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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

	Samsung
	It is not clear what beam management capability means for UE. Beam management should be network’s job, and the WID mentioned beamforming capability, not beam management. We also think RAN1 would not have time to consider multiple TCI framework in Rel-18.
So here is our proposal to modify:
Proposal 2.2.1
Beam management Baseline framework for the discussion indication of beamforming 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

And we support Alt 2.

	Nokia, NSB
	Alt3. We have to support various UEs to not limit adoption by the UAV industry/manufactirers.

	xiaomi
	To reduce the signaling cost，Alt1 is preferred.

	ZTE
	We are open to take the Alt-3 to allow more application.

	NTT DOCOMO
	We prefer Alt.2.

	Qualcomm
	We are fine with Alt3 to consider different UE capabilities.

	Huawei, HiSilicon
	Considering that the current objective is for study first, it’s too early to discuss the “baseline framework” of “beam management” capabilities for UAV UEs. The objective only tells us to study beamforming capabilities specifically, not beamforming framework or beam management capability, so the proposal as currently formulated seems to be well-beyond the SID scope.
From companies’s Tdocs and GTW discussions, it’s not difficult to conclude that the target scenarios, potential issues and the necessity of introducing capabilities (i.e., whether any capabilities are really needed, or whether the potential issues faced by UAV can already be solved with the existing capabilities and/or mechanisms and/or frameworks) are still divergent. Thus we have the following proposal:
Proposal:
· RAN1 to identify the target scenarios and the potential issues faced by UAV 
· RAN1 to identify which existing capabilities and/or mechanisms and/or frameworks can be treated as candidate for addressing above issues
· RAN1 to decide whether the potential issues faced by UAV can already be solved with the existing capabilities and/or mechanisms and/or frameworks

	AT&T
	We think that Alt3 would allow more flexibility for implementations.

	vivo
	To save the standardization effort, we prefer Alt.2 which is simple and sufficient for FR1.

	Sony
	Alt-3 . Different UEs may have different capabilities. Hence, we support Alt-3 (Similar views as QC). 

	Ericsson
	We prefer Alt-2.  It does not make sense to consider two different parallel tracks.  
Note that the Rel-17 unified TCi framework was introduced for faster beam updates, and is much more suitable for UAVs that may be travelling at higher speeds.  

	Lenovo
	We support Alt3 to support different UE capabilies defined in Rel-15/16/17.



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

	Samsung
	We are open to consider any of legacy parameters. But it is not clear how beam management parameters can be applied on FR1 UE beamforming. For example, in FR1 where gNB does not perform beamforming, gNB cannot control UE’s beam via SSB resource indication or CSI-RS resource indication. So it needs further discussion what is the benefits informing related UE capabilities.

	Nokia, NSB
	Agree, including potential down-selection of existing FR2 parameters to be adopted for FR1 beam management. The UAV 3-D mobility needs to be considered when stydying these extensions.

	Xiaomi
	we support the FL’s proposal.

	ZTE
	The previous restriction should be removed regarding the beam for FR1 UAV UE.

	NTT DOCOMO
	We support the proposal.

	Qualcomm
	Support

	Huawei, HiSilicon
	After RAN1 deciding that it’s necessary to introduce capabilities, capabilities mentioned in 2.2.2, 2.2.3 and 2.2.4 can be collected into a list for further evalution and decision as following:
Proposal: Further study whether following capabilities are helpful to address the potential issues face by UAV:
· FR2-only beam management parameters
· Beam orientation and characteristics
· Minimum beam application latency

	AT&T
	We support the proposal with a small editorial update to change i.e., to e.g., as in an example:
Consider extending application of FR2-only beam management parameters, i.e. e.g., spatial relation beam correspondence, etc. to FR1 for UAV UEs
FFS: Other parameters 


	vivo
	OK with AT&T’s version, which parametes shall be considered depends on the which beam management framework, i.e., Rel-15/16 or Rel-17, to be used.

	Sony
	Support FL’s proposal 2.2.2

	Ericsson
	We should first make a decision on Proposal 2.2.1.  Note that most of the FGs introduced in Rel-17 unified TCI framework don’t have FR2 only restriction according to 38.306.  So, the need for this proposal depends on the decision on Proposal 2.2.2

	Lenovo
	Support




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 2.2.3
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

	Samsung
	Consdiering allowed time budget, we are cautious for new parameters. In addition, we think those parameters needs discussion with RAN 4.

