if this is PC5-RRC; we are fine to remove Option 3 from this list.

	CATT
	Yes
	

	Sharp
	
	For option 2, to differentiate from signaling in Uu link, we prefer to use sidelink MAC CE.
For option 3, we agree with Qualcomm. Clarification of option 3 is needed.

	Sony
	Yes
	Basically fine with this proposal and clarify the Option 3 is PC5 RRC

	MTK
	
	Not clear the Mode 2 UE how to use the option 4.

	WILUS
	Comments
	Consider option 1 and option 2 as baseline.

	Spreadtrum
	Yes
	We prefer option 1/2.

	Ericsson
	
	We prefer option 1 and 2 are as valid options for study. We want to have clarification if option 3 corresponds to PC5 RRC?



3.2.2.5 Question 2-1
Question 2-1: Do you agree it can be assumed that PSCCH and its associated PSSCH have the same transmit beam? 

	Company
	Yes or No
	Comments

	Qualcomm
	Yes
	

	ZTE,Sanechips
	Yes
	

	LGE
	Yes
	Since the PSCCH and the corresponding PSSCH could be FDMed in some OFDM symbols, it would be better to focus on this scenario. 

	OPPO
	Yes. 
	

	Vivo
	Yes
	

	Xiaomi
	Yes
	

	CMCC
	Yes
	The gap for beam switching cannot be long enough in sidelink because they are transmitted in same slot.

	Nokia, NSB
	Yes
	

	Lenovo
	No
	Usually the first SCI is transmitted using PSCCH and it is broadcast and the 2nd SCI is transmitted using PSSCH. If the PSCCH and PSSCH are using the same transmit beam then the PSCCH is not broadcasted. We can have this discussion otherwise beam sweeping needs to be defined for the 1st SCI to full-fill broadcast. 

	Huawei, HiSilicon
	Yes
	

	Intel
	Yes
	

	InterDigital
	Yes
	

	Samsung
	Yes
	

	NEC
	No
	Could be postponed. We think this issue could be revisited after beam maintenance topic is clearer because this is not very relevant to SL beam maintenance design. Besides, the study on topic#6 may have impacts on this proposal.

	Toyota
	Yes
	

	Fraunhofer
	Yes
	

	cATT
	Yes
	

	Sharp
	Yes
	

	Sony
	Yes
	

	MTK
	
	In addition to use the same beam for PSCCH/PSSCH, we also have the similar view with the Lenovo that the different beam for the PSCCH and PSSCH also should be considered/studied. BTW, the TDMed structure for PSCCH and PSSCH also defined in Rel-16 SL.

	WILUS
	Yes with comments
	Tx beam for PSCCH can cover the Tx beam for PSSCH.

	Spreadtrum
	Yes
	

	Ericsson
	
	SL PSCCH carries broadcast information that is also used in sensing operation by other Ues in FR1. If PSCCH is transmitted by a specific beam in FR2, the SCI may not be decodable by all the Ues in the vicinity. Further study is necessary because otherwise Mode 2 does not work.




3.2.2.6 Proposal 2-5-a
Proposal 2-5-a: RAN1 to study the mechanism to align the starting time and duration of the indicated beam between transmitter UE and receiver UE.

	Company
	Yes or No
	Comments

	Qualcomm
	
	On R15 MAC-CE based PDCCH beam indication, a MAC-CE activates a TCI state of a CORESET where the activated TCI state is valid after around 3ms from the end of PUCCH or the PUSCH that carries HARQ-ACK. 
On R17 unified-TCI framework, a DCI format 1_1/1_2 can indicate DL/UL TCI state for a UE where the indicated TCI state(s) is applicable from the first slot after beamAppTime symbols after the last symbol of the PUCCH or the PUSCH. 

Assuming either of the mechanisms is re-used for FR2-SL, there would be no significant issue on the alignment of the starting time/duration of the indicated beam.

	ZTE,Sanechips
	No
	“One approach is that the transmit beam of the current PSCCH/PSSCH transmission is indicated by a previous transmission. Here, the time gap between the current PSCCH/PSSCH transmission and the previous beam indication should be large enough to allow receiver UE to decode beam indication and switch beam. Overall, the starting time and duration of the indicated beam need to be aligned between transmitter UE and receiver UE. This is in Proposal 2-5-a. “

According to FL explanation above, this proposal is only needed if receiver beam is used. If the receive beam is omni directional, there is no need to consider such mechanism. We prefer rediscussing this approach after details on transmit beamforming are clear.

	LGE
	Yes
	To maximize the TX-RX beam gain, this kind of procedure is necessary. Moreover, since the UE can have multiple unicast links with different Ues, this approach would be helpful for SL beam management. Otherwise, even though optimal TX beam is used at the TX UE side, the RX UE may not receive SL channels reliably from the TX UE. 

	OPPO
	Yes with comment
	Generally fine with the proposal. While we prefer to make the proposal more general. 
Proposal 2-5-a: RAN1 to study the mechanism to align the starting time and duration of the indicated beam beam reporting between transmitter UE and receiver UE.



	Vivo
	Yes
	We are general fine with this proposal, however we want to clarify this beam indication may refer to beam indication from TX UE to RX UE or from RX UE to TX UE.
Proposal 2-5-a: RAN1 to study the mechanism to align the starting time and duration of the indicated beam between transmitter UE and receiver UE.
· FFS beam indication from RX UE or from RX UE


	xiaomi
	Yes
	NR Uu design shall be reused as much as possible.

	CMCC
	Yes with comments
	[bookmark: OLE_LINK133]The beam used for PSCCH/PSSCH may also be activated by MAC CE, so we propose the following minor change:
Proposal 2-5-a: RAN1 to study the mechanism to align the starting time and duration of the indicated/activated beam between transmitter UE and receiver UE

	Lenovo
	Yes
	

	Huawei, HiSilicon
	Yes
	Following Uu, where beam switch timing is defined and configured for beam indication, beam switching and timing should be supported in SL FR2. SCI can schedule a PSSCH transmission if a time-offset, which is defined based on the minimum number of symbols or slots required by the UE to perform PSCCH reception and receive spatial QCL information, is satisfied, 

	Intel
	Comment
	We are unsure what this proposal implies, and further clarifications may be needed. Does it mean we are to study synchronization enhancements? Or is it only related to indicating which beam is used? 

	InterDigital
	
	It may be needed to clarify whether the timing (starting time/gap) is an issue or not. 
This question depends on how the indication itself is carried, and it may be needed to check if the indication was well received (in Uu, PDCCH are monitored with and have an expected error probability, but the PSCCH/PSSCH/PSFCH may sometimes be missed due to e.g., resource conflict

	Samsung
	
	Fine with direction of proposal. We don’t think that there is a need for duration of indication beam:
Proposal 2-5-a: RAN1 to study the mechanisms to align the starting application time and duration of the indicated beam between transmitter UE and receiver UE.


	NEC
	Yes 
	

	Toyota
	Yes
	

	Fraunhofer
	Yes
	We support this type of beam indication or reporting from the receiver UE to the transmitter UE.

	CATT
	
	Not sure the intention of the proposal. 

	Sony
	Yes
	

	MTK
	Yes
	Generally fine with the proposal

	WILUS
	Yes
	

	Spreadtrum
	Comment
	Reuse the Uu’s methods as much as possible. Besides, similar to the latency bound used in Rel-16 SL CSI, a new latency bound can be introduced for SL beam duration.

	Ericsson
	OK
	


3.2.2.7 Question 2-2
Question 2-2: What could be the container of PSCCH/PSSCH transmit beam indication?
· Option 1: MAC CE
· Option 2: SCI
· Option 3: PSFCH 
· Option 4: others (please specify) 

	Company
	Option(s)
	Comments

	Qualcomm
	
	Option 1 and Option 2 are clearly options that RAN1 should further study.

Regarding Option 3, it is not clear whether the “beam indication” here includes candidate beam indication for beam failure recovery, or the “beam indication” is only for the purpose of proactive beam indication when beam failure is not detected. We think that as a context of beam failure recovery, Option 3 (PSFCH) can be an option for candidate beam identification. 

	ZTE,Sanechips
	Option 2
	If the transmit beam indication is for current transmission, option 2 is preferred. Our understanding is PSFCH can be used for beam reporting but not for beam indication. Can the proponent clarify how option 3 works. 
No need to consider such mechanism for future transmission if receiver beam is omni directional.

	LGE
	Option 1 and/or Option 2
	According to the WID, the coexistence with Rel-16/17 UE in the same resource pool needs to be considered. In this case, if we go with Option 2, the reserved bits of SCI format 1-A could be used, or additional 2nd SCI format might be needed. 

For the Option 1, it would be good for the backward compatibility, but the decoding success at the RX UE side is required for beam management. 

	OPPO
	Option 2
	

	vivo
	
	Option 1-3 should be further studied. Fast beam indication is beneficial for the V2X scenario, so PHY signaling is preferred for beam indication. However, for some commercial deployment MAC CE maybe sufficient. 

	xiaomi
	Option 1 and 2
	Both option 1 and 2 shall be further investigated. 

	CMCC
	Option 1 and option 2
	Not sure whether option 3 can work because anyway a PSFCH transmission will have a previous and corresponding PSCCH/PSSCH transmission, so how a PSFCH can indicate the beam of a PSCCH/PSSCH transmission.

	Nokia, NSB
	1, 2
	Option 3 (PSFCH) seems to be related to “beam reporting” by RXUE, rather than “beam indication” by TXUE, so we think this does not belong in this list.

	Lenovo
	option 1 or 2 
	

	Huawei, HiSilicon
	Option 2 
	We prefer that the beam indication is reported using PHY layer signaling in order to reduce latency.

	Intel
	Option 1 + Option 4
	We would like to add the following additional option and modify the proposal as follows:

· Option 1: SL MAC CE
· Option 2: SCI
· Option 3: PSFCH 
· Option 4: SL RRC
· Option 5: others (please specify) 


	InterDigital
	Option 1, 2, (3)
	Option 1 and 2 can be considered for study. 
Option 3 is not clear, and we agree with Qualcomm

	Samsung
	
	Prefer to keep the same mechanism as used in Uu, i.e., use L1 control information which includes SCI and for in-coverage Ues using mode 1, DCI. MAC CE can be used when activating one TCI state.

	Toyota
	Options 1 and 2
	Both Options 1 and 2 can be further studied. Regarding Option 3, more clarification is needed on how it works. 

	Fraunhofer
	1 and 2
	We prefer Option 2. Option 3 could be used for beam reporting as already pointed out by other companies.

	CATT
	1/2
	

	Sharp
	Option 1/2
	

	Sony
	Option 1 or 2
	

	MTK
	Option 1/2
	Both Option 1 and option can be further studied, the motivation for option 3 is not clear and needs more clarification.

	WILUS
	Option 1, Option 2
	

	Spreadtrum
	Option 1/2
	Option 3 is not favorable considering the limited payload in PSFCH

	Ericsson
	Option 1 and 2 
	Option 3 PSFCH may not be a viable option.



3.2.2.8 Question 2-3
Question 2-3: Do you think any other topics could be studied for sidelink beam maintenance?

	Company
	Comments

	Huawei, HiSilicon
	Beam indication method should be discussed. Following Uu, TCI and QCL framework should be considered, where QCL Type-D of Uu is used as baseline, which indicates the spatial RX parameter.

	Samsung
	Whether and how to define TCI states.
Power control

	Spreadtrum
	Power control for SL CSI-RS




3.2.3 [Closed] Second round discussions
3.2.3.1 [M] Proposal 2-1-b
Proposal 2-1-b: RAN1 strives to study have both transmit beam training and receive beam training. 

	Company
	Yes or No
	Comments

	OPPO
	Yes 
	

	Xiaomi
	Yes
	

	Nokia, NSB
	Yes
	Seems “have” should be removed

	MediaTek
	Yes
	

	Qualcomm
	No
	Again, we do not have a clear understanding on what the “beam training” is. Need to clarify what exactly it means.

	Ericsson
	Yes 
	

	Lenovo
	Yes
	

	Sony
	Yes
	

	InterDigital
	Yes
	“have” should be removed.

	Intel
	Yes
	

	Toyota
	Yes
	

	Samsung
	Yes
	Agree in principle, a small typo:
RAN1 strives to study have both transmit beam training and receive beam training.

	Huawei, HiSilicon
	Yes
	Editorial comment – delete “have”.



3.2.3.2 [H] Proposal 2-2-b
Proposal 2-2-b: Consider using sidelink CSI-RS as a starting point for beam maintenance.
· FFS: one or more of aperiodic, periodic, and semi-persistent CSI-RS transmissions 
· FFS: one or both of non-standalone and non-standalone CSI-RS transmissions
· Note: non-standalone CSI-RS transmission means no accompanied sidelink data transmissions
· FFS: one or multiple SL CSI-RS transmissions within one slot


	Company
	Yes or No
	Comments

	OPPO
	Yes 
	A typo?
· Note: non-standalone CSI-RS transmission means no accompanied sidelink data transmissions


	Xiaomi
	Yes
	

	LGE
	
	We want to add the SL CSI-RS with or without SCI indication. 

Or, for simplicity, SL CSI-RS with SCI indication is a baseline.

	Nokia, NSB
	Yes
	· Note: non-standalone CSI-RS transmission means no accompanied accompanying sidelink data transmissions


	MediaTek
	Yes
	· Note: non-standalone CSI-RS transmission means no accompanied sidelink data transmissions
· 

	Transsion
	Yes
	

	Qualcomm
	
	Regarding stand-alone vs non-stand-alone, companies have no common understanding so far. It would be good to list up all the possible options, e.g.:
· Opt.1: SL CSI-RS that has no associated sidelink data (SCH)
· Opt.2: SL CSI-RS that has no associated PSSCH (including SCI-2 and SCH)
· Opt.3: SL CSI-RS that has no associated PSCCH/PSSCH (including SCI-1, SCI-2, and SCH)


	Ericsson
	Yes 
	We believe it is “standalone CSI-RS” in the note of second bullet.

	Lenovo
	Yes
	Slot based transmission should be reused. More than one SL CSI-RS transmission requires enhancement to the slot structure which is difficult considering the time frame. 

	Sony
	Yes
	The Note of the second bullet is standalone CSI-RS

	InterDigital
	Yes
	OK with the proposal 
Also agree with QC that a definition or a list of options for Stand-alone would be nice. 

	Intel
	Yes
	Fine with the update from Nokia. 

	Toyota
	Yes
	

	Samsung
	Yes
	

	Huawei, HiSilicon
	Yes, with comments
	Aperiodic and non-standalone SL CSI-RS is already supported in the existing SL CSI framework, based on which beam refinement can be supported without specification changes. It is unclear why they need to be further studied.

