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Introduction
Based on the SL evolution WID’s guidance as agreed in RAN#97 meeting [1], e.g., determine in RAN#98-e whether to continue the study or study + specification work for FR2 until the end of R18, it has been extensively discussed in RAN#98 meeting with the following SL FR2 evolution WID updated, and the detailed contents can refer to the approved WID contribution [2]. According to the updated WID guidance, SL FR2 discussion only focus on the study purpose without specification work:
	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.


After discussion in the meetings from RAN1 #112[3], the following topics were delivered for SL FR2 beam management: 
· Initial beam pairing:
· 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.)
· Beam maintenance:
· RAN1 is to study sidelink beam measurement and reporting schemes (e.g., periodicity, contents, container, timing, procedure, etc.) for sidelink beam maintenance.
· RAN1 is to study sidelink beam indication and switching schemes (e.g., framework, general procedure, contents, signaling, timing, etc.) for sidelink beam maintenance.
· Beam failure recovery:
· RAN1 is to study the information related to a sidelink beam failure instance that the PHY layer provides to the MAC layer.
· Beam correspondence
· Other 
Regarding to the study on enhanced sidelink operation on FR2 licensed spectrum, we discuss our perspectives from following discussion topics based on the latest agreement in RAN1 #112 and on the issue mentioned in offline discussion. In this contribution, we further provide our views on the above topics for SL FR2 beam management and show our evaluation results and corresponding observations.
Discussions 
1      
2      
2.1     
Initial beam pairing
General Procedure
In RAN1 #112 meeting, we achieved the following agreement on the discussion of sidelink beam management. 
	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.)



For unicast mode SL communication over PC5 reference point, UEs first conduct Layer-2 link establishment procedure as specified in [4]. Fig. 1 shows the layer-2 link establishment procedure for unicast mode of V2X communication over PC5 reference point. A source UE first sends a Direct Communication Request (DCR) message, including Source User Info, V2X Service Info, Security Information and Target User Info (if any) to initiate the unicast layer-2 link establishment procedure. For UE oriented layer-2 link establishment and V2X Service oriented layer-2 link establishment, Target User Info is included and not included in the DCR message respectively. The targeted UE(s) or UE(s) interested in the service will respond this DCR message. By responding the DCR message, layer-2 source-ID and layer-2 destination-ID are obtained by both of the initiating UE and the responding UE. After SL layer-2 link establishment, V2X service data is transmitted over the established unicast link and a PC5-RRC connection is built.
In the agreement above, there are 3 options of the relationship between PC5 unicast link establishment and sidelink initial beam pairing:
Option 1: initial beam pairing procedure starts before sidelink unicast link establishment procedure
Option 2: initial beam pairing procedure starts during sidelink unicast link establishment procedure
Option 3: initial beam pairing procedure starts after sidelink unicast link establishment procedure
For option 1, a waste of initial beam pairing may occur. As is specified in [5], SL communication will start after link establishment and there is no Source User Info, V2X Service Info and Target User Info (if any) before link establishment. This causes UE(s) to be uncertain whether to start SL communication with each other before link establishment begins. For example, if a UE finds itself not interested in the service that the source UE provided or it’s not the target UE of source UE during link establishment procedure, the initial beam pair that has already been obtained between the pair of UEs may wasted.
[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.
For option 3, initial beam pairing after SL link establishment may lead to high cost. As is shown in Fig. 1, several steps are needed to be taken before link establishment is complete (e.g., DCR, Security Establishment, Direct Communication Accept (DCA), etc.), which means multiple rounds of signaling exchange are required between a pair of UEs. For UE equipped with multi panels but with only one panel can be activated at a time, beam sweeping at least in the panel level may be required by the UEs for each signaling exchange, including signal transmitting and receiving, which is time consuming.
[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.
From Observation 1 and Observation 2, both options have advantages and disadvantages. Option 1 can effectively reduce the time cost and complexity of link establishment procedure, however, a waste of initial beam pairing may occur. Option 3 doesn’t have the problem of initial beam pairing being wasted potentially, however, it leads to high cost of link establishment procedure. As a conclusion, Option 2 may be a reasonable choice. To reduce the high cost of link establishment procedure, initial beam pairing should be set at an early stage during link establishment procedure with the knowledge of SL communication related information of Source User Info, V2X Service Info, Target User Info, etc.
[bookmark: _Hlk131779701]Proposal 1: Sidelink initial beam pairing starts at an early stage (e.g., DCR) during Layer-2 link establishment procedure 