	Nokia, NSB
	Agree, as part of the UE capabiltities. This information is especially applicable for spatially fixed (relative to the UAV body) beams in FR1. It is very important to consider selection of the best beam and or cell based on not only RSRP of the corresponding reference signal but taking into account the interefernce impact of UAV on terrestrial users. Thus, the additional information about the beams at UAV side should be available to improve the performance of the users.

	xiaomi
	We have the concern about the indication of beam orientation. Because beam orientation is always changing with height, so it is possible to indciate outdated beam orientation. Meanwhile, gNB can judge the beam orientation based on receiving CSI-RS in R17, so we think it is not necessary to indicate beam orientation.

	ZTE
	We are open to the beam characteristic, e.g., number of beams, which can also used to indicate whether the beam is fixed or adaptive.
The height-dependent behavior is also preferred since it’s more friendly for the gNB to schedule the UAV as the legacy FR1 UE if it’s with lower height and only consider the beam based operation once the UAV is fyling higher over threshold, e.g., the breakpoint defiend in channel model.

For the beam orientation, it’s hard to define it considering the different impleenation of antenna, e.g., direction or antenna array.

	NTT DOCOMO
	We are open to consider beam orientation and characteristics, but we are wondering if it may be better for some beam characteristics to be discussed in RAN4 although RAN4 is not included as responsible WG for this objective. 

	Qualcomm
	We support the proposal in principle. 
Agree with Nokia, besides the beam management/indication framework discussed in Proposal 2.2.1, RAN1 needs to consider beam/antenna configuration as part of the UAV beamforming capabilities.

	Huawei, HiSilicon
	Please see our overall proposal in 2.2.2.

	AT&T
	Agree and also support the Nokia comments.

	vivo
	We are open to the proposal. How beam orientation and characteristics are utilized for UAV scenarioa needs study first.

	Sony
	We support the discussion on beam characterics similar to FR2. Furthermore, those parameters should be discussed jointly with RAN 4.

	Ericson
	The need for indicating this additional characterictics needs further justification.  This aspects needs further study.  

	Lenovo
	We are open to discuss the beam characteristic related capabilities.



[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 2.2.4
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

	Samsung
	We are O.K. to consider. 

	Nokia, NSB
	Agree. At least beam switchig, CSI-RS beam switching time and PDCSH beam switchin time need to be addressed.

	xiaomi
	We have concern about this proposal. In the background, there states minimum application time, but there states minimum application latency in the proposal, so we wonder whether the company want to consider the capability of minimum application time or capability of minimum beam application latency.
If the company want to consider the capability of minimum application time, there have specified this capability in TS 38.806. So there need some clarifications about the minimum beam application latency.

	ZTE
	The basic set can be defined.

	NTT DOCOMO
	We are open to consider the indication of minimum beam application latency.

	Qualcomm
	If beam application latency here is similar as beam switching time, we are fine with the proposal.

	Huawei, HiSilicon
	Please see our overall proposal in 2.2.2.

	AT&T
	Agree that this should be studied and considered. For clarification, and as Xiaomi mentioned, we have an IE defined for minBeamApplicationTime-r17, so is the proposal to define a separate UAV-specific minimum beam application time (aka latency) capability or re-use the existing capability? Perhaps we can add a note to say that we can use the existing capability as a starting point.

	vivo
	Fine to consider. This feature may also be a RAN4 issue.

	Sony
	OK to consider. Perhaps we can make it concrete: 
Study the indication of minimum beam application latency as UAV UE capability
FFS: Necessary parameters, ranges of suitable values

	Ericsson
	Note that Beam application time is suppoted in the Rel-17 unified TCI framework already.  And there are also associated capabilities that are already supported in Rel-17.  We don’t see the need for additional capabitiles beyond what is supported in Rel-17 unified TCI framework.  So we don’t support this proposal.  

	Lenovo
	We are not sure whether the beam application latency referes to the beam switching time for Rel-15 TCI framework or beam application time for Rel-17 unified TCI framework, if so, we can support it.



Proposal 2.2.5
Please indicate any additional issues related to UAV UE beam management capability that companies feel need to be addressed. 
	Company
	Proposals

	Samsung
	We suggest to discuss on the necessity or benefits first. Though RAN1 would not request companies to run evaluation, we may follow regular way of ‘study’. We propose to discuss on scenarios and required technical enhancements first. 