We have the following updated proposal: 

Proposal 2-2-b: Consider using sidelink CSI-RS as a starting point for beam maintenance.
· FFS: one or more of aperiodic, periodic, and/or semi-persistent CSI-RS transmissions 
· FFS: one or both of non-standalone and non-standalone CSI-RS transmissions
· Note: non-standalone CSI-RS transmission means no accompanied sidelink data transmissions
· FFS: one or multiple SL CSI-RS transmissions within one slot




3.2.3.3 [M] Proposal 2-3-b
Proposal 2-3-b: 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
· L1-RSRQ
· LOS/NLOS indication

	Company
	Yes or No
	Comments

	OPPO
	Yes 
	

	Xiaomi
	Yes
	

	Nokia, NSB
	Yes
	

	MediaTek
	Yes
	

	Transsion
	Yes
	

	Ericsson
	Yes 
	

	Lenovo
	Yes
	

	Sony
	Yes
	

	InterDigital
	Yes
	

	Intel
	Yes
	

	Toyota
	Yes
	

	Samsung
	Yes
	

	Huawei, HiSilicon
	Yes
	



3.2.3.4 [M] Proposal 2-4-b
Proposal 2-4-b: 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


	Company
	Yes or No
	Comments

	OPPO
	Yes 
	

	Xiaomi
	Yes
	

	Nokia, NSB
	Yes
	

	MediaTek
	Yes
	

	Transsion
	Yes
	

	Ericsson
	Yes 
	

	Lenovo
	Yes
	

	Sony
	Yes
	

	InterDigital
	Yes
	

	Intel
	Yes
	In our understanding SL MAC CE as well as PC5-RRC does also include SL FR1 resources. In this sense the proposal could be updated as follows:

Proposal 2-4-b: 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 including SL FR1 resources
· FFS: PC5-RRC including SL FR1 resources, Signaling over Uu link


	Toyota
	Yes
	

	Samsung
	Yes with comments
	For in coverage Ues with mode 1, we think signaling the beam report over the Uu interface is useful. Therefore, at least UCI signaling over Uu should be considered.

	Huawei, HiSilicon
	Yes
	



3.2.4 [Closed] Third round discussions
3.2.4.1 [M] Proposal 2-1-c
In the second round, Qualcomm questions the meaning of “beam training”. Hence, the proposal is modified to clarify this. This is in Proposal 2-1-c. 

Proposal 2-1-c: 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. 

	Company
	Yes or No
	Comments

	ZTE,Sanechips
	OK for progress
	

	Xiaomi
	Yes
	

	Nokia, NSB
	Yes
	

	NEC
	Yes 
	

	Qualcomm
	Yes
	

	CMCC
	Yes
	

	Vivo
	Yes
	

	Lenovo
	Yes
	

	Interdigital
	Yes
	

	Intel
	Yes
	

	Toyota
	Yes
	

	Huawei, HiSilicon
	Yes
	

	Fraunhofer
	Yes
	

	Ericsson
	Yes
	

	JHUAPL
	Yes
	

	Sharp
	Yes
	

	Samsung2
	Yes with comments
	This assumes UE1 is transmitting PSSCH/PSCCH to UE2?
We should also study selection of UE1’s Rx beam and UE2’s Tx beam for the PSFCH.

	Sony
	Yes
	

	Spreadtrum
	Yes
	

	MediaTek
	Yes
	

	WILUS
	Yes
	

	Transsion
	Yes
	

	CEWiT
	Yes
	

	OPPO
	Yes
	




3.2.4.2 [H] Proposal 2-2-c
In the second round, besides the typo mentioned by companies, 
· Qualcomm/interdigital want to add the options on the definition of standalone CSI-RS, especially, whether it is transmitted with SCI-1/PSCCH and SCI-2/PSSCH. Also, Huawei proposes it is transmitted together with MAC-CE. We need to consider all these cases. But the common understanding is at least there is no sidelink data (SCH) transmissions. Hence, this is captured in the new proposal. 
· Huawei mentions that aperiodic SL CSI-RS and non-standalone SL CSI-RS are already supported in NR sidelink. Hence, there is no need to study it further. However, whether aperiodic and non-standalone SL CSI-RS is suitable for beam maintenance still needs to be studied. To reflect Huawei’s intention, a new note is added to clarify the existing SL CSI-RS is aperiodic and non-standalone, which may be used as a baseline. 

Proposal 2-2-c: Consider using sidelink CSI-RS as a starting point for beam maintenance.
· FFS: one or more of aperiodic, periodic, and semi-persistent CSI-RS transmissions 
· FFS: one or both of standalone and non-standalone CSI-RS transmissions
· Note: standalone CSI-RS transmission means at least no accompanying sidelink data (SCH) transmissions. FFS: accompanying SCI or MAC-CE transmissions
· FFS: one or multiple SL CSI-RS transmissions within one slot
· Note: existing sidelink CSI-RS is aperiodic and non-standalone.


	Company
	Yes or No
	Comments

	ZTE,Sanechips
	
	Not sure about the note, the existing CSI-RS can be Xiaomitted together with SCH, maybe just the intention si to say existing CSI-RS is aperiodic?

	Xiaomi
	Yes
	

	Nokia, NSB
	Yes
	

	NEC
	Yes 
	

	Qualcomm
	
	OK

	CMCC
	Yes
	

	vivo
	Yes
	

	Lenovo
	Yes
	

	Interdigital
	Yes
	For the standalone definition, as there could be different view of with or without 1st and/or 2nd stage SCI, we can slightly modify the FFS:
. FFS: accompanying SCI(s) or MAC-CE transmissions


	Intel
	Yes with comments
	In our understanding the sub-bullet of the second main bullet does contradict itself as SL MAC CE is carrier SL-SCH. Thus, we would like to modify this bullet to:
· Note: standalone CSI-RS transmission means at least no accompanying sidelink data (SL-SCH) transmissions. FFS: accompanying SCI or MAC-CE transmissions

	Toyota
	Yes
	

	Huawei, HiSilicon
	Yes, with comments
	Motivation of the note is not clear, which is repeating existing Rel-16 design. Given that aperiodic and non-standalone SL CSI-RS is already supported in the existing SL CSI framework, enhancements for beam maintenance (if any) should be based on the existing framework. 
For progress, we have the following updated proposal: 
Proposal 2-2-c: Consider using sidelink CSI-RS as a starting point for beam maintenance.
· FFS: one or more of aperiodic, periodic, and/or semi-persistent CSI-RS transmissions 
· FFS: one or both of standalone and non-standalone CSI-RS transmissions
· Note: standalone CSI-RS transmission means at least no accompanying sidelink data (SCH) transmissions. FFS: accompanying SCI or MAC-CE transmissions
· FFS: one or multiple SL CSI-RS transmissions within one slot
· Note: existing sidelink CSI-RS is aperiodic and non-standalone.
· FFS: Whether/how to enhance existing aperiodic and non-standalone SL CSI-RS


	Fraunhofer
	Yes
	

	Ericsson
	Yes
	

	JHUAPL
	Yes
	

	Sharp
	Yes
	

	Samsung2
	Yes with comments
	We would like to add:
SL CSI-RS transmissions with or without repetition on transmit beams

	Sony
	Yes
	

	Spreadtrum
	Comment
	For SL CSI-RS only accompanies PSFCH, is it defined as standalone or non-standalone SL CSI-RS? This case should also be clarified, modifications could be:
· FFS: one or both of standalone and non-standalone CSI-RS transmissions
· Note: standalone CSI-RS transmission means at least no accompanying sidelink data (SCH) transmissions or PSFCH. FFS: accompanying SCI or MAC-CE transmissions


	MediaTek
	See comments
	For the new added “MAC-CE” in the note of 2nd sub-bullet is not clear for us. Could the proponents clarify the motivation?

	WILUS
	Yes
	

	Transsion
	Yes
	

	CEWiT
	Yes
	

	OPPO
	Yes with comment
	For the explanation of standalone, the motivation is to differentiate it with legacy CSI-RS which transmitted cominbed with SL-SCH in the same slot. We suggest the following modification:
· Note: standalone CSI-RS transmission means at least no accompanying sidelink data (SCH) transmissions in the same slot. FFS: accompanying SCI or MAC-CE transmissions




3.2.4.3 [M] Proposal 2-3-c
In the second round, there is no comment on Proposal 2-3-b. To allow other companies to continue commenting on it, FL copies the same proposal as well as responses from some companies. Other companies not yet provided comments please continue to comment.

Proposal 2-3-c: 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

	Company
	Yes or No
	Comments

	OPPO
	Yes 
	

	Xiaomi
	Yes
	

	Nokia, NSB
	Yes
	

	MediaTek
	Yes
	

	Transsion
	Yes
	

	Ericsson
	Yes 
	

	Lenovo
	Yes
	

	Sony
	Yes
	

	InterDigital
	Yes
	

	Intel
	Yes
	

	Toyota
	Yes
	

	Samsung
	Yes
	

	Huawei, HiSilicon
	Yes
	

	ZTE,Sanechps
	Yes
	

	NEC
	Yes 
	

	CMCC
	Yes
	

	Vivo 
	Yes
	

	Intel
	Yes
	

	Fraunhofer
	Yes
	

	JHUAPL
	Yes
	

	Sharp
	Yes
	

	Samsung2
	Yes
	

	Sony
	Yes
	

	Spreadtrum
	Yes
	

	MediaTek
	Yes
	

	WILUS
	Yes
	

	Transsion
	Yes
	

	CEWiT
	Yes
	

	OPPO
	Yes 
	



3.2.4.4 [M] Proposal 2-4-c
In the second round, 
· Intel mentions that SL MAC-CE and PC5-RRC includes SL FR1 resources. However, FL thinks this may not be always the case. After initial beam pairing, SL FR2 resources could be used for sidelink beam reporting for beam maintenance. Also, the focus of this proposal is on the container, and we do not focus on resources. 
· Samsung mentions that UCI is used as part of Uu link. This is added in the new version. 

Proposal 2-4-c: 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)

	Company
	Yes or No
	Comments

	ZTE,Sanechips
	Yes
	

	Xiaomi
	Yes
	

	Nokia, NSB
	Yes
	

	NEC
	Yes 
	

	Qualcomm
	Yes
	

	CMCC
	Yes
	

	Vivo
	Yes
	

	Lenovo
	Yes with comments
	Latency is the criteria to choose the container, which should be mentioned. 
The container(s) of sidelink beam reporting for beam maintenance according to the latency of the beam reporting is at least selected from the following options

	InterDigital
	Yes
	

	Intel
	Yes
	

	Toyota
	Yes
	

	Huawei, HiSilicon
	Yes
	

	Fraunhofer
	Yes
	

	Ericsson
	Yes
	

	JHUAPL
	Yes
	

	Sharp
	Yes
	

	Samsung2
	Yes
	OK for progress. We would like to remove the FFS for UCI

	Sony
	Yes
	

	Spreadtrum
	Yes with comments
	It is possible to support both option 1 and option 2, e.g., SCI and MAC-CE.

	MediaTek
	Yes
	

	WILUS
	Yes
	

	Transsion
	Yes
	

	CEWiT
	Yes
	

	OPPO
	Yes 
	




3.2.4.5 Response to Question 2-1
In the first round, majority companies agree that PSCCH and its associated PSSCH have the same transmit beam. Still, Lenovo, NEC, MTK, Ericsson think different beams for PSCCH and its associated PSSCH can be considered. The main reason is that PSCCH with SCI-1 is for resource reservation and should be in broadcast so that all neighbor UE needs to receive it. NEC further mentions this topic is related to resource selection as in Topic #6. 

Since there is no consensus on this topic, FL suggests companies thinking about it and we could further discuss it in a later stage.  

3.2.4.6 Response to Proposal 2-5-a
In the first round, 
· Qualcomm mentions to reuse either R15 MAC-CE based PDCCH beam indication or R17 DCI format 1_1/1_2 based unified TCI framework. 
· ZTE mentions the proposal is needed only when receive beam is directional. Otherwise, it is not needed. 
· Vivo asks to clarify whether this beam indication is from receiver UE to transmitter UE or vice versa. In FL’s understanding, it could be from transmitter UE (UE1) after it receives beam reporting from receiver UE (UE2) and determines UE1’s proper transmit beam. It could be from receiver UE (UE2) to transmitter UE (UE1) where UE2’s beam reporting actually serves beam indication purpose.
· Intel is unsure the motivation of this proposal. Basically, in one case, receiver UE (UE2) measures the reference signals and reports transmitter UE (UE1)’s Tx beam. Meanwhile, UE2 determines its Rx beam corresponding to UE1’s Tx beam. This beam pair (Tx beam, Rx beam) needs to be activated simultaneously to achieve the best performance. That is why we have the synchronization between UE1 and UE2 on the activation of the beam pair. 

Note that we do not have consensus on Question 2-1, and then PSCCH transmit beam and its associated PSSCH transmit beam may be different. This may affect the design of activation of the indicated beam. Hence, FL suggests holding the discussions on Proposal 2-5 till a later stage. 

3.2.4.7 Response to Question 2-2
In the first round, majority companies think the beam indication can be carried by MAC CE or SCI. In Question 2-1, it is open whether PSCCH transmit beam and its associated PSSCH transmit beam could be different. If different, then whether a separate beam indication for PSCCH and PSSCH is used. At this stage, FL suggests focusing on other important topics, and holding the discussions on Question 2-2 till a later stage. 

3.2.5 [Closed] Fourth round discussions
3.2.5.1 [M] Proposal 2-1-d
Samsung asks whether this proposal is for PSCCH/PSSCH or also for PSFCH. FL’s intention is this proposal is applicable to both PSCCH/PSSCH beams and PSFCH beams. A note is added to the proposal. 
Proposal 2-1-d: 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. 
	Company
	Yes or No
	Comments

	Vivo
	Yes
	

	OPPO
	Yes 
	

	NEC
	Yes
	

	Interdigital
	Yes
	

	Lenovo
	Yes
	

	Intel
	Yes
	

	Toyota
	Yes
	

	Samsung3
	Yes
	

	Nokia, NSB
	Yes
	

	Huawei, HiSilicon
	Yes
	

	Qualcomm
	Yes
	

	Fraunhofer
	Yes
	

	JHUAPL
	Yes
	

	Sharp
	Yes
	

	Xiaomi
	Yes
	

	WILUS
	Yes
	

	CATT
	Yes
	

	Transsion
	Yes
	

	MediaTek
	Yes
	



3.2.5.2 [H] Proposal 2-2-d
In the third round, 
· ZTE asks the motivation of the note. This note is just to indicate existing SL CSI-RS is aperiodic and non-standalone. Hence, we could only consider their potential enhancement. To clarify this point, FL adds a new bullet on this, as also suggested by Huawei. 
· Interdigital suggests adding SCI(s) in the sub-bullet, and it is added.
· Intel proposes to change SCH to SL-SCH and mentions SL MAC CE belongs to SL-SCH. To be more accurate, “SCH” is changed to MAC SDU. 
· Samsung wants to add an FFS of “SL CSI-RS transmission with or without repetition on transmit beams”. A new FFS is added. 
· Mediatek asks the motivation of SL CSI-RS sent with SL MAC CE. FL thinks it is proposed by Huawei (R1-2302356) for stable and effective periodic transmissions. Maybe Huawei could illustrate. 
· OPPO suggests adding “in the same slot” in the definition of standalone SL CSI-RS. It is added. 
· Spreadtrum thinks standalone SL CSI-RS should not be sent with PSFCH. It is added. 

