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Introduction
In RAN1#112 meeting, RAN1 has made the following agreements of sidelink operation on FR2 licensed spectrum [1]:

	[bookmark: _Hlk89917254]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
[bookmark: OLE_LINK3]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


 
We will discuss and analysis the sidelink beam management in this contribution.
Beam management for NR sidelink
Initial Beam-pairing
Beam sweeping and beam selection is necessary for initial beam pairing of sidelink mmWave communication. In NR Uu link, gNB will transmits the reference signals with beams in predefined directions to cover the users in the certain angular space. As gNB doesn’t know the information about users like user position and user density, gNB always transmits the initial access beam in all direction with the exhaustive search to cover all the space. In NR SL mmWave communication, SL TX UE and RX UE need to align their beams using the beam sweeping and measurement to establish the best beam link. The overload of this procedure increased as the SL UE need to do both the beam sweeping and beam pairing procedure. And the UE-UE’s relative position changed quickly compared with the gNB-UE’s relative position. Thus, sidelink UE need fast beam alignment to overcome the high mobility issues and reduce the overhead of beam sweeping and beam pairing procedure to save power.
Assistant information based beam initial pairing can be used to provide the fast beam alignment procedure and reduce the overhead of Tx UE. When TX UE is in the coverage of gNB, TX UE can request the surrounding sidelink UE(s) information like position or speed or beam information form gNB. When TX UE is out of coverage of gNB, assistant information of surrounding sidelink UE(s) can be transmit in the low frequency broadcast message or by the sensor/radar detection. Once the initial beam pairing is supported after unicast link establishment, the assistant information can be transmitted through the link establishment procedure.
After getting the information, the TX UE can only use part of the beams for initial beam pairing. Reducing the number of beams for sweeping and selection which can reduce the beam alignment time delay and the overhead for initial beam-pairing. As depicted in figure 1, TX UE know the position of RX UE1 and RX UE2, then TX UE can only sweep the beams in the dotted box other than all the configured beams. 
In the initial beam pairing, beam measurement and reporting procedure also need to be studied and specified. For initial beam paring, dedicated S-SSB and dedicated CSI-RS can be used for sidelink initial beam paring. Dedicated S-SSB for initial beam paring should contains the TX UE’s specific information for RX UE to distinguish the beam source UE. Dedicated CSI-RS on the dedicated resource with the pre-configured periodicity can be used for sidelink initial beam measurement. After RX UE measure the initial beam, RX UE can report the measurement results on the resource associated with the initial beam transmission resource. 

[image: ]
Figure 1 Initial beam pairing in NR SL FR2
[bookmark: OLE_LINK1]Proposal 1: When transmitter get the related information of receiver (e.g., position, speed, etc), part of the configured beams can be used for beam sweeping to reduce the overhead and delay of beam alignment.
Proposal 2: Dedicated S-SSB or dedicated CSI-RS can be supported for initial beam paring.
· Reporting the measurement results is on the resources associated with the reference signal transmission resource. 
Beam maintenance
After the beam initial paring procedure, the pair UE(s) can use beam maintenance procedure to refine the transmission beam. The SL RS for beam measurement in this step can be CSI-RS with some enhancement. Different with the legacy SL CSI-RS design, stand-alone CSI-RS without PSCCH/PSSCH and periodic CSI-RS transmission configuration may be more suitable for sidelink FR2 beam measurement. The CSI-RS configuration can be transmitted by RRC signalling among the PC5 link establishment procedure. After getting this configuration, RX UE can deduce the reception occasion of CSI-RS. As for the beam measurement reporting in this step, at least the L1-SINR or L1-RSRP reporting on the physical layer signalling can be considered to guarantee the latency requirements.  
[bookmark: OLE_LINK2]Proposal 3: Stand-alone CSI-RS without PSCCH/PSSCH and periodic CSI-RS for beam measurement in beam maintenance step can be supported.
· At least L1-SINR or L1-RSRP reporting can be supported in physical layer signalling. 
Beam failure recovery
Beam failure in NR sidelink will become frequently due to the high-speed mobility, to keep the transmission quality, fast beam failure recovery procedure is the key point to be studied in NR SL FR2 beam management. In NR Uu link, the beam failure recovery is that UE can be configured to periodically monitor the CSI-RS to measure the beam quality. Once the UE’s measurement result is below the threshold, UE will report this beam failure event and new candidate beam to gNB. 
In NR sidelink scenario, if the beam failure happened due to the blockage and the beam keep poor quality for a long time, another UE assisted beam recovery can be the usable method like figure 2(a). The blockage caused the beam failure for a long time, TX UE can’t find the suitable direct link to connect with RX UE but can find the relay beam with assisted UE. When assisted UE also keep the beam link with RX UE, the assist UE can work as the relay UE with beam links with TX UE and RX UE simultaneously. The gNB can also provide the indirect link for TX UE and RX UE depicted in figure 2(b). When TX UE and RX UE are in the coverage of gNB and the direct beam link between the TX UE and RX UE is failure and doesn’t recovery by TX UE. TX UE can report this beam failure event to gNB for supporting the SL transmission with Uu link.
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        2(a) UE assist beam failure recovery             2(b) gNB assist beam failure recovery
Figure2 Beam failure recovery in NR SL
Proposal 4: Indirect beam links to assist direct beam link failure recovery need to be supported in NR SL beam management.
Proposal 5: SL UE and gNB can both work as the indirect beam transmitter/receiver. 
Omni-Directional Beams in Sidelink FR2

In sidelink FR1, omni-directional beam is used for discovery and communication procedure. In sidelink FR2, as we discussed before, directional beam can overcome the high path loss resulting form the high frequency transmission in FR2 communication and thus is suitable for FR2 sidelink communication. However, thinking about some physical signalling design, like Direct Communication Request in discovery procedure, PSFCH, omnidirectional communication is essential for them. For example, UE A needs transmit or receive multiple PSFCH simultaneously, using the directional beam may lose some PSFCH transmission or reception. To solve this issue, periodicity/aperiodicity of omni-directional slot can be supported to provide the opportunity to transmit the signalling which has the omni-directional requirement.

Proposal 6: Omni-directional slot can be supported in sidelink FR2 to provide the opportunity to transmit the signalling which has the omni-directional requirement, e.g., PSFCH.
Conclusion
Proposal 1: When transmitter get the related information of receiver (e.g., position, speed, etc), part of the configured beams can be used for beam sweeping to reduce the overhead and delay of beam alignment.
Proposal 2: Dedicated S-SSB or dedicated CSI-RS can be supported for initial beam paring.
· Reporting the measurement results is on the resources associated with the reference signal transmission resource. 
Proposal 3: Stand-alone CSI-RS without PSCCH/PSSCH and periodic CSI-RS for beam measurement in beam maintenance step can be supported.
· At least L1-SINR or L1-RSRP reporting can be supported in physical layer signalling. 
Proposal 4: Indirect beam links to assist direct beam link failure recovery need to be supported in NR SL beam management.
Proposal 5: SL UE and gNB can both work as the indirect beam transmitter/receiver. 
Proposal 6: Omni-directional slot can be supported in sidelink FR2 to provide the opportunity to transmit the signalling which has the omni-directional requirement, e.g., PSFCH.
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