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Introduction
The Release 18 NR NTN enhancement work item was approved in RAN #94e meeting [1] and updated in RAN #98e meeting [2].

There is an objective of enhanced sidelink operation on FR2 licensed spectrum. The evaluation methodology for commercial deployment scenario was updated in the last quarter of 2022. Due to the limitation on NR sidelink work scope, it was agreed in RAN #98e meeting that only the study phase of this objective will be conducted in Release 18. 

	3. [bookmark: _Hlk89917254]Study enhanced sidelink operation on FR2 licensed spectrum [RAN1, RAN2]
· [bookmark: _Hlk89917271]Focus only on updating the evaluation methodology for commercial deployment scenario in 4Q 2022. [RAN1]
· [bookmark: _Hlk89917283]Study is limited to the support of sidelink beam management (including initial beam-pairing, beam maintenance, and beam failure recovery, etc) by reusing existing sidelink CSI framework and reusing Uu beam management concepts wherever possible. [RAN1, RAN2]
· [bookmark: _Hlk89917309]Beam management in FR2 licensed spectrum considers sidelink unicast communication only.



In this contribution, we provide our views on enhanced sidelink operation on FR2 licensed spectrum. 
Discussion
Background
In Release 16 NR sidelink, the design started with frequencies in FR1, and NR sidelink in FR2 was supported by applying the design for FR1 and PT-RS to the numerologies agreed for FR2. In other words, except PT-RS, the FR2 specific optimizations (e.g., beam management) were not considered. 

In Release 18 NR sidelink evolution, key requirements to support commercial sidelink application include increased sidelink data rate and new carrier frequencies for sidelink. Both requirements can be achieved by extending sidelink operations on FR2 licensed spectrum. Hence, the study of enhanced sidelink operation on FR2 licensed spectrum is one of the objectives in Release 18 NR sidelink evolution. 

The evaluation methodology for commercial deployment scenario for sidelink operation on FR2 licensed spectrum has been updated [3], [4]. Due to scope and time limitation, the detailed work of sidelink beam management is limited to sidelink unicast communication only. The overall principle is to reuse existing sidelink CSI framework and reuse Uu beam management concepts wherever possible. 

Sidelink CSI framework

In Release 16 NR sidelink, the sidelink CSI acquisition procedure for unicast was introduced. Specifically, the sidelink CSI-RS is confined in PSSCH and there is no standalone sidelink CSI-RS transmission. The SCI, associated with PSSCH containing sidelink CSI-RS, triggers CSI reporting. The sidelink CSI reporting includes only CQI and RI, which are carried in MAC CE. Furthermore, the sidelink CSI reporting window is defined to avoid multiple CSI reporting triggers. 

Uu beam management and beam failure recovery

In NR Uu link, the general downlink beam management procedure is that gNB sends downlink reference signals (e.g., SSB, CSI-RS), which are based on transmission configuration indicator (TCI) states. The transmission of SSB is periodic, while the transmission of CSI-RS could be in periodic, semi-persistence or aperiodic manners. 

In initial access, a UE first measures the RSRP of SSB and determines a proper downlink beam. It selects the associated RACH occasion for PRACH transmission, which indicates to gNB the proper downlink beam. In RRC connected state, a UE performs the beam measurement and reports the beam measurement to gNB. Subsequently, gNB indicates a TCI state to UE.

In NR Uu link, the beam failure recovery mechanism was developed. Specifically, a UE, upon detecting a beam failure on primary carrier, transmits beam failure recovery request via PRACH to gNB to indicate the beam failure and provide a new beam index. Then, the UE monitors beam failure recovery response via PDCCH in a configured search space set. 

In the following discussions of sidelink beam management, a UE which makes the sidelink data transmission is called transmitter UE, and a UE which makes the sidelink data reception is called receiver UE. Following the principle of Uu beam management, a transmitter UE sends sidelink reference signals and a receiver UE makes the sidelink beam measurement based on the sidelink reference signals. 