Proposal 2-2-d: 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: one or more of aperiodic, periodic and/or semi-persistent SL CSI-RS transmissions 
· FFS: standalone and non-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 and no accompanying PSFCH. FFS: accompanying SCI(s) or SL MAC CE transmissions.
· FFS: one or multiple SL CSI-RS transmissions within one slot
· FFS: SL CSI-RS transmissions with or without repetition on transmit beams

	Company
	Yes or No
	Comments

	Vivo
	No
	Aperiodic and non-standalone CSI-RS can be used for beam maintenance as well. 

	OPPO
	
	A little confused for the note under 3rd FFS. How to understand standalone CSI-RS accompanying with PSFCH? Does it mean CSI-RS and PSFCH (from same UE) in the same slot but using different symbol, or CSI-RS and PSFCH (from same UE) in the same symbol? It needs to be clarified. In my view, both methods are applicable for standalone CSI-RS. Therefore, I suggest to remove “and no accompanying PSFCH” from the note and keep it open at current stage. 

	NEC
	
	Same view with vivo

	Interdigital
	Yes
	

	Lenovo
	No
	Aperiodic and non-standalone CSI-RS cannot be precluded.

	Intel
	Yes with comments
	In our understanding aperiodic CSI-RS can be included for beam maintenance. This could work as a type of event triggered beam maintenance. 

	Toyota
	Yes
	

	Samsung3
	Yes
	

	FL
	
	Just to clarify: This proposal does not preclude aperiodic and non-standalone CSI-RS. The first bullet indicates to enhance the existing aperiodic and non-standalone CSI-RS.
Since OPPO is not sure PSFCH can be accompanied with standalone SL CSI-RS, let us move PFSCH to the FFS part to see if it is agreeable.
Companies please continue to comment on the following updated Proposal. 
Proposal 2-2-d: 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: one or more of aperiodic, periodic and/or semi-persistent SL CSI-RS transmissions 
· FFS: standalone and non-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 and no accompanying PSFCH. 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

	Nokia, NSB
	Yes
	

	Huawei, HiSilicon
	Yes
	In order to address the comment raised by MediaTek in the previous round, for transmitting SL CSI-RS with SL MAC CE, the intention is to reuse the Rel-16 slot structure, i.e., PSCCH/PSSCH transmission, where there is no standalone PSCCH in a slot within a resource pool. In order to facilitate stable periodic transmissions for beam sweeping, standalone SL CSI RS transmissions where the PSSCH contains only the MAC CE can be studied, where the slot structure is not affected.

	Qualcomm
	Yes
	Yes with the FL update.


	Fraunhofer
	Yes
	Yes for the updated version from the FL.

	JHUAPL
	Yes
	Proposal includes existing aperiodic and non-standalone as well as adding standalone.

	Sharp
	Yes
	We support the updated proposal.

	Xiaomi
	Yes
	From our understanding, even existing SL CSI-RS non-standalone transmission does not have accompanying PSFCH. It is the PSSCH which have accompanying PSFCH. But we can accept the current wording from FL, given the FL clarification that aperiodic and non-standalone CSI-RS is not precluded from the study.

	WILUS
	Yes
	We are OK for the FL’s updated version.

	CATT
	Yes
	

	Transsion
	Yes
	

	MediaTek
	Yes
	Thanks for the HW’s response, we are fine with HW’s motivation for adding the MAC-CE in the Note. 



3.2.5.3 [M] Proposal 2-3-d (Email)
No change from Proposal 2-3-c.
Proposal 2-3-d: 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
This proposal seems stable and further discussions will be on 3GPP email thread directly. 

3.2.5.4 [M] Proposal 2-4-d (Email)
Lenovo mentions container selection should consider latency. However, there are some other criteria to consider, e.g., container capacity, etc. At this moment, all these are open for further study. 
Samsung wants to remove the FFS for UCI but can accept it for progress. 
Spreadtrum asks the possibility of supporting both options. FL thinks it is possible since the main bullet mentions “container(s)”
With this, FL does not change Proposal 2-3-c. 
Proposal 2-4-d: 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)
This proposal seems stable and further discussions will be on 3GPP email thread directly. 

3.2.6 [Active] Fifth round discussions
3.2.6.1 [M] Proposal 2-1-e (Email)
No change from Proposal 2-1-d.
Proposal 2-1-e: 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. 
This proposal seems stable and further discussions will be on 3GPP email thread directly. 

3.2.6.2 [H] Proposal 2-2-e (Email)
No change from Proposal 2-2-d (FL updated version).
Proposal 2-2-e: 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
This proposal seems stable and further discussions will be on 3GPP email thread directly. 

3.3 Topic #3: Beam failure recovery 
3.3.1 Background
3.3.1.1 Beam failure detection
The following agreement was made in RAN1 #112 meeting. 

	Agreement
RAN1 is to study the information related to a sidelink beam failure instance that the PHY layer provides to the MAC layer.



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. 

Nokia, OPPO, Toyota, Intel, Interdigital, Lenovo, Transsion, ZTE, DCM, LG mention to consider this scheme. 

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 used for SL BFD. To facilitate the hypothetical PSCCH BLER detection, periodic SL BFD reference signal is transmitted. This reference signal could be periodic SL CSI-RS or S-SSB, depending on the discussions in Section 3.1 and Section 3.2. Receiver UE measures the SL BFD reference signal, and if it is below a threshold, then receiver UE reports sidelink BFI from PHY layer to MAC layer. 

Nokia, Huawei, vivo, OPPO, Toyota, CATT, CMCC, CEWiT, Lenovo, Apple, Qualcomm, DCM, Wilus mention to consider this scheme. 

FL thinks both of the schemes could be further studied, including their pros and cons. This is in Proposal 3-1-a. 

Furthermore, companies have additional relevant discussions on SL BFD, listed below. 
· Nokia mentions that both of these schemes could be supported, based on configuration. 
· Huawei mentions the conditions of SL CSI-RS transmission collision in sensing-based resource selection. 
· Spreadtrum mentions that BFI can also be depending on CBR value, CSI reporting. 
· CATT discusses the general procedure of BFR. 
· Samsung mentions the triggering conditions for SL BFD reference signal transmissions.
· CMCC mentions to delay the discussion of BFR procedure. 
· DCM mentions the candidate beam identification in case of transmitter UE based BFD. 

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

	Company
	Company proposal related to this issue

	Nokia
	Observation 2: BFI indication at a TX UE based on the absence of expected HARQ feedback only applies in case HARQ feedback is enabled.
[bookmark: Proposal52392][bookmark: Proposal51829]Proposal 9: BFI indication at TX UE and RX UE may be enabled/disabled by (pre-)configuration.

	Huawei
	[bookmark: _Ref131709334][bookmark: _Ref130927528]Proposal 10: Study SL FR2 beam failure detection, taking NR Uu BFD procedure as baseline, with the following enhancements:
· S-SSB and SL CSI-RS are used as BFD reference signals
· Conditions for indicating beam failure instances considering sensing-based resource selection.

	vivo
	[bookmark: _Ref131787093]Proposal 11: Regarding SL beam failure recovery, UE performs beam failure detection based on periodic SL CSI-RS, and perform BFR as the Uu BFR procedure.

	OPPO
	Proposal 15: Legacy RLF mechanism can be taken as baseline for beam failure detection.
Proposal 16: Periodic SL CSI-RS should be used for beam failure detection in SL.
Proposal 17: Timer and counter based BFD mechanism at RX UE side can be studied.

	Toyota
	[bookmark: _Toc131435260][bookmark: _Toc131768523]Proposal 12: Study sidelink beam failure instances based on L1 measurement(s) (e.g., RSRP, SINR) and/or PSFCH reception.

	Spreadtrum
	Proposal-8: 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-9: The declaration of beam failure event could be Tx-UE or Rx-UE, and further investigations are expected.

	CATT
	Proposal 14: 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 15: Further study the following information that PHY layer provides to the MAC layer during BFR procedure
· Beam failure detection (include resource configuration)
· BFRQ generation and transmission
· BFRR generation and transmission, including new beam determination and indication
Proposal 16: Both BLER and L1-RSRP can be considered as candidate criteria for beam failure. Beam failure instance occurs when BLER is above a certain threshold (for example, 10%), or when multiple beams measured by UE are all below a certain threshold.
Proposal 17: The configuration of the reference signal set for beam failure measurement can be either explicitly configured by signaling or implicitly configured by the beam configuration of the control channel.

	Intel
	Proposal 11: Study the conditions to detect and declare a sidelink beam failure.
Proposal 13: Sidelink RLF should be used as the starting point for beam failure. 
Proposal 16: Study which reference signals to use for beam maintenance and beam recovery.

	Interdigital
	Proposal 14: Study beam failure detection based on detection of PSFCH corresponding to transmitted CSI-RSs. 

	Samsung
	Proposal 13: 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.

	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 10: The discussion on BFR procedure should be deprioritized in Rel-18 or at least postponed until more outcomes have been reached for initial beam-pairing and beam maintenance.

	CEWiT
	Proposal 8: For beam failure detection special CSI-RS resources should be configure semi persistently with L1-RSRP measurement for detecting failure.

	Lenovo
	Proposal 9: RAN1 needs to study procedure to declare beam failure instance e.g., HARQ feedback based, RSRP threshold etc., 
Proposal 10: 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 11: RAN1 needs to study whether and how the following could be enhanced for sidelink BFR:
· S-SSB
· Sidelink CSI RS

	Transsion
	Proposal 8: SL beam failure can be determined from the sidelink feedback results, e.g., the consecutive DTX detection on PSFCH reception occasions.

	ZTE
	[bookmark: _Toc131790712]Proposal 18: Tx UE can determine whether the Tx beam meets the requirements based on whether it receives ACK/NACK.
[bookmark: _Toc131790713]Proposal 19: Study beam failure detection based on the number of HARQ feedback DTX if ACK/NACK feedback is also used to indicate whether the beam of PSSCH associated with PSFCH meets the requirements.

	Apple
	Proposal 18: Periodic sidelink CSI-RS serves as reference signal for sidelink beam failure detection. 
Proposal 19: If L1-RSRP measurement of sidelink CSI-RS for sidelink beams is less than a threshold, a sidelink BFI is indicated from PHY layer to MAC layer. 

	Qualcomm
	Observation 7:
· For Uu BFR, RSs for BFR have to be periodic RS transmissions.
· Following Uu BFR, SL BFR should be based on periodic RS transmissions
Proposal 7: 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
· If a UE detect BFD condition is met, the UE triggers the BFR procedure.
· BFD condition can be similar to the one for Uu BFR
· Based on the hypothetical PSCCH BLER derived from the measured RSRPs of the RSs for BFR

	DCM
	Observation 3: 
· In the case where periodic RSs are used to maintain the beam pairing, RX SL UE can detect the degradation of main beam based on L1-RSRP and search for a new candidate beam based on periodic RS.
· In other cases, transmission failure (i.e., HARQ DTX) can be considered as BFI criteria.
Proposal 9:
· Support L1-RSRP as the BFI criteria if periodic reference signal is supported and configured for beam maintenance.
· For HARQ DTX as the BFI criteria, study how to determine a new candidate beam to quickly recover the beam pairing.

	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.

	LG
	Observation 10: 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 11: As in NR Uu link, the RLF detection mechanism can be a baseline for the beam failure detection mechanism for NR SL. 
Proposal 8: 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 TX spatial settings for PSCCH/PSSCH transmission reaches the threshold (e.g., 1).
· FFS: Whether/how the PSCCH/PSSCH RX UE determines the SL beam failure instance.



3.3.1.2 Beam failure recovery
In NR Uu link, when a UE detects beam failure, it starts to select a new candidate beam. This beam selection is based on the measurement of SSB or periodic CSI-RS. UE indicates the selected beam to gNB via PRACH transmission on the RACH occasion associated with the candidate SSB beam so that transmit and receive beamforming gain is achieved with beam failure recovery (BFR) procedure.  After UE sending BFR request (BFRQ) to gNB, it receives the BFR response (BFRR) from gNB. 

If the sidelink beam failure is detected by receiver UE (i.e., scheme 2 in Section 3.3.1.1), it could first identify a new candidate beam. If the sidelink beam failure is detected by transmitter UE (i.e., scheme 1 in Section 3.3.1.1), it could trigger the receiver UE to identify a new candidate beam. 

The candidate beam identification is discussed by several companies. Huawei, OPPO, Interdigital, CEWiT and LG discuss the reference signals and criteria for identifying candidate beams. Nokia mentions to explore sidelink beam diversity to enhance resilience against sidelink beam failure. 

After the receiver UE identifies a new candidate beam, it needs to inform the information to a pair UE, via BFRQ transmission. Various aspects of BFRQ are discussed by companies (Huawei, OPPO, Fraunhofer, Apple, Qualcomm, DCM, Wilus, LG, Sony), listed below:  
· The procedure of BFRQ transmission is discussed by Apple, Fraunhofer, Sony. It is mentioned that the BFRQ could be sent to a pair UE directly, or could be sent to gNB, which forwards it to a pair UE. 
· The contents of BFRQ transmission is discussed by OPPO (BFR indication and CRI), Apple, Fraunhofer. 
· The transmission resources (including transmit and receive beams) of BFRQ is discussed by Nokia, OPPO, Apple, Qualcomm, Wilus, LG. 
 
After a UE receives sidelink BFRQ, it could reply with sidelink BFR response (BFRR). This is discussed by Huawei, DCM, 

FL think all these aspects of BFR mechanism could be further studied. This is in Proposal 3-2-a. 

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

	Company
	Company proposal related to this issue

	Nokia
	[bookmark: Obs51863][bookmark: Obs62494]Observation 12: A wider beam may often work, although with lower SINR, in case a beam failure is detected on a narrow beam.
[bookmark: Proposal52393][bookmark: Proposal51830]Proposal 12: Study beam fallback mechanisms based on TX/RX beam widening.
[bookmark: Obs62495][bookmark: Obs51864][bookmark: Obs88486]Observation 13: SL beam diversity may be used to maintain SL communication while recovering from a SL beam failure.
[bookmark: Proposal51831][bookmark: Proposal52394]Proposal 13: Study how SL beam diversity can be used to enhance resilience against SL beam failures.

	Huawei
	[bookmark: _Ref126598752]Proposal 15: Study SL FR2 BFR request and BFR response, taking 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.
· Enhance BFR procedures including BFR request and BFR response procedures to enable effective BFR.

	OPPO
	Proposal 18: The following options can be considered for SL beam failure recovery
· Option 1: TX beam and/or RX beam selection procedure can be triggered by TX UE if it determines beam failure or receives BFD reporting from RX UE.
· Option 2: RX UE reports new selected TX beam to TX UE based on set of CSI-RS resources. TX UE uses the reported TX beam for following SL transmissions.
Proposal 19: How to determine the transmission resource for reporting beam failure indication and/or CRI needs to be studied.

	Intel
	Proposal 12: Study how two UEs can get a mutual agreement on the beam recovery procedure.

	Interdigital
	Proposal 13: Identify a beam pair e.g., in initial beam pairing as alternative beam pair to associate with a unicast SL for beam failure recovery. 

	Samsung
	Proposal 13: 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.

