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Introduction
The Release 18 NR NTN enhancement work item was approved in RAN #94e meeting [1] and updated in RAN #99 meeting [2].

There is an objective of enhanced sidelink operation on FR2 licensed spectrum. Due to the limitation on NR sidelink work scope, only the study phase of this objective will be conducted in Release 18.

In RAN1 #112 meeting [3], [4], the following agreements were made.

Agreement
For sidelink beam management, RAN1 is to study
· how transmit beam(s) training and/or receive beam(s) training is performed
· whether and how spatial related information (e.g., TCI, QCL, beam ID, etc) information could be identified
· the relationship between PC5 unicast link establishment and sidelink initial beam pairing (e.g., whether initial beam pairing procedure starts before, during or after sidelink unicast link establishment procedure.)

Agreement
RAN1 is to study sidelink beam measurement and reporting schemes (e.g., periodicity, contents, container, timing, procedure, etc.) for sidelink beam maintenance.

Agreement
RAN1 is to study sidelink beam indication and switching schemes (e.g., framework, general procedure, contents, signaling, timing, etc.) for sidelink beam maintenance.

Agreement
RAN1 is to study the information related to a sidelink beam failure instance that the PHY layer provides to the MAC layer.

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 sidelink 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. 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 transmit beam. In RRC connected state, a UE performs the beam measurement on CSI-RS 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 measurements based on the sidelink reference signals. 

TCI framework

In NR downlink, the spatial related information is identified by TCI and QCL indication. Specifically, gNB sends downlink reference signals (e.g., SSB, CSI-RS) via different transmit beams, where each transmit beam is associated with a transmission configuration indicator (TCI) state. UE reports to gNB which TCI state works for its downlink reception. From the report, gNB knows which downlink transmit beam works for this UE. It may send PDCCH/PDSCH with the same transmit beam as UE reported for downlink reference signals. Here, the QCL relationship between PDCCH/PDSCH transmission and downlink reference signals is assumed, and hence, the corresponding TCI state of downlink reference signal is indicated for PDCCH/PDSCH transmission. At UE side, the receive beam of PDCCH/PSSCH is the same as the receive beam corresponding to the indicated TCI state of downlink reference signal. 

In NR uplink, the uplink transmit beam can be derived from downlink transmit beam via spatial relationship. In one case, the spatial relation between SRS and downlink reference signals are configured. gNB indicates UE about the PUCCH/PUSCH transmission beam, which is QCL related to a certain SRS transmit beam. At gNB side, the receive beam of PUCCH/PUSCH is the same as the receive beam of the indicated SRS. In another case, gNB indicates UE about the PUCCH/PUSCH receive beam via TCI state. UE’s PUCCH/PUSCH transmit beam is based on the receive beam for the corresponding indicated TCI state. 

In NR sidelink, the spatial related information could be identified via TCI and QCL indication. Here, each sidelink reference signal is configured with a TCI state. Like 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. The PSCCH/PSSCH receive beam is the same as the receive beam corresponding to the indicated TCI state of sidelink reference signal. The PSFCH transmit beam is based on the receive beam for the corresponding indicated TCI state. The PSFCH receive beam is based on the indicated TCI state. 

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
Procedure
It was agreed to study the relationship between PC5 unicast link establishment and sidelink initial beam pairing. Specifically, it is open whether initial beam pairing procedure starts before, during or after sidelink unicast link establishment procedure. 



[bookmark: _Ref130913555]Figure 1: Layer-2 link establishment procedure [5]
Figure 1 shows the layer-2 unicast link establishment procedure. In the procedure, a transmitter UE first transmits Direct Communication Request (DCR) message. This DCR message could be in broadcast or unicast transmission. Here, both transmitter UE and receiver UE know the initial destination layer-2 ID of the DCR message from their application layer. Following the DCR message, receiver UE and transmitter UE establish security and then receiver UE accepts direct communication.
Consider the case where initial beam pairing procedure starts before sidelink unicast link establishment procedure. If the initial destination layer-2 ID is for unicast (i.e., unicast DCR case), then a transmitter UE knows the specific receiver UE to initiate beam pairing procedure. If the initial destination layer-2 ID is for broadcast (i.e., broadcast DCR case), then it is possible that a transmitter UE unnecessarily initiates beam pairing with multiple receiver UEs. Another issue is that in the initial beam pairing procedure, the configuration of beam measurement and reporting for a UE pair is unavailable since the connection between this pair of UEs has not been established. 
The benefit of this case is the initially paired beams are used to enhance the coverage for the unicast link establishment messages, which ensures successful unicast link establishment. Another benefit of this case is that the initial beam pairing procedure is independent of unicast link establishment procedure. This simplifies the design of initial beam pairing procedure and leaves unicast link establishment procedure intact. 
Observation 1: For initial beam pairing procedure starting before sidelink unicast link establishment procedure, 
· benefits include 
· simplified initial beam pairing procedure and intact unicast link establishment procedure
· enhanced coverage for unicast link establishment messages
· potential issues include
· unknown pair UE for initiating beam pairing procedure
· unavailable UE pair specific configuration for initiate beam pairing.

