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Introduction
The following agreements on the enhanced sidelink operation for the FR2 licensed spectrum were made in RAN1#113 meeting.
	Agreement
In the candidate procedure where initial beam pairing is performed before sidelink unicast link establishment,
· In step 1, 
· the applicable reference signal is selected based on
· Alt 1-1: S-SSB or its modified format
· Alt 1-2: standalone SL CSI-RS or its modified format
· Alt 1-3: non-standalone SL CSI-RS
· Note: standalone SL CSI-RS transmission means at least no accompanying sidelink data (SL MAC SDU) transmissions in the same slot. FFS: accompanying SCI(s) or SL MAC CE transmissions or PSFCH.
· Alt 1-4: PSCCH/PSSCH DMRS
· the reference signals are sent
· Alt 2-0: aperiodically
· Alt 2-1: periodically
· Alt 2-2: semi-persistent with activation and deactivation
· FFS details of activation/deactivation
· FFS resources and resource allocation of reference signal
· FFS: if CSI-RS is used, whether UE1 transmits other information associated with the CSI-RS
· In step 2, 
· UE1’s transmit beam and UE2’s receive beam are determined by UE2 as the pair with the RSRP measurement satisfying certain condition(s)
· FFS details of condition(s)
· FFS explicit or implicit determination of UE1 transmit beam by UE2
· UE2’s transmit beam is at least determined as the one corresponding to determined UE2’s receive beam, at least if beam correspondence is assumed
· FFS other scheme
· In step 3, 
· UE2’s beam reporting is associated with determined UE1’s transmit beam.
· FFS details of association
· FFS details of beam reporting
· Note: this does not preclude beam reporting in the link establishment message.
· FFS: how UE1 determines its transmit beam if it receives different beam reporting from different UEs
· FFS: whether/how to avoid unnecessary beam measurement and reporting from multiple UEs; 

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

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

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

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

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

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

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

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

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

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

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

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

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


In this contribution, we will discuss the potential issues of sidelink operations on FR2 licensed spectrum, and provide our views on these issues.
Overview of the beam management 
As a key technology for LTE and NR systems, multiple antenna technology can use active antenna array to form a large-scale multiple antenna array, improving system transmission performance. Millimeter wave communication via multiple antennas is an important technical direction for 5G, which can potentially provide large transmission bandwidth, e.g. several hundred MHz or even GHz bandwidth. Comparing with the traditional low-frequency transmissions FR1 transmission, it faces unique technical challenges compared, such as higher transmission loss caused by the high frequency band and interruption of communication due to blockage of transmission channels. These aspects should be carefully considered when including this technology for the development of SL (Sidelink) FR2 higher frequency bands.
Similar to legacy NR beam management procedures, the beam management of SL waveform should include the following components: initial beam establishment, beam adjustment, and beam failure recovery. To perform these procedures, beam measurement, indication and reporting procedures also need to be studied.
Initial beam establishment refers to the process of selecting an appropriate beam direction by both the transmitting and the receiving UE (User Equipment) to ensure the best link transmission quality during the control or data transmission process. Once an initial beam pair has been established, there is a need to regularly re-evaluate the selection of transmitter-side and receiver-side beam directions due to movements and rotations of the mobile device. Furthermore, even for stationary devices, movements of other objects in the environment may block or unblock different beam pairs, implying a possible need to re-evaluate the selected beam direction. This process is called beam adjustment or beam maintenance. Beam measurement and reporting refer to the procedure where the UE measures the multiple beams from the transmitter, and after the wireless communication link is established and the receiving UE reports the measurement results back to the base station. During the process, the transmitting and receiving UE monitor the transmission quality of the selected beam pair, compare it with the configured threshold, and switch beams if necessary. The transmitter uses the beam indication process to notify the receiving UE of the transmitted beam indication through the control signaling to receive and switch. 
Finally, beam recovery refers to the process of re-establishing the connection between the transmitting and receiving the UE when all of the detected transmit and receive beams cannot meet the transmission requirements of the link.
[bookmark: _Ref36559568]Sidelink initial beam pairing
The following agreements about sidelink initial beam pairing were made in RAN1#113 meeting.
	Agreement
In the candidate procedure where initial beam pairing is performed before sidelink unicast link establishment,
· In step 1, 
· the applicable reference signal is selected based on
· Alt 1-1: S-SSB or its modified format
· Alt 1-2: standalone SL CSI-RS or its modified format
· Alt 1-3: non-standalone SL CSI-RS
· Note: standalone SL CSI-RS transmission means at least no accompanying sidelink data (SL MAC SDU) transmissions in the same slot. FFS: accompanying SCI(s) or SL MAC CE transmissions or PSFCH.
· Alt 1-4: PSCCH/PSSCH DMRS
· the reference signals are sent
· Alt 2-0: aperiodically
· Alt 2-1: periodically
· Alt 2-2: semi-persistent with activation and deactivation
· FFS details of activation/deactivation
· FFS resources and resource allocation of reference signal
· FFS: if CSI-RS is used, whether UE1 transmits other information associated with the CSI-RS
· In step 2, 
· UE1’s transmit beam and UE2’s receive beam are determined by UE2 as the pair with the RSRP measurement satisfying certain condition(s)
· FFS details of condition(s)
· FFS explicit or implicit determination of UE1 transmit beam by UE2
· UE2’s transmit beam is at least determined as the one corresponding to determined UE2’s receive beam, at least if beam correspondence is assumed
· FFS other scheme
· In step 3, 
· UE2’s beam reporting is associated with determined UE1’s transmit beam.
· FFS details of association
· FFS details of beam reporting
· Note: this does not preclude beam reporting in the link establishment message.
· FFS: how UE1 determines its transmit beam if it receives different beam reporting from different UEs
· FFS: whether/how to avoid unnecessary beam measurement and reporting from multiple UEs; 

