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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
(R1-2302345)
	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 existing techniques are proven ineffective, introducing a directional antenna indication can be treated as a candidate UE capability enabling beam switching.

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.

Proposal 2:	Considering the unclear benefit over introducing directional antenna indication as well as the non-negligible spec. effort, extending application of FR2-only beam management parameters to FR1 is not preferred.

	vivo
(R1-2302512)
	Observation 1:	From UE side, it can associate joint/DL/UL TCI states with panels via beam measurement procedure so that it will use an appropriate Rx panel to receive DL channels/RSs as indicated joint/DL TCI state by gNB, and an appropriate Tx panel to transmit UL channels/RSs as indicated joint/UL TCI state by gNB.

Observation 2:	To realize beamforming in FR1, TCI state configuration by RRC, activation by MAC CE, indication by DCI can still be reused with QCL Type D included in TCI states to indicate the optimal beam, i.e., directional antenna panel, for each DL/UL channel/RS.

Proposal 1:	Rel-15/16 beam management framework is not supported for beamforming in UAV FR1 scenario.

Proposal 2:	To support beamforming for UAV UE in FR1, consider removing the restriction “applicable only to FR2” for some UE capability parameters related to Rel-17 unified TCI state framework for beam management, including
· PDSCH beam switching
· Beam switching
· A-CSI-RS beam switching timing
· Beam misalignment between the DL source RS in the TCI state

Proposal 3:	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. Update RAN1 specification accordingly and send LS to RAN2.

	Lenovo
(R1- 2302732)
	Proposal 1	The UE can report the following capabilitis 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.

Proposal 2	Support Rel-15/16 TCI framework for Rel-18 UAV in addition to Rel-17 unified TCI framework.

Proposal 3	Support the gNB to indicate the minimum beam application time for UAV UE in FR1.

	Sony
(R1-2302866)
	Observation 1: Reusing FR2 beam correspondence in FR1 for UAV UEs will minimize specification efforts and achieve decent performance.

Proposal 1: RAN1 to decide whether or not UAV beamforming in FR1 is an optional or a mandatory capability.

Proposal 2: Beam correspondence without UL beam sweep should be mandatory for Rel-18 FR1 UAV UEs.

Proposal 3: Extend the beam management procedure from FR2 to FR1 for UAV Rel-18 with only selected mandatory parameters.

Proposal 4: Support FR1 capability information containing the number of beams, beam center directions, and post-antenna connector gain of UAV UEs, each beam with a unique beam identity

Proposal 5: Support a UE should be able to report the UAV UE’s orientation to the network, such as the heading/velocity vector, as part of its location information.

	ZTE
(R1-2303298)
	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.

	Nokia, Nokia Shanghai Bell
(R1-2303418)
	Observation 1: The minimum UE UAV beamforming capabilities for FR1 with directional antennas at UE side should be considered only, which are possible to specify in the available time budget. 

Observation 2: For uplink interference mitigation it 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:	RAN1 UAV Release 18 WI to consider the (re)use of the existing 2TX or 4TX antenna configurations to support UAV beamforming in FR1 based on beam switching among fixed directional antennas at UE side.

Proposal 2:	RAN1 to consider extending only subset of the existing FR2 only capabilities and parameters from unified TCI state operation, for the purpose of the UE UAV beamforming capabilities for FR1 based on beam switching among fixed directional antennas at UE side.

Proposal 3:	Specify UE FR1 capability for signalling 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 4:	Specify UE capability to report at least UAV UE orientation to the network e.g., heading/velocity vector as part of the location information

	Samsung
(R1-2303156)
	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 sifnigicantly reduced RSRP via aerial link 
· Required information to make handover decision above is extracted from legacy reporting and UE capabilities.

Observation 1: Since ICI depends on UE beam, utilization of different DL/UL antenna or network transparent changing of UE antenna causes unexpected ICI.

Proposal 3:	For the purpose of study on UE UAV beamforming capability reporting, RAN1 assumes the UE selects and fixes its directional antenna per cell for the purport of DL mobility measurement and UL transmission toward serving cell.

Observation 2: Following conditions are required to utilize UE beam characteristics for the purpose of beam based target cell selection
· 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 4: Low priority on UE beam characteristics reporting, if dependence on positioning is essential.