	CEWiT
	Proposal 9: In SL beam management, for SL BFR different procedures should be investigated including S-SSB based, and CSI-RS based procedure.

	Apple
	Proposal 20: Once sidelink beam failure is detected, receiver UE sends sidelink beam failure recovery request (BFRQ) to transmitter UE or gNB.
Proposal 21: RAN1 to study the contents of sidelink BFRQ. 
Proposal 22: RAN1 to study the transmit beam and receive beam of sidelink BFRQ.

	Fraunhofer
	Proposal 6: 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.

	Qualcomm
	Proposal 8: 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: structure of the ‘BFR request’
· 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.

	DCM
	Proposal 8: Study the physical layer design for SL beam failure recovery (BFR), including SL beam failure recovery request (BFRQ), SL beam failure recovery response (BFRR) and the general procedure.
· BFR should be designed to ensure faster recovery than SL RLF

	WILUS
	Proposal 15: For beam failure recovery process, RAN1 to study when/how NR SL UE transmits SL beam failure recovery request.
Proposal 16: Sidelink beam failure recovery request can be transmitted if sidelink BFI counter reaches the (pre-)configured threshold before SL BFD timer expires.
Proposal 17: For sidelink beam failure recovery process, UE can transmit beam failure recovery request via PSFCH transmission.
Proposal 18: For sidelink beam failure recovery process, occasions for sidelink beam failure recovery request transmission can be configured as a subset of sidelink PSFCH occasion.

	LG
	Proposal 9: For the sidelink beam failure recovery procedure for UE-1’s SL transmission, support one or more of followings:
· Option 1: 
· UE-1 can transmit candidate RS and/or CSI reporting triggering multiple times with the same TX spatial setting or different settings.
· For each SL transmission occasion of candidate RS and/or CSI reporting triggering or each TX spatial setting of the SL transmission(s), the response window is determined.
· When UE-2 successes to detect the candidate RS and/or SL CSI reporting triggering with certain TX spatial setting(s), and if the measurement results (e.g., RSRP, RSRQ, or SINR) based on one or multiple RS(s) is above a certain level, the UE-2 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.
· TX spatial setting for the SL CSI report(s) from UE-2 is determined based on the RX spatial setting of UE-2 for the candidate RS reception and/or the TX spatial setting associated with the response window. 
· Option 2:
· UE-1 can transmit candidate RS multiple times with the same TX spatial setting or different settings.
· Each SL transmission occasion has PSFCH occasion.
· When UE-2 successes to detect the candidate RS, and if the measurement results (e.g., RSRP, RSRQ, or SINR) based on the RS is above a certain level, the UE-2 can transmit PSFCH in PSFCH occasion corresponding to the received candidate RS.
· TX spatial setting for the PSFCH transmission from UE-2 is determined based on the RX spatial setting of UE-2 for the candidate RS reception and/or the TX spatial setting associated with the PSFCH occasion. 

	Sony
	Proposal 4: Indirect beam links to assist direct beam link failure recovery need to be supported in NR SL beam management.
Proposal 5: SL UE and gNB can both work as the indirect beam transmitter/receiver. 



3.3.1.3 Others
It is proposed by ZTE that the study related to beam failure recovery is put on hold till some conclusions on sidelink beam maintenance are made. Qualcomm wants to clarify that RAN1 will discuss overall BFR procedure first. 

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.

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

	Company
	Company proposal related to this issue

	ZTE
	[bookmark: _Toc131790714]Proposal 20: The issue related to beam failure recovery is put on hold till some conclusions on SL beam maintenance are made.

	Qualcomm
	Proposal 6: Clarify that RAN1 will discuss overall BFR procedure first.



3.3.2 [Closed] First round discussions
3.3.2.1 Proposal 3-1-a
Proposal 3-1-a: RAN1 is to consider the following schemes to trigger sidelink beam failure instance (BFI) that PHY layer provides to MAC layer.
· Scheme 1: Sidelink BFI is triggered at transmitter UE, based on sidelink HARQ feedback
· FFS candidate beam identification in case of BFD
· Scheme 2: Sidelink BFI is triggered at receiver UE, based on the measurement of reference signal for BFD
· FFS details on reference signal for BFD 

	Company
	Yes or No
	Comments

	Qualcomm
	
	It is not clear how to distinguish/define “transmitter UE” and “receiver UE”. Typically, we think once unicast-link is established, both Ues transmit and receive each other.

The important differences here should be that, for beam failure detection, whether to use RS measurement quality or to use continuous DTX of HARQ-ACK feedback. The former option is similar to Uu BFR, while the latter option is similar to SL RLF.

We think basically periodic RS is necessary for beam management, and the measurement of the periodic RS can be used for the beam failure detection. It would be necessary to make a common understanding on the need of periodic RS for beam management first.

	ZTE,Sanechips
	No
	Scheme 1.  Prefer to elaborate scheme 1 as
Scheme 1: Sidelink BFI is triggered at transmitter UE, based on sidelink HARQ feedback or beam failure indication from Rx UE  
· FFS candidate beam identification in case of BFD
The sidelink BFI can be triggered at Tx UE based on beam failure indication from Rx UE but not necessarily the HARQ feedback. we prefer to leave that open for now.
Question on candidate beam identification, does it mean the candidate beam to switch to in case of BFR or determination of whether a candidate beam is in failure. If the former is the intention, this point can be put in 3-2-a.

	LGE
	Yes
	First of all, “is to consider” needs to be replaced with “can consider” for further study. 

For the beam failure recovery, the TX UE needs to know the situation so that the TX UE can transmit SL channels/signals with new candidate beam(s). 
In Scheme 1, since the TX UE decides the beam failure, the TX UE can decide whether the new candidate beam(s) will be used or not for  the upcoming transmission(s). 

In Scheme 2, the RX UE needs to inform the beam failure situation to the TX UE. Under the condition when all or almost TX beams does not work properly, it would be necessary to clarify how the RX UE indicate the beam failure situation to the TX UE reliably. 
Moreover, considering NR Uu BFD mechanism, the BFD-RS is QCLed with the DMRS of PDCCH, and the threshold is related to the target BLER. This principle would need to be considered for Scheme 2 as well. In NR SL, since 2nd SCI is additionally introduced, the target BLER would need to consider both 1st SCI and 2nd SCI detection performance. 

	OPPO
	Yes with comment
	Beam failure instance is introduced in NR Uu for beam failure detection at UE side. It is OK to study the similar mechanism to be used for SL beam failure detection (scheme 2 in the proposal). While if SL RLF mechanism is applied which is based on HARQ-ACK detection, we think it is not necessary to introduce concept beam failure instance at TX UE side. We suggest the following modification:
Proposal 3-1-a: RAN1 is to consider the following schemes for beam failure detection to trigger sidelink beam failure instance (BFI) that PHY layer provides to MAC layer.
· Scheme 1: Sidelink beam failure detection BFI is triggered determined at transmitter UE, based on sidelink HARQ feedback
· FFS candidate beam identification in case of BFD
· Scheme 2: Sidelink beam failure detection BFI is triggered determined at receiver UE, based on the measurement of reference signal for BFD
· FFS details on reference signal for BFD 



	Vivo
	Yes
	However, for option 1, candidate beam identification may depends on initial beam pairing or beam maintenance, additional procedure is not used.
· Scheme 1: Sidelink BFI is triggered at transmitter UE, based on sidelink HARQ feedback
· FFS whether/how to support candidate beam identification in case of BFD


	xiaomi
	Yes
	

	CMCC
	Yes
	

	Nokia, NSB
	Yes
	

	Lenovo
	Yes
	Since it is the first meeting, we can further check both schemes.

	Huawei, HiSilicon
	Yes with comments
	Scheme 1 and scheme 2 are essentially defining the BFD procedure to be based on the SL RLF and Uu BFR procedures, respectively. 
Hence, we prefer scheme 2 and following the Uu procedure, sidelink BFI should be triggered at RX UE. The BFD reference signals e.g., S-SSB and SL CSI-RS, can be configured through PC5-RRC or MAC CE, and the beam failure instance is detected by the PHY layer when the measured RSRP of these BFD reference signals is below a (pre-)configured threshold. When this occurs, the beam failure instance is reported to the higher layers.

	Intel
	Comment
	The proposal is unclear as for a unicast connection both Ues are transmitting and receiving Ues. In our understanding each UE needs to be able to independently detect a beam failure. 

	InterDigital
	Yes
	We are OK to study both schemes, however we do prefer the first scheme to avoid introducing RX-side measurement on periodic CSI-RS transmissions for all existing pairs of Ues that will add a lot of overhead.

	Samsung
	
	Support scheme 2. Scheme 1 doesn’t follow the Uu design, which is the basis of the SL beam management.

	Toyota
	Yes
	

	Fraunhofer
	Yes
	

	CATT
	yes
	RAN1 is to consider the following schemes to trigger sidelink beam failure instance (BFI) that PHY layer provides to MAC layer.
· Scheme 1: Sidelink BFI is triggered at transmitter UE, based on sidelink HARQ feedback
· FFS candidate beam identification in case of BFD  after trigging of BFI
· Scheme 2: Sidelink BFI is triggered at receiver UE, based on the measurement of reference signal for BFD
· FFS details on reference signal for BFD 


	Sharp
	Yes
	

	Sony
	Yes
	

	MediaTek
	Yes with comments
	We want to add two FFS for clarification on the following bullets:
· Scheme 1 and Scheme 2 can be switched based on different use cases or conditions
· Scheme 1 and Scheme 2 can be enabled simultaneously or not 
We suggest to modify the proposal as following:
Proposal 3-1-a: RAN1 is to consider the following schemes to trigger sidelink beam failure instance (BFI) that PHY layer provides to MAC layer.
· Scheme 1: Sidelink BFI is triggered at transmitter UE, based on sidelink HARQ feedback
· FFS candidate beam identification in case of BFD
· Scheme 2: Sidelink BFI is triggered at receiver UE, based on the measurement of reference signal for BFD
· FFS details on reference signal for BFD 
· FFS if scheme 1 and scheme 2 can be enabled simultaneously or not
· FFS if scheme 1 and scheme 2 can be enabled/switched based on different use cases or conditions (e.g., enabling of periodic SL CSI RS, enabling of directional beam transmission/reception)


	WILUS
	Yes
	

	Spreadtrum
	Yes with comments
	Similar concern like QC. It may not be necessary to distinguish the the concept of Tx-UE/Rx-UE. A unified BFI monitoring solution is favorable applied for both Tx-UE/Rx-UE. The proposals can be modified as:
· Scheme 1: Sidelink BFI is triggered at transmitter UE, based on sidelink HARQ feedback
· Scheme 2: Sidelink BFI is triggered at receiver UE, based on the measurement of reference signal for BFD

	Ericsson
	Yes
	



3.3.2.2 Proposal 3-2-a
Proposal 3-2-a: RAN1 is to study sidelink Beam Failure Recovery (BFR) mechanism, including
· candidate beam identification
· sidelink BFR request (BFRR), including resources, transmit and receive beams, container, etc. 
· sidelink BFR response (BFRQ)

	Company
	Yes or No
	Comments

	Qualcomm
	Yes
	

	ZTE,Sanechips
	No
	We prefer to drop the receive beams in the second bullet.
· sidelink BFR request (BFRR), including resources, transmit and receive beams, container, etc. 


	LGE
	
	From our side, we can study SL BFR mechanism with the following questions:
· When TX UE starts transmitting SL channels/signals with candidate beam(s)
· Whether the TX UE transmit SL channels/signals with candidate beam(s) before or after SL beam failure detection
· When RX UE starts monitoring SL channels/signals with candidate beam(s)

If the BFRR and BFRQ are needed for both Schemes and can be different across different schemes, it would be better to discuss it for each scheme. 

	OPPO
	Yes.
	

	Vivo
	
	This is for the scheme 2 of proposal 3-1-a, correct?

	xiaomi
	Yes
	

	CMCC
	Yes
	

	Nokia, NSB
	Yes, with correction
	Proposal 3-2-a: RAN1 is to study sidelink Beam Failure Recovery (BFR) mechanism, including
· candidate beam identification
· sidelink BFR request (BFRRQ), including resources, transmit and receive beams, container, etc. 
· sidelink BFR response (BFRQR)


	Lenovo
	Yes with comments
	Also we need to study which container is used to transmit such request and response  
· candidate beam identification
· sidelink BFR request (BFRR), including resources, transmit and receive beams, container, etc. 
· sidelink BFR response (BFRQ)
· FFs container, procedure, timing etc.,    


	Huawei, HiSilicon
	Yes
	We could take this proposal one step further and list out possible signals that can be used for candidate beam identification and signaling aspects for BFRR and BFRQ.

	Intel
	Yes
	In our understanding this procedure is only relevant if exchange via another interface (for example SL FR1 or the network) is possible. Similarly as the Uu interface falling back to RACH, SL FR2 would fall back to initial beam pairing if no other means of information exchange is possible. 

	InterDigital
	Yes
	As part of the beam identification or the BF mechanism, the UE pair may also have identified multiple candidates (backup) beams before the beam failure is established

	Samsung
	
	Fine with the direction of the proposal with following updates. We think that sending reference signals all the time for candidate beam identification will lead to too high overhead, there should be conditions when the reference signal for candidate beam identification is sent.
Proposal 3-2-a: RAN1 is to study sidelink Beam Failure Recovery (BFR) mechanism, including
· candidate beam identification including trigger conditions for sending reference signal for candidate beam identification
· sidelink BFR request (BFRR), including resources, transmit and receive beams, container, etc. 
· sidelink BFR response (BFRQ)


	Toyota
	Yes
	

	Fraunhofer
	Yes
	

	Catt
	Yes
	

	Sharp
	Yes
	

	Sony
	Yes
	

	MediaTek
	
	In NR Uu, when a UE detects beam failure, the UE starts to select new beam based on SSB or periodic CSI RS. UE indicates the selected beam to gNB via PRACH transmission. But in SL, neither SSB nor periodic CSI RS are the guarantee resources for new beam selection. Furthermore, PRACH is not available in SL. Therefore, reusing the concept from NR Uu BFRQ and BFRR should be studied carefully. 
From proposal 3-1-a, both transmitter UE and receiver UE could detect beam failure corresponding to Scheme 1 and Scheme 2. 
In this case, a unified beam failure recovery should be strived regardless to the roll of transmitter/receiver UE. We suggest to include all of the possible options into this proposal:
Proposal 3-2-a: RAN1 is to study sidelink Beam Failure Recovery (BFR) mechanism for the following options:
•   Option 1: If the sidelink beam failure is detected by receiver UE, it could first identify a new candidate beam
•   Option 2 : If the sidelink beam failure is detected by transmitter UE, it could trigger the receiver UE to identify a new candidate beam.
•   Option 3 : If the sidelink beam failure is detected by a UE, it could initiate a sidelink beam recovery procedure toward the peer UE
•   FFS details on:
· candidate beam identification
Whether/How sidelink BFRQ, sidelink BFRR is carried in the sidelink beam recovery procedure

	WILUS
	Yes
	

	Spreadtrum
	Yes
	

	Ericsson
	Yes
	



3.3.2.3 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
	RAN1 should study mechanisms to reduce overhead of BFR. Sending periodic signals always for BFR (even in good channel conditions) increases the overhead.

