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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 sthe 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.


 


Discussions 
1      
2      
2.1     [bookmark: _Hlk131780140]Initial beam pairing
In RAN1 #113 meeting, we achieved the following agreement on the discussion of initial beam pairing performed before, during and after sidelink unicast link establishment. 
	Agreement
In the candidate procedure where initial beam pairing is performed before sidelink unicast link establishment,
· In step 1, 
· the applicable reference signal is selected based on
· Alt 1-1: S-SSB or its modified format
· Alt 1-2: standalone SL CSI-RS or its modified format
· Alt 1-3: non-standalone SL CSI-RS
· Note: standalone SL CSI-RS transmission means at least no accompanying sidelink data (SL MAC SDU) transmissions in the same slot. FFS: accompanying SCI(s) or SL MAC CE transmissions or PSFCH.
· Alt 1-4: PSCCH/PSSCH DMRS
· the reference signals are sent
· Alt 2-0: aperiodically
· Alt 2-1: periodically
· Alt 2-2: semi-persistent with activation and deactivation
· FFS details of activation/deactivation
· FFS resources and resource allocation of reference signal
· FFS: if CSI-RS is used, whether UE1 transmits other information associated with the CSI-RS
· In step 2, 
· UE1’s transmit beam and UE2’s receive beam are determined by UE2 as the pair with the RSRP measurement satisfying certain condition(s)
· FFS details of condition(s)
· FFS explicit or implicit determination of UE1 transmit beam by UE2
· UE2’s transmit beam is at least determined as the one corresponding to determined UE2’s receive beam, at least if beam correspondence is assumed
· FFS other scheme
· In step 3, 
· UE2’s beam reporting is associated with determined UE1’s transmit beam.
· FFS details of association
· FFS details of beam reporting
· Note: this does not preclude beam reporting in the link establishment message.
· FFS: how UE1 determines its transmit beam if it receives different beam reporting from different UEs
· FFS: whether/how to avoid unnecessary beam measurement and reporting from multiple UEs; 

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

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



In our previous discussions, we mainly discussed the relationship between initial beam pairing and unicast link establishment, however, Direct Discovery procedure is somehow overlooked.
In our understanding, as is defined in 3GPP TS 23.304, Direct Discovery is defined as the process that detects and identifies another UE in proximity using NR radio signals and it can be a standalone service or can be used for subsequent actions like initiating Direct Communication. 
[bookmark: _Ref142662040]Observation 1: The Discovery procedure can be used for subsequent actions like initiating Direct Communication as well as the Link Establishment procedure.
[bookmark: _Ref142662821]Proposal 1: IBP should be performed based on Discovery procedure and Link Establishment procedure.
There are 2 discovery models. For Model A Discovery ("I am here"), the announcing UE broadcasts discovery messages at pre-defined discovery intervals and the monitoring UEs that are interested in these messages read them and process them. For Model B Discovery ("who is there?" / "are you there?"), the discoverer UE transmits a request containing certain information about what it is interested to discover and the discoveree UE that receives the request message can respond with some information related to the discoverer's request.
For the case of Discovery procedure is used for subsequent actions like initiating Direct Communication, including Link Establishment procedure, the flow of the messages can be described as the following Fig 1 and Fig 2:


Fig 1. Model A Discovery and Link establishment general procedure


Fig 2. Model B Discovery and Link establishment general procedure
In the figure above, the roles of UE 1 and UE 2 is selected based on Discovery procedure perspective. As we can see, the general process for a Discovery and Link establishment procedure is different due to the characteristics of the Model A and Model B (i.e., active and passive). For Discovery Model A, the link establishment initiating UE is different from the discovery initiating UE. For Discovery Model B, the link establishment initiating UE is same as the discovery initiating UE.
[bookmark: _Ref142662058]Observation 2: The relationship between Discovery procedure and Link Establishment procedure is somehow different between Model A Discovery and Model B Discovery.
[bookmark: _Ref142662847]Proposal 2: The IBP procedure can be performed based on Model A Discovery and Model B Discovery. 
In our understanding, all Rx UEs within the Tx UE coverage will try to establish IBP with the Tx UE for the case of IBP before link establishment. Considering the possible number of other UEs in the Tx UE coverage, plenty beam pairs may be established without the knowledge of discovery or unicast link (e.g., Source Layer-2 ID, Destination Layer-2 ID, etc). In order to solve the problem, additional discovery or link establishment information should be carried during IBP to avoid irrelevant UEs to establish beam pairs with the Tx UE. 
[bookmark: _Ref134797280]Observation 3: For the case of initial beam pairing performed before discovery or unicast link establishment procedure, plenty irrelevant beam pairs may be established due to the lack of knowledge of unicast link.
[bookmark: _Ref142662850]Proposal 3: The IBP procedure should be performed during Discovery and Link Establishment procedure or at least additional information should be carried. 
In RAN1 #113 meeting, we achieved the following agreement on the discussion of initial beam pairing reference signal:
	Agreement
In the candidate procedure where initial beam pairing is performed before sidelink unicast link establishment, at least the following is considered for SL CSI-RS (or its modified format) (if feasible)
· Aperiodic, periodic and/or semi-persistent SL CSI-RS
· FFS: details
· In case of standalone SL CSI-RS (if supported), candidate resources for SL CSI-RS beam sweeping are (pre-)configured 
· FFS: whether/how to avoid resource collision of SL CSI-RS transmissions from different UEs
· FFS: Association between SL CSI-RS and beam reporting and/or initial link establishment
· FFS: details of association
· Identification and beam related information of SL CSI-RS for initial beam pairing 
· FFS: details


According to previous meetings, the reference signal of initial beam pairing procedure has variable options in our agreements, including S-SSB, CSI-RS(standalone or non-standalone), PSCCH/PSSCH DMRS and etc. For the case of non-standalone CSI-RS and PSCCH/PSSCH DMRS, sidelink data (including link establishment messages) is transmitted with the reference signal. It is easy to notice that if S-SSB, PSCCH/PSSCH DMRS or non-standalone CSI-RS is used, a large overhead will affect the procedure. As a conclusion, some modification has to be made to these options.
[bookmark: _Ref142662853]Proposal 4: Study the method of reducing overhead of reference signals for initial beam pairing procedure. (e.g., modified format, segmented message, standalone signals and etc.) 
Different coarse beam number is supported by different UEs with different capabilities, as is shown in Fig 3 and Fig 4. 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. 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 or other methods need to be done to guarantee a comprehensive measurement result. Otherwise the Rx UE may do redundancy beam measurement or uncomplete beam measurement.


Fig 3. Illustration of a pair of UEs with different ability of coarse beam numbers
(Tx UE: 4 beams, Rx UE: 2 beams)


Fig 4. Illustration of a pair of UEs with different ability of coarse beam numbers
(Tx UE: 2 beams, Rx UE: 2 beams)
[bookmark: _Ref134797345][bookmark: _Hlk131780136]Observation 4: Due to the UE capability differences, pairing of UEs with unequal transmitting and/or receiving number of beams requires unequal times of beam sweeping.
[bookmark: _Ref134797704]Proposal 5: The supported beam sweeping pattern of Tx and Rx UE needs to be informed by each other or pre-configured to guarantee a comprehensive measurement result during initial beam pairing.
For the all three cases of initial beam pairing performed before/during/after link establishment, the problem of how to do beam report or feedback exists. In NR Uu, 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. The concept of RACH occasion corresponding to the selected beam can be reused in SL FR2 initial beam pairing. 
[bookmark: _Ref134797706]Proposal 6: The following options can be considered to indicate the determined beams between Tx UE and Rx UE:
· Option 1: Rx UE sends feedback at the time occasion corresponding to the selected beam. 
· Option 2: Rx UE sends feedback at the resource location corresponding to the selected beam.
2.2     Beam maintenance
In RAN1 #113, we achieved the following agreement on the study of beam maintenance.
	Agreement
For beam maintenance, consider non-standalone sidelink CSI-RS transmissions. 
· FFS physical layer structure, including enhancements of existing non-standalone sidelink CSI-RS
· FFS signaling details
· FFS timing details
· FFS whether non-standalone sidelink CSI-RS transmissions use the same or different transmit beam as accompanying data
· FFS whether/how to support multiple transmit beams for non-standalone sidelink CSI-RS in the same slot