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

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



In the candidate procedure where initial beam pairing is performed before sidelink unicast link establishment, the applicable reference signal is selected based on S-SSB or its modified format. The reference signals are sent periodically or semi-persistent with activation and deactivation. Compared with other options, S-SSB can realize the initial beam pairing while synchronizing, which is more advantageous in time cost.
UE1’s transmit beam and UE2’s receive beam are determined by UE2 as the pair with the RSRP measurement satisfying certain condition(s). In fact, the best S-SSB beam received by UE2 implies the best transmit beam. After the best S-SSB beam pair is determined, the candidate beam pair for the initial beam pair can be confirmed.
Using enhanced S-SSB also has the following benefits: UE1 can determine its transmitting beam if it receives different beam reporting from different UEs; UE1 can avoid unnecessary beam measurement and reporting from multiple UEs. 
Proposal 1：In the candidate procedure where initial beam pairing is performed before sidelink unicast link establishment,
· In step 1, 
· the applicable reference signal is selected based on
· Alt 1-1: S-SSB or its modified format
· the reference signals are sent
· Alt 2-1: periodically
· Alt 2-2: semi-persistent with activation and deactivation
· FFS details of activation/deactivation
· In step 2, 
· UE1’s transmitting beam and UE2’s receiving beam are determined by UE2 as the pair with the RSRP measurement satisfying certain condition(s)
· The beam pair chosen by UE2 is implied in the feedback from UE2
· UE2’s transmitting beam is at least determined as the one corresponding to determined UE2’s receiving beam, at least if beam correspondence is assumed.
· In step 3, 
· UE2’s beam reporting is associated with determined UE1’s transmitting beam.
· Priority is given to beam correspondence. (if beam correspondence is assumed)
· S-SSB including destination ID to avoid unnecessary beam measurement/reporting from irrelevant receiver UEs.
To achieve better coverage, SL UE can use a transmission method that involves multiple beams scanning within multiple time domain resources by polling each beam to cover different areas and achieve complete regional coverage.  
During the initial beam pairing process, the transmitting UE sends a beam sweeping burst set at fixed intervals to scan beams and repeats it at a certain period to achieve coverage within a certain range. The UE also searches for SSB at a certain frequency interval to achieve initial beam pairing. In legacy NR Uu beam establishment, the initial beam-paring between gNB and UE is established by the beam sweeping transmission of SSB from gNB.  This manner could be a potential method for sidelink initial beam-paring operation. However, the S-SSB transmission is different from that of SSB transmission, it is not a “always-on” transmission for a given Tx UE. The transmission of S-SSB is depends on the synchronization procedure, only when the UE is acted as a synchronization reference UE, it can then transmit the S-SSB. If the S-SSB is used for initial beam-paring, the corresponding beam sweeping procedure needs to be further studied. Another potential method is to provide a dedicated resource set for initial beam-paring operation, this manner could better facilitate beam-paring operation, but require more changes and deviation from legacy framework. 
The existing S-SSB is not suitable to be directly used as a reference signal for IBP for the following reasons:
· S-SSB does not include UE specific information
· As S-SSB is for broadcast, S-SSB does not include beam related information
· SSB-PRACH association does not exist, and no dedicated PRACH resource allocation
· Not every UE transmits/receives S-SSB, S-SSB resources are shared by SyncRefUEs. 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Therefore, if S-SSB is to be used for initial beam pairing, the following enhancements can be considered: 
