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1 Introduction
This contribution provides a summary of the discussion in RAN1#112 for AI 9.15:
RAN#94e approved a revised WID on NR Support for UAV (NR_UAV-Core) [12] with the following objective related to RAN WG#1:  
Study UE capability signaling to indicate UAV beamforming capabilities and, if necessary, RRC signaling [RAN1, RAN2]:  
· FR1 with directional antenna at UE side 

2 [bookmark: _Hlk510705081]Discussion
RAN#94e approved a revised WID on NR Support for UAV (NR_UAV-Core) [1] with the following objective related to RAN WG#1:  
Study UE capability signaling to indicate UAV beamforming capabilities and, if necessary, RRC signaling [RAN1, RAN2]:  
· FR1 with directional antenna at UE side 
Summary of Company Contributions
	Company
	Proposals

	Huawei, HiSilicon
(R1-2300132)
	Observation 1:	The UL interference issue can be alleviated by switching to a gNB outside the dense-deployed area through existing switching procedure and conducting digital beamforming. A spec-transparent directional antenna architecture can be further considered to enlarge the handover range as well as confine the interference.

Observation 2:	If the target scenarios and the potential issues are justified and ineffectiveness of existing techniques are proved, extending FR2 beam management mechanism to FR1 under Rel-17 unified TCI framework can be treated as a candidate direction.

Observation 3:	To enable FR2 beam management to FR1 under Rel-17 unified TCI framework, parameters for FR2 only in Table 1 should be extended to FR1.

Observation 4:	Considering the limited TU left for convergence and the unclearness of motivation, introducing beam related characteristics including number of beams, beamwidth, beam center and radiated EIRP is not preferred.
Proposal 1:	The UE capability signaling is only needed if the ineffectiveness of existing techniques can be proved under the justified target scenarios with potential issues.

	vivo
(R1-2300482)
	Proposal 1:	Decide whether Rel-15/16 beam indication framework or Rel-17 unified TCI framework is used for beamforming in UAV scenario.
Proposal 2:	Only support single TRP based beamforming for UAV UE in FR1.
Proposal 3:	To support beamforming for UAV UE in FR1, consider removing the restriction “applicable only to FR2” for some UE capability parameters related to beam management. Send LS to RAN2.
Proposal 4:	To support beamforming for UAV UE in FR1, consider allowing to configure QCL Type D for a second QCL type associated with a reference RS in a TCI state and RRC parameters with restrictions for FR2. Update RAN1 specification accordingly and send LS to RAN2.

	Lenovo
(R1-2300519)
	Proposal 1:	The UE can report the following capabilities 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.
· defaultQCL-TwoTCI-r16: Indicates whether support two default beams for DL reception in mTRP
· mTRP-CSI-CMR-r17: Indicates the bility to support CSI measurement with multiple beams  for multi-TRP operation
· mTRP-PDCCH-TwoQCL-TypeD: Indicates whether to support to configure different QCL-TypeD RSs for a CORESET for PDCCH reception.

Proposal 2:	Both Rel-15/16 TCI framework and Rel-17 unified TCI framework should be support for Rel-18 UAV.
Proposal 3:	Support the gNB to indicate the minimum beam application time for UAV UE in FR1.


	Xiaomi
(R1-2300564)
	Proposal 1:	The basic capabilities of beam management specified in NR shall be supported for UAV UEs beamforming, e.g., beam measurement, beam report, and beam indication.
Observation 1: 	The distance between gNB and the UAV UE is far with large path loss, so the reliability of communication between gNB and the UAV UE is low.
Proposal 2: 	To improve the reliability, the capability parameters of beam failure recovery as specified in NR shall be reused.
Observation 2:	The characteristic of the UAV UE is high mobility. 
Proposal 3: 	The capability of beam switching shall be supported to ensure service continuity for the UAV UE.
Observation 3:	The height of the UAV UE can be higher or lower than the base station. 
Proposal 4: 	The beam direction of the UAV UE shall support upward beams and downward beams to satisfy the different scenarios.                                  
Observation 4:	It is necessary to address the high interference created by UAV UE to other NR UEs in the network. 
Proposal 5: 	Directional antennas can be used to address issue of high interference generated by the UAV.
Proposal 6: 	Rel-17 unified TCI framework is more preferred due to small signaling cost.
Proposal 7: 	Measurement reports triggered by antenna beam configuration changes shall not be supported due to out of work scope.