In NR Uu link, network side panels are generally mounted at a fixed location and do not have movement and rotation. This results in stable beams (either transmit beams or receive beams) at network side. Hence, the Uu link beam management framework e.g., TCI state indication, are designed accordingly. 

In NR sidelink, either transmitter UE or receiver UE can rotate. This implies the direct usage of Uu link beam management framework may be infeasible. We need to examine how to reuse the existing Uu beam management framework with the consideration of rotation at transmitter UE and receiver UE.

Proposal 1: RAN1 to study how to reuse the existing Uu beam management framework with the consideration of rotation at transmitter UE and receiver UE.


Initial beam pairing
Triggering of initial beam pairing procedure
In NR Uu link, for initial beam pairing, a UE first monitors multiple SSBs which correspond to different beam directions. UE selects a SSB with strongest RSRP measurement and then sends PRACH in a RACH occasion corresponding to the selected SSB. Through this way, gNB knows which beam direction to serve this UE. 

This Uu link initial beam pairing mechanism is not applicable to sidelink. There is no central controller in sidelink. In NR sidelink, not every UE needs to transmit or receive sidelink SSB (S-SSB). For example, a UE may use GNSS or gNB as synchronization reference and does not transmit or receive S-SSB. On the other hand, it is likely that multiple UEs send S-SSB. Since the legacy S-SSB only includes the SSID but does not include UE ID, the S-SSB sending UE cannot be identified. 

Proposal 2: RAN1 to examine whether and how S-SSB based initial beam pairing procedure is used. 

In NR sidelink, we assume a pair of UEs initially communicates with each other and sets up a unicast session. In one option, a transmitter UE decides to trigger initial beam pairing procedure, probably depending on HARQ-ACK feedback of its sidelink data transmission to the receiver UE. For example, when a transmitter UE receives several NACKs for its sidelink data transmission, it decides to trigger the initial beam pairing procedure. 

In the other option, a receiver UE decides to trigger initial beam pairing procedure, probably depending on the RSRP measurement of the PSSCH DMRS or PSCCH DMRS. For example, when a receiver UE’s measured RSRP of sidelink data transmission is below a threshold, it decides to trigger the initial beam pairing procedure. 

Proposal 3: RAN1 to examine the triggering of initial beam pairing procedure.

Beam measurement
In NR Uu link, both SSB and CSI-RS are used as reference signal for beam measurement. Both S-SSB and sidelink CSI-RS are already defined in NR sidelink. However, as discussed above, the S-SSB does not include transmitter UE’s ID, which makes it hard for a receiver UE to identify the UE which sends S-SSB. Overall, S-SSB could be used for sidelink beam measurement purpose only if transmitter UE’s ID is embedded in the S-SSB. Hence, the usage of S-SSB as reference signal for sidelink beam measurement has significant specification impact.

On the other hand, the existing sidelink CSI-RS is confined in unicast PSSCH transmission. Since the objective of sidelink beam management in FR2 licensed spectrum is restricted to sidelink unicast only, the existing sidelink CSI-RS can fit the scope of this object. Hence, we think at least sidelink CSI-RS should be used as reference signal for sidelink beam measurement. 

Proposal 4: RAN1 to at least support sidelink CSI-RS as reference signal for sidelink beam measurement.

In Release 16 NR sidelink, the sidelink CSI-RS is confined in PSSCH and there is no standalone sidelink CSI-RS transmission. Similarly, we think sidelink CSI-RS for beam measurement is also confined in a PSSCH transmission. To support potentially different beam directions of sidelink CSI-RS and PSSCH, sidelink CSI-RS and PSSCH could occupy different OFDM symbols in a slot. Also, to support receive beam refinement (like P3 procedure in Uu link), multiple OFDM symbols could be allocated to sidelink CSI-RS. 