· S-SSB including source ID to allow receiver UE to identify the proper transmitter UE for beam measurement
· S-SSB including destination ID to avoid unnecessary beam measurement/reporting from irrelevant receiver UEs,
· S-SSB including beam related information
· Allocation of beam reporting resources respectively associated with different S-SSB transmit beams
· Mechanism to avoid unnecessary S-SSB transmissions and receptions
· Mechanism to mitigate/avoid the inference between overlapped S-SSB transmissions from different UEs
· Periodically transmission ( The S-SSB should be configured to transmit periodically before completing the initial beam pairing )
· Augmenting the SSID maximum to indicate more UE.
The UE-specific indication information is not included in the existing S-SSB, when multiple UEs transmit information at the same time, the receiver UE will not be able to identify the source of these beams. Using S-SSB carrying UE ID and beam ID can effectively solve the above problems.
Considering that the initial beam pairing does not need to be carried out at any instant, when the UE completes the beam pairing, it will switch to the beam maintenance state, so S-SSB should be configured for periodic transmission before completing the initial beam pairing, and no more transmission after the completion of the beam pairing. In the actual scenario, different UEs will continuously enter/leave the UE1 communication range, and UE1 will continuously perform the initial beam pairing process and beam failure process. RAN needs to study how to trigger the initial beam pairing process of S-SSB to achieve fast beam pairing on the basis of reducing resource waste.
In addition, considering that the maximum value of SSID in existing SL is 672, and there are 672 different UE-specific ID in a certain area. In densely trafficked areas such as some shopping malls, this value may be less than the number of UEs, so RAN1 needs to study extending the maximum value of SSID to indicate more UEs.
Proposal 2: S-SSB can be used as a starting point to achieve initial beam pairing. And if S-SSB is to be used for initial beam pairing, the following enhancements can be considered.
· S-SSB including source ID to allow receiver UE to identify the proper transmitter UE for beam measurement.
· S-SSB including destination ID to avoid unnecessary beam measurement/reporting from irrelevant receiver UEs.
· S-SSB including beam related information.
· Allocation of beam reporting resources respectively associated with different S-SSB transmit beams.
· Mechanism to avoid unnecessary S-SSB transmissions and receptions.
· Mechanism to mitigate/avoid the inference between overlapped S-SSB transmissions from different UEs.
· S-SSB configuration to transmit periodically before completing the initial beam pairing.
· Augmentation of the maximum SSID.
· Addition of the PRACH mechanism for S-SSB.
Regarding the relationship between beam paring and PC5 link establishment, for the three options discussed, the option that the procedure for initial beam pairing happening during sidelink unicast link establishment is the most complex option among the three candidates. Executing the PC5-RRC connection establishment process and beam scanning process simultaneously will reduce the efficiency of the transmission and waste time and frequency resources. Separate the two process will remove the back and forth interaction between the two process and greatly simply the procedure.
Proposal 3: The candidate procedure that initial beam pairing is performed during sidelink unicast link establishment shall be treated with low priority.
Sidelink beam maintenance
The following agreements about sidelink beam maintenance were made in RAN1#113 meeting.
	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
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