	
	




3.3.3 [Closed] Second round discussions
3.3.3.1 [M] Proposal 3-1-b
Proposal 3-1-b: RAN1 can consider the following schemes to trigger sidelink beam failure instance (BFI) that PHY layer provides to MAC layer.
· Scheme 1: Sidelink BFI is triggered at transmitter UE, based on sidelink HARQ feedback
· FFS whether/how to support candidate beam identification in case of BFD
· Scheme 2: Sidelink BFI is triggered at receiver UE, based on the measurement of reference signal for BFD
· FFS details on reference signal for BFD 

	Company
	Yes or No
	Comments

	OPPO
	Yes 
	

	Xiaomi
	Yes
	

	Nokia, NSB
	Yes
	

	MediaTek
	See comment
	We are fine with an FFS to study the use cases/conditions to applied one or multiple schemes to trigger sidelink BFI.
Proposal 3-1-b: RAN1 can consider the following schemes to trigger sidelink beam failure instance (BFI) that PHY layer provides to MAC layer.
· Scheme 1: Sidelink BFI is triggered at transmitter UE, based on sidelink HARQ feedback
· FFS whether/how to support candidate beam identification in case of BFD
· Scheme 2: Sidelink BFI is triggered at receiver UE, based on the measurement of reference signal for BFD
· FFS details on reference signal for BFD
· FFS whether one or both schemes can be applied based on different use cases or conditions (e.g., enabling of periodic SL CSI RS, enabling of directional beam transmission/reception)


	Transsion
	Yes
	

	Ericsson
	Yes
	

	Lenovo
	Yes
	

	Sony
	Yes
	

	InterDigital
	Yes
	

	Intel
	Yes
	

	Toyota
	Yes
	

	Samsung
	No
	We are fine with scheme 2. We have concern with scheme 1 as this doesn’t follow the BFR of Uu, and hence doesn’t follow the WID. As a compromise, we can accept the proposal with the following update
RAN1 can consider to study at least the following schemes to trigger sidelink beam failure instance (BFI) that PHY layer provides to MAC layer.
· Scheme 1: Sidelink BFI is triggered at transmitter UE, based on sidelink HARQ feedback
· FFS whether/how to support candidate beam identification in case of BFD
· Scheme 2: Sidelink BFI is triggered at receiver UE, based on the measurement of reference signal for BFD
· FFS details on reference signal for BFD 


	Huawei, HiSilicon
	Yes
	We could add a sub bullet indicating which scheme is used as baseline – SL RLF for scheme 1 and Uu BFR for scheme 2.



3.3.4 [Closed] Third round discussions
3.3.4.1 [M] Proposal 3-1-c
In the second round, 
· Mediatek mentions the support of both schemes based on use cases or conditions. This is already a part of the proposal since we can consider. 
· Samsung mentions Scheme 2 follows Uu BFR, and scheme 1 does not follow existing framework. However, as mentioned earlier, scheme 1 follows SL BFR framework. Hope this scheme can be further studied. 
· Huawei mentions to add some notes to clarify the basis of both schemes. This is added. 

Proposal 3-1-c: RAN1 can consider the following 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.
· 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.

	Company
	Yes or No
	Comments

	
	
	Scheme 1.  Prefer to clarify scheme 1 as
Scheme 1: Sidelink BFI is triggered, based on sidelink HARQ feedback or beam failure indication from Rx UE  
· FFS candidate beam identification in case of BFD
The sidelink BFI can be triggered at Tx UE based on beam failure indication from Rx UE but not necessarily the HARQ feedback. we prefer to leave that open for now.
Question on candidate beam identification, does it mean the candidate beam to switch to in case of BFR or determination of whether a candidate beam is in failure. If the former is the intention, this point can be put in 3-2-a.

	Xiaomi
	Yes
	

	LGE
	Yes
	As mentioned before, in NR Uu link, the BFD procedure is based on the RLF procedure. So, both procedures use the measurement based on periodic RS for checking hypothetical BLER of the control channel. 

In NR SL, we also have RLF procedure, but it is not based on the measurement of periodic RS. In this point of view, it does not violate any WID at all. 

I have one more question on the Scheme 2. If RAN1 decide that it is also feasible and supporting it, will we change SL RLF procedure for FR2 as well? Or, will we not change it because it is out of scope?

	Nokia, NSB
	Yes
	

	NEC
	Yes 
	

	Qualcomm
	
	We are OK to study both scheme 1 and scheme 2. Strictly speaking, scheme 1 is not inline with the WID description. But we can accept to keep it.
Regarding the question from LGE, our understanding is that we will not study changing SL RLF in this Rel-18 WI. We will focus on beam management aspects.
As we have commented online, so far FR2 beam management relies on periodic RS sweeping. Perhaps even for WLAN, this is the same (using beacon). On the other hand, we observe some momentum to consider support of FR2-SL beam management without using (periodic) RS but using PSCCH/PSSCH that is aperiodic and opportunistic. We are not sure how beam management can be done without relying on any periodic RS sweeping. 

	CMCC
	Yes
	

	Vivo
	Yes
	

	Lenovo
	Yes
	

	InterDigital
	Yes
	

	Intel
	Yes
	

	Toyota
	Yes
	

	Huawei, HiSilicon
	Yes
	

	Fraunhofer
	Yes
	

	Ericsson
	Yes
	

	JHUAPL
	Yes
	

	Sharp
	Yes
	

	Samsung2
	No
	Don’t agree to keep scheme1. The focus is beam failure not radio link failure. There is no beam failure in SL. Not yet. In Uu this based on measurement RS.

	Sony
	Yes
	

	Spreadtrum
	Yes
	

	MediaTek
	Yes
	

	WILUS
	Yes
	

	Transsion
	Yes
	

	CEWiT
	Yes
	

	OPPO
	Yes 
	




3.3.4.2 [M] Proposal 3-2-c
In the first round, besides the typo, 
· ZTE mentions to study only the transmit beam of BFR request. Hence, the bullet is modified to “and/or”. 
· LG asks whether the sidelink reference signal transmission for candidate beam identification is sent before or after SL BFD. Samsung mentions the triggering condition for sending reference signals for candidate beam identification. This can be further discussed and one FFS is added. 
· LG and vivo ask whether the proposed BFR mechanism is related to schemes in Proposal 3-1. Mediatek mentions that different procedures may be used for different schemes in Proposal 3-1. In FL’s understanding, the BFR mechanism is at least applicable to scheme 2 of Proposal 3-1. It is open whether it is applicable to scheme 1 of Proposal 3-1. This can be further studied, as one FFS is added. 
· Lenovo mentions the container, timing and procedure. This is added for BFR response since the container for BFR request is already there. 

Proposal 3-2-c: RAN1 is to study sidelink Beam Failure Recovery (BFR) mechanism, including
· candidate beam identification
· FFS details on reference signals for candidate beam identification
· sidelink BFR request (BFRQ), including resources, transmit and/or receive beams, container, etc. 
· sidelink BFR response (BFRR), including container, procedure, timing, etc.
· FFS applicable to the scheme where SL BFI is triggered based on SL HARQ feedback.

	Company
	Yes or No
	Comments

	ZTE,Sanechips
	Yes
	

	Xiaomi
	Yes
	

	LGE
	OK
	

	NEC
	Yes 
	

	CMCC
	Yes
	

	Vivo
	Yes
	FFS applicableapplicability to the scheme where SL BFI is triggered based on SL HARQ feedback.

	Lenovo
	Yes
	

	Interdigital
	Yes
	· candidate beam(s) identification


	Intel
	Yes
	

	Toyota
	Yes
	

	Huawei, HiSilicon
	Yes
	

	Fraunhofer
	OK
	

	Ericsson
	OK
	

	JHUAPL
	Yes
	

	Sharp
	Yes
	

	Samsung2
	OK with comments
	We can accept for progress with the following updates
RAN1 is to study sidelink Beam Failure Recovery (BFR) mechanism, including
· candidate beam identification
· FFS details on reference signals for candidate beam identification including structure, procedure, timing, etc.
· sidelink BFR request (BFRQ), including resources, transmit and/or receive beams, container, timing etc. 
· sidelink BFR response (BFRR), including container, procedure, timing, etc.
· FFS applicable to the scheme where SL BFI is triggered based on SL HARQ feedback if supported.


	Sony
	Yes
	

	Spreadtrum
	Yes
	

	MediaTek
	See comments
	We still have concern if the SL BFR mechanism studied in this proposal is not applicable to SL BFI trigged based on SL HARQ feedback. At least we should study
· a unified BFR mechanism for Scheme1 (SL BFI triggered based on SL HARQ feedback) and Scheme2(Sidelink BFI is triggered based on the measurement of reference signal for BFD)
two individual BFR mechanisms corresponding to Scheme1, Scheme2

	WILUS
	Yes
	

	Transsion
	Yes
	

	CEWiT
	Yes
	

	OPPO
	Yes 
	



3.3.5 [Closed] Fourth round discussions
3.3.5.1 [M] Proposal 3-1-d
In the third round, 
· ZTE mentions to add “beam failure indication” besides “sidelink HARQ feedback”. However, this is not aligned with existing Uu link BFD or sidelink RLF mechanism. For progress, FL adds an FFS point for it and hope it is acceptable to ZTE.
· ZTE asks the usage of identified candidate beam. FL thinks that the identified candidate beam is for Ues to switch when BFR occurs. Note in Scheme 1 itself, how to obtain candidate beam is unclear, which is in the first FFS. Meanwhile, we already have a note about the applicability of Proposal 3-2-c to Scheme 1.
· LG asks the possibility of changing SL RLF procedure for FR2. FL thinks it is out of R18 SL-FR2 scope. But, the potential SL RLF procedure update for FR2 could be discussed in R19 sidelink scoping if possible. 
· Samsung is against scheme 1 and mentions only Uu BFD mechanism is baseline. On the other hand, LG mentions scheme 1 does not violate WID since Uu link has similar BFD and RLF procedures. Similarly, SL BFD and SL RLF may have similar procedures as well. At this stage, it seems hard to exclude Scheme 1 from studying. To address Samsung’s concern, an FFS is added to keep the down-selection open. 

Proposal 3-1-d: RAN1 can consider the following 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
· FFS other feedback from pair UE
· Note: this scheme follows the principle of sidelink RLF.
· 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: support both schemes or down select one scheme.

	Company
	Yes or No
	Comments

	Vivo
	
	For the scheme 1, the new FFS on other feedback is contradictory with the main bullet. We guess the intention is joint scheme by combination scheme 1 and scheme 2? This should be further clarified.

	OPPO
	Yes 
	

	NEC
	Yes
	

	Interdigital
	Yes
	Slight modification of scheme 1 main bullet to allow using any sort of PSFCH to trigger BFI (e.g., PSFCH reporting CSI-RS if enabled, not only data HARQ feedbacks)
Scheme 1: Sidelink BFI is triggered based on sidelink HARQ feedback PSFCH


	Lenovo
	comments
	It seems contradicted between the main bullet of scheme 1 and the new added FFS, which needs a clarification.

	Intel
	Yes
	

	Toyota
	Yes
	

	Samsung3
	Comments
	We think that the baseline is scheme 2, we can then have an FFS whether to additionally support scheme 1.
Proposal 3-1-d: RAN1 can consider study the following 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
· FFS other feedback from pair UE
· Note: this scheme follows the principle of sidelink RLF.
· 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: support both schemes or down select one scheme. 
· Scheme 2 is baseline.
· FFS: Whether to additionally support scheme 1. 


	Nokia, NSB
	Yes
	

	Huawei, HiSilicon
	Yes
	As pointed out by other companies, the new FFS under scheme 1 needs to be checked since it contradicts the main bullet.

	Qualcomm
	
	For scheme 1, if other feedback from the paired UE is enabled, this is no longer following the principle of SL RLF. Either deleting this new FFS, or changing the note to FFS should be appropriate.

	Fraunhofer
	Yes
	

	JHUAPL
	Yes
	

	Sharp
	Yes
	

	Xiaomi
	Yes
	

	WILUS
	Comments
	For scheme 1, since SL HARQ feedback is baseline for triggering SL BFI, we suggest modification.
· Scheme 1: Sidelink BFI is triggered based on sidelink HARQ feedback
· FFS whether/how to support candidate beam identification in case of BFD
· FFS whether/how to support other feedback from pair UE
Note: this scheme follows the principle of sidelink RLF.

	CATT
	comments
	· FFS other feedback from paired UE


	Transsion
	Yes
	



3.3.5.2 [M] Proposal 3-2-d
In the third round,
· Vivo has editorial change, which is used.
· Interdigital wants to consider identifying multiple candidate beams, which is added.
· Samsung wants to add some directions for study on reference signals for candidate beam identification, including its structure, procedure and timing. Also, Samsung also wants study the timing of sidelink BFRQ. These are added. 
· Mediatek wants to consider two separate BFR mechanisms for Scheme 1 and Scheme 2, or a unified BFR mechanism for both Scheme 1 and Scheme 2. It is clear Proposal 3-2-d matches Scheme 2. Since the BFR mechanism for Scheme 1 is unclear at this stage, FL suggests continuing to study the BFR mechanism at least for Scheme 2, which may or may not match Scheme 1. To clarify this point, the main bullet of the proposal is modified. Companies are welcome to propose the BFR mechanism for Scheme 1 (probably in the next meeting). Hopefully, this proposal of “studying” is acceptable to Mediatek. 

Proposal 3-2-d: 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).

	Company
	Yes or No
	Comments

	Vivo
	Yes
	

	OPPO
	Yes 
	

	NEC
	Yes
	

	Interdigital
	Yes
	

	Lenovo
	Yes
	

	Intel
	Yes
	

	Toyota
	Yes
	

	Samsung3
	Yes
	

	Nokia, NSB
	Yes
	

	Huawei, HiSilicon
	Yes
	

	Qualcomm
	Yes
	

	Fraunhofer
	Yes
	

	JHUAPL 
	Yes
	

	Sharp
	Yes
	

	Xiaomi
	Yes
	

	WILUS
	Yes
	

	CATT
	Yes
	

	Transsion
	Yes
	



3.3.6 [Active] Fifth round discussions
3.3.6.1 [M] Proposal 3-1-e
In the fourth round, 
· Interdigital wants to replace “sidelink HARQ feedback” by PSFCH. However, this is not aligned with the principle of sidelink RLF. Hence, FL suggests focusing on sidelink HARQ feedback in the main bullet. If some additional information feedback carried in PSFCH, it could be considered in the second FFS under Scheme 1. 
· Vivo, Huawei ask in scheme 1, the relation between SL HARQ feedback and “other feedback”. The intention of “other feedback” is that besides SL HARQ feedback, whether additional feedback is used for a UE to trigger SL BFI. 
· Qualcomm, Wilus mention that using other feedback besides sidelink HARQ feedback is not considered as a part of sidelink RLF. FL removes this FFS. Instead, a more general FFS is added under Note. Similar additions apply for scheme 2. 
· Lenovo wants to clarify the relation between the main bullet and the last FFS. The intention of this proposal is to further study these 2 options of schemes, and down-selection is possible in a later stage. To clarify this, the main bullet is updated. 
· Samsung wants to support Scheme 2 as baseline. However, considering about 10 companies mention to study Scheme 1, it seems hard to select one scheme as baseline at this stage. Please see the modification to keep the down-selection open. 

