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1. [bookmark: _Ref18181]Introduction  
In RAN1#110bis-e[1], the discussions on UE capability and RRC signaling for UAV beamforming were conducted, and the following agreements have been achieved.
	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
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’
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


In this contribution, the detailed views on the necessity to enable the beamforming in FR1 and also the height-dependent capability for UAV UEs are elaborated.
1. [bookmark: _Ref54269283]Discussion on UAV beamforming for FR1
For UAV beamforming capability, the beam correspondence can be assumed for aerial UEs since DL/UL channel reciprocity can be realized at high altitude with LOS channel condition, especially for TDD mode. When beam correspondence is supported, UE Tx beam can be determined according to the selected UE Rx beam with the measurement of the best downlink reception. Based on this feature, resource overhead and delay requirement will be avoided through reduced UL beam training for legacy beam management in FR1. Therefore, reusing FR2-only beam correspondence to FR1 for UAV UEs is beneficial to simplify the UL beam management.
Proposal 1: The extended application of beam correspondence can simplify UL beam management for UAV UEs in FR1.
In particular, for the case in FDM bands, the application of beam correspondence will be limited. Specifically, when the altitude of UAV UE is below certain threshold, this feature cannot be feasible due to the worsen and asymmetric of the uplink and downlink quality if large frequency gap exits between uplink and downlink frequencies. To address this issue for FDM bands, height-dependent beam capability should be supported to enable beam correspondence for UAV UEs. That is, no beam will be supported and UAV will perform as legacy FR1 UE if the altitude of UAV is below certain threshold. Otherwise, the update of beamforming will be performed to enable beam correspondence in view of LOS channel when the altitude of UAV is above the certain threshold.
Proposal 2: The height-dependent beam capability should be supported to enable beam correspondence at least for FDM bands in FR1.
Furthermore, with consideration of UAV’s mobility, the accuracy of beam correspondence will not be also guaranteed when UE rotates or the wireless channel deteriorates. To obtain beam alignment for uplink transmission, other beam management parameter, i.e., uplinkBeamManagement, should be supported. With this capability, gNB can  determine TRP Rx beam with the measurement of the best uplink transmission and UE can select the best UE Tx beam. Moreover, Uplink beam management procedure can obtain a narrower beam to bring less uplink interference, which will be helpful to improve the system performance. Thus, this beam management parameter should be extended to UAV capability for FR1.
Proposal 3: Other beam management parameter, e.g., uplinkBeamManagement, should be supported to UAV UEs capability in FR1.
1. Discussion on height-dependence for UAV beamforming
For the aerial UE, the flight status of UAV may be changed dynamically in real time, e.g., rising or landing, hovering or flying. Correspondingly, the channel condition or coverage range experienced by UAV will be also varied by considering the deployment of BS and the height of UAV. To match channel conditions at different scenarios, UE capability of beamforming or antenna configuration, e.g., whether UE is capable of omni or directional antennas and the related beam configuration, should be updated. As an example, using ommni-directional antennas instead of directional antennas at low altitude can ensure the coverage since UE with height below 22.5m will experience the same channel condition, i.e., UMa and UMi channel model defined in [2], however, adopting directional antennas or beamforming at high altitude with LOS channel will achieve better coverage and lower interference. Otherwise, the system performance will be degraded or deteriorated if the mismatched antenna configuration is used. With this mechanism, unnecessary complexity for scheduling and RS overhead can be avoided. Therefore, the update of beam or antenna configuration should be performed in height-dependent way.  
Proposal 4: The update of the beam or antenna configuration based on aerial UE capability should be performed in height-dependent way.
[bookmark: _GoBack]Moreover, to further reduce UL interference for other NR terrestrial UEs and BS, power control parameters of aerial UE may need to be modified given the LOS channel condition from high altitude. For example, the IE P-Max as defined in TS38.331 [3] is provided to set the maximum output power of the default power class and suitable to terrestrial UEs, however, this configuration would be inappropriate for UAV beamforming capability since less path loss can be foreseen at high altitude. In this case, suitable value of maximum output power should be configured to reduce UL interference for aerial UE at high altitude. Hence, the configuration of the power control parameters should be also indicated in height-dependent way.
Proposal 5: To further reduce interference and save power, the configuration of power control parameters for UAV beamforming should be also height-dependent.
1. Conclusion
In this contribution, the detailed views on UE capability for UAV beamforming are elaborated with following proposals.
Proposal 1: The extended application of beam correspondence can simplify UL beam management for UAV UEs in FR1.
Proposal 2: The height-dependent beam capability should be supported to enable beam correspondence at least for FDM bands in FR1.
Proposal 3: Other beam management parameter, e.g., uplinkBeamManagement, should be supported to UAV UEs capability in FR1.
Proposal 4: The update of the beam or antenna configuration based on aerial UE capability should be performed in height-dependent way.
Proposal 5: To further reduce interference and save power, the configuration of power control parameters for UAV beamforming should be also height-dependent.
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