	ZTE
(R1-2300708)
	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.

	Nokia, Nokia Shanghai Bell
(R1-2300713)
	Observation 1: 	The proposed framework in Section 2.2 and Section 2.3 leverages UE beams in a simple manner to reduce the relevant problem of interference in high altitudes. It is also agnostic to frequency layer. 
Observation 2: 	For uplink interference mitigation is beneficial to define at least two UAV UE beam center directions (see for example Figure 1 in Annex). 
Observation 3: 	The signalling required to convey the information about the UAV UE orientation can be RRC signalling as being discussed in RAN2 UAV Release 18.Proposal 1:	Study the applicability and need to adapt the definitions for OTA coverage range and OTA peak directions set for the AV UE to be checked (FFS).
Proposal 1: 	Draft LS to RAN4 to clarify the expected impact of supporting UAV UE beamforming in RAN1.
Proposal 2: 	RAN1 UAV Release 18 WI do not consider extending parameters for beam management procedure from FR2 to FR1 and focus on UE capability signalling to indicate UAV beamforming capabilities as per objectives.  
Proposal 3: 	RAN1 UAV Release 18 WI to consider the (re)use of the existing 2TX antenna configurations to support UAV beamforming in FR1.
Proposal 4: 	Specify UE FR1 capability for signaling for at least the number of beams, beam center directions and post antenna connector gain, of UAV UEs, each with a unique beam identity.
Proposal 5: 	Specify UE capability to report at least UAV UE orientation to the network e.g., heading/velocity vector as part of the location information
Proposal 6: 	RAN1 UAV Release 18 WI do not consider reusing the framework for beam application latency designed for FR2, as it is not needed by a more simplified approach for FR1 UAV beamforming.

	Samsung
(R1-2301295)
	Proposal 1: 	RAN1 focuses on a single scenario for UAV performance enhancement considering terrestrial UE protection via aerial link interference management or avoidance
Proposal 2: 	RAN1 consider following case as a target scenario for Rel-18 UAV beamforming capability discussion
· Network commands handover for UAV UE to non-best cell for the terrestrial UE protection or cell traffic off-loading with following conditions
· After handover, with UAV UE’s beam adjustment toward new serving cell, legacy serving cell observes sufficiently reduced RSRP via aerial link 
· TBD: How much reduction should be assumed/required
· Required information to make handover decision above is extracted from legacy reporting and UE capabilities.
· Handover decision is made without new L1 reporting

Proposal 3: 	Consider single TRP and DL/UL symmetric cell only at studying the benefits of UE UAV beamforming capability 
Observation 2: 	At least in DL/UL symmetric cell, beam correspondence is required for interference aware UAV mobility management
Observation 3: 	Since ICI depends on UAV beam, network transparent changing of UE beam cause unexpected ICI
Proposal 4: 	Support UAV beamforming based mobility management for the UAV UE supporting FR1 beam correspondence only
Proposal 5: 	Network assumes the same UE beam applied on reported UE’s measurement and channel transmission /reception 
Observation 4: 	With the following conditions, reporting of UE beam characteristics may help serving cell to predict proper target cell for UAV UE off-loading
· LoS environment is provided for serving cell and target cell
· Geometric information of UAV UE and target cell is provide at used for target cell selection

Proposal 6: 	Low priority on UE beam characteristics reporting, if dependence on positioning is essential
Proposal 7: 	Extend or modify FR2 beam correspondence parameters to FR1 as an indication of UE’s capability supporting UAV beamforming based mobility management
Proposal 8: 	Consider extension or modification of following parameters to indicated required offset between triggering and reception of aperiodic CSI-RS
· beamSwitchTiming
· beamSwitchTiming-v1710
· beamSwitchTiming-r16 
· beamSwitchTiming-r17

Observation 5: 	Following parameters indicating UE’s beam management capabilities are meaningless in FR1
· uplinkBeamManagement
· unifiedJointTCI-BeamAlignDLRS-r17
· beamManagementType-r16 
· beamManagementType-CBM-r17
· Observation 6: Following parameters indicating UE’s beam management capabilities are not required to extend to FR1
· maxNumberRxTxBeamSwitchDL 
· maxNumberRxTxBeamSwitchDL-v1710