Proposal 5: Sidelink CSI-RS for beam measurement is confined in a PSSCH transmission.

In Release 16 NR sidelink, the existence of sidelink CSI-RS in a PSSCH transmission is indicated in SCI stage 2. Specifically, SCI format 2-A (as well as format 2-C) has a single-bit field of “CSI request” to indicate the existence of sidelink CSI-RS and simultaneously triggers aperiodic sidelink CSI reporting. 

Similarly, in Release 18 NR sidelink for FR2 operation, the existence of sidelink CSI-RS in a PSSCH transmission should be indicated. Here, we could further study if the existing field of “CSI request” is re-usable for sidelink beam measurement, or a new field related to sidelink beam measurement is introduced. 

Proposal 6: The existence of sidelink CSI-RS for beam measurement in a PSSCH transmission is indicated.

Beam reporting or indication 
In Release 16 NR sidelink, the sidelink CSI reporting is triggered by the field of “CSI request” in SCI format 2-A. In other words, each sidelink CSI-RS transmission triggers a sidelink CSI reporting. 

Like sidelink CSI reporting, for sidelink beam reporting, a receiver UE could report a sidelink beam measurement (e.g., RSRP) after each sidelink CSI-RS reception. In the whole sidelink beam pairing procedure, multiple sidelink beams need to be measured and reported. Hence, this sidelink beam reporting per sidelink CSI-RS reception is not efficient. 

Alternatively, like downlink beam reporting, a receiver UE makes a single sidelink beam reporting after receiving all sidelink CSI-RS for beam measurements. This approach is more efficient in terms of sidelink resources and has a smaller latency. In this approach, not every sidelink CSI-RS transmission implies the triggering of sidelink beam reporting. Hence, the existence of sidelink CSI-RS in a PSSCH transmission and the triggering of sidelink reporting should be indicated separately. 

Proposal 7: The triggering of sidelink beam reporting is separately indicated from the indication of the existence of sidelink CSI-RS in a PSSCH transmission. 

In case a receiver UE makes a single sidelink beam reporting after receiving all sidelink CSI-RS for beam measurements, the contents of sidelink beam reporting could be the RSRP measurements of some or all sidelink transmit beams. For example, a receiver UE could report the RSRP measurements of the sidelink transmit beams whose RSRP measurements are larger than a threshold. In this way, a transmitter UE selects a transmit beam based on sidelink beam reporting. Subsequently, the transmitter UE indicates its selected transmit beam to the receiver UE.

Alternatively, the contents of sidelink beam reporting could be simply the ID of the transmit beam with the strongest measured RSRP. Here, the transmit beam ID refers to sidelink CSI RS resource ID or S-SSB ID if supported. In this way, a receiver UE makes the sidelink beam selection, based on its own sidelink beam measurements. 

Proposal 8: Further study the contents of sidelink beam reporting (e.g., RSRP measurements of some or all sidelink transmit beams, or a single sidelink transmit beam ID, e.g., SL CSI-RS resource ID or S-SSB ID).

In Release 16 NR sidelink, the sidelink CSI report is carried by a MAC CE. This avoids the design of a new SCI format. Similarly, the sidelink beam reporting could be carried by MAC CE. The payload of sidelink beam reporting could be a few bits. For example, each RSRP measurement report is of 7 bits. The sidelink transmit beam ID could be a few bits, depending on the total number of supported beams. 

Proposal 9: The sidelink beam reporting is carried by MAC CE.

In Release 16 NR sidelink, the sidelink CSI report needs to occur within a latency bound. This latency bound ensures a prompt sidelink CSI feedback which reflects the immediate channel condition. Similarly, the sidelink beam measurement needs to be reported within a short time duration, since otherwise, the channel condition may already change. Hence, it is beneficial to limit the time gap between the triggering of sidelink beam reporting and the actual sidelink beam reporting. If the sidelink beam reporting is not received by a transmitter UE within a latency bound, then the initial beam pairing procedure is considered as failed. 

