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1. Introduction 
Rel-18 NR support for UAV (Uncrewed Aerial Vehicles) work item’s objective is as following [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

In the last meeting, the following agreements are achieved and the highted in yellow FFS are remained [2]. This paper further provides view on the related open issues.
Agreements

1 Use LTE principle as a baseline, introduce similar event H1 (aerial UE height become higher than threshold) and H2 (aerial UE height become lower than threshold.  FFS if further NR enhancements are needed.  FFS study scaling of RRM parameters (e.g. which parameters and what is the purpose/benefit of the scaling and how)

FFS how to limit excessive measurements and measurement reporting 

FFS if user consent is needed for location reporting in CONNECTED

FFS study the vertical movement and associated mobility for UAV UEs
2
Rel-18 NR supports reporting of UAV UE’s height, location and velocity. It is for further study what accuracy and reporting mechanisms are required and if further enhancements are needed.  

3
As in LTE, flight path plan reporting will be introduced.  Location list of waypoints (3D location information) and timestamp is adopted as the basic content of flight path report.  FFS if timestamp is mandatory or optional for NR.  FFS if further enhancements are needed
4
Introduce similar functionality to LTE (numberofTriggeringCells).  FFS whether numberoftriggerbeams for NR is required or other enhancements.  FFS study how to avoid sending the measurement reports mainly due to reportOnLeave.

2. Discussion
2.1 scaling of RRM parameter
In legacy LTE, to adapt the mobility of high speed UE, speedStateScaleFactors are introduced. Similarly, mobility of UAV could be impacted by its altitute. When UAV is in the hgiher alititude, as the RSRP/RSRQ of target cell changes quickly than on the gournd, so measurement reporting should be triggered faster. To achieve this, height dependent scaling factors could be introduced to adjust the length of timeToTrigger for measurement report triggering.
Proposal1: Introduce height dependent scaling factors to adjust the length of timeToTrigger for measurment report triggering.

2.2 measurement reporting control
In the last meeting, we agreed to introduce similar functionality to LTE (numberofTriggeringCells). In detail, a condition “if the number of cell(s) in the cellsTriggeredList is larger than or equal to numberOfTriggeringCells” before the measurement report procedure is initiated as shown highlighted in yellow below. So the measurement reporting can be triggered only when the number of cells in the cellsTriggeredList is high than the pre-defined threshold.
In addition, there is an FFS that whether numberoftriggerbeams for NR is required or other enhancements. Generally, flying NR UAV in a high altitude has LoS radio propagation channel environment with a number of neighbor cells and it is easy to catch fragile faraway cells/beams which may potentially cause handover failure as shown in Figure1. In this regard, we think the number of good beams of a cell should also be taken into account for NR UAV mobility. For instance, numberOfTriggeringBeams can be introduced to control the cells that can be included in cellsTriggeredList. In detail, if a cell where number of beams (whose beam quantity is higher than absThreshSS-BlocksConsolidation or absThreshCSI-RS-Consolidation) is larger than numberOfTriggeredBeams, then the corresponding cell could be included into the cellsTriggeredList. After that, if the number of cell(s) in the cellsTriggeredList is larger than or equal to numberOfTriggeringCells, then the measurement reporting procedure is initiated. By using this method, the cells in the cellsTriggeredList could be guaranteed with a number of good beams so that catching fragile faraway cells/beams by UAV can be avoided. 
Observation1: Flying NR UAV in a high altitude has LoS radio propagation channel environment with a number of neighbor cells and it is easy to catch fragile faraway cells/beams which may potentially cause handover failure.
Observation2: numberOfTriggeringBeams can be introduced to control the cells that can be included in cellsTriggeredList. After that, if the number of cell(s) in the cellsTriggeredList is larger than or equal to numberOfTriggeringCells, then the measurement reporting procedure is initiated. By using this method, the cells in the cellsTriggeredList could be guaranteed with a number of good beams so that catching fragile faraway cells/beams by UAV can be avoided. 

Proposal2: Introduce numberOfTriggeringBeams for limiting the excessive measurement reporting (i.e. to control the cells that can be included in cellsTriggeredList.)
---------------------------------------------------------Excerpted from TS 36.331 5.5.4.1[3] ---------------------------------------
2>
if the triggerType is set to event and if the corresponding reportConfig includes numberOfTriggeringCells, and if the entry condition applicable for this event, i.e. the event corresponding with the eventId of the corresponding reportConfig within VarMeasConfig, is fulfilled for one or more applicable cells for all measurements after layer 3 filtering taken during timeToTrigger defined for this event within the VarMeasConfig:

3>
If the VarMeasReportList does not include a measurement reporting entry for this measId (a first cell triggers the event):

4>
include a measurement reporting entry within the VarMeasReportList for this measId;

3>
If the number of cell(s) in the cellsTriggeredList is larger than or equal to numberOfTriggeringCells:

4>
include the concerned cell(s) in the cellsTriggeredList defined within the VarMeasReportList for this measId;

3>
else:

4>
include the concerned cell(s) in the cellsTriggeredList defined within the VarMeasReportList for this measId;