Observation 7: 	Following parameters indicating usage of default beam is not valid in FR1
· sfn-DefaultUL-BeamSetup-r17

Proposal 9: 	Following FR2 UE beamforming capabilities do not extend to FR1 for the purpose of supporting ICI aware UAV UE handover. 
· uplinkBeamManagement
· unifiedJointTCI-BeamAlignDLRS-r17
· beamManagementType-r16 
· beamManagementType-CBM-r17
· maxNumberRxTxBeamSwitchDL 
· maxNumberRxTxBeamSwitchDL-v1710
· sfn-DefaultUL-BeamSetup-r17


	Apple
(R1-2301377)
	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

	Qualcomm Incorporated
(R1-2301444)
	Observation 1: 
· Directional antennas at aerial UEs can significantly reduce the interference and improve user throughput of terrestrial UEs in the shared spectrum while keeping the target reliability of aerial UEs.
· More number of beams and narrower beamwidth can further improve UAV throughput and reduce impact on terrestrial UEs, rather than increasing the number of uplink tx ports for omni antennas.

Proposal 1: 	UE can report the capability of one or multiple antenna configurations via RRC signalling, e.g., whether UE is capable of omni or directional antennas and the related antenna configuration, such as number of antennas/beams, beamwidth, beam gain of main lobe, sidelobe, etc.

Observation 2: 	Compared with legacy terrestrial UEs, it is more important for gNB to schedule and select uplink beams of aerial UEs by considering the interference impact.

Proposal 2: 	If a UAV reports multiple antenna configurations, such as omni and directional antenna with different beamwidth, following is supported:

· gNB can configure the association of the TCI-state/RS for UL beams and the UE antenna configurations. 
· As assistance information, gNB can request the UE reporting of the assistance information on the association between the UE antenna configuration and the UL beam(s). 

Proposal 3: 	Support both Rel-15/16 TCI framework and Rel-17 unified TCI framework for beam indication based on  UAV UE capability.

Proposal 4: 	Support indication of minimum beam application latency as UAV UE capability.

· If Rel-17 TCI framework is used, reuse existing minBeamApplicationTime range.
· If Rel-15/16 TCI framework is used, support timedurationforQCL and beamSwitchTiming for 15kHz/30kHz for FR1.

Proposal 5: 	Support flexible beam correspondence for tx/rx beamforming for aerial UAV in FR1 band.
· -	FFS: height-based or configured by gNB

Observation 3: 	For aerial UEs capable of different antenna configurations, the antenna configuration change may result in significant inter-cell interference variation.

Proposal 6: 	Introduce change in antenna/beam configuration as an optional trigger for reporting of UAV location, speed and/or antenna/beam configuration. Details can be up to RAN2.


	NTT DOCOMO, INC.
(R1-2301522)
	Proposal 1: 	RAN1 should discuss and decide the baseline framework for indication of beam management capabilities for UAV UEs.

· Rel-17 unified TCI framework should be selected as the baseline framework

Proposal 2: 	At least uplinkBeamManagement, beamCorrespondenceSSB-based-r16, beamCorrespondenceCSI-RS-based-r16 and beamCorrespondenceWithoutUL-BeamSweeping can be considered for extending applicability to FR1 bands.

Proposal 3: 	Suitable range of values for minBeamApplicationTime-r17 for FR1 UAV UE can be discussed with considering FR1 SCSs and fast beam application requirement.


	Ericsson
(R1-2301629)
	Observation 1:	A major hurdle to RAN1 progress is which BM framework to be used for UAV with directional antenna: Rel-15/16 TCI state/spatial relation framework or Rel-17 unified TCI framework or both.

Observation 2:	In the unified TCI framework, minBeamApplicationTime-r17 indicating the minimum beam application time is only specified for FR2. This need to be extended to FR1.

Observation 3:	Several parameters in Rel-17 unified TCI framework may need to be increased/extended to better cater to the UAV use case.

Observation 4:	The use of Rel-15/16 TCI state/spatial relation framework and beam correspondence to support UAV directional antennas requires several feature extensions to FR1 that involve larger spec impact and is not preferred.

Proposal 1:	RAN1 decides on which BM framework to be used before discussing signaling details.

Proposal 2:	Use Rel-17 unified TCI framework for signaling UE beamforming capability for UAV with directional antenna.