Consider the case where initial beam pairing procedure starts during sidelink unicast link establishment procedure. One possible approach is that a transmitter UE sends DCR message multiple times via different beam directions. A receiver UE uses multiple DCR transmissions for its beam training and sends security establishment message or direct communication accept message with a proper beam. This approach involves the interaction between initial beam pairing procedure which is a PHY layer procedure and sidelink unicast link establishment procedure which is a higher layer procedure. This complicates the design of initial beam pairing procedure and impacts the existing unicast link establishment procedure. Due to large DCR message size, the beam sweeping of DCR message are likely conducted in several slots, which is not efficient. Another issue is that in the initial beam pairing procedure, the configuration of beam measurement and reporting for a UE pair is unavailable since the connection between this pair of UEs has not been established. 
The benefit of this case is sidelink unicast link establishment procedure can be accomplished together with initial beam pairing procedure. 

Observation 2: For initial beam pairing procedure starting during sidelink unicast link establishment procedure,
· benefit is sidelink unicast link establishment procedure can be accomplished together with initial beam pairing procedure
· potential issue includes
· mixture of initial beam pairing procedure (PHY layer) and sidelink unicast link establishment procedure (high layer)
· inefficient beam sweeping of DCR message
· unavailable UE pair specific configuration for initiate beam pairing.

Consider the case where initial beam pairing procedure starts after sidelink unicast link establishment procedure. The potential issue of this case is that the sidelink unicast link establishment procedure may experience coverage shortage because of no initially paired beams. This may prevent successful establishment of sidelink unicast link. 

Assume the pathloss, in terms of carrier frequency, is approximated by . If the carrier frequency for FR2 is 30 GHz and the carrier frequency for FR1 is 6 GHz, then the pathloss difference between FR1 and FR2 is about 14 dB. In addition, FR2 UE implementation uses distributed PA which scales with the antenna elements due to low PA efficiency. If a transmitter UE has 4 antenna elements per polarization, then each antenna element has 6 dB transmit power reduction due to distributed PA. Furthermore, the minimum peak EIRP requirement for power class 3 is about 23 dBm for FR2 operational bands (e.g., Table 6.2.1.3-1 of [6]). An additional 6 dB beamforming loss is expected if omni-directional transmission is applied for a transmitter UE with 4 antenna elements. 

On the other hand, assume the pathloss, in terms of distance, is approximated by . If the operational distance between two UEs is about 50 or 30 meters in FR1, then the corresponding operational distance between two UEs is reduced to 6.8 or 4 meters in FR2 to compensate 14 dB pathloss resulting from carrier frequency difference, 6 dB distributed PA loss, as well as 6 dB antenna beamforming loss.

The benefit of this case is that with the establishment of unicast link, the configuration related to initial beam pairing can be exchanged between a pair of UEs, which simplifies the initial beam pairing procedure. Another benefit of this case is that the initial beam pairing procedure is independent of unicast link establishment procedure. This simplifies the design of initial beam pairing procedure and leaves unicast link establishment procedure intact.
Observation 3: For initial beam pairing procedure starting after sidelink unicast link establishment procedure, 
· benefits include 
· simplified initial beam pairing procedure and intact unicast link establishment procedure
· available UE pair specific configuration for initial beam pairing
· potential issue is the coverage shortage for unicast link establishment messages.

To reduce design complexity, we prefer to consider the cases where initial beam pairing procedure starts before or after sidelink unicast link establishment procedure. If coverage issue is severe and unicast DCR message is to be used, then initial beam pairing procedure starts before sidelink unicast link establishment procedure. Otherwise, initial beam pairing procedure starts after sidelink unicast link establishment procedure. 

Proposal 2: Consider initial beam pairing procedure starts either before or after sidelink unicast link establishment procedure.

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

In NR Uu link, every UE sets up initial beam pairing with a common gNB, based on gNB’s broadcast SSB. The SSB contains both cell ID and beam information. 

In NR sidelink, a UE has initial beam pairing with a pair UE. The reference signal for initial beam pairing should be ideally unicast to avoid the unnecessary reception from irrelevant UEs. Hence, the destination ID associated with the reference signal for initial beam pairing should be indicated.

In NR sidelink, it is possible that multiple UEs transmit reference signal for initial beam paring in the same slot. Hence, the reference signal for initial beam pairing should contain source ID so that a receiver UE can distinguish the proper transmitter UE for beam measurement. 

Furthermore, the beam information associated with the reference signal should be indicated for beam identification. 

Observation 4: For a reference signal used for initial beam pairing, the source ID, destination ID and beam information associated with this reference signal should be indicated.

S-SSB
The existing S-SSB contains the sidelink synchronization signal ID, mainly for synchronization purpose. It does not contain source ID of transmitter UE, destination ID of receiver UE due to its broadcast nature, as well as beam information. 

If S-SSB is to be used as reference signal for initial beam pairing, the source ID, destination ID and beam information associated with S-SSB should be indicated.

Observation 5: If S-SSB is used as reference signal for initial beam pairing, then S-SSB is to be enhanced to indicate source ID, destination ID and beam information associated with S-SSB. 