Fig 1. Layer-2 link establishment procedure for unicast V2X communication over PC5 reference point
Reference signal and resource configuration
In RAN1 #112 meeting, we discussed on following proposal from FL. 
	Proposal 1-2-c: 
RAN1 is to study whether and how the following could be enhanced for sidelink initial beam pairing:
· S-SSB
· Sidelink CSI RS 
· PSCCH/PSSCH DMRS 
· PSFCH


Reference Signal:
In NR Uu link, SSB is used as reference signal for initial beam pairing and CSI-RS is used as reference signal for beam maintenance. For initial beam pairing, a UE first monitors multiple SSBs which correspond to different coarse beam directions. UE selects a coarse beam based on the SSB-RSRP measurement and then sends PRACH in a RACH occasion corresponding to the selected SSB. Through this way, gNB knows which coarse beam to choose. For beam maintenance, a UE monitors multiple CSI-RSs which correspond to different fine beam directions within the coarse beam to obtain L1-RSRP results and reports the measurement results of different CRIs to gNB. Through this way, gNB knows which fine beam direction to serve this UE. The gNB selects the beam corresponding to CSI-RS with the strongest L1-RSRP for downlink transmission, thus making UE switch to a fine beam with good signal condition.
In NR SL, S-SSB is only used during synchronization procedure and CSI-RS is used for CSI report. S-SSB for synchronization procedure only contains syncRef specific information, rather than UE specific information. Additionally, only the SnycRef UEs would transmit S-SSBs periodically and only the UEs that didn’t synchronize with GNSS or gNB/eNB would monitor S-SSBs, i.e., not all UEs would transmit and/or monitor S-SSBs in NR SL. For CSI-RS in NR SL, it is only used for CSI report, including CQI and RI, which is PC5-RRC configured.    
[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. 
Both S-SSB and CSI-RS can’t be used for SL FR2 beam management directly. For the case of modifying SL S-SSB to do initial beam pairing, all UEs should have the authority to send S-SSBs instead of only for SyncRef UEs and all UEs should have the authority to monitor S-SSBs instead of only for UEs out of sync with GNSS or gNB/eNB, since synchronization procedure is uncoupled with SL communication. For the case of modifying SL CSI-RS to do initial beam pairing, a CSI-RS (pre-)configuration for initial beam pairing may be needed before PC5-RRC unicast connection is established, e.g., there is no CSI-RS before link establishment accomplished and it can be transmitted associated with data. It is reasonable to refer to the well-established NR Uu CSI-RS for beam management.
[bookmark: _Hlk131779881]Proposal 2: CSI-RS is prioritized to be used for beam measurement in SL FR2. 
Resource Configuration：
In NR Uu, RRC configured CSI-RS resource mapping procedure and the main parameters needed to configure CSI-RS can be described as follows:
	- Configure CSI-RS resource element within RB
	- Configure the RB locations in frequency domain
- Configure the periodicity and offset of CSI-RS in time domain
To configure CSI-RS resource element within RB, the following parameters are needed as described in [6]:
	CSI-RS-ResourceMapping ::=          SEQUENCE {
    frequencyDomainAllocation           CHOICE {
        row1                                BIT STRING (SIZE (4)),
        row2                                BIT STRING (SIZE (12)),
        row4                                BIT STRING (SIZE (3)),
        other                               BIT STRING (SIZE (6))
    },
    nrofPorts                           ENUMERATED {p1,p2,p4,p8,p12,p16,p24,p32},
    firstOFDMSymbolInTimeDomain         INTEGER (0..13),
    firstOFDMSymbolInTimeDomain2        INTEGER (2..12)                                                         OPTIONAL,   -- Need R
    cdm-Type                            ENUMERATED {noCDM, fd-CDM2, cdm4-FD2-TD2, cdm8-FD2-TD4},
    density                             CHOICE {
        dot5                                ENUMERATED {evenPRBs, oddPRBs},
        one                                 NULL,
        three                               NULL,
        spare                               NULL
    },
    freqBand                            CSI-FrequencyOccupation,
    ...
}