Proposal 3:	RAN1 to study the value range of at least the following UE features related to the unified TCI framework to support UAVs:

· additionalMAC-CE-PerCC-r17: indicates the number of K additional MAC-CE activated joint TCI states per CC in a band.
· additionalMAC-CE-AcrossCC-r17: indicates the number of K additional MAC-CE activated joint TCI states across all CC(s) in a band.
· k-DL-PerCC-r17: indicates the number of additional MAC-CE activated DL TCI states per CC in a band.
· k-UL-PerCC-r17: indicates the number of additional MAC-CE activated UL TCI states per CC in a band.
· k-DL-AcrossCC-r17: indicates the number of additional MAC-CE activated DL TCI states across all CC(s) in a band.
· k-UL-AcrossCC-r17: indicates the number of additional MAC-CE activated UL TCI states across all CC(s) in a band.

Proposal 4:	Do not introduce new UE capabilities for UAV providing details on beam characteristics, e.g., number of beams, beamwidth, beam center, radiated EIRP, and orientation of beams.
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[bookmark: _Ref116164962]
Round#1 Moderator Proposals
UL Beam Management Support in FR1
Regarding support for UAV UE beam management in FR1 the large majority of companies have indicated a preference to support UAV UE beamforming [1,2,3,5,7,9,10,11].  Additionally, [10] has indicated that support can be considered. One company has indicated that they do not support UAV UE beam management in FR1 [8]. Additionally, [6] has indicated a concern that RAN4 requirements will be impacted if UAV UE beamforming is supported in FR1, as an existing framework for FR1 UL beam management does not exist.  In the FL’s assessment it is reasonable to expect that RAN4 RF and RRM requirements will need to be specified in order to support UAV UE beamforming, and RAN4 does not currently have any allocation to study UAV UE beamforming in Rel-18.
Conclusion 2.1.1.1 [bookmark: _Ref128090118] 
UAV UE beamforming support in FR1 can only be supported in Rel-18 if there is no impact to RAN4 requirements.
Please provided company views on Conclusion 2.2.1.1
	Company
	Comments

	Qualcomm
	Yes.
In our view, UE beamforming in FR1 is based on selection/switching among omni and fixed directional antennas, which are external antennas not integrated in the UE. So, it is different from the UE integrated antennain FR2, where RAN4 need to test the beam generation and beam management. We will not implement the FR2-like analog beamforming and digital beamforming in FR1. Therefore, we need to first clarify that FR1 beamforming is based on diretional antenna selection without new RAN4 requirements, rather than based on the same beamforming framework as FR2. If there is any additional requirement in RAN4, although we don’t see the need, there should be the understanding that these tests would be performed in a conducted enrivorment, i.e., RAN4 does not need to test the antenna performance in FR1.

	Huawei, HiSilicon
	Fine with the proposal.

	Apple
	Generally fine with proposal, but in our understanding, this shouldn’t imply that once RAN4 confirms no impact, then by default we agree to support beamforming in FR1. This will depend on ongoing discussion in RAN1.



If the expectation that RAN1 design of UAV UE beamforming can have no impact on RAN4 requirements, then in FL’s view guidance is needed from RAN4 on what the expected impact of supporting UAV UE beamforming would be, either as an optional or mandatory capability. 
1. [bookmark: _Ref128090621] 
Draft LS to RAN4 requesting guidance on the expected RAN4 impact of supporting UAV UE beamforming in FR1 as either an optional or mandatory capability. 
Please provided company views on Proposal 2.2.1.1
	Company
	Comments

	Qualcomm
	UAV beamforming in FR1 is an optional UE capability.

	Ericsson
	UAV beamforming in FR1 should be an optional UE capability.

	Huawei, HiSilicon
	Seems too early to send LS to RAN4 given that the target scenarios and the potential issues have not been justified and the ineffectiveness of existing techniques have not been proved yet.
But can live with the proposal if it is agreeable for most companies.

	Apple
	We don’t think that we need RAN4 to decide for us whether this will be optional or mandatory capability, assuming if we agree to support. 

	NTT DOCOMO
	We also think it seems not so necessary at this moment.



