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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN-P#94e meeting, the WID on UAV in NR was approved and the WID is further revised in RAN#97 in RP-222171[1], and one of the objective is to study the UE capability reporting on UAV beamforming capability in FR1 in RAN1:
	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 contribution, we provide our views on the UE capability on UAV beamforming in FR1 with directional antenna. 
Discussion
[bookmark: OLE_LINK2]NR was designed for terrestrial UEs without considering aerial UEs at the previous releases. Different from the terrestrial UE, aerial vehicles communicate with the gNB at altitude up to 300m. An aerial UE which is flying has a higher likelihood of having line-of-sight to gNBs which terrestrial UEs normally do not have. In order to fully exploit the LOS of UAV-gNB link to improve the communication quality and reduce the interference to the terrestrial UEs, direction antenna is usually employed for aerial UE even in FR1. To support directional transmission for aerial UE in FR1, some beam related operations in FR2 may need to be extended to FR1 with necessary UE capability report. For example, beam switching and beam application related parameters are needed for the UE to determine a proper RX beam for the DL reception. 
[bookmark: OLE_LINK1]Assuming the aerial UE is served by a single TRP (without multiple-TRP features), in current spec, the following beam related UE capabilities are only applicable in FR2:
· Beam correspondence: Support Beam correspondence for SSB, CSI-RS, and UL.
· Beam switching: Maximum number of Tx + Rx beam changes a UE can conduct during a slot across the whole band CC
· CSI-RS beam switching timing: Minimum time between the DCI triggering of AP-CSI-RS and aperiodic CSI-RS transmission
· PDSCH beam switching: Time duration to determine and apply spatial QCL information for corresponding PDSCH reception
· Beam application time: The minimum beam application time between HARQ-ACK of the beam indication DCI and the first slot to apply the indicated TCI state.

We should specify UE capability signaling to report the listed parameters in FR1 for aerial UE with directional antenna.
Multi-TRP operation is useful feature to improve the throughput as well as the data transmission reliability. We should also support directional multi-TRP operation in FR2 for aerial UE considering the UE has multiple beams for DL reception and/or UL transmission. in this sense, the following related UE capabilities should be introduced in FR1 for aerial UE as well:
· defaultQCL-TwoTCI-r16: Indicating whether support two default beams for DL reception in mTRP.
· [bookmark: OLE_LINK3]mTRP-CSI-CMR-r17: Indicates the support of a NZP CSI-RS resource referred by both a CMR pair configured for Rel-17 Multi-TRP CSI enhancement and a single CMR configured for Single-TRP measurement in a CSI reporting setting.
· mTRP-PDCCH-TwoQCL-TypeD: Indicating whether to support configure different QCL-TypeD RSs for a CORESET.


Proposal 1 [bookmark: _Toc111041256][bookmark: _Toc111108594][bookmark: _Toc115256356]The UE can report the following capabilitis in FR1:
· Beam correspondence: Support Beam correspondence 
· Beam switching: Maximum number of Tx + Rx beam changes a UE can conduct during a slot across the whole band CC
· CSI-RS beam switching timing: Minimum time between the DCI triggering of AP-CSI-RS and aperiodic CSI-RS transmission
· PDSCH beam switching: Time duration to determine and apply spatial QCL information for corresponding PDSCH reception
· Beam application time: The minimum beam application time between HARQ-ACK of the beam indication DCI and the first slot to apply the indicated TCI state.
· defaultQCL-TwoTCI-r16: Indicates whether support two default beams for DL reception in mTRP
· mTRP-CSI-CMR-r17: Indicates the bility to support CSI measurement with multiple beams  for multi-TRP operation
· mTRP-PDCCH-TwoQCL-TypeD: Indicates whether to support to configure different QCL-TypeD RSs for a CORESET for PDCCH reception.
Conclusion
Proposal 1 The UE can report the following capabilitis in FR1:
· Beam correspondence: Support Beam correspondence 
· Beam switching: Maximum number of Tx + Rx beam changes a UE can conduct during a slot across the whole band CC
· CSI-RS beam switching timing: Minimum time between the DCI triggering of AP-CSI-RS and aperiodic CSI-RS transmission
· PDSCH beam switching: Time duration to determine and apply spatial QCL information for corresponding PDSCH reception
· Beam application time: The minimum beam application time between HARQ-ACK of the beam indication DCI and the first slot to apply the indicated TCI state.
· defaultQCL-TwoTCI-r16: Indicates whether support two default beams for DL reception in mTRP
· mTRP-CSI-CMR-r17: Indicates the bility to support CSI measurement with multiple beams  for multi-TRP operation
· mTRP-PDCCH-TwoQCL-TypeD: Indicates whether to support to configure different QCL-TypeD RSs for a CORESET for PDCCH reception.
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