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1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
The work item on NR support for UAV (Uncrewed Aerial Vehicles) was approved in RAN#94e [1]. The RAN1 objective in this WI is to study UE capability signaling to indicate UAV beamforming capabilities:
Study UE capability signaling to indicate UAV beamforming capabilities and, if necessary, RRC signaling [RAN1, RAN2]: 
· FR1 with directional antenna at UE side
According to the WID, UAV beamforming capabilities, i.e., FR1 with directional antenna at UE side, should be studied. In order to make RAN1’s efforts count, it is beneficial to evaluate the motivation and necessity of supporting beamforming capabilities and capability signaling.
In this contribution, the availability of existing techniques under the most common event area scenario with UL interference issue is firstly justified. After that, the spec effort of extending FR2 beam management mechanism to FR1 under Rel-17 unified TCI framework is analyzed. Finally, introducing beam related characteristics is concluded to be not preferred.

2 [bookmark: _Ref127141660][bookmark: _Ref129681832]Target scenarios and potential issues
In RAN1#110bis-e [2], the following note is agreed within each agreement,
	Agreement
· [bookmark: _Hlk127131999]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)


which means target scenarios, potential issues faced by UAV, whether the potential issues can already be solved with the existing techniques should be justified before further investigation.
During RAN1#110bis-e, one of the most common use cases companies mentioned is to address the UL interference to non-target gNBs under dense-deployed scenario (e.g., HD video surveillance in urban hotspot, live streaming from event area) as shown in Figure 1, which is caused by the line of sight propagation condition of UAV.
[image: ]
[bookmark: _Ref113902017][bookmark: _Ref115381295][bookmark: _Ref114818476]Figure 1 UL interference issue caused by UAV  
[bookmark: _Ref115435866][bookmark: _Ref126601521]While after analysis, we believe the aforementioned UL interference issue can already be addressed through switching to a gNB outside the densely-deployed area and conducting digital beamforming as shown in Figure 2, where the handover procedure specified in previous NR releases can be reused. In detail, a UE can be configured with measurement configuration information by RRC. Then, UE performs measurement on both the serving gNB and neighboring gNBs, and reports measurement results, e.g., RSRP, to the serving gNB. Based on the measurement results, the serving gNB can indicate the UE to switch to a gNB outside of the dense-deployed area. After handover, the new serving gNB will indicate/choose the codebook that UE used for digital beamforming, which will mitigate the aforementioned UL interference to the utmost extent. 
Moreover, in order to further enlarge the handover range as well as confine the interference, the spec-transparent directional antenna architecture with narrower beamwidth can be considered. Specifically, UAV can perform spec-transparent Rx beam sweeping and report the largest RSRP corresponding to its best Rx beam during handover, which means the beamforming gain of directional antenna is already implicitly included. After handover, the UAV could use the same beam for UL transmission.
[image: ]
[bookmark: _Ref115359086]Figure 2 Addressing UL interference issue by handover and digital beamforming 
[bookmark: _Ref115362698]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.

Based on the analysis above, it can be observed that the most common UL interference issue can already be addressed by existing techniques, while it seems that companies have not reached consensus on other specific issues under certain scenarios that need to be solved. As a result, we should first focus on identifying target scenarios and potential issues, and the new UE capability signaling is only needed if the ineffectiveness of existing techniques can be proved.
[bookmark: _Ref115362711][bookmark: _Ref115381316][bookmark: _Ref127531296][bookmark: _Ref114818516]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.