A baseline framework for beam indication was discussed by multiple companies. [2] indicated a preference to select a baseline framework as part of the Rel-18 UAV study. [4], [10], and [11]. [3] and [9] indicated that both Rel-15/16 and Rel-17 TCI framework should be supported. While some companies indicated a preference for including support of Rel-15/16 TCI framework for beam indication for UAV UEs no company opposed support for Rel-17 unified TCI framework.  As no companies objected to Rel-17 unified TCI framework, the FL would propose that Rel-17 unified TCI framework is considered as baseline for UAV UE beamforming
Proposal 2.1.1.3 [bookmark: _Ref128092883]
If UAV UE beamforming is supported, Rel-17 unified TCI framework is considered as baseline for UAV UE beamforming
Please provided company views on Proposal 2.2.1.2
	Company
	Comments

	Qualcomm
	For UAV beam indication in FR1, the intention should be to reuse the existing signalling design based on Rel-15/16 and Rel-17 MIMO TCI framework. In parallel discussion of network-controlled repeaters (NCR) with FR1 beamforming, both Rel-15/16 and Rel-17 beam indication framework are supported. Considering the different types of UAV devices, both beam indication frameworks should be considered as well.

	Ericsson
	Support FL proposal. We don’t see the need to support two different frameworks for UAVs.

	Huawei, HiSilicon
	Fine with the proposal.
Companies should keep in mind that the target scenarios and the potential issues should be justified and the ineffectiveness of existing techniques should be proved before making a decision on supporting UE capability signaling according to the agreements in RAN1#110bis-e.

	Apple
	Share similar view as Huawei on justifying the need for extending TCI framework to FR1

	NTT DOCOMO
	We support the proposal.



Several contributions also proposed the extension of FR2-only capabilities relevant to UE beam switching time in support of FR1 beam management.  A number of companies indicated support for extension of FR2-only capabilities to FR1 in support of UAV UE beamforming [1,2,5,9,10], and several companies specifically identified extension of UE capabilities for beam switching [2,4,7].  Two companies, however, have indicated that they do no support extension of FR2-only capabilities for UE beamforming to FR1 [6,8].  In FL’s assessment, there seems to be broad support for extension of beam switching time capabilities to FR1 in support of UAV UE beamforming, and if UAV UE beamforming is supported there is a benefit in unifying the framework between FR1 and FR2.  
[bookmark: _Ref128092954]
If UAV UE beamforming is supported in FR1, beam switching time capabilities relevant to supported TCI framework (i.e., beamSwitchingTime-r16, beamSwitchingTime-r17) are extended to operation in FR1
· FFS, suitable range of values

Please provided company views on Proposal 2.2.1.3
	Company
	Comments

	Qualcomm
	Ok in general. 
The name for beam switching time is ‘beamSwitchTiming-r16/r17’

	Huawei, HiSilicon
	Not support.
Seems beamSwitchTiming is enough for fulfill the basic beam management procedure UAV may need.

	NTT DOCOMO
	We think we can discuss just suitable range of values for minBeamApplicationTime-r17 for FR1 UAV UE to achieve fast beam switching, e.g., by limiting applicable values for FR1 UAV UE to smaller values. 



Some contributions additionally indicated a preference to support UL/DL beam correspondence for UAV UE beamforming in FR1. In FL’s assessment this can be discussed within the same context as beam switching time capabilities.
[bookmark: _Ref128093725]
If UAV UE beamforming is supported in FR1, beam correspondence capabilities beamCorrespondenceSSB-based-r16, beamCorrespondenceCSI-RS-based-r16 and beamCorrespondenceWithoutUL-BeamSweeping are extended to operation in FR1.

Please provided company views on Proposal 2.2.1.4
	Company
	Comments

	Qualcomm
	Ok in general. 

	Huawei, HiSilicon
	Not support.
Seems beamCorrespondenceWithoutUL-BeamSweeping is enough for fulfill the basic beam management procedure UAV may need.

	NTT DOCOMO
	We support the proposal.



[bookmark: _Ref116165070]One company has proposed to extend support for multi-TRP DL reception and CSI measurement reporting [3]; however, two contributions indicated a preference to limit study to single TRP operation.  In FL’s assessment, there is limited motivation to study multi-TRP support given the limited time available, but companies are encouraged to provide their views on whether there is a benefit for multi-TRP support in FR1.  
[bookmark: _Ref128094451]
If UAV UE beamforming is supported in FR1, multi-TRP capabilities defaultQCL-TwoTCI-r16, mTRP-CSI-CMR-r17, and mTRP-PDCCH-TwoQCL-TypeD are extended to operation in FR1
Please provided company views on Proposal 2.2.1.5
	Company
	Comments

	Qualcomm
	It can be depriorizied for now and further discussed after RAN1 get consensus on the basic FR1 beamforming capability.