Proposal X1
As scenario for UAV beamforming capability reporting, RAN1 consider ICI reduction by selection of proper UE beam

Proposal X2
Till RAN1 #112, discuss and clarify possible RAN1 issues for the confirmed scenario(s) of UAV beamforming 

	Nokia, NSB
	Study antenna/beam configuration changes as potential trigger for UAV UE measurement reports (RAN1-RAN2).

	Qualcomm
	As pointed out by Nokia, we also support to study antenna/beam configuration changes as potential trigger for UAV UE measurement reports (RAN1-RAN2)
In addition to UE capability reporting, RAN1 can study the association between the beam configuration and UAV beam/antenna configuration for beam selection considering the interference impact, which is in the scope of WID.
Study UE capability signaling to indicate UAV beamforming capabilities and, if necessary, RRC signaling [RAN1, RAN2]:  
Due to LOS channel of aerial UEs, RAN1 can consider the beam correspondence even for FDD band.

	Huawei, HiSilicon
	In general, there first needs to be a stage of identifying the target scenarios, potential issues and the candidate solutions supported by the current Spec.. Only then will RAN1 know if there is any lack of feasibility which might justify specification impact.

	AT&T
	Agree with some of the aspects commented above regarding UAV measurement reporting as a function of beam management/configuration. More generally, we should study and evaluate these interference mitigation techniques including UL power control leveraging what we did in LTE as a starting point.

	vivo
	As re-steering the beam of a UAV UE to other cells is mentioned by some contributions, inter-cell beam management including inter-cell beam reporting should be considered.

	Sony
	Study antenna/beam configuration for UAV UE comparing with the case in legacy FR2 UE (e.g., handset).



Round#2 Moderator Summary and Proposals
A slight majority of contributors prefer to Alt-3 as the baseline framework for assessing relevant UAV UE beamforming capabilities.  Samsung and Huawei expressed concern on discussing details related to beam management capability.  The moderator’s intention was not to commit to any enhancements or required support but rather to consider the baseline set of capabilities that may be considered as relevant for UAV UEs.  Some UE capabilities associated with beamforming are dependent on unifiedJointTCI-r17 capability (e.g., see proposal 2.3.4).  The purpose of selecting a baseline framework is to assess which legacy capabilities may be preferred to be supported for UAV UEs.  Based on contributor feedback, it seems that bother Rel-15/16 and Rel-17 TCI frameworks should be considered, and possible down-selection of what capabilities are supported for UAV UEs can be done later.
Proposal 2.3.1
Study the application of relevant beamforming capabilities of UAV UEs assuming both Rel-15/16 TCI framework and Rel-17 unified TCI framework as possible UAV UE capability.
FFS: Necessary enhancements for application of TCI framework to UAV UEs
FFS: Applicable range of relevant parameters for TCI framework capability
FFS: Possible down-selection of support for beam management framework
	[bookmark: _Hlk116611559]Company
	Proposals

	Qualcomm
	Fine with the FL proposal

	xiaomi
	We are fine with the FL proposal, but we think one TCI framework is enough, Rel-17 unified TCI framework is more preferred with small signaling cost. 

	Samsung
	Not support
We are still negative to consider Rel-15/16 TCI framework for Rel-18 UAV. We don’t think legacy network can support UE with UAV beamforming.

	Nokia, NSB
	We are ok with the FL proposal. It has FFS for possible down-selection. More details can be provided by proponents during the next meeting.

	Sony
	Fine with the FL proposal. Possible down-selction should be included.

	Huawei, HiSilicon
	This does not need to be agreed, as it’s already covered in the note of proposals 2.3.2v2, 2.3.3av2 and 2.3.4v2 in the on-reflector email discussion. This can be decided later when the target scenarios and the potential issues faced by UAV are fully investigated.

	Ericsson
	Similar to Samsung, we are a bit negative to Rel-15/16 TCI framework. We think Rel-17 unified TCI framework should be enough.  Note that Rel-17 TCI framework allows fast beam switching compared to Rel-15/16 TCI framework.  Hence, we feel Rel-17 unified TCI framework is more suitable for UAVs.  Plus, we don’t see the need to discuss multiple frameworks for UAVs.



