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Background
LTE studies the feasibility of ground cellular network based aerial communication aiming supporting UAV device [1]. As an observation, sidelink based UAV communication may provide low data rate DL and moderate data rate UL, but severe inter-cell interference (ICI) on UL would need further enhancement. In Rel-18, RAN agreed on further enhancement of ground cellular network based UAV communication, and RAN1 will consider the necessity and benefits of reporting UE capability of FR1 beamforming as shown below [2]:
1. Specify the following enhancements on measurement reports [RAN2]:
· UE-triggered measurement report based on configured height thresholds
· Reporting of height, location and speed in measurement report
· Flight path reporting
· Measurement reporting based on a configured number of cells (i.e. larger than one) fulfilling the triggering criteria simultaneously
Note: Work done in LTE is a starting point for this objective. NR-specific enhancements can be considered, if needed, while overall the LTE and NR solutions should be harmonized as much as possible.
2. Study and specify UAV-specific CHO triggering, e.g. using event H1/H2 [RAN2].
3. Specify the signaling to support subscription-based aerial-UE identification [RAN3/SA2 interaction/RAN2]
Note: Work done in LTE is a starting point for this objective. NR-specific enhancements can be considered, if needed, while overall the LTE and NR solutions should be harmonized as much as possible.
4. Study and specify, if needed, enhancements for UAV identification broadcast [RAN2, SA2].
Applicable to both LTE and NR
Note: This study should consider existing techniques based on Uu or non 3GPP technologies, or unlicensed band as the baseline.
Note: This description is a placeholder for a more detailed objective to be drafted once SA2 will have concluded their study on the architectural aspects.
5. Study UE capability signaling to indicate UAV beamforming capabilities and, if necessary, RRC signaling [RAN1, RAN2]: 
· FR1 with directional antenna at UE side


In this paper, we discuss how the UE beamforming capability helps UAV traffic management and ICI control, and bring several conclusions as proposals.

Discussions
During RAN plenary discussion, it was noted by several companies that UAV’s beamforming may help network’s mobility management by reducing ICI, supporting more flexible cell selection and allowing cell load balancing [3]. As an example, for a UAV flying in a crowded area, the network may allow access via a gNB which is less loaded but located at a longer distance to avoid or reduce impact on terrestrial UE communication. In this example, it is assumed that UAV avoids ICI generation toward the cell with the best link quality via proper utilization of UL beam. 
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 Figure 1. Example of UE’ beam sharping for aerial communication

As shown in figure 1, interference avoidance or cell load balancing via UE’s UAV beamforming capability is possible between cell A and cell C while not applicable between cell A and cell B. The shape of spatial filter UE may use at transmission toward each cell defines which cell would be a victim  of inter-cell interference (ICI). Therefore, for network to control the interference information on UAV’s spatial filter should be shared among multiple cells. Either of implicit or explicit information can be considered

Observation 1: Network needs to know toward which cell UE’s UL spatial filter generates reduces inter-cell interference
· Information about UE’s spatial filter should be shared among multiple cells, if intended to support cell load balancing or ICI management
As a reflection of current inter-cell beam management schemes, UE performs beam index reporting via SSBRI or CRI. But it should be noted that different SSBRI value or CRI value does not indicate different UE beam or different shape of spatial filter. We need a discussion to confirm whether RAN1 has s solution reporting UE beam information for mobility or ICI management

Observation 2: It is not clear whether UE beam reporting is support by current inter-cell beam management
According to the observation above, it is unclear what would be the benefit of reporting UAV beamforming capability in a perspective of mobility or ICI management. The two main points are whether network can utilize UE’s beamforming capability without further information about UE spatial filter, and whether current inter-cell beam management scheme support report of corresponding information discussed above. Further clarification is required whether sharing UE capability of UAV beamforming can help the network without additional L1 reporting. 
Proposal 1: Further clarification is required whether UE capability reporting of UAV beamforming can achieve any gain without modification on beam management/reporting schemes
· To clarify whether UE side beam or spatial filter information is not needed
· If needed, to clarify whether current beam reporting provides required information
Considering work scope defined, unless gain without additional L1 reporting is confirmed, RAN1 should not support UE capability reporting of UAV beamforming as Rel-18 work.

Proposal 2: UE capability reporting of UAV beamforming is not supported as Rel-18 work, unless gain of capability reporting is confirmed without additional L1 reporting.

Conclusions 
In this document, we discuss the benefits of UAV beamforming capability reporting based on legacy operations how the UE side beam is utilized for mobility management. As a discussion, we share observations a suggest proposal as below

Observation 1: Network needs to know toward which cell UE’s UL spatial filter generates reduces inter-cell interference
· Information about UE’s spatial filter should be shared among multiple cells, if intended to support cell load balancing or ICI management
Observation 2: It is not clear whether UE beam reporting is support by current inter-cell beam management
Proposal 1: Further clarification is required whether UE capability reporting of UAV beamforming can achieve any gain without modification on beam management/reporting schemes
· To clarify whether UE side beam or spatial filter information is not needed
· If needed, to clarify whether current beam reporting provides required informaion
Proposal 2: UE capability reporting of UAV beamforming is not supported as Rel-18 work, unless gain of capability reporting is confirmed without additional L1 reporting.
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