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[bookmark: _Ref165266342]Introduction
A New WID on NR support for UAV (Uncrewed Aerial Vehicles) [1] has been approved. In the WID, one objective is to enhance measurement reports, shown as below.
	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.


In previous meetings [2-3], the following agreements have been reached for measurement reporting: 
	RAN2#119-e:
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 
[bookmark: OLE_LINK17]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
[bookmark: OLE_LINK15][bookmark: OLE_LINK16]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.
RAN2#119bis-e:
1.	The time information reported as part of flight path plan is optional. UE includes time info, if configured by the network and available at the UE.  FFS on flight path details (waypoints and what is time information). 
2.	Allow the flight path to be updated.  FFS on the details. 
3.	FFS on reporting format and initial flight path reporting (i.e. what information to report and how) – next meeting 
4.	Continue to study height-depending scaling, triggering and combinations
5.	As in LTE, as a baseline, events A3, A4 and A5 can be configured with the configured number of cells (numberofTriggeringCells)


In this contribution, we will provide our understandings on measurement reporting for NR UAV. 
Discussion
1.1 Measurement reporting for mobility control
In previous meetings, RAN2 agreed to use LTE principle as a baseline for measurement reporting of NR UAV and event H1 and event H2 have been introduced. In the post email discussion [Post120] [312], which information is included in the measurement report triggered by event H1 and H2 has been discussed. The following options have been discussed [4]:
a)	Only the parameters from CommonLocationInfo IE
b)	Only the RSRP/RSRQ/SINR measurement results
c)	The content of the report fully configurable by the network (e.g. RSRP results + CommonLocationInfo components)
d)	Other
Majority prefer option c) and the summary is that “When event H1 or H2 triggers, the content of the measurement report is fully configurable by the network (i.e. it can contain UAV UEs height, CommonLocationInfo and RSRP/RSRQ measurement results).” 
However, some companies prefer the height of UAV UE is mandatorily reported in the measurement report triggered by event H1 or event H2. In LTE UAV, event H1 and event H2 can be used for the height reporting, and aerial UE triggers a height report when event H1 or event H2 is fulfilled. If the triggerType is set to event and eventId is set to eventH1 or eventH2, UE shall set the heightUE to include the altitude of the UE in measurement report. The height information is always included in the measurement report triggered by event H1 or event H2. For NR UAV, legacy LTE principle and procedure should be considered and separate height reporting should be supported as in LTE. When event H1 or event H2 is fulfilled, the height of aerial UE should be included in measurement report for NR UAV.
Proposal 1: For NR UAV, separate height reporting should be supported. When event H1 or event H2 is fulfilled, the height of aerial UE should be included in measurement report for NR UAV.
For location reporting of NR UAV, the existing location reporting mechanism can be reused for measurement report triggered by event H1 or event H2. UE location information, i.e. CommonLocationInfo shall be included in the measurement report if the includeCommonLocationInfo is configured. Horizontal and vertical speed can be included in location information, which is similar to LTE UAV.
Proposal 2: For measurement reporting triggered by event H1 and event H2, existing location reporting mechanism can be reused. If the includeCommonLocationInfo is configured by network, UE location information, i.e. CommonLocationInfo shall be included in the measurement report. 
Proposal 3: Horizontal and vertical speed can be included in location information.
In existing procedure of measurement reporting, measurement results (RSRP/RSRQ/SINR) of serving cells and neighbour cells can be included the content of the measurement report. The RS type and quantities of measurement results in measurement report are configured by network in reportConfig. And which and how many neighbour cells can be included in measurement report are also configured by network. For measurement reporting triggered by event H1 or event H2, the existing procedure can be reused and measurement results of serving cells and neighbour cells can be included in the content of the measurement report. UE reports the RSRP/RSRQ/SINR measurement results of serving cells and neighbour cells based on network configuration. 
Proposal 4: For measurement reporting triggered by event H1 or event H2, measurement results of serving cells and neighbour cells can be included in the content of the measurement report. UE reports the RSRP/RSRQ/SINR measurement results of serving cells and neighbour cells based on network configuration. 
[bookmark: OLE_LINK26][bookmark: OLE_LINK27]In previous meeting, RAN2 agreed to study height-depending combinations. In the post email discussion [4], majority companies prefer to support joint use of height-dependent condition and RSRP/RSRQ/SINR-based condition for measurement report triggering. The joint use can reduce measurement reporting and increase the flexibility of measurement configuration, where multiple features can be considered to trigger measurement reporting. Hence, joint use of height-dependent condition and RSRP/RSRQ/SINR-based condition can be supported.
Proposal 5: Joint use of height-dependent condition and RSRP/RSRQ/SINR-based condition can be supported for measurement reporting in NR UAV.
There are two options to achieve the joint use of height-dependent condition and RSRP/RSRQ/SINR-based condition:
· [bookmark: OLE_LINK28]Option 1: Define new events to including height-dependent conditions and RSRP/RSRQ/SINR-based conditions,
· Option 2: Combine existing height-based events with RSRP/RSRQ/SINR-based events
For option1, one new event can only achieve one type of combination between height-dependent conditions and RSRP/RSRQ/SINR-based conditions. To support flexible combination of height-depending conditions like event H1 or event H2 and RSRP/RSRQ/SINR based conditions like event Ax, too many new events need to be defined.