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

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

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

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

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


In our understanding, a Tx UE may establish multiple unicast links with a same Rx UE (e.g., for different services), which means different UE IDs are used in those links though the links are between the same pair of UEs. As long as the beam maintenance is considered at link level, unnecessary beam maintenance reference signal monitoring and measuring may happen.
[bookmark: _Ref142662864]Proposal 7: Study beam maintenance for the case of multiple unicast links are established between the same pair of UEs.
There is one study point is that whether L1-SINR can be used as reporting contents for beam maintenance. From our understanding, the L1-SINR measure the ratio of the signal power to the interference-plus-noise power, which provides a more accurate quality of the beam from the interference perspective. In addition, if the beam maintenance procedure is used for refining the receiver UE’s beam, e.g., similar with the P3 process in the NR Uu beam management, the beam reporting from the receiver UE is not needed. Based on the following discussion, the following propose is suggested:
[bookmark: _Ref135035017]Proposal 8: In addition to the beam indication and L1-RSRP, the SL beam reporting contents also need to include {L1-RSRP, None}.
2.3     Beam failure recovery
In RAN1 #113, we achieved the following agreement on the study of beam failure recovery. Agreements include the study of SL BFI triggering schemes, corresponding reference signal and BFR procedure.
	Agreement
RAN1 can study the following two schemes to trigger sidelink beam failure instance (BFI) that PHY layer provides to MAC layer. 
· Scheme 1: Sidelink BFI is triggered based on PSFCH carrying sidelink HARQ feedback
· Note: this scheme follows the principle of sidelink RLF.
· FFS any other enhancements
· FFS whether/how to support candidate beam identification in case of BFD
· FFS criteria of triggering sidelink BFI
· FFS whether there is RAN1 impact 
· Scheme 2: Sidelink BFI is triggered based on the measurement of reference signal for BFD
· Note: this scheme follows the principle of Uu BFR.
·  FFS any other enhancements
· Consider the following reference signals for BFD 
· Periodic and/or semi-persistent sidelink CSI-RS
· S-SSB or its modified format
· FFS criteria of triggering of sidelink BFI 
· FFS whether/how to trigger the transmission of reference signal for BFD
· Other options are not precluded.