Observation 3: RAN1 does not have sufficient time unit to discuss DL/UL beam non-correspondence for UE UAV beamforming or beam based mobility.

Proposal 5: RAN1 does not consider extension or modification of FR2 beam correspondence parameters for UE UAV beamforming capability study.

Observation 4: If aperiodic DL RS & aperiodic reporting is supported for UE beam based aerial link interference measurement & reporting, latency on UE beam or directional antenna switching needs to be considered for RS or reporting configuration/indication.

Observation 5: For the purpose of mobility management, utilization of aperiodic DL RS or aperiodic reporting is not supported yet.

Proposal 6: Consider extension or modification of beam switching latency parameters to indicate required offset between triggering and reception of aperiodic CSI-RS, if and only if aperiodic CSI-RS and aperiodic RS reporting is supported for non-serving cell aerial link interference measurement. The parameters can be
· 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 7: 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
(R1-2303511)
	Proposal 1: For UAV UEs in FR1, consider height-dependent indication of beams based on beam switching among fixed directional antennas 

Proposal 2: For UAV UEs in FR1, height-threshold can be supported for triggering the activation/indication of TCI states for uplink beam indication
· Below a certain height-threshold, UE is expected to perform only omni-directional beamforming
 
Proposal 3: For applying FR2 related capabilities and signaling parameters to FR1 for UAV UEs, scaling and/or optimizing durations associated with at least the following parameters can be considered:
· beamSwitchTiming, beamSwitchTiming-v1710
· beamSwitchTiming-r16, beamSwitchTiming-r17
· maxNumberRxTxBeamSwitchDL, maxNumberRxTxBeamSwitchDL-v1710
· timeDurationForQCL, timeDurationForQCL-v1710

Proposal 4: For supporting UAV UEs in NR Rel-18, indication of beam characteristics e.g., number of beams, beamwidth, beam center should not be supported

	Qualcomm Incorporated
(R1-2303618)
	Observation 1: 
· With the use of directional antennas for aerial UEs, the UAV C&C traffic latency can be improved 40~45% by boosting the power while keeping terrestrial UEs’ user throughput degradation within 6% margin, much better than 10~30% loss by using omni antenna.
· If network knows the beam information of aerial UEs, gNB can set proper power control parameters for UAVs with manageable inter-cell interference.

Proposal 1: Support UAV UE to optionally report the capabilities of beam information via RRC signalling:
· Number of antennas/beams
· Beam direction in terms of LCS (local coordinate system), e.g., to indicate the azimuth angle and elevation angle of the boresight direction.

Proposal 2: UAV UE can report dynamic UE orientation in terms of LCS to GCS information via RRC signalling.

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 3: If a UAV reports multiple antenna configurations, such as omni and directional antennas, 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 UE orientation to update the association between the UE antenna configuration and the UL beam(s). 

Proposal 4: Introduce UE UAV capability to indicate support of beam correspondence to select tx/rx beam among fixed directional antennas in FR1 band.
· Beam correspondence in FR1 does not need OTA test and no new beam correspondence requirement for FR1 operation bands is required in RAN4.

Proposal 5: For UE capable of beam correspondence, the beam correspondence can be configurable.
· FFS: height-based, configured by gNB based on channel condition or requested by UE

Proposal 6: The UE UAV does not need to report minBeamApplicationTime as part of FR1 beamforming capability.
· gNB can assume no beam application latency for beam switching among fixed directional antennas in FR1.

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

Proposal 7: Send LS to RAN2 to consider measurement and reporting of interference variation due to the UAV directional antenna/beam change.

	NTT DOCOMO, INC.
(R1-2303734)
	Proposal 1: Beam correspondence related capabilities i.e., beamCorrespondenceSSB-based-r16, beamCorrespond-enceCSI-RS-based-r16 and beamCorrespond-enceWithoutUL-BeamSweeping can be extended to FR1 UAV UE.

Proposal 2: Suitable range of values for minBeamApplicationTime-r17 for FR1 UAV UE can be discussed with considering FR1 SCSs and fast beam application requirement.


	Ericsson
(R1-2303785)
	Observation 1:	The current specs already support beam switching among fixed directional antennas of a UE.

Proposal 1:	Do not introduce new UE capabilities for UAV related to beam characteristics.