With the above modifications on S-SSB contents, it is improper that S-SSB for initial beam pairing shares the same resources as legacy S-SSB for synchronization. Furthermore, the legacy dedicated S-SSB slots are not enough to support S-SSB transmissions for initial beam pairing from multiple UE pairs. Hence, the resources of S-SSB for initial beam pairing need to be examined. 

Observation 6: If S-SSB is used as reference signal for initial beam pairing, then the resources for such S-SSB transmission need to be examined.

In Uu link, UE indicates serving SSB by using the RACH occasion associated with the serving SSB. If S-SSB is used as reference signal for initial beam pairing in sidelink, then we need to examine the way of indicating the serving S-SSB. Note in NR sidelink, there is no dedicated RACH resources and hence Uu link’s association between SSB and RACH occasion is not directly appliable to sidelink. 

Overall, we do not think dedicated RACH resources need to be defined for sidelink. Hence, if S-SSB is to be used as reference signal for initial beam pairing, a new beam indication mechanism needs to be examined.

Observation 7: If S-SSB is used as reference signal for initial beam pairing, then a new beam indication mechanism needs to be examined, given that dedicated RACH resources do not exist in sidelink.  

Considering the above restrictions on S-SSB and potential significant specification impact, we do not prefer to use S-SSB as reference signal for initial beam pairing. 

Proposal 3: Do not use S-SSB as reference signal for initial beam pairing.

Sidelink CSI-RS
In Release 16 NR sidelink, the sidelink CSI-RS is used for CSI acquisition. It is confined in PSSCH for unicast transmission only. The SCI stage 2 field of CSI request implicitly indicates the existence of sidelink CSI-RS in a PSSCH. 

Overall, sidelink CSI-RS is used for unicast purpose, and Layer 1 source ID and destination ID associated with sidelink CSI-RS are contained in SCI stage 2, and Layer 2 source ID and destination ID associated with sidelink CSI-RS are contained in the PSSCH containing sidelink CSI-RS. 

To enable the usage of sidelink CSI-RS for initial beam pairing, we need to indicate the beam information associated with sidelink CSI-RS. This involves the configuration of sidelink CSI-RS resources, which could be achieved by resource pool (pre-)configuration or PC5 RRC based configuration (at least for the case where initial beam pairing procedure starts after sidelink unicast establishment procedure). 

Observation 8: If sidelink CSI-RS is used as reference signal for initial beam pairing, then beam information associated with sidelink CSI-RS needs to be indicated.

In Release 16 NR sidelink, the sidelink CSI-RS is accompanied with sidelink data transmission. The sidelink CSI-RS transmission does not occur without sidelink data transmission. However, during initial beam pairing procedure, it is likely no sidelink data need to be transmitted, or otherwise, sidelink data transmission may experience coverage shortage. Hence, the existing sidelink CSI-RS needs to be modified so that it is not associated with sidelink data transmission.

Furthermore, the existing sidelink CSI-RS occupies a single symbol in a slot, which implies a single beam training in a slot. It is worth to explore fast beam sweep mechanism for initial beam pairing. 

Observation 9: If sidelink CSI-RS is used as reference signal for initial beam pairing, then the association between sidelink CSI-RS and sidelink data transmission needs to be released, and fast beam sweeping mechanism needs to be examined.

Proposal 4: Consider using sidelink CSI-RS as reference signal for initial beam pairing.

PSCCH/PSSCH and corresponding PSFCH
In RAN1 #112 meeting, there is a proposal of not applying additional reference signals for initial beam pairing. Instead, the initial beam pairing is achieved implicitly via PSFCH feedback. Specifically, a transmitter UE sends PSCCH/PSSCH via different beam directions. If a receiver UE decodes PSSCH and sends ACK to a transmitter UE for a certain PSCCH/PSSCH transmission, then the transmitter UE considers the transmit beam for the corresponding PSCCH/PSSCH is good. 

One issue of this approach is that if transmitter UE receives multiple ACKs, it does not know which transmit beam among the several candidate beams achieves the best performance at the receiver UE. Hence, we need to examine how a transmitter UE determines the best transmit beam. 

Observation 10: If PSCCH/PSSCH and corresponding PSFCH are explored for initial beam pairing, then how a transmitter UE determines the best transmit beam needs to be examined. 

In this approach, a transmitter UE sends PSCCH/PSSCH several times via different beam directions. Since each PSCCH/PSSCH transmission takes 1 slot, the beam sweeping with PSCCH/PSSCH transmissions will take multiple slots. Furthermore, the transmitter UE needs to wait for PSFCH reception to select a proper transmit beam. A large time duration is expected for the whole initial beam pairing procedure. 

Observation 11: If PSCCH/PSSCH and corresponding PSFCH are explored for initial beam pairing, then it needs to examine whether and how to reduce the time duration of initial beam pairing procedure. 

Based on the above considerations, we think RAN1 could further check whether initial beam pairing can be achieved via PSCCH/PSSCH beam sweeping with corresponding sidelink ACK feedback. 

Proposal 5: RAN1 to further check whether initial beam pairing can be achieved via PSCCH/PSSCH beam sweeping with corresponding sidelink ACK feedback. 