3 [bookmark: _Ref111034415]Introduction of UE capability signaling for beam management
In RAN1#110bis-e, the following agreements on UAV UE capability signaling for beam management parameters are made:
	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 minimum beam application latency as UAV UE capability
· If unifiedJointTCI-r17 is supported, suitable range of values for minBeamApplicationTime-r17
· If unifiedJointTCI-r17 is not supported, enhancements to timedurationforQCL may be considered
· FFS: additional parameters, e.g., beamSwitchTiming
· Note: further consideration does not require commitment to support a specific TCI framework.
· Note: Whether or not to specify above parameters should depend on the identification of  the target scenarios and the potential issues faced by UAV,  the identification of  which existing capabilities and/or mechanisms and/or frameworks can be treated as candidate for addressing above issues, and the necessity of specifying above parameters (i.e., whether the potential issues faced by UAV can already be solved with the existing capabilities and/or mechanisms and/or frameworks)


If the target scenarios and the potential issues are justified and ineffectiveness of existing techniques are proved, based on the discussion in RAN1#110bis-e, considering the reduced latency and overhead of Rel-17 unified TCI framework compared with Rel-15/16 design, extending FR2 beam management mechanism to FR1 under it can be treated as a candidate direction.
Note that not all parameters related to unified TCI framework are required for the potential target scenario (e.g., MPE (Maximum Permissible Exposure) related parameters), here only the essential ones are selected and presented in Table 1. Furthermore, essential beam management parameters defined in Rel-15 are also presented in Table 1. Then all the parameters for FR2 only in Table 1 should be extended to FR1.

[bookmark: _Ref100685097]Table 1 Summary of essential parameters
	UE capability parameters
	FR1-FR2 DIFF

	minBeamApplicationTime-r17
	FR2 only

	unifiedJointTCI-BeamAlignDLRS-r17
	FR2 only

	timeDurationForQCL
	FR2 only

	maxNumberRxTxBeamSwitchDL
	FR2 only

	beamSwitchTiming
	FR2 only

	beamCorrespondenceWithoutUL-BeamSweeping
	FR2 only

	uplinkBeamManagement
	FR2 only

	unifiedJointTCI-r17
	N/A

	unifiedJointTCI-Legacy-SRS-r17
	N/A

	unifiedJointTCI-multiMAC-CE-r17
	N/A

	unifiedJointTCI-InterCell-r17
	N/A

	[bookmark: _Ref126677922][bookmark: _Ref126601528]unifiedSeparateTCI-r17
	N/A

	unifiedSeparateTCI-InterCell-r17
	N/A

	unifiedSeparateTCI-multiMAC-CE-r17
	N/A



[bookmark: _Ref127531285]Observation 2: If the target scenarios and the potential issues are justified and ineffectiveness of existing techniques are proved, extending FR2 beam management mechanism to FR1 under Rel-17 unified TCI framework can be treated as a candidate direction.
[bookmark: _Ref126677925][bookmark: _Ref127531288]Observation 3: To enable FR2 beam management to FR1 under Rel-17 unified TCI framework, parameters for FR2 only in Table 1 should be extended to FR1.

4 Introduction of UE capability signaling for beam characteristics
In RAN1#110bis-e, the following agreement on UAV UE capability signaling for beam characteristics is made:
	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)


If the target scenarios and the potential issues are justified and ineffectiveness of existing techniques are proved, introducing beam related characteristics can be treated as a candidate direction. However, considering the limited TU left for convergence and the unclearness of motivation, this direction is not preferred.
[bookmark: _Ref127172605][bookmark: _Ref126601531][bookmark: _Ref126655923]Observation 4: Considering the limited TU left for convergence and the unclearness of motivation, introducing beam related characteristics including number of beams, beamwidth, beam center and radiated EIRP is not preferred.

5 Conclusions 
In this contribution, the availability of existing techniques under the most common event area scenario with UL interference issue is justified, and the spec effort of extending FR2 beam management mechanism to FR1 under Rel-17 unified TCI framework is analyzed. Furthermore, introducing beam related characteristics is concluded to be not preferred. The following observations and proposal are made:

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

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

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

Observation 4: Considering the limited TU left for convergence and the unclearness of motivation, introducing beam related characteristics including number of beams, beamwidth, beam center and radiated EIRP is not preferred.

[bookmark: _GoBack]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.
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