	Ericsson
	We agree with FL’s assessment that we should first consider single-TRP reception in this WI.  Given the limited TUs allocated to RAN1, we don’t think we can complete all the multi-TRP related details in this release.  So we do not support current formulation of the proposal.

	Huawei, HiSilicon
	Not support. 
The motivation is not clear.

	Apple
	We don’t support this proposal and agree with QC to deprioritize this for now.



Additionally, one company has proposed to study suitable ranges of values for UE capabilities related to the number of activated TCI states that can be configured for UAV UEs using the Rel-17 unified TCI framework.  While, these capabilities are currently supported for UEs operating in FR1, in the FL’s assessment it is worthwhile to consider whether any enhancement is necessary in the range of suitable values for UAV UEs.

If UAV UE beamforming is supported in FR1, study if any enhancement is necessary in the range of suitable values indicated for the following UE capabilities:
· additionalMAC-CE-PerCC-r17
· additionalMAC-CE-AcrossCC-r17
· k-DL-PerCC-r17
· k-UL-PerCC-r17
· k-DL-AcrossCC-r17
· k-UL-AcrossCC-r17

UE Capability for Beam Characterization
Regarding the discussion of UAV UE capability reporting for beam characterization views were mixed on whether these capabilities should be supported.  Three companies indicated that this capability should not be supported [1,8,11] and an additional contribution indicated that this was a low priority feature [7], while two companies indicated a preference to include some set of beam characterization parameters as part of UAV UE capabilities [6,9]. Additionally, only contribution provided analysis showing how this capability information would be beneficial in reducing interference [6].  In FL’s assessment this feature is controversial and more discussion is necessary to identify the relevant use case and perceived benefits.
[bookmark: _Ref128096736]
UAV UE can report the following capabilities in support of UE beam characterization:
· Number of antennas/beams
· Beam gain, FFS beam resolution, i.e., multi-lobe gain, etc.
· Beam width
· Beam center

FFS; UE orientation reporting

Please provided company views on Proposal 2.2.2.1
	Company
	Comments

	Qualcomm
	Yes.
To help gNB utilize/control the beam, the UE can report the antenna configurations in terms of number of antennas/beams, beamwidth, beam gain of main lobe, sidelobe, etc. Such UE physical beam properties are important and useful for network interference management, which is a special requirement for aerial UEs, different than the legacy terrestrial UE with beam properties transparent to network.

	Ericsson
	Not support.  This aspects needs a more thorough study, including the specification impact in RAN1.  Given the limited TUs allocated to RAN1 in the WID, we prefer not to support this in Rel-18.

	Huawei, HiSilicon
	Considering the limited TU left for convergence and the unclearness of motivation, introducing beam related characteristics including number of antennas/beams, beam gain, beamwidth and beam center is not preferred.
Companies should keep in mind that the target scenarios and the potential issues should be justified and the ineffectiveness of existing techniques should be proved before making a decision on supporting UE capability signaling according to the agreements in RAN1#110bis-e. Furthermore, similar to the discussion in section 2.2.1, potential RAN4 impact should also be considered.

	Apple
	We don’t support this proposal. UE should not be required to share information on this beamforming capabilities as this is sensitive to UE implementation. 

	NTT DOCOMO
	We are still not sure whether/how those beam characterisctic information is beneficial on top of existing capabilities at this moment.



Additionally, one company proposed considering support of 2Tx antenna configuration as a method of supporting directional UL transmission without RAN4 impact [6]. 
[bookmark: _Ref128097136]
UAV UE may support 2 Tx antenna configuration with network-controlled antenna switching 
FFS; Signaling design for antenna switching

Please provided company views on Proposal 2.2.2.2
	Company
	Comments

	Qualcomm
	We support the FR1 antenna switching/selection but it is subject to UE capability but no need to restrict to 2Tx only. 
Regarding beam indication signaling, we prefer to reuse the Rel15/16 and Rel17 TCI beam indication framework.

	Ericsson
	We wonder why this limitation is needed.  The current spec supports up to 4Tx in UL, and in Rel-18 MIMO there are discussions on supporting 8Tx.  Then, it is unclear why UAV UEs need to be restricted to only 2Tx.