Proposal 10: The time gap between the triggering of sidelink beam reporting and the transmission of sidelink beam reporting is upper bounded.

In the above discussions, in one option, a receiver UE makes transmit beam selection and reports it to a transmitter UE. In the other option, a transmitter UE makes transmit beam selection based on the reported sidelink RSRP measurements, and then indicates its selected transmit beam to the receiver UE. The transmitter UE can also determine transmit beam based on its receive beam in case of beam correspondence. In either way, the selection of sidelink beam pair is based on the measured RSRP. Specifically, the selected sidelink beam pair has the strongest RSRP measurement. 

Proposal 11: The selected sidelink beam pair has the strongest RSRP measurement.

In case where a transmitter UE makes sidelink beam selection based on the reported sidelink RSRP measurements, the transmitter UE needs to indicate its selected transmit beam to a receiver UE so that the associated receive beam is applied at the receiver UE accordingly. This beam indication includes a transmit beam ID, which is carried by MAC CE. 

Proposal 12: In case where a transmitter UE makes sidelink beam selection, it indicates the selected transmit beam ID to a receiver UE via MAC CE. 

New beam activation
In the case where a receiver UE makes the sidelink beam pair selection, the sidelink beam reporting indicates the selected sidelink transmit beam ID. Both transmitter UE and receiver UE need to synchronize on the timing of applying the selected sidelink beam pair. Since the sidelink beam reporting is sent via MAC CE over PSSCH, the ACK for sidelink beam reporting could be used as a reference time to determine the activation timing of selected beam pair. Specifically, both transmitter UE and receiver UE start to apply the selected beam pair a certain time after the ACK for sidelink beam reporting.

In the case where a transmitter UE makes the sidelink beam pair selection, the sidelink beam indication includes the selected sidelink transmit beam ID. Upon receiving this sidelink beam indication, a receiver UE knows its associated sidelink receive beam. Both transmitter UE and receiver UE need to synchronize on the timing of applying the selected beam pair. Since the sidelink beam indication is sent via MAC CE over PSSCH, the ACK for sidelink beam indication could be used as a reference time to determine the activation timing of selected beam pair. Specifically, both transmitter UE and receiver UE start to apply the selected beam pair a certain time after the ACK for sidelink beam indication. 

Proposal 13: The ACK for sidelink beam reporting or the ACK for sidelink beam indication serves as a reference time to determine the activation timing of selected beam pair. 

Beam maintenance
Beam measurement
After a beam pair has been initially set up between transmitter UE and receiver UE, the serving beam pair needs to be maintained. During the beam maintenance procedure, the current serving beam pair as well as other beam pairs needs to be measured. In case the condition of beam switching is met, the current serving beam pair will be replaced by a new beam pair. 

To facilitate the measurement of current serving beam pair and candidate beam pairs, the sidelink CSI-RS needs to be sent from transmitter UE to receiver UE. The transmissions of sidelink CSI-RS for beam maintenance could be periodic or aperiodic.

For periodic sidelink CSI-RS transmission for beam maintenance, a transmitter UE sends sidelink CSI-RS in a periodic manner. For aperiodic sidelink CSI-RS transmission for beam maintenance, a transmitter UE could send sidelink CSI-RS to a receiver UE based on certain triggering conditions. 

In one example, a transmitter UE decides to trigger aperiodic sidelink CSI-RS transmission for beam maintenance if it receives several NACKs for its sidelink data transmission. 

In NR downlink beam measurement, the gNB is assumed to be fixed and does not rotate. Hence, the CSI-RS ports are static. This assumption may not hold in sidelink. A transmitter UE may rotate, which affects the existing beam pair. Hence, a transmitter UE may decide to trigger aperiodic sidelink CSI-RS transmission for beam maintenance, if it detects self-rotation. 