Based on contributor feedback there seems to be majority interest to study the extension of relevant “FR2-only” parameters. Samsung has expressed concern, about the impact of extending FR2-only capabilities to legacy beam management for FR1.  From moderator’s point-of-view, the purpose of the proposal is to establish a baseline set of parameters that can be considered and allow companies to further study the benefits and impacts of enhancing them.  A note has been added to reflect the concern.  Similarly, Huawei has expressed concern about the benefits of these capabilities, but several companies indicate their expectation of benefits based on this enhancement.  In the moderator’s view, the purpose of the proposal is consistent with Huawei’s proposed modification, with the goal of establish a common framework for further study with regard to benefits and impacts.  A modified proposal is elevated for approval via email.
Proposal 2.3.2
Consider 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

Based on contributor feedback there seems to be majority support for studying indication of beam characteristics as UAV UE capability.  xiaomi and ZTE have expressed concern on the feasibility/benefit of indicating beam orientation with particular concern to height dependence and array/antenna implementation.  From the moderator’s view, the purpose of the proposal is to establish a baseline set of relevant parameters that should be further studied.  Technical issues can and should be identified and discussed in more detail, but the topic of beam orientation has been made as FFS to address concerns.  Additionally, Samsung and NTT DOCOMO have indicated a preference to request guidance from RAN4 on relevant parameters to be indicated as beam characteristics.  Based on feedback, the following modified proposal is elevated for email approval. 
Proposal 2.3.3a
Consider 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 heigh 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’

Additionally, a new proposal is provided regarding drafting an LS to RAN4 requesting guidance on specifying UAV UE capability with respect to beam characteristics.
Proposal 2.3.3b
Send LS to RAN4 requesting guidance on how to indicate beam characteristics including beam number, beam shape/width, and beam orientation for UAV UEs.
	Company
	Proposals

	Qualcomm
	Ok with Proposal 2.3.2, Proposal 2.3.2a
For Proposal 2.3.3b, 
Although we are supportive of defining signaling for these beam characteristics, we feel it may be a bit too early to ask RAN4 about these details after the first RAN1 discussion. RAN1 should first conclude the benefits of the beams of diretinal antennas for UAV UEs. And after that, we may send LS to RAN4.

	xiaomi
	 We support the FL’s proposal.

	Samsung 
	O.K. with proposal 2.3.2
Not support 2.3.3a. We are still cautious to extend the paraemters to be considered, since we have very limited time. We think most of the time should be spend on confirming the benefits of informing UAV beamforming capability. Anyway, only if other companies has strong consensus on supporting new parameters, we can be positive for proposal 2.3.3a
Not support proposal 2.3.3b. RAN1 does not have consensus on the benefits of informing UAV capability yet. LS can be send after RAN1 find the necessity of informing UAV beamforming capability with new parameters.

	Nokia, NSB
	We support Proposal 2.3.3a. We see that it is a part of possible beamforming capabilities that UE could indicate to improve the cell performance. In our Tdoc R1-2209631 we show that conventional RSRP-based selection of a cell does not work very well with UAVs causing a significant interference issues to the terrestrial users. Thus it is important to study this in more details.
Proposal 2.3.3b:We agree with QC it might be too early to ask RAN4 at this point. RAN1 shall provide more input first and the decide whether RAN4 involvement is needed.
Proposal 2.3.3. We are ok to study this.

	Sony
	Proposal 2.3.3.: we are Ok to study it.
Proposal 2.3.3a: support to study this in more detail, to findout the beamforming capability benefit with different feature parameters.
Proposal 2.3.3b: agree RAN1 has clear conclusion on the benefit of UAV UE with beamforming capability. We think we can Send send LS to RAN 4 depending on conclusion (e.g, later in RAN1#111).


	Huawei, HiSilicon
	2.3.3b: It is too early to send LS to RAN4 given that there is no consensus in RAN1 on indication signaling for beam characteristics. RAN1 should study necessity and benefits first and identify detailed signaling needed (if any), this will allow us to send a more-focused request to RAN4 (if needed) at the necessary time, without generating rather open ended questions for them right now. 

If understand correctly, 2.3.2, 2.3.3a are discussed by email on the reflector in updated forms. The forms here, we would not agree to, but please refer to the reflector.

	Ericsson
	On 2.3.3b, we agree with Huawei that it is too early to send an LS to RAN4 before reaching consensus in RAN1.