For option 2, existing events including event H1/H2 and event Ax can be used. The combination of event H1/H2 and event Ax can be configured by network. Which events will be combined can be configured by network. Compared with option 1, option 2 is more flexible and more convenient for subsequent expansion. How to combine Event H1/H2 and Event Ax can be discussed in the future. For mobility management, at least event A3, A4 and A5 can be considered to combine with event H1/event H2.
Proposal 6: The combination of height-based events and RSRS/RSRQ/SINR based events can be considered to achieve the joint use of height-dependent condition and RSRP/RSRQ/SINR-based condition for NR UAV.
Proposal 7: At least event A3, A4 and A5 can be considered to combine with event H1/event H2.
RAN2 has discussed height-depending scaling in the post email discussion [4]. Height-depending triggering has been supported via event H1 and H2. Height-depending scaling for measurement reporting is not needed. Because reporting of UAV UE’s height has been supported in NR UAV and network can configure appropriate measurement configurations based on UE’s height.
Proposal 8: Height-depending scaling is not needed for NR UAV.
1.2 Measurement reporting for interference control
To reduce measurement reporting, for LTE UAV, eNB can configure measurement report with a configurable number of cells (numberofTriggeringCells) and aerial UEs trigger a measurement report if the event is fulfilled for a configurable number of cells simultaneously. Similar functionality to LTE (numberofTriggeringCells) has been introduced for NR UAV and events A3, A4 and A5 can be configured with the configured number of cells (numberofTriggeringCells).
Beam-leave measurement critical e.g. numberoftriggerbeams and the need to use of “beams” instead of “cells” for interference control has been discussed in previous meetings and post email discussion [Post120] [313]. Majority is negative for the critical based on beam in [5]. Because cell-level measurement results are calculated based on beam-level measurement results, the signal strength of beam can indirectly affect the measurement results of cell-level. Hence, we also think numberofTriggeringCells is enough for NR UAV and numberoftriggerbeams is not needed.
Proposal 9: Beam-level measurement critical i.e. numberoftriggerbeams is not needed.
To improve measurement reporting for interference control, a new mechanism based on “Number of changed cells” has also been discussed in [5]. More than half of companies think there is no motivation to introduce the new mechanism based on “Number of changed cells” as an alternative. 
[bookmark: OLE_LINK2]However, in the legacy procedure of the Number of triggering cells mechanism, if numberOfTriggeringCells is configured, when the number of cell(s) in the cellsTriggeredList is larger than or equal to numberOfTriggeringCells for the first time, UE shall initiate the measurement reporting procedure. But, measurement reporting will not be triggered when a new neighbour cell fulfils event, if the number of cells always satisfies the number of triggering cells and periodic reporting is not configured. UE cannot report the latest measurement results to NW for interference control and/or mobility management. The mechanism based on “Number of changed cells” can solve the issue without excessive measurement reports. When the number of cells added in cellsTriggeredList after the last measurement report is larger than or equal to numberOfChangedCells, UE can initiate the measurement reporting procedure.
The mechanism based on“numberOfChangedCells” and “numberOfTriggeringCells” can be configured simultaneously. And numberOfTriggeringCells can be configured for the first report and “numberOfChangedCells” can be used to trigger subsequent measurement report. The mechanism based on“numberOfChangedCells” is not an alternative mechanism to the mechanism based on “numberOfTriggeringCells”
Proposal 10: The mechanism based on“numberOfChangedCells” can be considered for measurement reporting.
Conclusions
According to the analysis given above, we have the following proposals:
Measurement reporting for mobility control
Proposal 1: For NR UAV, separate height reporting should be supported. When event H1 or event H2 is fulfilled, the height of aerial UE should be included in measurement report for NR UAV.
Proposal 2: For measurement reporting triggered by event H1 and event H2, existing location reporting mechanism can be reused. If the includeCommonLocationInfo is configured by network, UE location information, i.e. CommonLocationInfo shall be included in the measurement report. 
Proposal 3: Horizontal and vertical speed can be included in location information.
Proposal 4: For measurement reporting triggered by event H1 or event H2, measurement results of serving cells and neighbour cells can be included in the content of the measurement report. UE reports the RSRP/RSRQ/SINR measurement results of serving cells and neighbour cells based on network configuration. 
Proposal 5: Joint use of height-dependent condition and RSRP/RSRQ/SINR-based condition can be supported for measurement reporting in NR UAV.
Proposal 6: The combination of height-based events and RSRS/RSRQ/SINR based events can be considered to achieve the joint use of height-dependent condition and RSRP/RSRQ/SINR-based condition for NR UAV.
Proposal 7: At least event A3, A4 and A5 can be considered to combine with event H1/event H2.
Proposal 8: Height-depending scaling is not needed for NR UAV.
Measurement reporting for interference control
Proposal 9: Beam-level measurement critical i.e. numberoftriggerbeams is not needed.
Proposal 10: The mechanism based on“numberOfChangedCells” can be considered for measurement reporting.
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