	Apple
	Fine to support and agree with QC that it can be a UE capability



Additional proposals
If companies believe that any proposals were not adequately captured or incorrectly captured, the FL invites companies to provide additional comment on topics they would like to discuss

Please provided views on any topics that companies believe have not received adequate study
	Company
	Comments

	Qualcomm
	1) Compared with legacy terrestrial UEs, it is more important for gNB to schedule and select uplink beams of aerial UEs by considering the interference impact. So, it is required for gNB to be aware of the association of the TCI-state/RS for UL beams and the UE antenna configurations. 
2) For beam correspondence of UAV in FR1 band, whether to enable/disable beam correspondence may be dependent on the channel condition, where the channel condition may change based on UE flying status and channel environment.



Round #1 Proposals for Online Discussion
Conclusion 2.2.1.1
UAV UE beamforming support in FR1 can only be supported in Rel-18 if there is no impact to RAN4 requirements. 
Proposal 2.2.1.1
If UAV UE beamforming is supported, Rel-17 unified TCI framework is considered as baseline for UAV UE beamforming
FFS Rel-15/16 TCI framework
Proposal 2.2.1.5a
Multi-TRP beamforming is not supported for UAV UEs in FR1 in Rel-18.
Proposal 2.2.1.2
If UAV UE beamforming is supported in FR1, beam switching time capabilities relevant to supported TCI framework (i.e., beamSwitchingTime-r16, beamSwitchingTime-r17) are extended to operation in FR1
FFS, suitable range of values

Round#2 Moderator Proposals
UL Beam Management Support in FR1
RAN1 has agreed that beamforming capabilities supported in Rel-18 for UE UAVs should not have impact to RAN4 requirements, but companies do not feel that guidance is needed from RAN4 on whether beam the FR2 beam management framework can be extended to FR1 without RAN4 impact.  Companies have expressed the view beamforming capability for UE UAVs in FR1 should be an optional capability.  Additionally, the view has been expressed that UE UAVs should support a switched beam architecture that does not make use of digital beamforming.  In light of the discussion, the FL proposes the following regarding optional support of UE UAV beamforming capability in FR1.
[bookmark: _Ref128464673]
UE UAV beamforming via static beam switching is supported as an optional capability in Rel-18. 
Please provided company views on Proposal 2.4.1.1
	Company
	Comments

	Nokia, NSB
	We support the proposal

	vivo
	We are not conviced what this UE capability is realy needed. In our opinion, we think special features related to static beam switching different from digital precoding based beam switching needs to be identified first.

	Apple
	We share similar view as Vivo



During online discussion, agreement was not reached regarding support for extending Rel-17 beam switching time capability to FR1 for UE UAV. Companies are invited to provide their views on the updated proposal.
[bookmark: _Ref128464637]
If new UE UAV beamforming capabilities for FR1 with directional antennas at UE side are supported, beam switching time capabilities relevant to Rel-17 TCI framework are extended to operation in FR1
· FFS, suitable range of values

Please provided company views on Proposal 2.4.1.2
	Company
	Comments

	Nokia, NSB
	We support the proposal

	vivo
	Same comments as in Proposal 2.4.1.1.



Companies also failed to reach agreement on support for beam correspondence in FR1. Additionally, an FFS has been added based on QC’s proposal to discuss enabling/disabling beam correspondence assumptions based on changing channel conditions. Companies are invited to provide comment on the revised proposal.
[bookmark: _Ref128464893]
If new UE UAV beamforming capabilities for FR1 with directional antennas at UE side are supported, beam correspondence capabilities are extended to operation in FR1.
FFS: enabling/disabling beam correspondence assumptions based on channel conditions
Please provided company views on Proposal 2.4.1.3
	Company
	Comments

	Nokia, NSB
	We think it is too early to decide whether beam correspondence is supported or not. FR1 is operating in both FDD and TDD bands, we are not sure that beam correspondence is applicable in FDD bands. Moreorever, it may require RAN4 involvement and we already concluded that we are not considering any extension in Rel18 if it requires RAN4. As a further step, we can send an LS to RAN4 to check whether beam correspondence need a RAN4 involvement and if it is possible in FDD bands.
At this point, having beam correspondence is not that critical for basic beam based operation in FR1.

	vivo
	Same comments as in Proposal 2.4.1.1.