After beam-pairing procedure, UE needs to maintain the transmission quality of the selected Tx/Rx beam pair. Beam maintenance, including beam tracking and beam refinement, is used to address beam misalignment caused by UE rotation or movement. It also supports beam refinement from wide beam to narrow beam. 
The common strategy of beam tracking is to scan and measure the candidate beams. By detecting candidate beams, beam tracking can effectively track and compensate for changes in the optimal transmission beam. Thus, it is necessary to report more than one beam information during beam reporting. Beam refinement requires further configuration of multiple set of reference signal resources for finer beam scanning, and each set of reference signal will be transmitted with different beam direction. 
In NR Uu, the CSI-RS is employed for beam maintenance, multiple CSI-RS resources sets are configured and potentially used for different beam-based transmission respectively. In sidelink beam maintenance, the sidelink CSI-RS can be used as a starting point. However, there is only one set of sidelink CSI-RS within one slot in legacy NR sidelink, if it is used for beam maintenance, it will be time exhausting. Considering the efficiency of sidelink beam maintenance, it is preferred to introduce multiple set of sidelink CSI-RS resources within one slot.  
For beam maintenance, consider standalone sidelink CSI-RS transmissions. 
· SL CSI-RS transmission not accompanied with sidelink data transmission. SL CSI-RS occupies the 8th and 9th (or 2th and 3th, or 5th and 6th, or all of the above symbols) OFDM symbols, or occupies more than one of the above symbols. The high layer can indicate the CSI-RS pattern by DCI or SCI.
· Same or different transmit beams are used in the same slot of standalone sidelink CSI-RS transmissions.
· SL CSI-RS including beam related information.
· Periodic SL CSI-RS transmission. SL CSI-RS can refer to the periodic definition of PSFCH
· It is preferred to introduce multiple set of SL CSI-RS resources within one slot.
[bookmark: _GoBack]It is also preferable to introduce multiple set of sidelink CSI-RS resources within one slot. For CSI-RS resources, two or more symbols of PSSCH can be occupied as CSI-RS dedicated resources, as shown in Figure 1 and Figure 2, i.e., CSI-RS occupies two or more symbols of PSSCH in the time domain and does not alter the other OFDM symbols. These periodically transmitted CSI-RS signals can carry the information required for beam maintenance, including UE ID, beam ID, etc., and can also be used for beam measurement reporting. The high layer can indicate the CSI-RS pattern by DCI or SCI. 
[image: ]
Figure 1 Two symbols(8th and 9th) of PSSCH can be occupied as CSI-RS dedicated resources

