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Introduction
[bookmark: _Hlk58595024]In RAN#94e, a new WI on UAVs in NR Rel-18 was approved [1] and it was further revised with following objectives in RAN#99 [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.

[bookmark: _Hlk130294153]2. 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.

[bookmark: _Hlk129273301][bookmark: _Hlk130294308]3. Specify the support for UAV identification broadcast (BRID) in NR PC5. Support of DAA using the same framework as BRID without DAA specific enhancements can be considered [RAN2]. Note:. UAV use of NR PC5 is to be used only in designated bands as defined in regulation for BRID/DAA use. 


4. Study UE capability signaling to indicate UAV beamforming capabilities and, if necessary, RRC signaling [RAN1, RAN2]: 

· FR1 with directional antenna at UE side
[bookmark: _Hlk130373392]5. Based on the technical conditions defined for aerial UE usage in ECC Decision (22)07, study and specify the necessary UE types and additional OOBE requirements for aerial UEs in 1710-1785 MHz, 2500-2570 MHz and 2570-2620 MHz. [RAN4].
Note: In other frequency bands, OOBE limits applicable to terrestrial UE remain unchanged for aerial UE
Note2: Applicability of power classes for aerial UE may need to be addressed in RAN4
Note3: RAN4 to identify the supported bands for aerial UE impacted by above information
In RAN1#112, following agreements have been made related to UE capability signaling to indicate UAV beamforming capabilities and RRC signaling [3]:
Agreement
RAN1 only considers potential UE UAV beamforming capabilities for FR1 with directional antennas at UE side in Rel-18 if such capabilities don’t impact RAN4 requirements.

Agreement
If new UE UAV beamforming capabilities for FR1 with directional antennas at UE side are supported, Rel-17 unified TCI framework is considered as baseline.

Agreement
Multi-TRP beamforming is not supported for UAV UEs in FR1 in Rel-18.

Agreement
UE UAV beamforming for FR1 based on beam switching among fixed directional antennas is supported in Rel-18.
· Note 1: new UE capabilities may not be necessary to support beam switching among fixed directional antennas
· Note 2: no RAN4 specification impact is assumed
· FFS: whether updating (e.g. extending to FR1) legacy UE capabilities is needed, and it is not precluded if it is needed
· FFS: whether/how specification may be impacted

In this contribution, we provide our views on beamforming related aspects for UAV UEs in NR Rel-18.
Discussion
Based on the agreements in RAN1#112, it should be discussed on how to indicate beams for UAV UEs in FR1 based on the beam switching among fixed directional antennas. One of the main motivations to consider beamforming for UAV UEs in FR1 is to minimize the UL interference resulting from high-probability of LoS as the UAV UEs move higher. Therefore, it can be said that the interference becomes critical only as the UAV UEs reach and go beyond certain height. Based on this reasoning, beam switching/indication could rely on the height-threshold of the UAV UEs. 

Proposal 1: For UAV UEs in FR1, consider height-dependent indication of beams based on beam switching among fixed directional antennas 

Another agreement made in RAN1#112 for indication of beams for UAV UEs in FR1 is to consider Rel-17 unified TCI framework as the baseline. In our view, TCI indication (QCL assumption type-D) for uplink beams can be considered. However, such indication can be dependent on the height of the UAVs. Based on the need for beamforming at higher heights, we can consider associating the number of activated TCI states with the height-threshold. For example, such beam indication should be activated only beyond a certain height-threshold. Below the threshold, omni-directional UL transmission should be the baseline. Furthermore, there can be multiple levels configured for different number of activated TCI states. 

Proposal 2: For UAV UEs in FR1, height-threshold can be supported for triggering the activation/indication of TCI states for uplink beam indication
· Below a certain height-threshold, UE is expected to perform only omni-directional beamforming 


Furthermore, in FR1, for lower SCS such as 15kHz and 30kHz, the timing related parameters for beamforming in FR2 will need to be reevaluated for FR1. Depending on the parameters,  scaling and/or optimization of the durations associated with at least following parameters will need to be considered: 
· beamSwitchTiming, beamSwitchTiming-v1710
· beamSwitchTiming-r16, beamSwitchTiming-r17
· maxNumberRxTxBeamSwitchDL, maxNumberRxTxBeamSwitchDL-v1710
· timeDurationForQCL, timeDurationForQCL-v1710

Proposal 3: For applying FR2 related capabilities and signaling parameters to FR1 for UAV UEs, scaling and/or optimizing durations associated with at least the following parameters can be considered:
· beamSwitchTiming, beamSwitchTiming-v1710
· beamSwitchTiming-r16, beamSwitchTiming-r17
· maxNumberRxTxBeamSwitchDL, maxNumberRxTxBeamSwitchDL-v1710
· timeDurationForQCL, timeDurationForQCL-v1710

Another related aspect discussed in RAN1 is to study indication of beam characteristics, e.g., number of beams, beamwidth, beam center, radiated EIRP, etc. as UAV UE capability. In our view, beam characteristics is UE sensitive information. Moreover, we don’t envision any potential gains from sharing such information. Therefore, we don’t think it is reasonable to consider that UAV UEs should be required to share their beam characteristics as this is implementation-sensitive and is typically not required to be discussed in specifications. 

Proposal 4: For supporting UAV UEs in NR Rel-18, indication of beam characteristics e.g., number of beams, beamwidth, beam center should not be supported
Conclusion
In this contribution, we have discussed our views on beamforming aspects for UAV UEs in FR1 and provided following observations/proposals:

Proposal 1: For UAV UEs in FR1, consider height-dependent indication of beams based on beam switching among fixed directional antennas 

Proposal 2: For UAV UEs in FR1, height-threshold can be supported for triggering the activation/indication of TCI states for uplink beam indication
· Below a certain height-threshold, UE is expected to perform only omni-directional beamforming
 
Proposal 3: For applying FR2 related capabilities and signaling parameters to FR1 for UAV UEs, scaling and/or optimizing durations associated with at least the following parameters can be considered:
· beamSwitchTiming, beamSwitchTiming-v1710
· beamSwitchTiming-r16, beamSwitchTiming-r17
· maxNumberRxTxBeamSwitchDL, maxNumberRxTxBeamSwitchDL-v1710
· timeDurationForQCL, timeDurationForQCL-v1710

Proposal 4: For supporting UAV UEs in NR Rel-18, indication of beam characteristics e.g., number of beams, beamwidth, beam center should not be supported
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