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Background
As a possible way to manage interference of UAV aerial link, UAV side UE beamforming in FR 1 is considered. RAN1 is now studying whether further UE capability reporting for UAV beamforming may provide practical gain for terrestrial UE protection. In a previous meeting RAN1 #112, we made agreements clarifying and narrowing the scope of discussion as follows:

	Agreement
RAN1 only considers potential UE UAV beamforming capabilities for FR1 with directional antennas at UE side in Rel-18 if such capabilities don’t impact RAN4 requirements.

Agreement
If new UE UAV beamforming capabilities for FR1 with directional antennas at UE side are supported, Rel-17 unified TCI framework is considered as baseline.

Agreement
Multi-TRP beamforming is not supported for UAV UEs in FR1 in Rel-18.

Agreement
UE UAV beamforming for FR1 based on beam switching among fixed directional antennas is supported in Rel-18.
· Note 1: new UE capabilities may not be necessary to support beam switching among fixed directional antennas
· Note 2: no RAN4 specification impact is assumed
· FFS: whether updating (e.g. extending to FR1) legacy UE capabilities is needed, and it is not precluded if it is needed
· FFS: whether/how specification may be impacted



 In this contribution, based on the agreement above, we discuss target scenario and required parameters to be defined to support FR1 UE UAV beamforming.

Discussions
Target Scenario
According to discussion in RAN1 #110b, target scenario is critical at confirming the necessity or benefits of each capability parameters for UAV beamforming. Considering available time units, RAN1 may need to focus on single scenario treats at least one feature for performance enhancements revealed by previous UAV study [1]. In RAN1’s perspective, ICI management or avoidance for the terrestrial UE protection should be an issue to be considered.

Proposal 1: RAN1 focuses on a single scenario for UAV performance enhancement considering terrestrial UE protection via aerial link interference management or avoidance.

During RAN plenary discussion, it was noted by several companies that UAV’s beamforming may help network’s mobility management. With UAV beamforming, as an expectation, UL ICI toward terrestrial UE could be reduced and network may have flexibility to toss UAV to less crowded cell for terrestrial UE protection [3]. As an example, for a UAV flying in a crowded area, the network may allow access via a gNB which is less loaded but located at a longer distance to avoid or reduce impact on terrestrial UE communication. In this example, it is assumed that UAV avoids ICI generation toward the cell with the best link quality via proper utilization of UL beam. We think this is valid scenario also aligned with other working group’s target of enhancement. 
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 Figure 1. Example of UE’ beam sharping for aerial communication

Figure 1 shows the example above where network needs traffic off-loading for cell A. It is also assumed cell B or cell C can be a target cell for UAV UE’s handover. UAV UE performs beam adaptation for serving cell after handover. If cell B is selected as target cell, after handover, UAV UE generates beam adjusted for the aerial link with cell B as grey colored beam above. Due to the spatial correlation between grey beam and blue beam, in LoS environment, UE may observe similar level of pathloss from cell A and cell B, after beam adjustment. It means quite high level of interference will arrive at cell A and intended protection of terrestrial UE is not achieved. As shown above, spatial multi-cell information is essential for the terrestrial UE protection, but considering the work scope defined by WID [2], that information should be available at network without introduction of new reporting format or contents. Considering these aspect together, we propose target scenario as below: 

Proposal 2: RAN1 consider following case as a target scenario for Rel-18 UAV beamforming capability discussion
· Network commands handover for UAV UE to non-best cell for the terrestrial UE protection or cell traffic off-loading with following conditions
· After handover, with UAV UE’s beam adjustment toward new serving cell, legacy serving cell observes sifnigicantly reduced RSRP via aerial link 
· Required information to make handover decision above is extracted from legacy reporting and UE capabilities.
Since utilization of different DL/UL beam or directional antenna makes network hard to estimate UL MAI, at least for study, RAN1 needs to assume the same UE beam applied for DL measurement and UL transmission. In RAN1 #111, it was agreed that FR1 UE UAV beamforming is supported via switching between directional antennas. Considering recent agreements, RAN1 needs to focus on scenario where UE’s antenna is fixed per cell for either of DL measurement and UL transmission. It should not be necessary to consider more complicated scenario such as network triggered UE beam or directional antenna switching. 

Observation 1: Since ICI depends on UE beam, utilization of different DL/UL antenna or network transparent changing of UE antenna causes unexpected ICI.

Proposal 3: For the purpose of study on UE UAV beamforming capability reporting, RAN1 assumes the UE selects and fixes its directional antenna per cell for the purport of DL mobility measurement and UL transmission toward serving cell.