To configure the CSI-RS RB locations in frequency domain, the following parameters are needed as described in [6]:
	CSI-FrequencyOccupation ::=         SEQUENCE {
    startingRB                          INTEGER (0..maxNrofPhysicalResourceBlocks-1),
    nrofRBs                             INTEGER (24..maxNrofPhysicalResourceBlocksPlus1),
    ...
}



For CSI-RS in NR SL, resource mapping method is according to the above procedures of NR Uu with the following exceptions:
-	only 1 and 2 antenna ports are supported, X∈{1,2};
-	only density ρ=1 is supported;
-	zero-power CSI-RS is not supported;
In NR SL, NR Uu CSI-RS resource mapping method is reused and only nrofPorts={p1, p2}, density=1 and cdm-Type={noCDM, fd-CDM2} (derived) is supported. firstOFDMSymbolInTimeDomain and  frequencyDomainAllocation are for CSI-RS location with in an RB. startingRB (Only multiples of 4 are allowed) and nrofRBs (Only multiples of 4 are allowed and has a minimum value of 24) are for RB locations of CSI-RS. As a consensus, 1 port may be used for beam management CSI-RS in NR Uu, which narrows the selection of parameter combinations, i.e., only nrofPorts={p1}, density=1 and cdm-Type={noCDM} will be  used for SL FR2 CSI-RS for beam management. 
[bookmark: _Hlk131779953]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}.
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: _Hlk131687475]For the case of initial beam pairing before link establishment accomplished, there is no CSI-RS configurations to do resource mapping, hence a method of CSI-RS resource mapping configurations may be needed.
[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.
For existing NR SL CSI framework, it can only be configured as aperiodic and it has to be transmitted together with data, i.e., within PSSCH. Both resources for SL CSI-RS and SL CSI reporting are configured by PC5-RRC, which is only available after unicast link establishment. As a conclusion, either or both of standalone CSI-RS slot structure and CSI-RS with data is needed for SL FR2 initial beam pairing and/or beam maintenance. Refer to NR Uu CSI-RS for beam management, a periodic system pre-configured CSI-RS and/or a dynamic indicated CSI-RS can be taken into consideration.
[bookmark: _Hlk131780007]Observation 6: In NR SL, CSI-RS is PC5-RRC configured so CSI-RS configurations is not available before link establishment accomplished.
[bookmark: _Hlk131780073]Proposal 4: CSI-RS (pre-)configuration and indication are needed if initial beam pairing before link establishment accomplished:
Option 1: (pre-)configured CSI-RS
Option 2: Dynamic indicated CSI-RS via SCI (based on configured CSI-RS resources)
[bookmark: o1]Beam mesurement, reporting and indication
[bookmark: p1]For UEs that has multiple panels which can’t be activated at the same time, different coarse beam number is supported by different UEs with different capabilities. In order to accomplish initial beam pairing, a beam sweeping procedure is needed by both Tx and Rx UE. If UEs have different ability of coarse beam numbers, then the total beam sweeping time is different.
For example, as is shown in Fig. 2, the Tx UE support 4 coarse beams and the Rx UE support 2 coarse beams, a total beam sweeping time of 2*4=8 is needed if exhausted beam sweeping performed; as is shown in Fig. 3, the Tx UE support 2 coarse beams and the Rx UE support 2 coarse beams, a total beam sweeping time of 2*2=4 is needed if exhausted beam sweeping performed. 
As a conclusion, Rx UE needs to know the supported beam number (e.g., coarse beam and/or fine beam numbers, etc.) of Tx UE to perform a corresponding number of beam measurement. Otherwise the Rx UE may do redundancy beam measurement or uncomplete beam measurement.


Fig 2. Illustration of a pair of UEs with different ability of coarse beam numbers
(Tx UE: 4 beams, Rx UE: 2 beams)


Fig 3. Illustration of a pair of UEs with different ability of coarse beam numbers
(Tx UE: 2 beams, Rx UE: 2 beams)

[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.
Beam maintenance
In RAN1 #112, we achieved the following agreement on the study of beam maintenance:
	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.