Based on contributor feedback it seems that there is broad support for studying UAVE UE capability indication related to minimum beam application time as indicated in Proposal 2.2.4; however, some companies would like to clarify whether this a new capability, or simply based on minBeamApplicationTime-r17 IE as specified for Rel-17 joint TCI indication.  In moderator’s understanding, this IE is dependent on unifiedJointTCI-r17 capability which has not been agreed. While this seems a reasonable starting point if joint TCI framework can be agreed, another baseline may need to be assumed if Rel-15/16 TCI framework is assumed. Alternatively, timedurationforQCL, may be appropriate, but this IE is limited to time duration specifically between PDCCH and PDSCH, and further study may be necessary to identify if this is sufficient for UAV UEs.  Given the feedback, the following proposal is modified and elevated for approval via email. 
Proposal 2.3.4
Consider 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

With regard to additional proposals, Samsung has proposed to study the use case of ICI reduction with proper beam selection.  Based on company contributions, it seems that this use case has been considered by companies with regard to some of the beamforming capabilities that have been discussed.  
Samsung and Huawei have expressed a preference to align on use cases for UAV beamforming. In moderator’s view, relevant use cases can be considered for any of the proposed beamforming capabilities, as companies have done in providing the motivation for the contributions, down-selection of relevant use cases may be done if desired at a later point.  
Qualcomm has proposed to study how beam capabilities specified for UAV UEs may be mapped to relevant RRC configuration for beam management.  In the moderator’s view, it may be too early to discuss these details until agreement is reach on whether/how beam characteristics are signaled.  
AT&T has proposed to study interference mitigation techniques including UL power control.  In moderator’s view, it is not clear how these techniques map to UE capability.  Additionally, there is no scope for RAN1 to consider power control enhancements within WID objectives.
Qualcomm and Nokia have proposed to study UAVE UE capability in support of measurement reports that are triggered by antenna/beam configuration changes. A new proposal is provided as follows:
Proposal 2.3.5 
Study antenna/beam configuration changes as potential trigger for UAV UE measurement reports
	Company
	Proposals

	Qualcomm
	Proposal 2.3.4: fine to consider it as one of the UAV UE capablity.
Proposal 2.3.5: Support (note that it is related with RAN1/RAN2)

	xiaomi
	We are fine with the proposal.

	Samsung
	O.K. with proposal 2.3.4
Not support proposal 2.3.5. It is too early to discuss

	Nokia, NSB
	Proposal 2.3.4: Ok to study to see whether it is beneficial or not.
Proposal 2.3.5: Ok to study.

	Sony
	Proposal 2.3.4: OK with the proposal from FL. 
Proposal 2.3.5: we are fine with the proposal.

	Huawei, HiSilicon
	2.3.5: Necessity of antenna/beam configuration changes should be studied first before considering triggering measurement reports. Thus, we have the following proposal:
Proposal 2.3.5
Study necessity of antenna/beam configuration changes as potential trigger for UAV UE measurement reports to address the potential issues face by UAV.

For 2.3.4, understand it’s being discussed in updated form on the reflector; we would not agree to this version in the FLS.

	Ericsson
	On Proposal 2.3.5, we agree with Huawei.  Ok with change suggested by Huawei.



Summary of Round#2 Discussion
Regarding Proposal 2.3.1, there seems to be broad support for considering both Rel-15/16 TCI framework and Rel-17 unified TCI framework as potential baseline beam management framework.  Samsung and Ericsson have expressed preference to exclude Rel-15/16 framework from discussion at this stage.  As Huawei has noted, if this proposal is not agreed, in the moderator’s view, both frameworks will be available for discussion in the next available meeting, and so agreement may not be strictly necessary at this time.  Proposal is withdrawn.  
Regarding Proposal 2.3.3b, there seems to be clear consensus that RAN4 does not need to be contacted at this stage and a potential LS can be reconsidered when further progress is made by RAN1.  Proposal is withdrawn.
Regarding Proposal 2.3.5, there seems broad consensus to support the proposal. Huawei has proposed a modification which is also supported by Ericsson; however, the proposed modification does not seem fully consistent with the intent of the original proposal.  The revised proposal for discussion in GTW session is as follows:
Proposal 2.4.5
Study necessity of antenna/beam configuration changes as potential trigger for UAV UE measurement reports to address the potential issues face by UAV.
· Including measurement reports triggered by antenna beam configuration changes

Conclusion
The following agreements have been endorsed:
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
1. If unifiedJointTCI-r17 is supported, suitable range of values for minBeamApplicationTime-r17
1. If unifiedJointTCI-r17 is not supported, enhancements to timedurationforQCL may be considered
1. 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)
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