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1. [bookmark: _Ref18181]Introduction  
In RAN1#112[1], the discussions on UE capability and RRC signaling for UAV beamforming were conducted, and the following agreements have been achieved.
	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, the detailed views on the necessity to enable new UE capabilities in FR1 with additional thoughts on the remaining FFS are elaborated.
1. [bookmark: _Ref54269283]Discussion on new UE capabilities for UAV beamforming
For UAV beamforming with directional antennas in FR1, system performance improvement can be foreseen through reduced interference. In this case, the support of UAV beamforming is considered with discussion on following aspects considering the above progress:
1. Beamforming capability vs Antenna capability
As highlighted in the agreement above, it seems that the beamforming for UAV is only supported once the fixed directional antenna is supported in Rel-18. However, the discussion for clarification occurs in RAN1#112 meeting. In our views, the following two alts can be considered:
· Alt-1: Fixed directional antenna refers to specific antenna type to general the single beam with unchanged boresight direction.
In this way, the beam and antenna are coupled and to enable the beam management, it means that one or more fixed directional antennas will be supported to form different beams since in case of fixed directional antenna, the beam direction from this aspect is also unchanged. Based on this assumption, the impacts on implementation should be considered when we discuss the maximum supported beam by UAV.
· Alt-2: Fixed directional antenna refers to any implementation that can generate one or multiple beam with ideal beam pattern as declared by vendor.
In this way, the terminology of “fixed directional antenna” is just a general wording used to represent the implementation that can generate the ideal beam pattern with tight mapping between the number of antenna and supported beams. 
2. Specification impacts on how to specify the “beam switching among fixed directional antennas”
In current spec, the wording “spatial domain transmission filter” is used to describe the beam used at UE side and corresponding switching of beam is also specified as the behaviour according to the indicated QCL or spatial relationship for DL and UL. Meanwhile, the terminology “antenna Switching” is used to specify another specific behaviour. 
In the UAV case, since the original intention is still to specify the mechanism for beam management in FR1, so, the existing terminology in current spec can still be reused without additional changes. Moreover, it’s already clarified that no RAN4 spec impact is expected and it also implies that no additional value for beamswitching will be further discussed. Then, the Alt-2 as mentioned before seems more reasonable.
Proposal 1: Fixed directional antenna refers to any implementation that can generate one or multiple beam with ideal beam pattern as declared by vendor.
Proposal 2: The existing terminology in the spec to represent the beam at UE side will be reused for UAV.
In addition, based on the above consideration, with assumption on the ideal beam at UAV UE side, the beam correspondence should be naturally supported with corresponding implementation. Also, in the realistic scenario, without support the beam correspondence at UAV UE side, additional UL beam optimization should be always needed to select the best beam, otherwise, the UL interference to other cells will be out of control.
Proposal 3: The beam correspondence should be mandatory feature for UAV UE if the beamforming is supported.
1. Discussion on height-dependence for UAV beamforming
For aerial UE, the flight status of UAV can be dynamically changed in real-time, such as ascending or descending, hovering or flying. Correspondingly, considering the deployment of gNB and the height of aerial UE, the channel conditions or coverage range experienced by aerial UE may also change. In order to match the channel conditions in different scenarios, the beamforming capability, e.g., number of supported beam, need to be updated. For example, without reporting the support of beamforming or only support of single beam (e.g., refers to the quasi-omni pattern)  instead of directional antenna at low altitude can ensure coverage, because UAV UE with height less than 22.5m will experience the same channel conditions, that is, UMa and UMi channel models defined in [2]. 
Proposal 4: The update of the beam capability, e.g., number of support beam, along with following configuration for beam management can be considered in height-dependent way.
1. Conclusion
In this contribution, the detailed views on UE capability for UAV beamforming are elaborated with following observations and proposals.
Proposal 1: Fixed directional antenna refers to any implementation that can generate one or multiple beam with ideal beam pattern as declared by vendor.
Proposal 2: The existing terminology in the spec to represent the beam at UE side will be reused for UAV.
Proposal 3: The beam correspondence should be mandatory feature for UAV UE if the beamforming is supported.
Proposal 4: The update of the beam capability, e.g., number of support beam, along with following configuration for beam management can be considered in height-dependent way.
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