Proposal 2:	Do not introduce new UE capabilities to support beam switching among fixed directional antennas of a UE.
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2.1 
[bookmark: _Ref116164962]
Round#1 Moderator Proposals
UL Beam Management Support in FR1
[bookmark: _Ref116165070]In contributions, two companies expressed an interest in clarifying whether UE UAV beamforming is supported in FR1 as an optional or mandatory capability [4], [6].  As this has not been discussed in much detail, companies are invited to share their views on either alternative.
FL Proposal 2.2.1.1	
A UE UAV operating in FR1 supports beamforming capabilities for FR1 based on switching among fixed directional antennas at UE side as:
· Alt-1: Optional as UE UAV capability
· Alt-2: Mandatory for UE UAV
FFS: Identification of UE UAV
Please provided company views on Proposal 2.2.1.1 
	Company 
	Comments 

	Qualcomm
	Alt1. 

	ZTE
	In general, this feature should be optional. 
Regarding the main bullet in this proposal, i.e., “based on the switching among fixed directional antennas”, it implies that there will be more than one beam are supported at UAV side always, and corresponding beam switching will be implemented by antenna switching. Given this interpretation, we can may update the proposal as:
A UE UAV operating in FR1 supports beamforming capabilities for FR1 based on switching among fixed directional antennas at UE side as: 

	Apple
	Alt 1 and agree with ZTE that in general, this feature is optional

	Huawei, HiSlicon
	If the target scenarios and the potential issues are justified and ineffectiveness of existing techniques are proved, support Alt-1.

	xiaomi
	We think this proposal is not clear, there have two understandings, whether UE UAV beamforming is supported in FR1 as an optional or mandatory capability, or whether UE UAV beam switching is supported in FR1 as an optional or mandatory capability, so further clarification is necessary.

	Sony
	In general, we support Alt1 and we are fine with the ZTE’s amendment.

	Nokia, NSB
	Support as optional, Alt-1

	AT&T
	We support Alt-1 with the modification from ZTE

	vivo
	Support Alt 1.

	Ericsson
	If we decide to introduce a new capability, then it should be optional.  May be we should focus what new capability needs to be introduced (if any) first.  This optionality will be defined in UE capability discussion anyway.
Regarding identification of Aerial UE, SA2/RAN3/RAN2 are working on subscription-based AUE identification. We think the topic is outside RAN1’s scope.



Regarding extension of “FR2 only” capabilities for UE UAVs operating in FR1, a number of proposals have been made and company views seem to vary significantly.  Additionally, several companies have expressed the view that support of new UE capabilities should be well motivated by demonstrated benefit for a specific use case.  The moderator proposes to handle each proposed UE capability separately and companies are invited to provide views on the benefits of extending UE capabilities to FR1 in support of specific use cases.  
Regarding beam correspondence, while several companies have expressed an interest in support beam correspondence for UE UAVs in FR1, beam correspondence requirements as currently specified relate refer to specific EIRP and spherical coverage requirements for UEs operating in FR2 bands.  As this is the case, support of UE capabilities for beam correspondence in FR1 would require the specification of new FR1 beam correspondence requirements resulting in significant RAN4 impact.  For this reason, the moderator recommends that beam correspondence is not supported as a UE UAV capability in FR1 for Rel-18.
FL Proposal 2.2.1.2
A UE UAV operating in FR1 can indicate the number of Tx and Rx beam changes the UE UAV can perform on a band within a slot. 
Note: UE shall report one value per each subcarrier spacing supported by the UE.
Please provided company views on Proposal 2.2.1.2
	Company 
	Support?
	Comments 

	 Qualcomm
	Maybe
	It is basically UE feature discussion, which is too early to discuss it now.
RAN1 should discuss whether UE to report supporting FR1 beamforming based on fixed directional antennas and the beam information as discussed in 2.2.2.

	ZTE
	No
	We should discuss the number of supported beam and required time for beam switching for UAV UE at FR1. Then, based on the reported capability, the number of beam changes will be determined by the gNB’s scheduling given the restriction at UE side.

	Apple
	No
	Agree with ZTE that we should first discuss number of supported beams

	Huawei, HiSilicon

	Depends
	If the target scenarios and the potential issues are justified and ineffectiveness of existing techniques are proved, and “extending application of FR2-only beam management parameters to FR1” is finally chosen as the only spec-nontransparent enabling mechanism for beam switching among fixed directional antennas, above capability is needed to reuse the current FR2 beam management mechanism. 

	xiaomi
	No
	We also think the number of supported beam shall be discussed.