Proposal 3-1-e: 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
· FFS whether/how to support candidate beam identification in case of BFD
· FFS other feedback from pair UE
· 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
· FFS: support both options or down select one option.

	Company
	Yes or No
	Comments

	Nokia, NSB
	Yes
	

	LGE
	OK
	Just for information, we need to carefully check the relationship between power control of reference signals based on TX beam and the measurement based on the reference signals.
To be specific, if the power level of the reference signal is changed time-by-time, then the beam quality based on the RSRP measurement at RX UE side could be inaccurate. 
For instance, when the power level of the reference signal can be low since the pathloss compensation term is small due to good TX beam quality, then the RSRP measurement could be also low despite of good beam quality.
On the other hand, when the power level of the reference signal can be high since the pathloss compensation term is high due to bad TX beam quality, then the RSRP measurement could be low due to the bad beam quality. In other words, different beam quality can cause the same RSRP quality at RX UE side depending on the power control. 
This aspect need to be carefully studied especially for Scheme 2. 

	Vivo
	Yes
	

	OPPO
	Yes 
	

	Qualcomm
	OK
	

	Huawei, HiSilicon
	Yes
	

	Samsung4
	
	We still have concern with Scheme 1. First we see this as being outside the scope of the WID, which clearly states: “by reusing existing sidelink CSI framework and reusing Uu beam management concepts”, this doesn’t include RLF framework.
Second, by relying on the HARQ feedback, we are introducing a dependency on the reverse channel. If the HARQ-ACK is not received, then could imply:
· There is an issue in the PSSCH/PSCCH link from UE1 to UE2
· There is an issue in the PSFCH link from UE2 to UE1.
For RLF, this is OK, as it indicates that the link has failed (when either or both direction fail).
For BFD, we can’t conclude that the PSSCH/PSCCH beam has failed, it might be the PSFCH beam that failed.
Before agreeing to scheme 1, we should carefully consider this.

	Toyota
	Yes
	

	Ericsson
	Yes
	

	JHUAPL
	Yes
	



3.3.6.2 [M] Proposal 3-2-e
No change from Proposal 3-2-d.
Proposal 3-2-e: 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).
Although this proposal is stable, it depends on the agreement of Proposal 3-1-e. Let us wait for the outcomes of Proposal 3-1-e, before trying to agree on this proposal. 

3.4 Topic #4: Beam correspondence and PSFCH beams
3.4.1 Background
The PSFCH transmit and receive beam have been discussed by companies. In this section, we focus on the simple case of determining PSFCH transmit and receive beam for a single sidelink unicast session. The case of determining beams for multiple simultaneous PSFCH transmits or receptions will be discussed in Section 3.5.1. 

It is mentioned by Nokia that beamformed PSFCH transmission is beneficial at least for the case a single PSFCH is transmitted or received. vivo and Sony mention both omni-directional or directional PSFCH transmission/reception should be considered, based on different applicable scenarios (e.g., multiple simultaneous PSFCH transmissions/receptions). 

In the case of determining PSFCH transmit/receive beam for a single unicast link, there are two options proposed by companies. 

The first option makes use of sidelink beam correspondence. Specifically, PSFCH transmit beam is the corresponding PSCCH/PSSCH receive beam, and PSFCH receive beam is the corresponding PSCCH/PSSCH transmit beam. This option is mentioned by Nokia, OPPO, Lenovo, MTK, Transsion, Apple, Qualcomm, LG. Additionally, Huawei, Intel, Xiaomi, Transsion, Apple, Qualcomm mention to prioritize the case with sidelink beam correspondence in general. 

The second option does not rely on sidelink beam correspondence. Instead, it relies on the beam training in the reserve data transmission. Specifically, PSFCH transmit beam is the PSCCH/PSSCH transmit beam for the reverse data transmission, and PSFCH receive beam is the PSCCH/PSSCH receive beam for the reverse data transmission. This option is mentioned by Nokia, OPPO, Samsung. Additionally, Spreadtrum mentions both the case with sidelink beam correspondence and the case without beam correspondence should be considered. 

Based on the above discussions, FL lists these two options for companies’ further study. This is in Proposal 4-1. 

The following table provides a summary of company proposals on the topic of sidelink beam correspondence and PSFCH beams. 

	Company
	Company proposal related to this issue

	Nokia
	Observation 14: For the case where a single PSFCH is to be transmitted or received in a slot, beamformed PSFCH transmission/reception is clearly beneficial (i.e., higher SINR).
Proposal 14: In case of a single PSFCH transmission or a single PSFCH reception in a slot:
· If TX/RX beam correspondence holds, the PSFCH TX/RX beam is the same as the PSCCH/PSSCH RX/TX beam, respectively.
· [bookmark: Obs51865][bookmark: Obs62496]Otherwise, the PSFCH TX/RX beam is the same as the PSCCH/PSSCH TX/RX beam on the reverse link, respectively.

	Huawei
	[bookmark: _Ref130927513]Proposal 11: Support for beam correspondence can be assumed as baseline.
· Whether/how beam management is performed when beam correspondence is not applicable can be further studied.

	vivo
	Proposal 2: For PSFCH transmission and reception, both omni-directional beam and directional beam should be further studied considering different applicable scenarios

	OPPO
	Proposal 13: The following options can be considered to determine TX beam and RX beam for PSFCH
· Option 1: TX beam of PSFCH is same as TX beam of PSCCH/PSSCH, RX beam of PSFCH is same as RX beam of PSCCH/PSSCH
· Option 2: if beam correspondence is supported, RX UE determines the TX beam of PSFCH based on the RX beam of associated PSCCH/PSSCH, TX UE determines the RX beam of PSFCH based on the TX beam of associated PSCCH/PSSCH.

	Spreadtrum
	Proposal-7: Both beam-correspondence and non-beam-correspondence cases should be considered for sidelink FR2.

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

	Sony
	Proposal 6: 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.

	xiaomi
	Proposal 7: beam correspondence is assumed for SL beam management in FR2.

	Samsung
	Proposal 9: For enhanced SL operation on FR2 licensed spectrum:
· A same transmit beam is used for PSFCH and PSSCH/PSCCH when the channels are transmitted to a same UE. 
· A same receive beam is used for PSFCH and PSSCH/PSCCH when the channels are received from a same UE.

	Lenovo
	Proposal 5: 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 6: Study supporting one-to-one mapping between PSFCH occasions and PSCCH/PSSCH transmission slots as part of PSFCH beamforming 

	MTK
	[bookmark: _Hlk131780583]Proposal 7: PSCCH/PSSCH transmission/reception beam should be reused for PSFCH transmission/reception beam

	Transsion
	Proposal 5: When beam correspondence is supported at the transceiver side, the transmitting beam can be considered to be obtained by training the receiving beam.

	Apple
	Proposal 23: RAN1 to prioritize the case where sidelink beam correspondence is applied for sidelink beam management.
Proposal 24: For a given sidelink unicast link, the transmit beam of PSFCH is derived from the receive beam of corresponding PSCCH/PSSCH. The receive beam of PSFCH is derived from the transmit beam of corresponding PSCCH/PSSCH. 

	Qualcomm
	Proposal 15: Consider SL Tx/Rx beam correspondence with the following as the starting point of the condition(s) that SL Tx/Rx beam correspondence applies:
· UE-A has the ability to determine: 
· its Tx beam for SL transmission based on UE-A’s SL measurement on one or more UE-A’s Rx beams
· its Rx beam for SL reception based on UE-B’s SL measurement on one or more UE-A’s Tx beams
· For Rel-18 FR2-SL study, prioritize the case where the SL Tx/Rx beam correspondence applies at each UE

	LG
	Observation 9: 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 7: For the SL beam maintenance, study how to align the TX spatial setting of the TX UE and the RX spatial setting of the RX UE in time domain.
· e.g, PSCCH/PSSCH TX UE uses the RX spatial setting associated with the transmission from the PSCCH/PSSCH RX UE in PSFCH occasion corresponding to the transmitted PSCCH/PSSCH.
· e.g, PSCCH/PSSCH RX UE can inform the time duration where the RX UE will use the RX spatial setting associated with the transmission from the PSCCH/PSSCH TX UE.
· e.g, PSCCH/PSSCH TX UE can inform the time duration where the TX UE will use the TX spatial setting targeting the PSCCH/PSSCH RX UE.



3.4.2 [Closed] First round discussions
3.4.2.1 Proposal 4-1-a
Proposal 4-1-a: Consider the following two options for determining PSFCH transmit/receive beam for a single unicast link: 
· Option 1: PSFCH transmit beam is the corresponding PSCCH/PSSCH receive beam; PSFCH receive beam is the corresponding PSCCH/PSSCH transmit beam
· Note this is based on sidelink beam correspondence
· Option 2: 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.   
· Note this is based on beam training for reserve data transmission
 
	Company
	Yes or No
	Comments

	Qualcomm
	
	We think Option 1 is reasonable. The benefit of Option 2 over Option 1 is not clear.


	ZTE,Sanechips
	No
	First of all, we had better make it clear in the main sentence that this proposal is based on the assumption that receive beam is supported.
Another option is to consider wider PSFCH transmit beam covering all the received PSCCH/PSSCH, we can merge it to option 1 for simplicity.
· Option 1: PSFCH transmit beam  is covers the corresponding PSCCH/PSSCH receive beam; PSFCH receive beam covers is the corresponding PSCCH/PSSCH transmit beam
· Note this is based on sidelink beam correspondence
There is a typo in the note. should be ‘reverse’ 


	LGE
	
	For both options, “determined” needs to be added. 
To be specific, it is necessary to consider the case when the TX UE expects to receive multiple PSFCH from different Ues in the same PSFCH occasion, and/or the RX UE expects to transmit multiple PSFCH to different Ues in the same PSFCH occasion. 
In this case, the TX UE can use wider RX beam which covers more than TX beams of the transmitted PSCCH/PSSCH in slots associated with the same PSFCH occasion. 
The rX UE can use wider TX beam which covers more than one RX beams of the received PSCCH/PSSCH in slots associated with the same PSFCH occasion. 

	OPPO
	Yes with comment
	Generally fine with the direction of the proposal. While some comments are:
1. For option 1 with beam correspondence, TX/RX beam can be derived based on RX/TX beam, they are not necessary to be same.
2. There is a type in the Note of option 2?
· Note this is based on beam training for reserve reverse data transmission. 

	Vivo
	
	This proposal is for the case of single PSFCH transmission/reception. For multiple PSFCH TX/RX, FFS the beam, e.g,. omni-directional beam.

	xiaomi
	
	We think beam correspondence shall be assumed, and option 1 is preferred.

	CMCC
	Yes
	A typo may need to be fixed as follow:

Note this is based on beam training for reserve reverse data transmission

	Nokia, NSB
	Yes
	Proposal 4-1: Consider the following two options for determining PSFCH transmit/receive beam for a single unicast link: 
· Option 1: PSFCH transmit beam is the corresponding PSCCH/PSSCH receive beam; PSFCH receive beam is the corresponding PSCCH/PSSCH transmit beam
· Note this is based on sidelink beam correspondence
· Option 2: 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.   
· Note this is based on beam training for reserve reverse data transmission


	Lenovo
	Yes
	We can further study both options and also the timing relationship between PSCCH/PSSCH beam and PSFCH beam.

	Huawei, HiSilicon
	Yes with comments
	Beam correspondence can be assumed as baseline, i.e. option 1. For SL FR2, if beam correspondence is supported, beam management procedures can be simplified. Without beam correspondence, beam training can be performed by reusing the previously discussed beam training procedure.
The typo as mentioned by OPPO, CMCC and Nokia should be corrected.

	Intel
	Yes
	

	InterDigital
	
	Agree that both Options can be considered.
The case where multiple PSFCH are transmitted or received at the same time would be nice to be added, but can also be considered as a lower priority for Rel-18 (as per Proposal 5-1-a)

	Samsung
	
	Fine with proposal
Option 1 requires beam correspondence, which might depend on a UE capability. 
Option 2 can always be supported, when there is data in both directions between the two Ues.

	Toyota
	Yes
	

	Fraunhofer
	Yes
	Beam correspondence is assumed for Option 1 in which case Option 2 would not be required. Nevertheless, both options could be considered in the study.

	CATT
	
	both Options can be considered.

	Sharp
	Yes
	

	Sony
	Yes
	Fine with this proposal and both options can be further studied

	MediaTek
	Yes with comments
	We need clarification in this proposal for the following bullets:
· “PSFCH transmit beam is the corresponding PSCCH/PSSCH receive beam” means PSFCH transmit beam is the same beam of corresponding PSCCH/PSSCH receive beam
· A typo should be fixed in Option2 as “Note this is based on beam training for reserve reverse data transmission”. And in this sense, Option 2 implies that 2 beam pairs are trained between a pair of SL UE, where first beam pair is trained for data transmission from the first UE to the second UE, and the second beam pair is trained for reverse data transmission from the second UE to the first UE.


	WILUS
	Yes
	We prefer Option 2.

	Spreadtrum
	Yes
	Both options can be supported depending on UE capabilities.

	Ericsson
	Yes with comments
	Fine with the direction of the proposal. We prefer option 1 based on the beam correspondence, which simplifies the design as well as applicable broader situations than Option 2.  
As pointed out by already above, typo in the note of Option 2 may be fixed 



3.4.3 [Closed] Third round discussions
3.4.3.1 [M] Proposal 4-1-c
In the first round, besides the typo, 
· ZTE wants to add an assumption of this proposal: “if receive beam is supported”. This is added.
· ZTE, LG, vivo talk about using a wider PSFCH beam to cover simultaneous multiple PSFCH transmission/reception. This is related to topic #5 and will be discussed separately. In this section, we only consider the case of single PSFCH transmission/reception in a slot. This is clarified in the new version. 
· OPPO mentions that in Option 1, PSFCH beam is derived from PSCCH/PSSCH beam. This is added.  

Proposal 4-1-c: If directional receive beam is supported, 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 the PSCCH/PSSCH transmit beam for reverse data transmission; PSFCH receive beam is the PSCCH/PSSCH receive beam for reverse data transmission.   
· Note this is based on beam training for reverse data transmission
 
	Company
	Yes or No
	Comments

	ZTE,Sanechips
	Yes
	

	Xiaomi
	Yes
	

	LGE
	OK
	

	Nokia, NSB
	Yes, with modification
	“If directional receive beam is supported” should be removed.
As pointed out by Qualcomm in the Topic#1 discussion, it is not possible to have a single omnidirectional RX beam in FR2 covering 360deg: there will be necessarily at least 2 RX beams/panels in order to cover 360deg.

	NEC
	Yes 
	

	Qualcomm
	
	Option 2 should use the words “is derived from”, same as in Option 1.
We are still not sure what the point of this discussion (Opt.1 is sufficient and unclear why Opt.2 needs to be studied). Is Option 2 for the case where beam-correspondence is not applicable?