	Apple
	Share similar view as Nokia



Additionally, one company has proposed to study suitable ranges of values for UE capabilities related to the number of activated TCI states that can be configured for UAV UEs using the Rel-17 unified TCI framework.  While, these capabilities are currently supported for UEs operating in FR1, in the FL’s assessment it is worthwhile to consider whether any enhancement is necessary in the range of suitable values for UAV UEs.
[bookmark: _Ref128465035]
If UAV UE beamforming is supported in FR1, study if any enhancement is necessary in the range of suitable values indicated for the following UE capabilities:
· additionalMAC-CE-PerCC-r17
· additionalMAC-CE-AcrossCC-r17
· k-DL-PerCC-r17
· k-UL-PerCC-r17
· k-DL-AcrossCC-r17
· k-UL-AcrossCC-r17

Please provided company views on Proposal 2.4.1.4
	Company
	Comments

	Nokia, NSB
	We are not sure that RAN1 needs to discuss this at this point or it is up to RAN2 to discuss the ranges.

	Apple 
	Share similar view as Nokia



UE Capability for Beam Characterization
In first round of discussion companies expressed concern about repor
[bookmark: _Ref128465818]
If new UE UAV beamforming capabilities for FR1 with directional antennas at UE side are supported, UAV UE can optionally report the following capabilities in support of UE beam characterization:
· Number of antennas/beams
· Beam gain, FFS beam resolution, i.e., multi-lobe gain, etc.
· Beam width
· Beam center

FFS; UE orientation reporting
Please provided company views on Proposal 2.4.2.1
	Company
	Comments

	Nokia, NSB
	We support the proposal. As mentioned by companies that studies are needed to motivate the signalling of UAV beam related capabilities, we provided the simulation results in R1-2300713 shows the benefits of employing directional antennas at UE side and selecting the cell based on additional information about UAV UE beams besides conventional RSRP based cell selection. As for the signalling, RRC can be used to convey the information related to UAV beams and thus RAN2 can continue with the solution.

	vivo
	We don’t think these capabilities are needed.

	Apple
	We don’t support this proposal for UE to indicate capabilities related to characterization. Also, it is not clear to us if and what gain can be achieved by introducing this new set of UE capabilities. We don’t indicate such capabilities even for FR2 



Round #2 Proposals for Online Discussion
Proposal 2.5.1.1
UE UAV beamforming for FR1 should be supported based on fixed beam switching in Rel-18. 
Note: Enhancements on UE capabilities may not be necessary to support fixed beam switching
Proposal 2.5.1.2
Beam correspondence capabilities for UE UAV are not extended to FR1 in Rel-18.
Proposal 2.5.1.3
If new UE UAV beamforming capabilities for FR1 with directional antennas at UE side are supported, UAV UE can optionally report the following capabilities in support of UE beam characterization:
· Number of antennas/beams
· Beam gain, FFS beam resolution, i.e., multi-lobe gain, etc.
· Beam width
· Beam center

FFS; How to report UE capability, UE orientation reporting

Conclusion
The following proposals have been agreend in RAN1#112:
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.


References
[1] R1-2300132	UE capability and RRC signaling for UAV beamforming	Huawei, HiSilicon
[2] R1-2300482	Discussion on UE capability and RRC signaling for UAV beamforming	vivo
[3] R1-2300519	Discussion on UE capability and RRC signaling for UAV beamforming	Lenovo
[4] R1-2300564	Discussion on UE capability and RRC signaling for UAV beamforming	xiaomi
[5] R1-2300708	Discussion on  UE capability for UAV beamforming						ZTE
[6] R1-2300713	Discussion on UE capability and RRC signaling for UAV beamforming	Nokia, NSB
[7] R1-2301295	Discussion on UE capability and RRC signaling for UAV beamforming	Samsung
[8] R1-2301377	On UE capablity and RRC signaling for UAV beamforming					Apple
[9] R1-2301444	Discussion of UE capability and RRC signaling for UAV beamforming	Qualcomm Incorporated
[10] R1-2301522	Discussion on UE capability and RRC signaling for UAV beamforming	NTT DOCOMO, INC.
[11] R1-2301629	On UAV beamforming capabilities												Ericsson
[12] RP-223545		WI on NR Support for UAV													Nokia, NSB