[image: ]
Figure 2 Six symbols of PSSCH can be occupied as CSI-RS dedicated resources
Proposal 4: For beam maintenance, consider standalone sidelink CSI-RS transmissions. 
· SL CSI-RS transmission for beam maintenance is not accompanied with sidelink data transmission. SL CSI-RS occupies the 8th and 9th (or 2th and 3th, or 5th and 6th) OFDM symbols, or occupies combination of the above symbols. The high layer can configure/indicate the CSI-RS pattern.
· Same or different transmit beams can be used in the same slot of standalone sidelink CSI-RS transmissions.
· SL CSI-RS shall include beam related information.
· Periodic SL CSI-RS transmission is supported. 
· It is preferred to introduce multiple set of SL CSI-RS resources within one slot.
Using periodic CSI-RS is a reasonable solution for beam maintenance, but in practical application scenarios, UE movement or rotation will lead to long-term maintenance process for beams. At the same time, SL terminals often require low power consumption and long standby time, so there is a contradiction between the two. RAN1 needs to consider the tradeoff between performance and power consumption if periodic CSI-RS signals are used to perform the beam maintenance process.
Proposal 5: Periodic beam measurements may be necessary to maintain the optimal beam in a dynamic environment; however, it could lead to an increase in power consumption. 
· FFS: RAN1 needs to consider a tradeoff between performance and power consumption if periodic CSI-RS signals are used to perform the beam maintenance process.
For beam reporting using PSFCH in beam maintenance, obviously, the existing PSFCH format does not support directly carrying the beam report content, so it is necessary to design a new PSFCH format. There is no reason to transmit beam reporting information and HARQ ACK information separately in new PSFCH format. 
Proposal 6: For beam reporting using PSFCH in beam maintenance, RAN1 should study a new PSFCH format.
· PSFCH format 0 does not have enough capacity to carry beam reporting information.
· Beam reporting and sidelink HARQ ACK can be multiplexed together, e.g., same or different PSFCH.
· FFS: details of the new PSFCH format.
There is an association rule between PSFCH for beam reporting and sidelink CSI-RS (either standalone or non-standalone). The first option makes use of sidelink beam correspondence. Specifically, PSFCH transmit beam is the corresponding CSI-RS receive beam, and PSFCH receive beam is the corresponding CSI-RS transmit beam. 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 CSI-RS transmit beam for the reverse data transmission, and PSFCH receive beam is the CSI-RS receive beam for the reverse data transmission.
We believed that Option 1 has a faster and simpler response time, but relies on beam correspondence. Option 2 May take longer for beam training, but does not rely on beam correspondence. Considering that there is no guarantee that beam correspondence will always exist, both schemes have advantages and disadvantages. So, both options are acceptable, and the specific choice depends on the UE implementation.
Proposal 7: There is an association rule between PSFCH for beam reporting and sidelink CSI-RS (either standalone or non-standalone). Both option 1 and option 2 below can be considered, and the specific choice depends on the UE implementation.
· Option 1: PSFCH transmitting beam is derived from the corresponding CSI-RS receiving beam; PSFCH receiving beam is derived from the corresponding CSI-RS transmitting beam.
· Option 2: PSFCH transmitting beam is derived from the CSI-RS transmitting beam for reverse data transmission; PSFCH receiving beam is derived from the CSI-RS receiving beam for reverse data transmission.
Sidelink beam indication
In RAN1#113, the following agreement on sidelink beam indication and switching schemes for sidelink beam maintenance was made:
	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


[bookmark: OLE_LINK5][bookmark: OLE_LINK6]When the transmitting UE transmits data in the mode of beam forming, there’s a need to indicate the specific downstream analog transmitted beam selected by the receiving UE. After receiving the indication, the receiving UE invokes the optimal receiving beam corresponding to the beam indication to receive data according to the information stored in the process of beam training. Similar to legacy NR operation, SL_TCI can be introduced for this purpose. Essentially, the sidelink spatial related information is identified via SL_TCI state and QCL indication. For example, each sidelink reference signal resource is configured with a SL_TCI state. Similar to legacy NR downlink, the PSCCH/PSSCH transmitting 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 receiving beam is the same as the receiving beam corresponding to the indicated SL_TCI state of sidelink reference signal resource.  Regarding  the SL_TCI state configuration, similar to legacy NR, at least TCI state ID, QCL info and reference signal resources should be included. QCL types A and QCL types D can be used. Considering the mode 2 scenario, parameters such as Relative Doppler shift, Relative Doppler spread can be added.
Proposal 8：For beam indication in sidelink beam maintenance, QCL types A and QCL types D can be used. Considering the mode 2 scenario, parameters such as Relative Doppler shift, Relative Doppler spread can be added.
· FFS: How to distinguish and process QCL signals received simultaneously from different UEs.
Proposal 9: the Rel-17 unified TCI framework can be reused.
Proposal 10: PSCCH and associated PSSCH always have the same TCI state. 
Sidelink beam failure recovery
[bookmark: _Ref36559580]The following agreements about Sidelink beam failure recovery were made in RAN1#113 meeting.
	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


