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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.


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]Proposal 1: Sidelink (SL) beam management shall reuse NR beam management framework, and include the following components: beam determination, beam adjustment, beam measurement, beam reporting, beam indication, and beam failure recovery.
Sidelink beam determination
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. 
Proposal 2: In the initial beam matching process, UE sends beam sweeping burst set a fixed interval for beam scanning, and repeats the transmission at a certain period, similar to legacy procedure. 
Proposal 3: S-SSB can be used as a starting point to achieve initial beam pairing.
To accommodate sidelink transmission characteristic, especially in mode 2, more beam scanning (pre-)configurations may be needed, with different numbers of beam scans, beam widths, and beam scanning resources.
Figure 1 shows two beam scanning configurations, Type 1 and Type 2. These two configurations have different numbers of beams, beam widths, and beam scanning resources. Type 1 has more and narrower beams, lower scanning efficiency, higher scanning accuracy and stronger interference resistance. Type 2 has fewer and wider beams, higher scanning efficiency, lower scanning accuracy and weaker interference resistance. The choice between the two beam scans can be configured through pre-configuration or RRC configuration.
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Figure 1: Type1 and Type2 beam scanning mechanisms
Proposal 4: More beam sweeping schemes can be preconfigured with different beam-scanning numbers, beam-width, and beam-scanning resources for sidelink beam establishment. 
Sidelink beam adjustment
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.  
Proposal 5: Sidelink CSI-RS can be used as starting point for sidelink beam adjustment.
In NR systems, control channels and service data channels are distributed in TDM mode, so they can be transmitted in different beams. Generally, the control channel adopts a wider beam than the data channel to ensure reliability, while the service data channel needs both fast data scheduling and scheduling flexibility. In SL, PDCCH and PDSCH are distributed in the same time slot, so only the same beam can be used for transmission, but SL can choose different types of transmission beam according to different service data types. For example, security-related business data can use a wider beam for reliability, while entertainment-related business data can use a narrower beam for flexibility.
Proposal 6: SL can choose different types of transmission beam according to different service data types. For example, security-related business data can use a wider beam for reliability, while entertainment-related business data can use a narrower beam for flexibility.
Sidelink beam measurement and reporting
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 CSI, RSRQ, and other candidate reporting parameters can also be considered.
Proposal 7: Sidelink CSI feedback framework can be used as starting point for sidelink beam measurement report. L1-RSRP, L1-RSRQ and L1-SINR can be considered for the candidate reporting parameter.
In the process of beam measurement, the transmitting UE can change the transmission beam while the receiving UE is fixed and transparent to the beam’s expansion angle. The beam’s expansion angle can be wide or narrow. For the beam measurement process, the transmitting UE first configures M reference signals corresponding to M candidate beams, and informs the UE of the measurement of different transmission beams corresponding to the M reference signals. The UE uses a fixed receiving beam to receive and measure all M reference signals, and selects the most suitable transmission beam to report.
If the transmitting UE does not provide UE beam auxiliary information, the UE has no prior information on the direction of the M transmission beams, or during the initial beam measurement, the UE can use a wide receiving beam or a polling receiving beam. If the transmitting UE sends the UE auxiliary information indicating the receiving beam to be used by the UE, the UE can use the indicated receiving beam to receive the M reference signals.
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Figure 2: Joint transceiver beam measurement diagram (M=4, N=2)
Proposal 8: The following three beam measurements processes can be further studied: joint transmitting and receiving beam measurement, transmitting beam measurement, receiving beam measurement.
In some scenarios, both terminals may be in a continuous moving state, resulting in frequent beam switching issues between the terminals. Modifications to the existing NR beam management scheme are needed to accommodate this characteristic and reduce positioning delay.
Proposal 9: Since more frequent beam switching will occur in sidelink deployment, further enhancement to the legacy NR beam management scheme may be needed to handle this problem.
Before establishing PC5-RRC links with other UEs, UE can also perform beam selection based on prior information, which can be from S-SSBs received by UE or the beam direction of last communication used by the UE, etc. UE prioritizes the beam used for the last beam based communication, which shall have a certain validity time. This approach can avoid the phenomenon of frequent beam failures that may occur with extreme communication distance.
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]Proposal 10: Before establishing PC5-RRC links with other UE, UE can also use beam selection based on prior information.
Sidelink beam indication
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.
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 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]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.
3) 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.
Conclusion
This contribution includes our considerations on sidelink beam management, based on discussions above, we have following proposals:
Proposal 1: Sidelink (SL) beam management shall reuse NR beam management framework, and include the following components: beam determination, beam adjustment, beam measurement, beam reporting, beam indication, and beam failure recovery.
Proposal 2: In the initial beam matching process, UE sends beam sweeping burst set a fixed interval for beam scanning, and repeats the transmission at a certain period, similar to legacy procedure. 
Proposal 3: S-SSB can be used as a starting point to achieve initial beam pairing.
Proposal 4: More beam sweeping schemes can be preconfigured with different beam-scanning numbers, beam-widths, and beam-scanning resources for sidelink beam establishment. 
Proposal 5: Sidelink CSI-RS can be used as starting point for sidelink beam adjustment.
Proposal 6: SL can choose different types of transmission beam according to different service data types. For example, security-related business data can use a wider beam for reliability, while entertainment-related business data can use a narrower beam for flexibility.
Proposal 7: Sidelink CSI feedback framework can be used as starting point for sidelink beam measurement report. L1-RSRP, L1-RSRQ and L1-SINR can be considered for the candidate reporting parameter.
Proposal 8: The following three beam measurements processes can be further studied: joint transmitting and receiving beam measurement, transmitting beam measurement, receiving beam measurement.
Proposal 9: Since more frequent beam switching will occur in sidelink deployment, further enhancement to the legacy NR beam management scheme may be needed to handle this problem.
Proposal 10: Before establishing PC5-RRC links with other UE, UE can also use beam selection based on prior information.
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.
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