Regarding to sidelink beam management, the discussion can be further separate to the transmission of CSI-RS and the method to feedback trained beam.
There are three options of CSI-RS transmission for beam measurement
· 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
There are two options for beam measurement report
· Option 1: PSFCH channel (e.g., for initial beam pairing)
· Option 2: data channel (e.g., for unicast beam maintenance)
The matching between CSI-RS transmission options and beam measurement report options can be further discussed under different usecase and SL resource allocation mode
[bookmark: _Hlk131780489]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)
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.
Beam correspondence and PSFCH beam
Due to limit time, the beam correspondence and PSFCH beam for SL FR2 is not treated in the GTW of RAN1 #112
In NR Uu’s beam management, the beam correspondence is supported, with beam correspondence, UE is able to determine its PSCCH/PSSCH transmission beam based on its reception beam. The benefit of sidelink beam correspondence application is to reduce beam training and beam maintenance overhead and simplify the procedure. 
Similarly, the reception beam of PSFCH can be determine based on its PSSCH/PSSCH transmission/reception beam to avoid overhead caused by independent training and maintenance of PSFCH beam.   
[bookmark: _Hlk131780583]Proposal 7: PSCCH/PSSCH transmission/reception beam should be reused for PSFCH transmission/reception beam

Evaluation and Simulation
2. 
2. 
2. 
2. 
2. 
6. Evaluation methodology
For the evaluation methodology part, it has been extensively discussed in the Q4 2022 and achieved the following agreements/conclusions in last meeting [6]:
	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. 


However, there still have some issues discussed in the last meeting and without consensus due to limited meeting time, e.g., whether to support SL relay case for SL FR2 evaluation. 
For the Rel-18 SL evolution, the purpose of introducing the SL operation on FR2 is to increase the data rate efficiently for expending the applicability of NR SL to commercial use cases, e.g., XR based interactive service via SL communication, SL tethering, etc. Thus, the evaluation methodology for SL FR2 shall focus on the commercial use case.
[bookmark: _Ref115434613][bookmark: _Hlk131780594]Observation 8: The evaluation methodology for SL FR2 shall focus on the commercial use case.
Regarding to the commercial deploying scenario for SL FR2, in addition to consider the transmission between device to device only topology, another commercial use case that gNB serves relay UE device through Uu interface and relay UE forwards traffic to remote UE through SL FR2 should also be considered. The deployment topology is provided in Fig. 4. 
[image: ]
Fig. 4 SL FR2 relay deployment

The relay UE device (e.g., CPE, smart phone) has higher antenna capability to achieve high data rate on Uu interface. The remote UE device with reduced antenna capability (e.g., XR glasses, wearable devices) connects to the relay device through SL FR2 with short distance transmission. Several benefits are observed in this deployment:
· FR2 massive pathloss is overcame by short distance transmission between relay UE and remote UE 
· High spectrum efficiency is achieved on Uu interface when gNB serves the high-end relay UE instead of the reduced capability remote UE
· High data rate is achieved on PC5 interface with availability of larger frequency resource on FR2
· Larger serving coverage is achieved for remote UE to connect to network
· Less power is consumed by remote UE through short distance packet transmission instead of transmitting packet directly to the gNB
From our understanding, this is a beneficial deployment of SL FR2 in the network. With this deployment achieving high data rate, network is able to provide XR based interactive service to XR wearable device.
[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.
Based on the above discussions and observation, the following proposal is suggested: 
[bookmark: _Ref111199827][bookmark: _Ref115348469][bookmark: _Ref127540989][bookmark: _Hlk131780639]Proposal 8: Relay topology shall be defined for SL FR2 evaluation.

Simulation results
In the following evaluation results, the indoor layout topology agreed in RAN1 #110-b e-meeting is adopted. The unicast traffic and traffic model of FTP model3 with low BO is used in the analog beam number (coarse beam, fine beam) evaluation between TX UE and RX UE. Based on the agreements, a total of 20 SL pairs are dropped randomly on indoor topology, where the SL UE pairing threshold satisfies the maximum pairing distance < 10m. The other detailed evaluation configuration is summarized in Table 1.
Table 1. Summary of evaluation configurations for indoor scenario
	Parameter
	Value

	Carrier Frequency 
	30 GHz

	Subcarrier Spacing
	120 kHz

	Bandwidth
	100 MHz

	Deployment Scenario
	Indoor Office as agreement

	Mobility
	3 km/hr 

	UE Antenna Configuration
	Smart phone UE  
=(2,4,2,1,2) 4 port with =(0.5,0.5)λ

Wearable device
=(2,2,1,1,1) with =(0.5,0.5)λ for 1 TX
=(2,2,2,1,1) with =(0.5,0.5)λ for 2 RX
The UE utilizes only 1 panel at a given moment.