Required UE capabilities
As a starting point, RAN1 agreed to consider UAV UE’s beam characteristics or extension of FR2-only beam management parameters. Indication of beam characteristics provides strict information on the beam shapes and directional gains UE provides. Such capability itself would not provide sufficient information to serving cell extracting interference information. But when merged together with multi-cell link quality information and geometric information, further information becomes available. Figure 2 is an example when LoS is satisfied between UAV UE and multiple of cells including serving cell. In figure 2, UE measures multi-cell link quality, e.g., L3-RSRP with UE beam adjustment. Depending on relative geometric location, same or different directional antenna is used for link quality measurement. If handover happens to a cell measured by different directional antenna, e.g. cell C, reduced amount of interference serving cell will expect, compared with the case of handover within the same directional antenna. 
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Observation 2: Following conditions are required to utilize UE beam characteristics for the purpose of beam based target cell selection
· LoS environment is provided for serving cell and target cell
· Geometric information of UAV UE and target cell is provide at used for target cell selection.
Proposal 4: Low priority on UE beam characteristics reporting, if dependence on positioning is essential.
As FR2 only parameters of UE beam management capabilities, following 10 parameters are defined. Extension of those parameters to FR1 is supported if it helps network to extract more information under the proposed target scenario. 

	Definitions for parameters
	Per
	M
	FDD-TDD
	FR1-FR2

	
	
	
	DIFF
	DIFF

	beamCorrespondenceCSI-RS-based-r16
	Band
	No
	TDD only
	FR2 only

	beamCorrespondenceSSB-based-r16
	Band
	No
	TDD only
	FR2 only

	beamCorrespondenceWithoutUL-BeamSweeping
	Band
	Yes
	N/A
	FR2 only

	beamSwitchTiming, beamSwitchTiming-v1710
	Band
	No
	N/A
	FR2 only

	beamSwitchTiming-r16, beamSwitchTiming-r17
	Band
	No
	N/A
	FR2 only

	maxNumberRxTxBeamSwitchDL, 
maxNumberRxTxBeamSwitchDL-v1710
	Band
	No
	N/A
	FR2 only

	sfn-DefaultUL-BeamSetup-r17
	Band
	No
	N/A
	FR2 only

	unifiedJointTCI-BeamAlignDLRS-r17
	Band
	No
	N/A
	FR2 only

	uplinkBeamManagement
	Band
	No
	N/A
	FR2 only

	beamManagementType-r16, beamManagementType-CBM-r17
	BC
	Yes
	TDD only
	FR2 only



With the reason discussed above, RAN1 would not consider DL/UL beam non-correspondence. 

Observation 3: RAN1 does not have sufficient time unit to discuss DL/UL beam non-correspondence for UE UAV beamforming or beam based mobility.

Proposal 5: RAN1 does not consider extension or modification of FR2 beam correspondence parameters for UE UAV beamforming capability study.

For beam based UAV interference and mobility management, UE needs to measure multi-cell link quality via multiple of UE directional antenna. Depending on which type of RS or reporting is supported for non-serving cell interference management, network may need to count UE antenna switching latency at mobility RS configuration. For example, if aperiodic RS is supported for aerial link interference measurement, then gNB needs to count UE FR1 antenna switching latency at the configuration or triggering of aperiodic RS and aperiodic reporting. 

Observation 4: If aperiodic DL RS & aperiodic reporting is supported for UE beam based aerial link interference measurement & reporting, latency on UE beam or directional antenna switching needs to be considered for RS or reporting configuration/indication. 

As general usage, mobility or any L3 measurement needs periodic or at least semi-persistence measurement based on periodic or semi-persistent DL RS. As one of Rel-18 enhancement, L1 measurement based mobility management is on the scope. But even in related discussion, no agreement is made yet whether aperiodic RS can be used for the measurement of non-serving cell beam. SSB or CSI-RS for mobility are currently supported RS for non-serving cell beam measurement for the purpose of mobility support.

Observation 5: For the purpose of mobility management, utilization of aperiodic DL RS or aperiodic reporting is not supported yet.

So we propose to consider UE beam switching latency as essential parameters in FR1 UE UAV beamforming only when the latency has impact on configuration or reporting of multi-cell measurement. 

Proposal 6: Consider extension or modification of beam switching latency parameters to indicate required offset between triggering and reception of aperiodic CSI-RS, if and only if aperiodic CSI-RS and aperiodic RS reporting is supported for non-serving cell aerial link interference measurement. The parameters can be
· beamSwitchTiming
· beamSwitchTiming-v1710
· beamSwitchTiming-r16 
· beamSwitchTiming-r17.

According to RAN decision, in this study, we do not consider any enhancement on FR1 beam management. Therefore, UE beam management is not possible. So we not a reason to consider beam management related parameters in this study.

Observation 5: Following parameters indicating UE’s beam management capabilities are meaningless in FR1
· uplinkBeamManagement
· unifiedJointTCI-BeamAlignDLRS-r17
· beamManagementType-r16 
· beamManagementType-CBM-r17.

