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Introduction
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]In RAN#98-e, the WID for NR sidelink evolution was updated and agreed [1]. The objectives of sidelink operation on FR2 licensed spectrum were updated as follows:	
	Study and specify enhanced sidelink operation on FR2 licensed spectrum [RAN1, RAN2, RAN4] (Determine in RAN#98-e whether to continue the study or study + specification work for FR2 until the end of R18)
· Focus only on updating the evaluation methodology for commercial deployment scenario in 4Q 2022. [RAN1]
· Work 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.
· Beam management in FR2 licensed spectrum considers sidelink unicast communication only.


The following agreements on the enhanced sidelink operation for the FR2 licensed spectrum were made in RAN1#112bis-e meeting.[2]
	Agreement
RAN1 can study the following candidate procedure where initial beam pairing is performed before sidelink unicast link establishment, including at least the following steps and how to determine UE2:
· UE1 sends reference signals via different transmit beams
· Note: multiple reference signals transmissions (e.g. repetitions) from each of the beams can be studied
· FFS when reference signals are sent
· FFS applicable reference signal
· UE2 measures the reference signals and determines a UE1 transmit beam and/or a UE2 receive beam 
· FFS: whether/how to determine a UE2 transmit beam 
· UE2 indicates to UE1 the determined UE1 transmit beam 
· FFS how to indicate the determined transmit beam, including its feasibility
· UE1 and UE2 set up sidelink unicast link using the determined beam, following existing link establishment procedure. 

Agreement
Consider one or more of the following items as sidelink beam reporting contents for beam maintenance: 
· Beam indication (e.g., CRI)
· L1-RSRP
· FFS: L1-SINR or other reporting contents if necessary enhancement is identified. 
· Note: This does not preclude performing beam maintenance without any beam reporting
Agreement
The container(s) of sidelink beam reporting for beam maintenance is at least selected from the following options:
· Option 1: SL PHY layer signal (e.g., PSFCH, SCI)
· Option 2: SL MAC CE
· FFS: PC5-RRC, Signaling over Uu link (e.g., UCI)
Agreement
For UE1 and UE2 in a unicast link, RAN1 to study the selection of both UE1’s transmit beam and UE2’s corresponding receive beam. 
· Note: this applies for both PSCCH/PSSCH transmission/reception and PSFCH transmission/reception. 
Agreement
Consider using sidelink CSI-RS as a starting point for beam maintenance.
· FFS: whether/how to enhance existing aperiodic and non-standalone SL CSI-RS
· FFS: periodic and/or semi-persistent SL CSI-RS transmissions 
· FFS: standalone SL CSI-RS transmissions
· Note: standalone SL CSI-RS transmission means at least no accompanying sidelink data (SL MAC SDU) transmissions in the same slot. FFS: accompanying SCI(s) or SL MAC CE transmissions or PSFCH.
· FFS: one or multiple SL CSI-RS transmissions within one slot
· FFS: SL CSI-RS transmissions with or without repetition on transmit beams
Agreement
RAN1 can study the following candidate procedure where initial beam pairing is performed during sidelink unicast link establishment 
· UE1 sends PSCCH/PSSCH that carries unicast link establishment message (e.g., DCR message) via different transmit beams 
· Note: multiple PSCCH/PSSCH transmissions (e.g., repetitions) from each of the beams can be studied.
· FFS: applicable reference signals which are transmitted together with unicast link establishment message.
· if UE2 successfully decodes one (or more) of the PSCCH/PSSCH(s) and UE2 determines to establish a unicast link with UE1, it indicates to UE1 one (or more) UE1 transmit beam(s) of PSCCH/PSSCH(s) which is successfully received 
· FFS details (e.g., implicit or explicit indication) 
· FFS: how to map between each PSCCH/PSSCH and UE1 transmit beam
· FFS: how UE2 determines UE1 transmit beam(s) and/or UE2 transmit/receive beam(s)
· UE1 uses one of the indicated beam(s) to finish the remaining sidelink unicast link establishment procedure with UE2
· FFS: how UE1 determines one of the indicated beam(s) 
· FFS: use of additional reference signal or additional messages or additional measurement for efficient beam pairing.