Beam maintenance
In NR Uu link beam management, after initial beam pairing, a UE performs beam maintenance procedure. One outcome of beam maintenance is to refine beams. Specifically, P2 procedure is applied to refine a SSB beam to a narrower beam via CSI-RS, and P3 procedure is used to refine UE’s receive beam for a given transmit beam. Another outcome of beam maintenance is beam switching. If the current serving beam pair experiences poor situation, then gNB and UE could switch the serving beam pair. 

Reference signal
In NR Uu link beam management, CSI-RS is used for beam maintenance. Aperiodic, periodic and semi-persistent CSI-RS resource types are supported in CSI-RS configuration. Each CSI-RS resource is associated with a TCI state, which provides QCL source and QCL type. 

During sidelink beam maintenance procedure, the serving beam pair as well as other candidate beam pairs are 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 serving beam pair and candidate beam pairs, a sidelink reference signal needs to be sent from transmitter UE to receiver UE. Since NR Uu link uses CSI-RS as reference signal for sidelink beam maintenance and NR sidelink already supports sidelink CSI-RS, we think at least sidelink CSI-RS should be considered as reference signal for beam maintenance. 

Proposal 6: Consider using sidelink CSI-RS as reference signal for beam maintenance.

In Release 16 NR sidelink, sidelink CSI-RS is confined in PSSCH. This non-standalone sidelink CSI-RS transmission for beam maintenance has less specification impact. Also, it is simple since there is no extra resource allocation for sidelink CSI-RS transmission. The CSI acquisition (i.e., CQI and RI) is for link adaptation, which is only required when there are sidelink data to transmit. Hence, the joint transmission of sidelink CSI-RS and PSSCH is reasonable. 

On the other hand, a sidelink beam pair may be maintained, independent of the appearance of sidelink data for transmission. The non-standalone sidelink CSI-RS transmission implies that beam maintenance occurs only when there is sidelink data transmission, which may delay the triggering of sidelink beam maintenance. Also, fast sidelink CSI-RS beam sweeping is beneficial for sidelink beam maintenance. If multiple sidelink CSI-RS resources are included in one slot to support fast beam sweeping, then sidelink data transmission is impacted due to increased sidelink CSI-RS overhead.  

Observation 12: For non-standalone sidelink CSI-RS transmission for beam maintenance, 
· benefits include 
· less specification impact 
· no additional sidelink CSI-RS resource allocation
· potential issues include 
· delayed triggering of sidelink beam maintenance
· impact on sidelink data transmission due to increased sidelink CSI-RS overhead for fast beam sweeping.  

The standalone sidelink CSI-RS transmission can be considered for sidelink beam maintenance. The standalone sidelink CSI-RS is transmitted whenever needed, not depending on the existence of sidelink data for transmission. This avoids the delay of triggering sidelink beam maintenance. Also, there is no impact on sidelink data transmission in case containing multiple sidelink CSI-RS resources in a slot to support fast beam sweeping.

On the other hand, the resources for non-standalone CSI-RS transmission need to be determined and the resource allocation mechanism for sidelink CSI-RS transmission needs to be designed. The additional information (e.g., source ID, destination ID) associated with standalone sidelink CSI-RS transmission needs be indicated. 

Observation 13: For standalone sidelink CSI-RS transmission for beam maintenance, 
· benefits include 
· avoiding the delay of triggering sidelink beam maintenance
· no impact on sidelink data transmission due to increased sidelink CSI-RS overhead for fast beam sweeping 
· potential issues include 
· requiring additional resources and resource allocation mechanism
· requiring additional information indication associated with sidelink CSI-RS. 

Based on the above discussions, we think both standalone and non-standalone sidelink CSI-RS transmission can be considered for beam maintenance. 

Proposal 7: Consider both standalone and non-standalone sidelink CSI-RS transmission for beam maintenance.

In NR Uu link, the configuration of CSI resources supports aperiodic, periodic and semi-persistent resource types. In Release 16 NR sidelink, only aperiodic sidelink CSI-RS transmission is supported. 

Periodic sidelink CSI-RS transmission allows receiver UE to prepare the corresponding receive beams for beam measurement, since receiver UE knows which slots are to be used for beam measurement beforehand. Furthermore, periodic sidelink CSI-RS transmission facilitates receiver UE’s frequent sidelink beam failure instance detection. Hence, we think periodic sidelink CSI-RS transmission should be considered. 

Observation 14: The benefits of periodic sidelink CSI-RS transmission include allowing receiver UE to prepare the corresponding receive beams for beam measurement, as well as facilitating receiver UE’s frequent sidelink beam failure instance detection. 

Besides periodic sidelink CSI-RS transmission, we should also consider aperiodic sidelink CSI-RS transmission for beam maintenance. The benefits of aperiodic sidelink CSI-RS transmission include less specification impact, as well as allowing instantaneous beam measurement.

A transmitter UE could send aperiodic 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 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. 

Observation 15: The benefits of aperiodic sidelink CSI-RS transmission include less specification impact, as well as allowing instantaneous beam measurement.

Based on the above discussions, we think both periodic and aperiodic sidelink CSI-RS transmission should be considered for beam maintenance. 

