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1 Introduction
This contribution provides a summary of the discussion in RAN1#106-e for the following email discussion:
[110bis-e-R18-UAV-01] Email discussion on UE capability and RRC signaling for UAV beamforming by October 19 – TBD (TBD)
· To be kicked off after first GTW session
· Check points: October 14, October 19

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
(R1-2208405)
	Observation 1: 	In UAV application scenarios, the UL interference issue may occur in the scenarios with dense-deployed gNBs considering line of sight propagation condition, and the UL capacity issue may occur in the scenarios with high UL traffic load.
Observation 2: 	The UL interference issue may be alleviated by switching to a gNB outside the dense-deployed area through existing switching procedure. Potential residual interference can be further mitigated by digital beamforming and advanced receiving algorithms at gNB side.
Observation 3: 	The UL capacity issue caused by the high UL traffic load may not be simply addressed by offloading to another gNB.
Proposal 1:	RAN1 needs to investigate the need of specifying capability signaling
· Whether existing FR1 operation including switching procedure, digital beamforming and advanced receiving algorithms can already address potential UL interference issue.


	vivo
(R1-2208674)
	Observation 1: 	In FR1, digital precoding only without directional antenna may have coverage problem for UAV UEs.
Observation 2: 	Multiple SSB/CSI-RS for beam management and beam reporting has been supported for FR1
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: 	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 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.

	ZTE
(R1-2208679)
	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.

	Lenovo
(R1-2208749)
	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.
· 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.


	Xiaomi
(R1-2209274)
	Proposal 1: 	The basic beamforming capabilities specified in NR shall be supported for UAV beamforming, e.g., beam measurement, beam report, and beam indication.
Observation 1: 	It is necessary to address the high interference created by a UAVs to other NR UEs in the network. 
Proposal 2: 	Directional antennas can be used to address issue of high interference generated by UAVs.
Observation 2: 	The height of UAV can be higher or lower than the base station. 
Proposal 3: 	The beam direction of UAV shall support upward beams and downward beams to satisfy the different scenarios.    
Observation 3:	The characteristic of UAV is high mobility. 
Proposal 4: 	The capability of beam switching shall be supported to ensure service continuity for UAVs.

	Nokia, Nokia Shanghai Bell
(R1-2209631)
	Observation 1:	As baseline, the NR AV UE is expected to comply with NR UE transmission reception performance requirements [TS38.101-4] and the OTA antenna performance and conformance testing requirements [TS 34.114].
Observation 2:	The NR release 17 specifications for the radiated characteristics of Repeater type 2-O can be a good starting point (template) when studying the requirements for capability signaling of AV UEs with directive antenna setups operating in the FR1 frequency bands.
Observation 3: 	The definitions for Beam, Beam center direction, Beam direction pair, Beam peak direction, Beamwidth and Reference beam direction pair are applicable to AV UE beamforming and directive antenna elements operating in FR1 frequency bands.
Observation 4: 	The beam center direction can be assumed to be the same as the beam peak direction.
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 2:	Define several AV UE reference beam directions (see for example Figure 1) i.e., information for several beam direction pairs (beam centre direction and the related beam peak direction) need to be included in the AV UE capability signalling, each with an unique beam identity.
Proposal 3: 	Specify the beamwidth for each beam direction pair as an index in a pre-defined set of generic beamwidths values (FFS).
Proposal 4: 	Specify for each beam direction pair a beamgain parameter as an index in a pre-defined set of beamgains values (FFS)
Proposal 5:	Study how to provide AV UE antenna radiated characteristics to the serving network, including both manufacturer declared parameter values, initial capability signaling and signalling during connected mode.

	Samsung
(R1-2209762)
	Observation 1: 	Network needs to know toward which cell UE’s UL spatial filter generates reduces inter-cell interference
· Information about UE’s spatial filter should be shared among multiple cells, if intended to support cell load balancing or ICI management

Observation 2: 	It is not clear whether UE beam reporting is support by current inter-cell beam management
Proposal 1: 	Further clarification is required whether UE capability reporting of UAV beamforming can achieve any gain without modification on beam management/reporting schemes
· To clarify whether UE side beam or spatial filter information is not needed
· If needed, to clarify whether current beam reporting provides required informaion

Proposal 2: 	UE capability reporting of UAV beamforming is not supported as Rel-18 work, unless gain of capability reporting is confirmed without additional L1 reporting.