Agreement
RAN1 can study the following candidate procedure where initial beam pairing starts after sidelink unicast link establishment between UE1 and UE2, including studying whether and in which cases initial beam pairing after sidelink unicast link establishment is feasible. 
· UE1 and UE2 set up sidelink unicast link, following existing link establishment procedure
· FFS the beams used for unicast link establishment.
· UE1 and/or UE2 configure the resources for beam sweeping and/or beam reporting
· FFS details of resources configuration
· UE1 and/or UE2 use the configured resources to transmit reference signals and determine a pair of transmit beam and receive beam based on beam sweeping.
· FFS applicable reference signal(s)
· FFS whether/how to indicate the determined beams between UE1 and UE2
· FFS difference between initial beam pairing (after sidelink unicast link establishment) and beam maintenance
Agreement
To study the feasibility of adapting S-SSB for initial beam pairing between UE1 and UE2, at least the following can be considered.
· Whether/how to enable UE2 to identify UE1 (e.g., source ID) from UE1’s S-SSB transmission, to enable UE1 to identify the corresponding beam measurement/reporting from UE2  
· Mapping between S-SSB transmission/resource and beam related information
· Allocation of beam reporting resources respectively associated with different S-SSB transmit beams
· Structure and contents of S-SSB
· Triggering and/or activation of S-SSB transmission, if needed
· Mechanism for S-SSB monitoring and reporting/responding
· Mechanism to mitigate/avoid the interference between overlapped S-SSB transmissions from different UEs, including S-SSB transmission resources
· Potential impact to/from other UEs, and whether/how to avoid or mitigate this impact
Agreement
To study the feasibility of reusing SL CSI-RS for initial beam pairing, at least the following enhancements can be considered. 
· SL CSI-RS transmission with or without sidelink data transmission in the same slot
· FFS: slot structure
· Mapping between SL CSI-RS transmission/resource and beam related information
· Periodic SL CSI-RS transmission, semi-persistent SL CSI-RS transmission, or aperiodic SL CSI-RS transmission, with or without SCI indication 
· Allocation of SL CSI-RS beam sweeping resources and if applicable, their associated beam reporting resources
· Study the possibility to apply SL CSI-RS for initial beam pairing before, during or after unicast link establishment
· FFS: How to provide SL CSI-RS resource configuration
· Whether or how to mitigate/avoid the interference between overlapped SL CSI-RS transmissions from different UEs
· SL CSI-RS transmission with or without repetition on transmit beams
Agreement
RAN1 is to study sidelink Beam Failure Recovery (BFR) mechanism at least for the scheme where SL BFI is triggered based on the measurement of reference signal for BFD (if supported), including
· candidate beam(s) identification
· FFS details on reference signals for candidate beam identification, including structure, procedure, timing.
· sidelink BFR request (BFRQ), including resources, transmit and/or receive beams, container, timing, etc. 
· sidelink BFR response (BFRR), including container, procedure, timing, etc.
· FFS applicability to the scheme where SL BFI is triggered based on SL HARQ feedback (if supported).
Agreement
Consider the following two options for determining PSFCH transmit/receive beam for a single PSFCH transmission/reception in a slot.  
· Option 1: PSFCH transmit beam is derived from the corresponding PSCCH/PSSCH receive beam; PSFCH receive beam is derived from the corresponding PSCCH/PSSCH transmit beam.
· Note this is based on sidelink beam correspondence
· Option 2: PSFCH transmit beam is derived from the PSCCH/PSSCH transmit beam for reverse data transmission; PSFCH receive beam is derived from the PSCCH/PSSCH receive beam for reverse data transmission.  
· Note this is based on beam training for reverse data transmission
· Note: The PSFCH transmit/receive beam can be the same as PSCCH/PSSCH transmit/receive beam used for the reverse data transmission.
· FFS: support both options or down select one option.


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#112bis-e meeting.