As the beam pair links of a beamformed transmission may experience failure due to movements in the environment or other events, beam failure recovery schemes were introduced in NR Release 15 to allow recovery from obsolete or blocked beams. In many respects, beam failure is similar to the concept of radio-link failure (RLF) defined for earlier radio-access technologies. In general, beam failure/recovery shall consist of the following steps:
1) Beam-failure detection 
In this step the UE will detect if a beam failure has occurred. For this purpose, a UE can be configured to monitor SSB or periodic CSI-RS for assessment of the link quality. If the link quality drops below a threshold for all the signals being monitored, the UE can initiate a beam failure recovery. The candidate link quality measurement can adopt L1-RSRP, L1-SINR or some defined hypothetical error rate. Each time instant the measurement result is below a configured value is defined as a beam-failure instance. If the number of consecutive beam-failure instances exceeds a configured value, the device declares a beam failure and triggers the beam-failure-recovery procedure. The measurement set can be explicitly or implicated configured.
The sidelink beam failure detection process can follow similar beam failure detection process.
2) Candidate-beam identification
During this step, the receiving device tries to identify a new beam or, more exactly, a new beam pair by means of which connectivity may be restored. In legacy NR, to facilitate device’s effort to find a new beam pair on which connectivity can be restored, the device is configured with a resource set consisting of a set of CSI-RS, or alternatively a set of SS blocks. In practice, each of these reference signals is transmitted within a specific downlink beam. The resource set thus corresponds to a set of candidate beams. After that the UE measures the L1-RSRPor L1_SINR on the reference signals corresponding to the set of candidate beams, if the L1-RSRP exceeds a certain configured target, the reference signal is assumed to correspond to a beam by means of which connectivity may be restored.
3) Recovery-request transmission
In legacy NR, if a beam failure has been declared and a new candidate beam pair has been identified, the device carries out a beam-recovery request. The aim of the recovery request is to inform the network that the device has detected a beam failure. The recovery request may also include information about the candidate beam identified by the device. The beam-recovery request is in essence a contention-free random-access request consisting of preamble transmission and random-access response. For sidelink mode 1, the UE can transmit recovery-request by using a RACH procedure in the Uu link. For mode 2, preconfigured channel/signal may need to be allocated for these purposes.
4) Response to the beam-recovery request.
After the UE has carried out a beam-recovery request it should monitor specific channel/signal for a response. When doing so, the device may assume that the transmitter, when responding to the request, is transmitting using the beam associated with the candidate beam included in the request.
In RAN1#113, two schemes, namely, sidelink BFI triggered based on PSFCH carrying sidelink HARQ feedback and sidelink BFI triggered based on the measurement of reference signal for BFD, are selected as the candidates solution for further consideration. However, there are quite a few differences between the solutions.
In the initial approach, the sidelink BFI is activated by the transmitting UE. This mirrors the Rel-16 sidelink radio link failure (RLF) detection method that depends on monitoring sidelink HARQ feedback. In particular, every time a PSFCH is received, if a transmitting UE notices the absence of a PSFCH reception, the counter (referred to as “numConsecutiveDTX”) in the MAC layer increments by 1. If not, the counter resets to 0. Should the counter hit a predetermined threshold, the sidelink RLF is identified. Essentially, for every PSFCH reception, the transmitting UE conveys the presence of HARQ-ACK from the PHY layer to the MAC layer.
In the alternate approach, the sidelink BFI is initiated by the receiver UE, which bears resemblance to the Uu link BFI method. With the Uu link Beam Failure Detection (BFD) mechanism, when a receiver UE discerns that the presumed PDCCH BLER falls beneath a certain level, it signals the MAC layer about the BFI. Each time the MAC layer gets a BFI notice, it either starts or resets a timer, increasing the counter by one for every BFI received. If the counter for BFI hits or surpasses a set limit, beam failure is identified. However, if the timer runs out, the BFI counter reverts to zero. This mechanism can potentially be adapted for sidelink BFD. The transmitting UE dispatches a sidelink BFD reference signal, which the receiving UE assesses. Should the evaluation fall below a specific limit, the receiving UE communicates the sidelink BFI status from the PHY layer to the MAC layer.