	UE Antenna element gain
	5 dBi

	UE Power Limitation
	23dBm 

	UE Noise Figure
	10 dB

	Traffic Model
	Option 1: FTP Model 3 
Option 2: XR traffic model 

	UE Receiver
	MMSE-IRC

	UE Pairing threshold
	By maximum distance

	Number of UE pairs
	4 pairs/20MHz
For 100MHz BW, total of 20 SL pairs



UPT performance of beamformed transmission with different beam number configuration
Different analog beam number configured at TX UE side and at RX UE side are evaluated. For the direction of UE analog beam steering, the following parameters are configured per panel:
Configure 1 : 1 Beam (Single antenna element is activated to form an omni-directional beam)
Configure 2 : 4 Beam
· Azimuth (Horizontal) angle [-pi/2, pi/2], 2 beam  
· Zenith (Vertical) angle: [pi/4, 3*pi/4], 2 beam
Configure 3 : 8 Beam
· Azimuth (Horizontal) angle [-3*pi/8, -pi/8, pi/8, 3*pi/8], 4 beam
· Zenith (Vertical) angle: [pi/4, 3*pi/4], 2 beam
The UE selects one beam based on beam management result for data transmission. The UPT performance is provided in Fig. 5.
 [image: ]
Fig. 5 The UPT performance evaluation by different configured beam number
The simulation result shows that finer TX beam and finer RX beam provides better UPT performance. UPT degradation is observed when TX UE or RX UE uses omni-directional beam for data transmission or reception.
Next, different SL pairs number with different analog beam number configured at TX UE side and at RX UE side are evaluated. The number of SL pairs number in the system is increased from 20 to 40 pairs. The UE selects one beam based on beam management result for data transmission. The UPT performance is provided in Fig. 6.
[image: ]
Fig. 6 The UPT performance evaluation by increasing SL pairs number
[bookmark: _Hlk127560986]The simulation result shows that coarse TX beam and coarse RX beam suffers from UPT degradation when number of SL pairs in the system increases. Meanwhile, finer TX and RX beam transmission introduces less interference to the system which improves system capacity.
Based on the simulation, the following observation is achieved:
[bookmark: _Ref118739761][bookmark: _Ref127567163][bookmark: _Hlk131780670][bookmark: _Ref118739763]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.
UPT performance of beamformed transmission with different beam management period
With TX UE uses fine beam transmission and RX UE uses fine beam reception, different beam management period configurations are evaluated. By configured beam management period, RX UE reports best beam pair within the configured 8 TX beam and 8 RX beam to TX UE for data transmission. The UPT performance is provided in Fig. 7.
[image: ]
Fig. 7 The UPT performance evaluation by different beam management period
The simulation result shows that in indoor office scenario where UE pairs have low velocity and short serving distance, the UPT degradation by extending beam management period is marginal. SL FR2 beam management is expected to adopt longer beam management period or aperiodic beam management to maintain the data beam pair after the initial beam pairing procedure is done.
Based on the simulation, the following observation is achieved:
[bookmark: _Ref127567164][bookmark: _Hlk131780696]Observation 11: Longer beam management period or aperiodic beam management to maintain data beam pair are required for SL FR2 beam management

UPT performance of beamformed transmission with or without SL resource selection
To study the beamformed transmission impact on legacy SL resource allocation, the simulation is conducted with different analog beam number configured for transmitting beam and receiving beam.
Configure 1: 1 Beam (Single antenna element is activated to form an omni-directional beam) per panel
Configure 2: 2 Beam per panel
· Azimuth (Horizontal) angle [-pi/2, pi/2], 2 beam  
Configure 3: 4 Beam per panel
· Azimuth (Horizontal) angle [-pi/2, pi/2], 2 beam  
· Zenith (Vertical) angle: [pi/4, 3*pi/4], 2 beam
The simulation enables sidelink resource allocation mode 2 with beamformed SCI sensing (during sensing window), beamformed SCI transmission, beamformed data transmission/reception. When resource selection is disabled, device will directly transmit packet if available without any resource exclusion, selection behavior to avoid transmission collision. When resource selection is enabled, the legacy SL resource allocation mode 2 operation is followed with the configured resource selection window.
The UPT performance is provided in Table 2, the PSCCH BLER rate (i.e., SCI decoding failure) is provided in Table 3 and the PSSCH BLER rate is provided in Table 4.