	Agreement
RAN1 can study the following candidate procedure where initial beam pairing is performed before sidelink unicast link establishment, including at least the following steps and how to determine UE2:
· UE1 sends reference signals via different transmit beams
· Note: multiple reference signals transmissions (e.g. repetitions) from each of the beams can be studied
· FFS when reference signals are sent
· FFS applicable reference signal
· UE2 measures the reference signals and determines a UE1 transmit beam and/or a UE2 receive beam 
· FFS: whether/how to determine a UE2 transmit beam 
· UE2 indicates to UE1 the determined UE1 transmit beam 
· FFS how to indicate the determined transmit beam, including its feasibility
· UE1 and UE2 set up sidelink unicast link using the determined beam, following existing link establishment procedure. 
Agreement
RAN1 can study the following candidate procedure where initial beam pairing is performed during sidelink unicast link establishment 
· UE1 sends PSCCH/PSSCH that carries unicast link establishment message (e.g., DCR message) via different transmit beams 
· Note: multiple PSCCH/PSSCH transmissions (e.g., repetitions) from each of the beams can be studied.
· FFS: applicable reference signals which are transmitted together with unicast link establishment message.
· if UE2 successfully decodes one (or more) of the PSCCH/PSSCH(s) and UE2 determines to establish a unicast link with UE1, it indicates to UE1 one (or more) UE1 transmit beam(s) of PSCCH/PSSCH(s) which is successfully received 
· FFS details (e.g., implicit or explicit indication) 
· FFS: how to map between each PSCCH/PSSCH and UE1 transmit beam
· FFS: how UE2 determines UE1 transmit beam(s) and/or UE2 transmit/receive beam(s)
· UE1 uses one of the indicated beam(s) to finish the remaining sidelink unicast link establishment procedure with UE2
· FFS: how UE1 determines one of the indicated beam(s) 
· FFS: use of additional reference signal or additional messages or additional measurement for efficient beam pairing.
Agreement
RAN1 can study the following candidate procedure where initial beam pairing starts after sidelink unicast link establishment between UE1 and UE2, including studying whether and in which cases initial beam pairing after sidelink unicast link establishment is feasible. 
· UE1 and UE2 set up sidelink unicast link, following existing link establishment procedure
· FFS the beams used for unicast link establishment.
· UE1 and/or UE2 configure the resources for beam sweeping and/or beam reporting
· FFS details of resources configuration
· UE1 and/or UE2 use the configured resources to transmit reference signals and determine a pair of transmit beam and receive beam based on beam sweeping.
· FFS applicable reference signal(s)
· FFS whether/how to indicate the determined beams between UE1 and UE2
· FFS difference between initial beam pairing (after sidelink unicast link establishment) and beam maintenance
Agreement
To study the feasibility of adapting S-SSB for initial beam pairing between UE1 and UE2, at least the following can be considered.
· Whether/how to enable UE2 to identify UE1 (e.g., source ID) from UE1’s S-SSB transmission, to enable UE1 to identify the corresponding beam measurement/reporting from UE2  
· Mapping between S-SSB transmission/resource and beam related information
· Allocation of beam reporting resources respectively associated with different S-SSB transmit beams
· Structure and contents of S-SSB
· Triggering and/or activation of S-SSB transmission, if needed
· Mechanism for S-SSB monitoring and reporting/responding
· Mechanism to mitigate/avoid the interference between overlapped S-SSB transmissions from different UEs, including S-SSB transmission resources
· Potential impact to/from other UEs, and whether/how to avoid or mitigate this impact
Agreement
To study the feasibility of reusing SL CSI-RS for initial beam pairing, at least the following enhancements can be considered. 
· SL CSI-RS transmission with or without sidelink data transmission in the same slot
· FFS: slot structure
· Mapping between SL CSI-RS transmission/resource and beam related information
· Periodic SL CSI-RS transmission, semi-persistent SL CSI-RS transmission, or aperiodic SL CSI-RS transmission, with or without SCI indication 
· Allocation of SL CSI-RS beam sweeping resources and if applicable, their associated beam reporting resources
· Study the possibility to apply SL CSI-RS for initial beam pairing before, during or after unicast link establishment
· FFS: How to provide SL CSI-RS resource configuration
· Whether or how to mitigate/avoid the interference between overlapped SL CSI-RS transmissions from different UEs
· SL CSI-RS transmission with or without repetition on transmit beams


To achieve 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 1: S-SSB can be used as a starting point to achieve initial beam pairing. The following enhancements can be considered for S-SSB.
