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1	Introduction
In RAN#94-e, a WI for supporting UAV in NR was approved [1]. The WID includes an objective for UE capability signaling to indicate UAV beamforming:
	4. Study UE capability signaling to indicate UAV beamforming capabilities and, if necessary, RRC signaling [RAN1, RAN2]: 

•	FR1 with directional antenna at UE side



RAN1#110bis-e discussed proposals for this objective but did not converge on any specific solutions, as can be seen in the following agreements
	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
· 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).



In this paper we present our view on the solutions.
[bookmark: _Ref178064866]2	Discussion
As can be seen in RAN1#110b-e agreements, there are two main issues to be addressed:
· Issue 1: which beam management (BM) framework to be used for UAV with directional antenna.
· Issue 2: what beamforming-related UE capabilities should be considered for UAV with directional antenna.
In the next sections we will present our view on these two issues.
2.1	Beam management framework and related enhancements
In our view, a major issue that still remains unsolved is what beam management (BM) framework to be used for UAV with directional antenna, namely whether using Rel-15/16 TCI state/spatial relation framework or using Rel-17 unified TCI framework or using both. We believe once this issue is resolved, other issues can be more easily addressed.
[bookmark: _Toc127545135]A major hurdle to RAN1 progress is which BM framework to be used for UAV with directional antenna: Rel-15/16 TCI state/spatial relation framework or Rel-17 unified TCI framework or both. 
[bookmark: _Toc126747209]Therefore, we believe RAN1 should first and foremost make a decision on which TCI framework to be used.
[bookmark: _Toc127545141]RAN1 decides on which BM framework to be used before discussing signaling details.
[bookmark: _Toc126747210]In our view, using Rel-17 unified TCI framework has the following clear advantages:
· [bookmark: _Toc126747211][bookmark: _Toc126747212]Enable fast beam switching
· Minimized specs changes since several features are not restricted to FR2 when compared to the case of Rel-15/16 TCI state/spatial relation framework.
[bookmark: _Toc126747213]Therefore, we believe supporting Rel-17 unified TCI framework should be the way forward.
[bookmark: _Toc127545142]Use Rel-17 unified TCI framework for signaling UE beamforming capability for UAV with directional antenna.
2.1.1	Enhancements to the unified-TCI framework for UAV
[bookmark: _Toc126747214]There are parameters within the unified TCI framework that need to be enhanced to accommodate UAVs with directional antennas. In particular, the following changes are needed:  
· [bookmark: _Toc126747215]The minBeamApplicationTime-r17 indicating the minimum beam application time is currently only specified for FR2. This need to be extended to FR1.
· [bookmark: _Toc126747216]Parameters related to the unified TCI framework, for example additionalMAC-CE-PerCC-r17, may need to be increased/extended to better cater for the UAV use case.

[bookmark: _Toc127545136]In the unified TCI framework, minBeamApplicationTime-r17 indicating the minimum beam application time is only specified for FR2. This need to be extended to FR1.

[bookmark: _Toc127545137]Several parameters in Rel-17 unified TCI framework may need to be increased/extended to better cater to the UAV use case.

[bookmark: _Toc126747220]In more detail, the following changes are needed in [2]
	unifiedJointTCI-multiMAC-CE-r17
Indicates the support of unified TCI state operation with joint DL/UL TCI update for intra- and inter-cell beam management with more than one MAC-CE activated joint TCI state per CC with MAC CE and DCI based TCI state indication in DCI formats 1_1 and 1_2 with and without DL assignment.
This capability signalling includes the following parameters:
-	minBeamApplicationTime-r17 indicates the minimum beam application time in Y symbols per SCS indicated only for FR2.
-	maxNumMAC-CE-PerCC-r17 indicates the maximum number of MAC-CE activated joint TCI states per CC in a band.

The UE indicating support of this feature shall also indicate support of unifiedJointTCI-r17.

NOTE 1:	The maximum number of MAC-CE activated joint TCI states across all CC(s) in a band for more than one MAC-CE activated joint TCI state is signaled in unifiedJointTCI-r17.
NOTE 2:	Activated joint TCI state(s) include all PDCCH/PDSCH receptions and PUSCH/PUCCH.
	Band
	No
	N/A
	N/A




In addition, UAVs see more cells than terrestrial UE and thus several parameters’ values in the unified TCI framework need to be revisited to consider the number of cells visible to aerial UEs. For example, in NR, the DL reference signals, CSI-RS and SSB, as well as the SRS in the UL can be used to identify QCL relationships in the form of TCI states. Due to the potentially large number of DL reference signals that can be detected UAVs, it needs to be studied if the following parameters need to be increased/extended to better cater for UAV use case:
· additionalMAC-CE-PerCC-r17: indicates the number of K additional MAC-CE activated joint TCI states per CC in a band.
· additionalMAC-CE-AcrossCC-r17: indicates the number of K additional MAC-CE activated joint TCI states across all CC(s) in a band.
· k-DL-PerCC-r17: indicates the number of additional MAC-CE activated DL TCI states per CC in a band.
· k-UL-PerCC-r17: indicates the number of additional MAC-CE activated UL TCI states per CC in a band.
· k-DL-AcrossCC-r17: indicates the number of additional MAC-CE activated DL TCI states across all CC(s) in a band.
· k-UL-AcrossCC-r17: indicates the number of additional MAC-CE activated UL TCI states across all CC(s) in a band.
Other parameters within the unified TCI framework that may be relevant to support UAV with directional antennas include:
· maxNumMAC-CE-PerCC-r17: indicates the maximum number of MAC-CE activated joint TCI states per CC in a band. 
· maxActivatedTCIAcrossCC-r17: indicates the maximum number of MAC-CE activated joint TCI states across all CC(s) in a band
· maxActivatedDL-TCIPerCC-r17: indicates the maximum number of MAC-CE activated DL TCI states per CC(s) in a band
· maxActivatedUL-TCIPerCC-r17: indicates the maximum number of MAC-CE activated UL TCI states per CC(s) in a band
· maxActivatedDL-TCIAcrossCC-r17: indicates the maximum number of MAC-CE activated DL TCI states across all CC(s) in a band
· maxActivatedUL-TCIAcrossCC-r17: indicates the maximum number of MAC-CE activated UL TCI states across all CC(s) in a band

