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Introduction
[bookmark: _Hlk58595024]In RAN#94e, a new WI on UAVs in NR Rel-18 was approved [1] and it was further revised with following objectives in RAN#98e [2]:
1. Specify the following enhancements on measurement reports [RAN2]:
· UE-triggered measurement report based on configured height thresholds
· Reporting of height, location and speed in measurement report
· Flight path reporting
· Measurement reporting based on a configured number of cells (i.e. larger than one) fulfilling the triggering criteria simultaneously
Note: Work done in LTE is a starting point for this objective. NR-specific enhancements can be considered, if needed, while overall the LTE and NR solutions should be harmonized as much as possible.

2. Specify the signaling to support subscription-based aerial-UE identification [RAN3/SA2 interaction/RAN2]
Note: Work done in LTE is a starting point for this objective. NR-specific enhancements can be considered, if needed, while overall the LTE and NR solutions should be harmonized as much as possible.

3. Study and specify, if needed, enhancements to NR PC5 and LTE PC5 to support UAV identification broadcast [RAN2]. Check at RAN#99 for further elaboration of this objective, based on RAN2 discussions and SA2 development. Note: This objective is not intended to introduce new band(s) with support for the PC5 interface. UAV use of LTE PC5 or NR PC5 is not addressing any operator licensed band.

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 RAN1#110bis-e, following agreements have been made related to UE capability signaling to indicate UAV beamforming capabilities and RRC signaling [3]:
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)
In this contribution, we provide our views on beamforming related aspects for UAV UEs in NR Rel-18.
Discussion
In LTE Rel-15, the study has been conducted on if and how the aerial vehicles could be supported with the existing specifications at that time. Based on the studies, primarily two key issues were identified:

· Uplink interference to terrestrial UEs due to aerial UEs
· Downlink interference to aerial UEs 

Furthermore, as the height of aerial UEs become higher, the probability of LoS of the aerial UEs to multiple cells increases and as a result the inter-cell interference issue is elevated. These observations were primarily based on baseline assumptions that considered omni-directional antennas at the UE. However, already at that time full-dimension MIMO was supported at the gNB and also directional antennas could be possible at UEs. In the TR 36.777 [4], also additional results and observations were provided with optional simulation assumptions considering FD-MIMO at gNB and/or directional antennas at the UE in appendix section F.2 and F.3. Based on these evaluations, it was observed that the UL interference to terrestrial UEs can be reduced when FD-MIMO is applied at the gNB. Basically, when FD-MIMO at gNB is used, directional beams can be applied at the receiver to minimize the interference. Furthermore, with directional antennas at the UE, interference is further alleviated. With above implementation-based solutions, no particular specification enhancement maybe necessary. It is not clear if and how much additional gain can be achieved by extending the beamforming capabilities and signaling to FR1. 

Observation 1: In LTE studies for aerial vehicles support in the network, it has been observed that with implementation-based solutions including FD-MIMO, the UL interference from UAV UEs at the gNB can be rejected by applying directional receive beams in comparison to baseline assumptions when omni-directional transmission/reception is assumed

Observation 2: For FR1, directional antennas at the UE can already be used to further alleviate interference issue in comparison to baseline assumption of omni-directional antennas at the UE

Observation 3: For FR1, it is not clear if by extending beamforming related capabilities and signaling from FR2, how much substantial gain can be achieved in comparison to already existing solutions such as FD-MIMO and directional antennas in FR1

Another practical aspect to consider is the limited TUs available in RAN1 to conclude the WI on UAV support in NR Rel-18. In our view, simply removing the restriction of FR2 related capabilities and signaling parameters and applying them in FR1 is not straightforward and would most likely require non-trivial specification enhancements. Most importantly in FR1, lower SCS such as 15kHz and 30kHz are supported, therefore, the timing related parameters for beamforming in FR2 will need to reevaluate for FR1. Depending on the parameters,  scaling and/or optimization of the durations associated with at least following parameters will need to be discussed: 
· beamSwitchTiming, beamSwitchTiming-v1710
· beamSwitchTiming-r16, beamSwitchTiming-r17
· maxNumberRxTxBeamSwitchDL, maxNumberRxTxBeamSwitchDL-v1710
· timeDurationForQCL, timeDurationForQCL-v1710

Observation 4: For applying FR2 related capabilities and signaling parameters to FR1 for UAV UEs, it is not straightforward and would most likely require non-trivial specification enhancements, for example, scaling and/or optimizing durations associated with at least the following parameters:
· beamSwitchTiming, beamSwitchTiming-v1710
· beamSwitchTiming-r16, beamSwitchTiming-r17
· maxNumberRxTxBeamSwitchDL, maxNumberRxTxBeamSwitchDL-v1710
· timeDurationForQCL, timeDurationForQCL-v1710

Based on the above observations, we think that it is not required and reasonable to consider extending FR2-only beamforming capabilities and signaling parameters to FR1 for UAV UEs. 

Proposal 1: For supporting UAV UEs in NR Rel-18, extending FR-2 only beamforming capabilities and signaling parameters to FR1 should not be further considered.

Another related aspect discussed in RAN1#110bis-e is to study indication of beam characteristics, e.g., number of beams, beamwidth, beam center, radiated EIRP, etc. as UAV UE capability. In our view, considering that we don’t even think that extension of FR-2 only beamforming capabilities and signaling parameters is needed, so the need to study the indication of beam characteristics can be avoided. Furthermore, we don’t think it is reasonable to consider that UAV UEs should be required to share their beam characteristics as this is implementation-sensitive and is typically not required to be discussed in specifications. 

Proposal 2: For supporting UAV UEs in NR Rel-18, indication of beam characteristics should not be supported
Conclusion
In this contribution, we have discussed our views on beamforming aspects for UAV UEs in FR1 and provided following observations/proposals:

Observation 1: In LTE studies for aerial vehicles support in the network, it has been observed that with implementation-based solutions including FD-MIMO, the UL interference from UAV UEs at the gNB can be rejected by applying directional receive beams in comparison to baseline assumptions when omni-directional transmission/reception is assumed

Observation 2: For FR1, directional antennas at the UE can already be used to further alleviate interference issue in comparison to baseline assumption of omni-directional antennas at the UE

Observation 3: For FR1, it is not clear if by extending beamforming related capabilities and signaling from FR2, how much substantial gain can be achieved in comparison to already existing solutions such as FD-MIMO and directional antennas in FR1

Observation 4: For applying FR2 related capabilities and signaling parameters to FR1 for UAV UEs, it is not straightforward and would most likely require non-trivial specification enhancements, for example, scaling and/or optimizing durations associated with at least the following parameters:
· beamSwitchTiming, beamSwitchTiming-v1710
· beamSwitchTiming-r16, beamSwitchTiming-r17
· maxNumberRxTxBeamSwitchDL, maxNumberRxTxBeamSwitchDL-v1710
· timeDurationForQCL, timeDurationForQCL-v1710


Proposal 1: For supporting UAV UEs in NR Rel-18, extending FR-2 only beamforming capabilities and signaling parameters to FR1 should not be further considered.

Proposal 2: For supporting UAV UEs in NR Rel-18, indication of beam characteristics should not be supported
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