· S-SSB including source ID to allow receiver UE to identify the proper transmitter UE for beam measurement.
· S-SSB including destination ID to avoid unnecessary beam measurement/reporting from irrelevant receiver UEs.
· S-SSB including beam related information.
· Allocation of beam reporting resources respectively associated with different S-SSB transmit beams.
· Mechanism to avoid unnecessary S-SSB transmissions and receptions.
· Mechanism to mitigate/avoid the inference between overlapped S-SSB transmissions from different UEs.
· S-SSB configuration to transmit periodically before completing the initial beam pairing.
· Augmentation of the maximum SSID  
· Addition of the PRACH mechanism for S-SSB.
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.
Initial beam pairing starts after sidelink unicast link establishment between UE1 and UE2 can also be supported. In this case, the unicast connection is already established, and the relevant information of the initial beam pairing can be sent by the PC5-RRC connection. The CSI-RS can be used as the reference signal, which has less impact to the legacy standard. 
In the PC5-RRC connection establishment process, the omnidirectional beam is still used for communication, and this part is not changed to meet the forward compatibility. In order to indicate the beam more quickly, CSI-RS should carry the beam management information, for example beam ID and UE ID.
Proposal 2: CSI-RS could be used in the initial beam pairing procedure after sidelink unicast link establishment procedure. The beam management information such as beam ID and UE ID can be carried by CSI-RS.
Proposal 3: Omnidirectional beams can be used for unicast link establishment (before initial beam pairing).
Proposal 4: The prior information for initial beam pairing (after sidelink unicast link establishment) comes from the PC5-RRC connection, and the prior information for beam maintenance comes from the previous beam. Sidelink beam maintenance procedure is performed after PC5-RRC connection establishment and initial beam pairing. RAN1 should study the conditions to trigger beam maintenance.
As sidelink is a distributed system and there is no centralized scheduler for UEs, at the same time, the feature of half-duplex causes the SL UE to be unable to sense resource when sending information, so it will lead to the half-duplex problem. For example, UE1 and UE2 are in the same area but have not found each other. When they receive or send information at the same time, they will not be able to find each other and establish a connection until UE1 receives/sends information and UW2 sends/receives information at the same time. Therefore, it is difficult for a UE to decide whether and on which beam direction to transmit or receive beam pairing signals without any prior information.
RAN1 needs to study how to address the half duplex issue due to TX/RX transmission conflict and multiple beams in SL FR2. For example, the resource sensing scheme of SL mode 2 can be used, and the omnidirectional beam can be used for sensing first, and then the directional beam can be used for communication after the sensing process is completed to obtain greater gain.
Proposal 5: RAN1 needs to study how to address the half duplex issue due to TX/RX transmission conflict and multiple beams in SL FR2.
Sidelink beam maintenance
The following agreements about Sidelink beam maintenance were made in RAN1#112bis-e meeting.
	Agreement
Consider one or more of the following items as sidelink beam reporting contents for beam maintenance: 
· Beam indication (e.g., CRI)
· L1-RSRP
· FFS: L1-SINR or other reporting contents if necessary enhancement is identified. 
· Note: This does not preclude performing beam maintenance without any beam reporting
Agreement
The container(s) of sidelink beam reporting for beam maintenance is at least selected from the following options:
· Option 1: SL PHY layer signal (e.g., PSFCH, SCI)
· Option 2: SL MAC CE
· FFS: PC5-RRC, Signaling over Uu link (e.g., UCI)
Agreement
Consider using sidelink CSI-RS as a starting point for beam maintenance.
· FFS: whether/how to enhance existing aperiodic and non-standalone SL CSI-RS
· FFS: periodic and/or semi-persistent SL CSI-RS transmissions 
· FFS: standalone SL CSI-RS transmissions
· Note: standalone SL CSI-RS transmission means at least no accompanying sidelink data (SL MAC SDU) transmissions in the same slot. FFS: accompanying SCI(s) or SL MAC CE transmissions or PSFCH.
· FFS: one or multiple SL CSI-RS transmissions within one slot
· FFS: SL CSI-RS transmissions with or without repetition on transmit beams


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.  