	Sony
	Perhaps
	We also think we can come back with more to this proposal after the number of supported beams have been discussed.

	Nokia, NSB
	No
	We think that it is out of scope of WI.

	AT&T
	No, but
	We should first discuss the FR1 beamforming requirements/characteristics and come back to this proposal.

	vivo
	No
	We don’t see the scenarios of supporting different number of beams for FR1.

	Ericsson
	
	We have a similar comment at Huawei.  We should first discuss if and what new capability is needed.  Then, further details can be discussed.



FL Proposal 2.2.1.3
A UE UAV operating in FR1 can support for beam misalignment between the DL source RS in the TCI state to provide spatial relation indication and the PL-RS.
Please provided company views on Proposal 2.2.1.3
	Company 
	Support?
	Comments 

	 Qualcomm
	Not sure
	It is not clear what is beam misalignment for UE using fixed directional antennas.

	ZTE
	No
	If the beamforming is supported with assumption for directional antenna, the configuration of PL should fulfill the restriction in FR2, e.g., share same QCL relationship.
BTW, it is not part of UE capability discussion.

	Apple
	No
	Don’t fully understand the need to discuss beam misalignment using fixed directional antennas

	Huawei, HiSilicon
	Depends
	Similar comment as 2.2.1.2.

	xiaomi
	
	We follow the majority view.

	Sony
	No
	Only support switch fixed directional antenna, this is not critical for FR1, so lower priority misalignment. 

	Nokia, NSB
	No
	We think that it is out of scope of WI.

	AT&T
	No, but
	Similar comment to 2.2.1.2, we should first discuss the FR1 beamforming requirements/characteristics and perhaps come back to this proposal.

	vivo
	
	Fine not to support.

	Ericsson
	
	Similar to our previous comment, we should first discuss if and what new capability is needed.  Other details can be discussed later.



FL Proposal 2.2.1.4
A UE UAV operating in FR1 can indicate the minimum application time of TCI state indication.
Please provided company views on Proposal 2.2.1.4
	Company 
	Support?
	Comments 

	 Qualcomm
	Not needed
	The UE UAV does not need to report minBeamApplicationTime as part of FR1 beamforming capability and gNB can assume no beam application latency for beam switching among fixed directional antennas in FR1

	ZTE
	Needed
	From the perspective of implementation, there is always need to define the required for beam application. 
So, we can go with traditional way to define the corresponding value and start with 0 to avoid RAN4 impacts as we agreed. 

	Apple
	Maybe
	Depends on whether this will result in any RAN4 impacts or not

	Huawei, HiSilicon
	Depends
	Similar comment as 2.2.1.2.

	xiaomi
	Yes
	Based on current agreement, this proposal shall be supported obviously.
	Agreement [110 bis]

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
Agreement [112]
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.




· 

	Sony
	Perhaps 
	Depends on whether this will result in any RAN4 impacts or not.

	Nokia, NSB
	Ok
	minBeamApplicationTime might be needed, so gNB know when UE will be able to apply the new TCI state. Although, we do not think it is critical at this point, since it is not related to the objective of WI: indicate UAV beamforming capabilities.

	AT&T
	Ok, but
	This may have RAN4 impacts? To determine necessity

	vivo
	Yes
	The minimum application time may be needed for a UE UAV when only one directional antenna is activated.

	Ericsson
	No
	Note that minBeamApplicationTime is only applicable to FR2 as per 38.306 in the current specs.  
[image: ]
In the UAV use case, different antennas correspond to different directions.  Not sure we need a minBeamApplicationTime in order to switch different UAV antennas.  



FL Proposal 2.2.1.5
A UE UAV operating in FR1 can indicate minimum time required by the UE to perform PDCCH reception and apply spatial QCL information received in DCI for PDSCH processing.
Please provided company views on Proposal 2.2.1.5
	Company 
	Support?
	Comments 

	 Qualcomm
	Not needed
	Similar comment as 2.2.1.4

	ZTE
	Needed
	Similar comment as 2.2.1.4

	Apple
	Maybe
	Similar comment as for FL proposal 2.2.1.4

	Huawei, HiSilicon
	Depends
	Similar comment as 2.2.1.2.

	xiaomi
	Yes
	

	Sony
	Perhaps 
	similar comment as 2.2.1.4.