With the same reason, parameters indicating UE’s beam management capabilities or parameters indicating framework of beam management are not required in target scenario. 

Observation 6: Following parameters indicating UE’s beam management capabilities are not required to extend to FR1
· maxNumberRxTxBeamSwitchDL 
· maxNumberRxTxBeamSwitchDL-v1710.

With the same reason, default beam indication is not valid in FR 1

Observation 7: Following parameters indicating usage of default beam is not valid in FR1
· sfn-DefaultUL-BeamSetup-r17.

Based on the observation above, we propose to focus whether exclude unnecessary parameters not to extend to FR1 

Proposal 7: Following FR2 UE beamforming capabilities do not extend to FR1 for the purpose of supporting ICI aware UAV UE handover 
· uplinkBeamManagement
· unifiedJointTCI-BeamAlignDLRS-r17
· beamManagementType-r16 
· beamManagementType-CBM-r17
· maxNumberRxTxBeamSwitchDL 
· maxNumberRxTxBeamSwitchDL-v1710
· sfn-DefaultUL-BeamSetup-r17.

Conclusions 
As our conclusion, we don’t see any valid UE capability parameter helps network’s aerial link interference management in the current stage. Considering time plan of discussion. We propose not to define any new UE capability indicating FR1 UAV beamforming capability in Rel-18. Here are list of our observation and related detailed proposals: 

Proposal 1: RAN1 focuses on a single scenario for UAV performance enhancement considering terrestrial UE protection via aerial link interference management or avoidance.

Proposal 2: RAN1 consider following case as a target scenario for Rel-18 UAV beamforming capability discussion
· Network commands handover for UAV UE to non-best cell for the terrestrial UE protection or cell traffic off-loading with following conditions
· After handover, with UAV UE’s beam adjustment toward new serving cell, legacy serving cell observes sifnigicantly reduced RSRP via aerial link 
· Required information to make handover decision above is extracted from legacy reporting and UE capabilities.
Observation 1: Since ICI depends on UE beam, utilization of different DL/UL antenna or network transparent changing of UE antenna causes unexpected ICI.

Proposal 3: For the purpose of study on UE UAV beamforming capability reporting, RAN1 assumes the UE selects and fixes its directional antenna per cell for the purport of DL mobility measurement and UL transmission toward serving cell.

Observation 2: Following conditions are required to utilize UE beam characteristics for the purpose of beam based target cell selection
· LoS environment is provided for serving cell and target cell
· Geometric information of UAV UE and target cell is provide at used for target cell selection.
Proposal 4: Low priority on UE beam characteristics reporting, if dependence on positioning is essential.
Observation 3: RAN1 does not have sufficient time unit to discuss DL/UL beam non-correspondence for UE UAV beamforming or beam based mobility.

Proposal 5: RAN1 does not consider extension or modification of FR2 beam correspondence parameters for UE UAV beamforming capability study.

Observation 4: If aperiodic DL RS & aperiodic reporting is supported for UE beam based aerial link interference measurement & reporting, latency on UE beam or directional antenna switching needs to be considered for RS or reporting configuration/indication.

Observation 5: For the purpose of mobility management, utilization of aperiodic DL RS or aperiodic reporting is not supported yet.

Proposal 6: Consider extension or modification of beam switching latency parameters to indicate required offset between triggering and reception of aperiodic CSI-RS, if and only if aperiodic CSI-RS and aperiodic RS reporting is supported for non-serving cell aerial link interference measurement. The parameters can be
· beamSwitchTiming
· beamSwitchTiming-v1710
· beamSwitchTiming-r16 
· beamSwitchTiming-r17.
Observation 5: Following parameters indicating UE’s beam management capabilities are meaningless in FR1
· uplinkBeamManagement
· unifiedJointTCI-BeamAlignDLRS-r17
· beamManagementType-r16 
· beamManagementType-CBM-r17.
Observation 6: Following parameters indicating UE’s beam management capabilities are not required to extend to FR1
· maxNumberRxTxBeamSwitchDL 
· maxNumberRxTxBeamSwitchDL-v1710.
Observation 7: Following parameters indicating usage of default beam is not valid in FR1
· sfn-DefaultUL-BeamSetup-r17.
Proposal 7: Following FR2 UE beamforming capabilities do not extend to FR1 for the purpose of supporting ICI aware UAV UE handover
· uplinkBeamManagement
· unifiedJointTCI-BeamAlignDLRS-r17
· [bookmark: _GoBack]beamManagementType-r16 
· beamManagementType-CBM-r17
· maxNumberRxTxBeamSwitchDL 
· maxNumberRxTxBeamSwitchDL-v1710
· sfn-DefaultUL-BeamSetup-r17.
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