If CSI-RS is to be used for beam maintenance, the following enhancements can be considered: 
· SL CSI-RS transmission not accompanied by sidelink data transmission. 
· SL CSI-RS including beam related information. 
· Periodic SL CSI-RS transmission (at least in the procedure of initial beam pairing before unicast link establishment). 
It is also preferable to introduce multiple set of sidelink CSI-RS resources within one slot. For CSI-RS resources, two symbols of PSSCH can be occupied as CSI-RS dedicated resources, as shown in Figure 1, i.e, CSI-RS occupies two 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.
[image: ]
Figure 1 Two symbols of PSSCH can be occupied as CSI-RS dedicated resources
Proposal 6: CSI-RS can be used as a starting point to achieve beam maintenance. If CSI-RS is to be used for beam maintenance, the following enhancements can be considered.
· SL CSI-RS transmission not accompanied with sidelink data transmission.
· SL CSI-RS including beam related information.
· Periodic SL CSI-RS transmission (at least in the procedure of initial beam pairing before unicast link establishment).
· It is preferred to introduce multiple set of SL CSI-RS resources within one slot.
· SL CSI-RS occupies the time domain resources of PSSCH.
After receiving CSI-RS, the receiver feeds back in the PSFCH channel, when the feedback is in the ACK state, it indicates that the current beam selected between UE1 and UE2 is stable; otherwise, the beam measurement and reporting need to be carried out again and a new beam is replaced for communication. It is also possible to consider adding the CSI-RS measurement results to the PSFCH feedback information, UE will perform beam switching when the measurement index is below a preconfigured threshold. 
During the procedures of initial beam-pairing and beam maintenance, the sidelink beam measurement report should be report to Tx UE for selection of initial transmission beam and construction of candidate beam set. In NR Uu, the initial transmission beam is selected and implicitly reported by PRACH resource. And the measurement for beam maintenance is reported by CSI feedback. In NR sidelink, since there is no PRACH channel, it would be better to use the same measurement report framework for both procedures, e.g. sidelink CSI report framework.  
During beam measurement, although the UE needs to monitor and estimate the channel quality of MN beam pairs, it is not necessary to report the channel quality of all beam pairs to the base station, only the best L beam pairs need to be selected for reporting (1≤L≤M). Non-periodic reporting can be used to reduce reporting overhead in cases where beam coverage is small and the number of beams to be selected is large. In cases where beam coverage is large and the number of beams to be selected is small, periodic reporting can be used to improve accuracy.
Regarding to the measurement metrics for beam measurement, similar as NR Uu, L1-RSRP can be used, and CRI, SINR, and other candidate reporting parameters can also be considered. We support three options as the containers of sidelink beam reporting for beam maintenance: SL PHY layer signal (e.g., PSFCH, SCI), SL MAC CE and Signaling over Uu link (e.g., UCI). Among them, Option 3 mainly considers mode 1 scenario, where the Uu link can be used for beam reporting and beam maintenance when the gNB directs the UE for beam management.
Proposal 7: Sidelink CSI feedback framework can be used as starting point for sidelink beam measurement report. Beam indication (e.g., CRI), L1-RSRP, L1-SINR can be considered for the candidate reporting parameter.
Proposal 8: The container(s) of sidelink beam reporting for beam maintenance can beselected from the following options:
· Option 1: SL PHY layer signal (e.g., PSFCH, SCI)
· Option 2: SL MAC CE
· Option 3: Signaling over Uu link (e.g., UCI)
Sidelink beam indication
In RAN1#112, the following agreement on sidelink beam indication and switching schemes for sidelink beam maintenance was made:
	Agreement
RAN1 is to study sidelink beam indication and switching schemes (e.g., framework, general procedure, contents, signaling, timing, etc.) for sidelink beam maintenance.


When the UE of the sender transmits data in the mode of beam forming, there’s a need to indicate the specific downstream analog transmitted beam selected by the UE of the receiver. After receiving the instruction, 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 transmit beam could be indicated by a TCI state, assuming the QCL relationship between PSCCH/PSSCH transmission and a sidelink reference signal resource. The PSCCH/PSSCH receive beam is the same as the receive beam corresponding to the indicated 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. 