Proposal 8: Consider both periodic and aperiodic sidelink CSI-RS transmission for beam maintenance. 

Beam measurement and reporting
In NR Uu link beam management, with the reception of CSI-RS, a UE makes the beam measurement and beam reporting. The beam measurement includes the measurement of L1-RSRP or L1-SINR. Then the UE makes the beam reporting to gNB. The report quantity includes L1-RSRP of the corresponding CSI-RS resource. The CSI reporting could be in periodic (using PUCCH), aperiodic (using PUSCH) and semi-persistent (using PUCCH or DCI activated PUSCH).

The sidelink CSI reporting is already supported in NR sidelink Release 16. The existing sidelink CSI reporting contains only CQI and RI. The sidelink CSI reporting is aperiodic, which is triggered by the aperiodic sidelink CSI-RS transmission. The sidelink CSI reporting is carried by MAC CE. The sidelink CSI reporting window is defined to avoid overlapped CSI reporting triggers.

It was agreed to study sidelink beam measurement and reporting schemes for sidelink beam maintenance, including procedure, periodicity, contents, container, and timing. 

Regarding the procedure of sidelink beam reporting, there are two alternatives. In one alternative, receiver UE measures sidelink beam strength and reports it to transmitter UE directly. In another alternative, receiver UE measures sidelink beam strength and reports it to gNB. 

The first alternative is a more straightforward approach for sidelink beam reporting and is applicable to both mode 1 and mode 2 resource allocation. Note that for mode 1 resource allocation, it is not precluded that a transmitter UE sends sidelink beam report to gNB after it receives it from receiver UE. The second alternative is applicable only if receiver UE is in coverage and in RRC connected state. The benefit of the second alternative is unclear, considering the direct link between transmitter UE and receiver UE still works in beam maintenance procedure. Hence, we prefer to prioritize the procedure where receiver UE reports sidelink beam measurement to transmitter UE. 

Proposal 9: RAN1 to prioritize the procedure that sidelink beam reporting is from receiver UE to transmitter UE for beam maintenance.

Regarding the periodicity of sidelink beam reporting, we think both periodic sidelink beam reporting and aperiodic sidelink beam reporting should be supported. This is to match periodic sidelink CSI-RS transmission and aperiodic sidelink CSI-RS transmission. Specifically, for periodic sidelink CSI-RS transmission, the corresponding periodic sidelink beam reporting could be applied. For aperiodic sidelink CSI-RS transmission, the aperiodic sidelink beam reporting could be applied. 

Proposal 10: Consider both periodic and aperiodic sidelink beam reporting for beam maintenance. 

Regarding the contents of sidelink beam reporting, if 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 some or all sidelink CSI-RS resource index(s) and their corresponding L1-RSRP measurements. For example, a receiver UE could report the L1-RSRP measurements of the sidelink transmit beams whose L1-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 sidelink CSI-RS resource index of the transmit beam with the strongest L1-RSRP measurement. In this way, a receiver UE effectively makes the sidelink beam selection, based on its sidelink beam measurements. 

Proposal 11: Consider the contents of sidelink beam reporting are sidelink CSI-RS resource index(s), with or without the corresponding L1-RSRP measurement results. 

In Release 16 NR sidelink, the sidelink CSI report is carried by 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, a sidelink CSI-RS resource index could be a few bits, depending on sidelink CSI-RS configurations, and its corresponding L1-RSRP measurement is of 7 bits.

Proposal 12: 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 corresponding beam reporting is ignored. 

Proposal 13: The time gap between the triggering of sidelink beam reporting and the transmission of sidelink beam reporting is upper bounded.

Beam indication and switching
It was agreed to study sidelink beam indication and switching schemes, including general procedure, contents, signaling and timing.

Regarding the general procedure of sidelink beam indication, there are several alternatives discussed in RAN1 #112 meeting. 

In one alternative, receiver UE measures sidelink beam strength, selects a sidelink beam pair with the largest strength, and then directly indicates the transmit beam of selected beam pair to transmitter UE. In this approach, sidelink beam indication is combined with sidelink beam reporting, and the sidelink beam indication is actually from receiver UE to transmitter UE. 

In a second alternative, after receiving sidelink beam reporting from receiver UE, transmitter UE selects a transmit beam. Then transmitter UE indicates the selected transmit beam to receiver UE. 

In a third alternative, after receiving sidelink beam reporting from either receiver UE or transmitter UE (upon receiving it from receiver UE), gNB selects a transmit beam and indicates it to UEs. This approach requires transmitter UE and/or receiver UE are in coverage. It could be deprioritized due to such a restriction.  

Proposal 14: Consider the procedure where sidelink beam indication is from transmitter UE to receiver UE or from receiver UE to transmitter UE. 

When receiver UE selects a transmit beam, it notifies transmitter UE about the selected transmit beam. In this case, receiver UE sends sidelink beam indication to transmitter UE. The content of the sidelink beam indication is a single sidelink CSI-RS resource index which the transmitter UE needs to apply. This implies the beam of PSCCH/PSSCH transmission is QCL-ed with the beam of sidelink CSI-RS transmission. Subsequently, the beam of PSCCH/PSSCH reception is aligned with the beam of sidelink CSI-RS reception. This sidelink beam indication could be carried by MAC CE. 