We can see the major differences are the principles that the two schemes follow. One is RLF recovery and the other is BFD. First of all, beam Failure and Radio Link Failure (RLF) should not be mistaken as identical. In legacy NR Uu based beam management, Radio Link Failure happens when inherent radio issues within a cell cannot be addressed by the recovery measures, or if the UE fails to identify any appropriate beam. Furthermore, if the Random Access procedure on any beam can't rectify the connection disruption between the gNB and UE, RLF takes place. On the other hand, Beam Failure transpires when the UE loses connection from one beam but can establish a link with another and can successfully execute Random Access. For PC5 situation, it's worth noting that during beam failure, there should exist other beam pairs that could potentially restore the connection between the gNB and the UE. 
Considering that scheme1 is based on the principle of RLF detection, it is natural that when BFI is triggered , it could be caused by factors other than beam failure. For example, it could be the result of half-duplex. Also, if some of the UE is not be configured to transmit the PSFCH, then scheme is not usable.
Observation 1:  Sidelink BFI triggered based on PSFCH carrying sidelink HARQ feedback requires (pre-) configuration of HARQ feedback.
Proposal 11:  For scheme 1, sidelink BFI triggered based on PSFCH carrying sidelink HARQ feedback, further studies are needed to evaluate the effectiveness of detection and the differentiation from RLF detection.
Beam failure detection shall operate as a joint L1/L2 procedure. In legacy NR, at the L1 level (PHY layer), there's a continual monitoring of the Reference Signal Received Power (RSRP) of the serving beam. When the RSRP for the serving beam dips below a certain threshold – exemplified as a 10% Block Error Rate (BLER) of a hypothetical Physical Downlink Control Channel (PDCCH) – it's recognized as a potential sign of beam failure. Consequently, the PHY layer flags this occurrence as a Beam Failure Instance (BFI). Upon recognizing a BFI, the L1 layer sends this indication to the MAC layer, which operates at the L2 level. The MAC layer, in its turn, accumulates these BFIs. Once the MAC layer records a number of BFI indications that meet or exceed a pre-configured maximum count, it formally announces a beam failure. Thus, the entire mechanism serves as a responsive protocol to detect and communicate potential beam failures in a network, ensuring that appropriate recovery or reconfiguration actions can be taken promptly. Upon receiving a Beam Failure Instance (BFI) from the L1 layer, the MAC layer initiates a timer. With each subsequent BFI received, the MAC layer increments a counter by one. This counter essentially keeps track of the number of BFIs received within a specific timeframe set by the timer.  Once the value of the counter, represented as BFI_COUNTER, is greater than or equal to a predetermined threshold (beamFailureInstanceMaxCount), it signifies a consistent or recurrent issue with the beam's connectivity. Recognizing this, the MAC layer officially declares a beam failure. This procedure shall also serve for PC5 BFR, at least for the case where sidelink BFI is triggered based on the measurement of reference signal for BFD.
Proposal 12:  For scheme 2 where sidelink BFI is triggered based on the measurement of reference signal for BFD, the criteria of triggering of sidelink BFI shall re-use the principle of legacy NR Uu BFR.
Proposal 13:  For scheme 2 where sidelink BFI is triggered based on the measurement of reference signal for BFD, for candidate beam determination (CBD), beam determination procedures defined in initial beam pairing should be used.
Proposal 14:  For scheme 2, where sidelink BFI is triggered based on the measurement of reference signal for BFD, for BFRQ, beam reporting procedures defined in initial beam pairing should be used.
Proposal 15:  For scheme 2, where sidelink BFI is triggered based on the measurement of reference signal for BFD, for BFRR, the principle from legacy NR Uu BFRR procedure should be followed.
Conclusion
This contribution includes our considerations on sidelink beam management, based on discussions above, we have following proposals:
Proposal 1：In the candidate procedure where initial beam pairing is performed before sidelink unicast link establishment,
· In step 1, 
· the applicable reference signal is selected based on
· Alt 1-1: S-SSB or its modified format
· the reference signals are sent
· Alt 2-1: periodically
· Alt 2-2: semi-persistent with activation and deactivation
· FFS details of activation/deactivation
· In step 2, 
· UE1’s transmitting beam and UE2’s receiving beam are determined by UE2 as the pair with the RSRP measurement satisfying certain condition(s)
· The beam pair chosen by UE2 is implied in the feedback from UE2