The Indicating mode of the transmitted beam can be dynamic or semi-static, depending on the duration of the indicated beam, the speed of switching, and the cost of the indicating information.
Proposal 9: Similar to legacy NR operation, SL_TCI can be introduced for beam indication.
Proposal 10: SL TCI ID, SL CSI-RS resource and QCL type should be included in the SL TCI state configuration. 
Proposal 11: Legacy NR beam indication mechanism should be used as a starting point for sidelink beam indication. The indication of the transmitted beam can be dynamic or semi-static, depending on the duration of the indicated beam, the speed of switching, and the cost of the indicating information.
Sidelink beam failure recovery
[bookmark: _Ref36559580]The following agreements about Sidelink beam failure recovery were made in RAN1#112bis-e meeting.
	Agreement
RAN1 is to study sidelink Beam Failure Recovery (BFR) mechanism at least for the scheme where SL BFI is triggered based on the measurement of reference signal for BFD (if supported), including
· candidate beam(s) identification
· FFS details on reference signals for candidate beam identification, including structure, procedure, timing.
· sidelink BFR request (BFRQ), including resources, transmit and/or receive beams, container, timing, etc. 
· sidelink BFR response (BFRR), including container, procedure, timing, etc.
· FFS applicability to the scheme where SL BFI is triggered based on SL HARQ feedback (if supported).


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.
Proposal 12:  Sidelink BFR process should contain the following four steps: 
1) Beam-failure detection 
2) Candidate-beam identification 
3) Recovery-request transmission 
4) Response to the beam-recovery request.
Proposal 13: Further study the following information that PHY layer provides to the MAC layer during BFR procedure
· BFRQ configuration, generation and transmission
· BFRR configuration, generation and transmission, including new beam determination and indication
In the standardization process of NR, RAN1 has studied how to apply BLER and L1-RSRP in the evaluation of channel quality.
The BLER parameter works as follows: UE measures the reference signal quality of the corresponding beam and deduces the BLER from the measured SINR. If the BLER is above a set threshold, the beam is considered invalid. The disadvantage of the BLER measurement is that it is relatively complex.
Beam failure events based on L1-RSRP parameters are defined as follows: If the UE detects that the measured value of L1-RSRP of M beams is lower than the set threshold, the beam failure is considered. The disadvantage of using L1-RSRP is that this parameter may not accurately reflect the channel performance, because the channel performance is determined by SINR. When a beam receives a lot of interference, L1-RSRP still has a high measurement result. The advantage of L1-RSRP is its low complexity.
Proposal 14:  Both HARQ feedback’s BLER and reference signal’s L1-RSRP measurement can be considered as candidate criteria for beam failure.
The configuration of the reference signal set for beam failure measurement can be either explicitly configured by signaling or implicitly configured by the beam configuration of the control channel.
For explicit configuration, the sender configures a reference signal set for measuring beam quality to the UE through signaling, including reference signal type (SSB or CSI-RS, etc.), transmit power, resource indication, etc. For the implied indication mode, the set of reference signals used to measure beam quality can be derived from the TCI of the corresponding CORESET.
Proposal 15:  Beam failure instance occurs when BLER is above a certain threshold (for example, 10%), or when multiple reference signal’s L1-RSRP measured by UE are all below a certain threshold.
Proposal 16:  The configuration of the reference signal set for beam failure measurement can be either explicitly indicated or implicitly configured by the beam configuration of the control channel
Sidelink beam correspondence and PSFCH beams
The following agreements about Sidelink beam correspondence and PSFCH beams were made in RAN1#112bis-e meeting.
	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 this section, some contributionfocus on the simple case of determining PSFCH transmit and receive beam for a single sidelink unicast session. The first option makes use of sidelink beam correspondence. Specifically, PSFCH transmit beam is the corresponding PSCCH/PSSCH receive beam, and PSFCH receive beam is the corresponding PSCCH/PSSCH transmit beam. The second option does not rely on sidelink beam correspondence. Instead, it relies on the beam training in the reserve data transmission. Specifically, PSFCH transmit beam is the PSCCH/PSSCH transmit beam for the reverse data transmission, and PSFCH receive beam is the PSCCH/PSSCH receive beam for the reverse data transmission.
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.
