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Introduction

During RAN#97 meeting, updated R18 NR sidelink evolution WI was approved [1]. According to the WID, one of the objectives is to study enhanced sidelink operation on FR2 licensed spectrum as shown below. :

	Study enhanced sidelink operation on FR2 licensed spectrum [RAN1, RAN2]
Focus only on updating the evaluation methodology for commercial deployment scenario in 4Q 2022. [RAN1]

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]
Beam management in FR2 licensed spectrum considers sidelink unicast communication only.


In this contribution, we will discuss the sidelink beam FR2 from RAN2 perspective.
Discussion
According the latest WID, sidelink beam management will reuse existing Uu beam management concept wherever possible. Before we discuss the sidelink beam management, it is necessary to review the relevant design of Uu beam management. 

As far as we know, the Uu beam management including beam RS transmission/reception/measurement, beam measurement report, beam selection/switch and indication, beam failure detection and beam failure recovery, we will discuss corresponding potential sidelink impact one by one.

Beam RS transmission/reception/measurement

According to the legacy specification, for Uu interface, the beam RS transmission/reception/measurement can be divided into two stage:

1. initial stage beam RS transmission/reception/measurement, beam RS type and resource configuration
2. maintenance stage beam RS transmission/reception/measurement, beam RS type and resource configuration

For the initial stage beam RS transmission/reception/measurement, gNB transmits DL beam RS via SSB message with different SSB index and RA resource and UE initiates the RA by using the RA resource associated to SSB index with the highest measurement result. For the maintenance stage beam RS transmission/reception/measurement, gNB configures the DL/UL beam RS resource to UE. UE sends the UL beam RS, measure the DL beam and sends the measurement report to gNB. The beam RS type configured by gNB can be SSB/CSI RS/SRS.

For sidelink communication, sidelink RS only support aperiodical CSI RS associated to PSSCH transmission, and no RA procedure is introduced. Sidelink RS and corresponding measurement may need to be enhanced, which we think is up to RAN1.
The beam RS design and measurement is up to RAN1.
Beam measurement report

After finishing the beam RS measurement, UE will generate the beam measurement report and send it to network. For beam measurement report, legacy reference signal measurement report is re-used in Uu, i.e. gNB configures the measurement object(e.g. CSI RS, SSB) and UE send the measurement value such as RSRP and RSRQ to gNB. Additionally, a sorting mechanism is introduced for beam measurement report. Specifically, for each beam measurement value, UE sorts the measurement value in decreasing order of sorting quantity. The sorting quantity includes RSRP,RSRQ.

For sidelink communication, current L3 measurement report procedure supports periodic/event triggered RSRP measurement and the measurement object only include a dedicated frequency. In addition, an aperiodical CSI report can be triggered by SCI dynamically. To support beam management for sidelink, beam level measurement object and trigger event need to be introduced. This depends on the new beam RS design for sidelink in RAN1.

However, from our perspective, since this is SI stage for sidelink FR2, at least RAN2 can discuss some potential high level measurement mechanisms. Firstly, measurement sorting mechanism used in Uu interface can be re-used for sidelink beam management. Secondly, different from Uu interface in which UE only communicate with gNB, sidelink RX UE needs to receive the data from different TX UEs located in different directions. In this case, sidelink RX UE needs to switch it RX beam direction frequently or use one broad RX beam to cover all TX UE’s TX beam, which may decrease the receiving gains and may be impossible due to limited UE capability. Therefore we think inter-UE coordination mechanism can be introduced for beam management, e.g. from RX UE’s perspective, RX UE can provide the beam recommendation to TX UE.
Measurement sorting mechanism used in Uu interface can be re-used for sidelink beam management.

Inter-UE coordination like mechanism (e.g. RX UE provides the beam recommendation to TX UE) can be introduced in sidelink beam management.
Beam/resource selection, switch and indication

For Uu interface, gNB performs resource selection, beam selection and indicates the selected beam direction and resource to UE by DCI. UE only performs data transmission/receiving on the indicated resource and beam direction. Beam and resource is selected up to gNB implementation. When it comes to sidelink, considering both TX UE and RX UE’s behaviour are specified, beam selection in TX UE should also be specified. 

It is well known that sidelink UE supports mode1(scheduled) and mode2(resource selection) resource allocation method. Similarly, for beam selection on FR2, two options can be considered:

Option1: gNB performs the PC5 beam selection and indicates the selected beam direction to TX UE, then TX UE indicates the beam direction to RX UE.

Option2: TX UE performs the PC5 beam selection by itself and indicates the selected beam direction to RX UE.
As we can see, option1 requires gNB to be aware of the beam level resource state in PC5 interface and support PC5 beam indication in DCI. RAN1 is still discussing whether it is feasible to support this. RAN2 may wait for more progress from RAN1.

For option2, how TX UE indicates the selected beam direction via PC5 interface is also up to RAN1. But for beam selection, from our view, a TX beam selection procedure needs to be introduced to control the corresponding TX UE behaviour, so that a appropriate beam can be selected to ensure the QoS requirement.

For resource selection in SL FR2, in order to improve the data rate and reliability by utilizing the beam information, mode1 or mode2 resource allocation scheme can take PC5 beam information into consideration during resource allocation. However, this requires mode1 Uu DCI to include beam information, or requires mode2 sensing procedure to support beam level sensing, RAN2 needs to wait more progress on RAN1 about this.
A TX beam selection procedure needs to be introduced in sidelink beam management.