When transmitter UE selects a transmit beam based on the reported sidelink RSRP measurements, the transmitter UE needs to indicate its selected transmit beam to receiver UE so that the associated receive beam is applied at receiver UE accordingly. Again, the content of sidelink beam indication is a single CSI-RS resource index, which is carried by MAC CE. 

Proposal 15: The content of sidelink beam indication is a single sidelink CSI-RS resource index. 

Proposal 16: The sidelink beam indication is carried by MAC CE.

No matter whether receiver UE or transmitter UE selects the sidelink beam pair, the selected 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 indication is sent via MAC CE over PSSCH, the ACK for the sidelink beam indication could be used as a reference time to determine the activation timing of indicated beam pair. Specifically, both transmitter UE and receiver UE start to apply the new beam pair a certain time duration after the ACK for sidelink beam switching indication.

Proposal 17: The ACK for sidelink beam indication serves as a reference time to determine the activation timing of selected beam pair. 

Beam failure recovery
Beam failure detection
It was agreed to study information related to a sidelink beam failure instance that the PHY layer provides to the MAC layer.

In Uu link, the beam failure detection is a combined PHY/MAC procedure. Whenever the PHY layer detects that PDCCH hypothetical BLER is below a threshold (i.e., ), it provides the MAC layer an indication of beam failure instance (BFI). MAC layer starts or restarts a timer every time it receives BFI and it keeps incrementing the counter by 1 for every BFI. If the BFI counter value is larger than or equal to a threshold, then the beam failure is detected. If the timer expires, then the BFI counter is reset to 0.

We think the similar schemes could be applied to sidelink. To enable MAC layer declaring sidelink beam failure detection (BFD), the number of sidelink BFD reference signal transmissions within the duration of MAC layer timer should be at least larger than the BFI counter threshold. To ensure enough number of sidelink BFD reference signal transmissions in a sliding time window, we prefer periodic sidelink CSI-RS serving as BFD reference signal. 

If L1-RSRP measurement of sidelink CSI-RS for sidelink beams is below a RSRP threshold, then a sidelink BFI is indicated from PHY layer to MAC layer. 

Proposal 18: Periodic sidelink CSI-RS serves as reference signal for sidelink beam failure detection. 

Proposal 19: If L1-RSRP measurement of sidelink CSI-RS for sidelink beams is less than a threshold, a sidelink BFI is indicated from PHY layer to MAC layer. 

Beam failure recovery 
Once the sidelink failure is detected by receiver UE, it tries to notify transmitter UE to switch to a new beam pair. In one case, receiver UE sends a sidelink beam failure recovery request (BFRQ) directly to transmitter UE. In another case, receiver UE sends a sidelink BFRQ to gNB, which forwards the information to transmitter UE, in case both transmitter UE and receiver UE are in coverage. 

Proposal 20: Once sidelink beam failure is detected, receiver UE sends sidelink beam failure recovery request (BFRQ) to transmitter UE or gNB.

In NR Uu link, when a UE detects beam failure, it starts to select a new candidate beam. This beam selection is based on the measurement of SSB or periodic CSI-RS. UE indicates the selected beam to gNB via PRACH transmission on the RACH occasion associated with the candidate SSB beam so that transmit and receive beamforming gain is achieved with BFR procedure. 

In sidelink, whether and how a receiver UE selects a new candidate beam needs to be studied. Subsequently, the contents of sidelink BFRQ can be studied. 

Proposal 21: RAN1 to study the contents of sidelink BFRQ. 

Unlike in beam maintenance procedure, the serving beam experiences poor quality during beam failure recovery procedure. The sidelink beam failure event likely occurs in both communication directions, e.g., in the case of dynamic blocking. When the serving beam pair from transmitter UE to receiver UE fails, the serving beam pair from receiver UE to transmitter UE most likely fails as well. Hence, the transmit beam and receive beam of sidelink BFRQ needs to be studied. 

Proposal 22: RAN1 to study the transmit beam and receive beam of sidelink BFRQ.

Beam correspondence and PSFCH beam 
In NR Uu link, UE beam correspondence is a mandatory feature for FR2 with the requirements defined in [6]. 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. Hence, we should prioritize the case where sidelink beam correspondence is applied for sidelink beam management. 

Proposal 23: RAN1 to prioritize the case where sidelink beam correspondence is applied for sidelink beam management.

With the sidelink beam correspondence, the PSFCH beam training can also be avoided. Specifically, for a given sidelink unicast link, the transmit beam of PSFCH is derived from the receive beam of corresponding PSCCH/PSSCH. The receive beam of PSFCH is derived from the transmit beam of corresponding PSCCH/PSSCH. 

Proposal 24: For a given sidelink unicast link, the transmit beam of PSFCH is derived from the receive beam of corresponding PSCCH/PSSCH. The receive beam of PSFCH is derived from the transmit beam of corresponding PSCCH/PSSCH. 

Others
After initial beam pairing and beam maintenance, both transmitter UE and receiver UE learn the transmit beam and receive beam of PSCCH/PSSCH and PSFCH for a sidelink unicast session.