Table 2. UPT performance of beamformed transmission/reception with or without SL resource selection
	Tput (Mbps)
	1TX beam
1RX beam
	2TX beam
2RX beam
	4TX beam
4RX beam

	No resource selection
	12
	73
	101

	With resource selection window = 20TTI
	15 (+25%)
	50 (-30%)
	53 (-50%)



Table 3. PSCCH BLER of beamformed transmission/reception with or without SL resource selection
	PSCCH BLER (%)
	1TX beam 
1RX beam 
	2TX beam 
2RX beam
	4TX beam 
4RX beam

	No resource selection
	70%
	28%
	10%

	With resource selection window = 20TTI
	27%
	10%
	1%



Table 4. PSSCH BLER of beamformed transmission/reception with or without SL resource selection
	PSCCH BLER (%)
	1TX beam 
1RX beam 
	2TX beam 
2RX beam
	4TX beam 
4RX beam

	No resource selection
	71%
	29%
	13%

	With resource selection window = 20TTI
	29%
	15%
	7%



The simulation result shows that when transmission beam and reception beam are coarse beams, the SL resource selection reduces greatly the 1st stage SCI decoding BLER and thus improves the UPT performance. However, when transmission beam and reception beam are finer beams, the system interference and unexpected SCI collision is already low. Using SL resource selection to avoid collision is not necessary. The UPT performance is dropped by 50% when SL resource selection is enabled because of longer packet transmission latency. 
Based on the simulation, the following observation is achieved:
[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


Summary
The following observations are provided based on the discussion:
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.
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.
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. 
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}.
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.
Observation 6: In NR SL, CSI-RS is PC5-RRC configured so CSI-RS configurations is not available before link establishment accomplished.
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.
Observation 8: The evaluation methodology for SL FR2 shall focus on the commercial use case.
Observation 9: SL FR2 relay is a typical scenario for SL commercial use case to provide XR based service to low-end wearable (e.g., XR glasses) UEs.
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.
Observation 11: Longer beam management period or aperiodic beam management to maintain data beam pair are required for SL FR2 beam management
Observation 12: SL resource selection is not necessary to reduce system interference when directional beamformed transmission is adopted

Based on the observations, the following proposal are presented for discussion and decision:
Proposal 1: Initial beam pairing should be done during Layer-2 link establishment procedure at an early stage (e.g., DCR).
Proposal 2: CSI-RS is prioritized to be used for beam measurement in SL FR2. 
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.
Proposal 4: CSI-RS (pre-)configuration and indication are needed if initial beam pairing before link establishment accomplished:
Option 1: (pre-)configured CSI-RS
Option 2: Dynamic indicated CSI-RS via SCI (based on configured CSI-RS resources)
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.
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)
Further study the matching between CSI-RS transmission and beam measurement report options under different use case (e.g., initial beam pairing, beam maintenance) and SL resource allocation mode.
Proposal 7: PSCCH/PSSCH transmission/reception beam should be reused for PSFCH transmission/reception beam
Proposal 8: Relay topology shall be defined for SL FR2 evaluation.
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.


Reference 
[1] RP-221938, WID revision: NR sidelink evolution, OPPO, RAN#97-e, September 12 – 16, 2022.
[2] RP-222806, WID revision: NR sidelink evolution, OPPO, RAN#98-e, December 12 – 16, 2022.
[3] Chair's notes RAN1#112
[4] 3GPP TS 23.287, Architecture enhancements for 5G System (5GS) to support Vehicle-to-Everything (V2X) services
[5] 3GPP TS 38.331, NR Radio Resource Control (RRC) Protocol specification
[6] Chair's notes RAN1#111
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