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1	Introduction
This contribution discusses enhancements on measurement reports for NR UAV. 
2	Discussion
In Rel-18 WI on NR Support for UAV, one of the objectives in [1] is as follows:
	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.



Before delving into the details, it would be good to recap what UL/DL interference problems had been identified for aerial UEs in LTE. According to the outcome of LTE UAV SI [2], we try to extract/highlight the following key obervataions: 
1) In the DL, the percentage of aerial UEs experiencing cell-edge like radio conditions (i.e., poor DL SINR) is much higher as compared to terrestrial UEs. This is because aerial UEs, due to their high line-of-sight propagation probability, receive DL interference from a larger number of cells than a typical terrestrial UE does.
2) In the UL, since the aerial UEs experience line-of-sight propagation conditions to more cells with higher probability than terrestrial UEs, the aerial UEs would cause more interference to more cells in the uplink than a typical terrestrial UE could. 
3) If the eNB antennas are down tilted, an aerial UE whose height is above eNB antenna boresight is likely to be served by side lobes of the antennas. Due to the presence of possible nulls in the sidelobes, an aerial UE may possibly see a stronger signal from a faraway eNB than the one that is geographically closest. Hence, an aerial UE may be served by a faraway base station instead of the closest one.
Observation 1: In the DL, the aerial UEs receive interference from a large number of cells than a typical terrestrial UE does due to their high line-of-sight propagation probability.
Observation 2: In the UL, the aerial UEs would cause more interference to more cells than a typical terrestrial UE could due to their high line-of-sight propagation probability.
Observation 3: Aerial UE may be served by a fareway base station instead of the closest one. 
2.1	Enhancements to existing measurement reporting for NR UAV 
The flying height of aerial UE may affect the degree of UL/DL interference problems as mentioned in observations 1 and 2. If an aerial UE sends measurement report when crossing above or below the network configured height theshold, network can detect such interference issues earlier. With this, network can take appropriate actions i.e. not to disrupt its operation designed for terrestrial UEs. Therefore, we propose to introduce height-based event (e.g. eventH1 and eventH2) as defined in LTE as baseline for NR UAV. 
Observation 4: With height-based event triggered measurement report, network can detect interference issues caused by aerial UEs earlier and take approriate actions accordingly. 
Proposal 1: Introduce height events (e.g. eventH1 and eventH2) for height-based measurement reporting in NR, with LTE as baseline. 

If aerial UE provides the height, location and speed in measurement report to the network, network may utilize it for improving mobility performance. I.e. network can make better deicision on handover in the scenario where observation 3 happens. But we understand that existing location information IE can serve its purpose. 
Observation 5: Network can improve mobility performance if aerial UE provides its height, location and speed in measurement report. 
Proposal 2: Confirm that UE location information (e.g. height, location, speed) are included in the MeasurementReport message for aerial UE based on existing location information IE and reporting mechanism. FFS whether any new parameters for reporting are needed. 

Exististing event triggering is based on signle cell RSRP with representative example:
· A cell fulfills an event entry condition during timeToTrigger
· The cell enters cellTriggeredList
· Initiate measurement reporting
As mentioned in observation 1, such existing event triggering may not be efficient for aerial UEs due to higher line-of-sight propagation probability and a larger number of interfering cells . This may lead to frequent but unnessary measurement reporting by aerial UEs. 
Observation 6: Existing event triggeing is not efficient for aerial UEs i.e. transmission of measurement reports in a frequent but unnecesssary way. 
As in LTE, in order to detect interference issues generated from aerial UEs, we propose to introduce the number of triggered cells for event triggering such that aerial UEs sends measurement report to the network when the event triggering criteria are fulfilled simulateously for multiple configured cells. We understand that this enhancement should be appllied to at least event A3/4/5. 
Proposal 3: Introduce a configured number of cells at least for eventA3, eventA4 and eventA5. Measurement report is initiated when the configured number of cells fulfils the triggering criteria simultaneously, with LTE as baseline. 

2.2	Flight path reporting 
Aerial UE's flying path allows network to enhance mobility performance. For surveillance or package delivery UAV use cases, aerial UE's flying path is typically fixed and known in advance. Thus, network can make better decision on handover if aerial UE's flying path is known in advance. 
Observation 7: Aerial UE's flying path allows network to enhance mobility performance i.e. make better decision on handover if known in advance. 
Thus, we propose that the flight path availability from aerial UE to gNB through RRC (e.g. xxxComplete message) is supported. Based on its availability, network retrieves flight path information from aerial UE through RRC (e.g. UE information procedure) is supported. Note that in LTE aerial UE functionality is not supported in RRC_INACTIVE so further enhancements can be discussed in NR. 
Proposal 4: Availability of flight path information from aerial UE to gNB through RRC (e.g. xxxComplete message) is supported in NR, with LTE as baseline. FFS whether further enhancements are needed or not. 
Proposal 5: Based on the reported availability of flight path information, network retrieves flight path information from aerial UE through RRC (e.g. UE information procedure) is supported in NR, with LTE as baseline. FFS whether further enhancements are needed or not. 
3	Conclusion
In section 2, the following observations are made: 
Observation 1: In the DL, the aerial UEs receive interference from a large number of cells than a typical terrestrial UE does due to their high line-of-sight propagation probability.
Observation 2: In the UL, the aerial UEs would cause more interference to more cells than a typical terrestrial UE could due to their high line-of-sight propagation probability.
Observation 3: Aerial UE may be served by a fareway base station instead of the closest one. 
Observation 4: With height-based event triggered measurement report, network can detect interference issues caused by aerial UEs earlier and take approriate actions accordingly. 
Observation 5: Network can improve mobility performance if aerial UE provides its height, location and speed in measurement report. 
Observation 6: Existing event triggeing is not efficient for aerial UEs i.e. transmission of measurement reports in a frequent but unnecesssary way. 
Observation 7: Aerial UE's flying path allows network to enhance mobility performance i.e. make better decision on handover if known in advance. 
Based on the above, RAN2 is requested to discuss and agree on the following proposals:
Proposal 1: Introduce height events (e.g. eventH1 and eventH2) for height-based measurement reporting in NR, with LTE as baseline. 
Proposal 2: Confirm that UE location information (e.g. height, location, speed) are included in the MeasurementReport message for aerial UE based on existing location information IE and reporting mechanism. FFS whether any new parameters for reporting are needed. 
Proposal 3: Introduce a configured number of cells at least for eventA3, eventA4 and eventA5. Measurement report is initiated when the configured number of cells fulfils the triggering criteria simultaneously, with LTE as baseline. 
Proposal 4: Availability of flight path information from aerial UE to gNB through RRC (e.g. xxxComplete message) is supported in NR, with LTE as baseline. FFS whether further enhancements are needed or not. 
Proposal 5: Based on the reported availability of flight path information, network retrieves flight path information from aerial UE through RRC (e.g. UE information procedure) is supported in NR, with LTE as baseline. FFS whether further enhancements are needed or not. 
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