In NR sidelink, it is likely that a UE supports multiple sidelink unicast sessions. In a given slot, the UE is not expected to make more than one PSCCH/PSSCH transmission, but it is possible that the UE has more than one PSFCH transmissions simultaneously to UEs belonging to different sidelink unicast sessions. Like Uu link, we should focus on the case where a single transmit beam is applied for PSFCH transmission in a slot.

At a given slot, a UE may have multiple PSCCH/PSSCH receptions or multiple PSFCH receptions. Like Uu link, we should focus on the case where a single receive beam is applied for PSCCH/PSSCH reception or PSFCH reception in a slot. 

Proposal 25: RAN1 to assume a single transmit beam or receive beam is applied for PSCCH/PSSCH or PSFCH in a slot.

Consider a UE has multiple sidelink unicast sessions, and the UE is trained with different PSFCH transmit beams towards different transmitter UEs belonging to multiple sidelink unicast sessions. Since a single transmit beam is applied for PSFCH transmission in a slot, we need to study the schemes to avoid PSFCH transmissions using different transmit beams in a slot. For example, it may be studied whether to preclude the situation of multiple PSFCH transmissions with different transmit beams in a slot, or how to select a single PSFCH transmit beam if multiple PSFCH transmissions with different transmit beams are scheduled in a slot.

Proposal 26: If a receiver UE is trained with different PSFCH transmit beams towards different transmitter UEs belonging to different sidelink unicast sessions, RAN1 to study the schemes to avoid PSFCH transmissions using different transmit beams in a slot. 

In NR sidelink, a UE could have multiple simultaneous PSCCH/PSSCH receptions or multiple simultaneous PSFCH receptions in a slot. Consider an example that a UE has two sidelink unicast sessions with UE1 and UE2, respectively. The UE is trained with different PSCCH/PSSCH receive beams for UE1 and UE2. Since a single receive beam is applied for PSCCH/PSSCH reception in a slot, we need to study the schemes to avoid PSCCH/PSSCH receptions using different receive beams in a slot. For example, it may be studied how to select a single PSCCH/PSSCH receive beam if multiple PSCCH/PSSCH receptions with different receive beams are scheduled in a slot.

In the above discussions, a UE knows a scheduled PSCCH/PSSCH reception in a slot beforehand, (e.g., periodic PSCCH/PSSCH). Subsequently, the UE knows which receive beam to apply in that slot. If the UE does not know a scheduled PSCCH/PSSCH reception in a slot beforehand (e.g., aperiodic PSCCH/PSSCH), then it does not know which receive beam to apply in that slot. It may be studied whether Mode 1 and mode 2 resource reservation and indication schemes can be enhanced, e.g., to indicate receive beam. 

Depending on sidelink reference signal design, a UE may have simultaneous sidelink reference signal reception for beam measurement and PSCCH/PSSCH reception in a slot. Hence, it is worth to study the receive beam selection for multiple simultaneous PSCCH/PSSCH receptions, for multiple simultaneous PSFCH receptions, and for PSCCH/PSSCH reception and sidelink reference signal reception.  

Proposal 27: RAN1 to study receive beam selection for multiple simultaneous PSCCH/PSSCH receptions, for multiple simultaneous PSFCH receptions, and for simultaneous PSCCH/PSSCH reception and sidelink reference signal reception for beam measurement. 

Conclusion
In this contribution, we provided our views on sidelink operations on FR2 licensed spectrum. Our observations and 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.

Observation 1: For initial beam pairing procedure starting before sidelink unicast link establishment procedure, 
· benefits include 
· simplified initial beam pairing procedure and intact unicast link establishment procedure
· enhanced coverage for unicast link establishment messages
· potential issues include
· unknown pair UE for initiating beam pairing procedure
· unavailable UE pair specific configuration for initiate beam pairing.

Observation 2: For initial beam pairing procedure starting during sidelink unicast link establishment procedure,
· benefit is sidelink unicast link establishment procedure can be accomplished together with initial beam pairing procedure
· potential issue includes
· mixture of initial beam pairing procedure (PHY layer) and sidelink unicast link establishment procedure (high layer)
· inefficient beam sweeping of DCR message
· unavailable UE pair specific configuration for initiate beam pairing.

Observation 3: For initial beam pairing procedure starting after sidelink unicast link establishment procedure, 
· benefits include 
· simplified initial beam pairing procedure and intact unicast link establishment procedure
· available UE pair specific configuration for initial beam pairing
· potential issue is the coverage shortage for unicast link establishment messages.

Proposal 2: Consider initial beam pairing procedure starts either before or after sidelink unicast link establishment procedure.

Observation 4: For a reference signal used for initial beam pairing, the source ID, destination ID and beam information associated with this reference signal should be indicated.

Observation 5: If S-SSB is used as reference signal for initial beam pairing, then S-SSB is to be enhanced to indicate source ID, destination ID and beam information associated with S-SSB. 

Observation 6: If S-SSB is used as reference signal for initial beam pairing, then the resources for such S-SSB transmission need to be examined.