	CMCC
	Yes
	

	Vivo
	Yes
	

	Lenovo
	Yes
	

	Interdigital
	Yes with comments
	We don’t think the wording “If directional receive beam is supported” is clear. This wording excludes the determination of the TX beam for PSFCH when the directional receive beam is not supported. 

	Intel
	Yes
	

	Toyota
	Yes
	

	Huawei, HiSilicon
	Yes with comments
	Directional receive beam is essential and should be supported, otherwise, it will lead to significant communication range loss. 
Beam correspondence can be assumed as baseline, i.e. option 1. For SL FR2, if beam correspondence is supported, beam management procedures can be simplified. Without beam correspondence, beam training can be performed by reusing the previously discussed beam training procedure.
Hence, the updated proposal is seen below, with changes in blue:
Proposal 4-1-c: If directional receive beam is supported, cConsider 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 the PSCCH/PSSCH transmit beam for reverse data transmission; PSFCH receive beam is the PSCCH/PSSCH receive beam for reverse data transmission.   
Note this is based on beam training for reverse data transmission

	Fraunhofer
	Yes
	

	Ericsson 
	OK
	

	JHUAPL
	Yes
	

	Sharp
	Yes
	

	Samsung2
	Comment
	Is the intention to support both options or to down select?

	Sony
	Yes
	

	Spreadtrum
	Yes
	

	MediaTek
	See comments
	For Option1, in our understanding, beam correspondence implies that the transmit beam is the same beam of the receive beam. We prefer to remove “derived from”

	WILUS
	Yes
	

	Transsion
	Yes
	

	OPPO
	Yes 
	



3.4.4 [Closed] Fourth round discussions
3.4.4.1 [M] Proposal 4-1-d
In the third round,
· Qualcomm mentions that “derived from” should also be applied to Option 2. On the other hand, Mediatek wants to delete “derived from” in Option 1. FL thinks “derive from” is more general which covers “is equal to”. As OPPO mentioned in the first round that Tx beam and Rx beam do not have to be the same. At this stage, let us add “derived from” to both options, and it can be further refined.  
· Nokia, Interdigital, Huawei mention to remove “If directional receive beam is supported”. This sentence was added to address ZTE’s preference of not training receive beam. But, with ZTE’s compromise in Proposal 2-1, FL thinks/hopes this sentence can be removed as well.
· Qualcomm questioned the need of Option 2. FL thinks Option 2 by itself does not rely on beam correspondence. But since Option 2 was mentioned by Nokia, OPPO, Samsung in their contributions. For the progress, this option can be kept in the proposal. We could decide whether to support both or down-select one in a later stage. To address Qualcomm’s concern and Samsung’s question, FL adds an FFS. 

Proposal 4-1-d: If directional receive beam is supported, 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
· FFS: support both options or down select one option.

	Company
	Yes or No
	Comments

	Vivo
	Yes
	

	OPPO
	Yes 
	

	NEC
	Yes
	

	Interdigital
	Yes
	

	Lenovo
	Yes
	

	Intel
	Yes
	

	Toyota
	Yes
	

	Samsung3
	Comment
	For option 2, saying “derived from” is not accurate as these are the same beams used to transmit from one UE to the other. For option 1, the beam is derived based on beam correspondence. Therefore, we prefer the original wording:
Proposal 4-1-d: If directional receive beam is supported, 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
· FFS: support both options or down select one option.


	Nokia, NSB
	Yes
	

	Huawei, HiSilicon
	Yes
	

	Qualcomm
	No
	Thanks FL for the clarification. Now understand the intention.
We do not think there will be a down selection – the discussion should be whether (1) to consider option 1 only, or (2) to consider option 2 for some specific cases where option 1 is not applicable. 
To progress, we suggest following – consider at least option 1, and FFS option 2.
Proposal 4-1-d: If directional receive beam is supported, Consider at least the following two option 1s for determining PSFCH transmit/receive beam for a single PSFCH transmission/reception in a slot. FFS whether to consider option 2. 
· 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
· FFS: support both options or down select one option.

As far as we know, there is no case where beam correspondence is not applicable in FR2. Therefore, we think beam correspondence assumption and adopting Opt. 1 make sense. We are open to consider the Opt. 2 if there are valid use cases. 

	Fraunhofer
	Yes
	

	JHUAPL
	Yes
	

	Sharp
	Yes
	

	Xiaomi
	OK
	

	WILUS
	Yes
	

	CATT
	Yes
	

	Transsion
	Yes
	



3.4.5 [Active] Fifth round discussions
3.4.5.1 [M] Proposal 4-1-e
In the fourth round, 
· Samsung wants to remove “derived from” in Option 2. FL thinks this “equal” case is already covered by “derived from” case. Also, PSFCH and PSCCH/PSSCH use different bandwidth, different power, etc. It may be possible that PSFCH uses a wider beam and PSCCH/PSSCH uses a narrower beam, or vice versa. We may exam the details in a later stage.
· Qualcomm wants to prioritize Option 1 and leave Option 2 open. However, considering at least 3 companies (Nokia, OPPO, Samsung) proposed to consider Option 2, FL suggests keeping both options on the table, and the possibility of down-selection is already given by the last bullet.  
With the above statements, FL suggests keeping Proposal 4-1-e unchanged, and hope it is acceptable to Samsung and Qualcomm. 
Proposal 4-1-e: 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
· FFS: support both options or down select one option.

	Company
	Yes or No
	Comments

	Nokia, NSB
	Yes
	

	LGE
	OK
	

	Vivo
	Yes
	

	OPPO
	Yes 
	

	Qualcomm
	OK
	For progress.

	Huawei, HiSilicon
	Yes
	

	Samsung4
	Yes with comments
	While we think that “derived from” doesn’t accurately reflect using the same transmit or receive beam for PSFCH and PSSCH/PSCCH, for progress, we can keep “derived from” and add the following note …
· 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: The PSFCH beam can be the beam used for the reverse data transmissions or receptions.
· Note this is based on beam training for reverse data transmission


	Toyota
	Yes
	

	Ericsson
	OK
	

	JHUAPL
	Yes
	



3.5 Others
3.5.1 Topic #5: Multiple beams
3.5.1.1 Background
In NR sidelink, the simultaneous transmission or reception of multiple PSFCHs is possible. In legacy NR sidelink, these transmissions or receptions are in omni-directional beam. However, in SL-FR2, the PSFCH transmit or receive beam is separately trained for each sidelink unicast session (cf. Section 3.4). If a UE supports multiple sidelink unicast sessions, the trained PSFCH beams for pair UEs in different sidelink unicast sessions may be different. 

Similarly, a UE may have simultaneous PSCCH/PSSCH receptions. If a UE supports multiple sidelink unicast sessions, the trained PSCCH/PSSCH reception beams for pair UEs in different sidelink unicast sessions may be different. 

On the other hand, in practice, UE’s capability may be limited so that UE can only support simultaneous transmissions/receptions based on a single beam. 

Nokia, Huawei, Apple mention the case with this general assumption should be prioritized. Here, we have Proposal 5-1-a to align companies’ views on this UE capability assumption.  

Under the assumption that a UE is incapable of making simultaneous transmissions or simultaneous receptions using different beams, the issue of PSFCH transmit/receive beams conflict or PSCCH/PSSCH receive beams conflict should be addressed. Furthermore, CMCC mentions the beam conflict between beamformed transmission/reception in SL-FR2 and omni-directional transmission/reception in groupcast/broadcast. Qualcomm mentions the beam conflict between sidelink and Uu link. 

Nokia, vivo, OPPO, CMCC, Lenovo, Apple, DCM, Wilus, Sony discuss the issue of beam conflict among multiple simultaneous transmissions/receptions. Several beam conflict solutions are proposed, and categorized as follows:
· Beam conflict preclusion (vivo, Lenovo)
· UE coordinates with pair UEs for their resource selection and transmission beam (e.g., IUC) 
· Transmission/reception dropping (Nokia, Apple, NEC, Lenovo)
· UE drops some transmissions or receptions, probably based on data priority. 
· Beam conflict mitigation (Nokia, Sony, vivo)
· UE switches to a single common beam (e.g., omni-directional)

As suggested by DCM, companies should consider the beam conflict issue with lower priority.

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

	Company
	Company proposal related to this issue

	Nokia
	Observation 15: A UE may not be capable of simultaneous PSxCH transmission/reception using different beams.
Proposal 15: 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
· [bookmark: Obs62497][bookmark: Obs51866]Determine a single common TX/RX beam to transmit/receive the multiple PSxCHs.

	Huawei
	[bookmark: _Ref127295377]Observation 8: In SL FR2, beam-based transmissions will lead to beam switch conflicts with multiple unicast pairs when different TX/RX beams are TDMed.
[bookmark: _Ref127295419]Proposal 7: Study how to address the beam switching issue under the scenario of multiple unicast pairs.

	vivo
	Proposal 2: For PSFCH transmission and reception, both omni-directional beam and directional beam should be further studied considering different applicable scenarios. 
Proposal 17: 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.
· [bookmark: _Ref127451491]Option 2: RX UE coordinates the transmission beams for different TX UEs based on RX UE’s intended reception beam.

	OPPO
	Proposal 14: How to determine the TX beam or RX beam when a UE needs to transmitted or received multiple PSFCH simultaneously should be studied.

	CMCC
	Proposal 1: When RAN1 study beam management mechanism in FR2 licensed spectrum, coexistence b/w the transmission from Rel-18 UE with beamforming and the transmission from Rel-16/17 UE without beamforming should be considered.
Proposal 2: When RAN1 study beam management mechanism in FR2 licensed spectrum, coexistence b/w the unicast transmission with beamforming and the groupcast/broadcast transmission without beamforming should also be considered.
Proposal 9: When RAN1 study beam management mechanism in FR2 licensed spectrum, how to ensure the available transmission/reception b/w UEs among multiple pairs should be considered.

	Lenovo
	Proposal 7: Study how to handle different reception beams of multiple PSFCHs in one PSFCH reception occasion, e.g., enhance the resource exclusion step with the consideration of different RX beams of multiple PSFCHs in one PSFCH reception occasion or RX beam determination of multiple PSFCHs in one PSFCH reception occasion.

	Apple
	Proposal 25: RAN1 to assume a single transmit beam or receive beam is applied for PSCCH/PSSCH or PSFCH in a slot.
Proposal 26: 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 schemes to avoid PSFCH transmissions using different transmit beams in a slot. 
Proposal 27: 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. 

	NEC
	Proposal 3: Study the transmission/reception drop issue when they are intended for beam measurement.

	DCM
	Proposal 10: Study the case where one SL UE has multiple unicast links on FR2.
· It is a lower priority than the studies on basic features such as initial beam pairing, beam maintenance, beam failure recovery for single unicast link.
Proposal 12: 
· In TX UE side, study how to avoid the case to perform multiple TXs to use different TX spatial filters at the same time (one slot)
· 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 13: Study how to determine the PSFCH TX/RX beam from multiple beam candidates and/or how to avoid/handle the case where multiple PSFCH TX/RXs are performed in a slot, when multiple unicast links are established.
Proposal 14: 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.

	Wilus
	Proposal 19: PSFCH Tx/Rx beam for simultaneous multiple PSFCH transmission/reception should be studied respectively.

	Intel
	Proposal 2: Study both, UEs with and without simultaneous multi-panel transmission and reception.

	Sony
	Proposal 6: 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.



3.5.1.2 [Closed] First round discussions
3.5.1.2.1 Proposal 5-1-a (for conclusion)
Proposal 5-1-a (for 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.

	Company
	Yes or No
	Comments

	Qualcomm
	Yes
	

	ZTE,Sanechips
	Yes
	

	LGE
	Yes
	It is still open that the UE uses the 3rd beam which covers more than one narrow beams. 

	Vivo
	Yes
	

	xiaomi
	Yes
	With the conclusion, it is necessary to investigate how to treat the cases when UE needs to simultaneously transmit to or receive from different UE pairs each of which is associated with different TX/RX beam.

	CMCC
	Yes
	

	Nokia, NSB
	Yes
	

	Lenovo
	Yes
	

	Huawei, HiSilicon
	Yes 
	

	Intel
	Yes (Comment)
	Considering the limited time available for the study it is reasonable to limit the scope. 

	InterDigital
	Yes
	

	Samsung
	Yes
	

	NEC
	Yes 
	

	Toyota
	Yes
	

	Fraunhofer 
	Yes
	

	catt
	yes
	

	Sony
	Yes
	

	MediaTek
	Yes
	

	WILUS
	Yes
	It is critical to solve this issue since a UE can have multiple unicast links.

	Spreadtrum
	Yes
	

	Ericsson
	Yes
	



3.5.1.3 [Closed] Second round discussions
3.5.1.3.1 Proposal 5-1-b (for conclusion)
Proposal 5-1-b (for 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.

	Company
	Yes or No
	Comments

	OPPO
	Yes 
	

	Xiaomi
	Yes
	

	Transsion
	Yes
	

	Toyota
	Yes
	

	Huawei, HiSilicon
	Yes
	




3.5.1.4 [Closed] Third round discussions
3.5.1.4.1 Proposal 5-1-c (for conclusion)
In the second round, there is no comment on Proposal 5-1-b. To allow other companies to continue commenting on it, FL copies the same proposal as well as responses from some companies. Other companies not yet provided comments please continue to comment.

Proposal 5-1-c (for 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.

	Company
	Yes or No
	Comments

	OPPO
	Yes 
	

	Xiaomi
	Yes
	

	Transsion
	Yes
	

	Toyota
	Yes
	

	Huawei, HiSilicon
	Yes
	

	ZTE,Sanechips
	Yes
	

	Nokia, NSB
	Yes
	

	NEC 	
	Yes
	

	CMCC
	Yes
	

	Intel
	Yes
	

	Huawei, HiSilicon
	Yes
	

	Fraunhofer
	Yes
	

	Ericsson
	Yes
	

	JHUAPL
	Yes
	

	Sharp
	Yes
	

	Sony
	Yes
	

	WILUS
	Yes
	

	CEWiT
	Yes
	



3.5.1.5 [Closed] Fourth round discussions (Email)
3.5.1.5.1 Proposal 5-1-d (for conclusion)
No change from Proposal 5-1-c. 
Proposal 5-1-d (for 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.
This proposal is stable and further discussions will be on 3GPP email thread. 

