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1 Introduction
During RAN#94-e meeting, the work item on NR support for UAV has been approved. The following objective of the SI is included in the WID [1]:  

	1. Specify the following enhancements on measurement reports [RAN2]:

· UE-triggered measurement report based on configured height thresholds

· Reporting of height, location and speed in measurement report

· Flight path reporting

· Measurement reporting based on a configured number of cells (i.e. larger than one) fulfilling the triggering criteria simultaneously

Note: Work done in LTE is a starting point for this objective. NR-specific enhancements can be considered, if needed, while overall the LTE and NR solutions should be harmonized as much as possible.

2. Specify the signaling to support subscription-based aerial-UE identification [RAN3/SA2 interaction/RAN2]

Note: Work done in LTE is a starting point for this objective. NR-specific enhancements can be considered, if needed, while overall the LTE and NR solutions should be harmonized as much as possible

3. Study and specify, if needed, enhancements for UAV identification broadcast [RAN2, SA2].

Applicable to both LTE and NR

Note: This study should consider existing techniques based on Uu or non 3GPP technologies, or unlicensed band as the baseline.

Note: This description is a placeholder for a more detailed objective to be drafted once SA2 will have concluded their study on the architectural aspects.

4. Study UE capability signaling to indicate UAV beamforming capabilities and, if necessary, RRC signaling [RAN1, RAN2]: 
· FR1 with directional antenna at UE side


From the WID, we think RAN1’s work is to study what type of beamforming capability could be expected for UAVs. This contribution provides our opinions on the beamforming capability for UAVs.
2 Discussion 
In Release 16, the procedure of beam management mainly includes beam measurement, beam report, and beam indication. The intention of beam management is to ensure the reliability. Some capabilities about beam measurement, beam report, and beam indication are specified in TS 38.806, e.g., the capabilities related with beam measurement and beam report are listed in the table 1. 
Beam measurement and report are used to determine which downlink beam have the best reception performance for UE, and gNB can determine which beam can be used to transmit to the UE with the high reliability, and beam measurement is performed based on CSI-RS or SSB. 
Meanwhile, the capability of beam indication is supported in Release 16, beam indication is related with the beam correspondence. When beam correspondence is supported, UE can determine the best uplink transmission beam according to the correspondence with the best downlink reception beam, meanwhile, UE can also determine the best downlink reception beam according to the correspondence with the best uplink transmission beam. Therefore, the basic capabilities of beam management specified in NR shall be supported for UAV beamforming to ensure the reliability.
Proposal 1: The basic capabilities of beam management specified in NR shall be supported for UAV UEs beamforming, e.g., beam measurement, beam report, and beam indication.
Table 1: The capability of beam measurement & beam report &beam indication specified in TS 38.806

	Definitions for parameters
	Per
	M
	FDD-TDD
DIFF
	FR1-FR2

DIFF

	AperiodicBeamReport  
Indicates whether the UE supports aperiodic 'CRI/RSRP' or 'SSBRI/RSRP' reporting on PUSCH.  The UE provides the capability for the band number for which the report is provided (where the measurement is performed).
	Band
	Yes
	N/A
	N/A

	BeamReportTiming, BeamReportTiming-v1710
Indicates the number of OFDM symbols between the end of the last symbol of SSB/CSI-RS and the start of the first symbol of the transmission channel containing beam report. The UE provides the capability for the band number for which the report is provided (where the measurement is performed). The UE includes this field for each supported sub-carrier spacing.
	Band
	Yes
	N/A
	N/A

	Sp-BeamReportPUCCH
Indicates support of semi-persistent 'CRI/RSRP' or 'SSBRI/RSRP' reporting using PUCCH formats 2, 3 and 4 in one slot.
	Band
	No
	N/A
	N/A

	Sp-BeamReportPUSCH
Indicates support of semi-persistent 'CRI/RSRP' or 'SSBRI/RSRP' reporting on PUSCH.
	Band
	No
	N/A
	N/A

	BeamCorrespondenceCSI-RS-based-r16
Indicates whether the UE support for beam correspondence based on CSI-RS has the ability to select its uplink beam based on measurement of CSI-RS. If a UE supports beam correspondence based on CSI-RS, then the network can expect the UE to also fulfil Rel-15 beam correspondence requirements.
If UE supports neither beamCorrespondenceSSB-based-r16
nor beamCorrespondenceCSI-RS-based-r16, gNB can expect the UE to fulfill beam correspondence based on Rel-15 beam correspondence requirements.  
	Band
	No
	TDD only

	FR2 only


	BeamCorrespondenceSSB-based-r16
Indicates whether the UE support for beam correspondence based on SSB has the ability to select its uplink beam based on measurement of SSB. If a UE supports beam correspondence based on SSB, then the network can expect the UE to also fulfil Rel-15 beam correspondence requirements.
If UE supports neither beamCorrespondenceSSB-based-r16 nor beamCorrespondenceCSI-RS-based-r16, gNB can expect the UE to fulfil beam correspondence based on Rel-15 beam correspondence requirements.
	Band
	No
	TDD only