Observation 7: If S-SSB is used as reference signal for initial beam pairing, then a new beam indication mechanism needs to be examined, without the existence of dedicated RACH resources in sidelink.  

Proposal 3: Do not use S-SSB as reference signal for initial beam pairing.

Observation 8: If sidelink CSI-RS is used as reference signal for initial beam pairing, then beam information associated with sidelink CSI-RS needs to be indicated.

Observation 9: If sidelink CSI-RS is used as reference signal for initial beam pairing, then the association between sidelink CSI-RS and sidelink data transmission needs to be released, and fast beam sweeping mechanism needs to be examined.

Proposal 4: Consider using sidelink CSI-RS as reference signal for initial beam pairing.

Observation 10: If PSCCH/PSSCH and corresponding PSFCH are explored for initial beam pairing, then how a transmitter UE determines the best transmit beam needs to be examined. 

Observation 11: If PSCCH/PSSCH and corresponding PSFCH are explored for initial beam pairing, then it needs to examine whether and how to reduce the time duration of initial beam pairing procedure. 

Proposal 5: RAN1 to further check whether initial beam pairing can be achieved via PSCCH/PSSCH beam sweeping with corresponding sidelink ACK feedback. 

Proposal 6: Consider sidelink CSI RS as reference signal for beam maintenance.

Observation 12: For non-standalone sidelink CSI RS transmission for beam maintenance, 
· benefits include 
· less specification impact 
· no additional sidelink CSI RS resource allocation
· potential issues include 
· delayed triggering of sidelink beam maintenance
· impact on sidelink data transmission due to increased sidelink CSI RS overhead for fast beam sweeping.  

Observation 13: For standalone sidelink CSI RS transmission for beam maintenance, 
· benefits include 
· avoiding the delay of triggering sidelink beam maintenance
· no impact on sidelink data transmission due to increased sidelink CSI RS overhead for fast beam sweeping 
· potential issues include 
· requiring additional resources and resource allocation mechanism
· requiring additional information indication associated with sidelink CSI RS. 

Proposal 7: Consider both standalone and non-standalone sidelink CSI-RS transmission for beam maintenance.

Observation 14: The benefits of periodic sidelink CSI-RS transmission include allowing receiver UE to prepare the corresponding receive beams for beam measurement, as well as facilitating receiver UE’s frequent sidelink beam failure instance detection. 

Observation 15: The benefits of aperiodic sidelink CSI-RS transmission include less specification impact, as well as allowing instantaneous beam measurement.

Proposal 8: Consider both periodic and aperiodic sidelink CSI-RS transmission for beam maintenance. 

Proposal 9: RAN1 to prioritize the procedure that sidelink beam reporting is from receiver UE to transmitter UE for beam maintenance.

Proposal 10: Consider both periodic and aperiodic sidelink beam reporting for beam maintenance. 

Proposal 11: Consider the contents of sidelink beam reporting are sidelink CSI-RS resource index(s), with or without the corresponding L1-RSRP measurement results. 

Proposal 12: The sidelink beam reporting is carried by MAC CE.

Proposal 13: The time gap between the triggering of sidelink beam reporting and the transmission of sidelink beam reporting is upper bounded.

Proposal 14: Consider the procedure where sidelink beam indication is from transmitter UE to receiver UE or from receiver UE to transmitter UE. 

Proposal 15: The content of sidelink beam indication is a single sidelink CSI-RS resource index. 

Proposal 16: The sidelink beam indication is carried by MAC CE.

Proposal 17: The ACK for sidelink beam indication serves as a reference time to determine the activation timing of selected beam pair. 

Proposal 18: Periodic sidelink CSI-RS serves as reference signal for sidelink beam failure detection. 

Proposal 19: If L1-RSRP measurement of sidelink CSI-RS for sidelink beams is less than a threshold, a sidelink BFI is indicated from PHY layer to MAC layer. 

Proposal 20: Once sidelink beam failure is detected, receiver UE sends sidelink beam failure recovery request (BFRQ) to transmitter UE or gNB.

Proposal 21: RAN1 to study the contents of sidelink BFRQ. 

Proposal 22: RAN1 to study the transmit beam and receive beam of sidelink BFRQ.

Proposal 23: RAN1 to prioritize the case where sidelink beam correspondence is applied for sidelink beam management.

Proposal 24: For a given sidelink unicast link, the transmit beam of PSFCH is derived from the receive beam of corresponding PSCCH/PSSCH. The receive beam of PSFCH is derived from the transmit beam of corresponding PSCCH/PSSCH. 

Proposal 25: RAN1 to assume a single transmit beam or receive beam is applied for PSCCH/PSSCH or PSFCH in a slot.

Proposal 26: If a receiver UE is trained with different PSFCH transmit beams towards different transmitter UEs belonging to different sidelink unicast sessions, RAN1 to study the schemes to avoid PSFCH transmissions using different transmit beams in a slot. 

Proposal 27: RAN1 to study receive beam selection for multiple simultaneous PSCCH/PSSCH receptions, for multiple simultaneous PSFCH receptions, and for simultaneous PSCCH/PSSCH reception and sidelink reference signal reception for beam measurement. 
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