4>
If the number of cell(s) in the cellsTriggeredList is larger than or equal to numberOfTriggeringCells:

5>
set the numberOfReportsSent defined within the VarMeasReportList for this measId to 0;

5>
initiate the measurement reporting procedure, as specified in 5.5.5;
-------------------------------------------------------End of Excerption------------------------------------------------------------------
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Figure1 illustration of flying NR UAV observe a number of neigbor cells/beams
2.3 Prohibit timer for measurement reporting control
In urban scenario, flying UAVs can observe a number of cell/beams, so configuring a suitable value of numberOfTriggeringCells is not so easy work for operators, instead we think a prohibit timer can be introduced for reducing measurement report (e.g. the prohibit timer is started since the last measurement report is triggered and UE is not allowed to trigger measurement report when the timer is running.)

Proposal3: Introduce a prohibit timer to control the excessive measurement reporting for NR UAV.
2.4 Vertical speed reporting
Regarding the speed info in measurement report, vertical speed is introduced in LTE UAV. For NR spec, as vertical speed is already covered by commonLocationInfo where both horizontal and vertical velocity can be reported according to TS 37.355, thus there is no necessity to introduce additional vertical speed info in NR measurmenet report.

Proposal4: As verital speed reporting is already covered by current NR spec, there is no necessity to introduce additonal vertical speed reporting for NR UAV.
2.5 UAV specific CHO triggering

In RAN plenary#97e meeting, NR UAV WID are revised to include “study and specify UAV specific CHO triggering e.g. using event H1/H2”[4]. In rel-17 NTN, location based CHO triggering (i.e. condEventD1) is introduced to take distance between UE and cell reference location into account. This is reasonable since the RSRP/RSRQ of source cell and target cell has less difference for NTN. While for UAV, if UE’s height is higher than pre-defined threshold, it does not mean UE is close to target cell or it is god timing for UE to access target cell. Therefore, event H1/H2 seems difficult to be utilized for CHO execution.

Observation3: For UAV, if UE’s height is higher than pre-defined threshold, it does not mean UE is close to target cell or it is good timing for UE to access target cell. Therefore, event H1/H2 seems difficult to be utilized for CHO execution.

Instead, numberOfGoodBeams can be taken into account for UAV specific CHO triggering. When UAV is flying in high altitude, it is easier for CHO execution condition (e.g. CondEventA3 or condEventA5) to be satisfied than on the ground. So, if multiple candidate target cells satisfied the execution condition at the same time, which candidate target cell UE should choose should be studied. We think UAV should prioritize to access the candidate target cell with more number of good beams. The following note indicate that in case multiple NR cells are triggered, it is up to UE implementation which one to select. 

--------------------------------------------------Excerpted from TS 38.331[5] ----------------------------------------------------------

NOTE 2:
If multiple NR cells are triggered in conditional reconfiguration execution, it is up to UE implementation which one to select, e.g. the UE considers beams and beam quality to select one of the triggered cells for execution.
---------------------------------------------------End of Excerption ----------------------------------------------------------------------

This is acceptable for terrestrial UE as rare case, while we believe it may happen more often for UAV UEs, therefore we propose the following:

Proposal5: Introduce numberOfGoodBeams for UAV specific CHO triggering (i.e. if more than one triggered cell exists, UE select one of the triggered cells as selected cell based on the numberOfGoodBeams in each triggered cell, and UE apply the stored condRRCReconfig of the selected cell)
Conclusion 

Based on the discussion in the previous sections, we made the following proposals:
Observation1: Flying NR UAV in a high altitude has LoS radio propagation channel environment with a number of neighbor cells and it is easy to catch fragile faraway cells/beams which may potentially cause handover failure.
Observation2: numberOfTriggeringBeams can be introduced to control the cells that can be included in cellsTriggeredList. After that, if the number of cell(s) in the cellsTriggeredList is larger than or equal to numberOfTriggeringCells, then the measurement reporting procedure is initiated. Based on this, the cells in the cellsTriggeredList could be guaranteed with a number of good beams so that catching fragile faraway cells/beams by UAV can be avoided. 

Observation3: For UAV, if UE’s height is higher than pre-defined threshold, it does not mean UE is close to target cell or it is good timing for UE to access target cell. Therefore, event H1/H2 seems difficult to be utilized for CHO execution.

Proposal1: Introduce height dependent scaling factors to adjust the length of timeToTrigger for measurment report triggering.
Proposal2: Introduce numberOfTriggeringBeams to control the cells that can be included in cellsTriggeredList.
Proposal3: Introduce a prohibit timer to control the excessive measurement reporting for NR UAV.
Proposal4: As verital speed reporting is already covered by current NR spec, there is no necessity to introduce additonal vertical speed reporting for NR UAV.
Proposal5: Introduce numberOfGoodBeams for UAV specific CHO triggering (i.e. if more than one triggered cell exists, UE select one of the triggered cells as selected cell based on the numberOfGoodBeams in each triggered cell, and UE apply the stored condRRCReconfig of the selected cell)
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