In another example, a transmitter UE decides to trigger aperiodic sidelink CSI-RS transmission for beam maintenance, if it receives a beam maintenance request from a receiver UE. A receiver UE may send a beam maintenance request based on its RSRP measurement of the current serving beam pair. 

Proposal 14: Consider both periodic and aperiodic sidelink CSI-RS transmission for beam maintenance. 

Proposal 15: Study the triggering conditions of aperiodic sidelink CSI-RS transmissions for beam maintenance. 

Beam switching indication or beam reporting
Upon the reception of sidelink CSI-RS for beam maintenance, a receiver UE measures the RSRP of both current serving beam pair and other candidate beam pairs. Depending on the RSRP measurement, a receiver UE decides whether beam switching is needed. 

Here, the beam switching criteria may be defined as a part of receiver UE behavior. For example, if the measured RSRP of the current serving beam pair is below a threshold and the measured RSRP of a candidate beam pair is above another threshold, then the receiver UE decides to switch the current serving beam pair. In another example, if the measured RSRP of a candidate beam pair is an offset above the measured RSRP of the current serving beam pair, then the receiver UE decides to switch the current serving beam pair. 

Proposal 16: Examine whether and how to define the criteria of beam switching.

When a receiver UE decides to switch the current serving transmit beam, it needs to notify a transmitter UE about the serving transmit beam change. In this case, the receiver UE could send the sidelink beam switching indication to the transmitter UE. The contents of the sidelink beam switching indication at least includes the new transmit beam ID which the transmitter UE needs to apply. This sidelink beam switching indication could be carried by MAC CE, in a same way as the beam reporting/indication in the initial beam pairing procedure. 

Proposal 17: A receiver UE sends a sidelink beam switching indication to transmitter UE to indicate the switch of the current serving transmit beam.

Proposal 18: The sidelink beam switching indication is carried by MAC CE.

In the above discussions, the decision of sidelink beam switching is made at the receiver UE, and this decision is notified to the transmitter UE. On the other hand, it is possible that the decision of sidelink beam switching is made at the transmitter UE. In this case, the receiver UE simply reports its RSRP measurements to the transmitter UE. After the transmitter UE receives the beam reporting, it could determine the beam switching based on certain defined criteria. Then, the transmitter UE sends the beam switching indication to the receiver UE. 

Proposal 19: Consider a transmitter UE makes the sidelink beam switching decision based on the sidelink beam reporting from a receiver UE. Subsequently, the transmitter UE sends the sidelink beam switching indication to the receiver UE. 

New beam activation
No matter whether a receiver UE makes the sidelink beam switching decision or a transmitter UE makes the sidelink beam switching decision, the new sidelink beam pair will be notified to the pair UE. Both transmitter UE and receiver UE need to synchronize on the timing of applying the new sidelink beam pair. Since the sidelink beam switching indication is sent via MAC CE over PSSCH, the ACK for the sidelink beam switching indication could be used as a reference time to determine the activation timing of beam switching. Specifically, both transmitter UE and receiver UE start to apply the new beam pair a certain time after the ACK for sidelink beam switching indication.

Proposal 20: The ACK for sidelink beam switching indication serves as a reference time to determine the activation timing of beam switching. 

Beam failure recovery
Beam failure detection
Suppose a pair of UEs sets up and maintains a beam pair for their data transmission. It is possible that this beam pair could be dynamically blocked by an obstacle. In this case, the current serving beam experiences a sudden significant performance degradation, and it may no longer function. This will trigger the sidelink beam failure recovery procedure.

Here, the sidelink beam failure needs to be firstly detected. For example, if a receiver UE detects that the RSRP measurements of current serving beam is continuously below a threshold for several times within a time duration, then it considers the sidelink beam failure occurs. Overall, the sidelink beam failure detection criteria needs to be defined.

Proposal 21: The sidelink beam failure detection criteria is to be defined. 