	FR2 only



2.1 The potential issues and candidate capabilities and/or mechanisms and/or frameworks
	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)


From above agreements, it is proposed to identify the target scenarios and the potential issues faced by UAV, and identify which existing capabilities and/or mechanisms and/or frameworks can be treated as candidate for addressing above issues. 
The civilian UAVs can reach a maximum altitude of 500 metres above the ground, and military UAVs can fly higher. Therefore, the distance between gNB and UAVs is far, and there exists large path loss, which causes the reliability of communication between gNB and UAVs is low.
To improve the reliability, the capability parameters of beam failure recovery as specified in NR shall be reused. By beam failure recovery procedure, when quality of the communication link is poor with current beam, UAVs can find a new beam with the better quality of communication link.
Observation 1: The distance between gNB and the UAV UE is far with large path loss, so the reliability of communication between gNB and the UAV UE is low.
Proposal 2: To improve the reliability, the capability parameters of beam failure recovery as specified in NR shall be reused.
Another characteristic of UAV is high mobility, because the speed of UAV is high, and the location of UAVs is always changing. Therefore, it is necessary to ensure the service continuity of UAVs with movement. In the 5G NR, the capability of beam switching is supported to ensure service continuity, similarly, the capability of beam switching also shall be supported for UAVs. 
Observation 2:   The characteristic of the UAV UE is high mobility. 
Proposal 3: The capability of beam switching shall be supported to ensure service continuity for the UAV UE.
Meanwhile, if directional antenna at UE side is adopted, the beam direction need also be studied. In the 5G NR, the height of UEs is lower than the base station, so the UE transmits uptilted beam to the base station.  In the UAV scenarios, the height of UAV can be higher or lower than the base station, therefore, the beam direction of UAV shall be more flexible to satisfy the different scenarios, therefore upward beams and downward beams shall both be supported.
Observation 3:  The height of the UAV UE can be higher or lower than the base station. 
Proposal 4: The beam direction of the UAV UE shall support upward beams and downward beams to satisfy the different scenarios.                                  
In the network, there exist the NR UEs and UAVs simultaneously, and UAVs might create a lot of interference to other NR UEs in the network. Therefore, it is necessary to address the high interference generated by UAVs.
From the description of WID, FR1 with directional antenna at UE side will be considered for Rel-18. We think directional antennas can be used to address issue of high interference generated by UAVs, because the transmission energy of directional beam is more focused than omnidirectional antennas, which might reduce the interference to the other NR UE. Therefore, for Rel-18 UAVs, we should focus on Uu directional beamforming in FR1.
Observation 4:  It is necessary to address the high interference created by UAV UE to other NR UEs in the network. 

Proposal 5: Directional antennas can be used to address issue of high interference generated by the UAV.
2.2 Others issues
	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




In the last meeting, the above proposals are discussed in the feature lead summary. For Rel-17 unified TCI framework, the beam indications are the same for almost all channels or signals, so Rel-17 unified TCI framework has benefit on the small signaling cost. However, the beam indications are different for different channels or signals in Rel-15/16 TCI framework, which has characteristic of flexibility and large signaling cost. From our perspective, one TCI framework is enough for the UAV, and Rel-17 unified TCI framework is more preferred due to small signaling cost.
Proposal 6: Rel-17 unified TCI framework is more preferred due to small signaling cost.
	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


In last meeting, the above proposal is discussed in the feature lead summary. From our perspective, the design of measurement reports triggered by antenna beam configuration changes is out of work scope. Therefore, measurement reports triggered by antenna beam configuration changes shall not be supported due to out of work scope.

Proposal 7: Measurement reports triggered by antenna beam configuration changes shall not be supported due to out of work scope.
3 Conclusion 
This contribution discusses about channel access mechanism. Based on the discussion, the following proposals are provided:
Proposal 1: The basic capabilities of beam management specified in NR shall be supported for UAV UEs beamforming, e.g., beam measurement, beam report, and beam indication.
Observation 1: The distance between gNB and the UAV UE is far with large path loss, so the reliability of communication between gNB and the UAV UE is low.
Proposal 2: To improve the reliability, the capability parameters of beam failure recovery as specified in NR shall be reused.
Observation 2:   The characteristic of the UAV UE is high mobility. 
Proposal 3: The capability of beam switching shall be supported to ensure service continuity for the UAV UE.
Observation 3:  The height of the UAV UE can be higher or lower than the base station. 
Proposal 4: The beam direction of the UAV UE shall support upward beams and downward beams to satisfy the different scenarios.                                  
Observation 4:  It is necessary to address the high interference created by UAV UE to other NR UEs in the network. 

Proposal 5: Directional antennas can be used to address issue of high interference generated by the UAV.
Proposal 6: Rel-17 unified TCI framework is more preferred due to small signaling cost.
Proposal 7: Measurement reports triggered by antenna beam configuration changes shall not be supported due to out of work scope.
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