· UE2’s transmitting beam is at least determined as the one corresponding to determined UE2’s receiving beam, at least if beam correspondence is assumed.
· In step 3, 
· UE2’s beam reporting is associated with determined UE1’s transmitting beam.
· Priority is given to beam correspondence. (if beam correspondence is assumed)
· S-SSB including destination ID to avoid unnecessary beam measurement/reporting from irrelevant receiver UEs.
Proposal 2: S-SSB can be used as a starting point to achieve initial beam pairing. And if S-SSB is to be used for initial beam pairing, the following enhancements can be considered.
· S-SSB including source ID to allow receiver UE to identify the proper transmitter UE for beam measurement.
· S-SSB including destination ID to avoid unnecessary beam measurement/reporting from irrelevant receiver UEs.
· S-SSB including beam related information.
· Allocation of beam reporting resources respectively associated with different S-SSB transmit beams.
· Mechanism to avoid unnecessary S-SSB transmissions and receptions.
· Mechanism to mitigate/avoid the inference between overlapped S-SSB transmissions from different UEs.
· S-SSB configuration to transmit periodically before completing the initial beam pairing.
· Augmentation of the maximum SSID.
· Addition of the PRACH mechanism for S-SSB.
Proposal 3: The candidate procedure that initial beam pairing is performed during sidelink unicast link establishment shall be treated with low priority.
Proposal 4: For beam maintenance, consider standalone sidelink CSI-RS transmissions. 
· SL CSI-RS transmission for beam maintenance is not accompanied with sidelink data transmission. SL CSI-RS occupies the 8th and 9th (or 2th and 3th, or 5th and 6th) OFDM symbols, or occupies combination of the above symbols. The high layer can configure/indicate the CSI-RS pattern.
· Same or different transmit beams can be used in the same slot of standalone sidelink CSI-RS transmissions.
· SL CSI-RS shall include beam related information.
· Periodic SL CSI-RS transmission is supported. 
· It is preferred to introduce multiple set of SL CSI-RS resources within one slot.
Proposal 5: Periodic beam measurements may be necessary to maintain the optimal beam in a dynamic environment; however, it could lead to an increase in power consumption. 
· FFS: RAN1 needs to consider a tradeoff between performance and power consumption if periodic CSI-RS signals are used to perform the beam maintenance process.
Proposal 6: For beam reporting using PSFCH in beam maintenance, RAN1 should study a new PSFCH format.
· PSFCH format 0 does not have enough capacity to carry beam reporting information.
· Beam reporting and sidelink HARQ ACK can be multiplexed together, e.g., same or different PSFCH.
· FFS: details of the new PSFCH format.
Proposal 7: There is an association rule between PSFCH for beam reporting and sidelink CSI-RS (either standalone or non-standalone). Both option 1 and option 2 below can be considered, and the specific choice depends on the UE implementation.
· Option 1: PSFCH transmitting beam is derived from the corresponding CSI-RS receiving beam; PSFCH receiving beam is derived from the corresponding CSI-RS transmitting beam.
· Option 2: PSFCH transmitting beam is derived from the CSI-RS transmitting beam for reverse data transmission; PSFCH receiving beam is derived from the CSI-RS receiving beam for reverse data transmission.
Proposal 8：For beam indication in sidelink beam maintenance, QCL types A and QCL types D can be used. Considering the mode 2 scenario, parameters such as Relative Doppler shift, Relative Doppler spread can be added.
· FFS: How to distinguish and process QCL signals received simultaneously from different UEs.
Proposal 9: the Rel-17 unified TCI framework can be reused.
Proposal 10: PSCCH and associated PSSCH always have the same TCI state. 
Proposal 11:  For scheme 1, sidelink BFI triggered based on PSFCH carrying sidelink HARQ feedback, further studies are needed to evaluate the effectiveness of detection and the differentiation from RLF detection.
Proposal 12:  For scheme 2 where sidelink BFI is triggered based on the measurement of reference signal for BFD, the criteria of triggering of sidelink BFI shall re-use the principle of legacy NR Uu BFR.
Proposal 13:  For scheme 2 where sidelink BFI is triggered based on the measurement of reference signal for BFD, for candidate beam determination (CBD), beam determination procedures defined in initial beam pairing should be used.
Proposal 14:  For scheme 2, where sidelink BFI is triggered based on the measurement of reference signal for BFD, for BFRQ, beam reporting procedures defined in initial beam pairing should be used.
Proposal 15:  For scheme 2, where sidelink BFI is triggered based on the measurement of reference signal for BFD, for BFRR, the principle from legacy NR Uu BFRR procedure should be followed.
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