	Nokia, NSB
	Ok
	Similar comment as 2.2.1.4

	AT&T
	Ok, but
	Similar comment as 2.2.1.4

	vivo
	Not sure
	Not sure which UE feature it is. Is it a Rel-17 UE feature?

	Ericsson
	No
	Similar comment as 2.2.1.4



FL Proposal 2.2.1.6
A UE UAV operating in FR1 can indicate the minimum time between the DCI triggering of aperiodic CSI-RS and aperiodic CSI-RS transmission.
Please provided company views on Proposal 2.2.1.6
	Company 
	Support?
	Comments 

	 Qualcomm
	Not needed
	Similar comment as 2.2.1.4

	ZTE
	Needed
	Similar comment as 2.2.1.4

	Apple
	Maybe
	Similar comment as for FL proposal 2.2.1.4

	Huawei, HiSilicon
	Depends
	Similar comment as 2.2.1.2.

	xiaomi
	Yes
	

	Sony
	
	similar comment as 2.2.1.4.

	Nokia, NSB
	Not needed
	We think it is out of scope of WI and not critical at this point.

	AT&T
	Ok, but
	Similar comment as 2.2.1.4

	vivo
	Yes
	The DCI-triggered AP CSI-RS may not be configured to follow unified TCI states. Beam (directional antenna) switching time may be needed.

	Ericsson
	No
	Similar comment as 2.2.1.4



Conclusion 2.2.1.7
Beam correspondence as specified in TS 38.101-2 applies only to radiated requirements for UEs operating in FR2, and therefore could not be applied to UEs operating without impact to RAN4.
Please provided company views on Proposal 2.2.1.7
	Company 
	Comments 

	 Qualcomm
	We support UE to indicate support of beam correspondence to select tx/rx beam among fixed directional antennas in FR1 band.
But Beam correspondence in FR1 does not need OTA test and no new beam correspondence requirement for FR1 operation bands is required in RAN4.

	ZTE
	We support the beam correspondence as “necessary” feature for UAV UE if beamforming is supported. Otherwise, the overhead for beam training will be much higher considering the movement of UAV.

	Huawei, HiSilicon
	Seems natural for the antenna architecture based on fixed directional antennas.

	xiaomi
	Beam correspondence is very important feature in NR beamforming and shall be reused to UE UAV, because it has benefit on improving the reliability.

	Sony
	Support the beam correspondence with the antenna architecture based on fixed directional antennas.

	Nokia, NSB
	We can send an LS to RAN4 to resolve the ambiguity related to the need of new tests and requirements if Beam correspondence is supported in FR1.

	vivo
	Not sure whether beam correspondence is needed for fixed directional antennas.

	Ericsson	 
	We are open to discussing beam correspondence for UAV UE in FR1 if there is no RAN4 impact as agreed in the last meeting. If there is a doubt about RAN4 impact, we suggest RAN1 send an LS to RAN4.



Companies have also indicated that beam-based switching for L3 mobility should be supported for UE UAVs, but as indicate no new capabilities are expected to be specified, as the legacy framework already enables beam switching at handover. Companies are invited to clarify their views on whether any new capabilities are needed to support L3 mobility with beam switching between fixed directional antennas.

Conclusion 2.2.1.8
New UE capabilities are not necessary to support L3 mobility with beam switching based on fixed directional antennas for UE UAVs in FR1.
Please provided company views on Proposal 2.2.1.8
	Company 
	Comments 

	Qualcomm
	Beam-based mobility is not L3 mobility. 
Not clear what is the new UE capabilities required here.

	ZTE
	If the L3 mobility refers to the legacy mobility in FR2, e.g., cell-specific RSRP based, no additional enhancement is needed.

	Apple
	Fine

	Huawei, HiSilicon
	Fine.

	xiaomi
	We are fine with this proposal.

	Nokia, NSB
	It depends on what type of L3 support we are talking about here. We propose not to conclude at this point.

	vivo
	Fine.

	Ericsson
	We tend to agree with the conclusion that new UE capabilities are not needed for L3 mobility with beam switching.