3.5.2 Topic #6: Resource allocation with beamformed transmission/reception 
3.5.2.1 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, Huawei, Samsung, NEC, Wilus, Fraunhofer, Qualcomm 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, Huawei, vivo, Toyota, Spreadtrum, Intel, xiaomi, Lenovo, Qualcomm, NEC, Wilus, DCM, LG mention the resource allocation mode 2 needs to be enhanced, which includes
· Sensing: vivo, Toyota, Qualcomm, DCM. LG
· Resource selection procedure (including IUC): Nokia, vivo, Toyota, Spreadtrum, Lenovo, Qualcomm, NEC. LG
· Resource indication: Toyota
· Random resource selection only: vivo, MTK
· Congestion control: Spreadtrum, LG
· 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: Obs51867]Observation 16: 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: Proposal52397][bookmark: Proposal51834]Proposal 16: For NR SL resource allocation mode 1 in FR2, study how IUC scheme 1 may be re-used to report (non-)preferred resources for PSSCH scheduling by the gNB.
[bookmark: Obs62499][bookmark: Obs51868]Observation 17: Rel-17 IUC schemes 1 and 2 were specified under the assumption of omnidirectional transmission/reception.
Proposal 17: For NR SL resource allocation mode 2 in FR2, study IUC enhancements, including:
· Enhanced preferred/non-preferred resource set determination at UE A
· Enhanced UE B behavior upon receiving a preferred/non-preferred resource set

	Huawei
	[bookmark: _Ref130927534]Proposal 16: 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.

	vivo
	Observation 1: When either PSCCH reception beam or PSCCH transmission beam is directional, mode 2 resource selection procedure may be affected.
[bookmark: _Ref127451465]Observation 4: 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 18: Investigate the following mechanisms to exploit the spatial reuse gain:
· Non-preferred resource determination and notification mechanism based on directional reception beam;
· [bookmark: _Ref127451494]Sensing mechanism enhancement based on directional sensing beam.

	Toyota
	[bookmark: _Toc131768511][bookmark: _Toc131435281]Observation 8: Rel-16/17 NR sidelink resource selection and reservation assume omni-directional transmission and reception and may not be suitable for beam-based sidelink communication in FR2 bands.
[bookmark: _Toc131435282][bookmark: _Toc131768512]Observation 9: 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: _Toc131768513]Observation 10: The directionality of beam-based communication can be utilized to improve the spatial reuse of time/frequency resources.
[bookmark: _Toc131768525][bookmark: _Toc131435266]Proposal 12: Study enhancements of sensing, resource selection, and resource reservation/SCI to take into account directional Tx/Rx beams and UE mobility.

	Spreadtrum
	Proposal-10: Resource (re-)selection should be re-evaluated counting the directional feature.
Proposal-11: Directional CBR measurement could be considered in sidelink FR2.

	Intel
	Proposal 17: Study resource allocation enhancements for SL FR2 considering the changed system assumption and changed interference environment.

	xiaomi
	Proposal 11: The impact of beam management on mode 2 resource allocation and PSFCH TX shall be investigated in FR2 study.

	Samsung
	Proposal 12: For enhanced SL operation on FR2 licensed spectrum, for mode 1 study network-based beam management. 

	Lenovo
	Proposal 12: Study the enhancement of inter-UE coordination schemes to align the reception beams from different TX UEs.

	MTK
	[bookmark: _Hlk131780803]Observation 12: SL resource selection is not necessary to reduce system interference when directional beamformed transmission is adopted
[bookmark: _Hlk131780812]Proposal 9: RAN1 is to study on the condition of disabling SCI sensing window and/or SL resource selection when directional beamformed transmission is adopted

	Qualcomm
	Proposal 12: 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 13: Investigate potential impact when/if a UE has to maintain two set of configured/active beams for Uu beam management and SL beam management on the same carrier/band
· Note: A UE is, by default, assumed to be able to use one beam (even across Uu beams and SL beams) for transmission/reception at a time on the carrier/band
Proposal 14: Study the performance impact of beam-forming operation in mode 2 resource sensing/selection
· If necessary, consider a methodology of announcement from a receiving UE so that sensing UE can identify the potential resource collision
Proposal 15: Study inter-UE coordination in the presence of beam-forming at the UEs.
· Investigate the benefit and methodology of incorporating Tx/Rx beam information with the preferred/non-preferred resources for inter-UE coordination.

	NEC
	Proposal 4: Study IUC scheme 2-like scheme to detect and solve receiver beam conflicts in mode 2
Proposal 5: Study mechanism that gNB schedule proper transmit beam for TX UE to avoid receive beam conflict issue.

	Wilus
	Proposal 20: Possible impact and enhancement to resource allocation schemes (both Mode 1 and Mode 2) in terms of beam should be studied.

	DCM
	Proposal 11: Study how to determine RX beam filter to perform sensing.

	LG
	Proposal 10: 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 11: 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. 

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




3.5.3 Topic #7: TCI/QCL framework 
3.5.3.1 Background
In NR downlink, the spatial related information is identified by TCI and QCL indication. Specifically, gNB sends downlink reference signals (e.g., SSB, CSI-RS) via different transmit beams, where each transmit beam is associated with a transmission configuration indicator (TCI) state. UE reports to gNB which TCI state works for its downlink reception. gNB sends PDCCH/PDSCH with the same transmit beam as UE reported for downlink reference signals. Here, the QCL relationship between PDCCH/PDSCH transmission and downlink reference signals is assumed, and hence, the corresponding TCI state of downlink reference signal is indicated for PDCCH/PDSCH transmission. At UE side, the receive beam of PDCCH/PSSCH is the same as the receive beam corresponding to the indicated TCI state of downlink reference signal. 

In NR uplink, the uplink transmit beam can be derived from downlink transmit beam via spatial relationship. In one case, the spatial relation between SRS and downlink reference signals are configured. gNB indicates UE about the PUCCH/PUSCH transmission beam, which is QCL related to a certain SRS transmit beam. At gNB side, the receive beam of PUCCH/PUSCH is the same as the receive beam of the indicated SRS. In another case, gNB indicates UE about the PUCCH/PUSCH receive beam via TCI state. UE’s PUCCH/PUSCH transmit beam is based on the receive beam for the corresponding indicated TCI state. 

The following agreement was made in 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.)



Huawei, OPPO, CATT, Spreadtrum, xiaomi, CMCC, Transsion, Qualcomm discuss the usage of TCI/QCL framework for sidelink. Basically, the sidelink spatial related information is identified via TCI and QCL indication. For example, each sidelink reference signal resource is configured with a TCI state. Like NR downlink, the PSCCH/PSSCH transmit beam could be indicated by a TCI state, assuming the QCL relationship between PSCCH/PSSCH transmission and a sidelink reference signal resource. The PSCCH/PSSCH receive beam is the same as the receive beam corresponding to the indicated TCI state of sidelink reference signal resource. 

· Huawei and Transsion mention QCL type-D (i.e., spatial Rx parameter) is baseline, while Spreadtrum mentions QCL type A/B/C/D should be considered. 
· Huawei, OPPO, Transsion discuss the configuration of SL TCI states
· Apple mentions the transmitter UE and receiver UE rotation needs to be considered when using the Uu beam management framework. 

Since sidelink TCI/QCL framework is highly related to beam indication method, it will be considered in Section 3.2.1.4, and no separate FL proposal is made here. 

The following table provides a summary of company proposals related to TCI/QCL framework used for sidelink:

	Company
	Company proposal related to this issue

	Huawei
	Observation 12: Compared to the Uu TCI framework, there is no beam indication method defined for SL FR2.
Proposal 10: 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.

	OPPO
	Proposal 9: TCI-state configuration is supported for SL beam management.

	CATT
	Proposal 12: Similar to legacy NR operation, SL_TCI can be introduced for beam indication.

	Spreadtrum
	Proposal-5: Rel-17 unified TCI framework should be a baseline for sidelink beam management.
Proposal-6: QCL type A/B/C/D should all be considered for sidelink FR2.

	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 8: When RAN1 study beam management mechanism in FR2 licensed spectrum, the TCI-states of PSCCH and PSSCH should always be assumed as same. 

	Transsion
	Proposal 7: 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.

	Apple
	Proposal 1: RAN1 to study how to reuse the existing Uu beam management framework with the consideration of rotation at transmitter UE and receiver UE.

	Qualcomm
	Proposal 10:
· Re-use the concept of Tx/Rx spatial filter relations from Uu that uses SSB or CSI-RS as the source for Tx/Rx spatial filter for DL receptions and UL transmissions
· Received periodic RS for SL beam management from a paired UE is used as the source for:
· Rx spatial filter for PSCCH/PSSCH reception and Tx spatial filter for its associated PSFCH transmission for the paired UE, and;
· Tx spatial filter for PSCCH/PSSCH transmission and Rx spatial filter for its associated PSFCH reception for the paired UE
· In addition, study the following:
· Transmitted periodic RS for SL beam management for a paired UE is used as the source for:
· Rx spatial filter for PSCCH/PSSCH reception and Tx spatial filter for its associated PSFCH transmission for the paired UE, and;
· Tx spatial filter for PSCCH/PSSCH transmission and Rx spatial filter for its associated PSFCH reception for the paired UE



3.5.4 Topic #8: Miscellaneous
3.5.4.1 Background
Companies discuss various aspects about sidelink operations on FR2 licensed spectrum. 

· Toyota proposes to study the impact of different beamwidths. 
· Intel proposes to reuse Rel-16 SL design in SL-FR2, including flat hierarchy among users, resource allocation mode. 
· Samsung proposes to consider beam based power control for SL-FR2. 
· Ericsson proposes to consider larger sub-channel sizes in SL-FR2 due to its larger bandwidth. 
· MTK mentions relay topology shall be defined for SL FR2 evaluation.

In RAN1 #112b-e 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

	Toyota
	[bookmark: _Toc131435280][bookmark: _Toc131768510]Observation 7: Wide beams allow UEs to receive signals from wider directions and transmit signals to wider directions, but it has a decreased beamforming gain and thus reduces the communication range. On the other hand, narrow beams allow UEs to increase the beamforming gain and thus increase the communication range, but it covers narrower directions.
[bookmark: _Toc131435263][bookmark: _Toc131768524]Proposal 11 Study the impact of different beamwidths (e.g., wide beams and narrow beams) in sidelink beam management.

	Intel
	Proposal 1: The following Rel-16 design assumptions are reused for the SL FR2 beam management design:
· Flat hierarchy among users at the physical layer
· Both mode-1 and mode-2 operation support
· No coexistence of mode-1 and mode-2 in the same resource pool

	Samsung
	Proposal 11: For enhanced SL operation on FR2 licensed spectrum, study beam-based open-loop power control operation.

	MTK
	[bookmark: _Ref115434613][bookmark: _Hlk131780594]Observation 8: The evaluation methodology for SL FR2 shall focus on the commercial use case.
[bookmark: _Ref127567161][bookmark: _Ref118389845]Observation 9: SL FR2 relay is a typical scenario for SL commercial use case to provide XR based service to low-end wearable (e.g., XR glasses) UEs.
[bookmark: _Ref115348469][bookmark: _Ref111199827][bookmark: _Ref127540989][bookmark: _Hlk131780639]Proposal 8: Relay topology shall be defined for SL FR2 evaluation.
[bookmark: _Ref118739761][bookmark: _Ref127567163][bookmark: _Hlk131780670]Observation 10: Finer TX beam and finer RX beam are necessary to improve UPT performance, where initial beam pairing and beam management procedure should be studied.
[bookmark: _Hlk131780696][bookmark: _Ref127567164]Observation 11: Longer beam management period or aperiodic beam management to maintain data beam pair are required for SL FR2 beam management

	Ericsson
	[bookmark: _Toc131720402]Proposal 1: The existing sub-channel sizes are not efficient for SL operation in FR2 spectrum.
[bookmark: _Toc126782189][bookmark: _Toc126782220][bookmark: _Toc126782251][bookmark: _Toc126782282][bookmark: _Toc131720412]Proposal 2: For SL operation in FR2, the following sub-channel sizes are supported: 16, 32, 33, 62, 66, 124, 132, 148, 248, 264.



3.5.4.2 [Closed] First round discussions
3.5.4.2.1 Question 8-1
Question 8-1: 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

	
	




4 Proposals for online discussions
4.1 Proposals for first week Tuesday GTW discussions
Proposal 1-1-c-1: RAN1 can study the following candidate procedure where initial beam pairing is performed before sidelink unicast link establishment
· UE1 sends reference signals via the same or different transmit beams
· FFS when reference signals are sent
· FFS applicable reference signal
· UE2 measures the reference signals and determines a transmit beam for UE1 and/or a receive beam for UE2 and/or a transmit beam for UE2 
· UE2 indicates to UE1 the determined transmit beam for UE1 
· 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. 


Proposal 1-1-c-2: RAN1 can study the following candidate procedure where initial beam pairing is performed during sidelink unicast link establishment 
· UE1 sends DCR messages repeatedly via the same or different transmit beams 
· if UE2 successfully decodes one (or more) of the DCR messages, it indicates to UE1 one (or more) transmit beam(s) of DCR message which is successfully received 
· FFS details (e.g., implicit or explicit indication) 
· UE1 uses one of the indicated beam(s) to finish the remaining sidelink unicast link establishment procedure
· 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.


Proposal 1-1-c-3: RAN1 can study the following candidate procedure where initial beam pairing starts after sidelink unicast link establishment
· UE1 and UE2 set up sidelink unicast link, following existing link establishment procedure
· FFS feasibility of unicast link establishment 
· UE1 and UE2 configure the resources for beam sweeping and/or beam reporting 
· 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


Proposal 2-2-c: Consider using sidelink CSI-RS as a starting point for beam maintenance.
· FFS: one or more of aperiodic, periodic, and semi-persistent CSI-RS transmissions 
· FFS: one or both of standalone and non-standalone CSI-RS transmissions
· Note: standalone CSI-RS transmission means at least no accompanying sidelink data (SCH) transmissions. FFS: accompanying SCI or MAC-CE transmissions
· FFS: one or multiple SL CSI-RS transmissions within one slot


Proposal 1-3-c: If SL CSI-RS is to be used as a starting point for initial beam pairing, the following enhancements can be considered.  
· SL CSI-RS transmission with or without sidelink data transmission
· Mapping between SL CSI-RS transmission/resource and beam related information
· Periodic 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 CSI-RS resource configuration
· Whether or how to mitigate/avoid the interference between overlapped SL CSI-RS transmissions from different UEs

4.2 Proposals for second week Monday GTW discussions
Proposal 1-1-f-2: 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) messages 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) message(s) which is successfully received 
· FFS details (e.g., implicit or explicit indication) 
· FFS: how to map between each PSCCH/PSSCH message 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.

Proposal 1-1-f-3: RAN1 can study the following candidate procedure where initial beam pairing starts after sidelink unicast link establishment between UE1 and UE2. 
· UE1 and UE2 set up sidelink unicast link, following existing link establishment procedure
· FFS how to ensure unicast link establishment, including the beams used for unicast link establishment or other methods, and their feasibility.
· UE1 and 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

Proposal 1-2-f: To study the feasibility of reusing 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) for UE1’s S-SSB transmission and, to enable UE1 to identify the corresponding beam measurement/reporting from UE2, and to avoid irrelevant UEs from beam measurement/reporting.  
· 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 of S-SSB transmission
· Mechanism to ensure 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

Proposal 3-1-f: 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
· 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
· FFS: support both options or down select one option.

5 Outcomes of 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. 
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7 Appendix (agreements related to sidelink operation on FR2 in past RAN1 meetings)
7.1 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

7.2 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.

7.3 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.
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1 Introduction.

This paper gives our latest V2V field trial results on 39GHz with passive widebeam antenna). It shows mmWave works well in
the distance range of 100 meters without advanced beamforming techniques. -