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

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

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



2.3.1 Sidelink beam failure instance
In NR-Uu, the UE detects BFI by reference signal measurement. However, in sidelink, it is not clear that the periodic reference signal (e.g., periodic SL CSI-RS) will be designed and will always be available for beam measurement. As the result, sidelink BFI detected by sidelink HARQ feedback should be studied aligning legacy SL RLF methodology. Furthermore, from our perspective, both BFI detected by reference signal measurement and BFI detected by HARQ feedback should be supported or (pre-)configurable. By supporting both BFI detection criteria, a UE, regardless its role on TX/RX transmission, is able to proactively monitor and detect failure on its beam pairing link toward its peer UE. 
[bookmark: _Ref142662763]Observation 5: A SL UE, regardless to its role on TX/RX transmission, should be able to proactively monitor beam failure by either HARQ feedback or reference signal measurement.
[bookmark: _Ref142662875]Proposal 9: Both SL HARQ feedback and SL reference signal measurement should be support for beam failure instance detection.
2.3.2 Sidelink beam failure recovery
In NR-Uu, the UE triggers beam failure recovery in MAC layer, and the UE starts to measure new candidate beam(s) from periodic CSI-RS or SSB. Once the UE identifies new candidate beam(s), it sends the beam failure recovery request (BFRQ) by MAC CE or on PRACH resources with its identifier. However, currently in SL FR2, periodic SL CSI-RS is absent, sidelink SSB is not used for beam measurement and is not transmitted by all UE. Additionally, SL don’t have common resource like PRACH for TX UE to monitor for its RX UE’s channel access. In these senses, reusing the existing beam failure recovery framework from NR requires lot of efforts for SL FR2.
For SL, the role between a UE and its peer pairing UE is not clear as NR. A SL UE can be a TX UE and RX UE at the same time. A SL UE can transmit reference resource to its peer device and also receive reference resource from its peer device. In this case, a unified SL beam failure recovery solution should be studied regardless of TX UE or RX UE role. 
For a unified solution, once the UE detects beam failure and triggers beam failure recovery, the UE can directly trigger a re-initial beam pairing like procedure to identify new candidate beam with its peer UE. The UE triggering beam failure recovery procedure sends reference signal with beam sweeping for its peer UE to measure beam(s). With this proactive sending of reference signal by triggering UE, the solution is applicable not only when there is no (pre-)configured periodic SL reference signal for beam measurement, but also fully reuse the procedure/methodology that we are going to defined for SL initial beam pairing.
[bookmark: _Ref142662773]Observation 6: A unified SL BFR procedure should be considered regardless of UE’s role on TX/RX transmission.
[bookmark: _Ref142662880]Proposal 10: SL UE triggers re-initial beam pairing procedure for BFR.
2.4 Beam correspondence and PSFCH beam
In RAN1 #113, we had a PSFCH transmit/receive beam proposal proposed by FL without reaching an agreement. And in RAN1 #112-bis, we achieved the an agreement on the study of PSFCH beam transmit/receive:
	Proposal 4-1-a: For determining PSFCH transmit/receive beam for a single PSFCH transmission/reception in a slot, down-select one of the two alternatives
· Alt 1: Only Option 1 is supported 
· Alt 2: Both Option 1 and Option 2 are supported
· FFS how to select between Option 1 and Option 2
· Note: 
· Option 1: PSFCH transmit/receive beam is derived from the corresponding PSCCH/PSSCH receive/transmit beam.
· Option 2: PSFCH transmit/receive beam is derived from PSCCH/PSSCH transmit/receive beam for the reverse data transmission. 

Agreement
Consider the following two options for determining PSFCH transmit/receive beam for a single PSFCH transmission/reception in a slot.  
· Option 1: PSFCH transmit beam is derived from the corresponding PSCCH/PSSCH receive beam; PSFCH receive beam is derived from the corresponding PSCCH/PSSCH transmit beam.
· Note this is based on sidelink beam correspondence
· Option 2: PSFCH transmit beam is derived from the PSCCH/PSSCH transmit beam for reverse data transmission; PSFCH receive beam is derived from the PSCCH/PSSCH receive beam for reverse data transmission.  
· Note this is based on beam training for reverse data transmission
· Note: The PSFCH transmit/receive beam can be the same as PSCCH/PSSCH transmit/receive beam used for the reverse data transmission.
· FFS: support both options or down select one option.




In 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.
But fine beam reception for PSFCH causes problem when the UE is expected to receive multiple PSFCH feedback from different UE. If beam correspondence is not adopted and SL UE pair is trained with coarse beam for reception and fine beam for transmission on a first data transmission and the reverse data transmission, the UE can use the coarse RX beam for PSFCH reception with wider angle. Both option1 and option2 have their beneficial scenario.   
[bookmark: _Ref142662782]Observation 7: For beam correspondence, both option1 and option2 can be supported based on UE’s capability 
[bookmark: _Ref142662882]Proposal 11: For determining PSFCH transmit/receive beam for a single PSFCH transmission/reception in a slot, both option1 and option2 can be supported
· FFS if PSCCH and PSSCH uses different beam.