UE Capability for Beam Characterization
Company views are still divided on whether beam characteristics are reported as UE UAV capability.  The moderator invites companies to provide views on the benefits to identified use cases for further discussion.  Likewise, companies are invited to share views on reporting UE UAV orientation as part of UE location.
FL Proposal 2.2.2.1
A UE UAV can optionally indicate number of beams, beam center directions, and post-antenna connector gain of UAV UEs as UE capability.
FFS: Association of beam characteristics and TCI-state mapping with UE UAV height
Please provided company views on Proposal 2.2.2.1
	Company 
	Comments 

	 Qualcomm
	At least UE can optionally indicate number of beams, beam directions as UE capability. 
Based on SLS results, we found
· With the use of directional antennas for aerial UEs, the UAV C&C traffic latency can be improved 40~45% by boosting the power while keeping terrestrial UEs’ user throughput degradation within 6% margin, much better than 10~30% loss by using omni antenna.
· If network knows the beam information of aerial UEs, gNB can set proper power control parameters for UAVs with manageable inter-cell interference.

	ZTE
	The number of beams is necessary. 
Regarding others, e.g,. beam center directions, and post-antenna connector gain, it seems not necessary and will introduce specific assumption on the parameter definition. For example, the center direction may be defined within specific coordinate system. 

	Apple
	We don’t agree with the proposal.
Only number of beams could be optionally indicated.
Other information in the proposal is sensitive UE implementation and we cannot agree to report them
We suggest following update:
FL Proposal 2.2.2.1
A UE UAV can optionally indicate number of beams, beam center directions, and post-antenna connector gain of UAV UEs as UE capability.
FFS: Association of number of beams characteristics and TCI-state mapping with UE UAV height



	Huawei, HiSilicon
	If the target scenarios and the potential issues are justified and ineffectiveness of existing techniques are proved, and “introducing new beam characteristics” is finally chosen as the spec-nontransparent modification, introducing a directional antenna indication (i.e., an flag indicating the support of directional antenna) only can be treated as a candidate UE capability. 

	xiaomi
	In NR beamforming, the capability of maxNumberRxBeam is supported, similarly, the number of beam as UE capability shall be supported in UE UAV, and other information can be up to UE implementation and shall not be reported. 

	Sony
	An indication of the number of beams by the UAV UE might be sufficient.

	Nokia, NSB
	Agree with FL proposal. Indicating the above-mentioned beam related characteristics will significantly improve the performance of terrestrial users. Based on simulation results we observe the following:
Terrestrial users’ throughput of a hot spot can be increased by approx. 50% when considering the min interference cell selection vs best RSRP cell selection. We note, that best RSRP cell selection already uses the directional antenna in our simulation results, therefore min interference cell selection gives the gains on top of that already.

It was also commented by companies that geometry information about the cells is sufficient to choose cell in order to minimize the interference. However, without considering the radio conditions, such approach is not practical.

	AT&T
	We the number of beams (at least) and perhaps beam direction should be sufficient as UE UAV capabilities.

	vivo
	Agree with ZTE and Apple.
Note that maxNumberRxBeam has been supported in Rel-15 based on “Recommended CSI-RS resource repetition number per resource set”

	Ericsson
	We don’t think any new capability is needed.
Our thinking is that it is possible to rely on existing NR features to achieve this.  For example, let’s consider non-codebook based PUSCH (a simple figure is given below). 

A UAV UE with say 2 directional antennas can transmit two SRSs (in SRS resource 1 and 2).   The gNB can measure both SRSs and then select one of the directions (i.e., one of the directional antennas) by indicating an SRI when scheduling PUSCH.  Then, the UAV will transmit PUSCH using the indicated SRI (or indicated directional antenna).  

[image: ]

I think something similar can be achieved also for codebook based PUSCH with 'nonCoherent' transmission in the current spec.  
If we use the above existing features, the gNB can already determine what is the best directional antenna for the UE to transmit.   
As for the proposals regarding beam center direction, , etc, it is quite unclear to us what extra information these provide when compared to the using the existing NR features described above.  
So the existing capabilities are enough and none of the capabilities proposed above are needed. 



FL Proposal 2.2.2.2
A UE UAV can indicate UE UAV orientation as part of UE location as optional UE UAV capability.
Please provided company views on Proposal 2.2.2.1
	Company 
	Comments 

	 Qualcomm
	Support reporting UE UAV orientation as part of UE capability

	ZTE
	No. similar concerns as FL Proposal 2.2.2.1

	Apple
	Do not support

	Huawei, HiSilicon
	Similar comment as 2.2.2.1.

	xiaomi
	UE UAV with the basic UE capabilities specified in NR beamforming can work, the new capability shall be deprioritized with the limited time.