[bookmark: _Toc127545143]RAN1 to study the value range of at least the following UE features related to the unified TCI framework to support UAVs:
· [bookmark: _Toc127545144]additionalMAC-CE-PerCC-r17: indicates the number of K additional MAC-CE activated joint TCI states per CC in a band.
· [bookmark: _Toc127545145]additionalMAC-CE-AcrossCC-r17: indicates the number of K additional MAC-CE activated joint TCI states across all CC(s) in a band.
· [bookmark: _Toc127545146]k-DL-PerCC-r17: indicates the number of additional MAC-CE activated DL TCI states per CC in a band.
· [bookmark: _Toc127545147]k-UL-PerCC-r17: indicates the number of additional MAC-CE activated UL TCI states per CC in a band.
· [bookmark: _Toc127545148]k-DL-AcrossCC-r17: indicates the number of additional MAC-CE activated DL TCI states across all CC(s) in a band.
· [bookmark: _Toc127545149]k-UL-AcrossCC-r17: indicates the number of additional MAC-CE activated UL TCI states across all CC(s) in a band.

2.1.2 Other beam management parameters
We believe Rel-17 unified TCI framework is a much better option for beam management related UE capabilities for UAV, in terms of providing a good starting point to support UAV with directional antennas. However, Rel-15/16 TCI state/spatial relation framework and beam correspondence UE capabilities have been mentioned by other companies in the previous discussion [3] as potential candidates to support UAV directional antennas. To use these UE capabilities to support signaling for UAV with directional antennas, parameters related to both beam correspondence and spatial relations need to be extended for use in FR1. Such an extension involves more changes to the specifications than if Rel17 unified TCI framework is used.

[bookmark: _Toc127545138]The use of Rel-15/16 TCI state/spatial relation framework and beam correspondence to support UAV directional antennas requires several feature extensions to FR1 that involve larger spec impact and is not preferred. 

2.2	What beamforming-related UE capabilities to be used
There have been several proposals for new UE capability features for UAV with directional antennas, e.g., number of beams, beamwidth, beam center, radiated EIRP, orientation of beams including height dependence. However, these features are only beneficial in very UAV specific scenarios. Therefore, we do not see a clear advantage to include these features in the UE beamforming capability signaling. Instead, we believe it is enough to enhance the existing features to better support the UAV scenarios, as described in previous sections. 

[bookmark: _Toc127545150]Do not introduce new UE capabilities for UAV providing details on beam characteristics, e.g., number of beams, beamwidth, beam center, radiated EIRP, and orientation of beams.

Conclusion
In the previous sections we made the following observations: 
Observation 1	A major hurdle to RAN1 progress is which BM framework to be used for UAV with directional antenna: Rel-15/16 TCI state/spatial relation framework or Rel-17 unified TCI framework or both.
Observation 2	In the unified TCI framework, minBeamApplicationTime-r17 indicating the minimum beam application time is only specified for FR2. This need to be extended to FR1.
Observation 3	Several parameters in Rel-17 unified TCI framework may need to be increased/extended to better cater to the UAV use case.
Observation 4	The use of Rel-15/16 TCI state/spatial relation framework and beam correspondence to support UAV directional antennas requires several feature extensions to FR1 that involve larger spec impact and is not preferred.


Based on the discussion in the previous sections we propose the following:
Proposal 1	RAN1 decides on which BM framework to be used before discussing signaling details.
Proposal 2	Use Rel-17 unified TCI framework for signaling UE beamforming capability for UAV with directional antenna.
Proposal 3	RAN1 to study the value range of at least the following UE features related to the unified TCI framework to support UAVs:
	additionalMAC-CE-PerCC-r17: indicates the number of K additional MAC-CE activated joint TCI states per CC in a band.
	additionalMAC-CE-AcrossCC-r17: indicates the number of K additional MAC-CE activated joint TCI states across all CC(s) in a band.
	k-DL-PerCC-r17: indicates the number of additional MAC-CE activated DL TCI states per CC in a band.
	k-UL-PerCC-r17: indicates the number of additional MAC-CE activated UL TCI states per CC in a band.
	k-DL-AcrossCC-r17: indicates the number of additional MAC-CE activated DL TCI states across all CC(s) in a band.
	k-UL-AcrossCC-r17: indicates the number of additional MAC-CE activated UL TCI states across all CC(s) in a band.
Proposal 4	Do not introduce new UE capabilities for UAV providing details on beam characteristics, e.g., number of beams, beamwidth, beam center, radiated EIRP, and orientation of beams.
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