Beam failure detection
For Uu interface, MAC layer detects beam failure based on PHY layer beam failure indication. Uu interface supports both aperiodical and periodical beam RS transmission. However, only SCI triggered CSI RS is supported in sidelink. Without periodical beam RS transmission for sidelink, PHY layer may not be able to detect and indicate the beam failure to MAC layer. In this case, a higher layer detection mechanism needs to be studied. For example, HARQ feedback detection mechanism used in SL RLF detection can be re-used in sidelink beam management.
Higher layer beam failure detection mechanism needs to be studied, e.g. the HARQ feedback detection mechanism used in SL RLF detection.

Beam failure recovery
According to current specification, if the beam failure is detected in Uu interface, UE triggers a beam failure recovery procedure. For Scell beam failure, UE transmits BFR MAC CE to network. The BFR MAC CE includes cell index on which beam failure is detected and a candidate beam index is included in the BFR MAC CE. If no UL resource is available for BFR MAC CE transmission, SR is triggered. After transmitting the BFR MAC CE, an implicit indication(i.e. upon uplink grant for a new transmission is received for the HARQ process used for the transmission of the MAC CE for BFR) is used for UE to determine whether the beam failure procedure is complete. For Pcell beam failure, UE initiates a random access procedure. If the RA is successful, UE considers the beam failure recovery is complete. 

For sidelink beam failure recovery, we think a SL BFR MAC CE can be introduced for UE to report the beam failure to peer UE. Since only one carrier is supported for sidelink communication until now, carrier information can be ignored in SL BFR MAC CE.

A SL BFR MAC CE can be introduced for UE to report the beam failure to peer UE.

After transmitting the BFR MAC CE, an implicit indication (i.e. new UL grant) can be used for UE to determine whether the BFR procedure is complete in Uu interface. However, sidelink does not support UE schedules the transmission grant to peer UE. For UE to determine whether the BFR procedure is complete, a new BFR response signaling needs to be introduced.  

RAN2 is suggested to discuss how UE determines whether the BFR procedure is complete.

Summary
The above analysis can be summarized as following:
	Key issues
	Uu interface
	Possible sidelink design
	RAN1 or RAN2 scope

	initial beam RS transmission/reception/measurement
	gNB transmits DL beam RS(i.e. SSB)

UE initiates the RA by using the RA resource associated to SSB indiex with the highest measurement result
	TX UE transmits the beam RS to RX UE, and RX UE measures the beam RS and sends the measurement result to TX UE.
	Up to RAN1



	beam RS transmission/reception/measurement, beam maintaining 
	gNB transmits DL beam RS, UE transmit UL beam RS.

UE measures the DL beam RS and send the measurement result to gNB.
	
	Up to RAN1

How does UE report the measurement report is RAN2 scope, e.g. sorting mechanism, IUC like mechanism

	(TX/RX) Beam selection
	Performed by gNB
	Option1: gNB of TX UE performs the beam selection.
Option2: TX UE selects the beam by it self.
	Up to RAN1

	Beam switch indication
	Indicated by gNB
	TX UE indicates the beam direction to RX UE.

Optionally, gNB indicates the PC5 beam direction to TX UE
	Up to RAN1

	Beam RS type
	Aperiodic/periodic CSI, SSB,SRS
	Only aperiodical CSI is availabe for sidelink now. 
	Up to RAN1

	Beam failure detection
	PHY layer detects beam failure and indicate the beam failure to MAC layer.

MAC layer determines whether recovery is needed.
	Similaly mechanism can be re-used. However, considering only aperiodic CSI triggered by SCI is available for sidelink. RAN2 can also design beam failure detection mechanism from RAN2 perspective, e.g. HARQ feedback based solution. 
	Beam failure detection on PHY layer is up to RAN1.

MAC layer beam failure detection is RAN2 issue. And the MAC layer detection mechanism can be based on PHY layer detection or introduce higher layer beam failure detection mechanism.

	Beam failure recovery
	UE transmits the BFR MAC CE to network and determine the BFR is complete via receiving a new UL grant.
	UE transmits the SL BFR MAC CE to peer UE and determines the BFR is complete after receiving a response signaling.
	RAN2 scope

	Resource allocation on FR2
	Scheduled by gNB
	Mode1: scheduled by gNB, possible enhancement on DCI
Mode2: selected by UE self, possible enhancement on sensing and MAC resource selection
	Mode1 resource scheduling and mode2 sensing is pending on RAN1.

MAC layer resource selection is RAN2 scope.


Conclusion
In this contribution, we have following proposals:

The beam RS design and measurement is up to RAN1.
Measurement sorting mechanism used in Uu interface can be re-used for sidelink beam management.

Inter-UE coordination mechanism (e.g. RX UE provides the beam recommendation to TX UE) can be introduced in sidelink beam management.
A TX beam selection procedure needs to be introduced in sidelink beam management.

Higher layer beam failure detection mechanism needs to be studied, e.g. the HARQ feedback detection mechanism used in SL RLF detection.

A SL BFR MAC CE can be introduced for UE to report the beam failure to peer UE.

RAN2 is suggested to discuss how UE determines whether the BFR procedure is complete.
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