	Nokia, NSB
	It is ok to support it, although not critical at this point.

	AT&T
	We do not believe that it is necessary to support as optional capability, especially if beam direction is indicated as per 2.2.2.1. We would like to understand the justification as part of beam management support. There may be other justification that RAN2 can discuss.  

	vivo
	Don’t support. Terrestrial UE also has random orientation and current beam management can work.

	Ericsson
	Do not support.  The orientation is something that changes dynamically.  So not sure if reporting orientation as part of capability is really helpful.



Other Issues
Companies are invited to provide any other proposals on topics they believe should be discussed in this meeting:
	Company 
	Comments 

	 Qualcomm
	If UE transparently applies omni/directional antenna or change the directional antennas, gNB cannot know the interference variation. RAN1 to send LS to RAN2 to consider measurement and reporting of interference variation due to the UAV directional antenna/beam change.



Summary of Round#1 Discussion
Regarding support for newly introduce beam management capabilities for UE UAVs, there seems to be majority support to introduce new UE UAV capabilities for beamforming with directional antennas in FR1 as optional capabilities.  ZTE proposed a modification which should also address Xiaomi’s concern.  FL Proposal 2.2.1.1b is elevate for approval during online discussion
FL Proposal 2.3.1.1b
A UE UAV operating in FR1 supports beamforming capabilities for FR1 based on fixed directional antennas at UE side as optional UE UAV capability.
Several companies have indicated a preference that UE UAVs can support beam correspondence as a UE UAV capability in FR1; however, in the moderator’s view this cannot be done with significant impact to RAN4.  Currently beam correspondence is defined according to a set of requirements on UE EIRP and spherical coverage specified only for FR2 bands.  Some companies have proposed sending an LS to RAN4 to clarify. Since this is the case the moderator proposes the following conclusion, but if agreement cannot be reach alternative an LS to RAN4 may be sent to clarify whether UE UAV can support beam correspondence in FR1 without significant RAN4 impact.
FL Conclusion 2.2.1.7
Beam correspondence as specified in TS 38.101-2 applies only to radiated requirements for UEs operating in FR2, and therefore could not be applied to UEs operating without significant impact to RAN4.

Regarding beam characterization information companies seems to have different views on the benefit of UE UAV providing beam characterization information the network to support directional communication.  Supporters of the proposal indicate that beam characterization and UE orientation information can help in management of UE power control and interference mitigation.  Additionally, as RAN2 is currently studying flight path reporting and height dependent adjustment of measurement and triggering parameters, the incorporation of beam characteristics as UE capability and UE orientation as RRC signaling seem to provide potential benefit in reducing measurement overhead. Companies opposed to the proposal indicate that legacy management framework already support UL beam-based transmission and should be sufficient for the purposes of supporting UE UAVs.  Additionally, one company has indicated that this could be sensitive UE information that vendors may not want to provide; however the concern in this regard is not clear since more detailed requirements on radiate power are already required in FR2. Based on the discussion the moderator proposes the following modified proposals.  
FL Proposal 2.2.2.1b
A UE UAV can optionally indicate number of beams, [and beam center directions] of UAV UEs as UE capability.
FFS: Association of beam characteristics and TCI-state mapping with UE UAV height

FL Proposal 2.2.2.2b
A UE UAV can indicate via RRC signaling its orientation as part of UE location.

Conclusion
The following proposals are elevated for discussion during Round#1 online discussion:
FL Proposal 2.3.1.1b
A UE UAV operating in FR1 supports beamforming capabilities for FR1 based on fixed directional antennas at UE side as optional UE UAV capability.

FL Conclusion 2.2.1.7
Beam correspondence as specified in TS 38.101-2 applies only to radiated requirements for UEs operating in FR2, and therefore could not be applied to UEs operating without significant impact to RAN4.

FL Proposal 2.2.2.1b
A UE UAV can optionally indicate number of beams, [and beam center directions] of UAV UEs as UE capability.
FFS: Association of beam characteristics and TCI-state mapping with UE UAV height

FL Proposal 2.2.2.2b
A UE UAV can indicate via RRC signaling its orientation as part of UE location.
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