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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


The following agreements were reached in RAN1#110bis[2]:
	Agreement
Study extending application of FR2-only beam management parameters e.g., spatial relation, beam correspondence, etc. to FR1 for UAV UEs
· FFS: Other parameters
· FFS: Impacts to legacy beam management for FR1
· FFS: Application of beam correspondence in FDM bands
Note: Identification of relevant UAV UE capabilities does not require commitment to support a specific TCI framework, and relevant parameters may change depending on the framework supported.
Note: Whether or not to specify above parameters should depend on the identification of  the target scenarios and the potential issues faced by UAV,  the identification of  which existing capabilities and/or mechanisms and/or frameworks can be treated as candidate for addressing above issues, and the necessity of specifying above parameters (i.e., whether the potential issues faced by UAV can already be solved with the existing capabilities and/or mechanisms and/or frameworks).

Agreement
Study indication of beam characteristics, e.g., number of beams, beamwidth, beam center, radiated EIRP, etc. as UAV UE capability
· FFS: Feasibility/benefit of indicating orientation of beams including height dependence 
· FFS: Necessary parameters, ranges of suitable values, and method of indication
· FFS: Height-dependence on relevant parameters
· FFS: Indication of beams as either ‘fixed’ or ‘adaptive’
Note: Whether or not to specify above parameters should depend on the identification of  the target scenarios and the potential issues faced by UAV,  the identification of  which existing capabilities and/or mechanisms and/or frameworks can be treated as candidate for addressing above issues, and the necessity of specifying above parameters (i.e., whether the potential issues faced by UAV can already be solved with the existing capabilities and/or mechanisms and/or frameworks)

Agreement
Study indication of minimum beam application latency as UAV UE capability
· If unifiedJointTCI-r17 is supported, suitable range of values for minBeamApplicationTime-r17
· If unifiedJointTCI-r17 is not supported, enhancements to timedurationforQCL may be considered
· FFS: additional parameters, e.g., beamSwitchTiming
Note: further consideration does not require commitment to support a specific TCI framework.
Note: Whether or not to specify above parameters should depend on the identification of  the target scenarios and the potential issues faced by UAV,  the identification of  which existing capabilities and/or mechanisms and/or frameworks can be treated as candidate for addressing above issues, and the necessity of specifying above parameters (i.e., whether the potential issues faced by UAV can already be solved with the existing capabilities and/or mechanisms and/or frameworks)



The following agreements were further reached in RAN1#112[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 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.
Proposal 1 [bookmark: _Toc111041256][bookmark: _Toc111108594][bookmark: _Toc115256356][bookmark: _Toc127343224][bookmark: _Toc127452894]The UE can report the following capabilitis in FR1:
· [bookmark: _Toc127343225][bookmark: _Toc127452895]Beam correspondence: Support Beam correspondence 
· [bookmark: _Toc127343226][bookmark: _Toc127452896]Beam switching: Maximum number of Tx + Rx beam changes a UE can conduct during a slot across the whole band CC
· [bookmark: _Toc127343227][bookmark: _Toc127452897]CSI-RS beam switching timing: Minimum time between the DCI triggering of AP-CSI-RS and aperiodic CSI-RS transmission
· [bookmark: _Toc127343228][bookmark: _Toc127452898]PDSCH beam switching: Time duration to determine and apply spatial QCL information for corresponding PDSCH reception
· [bookmark: _Toc127343229][bookmark: _Toc127452899]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.
[bookmark: OLE_LINK4]It was agreed to support Rel-17 unified TCI framework as the baseline. In our understanding, Rel-15/16 TCI framework should be support as well. The motivation to only support unified TCI framework for Rel-18 UAV is not clear to us since Rel-17 NW should also support UE capable with only Rel-15/16 TCI framework. With this assumption, the parameter minBeamApplicationTime for unified TCI framework and the parameter timedurationforQCL for Rel-15/16 TCI framework should indicated to the UAV UE in FR1 to indicate the minimum beam application time.
Proposal 2 [bookmark: _Hlk131452011][bookmark: _Toc127343233][bookmark: _Toc127452903]Support  Rel-15/16 TCI framework for Rel-18 UAV in addition to Rel-17 unified TCI framework.
Proposal 3 [bookmark: _Toc127343234][bookmark: _Toc127452904]Support the gNB to indicate the minimum beam application time for UAV UE in FR1.
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.
Proposal 2	Support  Rel-15/16 TCI framework for Rel-18 UAV in addition to Rel-17 unified TCI framework.
Proposal 3	Support the gNB to indicate the minimum beam application time for UAV UE in FR1.
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