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1. [bookmark: _Ref18181]Introduction  
In RAN#94-e, RAN Rel-18 package is endorsed in [1] and the enhancement on UAV is approved as the WI with following objective in RAN1[2].
	4. 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, the detailed views on the necessity to enable the beamforming in FR1 and also updates of UE capability are elaborated.
1. [bookmark: _Ref54269283]Discussion on the UAV beamforming in FR1
To enable the cellular-based service for UAV, the extensive study has been conducted in Rel-15 for LTE network. Although we focus on the 5G in this WI, the same issues identified in previous research still exit (e.g., the interference for both DL/UL and issue for handover as highlighted in TR [3]). More specifically, it can be found that the spatial domain related enhancement, e.g., FD-MIMO, directional antenna at UE or receiving beamforming are highlighted for all potential cases based on the inputs.
[bookmark: _GoBack]Observation 1: The enhancement to enable the beamforming operation at UE side is beneficial for the cellular-based UAV service.
Compared to the LTE, in 5G, one of the essential enhancements is to enable the beam management/indication behavior to boost the benefits over spatial domain, which is mainly in FR2. However, as justified in this WI, considering the typical deployment of BS for aerial UE is mainly in FR1, extended support of the beam related operation is also needed.  
Moreover, at BS side, how to implement the beamforming, e.g., analog or digital, and how to define the mapping relationship between “beam” and RS index is mainly implementation. To provide the better service, the critical thing is to enable the proper configuration for beam management to match the typical behavior of aerial UE, e.g., flying, hovering or landing, etc.  
For the UE at FR1, to enable the corresponding operation, at least, updates of the UE capability is needed in following different cases:
· Case-1: The UE capability is applied for FR-2 only.
Some of the existing UE capability, e.g., beamCorrespondence related are only applied for FR2 as listed below. However, to enable the efficient beam-based operation, this feature should be supported to avoid the unnecessary beam training for UL (e.g., uplinkBeamManagement, If the UE does not set beamCorrespondenceWithoutUL-BeamSweeping to supported, the UE shall report this capability.), especially when the aerial UE is equipped with directional antenna since the antenna pattern for reception and transmission is always same.  
	beamCorrespondenceCSI-RS-based-r16
[Omit]
	Band
	No
	TDD only
	FR2 only

	beamCorrespondenceSSB-based-r16
[Omit]
	Band
	No
	TDD only
	FR2 only

	beamCorrespondenceWithoutUL-BeamSweeping
[Omit]
	Band
	Yes
	N/A
	FR2 only


· Case-2: Number of expected beams for beam training
To support the beam indication/training, some values related to the number of RS/beams should also be indicated to gNB as UE capability. For example, although in case of directional antenna, we also need to identify whether the beam is fixed or adaptive. If the beam is assumed to be fixed with directional antenna, the benefits will be limited.
	beamManagementSSB-CSI-RS
[Omit]
	Band
	Yes
	N/A
	FD


Proposal 1: Updates of the existing beam-related UE capability should be considered for aerial UE in FR1.
Proposal 2: For directional antenna, the number of supported beams should also be defined to indicate the ‘fixed’ or “adaptive” feature.
1. Discussion on the updates of UE capability
For the aerial UE, the state of operation will be changed dynamically, e.g., rising or landing, hovering or flying. Considering the deployment of BS, the experienced channel conditions/coverage will also be different. To match the channel condition, the UE capability defined for beam, e.g., number of beams or whether to support the beam or not, may need to be updated. For example, for the aerial UE, based on the defined channel model shown in [3], it can be found that same channel condition is expected for the UE with height below 22.5m in UMa and UMi case. In this case, to avoid the unnecessary complexity for scheduling and avoid RS overhead, the height-dependent capability for aerial UE can be considered. To enable this feature, mechanism for UE capability updates can be considered.
Proposal 3: For aerial UE, the beam related capability can be defined and updated in height-dependent way.
1. Conclusion
In this contribution, the detailed views on UE capability for UAV beamforming are elaborated with following observation and proposals.
Observation 1: The enhancement to enable the beamforming operation at UE side is beneficial for the cellular-based UAV.
Proposal 1: Updates of the existing beam-related UE capability should be considered for aerial UE in FR1.
Proposal 2: For directional antenna, the number of supported beams should also be defined to indicate the ‘fixed’ or “adaptive” feature.
Proposal 3: For aerial UE, the beam related capability can be defined and updated in height-dependent way.
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