Beam failure recovery request 
Once the sidelink failure is detected by a receiver UE, it tries to notify a transmitter UE to switch to a new beam pair. For that purpose, a receiver UE will send a sidelink beam failure recovery request (BFRQ) to a transmitter UE. 

Proposal 22: Once the sidelink beam failure is detected, a receiver UE sends sidelink beam failure recovery request (BFRQ) to a transmitter UE.  

The sidelink BFRQ contains a new candidate transmit beam ID. This new candidate beam may be identified during beam maintenance procedure. Like the beam indication in the initial beam pairing procedure or the beam switching indication in the beam maintenance procedure, the sidelink BFRQ includes a new transmit beam ID, which is carried by MAC CE. 

Proposal 23: The sidelink BFRQ includes a new transmit beam ID, which is carried by MAC CE.

Unlike in the beam maintenance procedure, the current serving beam experiences poor quality during the beam failure recovery procedure. The beam of transmitting sidelink BFRQ needs to be examined. 

The sidelink beam failure event likely occurs in both communication directions, e.g., in the case of dynamic blocking. When the current serving beam pair from transmitter UE to receiver UE fails, the current serving beam pair from receiver UE to transmitter UE most likely fails as well. To ensure the sidelink BFRQ can be successfully delivered, a receiver UE may use omni-directional beam, or make multiple transmissions via different beams, or use the beam corresponding to the identified new receive beam.

Proposal 24: Study the beam of transmitting sidelink BFRQ.

When a transmitter UE receives sidelink BFRQ, it sends ACK to indicate the successful reception of sidelink BFRQ as well as the application of the new transmit beam ID indicated in sidelink BFRQ. Alternatively, like in Uu link, a transmitter UE will send sidelink beam failure recovery response (BFRR) to a receiver UE. The sidelink BFRR has the contents of a new transmit beam ID.

Proposal 25: Consider a receiver UE indicates the detection of sidelink beam failure in BFRQ, and a transmitter UE sends the sidelink beam failure recovery response (BFRR) with the contents of a new transmit beam ID.

Beam failure recovery via gNB
To ensure the successful delivery of sidelink BFRQ, it is beneficial that gNB helps in relaying the sidelink BFRQ information in case both transmitter UE and receiver UE are in coverage. In this case, the receiver UE sends sidelink BFRQ to gNB, which forwards this information to the transmitter UE. 

Proposal 26: Consider transmitting sidelink BFRQ to gNB in case of both transmitter UE and receiver UE are in coverage.

New beam activation
When a receiver UE sends sidelink BFRQ with a new transmit beam ID to a transmitter UE, it will use the associated new receive beam to receive the corresponding ACK for sidelink BFRQ. The new beam pair is activated immediately after the reception of this ACK. 

In the case where a transmitter UE sends sidelink BFRR following sidelink BFRQ, a receiver UE will use the associated receive beam to receive sidelink BFRR. The new beam pair is activated immediately after the ACK of sidelink BFRR. 

Overall, the ACK for sidelink BFRQ or the ACK for sidelink BFRR serves as reference time to determine the activating timing of beam failure recovery. 

Proposal 27: The ACK for sidelink BFRQ or the ACK for sidelink BFRR serves as a reference time to determine the activating timing of beam failure recovery. 

Radio link failure declaration
It is possible that after transmitting sidelink BFRQ, a receiver UE does not receive ACK or sidelink BFRR from a transmitter UE. In this case, the receiver UE could repeatedly send sidelink BFRQ for a few times. If a certain number of sidelink BFRQs are transmitted without any positive response from the transmitter UE, the sidelink radio link failure (RLF) is declared. 

Proposal 28: The sidelink radio link failure (RLF) is declared when a certain number of BFRQs are transmitted without positive response.

Beam correspondence
In NR Uu link, UE beam correspondence is a mandatory feature for FR2 with the requirements defined in [5]. With beam correspondence for sidelink, the beam pair used for one direction data transmission can be applied for the reverse data transmission without an explicit beam management procedure for the reverse data transmission. This can simplify the design of sidelink beam management. 