2.5 Evaluation methodology related
For the evaluation methodology part, it has been extensively discussed in the Q4 2022 and achieved the following agreements/conclusions in last 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 evaluation 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]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 Figure 1. 
[image: ]
Figure 1 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: _Ref142662885]Proposal 12: Relay topology shall be defined for SL FR2 evaluation.
2.6 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 Figure 2.
 [image: ]
Figure 2 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 Figure 3.
[image: ]
Figure 3 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: _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 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 targets indoor office scenario with UE to UE pairing distance less than 10 meters. 20 SL UE pairs are randomly dropped in topology. 
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. We further evaluate SL resource allocation methodology with or without IUC enabled to observe if IUC algorithm solves beam-based SCI sensing issue. The UPT performance is provided in Figure 5.
[image: ]
Figure 5 The UPT performance evaluation by different beam management period
The simulation result shows that with beam-based SCI sensing and reservation, the SL resource selection reduces UPT performance by larger than 50% because of extra introduced latency. Among the results under resource selection, enabling IUC scheme provides slightly better UPT performance, but the enhancement is marginal. It can be observed that, using SL resource selection to avoid collision is not necessary when SL FR2 UE uses beam-based transmission and reception.  
Based on the simulation, the following observation is achieved:
[bookmark: _Ref142662797]Observation 11: SL resource selection is not necessary to reduce system interference with directional beamformed transmission in FR2 frequency band
[bookmark: _Ref142662892]Proposal 13: SL SCI-based resource selection can be conditionally disabled when beamformed transmission/reception is adopted



Summary
The following observations are provided based on the discussion:
Observation 1: The Discovery procedure can be used for subsequent actions like initiating Direct Communication as well as the Link Establishment procedure.
Observation 2: The relationship between Discovery procedure and Link Establishment procedure is somehow different between Model A Discovery and Model B Discovery.
Observation 3: For the case of initial beam pairing performed before discovery or unicast link establishment procedure, plenty irrelevant beam pairs may be established due to the lack of knowledge of unicast link.
Observation 4: Due to the UE capability differences, pairing of UEs with unequal transmitting and/or receiving number of beams requires unequal times of beam sweeping.
Observation 5: A SL UE, regardless to its role on TX/RX transmission, should be able to proactively monitor beam failure by either HARQ feedback or reference signal measurement.
Observation 6: A unified SL BFR procedure should be considered regardless of UE’s role on TX/RX transmission.
Observation 7: For beam correspondence, both option1 and option2 can be supported based on UE’s capability
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: SL resource selection is not necessary to reduce system interference with directional beamformed transmission in FR2 frequency band

Based on the observations, the following proposal are presented for discussion and decision:
Proposal 1: IBP should be performed based on Discovery procedure and Link Establishment procedure.
Proposal 2: The IBP procedure can be performed based on Model A Discovery and Model B Discovery.
Proposal 3: The IBP procedure should be performed during Discovery and Link Establishment procedure or at least additional information should be carried.
Proposal 4: Study the method of reducing overhead of reference signals for initial beam pairing procedure. (e.g., modified format, segmented message, standalone signals and etc.)
Proposal 5: The supported beam sweeping pattern of Tx and Rx UE needs to be informed by each other or pre-configured to guarantee a comprehensive measurement result during initial beam pairing.
Proposal 6: The following options can be considered to indicate the determined beams between Tx UE and Rx UE:
· Option 1: Rx UE sends feedback at the time occasion corresponding to the selected beam. 
· Option 2: Rx UE sends feedback at the resource location corresponding to the selected beam.
Proposal 7: Study beam maintenance for the case of multiple unicast links are established between the same pair of UEs.
Proposal 8: In addition to the beam indication and L1-RSRP, the SL beam reporting contents also need to include {L1-RSRP, None}.
Proposal 9: Both SL HARQ feedback and SL reference signal measurement should be support for beam failure instance detection.
Proposal 10: SL UE triggers re-initial beam pairing procedure for BFR.
Proposal 11: For determining PSFCH transmit/receive beam for a single PSFCH transmission/reception in a slot, both option1 and option2 can be supported
· FFS if PSCCH and PSSCH uses different beam.
Proposal 12: Relay topology shall be defined for SL FR2 evaluation.
Proposal 13: SL SCI-based resource selection can be conditionally disabled when beamformed transmission/reception 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.
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