	NTT DOCOMO, INC.
(R1-2209928)
	Observation 1: 	UAV beamforming would be beneficial to reduce interference caused by UAV’s transmis-sion to surrounding sites.
Observation 2: 	It seems unclear on the necessity of additional control signaling for the UAV in FR1.
Observation 3: 	Some of existing UE capabilities for UL beamforming are currently defined/applicable to FR2 only.
Proposal 1: 	RAN1 should discuss whether/how to define following UE capabilities for UAV in FR1.
· UAV’s antenna directivity and gain
· UE capabilities for UL beamforming currently applicable to FR2 only


	Qualcomm Incorporated
(R1-2210016)
	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.
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.
Observation 3: 	For aerial UEs capable of different antenna configurations, the antenna configuration change may result in significant inter-cell interference variation.
Proposal 1: 	Support spatial relations for tx/rx beamforming for UAV in FR1 band.
Proposal 2: 	Support beam management with and without beam correspondence for aerial UEs in FR1 band.
Proposal 3: 	Consider the beam configuration associated with UAV antenna configuration for UL beam selection based on the UE capability and UE assistance information reporting.
Proposal 4: 	Introduce change in antenna/beam configuration as an optional trigger for reporting of UAV location, speed and/or antenna/beam configuration. Details FFS.

	Ericsson
(R1-2210092)
	Observation 1: 	The unified TCI framework defined in Rel-17 can be used to signal UAV beamforming capabilities.
Observation 2:	An aerial UE can detect many cells, with many of them located at far away locations. This effect is most significant at frequencies below 3GHz because of their longer propagation range.
Observation 3:	The unified TCI framework need to be revisited to consider the large number of DL reference signals that can be detected by aerial UEs.
Proposal 1: 	The unifiedJointTCI-r17 feature specified in TS 38.306 is used as a starting point for indicating UAV beamforming capabilities related to directional antenna in FR1.
Proposal 2: 	RAN1 to study the value range of UE features related to the unified TCI framework to support the large number of DL reference signals/cells that can be detected by aerial UEs.
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[bookmark: _Ref116164962]
Round#1 Moderator Proposals
In [11] it has been proposed to use Rel-17 unified TCI framework as the baseline for UAV UE capability; however, in [3] there is an indicated preference for further consideration on whether Rel-15/16 TCI framework or Rel-17 unified TCI framework is considered as baseline. Additionally, some contributions ([2], [8]) have expressed the view that the existing capability indications for Rel-15/16/17 UEs may be sufficient for UAV UEs. Moderator, proposes to establish the baseline beam management framework assumed for UAV UEs and consider what enhancements, if any, are necessary for support of UAV UEs
Proposal 2.2.1
Baseline framework for indication of beam management capabilities for UAV UEs 
Alt. 1: Rel-15/16 TCI framework
Alt. 2: Rel-17 unified TCI framework
Alt. 3: Both Rel-15/16 TCI framework and Rel-17 are supported based on UAV UE capability
FFS: Necessary enhancements for application of TCI framework to UAV UEs
FFS: Applicable range of relevant parameters for TCI framework capability
Please provided company views on 1.1 
	Company
	Proposals

	
	



Some contributions have expressed the view that parameters limited to beam management in FR2 should be extended for application in FR1[3],[9],[10]. In [10], spatial relation in particular is identified as a FR2 only capability that should be extended to FR1. Two contributions expressed that beam management solutions for UAV UEs should not require DL/UL beam correspondence [6], [10].In the moderator’s view, there is scope to discuss which parameters are relevant for this extension.
[bookmark: _Ref116165070]Proposal 2.2.2
Consider extending application of FR2-only beam management parameters, i.e. spatial relation beam correspondence, etc. to FR1 for UAV UEs
FFS: Other parameters 
Please provided company views on 1.2
	Company
	Proposals

	
	




Several contributions have expressed interest in including indication of number, shape, and orientation of beams as UAV UE beamforming capability [4], [7], [9], [10]. Both [4] and [10] have indicated that these parameters may change depending on UAV UE altitude. Additionally, [7] has indicated that discussion is needed on how these parameters are organized and indicated to the network.
[bookmark: _Ref116165094]Proposal 2.2.4
Consider indication of beam orientation and characteristics, e.g., number of beams, beamwidth, beam center, radiated EIRP, etc. as UAV UE capability
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’
Please provided company views on 1.4
	Company
	Proposals

	
	



[5] has indicated that minimum application time of UAV UE beam indication may be relevant to beam management framework and should be indicated as UAV UE capability.
[bookmark: _Ref116165103]Proposal 2.2.5
Consider indication of minimum beam application latency as UAV UE capability
FFS: Necessary parameters, ranges of suitable values
Please provided company views on 1.5
	Company
	Proposals

	
	



Proposal 2.2.6
Please indicate any additional issues related to UAV UE beam management capability that companies feel need to be addressed. 
	Company
	Proposals

	
	



Conclusion
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