Proposal 29: RAN1 to examine the feasibility and application of UE beam correspondence for sidelink beam management.

Conclusion
In this contribution, we provided our views on sidelink operations on FR2 licensed spectrum. Our proposals are as follows:

Proposal 1: RAN1 to study how to reuse the existing Uu beam management framework with the consideration of rotation at transmitter UE and receiver UE.

Proposal 2: RAN1 to examine whether and how S-SSB based initial beam pairing procedure is used. 

Proposal 3: RAN1 to examine the triggering of initial beam pairing procedure.

Proposal 4: RAN1 to at least support sidelink CSI-RS as reference signal for sidelink beam measurement.

Proposal 5: Sidelink CSI-RS for beam measurement is confined in a PSSCH transmission.

Proposal 6: The existence of sidelink CSI-RS for beam measurement in a PSSCH transmission is indicated.

Proposal 7: The triggering of sidelink beam reporting is separately indicated from the indication of the existence of sidelink CSI-RS in a PSSCH transmission. 

Proposal 8: Further study the contents of sidelink beam reporting (e.g., RSRP measurements of some or all sidelink transmit beams, or a single sidelink transmit beam ID, e.g., SL CSI-RS resource ID or S-SSB ID).

Proposal 9: The sidelink beam reporting is carried by MAC CE.

Proposal 10: The time gap between the triggering of sidelink beam reporting and the transmission of sidelink beam reporting is upper bounded.

Proposal 11: The selected sidelink beam pair has the strongest RSRP measurement.

Proposal 12: In case where a transmitter UE makes sidelink beam selection, it indicates the selected transmit beam ID to a receiver UE via MAC CE. 

Proposal 13: The ACK for sidelink beam reporting or the ACK for sidelink beam indication serves as a reference time to determine the activation timing of selected beam pair. 

Proposal 14: Consider both periodic and aperiodic sidelink CSI-RS transmission for beam maintenance. 

Proposal 15: Study the triggering conditions of aperiodic sidelink CSI-RS transmissions for beam maintenance. 

Proposal 16: Examine whether and how to define the criteria of beam switching.

Proposal 17: A receiver UE sends a sidelink beam switching indication to transmitter UE to indicate the switch of the current serving transmit beam.

Proposal 18: The sidelink beam switching indication is carried by MAC CE.

Proposal 19: Consider a transmitter UE makes the sidelink beam switching decision based on the sidelink beam reporting from a receiver UE. Subsequently, the transmitter UE sends the sidelink beam switching indication to the receiver UE. 

Proposal 20: The ACK for sidelink beam switching indication serves as a reference time to determine the activation timing of beam switching. 

Proposal 21: The sidelink beam failure detection criteria is to be defined. 

Proposal 22: Once the sidelink beam failure is detected, a receiver UE sends sidelink beam failure recovery request (BFRQ) to a transmitter UE.  

Proposal 23: The sidelink BFRQ includes a new transmit beam ID, which is carried by MAC CE.

Proposal 24: Study the beam of transmitting sidelink BFRQ.

Proposal 25: Consider a receiver UE only indicates the detection of sidelink beam failure in BFRQ, and a transmitter UE sends the sidelink beam failure recovery response (BFRR) with the contents of a new transmit beam ID.

Proposal 26: Consider transmitting sidelink BFRQ to gNB in case of both transmitter UE and receiver UE are in coverage.

Proposal 27: The ACK for sidelink BFRQ or the ACK for sidelink BFRR serves as a reference time to determine the activating timing of beam failure recovery. 

Proposal 28: The sidelink radio link failure (RLF) is declared when a certain number of BFRQs are transmitted without positive response.

Proposal 29: RAN1 to examine the feasibility and application of UE beam correspondence for sidelink beam management.
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