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Proposal 17: Both option 1 and option 2 below are acceptable, and the specific choice depends on the UE implementation.
· Option 1: PSFCH transmit beam is derived from the corresponding PSCCH/PSSCH receive beam; PSFCH receive beam is derived from the corresponding PSCCH/PSSCH transmit beam.
· Option 2: PSFCH transmit beam is derived from the PSCCH/PSSCH transmit beam for reverse data transmission; PSFCH receive beam is derived from the PSCCH/PSSCH receive beam for reverse data transmission.  
Conclusion
This contribution includes our considerations on sidelink beam management, based on discussions above, we have following proposals:
Proposal 1: 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 2: CSI-RS could be used in the initial beam pairing procedure after sidelink unicast link establishment procedure. The beam management information such as beam ID and UE ID can be carried by CSI-RS.
Proposal 3: Omnidirectional beams can be used for unicast link establishment (before initial beam pairing).
Proposal 4: The prior information for initial beam pairing (after sidelink unicast link establishment) comes from the PC5-RRC connection, and the prior information for beam maintenance comes from the previous beam. Sidelink beam maintenance procedure is performed after PC5-RRC connection establishment and initial beam pairing. RAN1 should study the conditions to trigger beam maintenance.
Proposal 5: RAN1 needs to be studied how to address the half duplex issue due to TX/RX transmission conflict and multiple beams in SL FR2.
Proposal 6: CSI-RS can be used as a starting point to achieve beam maintenance. If CSI-RS is to be used for beam maintenance, the following enhancements can be considered.
· SL CSI-RS transmission not accompanied with sidelink data transmission.
· SL CSI-RS including beam related information.
· Periodic SL CSI-RS transmission (at least in the procedure of initial beam pairing before unicast link establishment).
· It is preferred to introduce multiple set of SL CSI-RS resources within one slot.
· SL CSI-RS occupies the time domain resources of PSSCH.
Proposal 7: Sidelink CSI feedback framework can be used as starting point for sidelink beam measurement report. Beam indication (e.g., CRI), L1-RSRP, L1-SINR can be considered for the candidate reporting parameter.
Proposal 8: The container(s) of sidelink beam reporting for beam maintenance is at least selected from the following options:
· Option 1: SL PHY layer signal (e.g., PSFCH, SCI)
· Option 2: SL MAC CE
· Option 3: Signaling over Uu link (e.g., UCI)
Proposal 9: Similar to legacy NR operation, SL_TCI can be introduced for beam indication.
Proposal 10: SL TCI ID, SL CSI-RS resource and QCL type should be included in the SL TCI state configuration. 
Proposal 11: Legacy NR beam indication mechanism should be used as a starting point for sidelink beam indication. The indication of the transmitted beam can be dynamic or semi-static, depending on the duration of the indicated beam, the speed of switching, and the cost of the indicating information.
Proposal 12:  Sidelink BFR process should contain the following four steps: 
1) Beam-failure detection 
2) Candidate-beam identification 
3) Recovery-request transmission 
4) Response to the beam-recovery request.
Proposal 13: Further study the following information that PHY layer provides to the MAC layer during BFR procedure
· BFRQ configuration, generation and transmission
· BFRR configuration, generation and transmission, including new beam determination and indication
Proposal 14:  Both HARQ feedback’s BLER and reference signal’s L1-RSRP measurement can be considered as candidate criteria for beam failure.
Proposal 15:  Beam failure instance occurs when BLER is above a certain threshold (for example, 10%), or when multiple reference signal’s L1-RSRP measured by UE are all below a certain threshold.
Proposal 16:  The configuration of the reference signal set for beam failure measurement can be either explicitly indicated or implicitly configured by the beam configuration of the control channel
Proposal 17: Both option 1 and option 2 are acceptable, and the specific choice depends on the UE implementation.
· Option 1: PSFCH transmit beam is derived from the corresponding PSCCH/PSSCH receive beam; PSFCH receive beam is derived from the corresponding PSCCH/PSSCH transmit beam.
· Option 2: PSFCH transmit beam is derived from the PSCCH/PSSCH transmit beam for reverse data transmission; PSFCH receive beam is derived from the PSCCH/PSSCH receive beam for reverse data transmission.  
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