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1	Introduction
One of the objectives of the Work Item on Enhanced LTE Support for Aerial Vehicles in [1] is to:

	· Specify enhancements to support improved mobility performance and interference detection in the following areas [RAN2]:
· Enhancements to existing measurement reporting mechanisms such as definition of new events, enhanced triggering conditions, mechanisms to control the amount of measurement reporting.




During the Study Item some potential enhancements were studied and the final version of TR 36.777 in [2] lists those. In general, the solutions for both interference detection and UAV identification are divided into two groups, i.e. UE based and network based solutions. During the RAN2#101 meeting it was also agreed to:

	=>	Introduce new measurement event/modify existing measurement events for interference detection



Main methods to achieve the goals mentioned above, which were discussed, e.g. in [5][6][7] are based on:
1. Measurement event triggered when a sum of RSRP levels measured in a certain number of cells exceeds a configured threshold.
2. Measurement event triggered when each of the RSRP levels measured in a certain number of cells falls within a configured gap in comparison to the serving cell (i.e. based on so called RSRP gap measurements).
3. Measurement event triggered when each of the RSRP levels measured in a certain number of cells exceeds a configured threshold.

In this contribution we compare those methods and propose a way forward.
2	UAV interference detection
Several studies have shown that Aerial Vehicles (AV) connected to cellular networks experience pathloss which is height dependent and presents losses close to those observed by regular pedestrian users at low heights, and moves to free space propagation as UAV heights increases [3]. This is also captured in the agreed assumptions for the channel model developed by RAN1 [2].
The method based on RSSI measurements and very similar to the solution 1 mentioned above based on multiple cell RSRP summation, was analyzed in [4]. It presented very good results for interference detection as well as UAV identification when applied in rural environments, which can be seen from the below figures.
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Figure 1: RSSI vs ΔRSRP for different heights and different networks/locations, rural scenario

From the Figure, we can make the following observations:
· The RSSI is in general higher for airborne UEs compared to terrestrial UEs and the average RSSI increases with height.
· For terrestrial UEs there seems to be a linear relation between the difference between the RSRP of the serving cell and the strongest neighbor and the RSSI. The larger the difference, i.e. the closer to the cell center, the stronger the RSSI. 
· The points belonging to the terrestrial UEs are not overlapping much with the points belonging to airborne UEs. 


However, when applied in urban environments similar method was not performing well. Figure 2 shows similar analysis for urban cases, where the different cases correspond to different carrier frequencies and locations. From the Figure it can be concluded that the points for the different heights are not easily distinguished. 
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Figure 2: RSSI vs ΔRSRP for different heights and different networks/locations, urban scenario


Furthermore Figure 3 depicts CDFs of the RSRP sum, which approximates the RSSI, measured by the UE on different heights.
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Figure 3: CDF of the RSRP sum for different heights taken from urban measurements

As can be seen from the figure, the plots overlap with each other in many places and the measurements made by the UE on 120m height provide lower value of RSSI than those made on lower heights. This can be explained by cells in an urban environment having more down-tilted antennas. It leads to a situation in which, when moving up, UE loses contact to some cells which are close by, but can detect cells, which are further instead. However, this effect is limited by the interference from the serving cell: the UE can only detect cells whose signal level is no less than a certain amount below the received level of the serving cell. This effect has more impact on urban locations than in rural locations as the UE is on average closer to the serving cell. In consequence, the difference in RSSI for UEs at different heights becomes much less in urban environment.
Observation 1: The method based on RSSI or RSRP summation measurements does not allow for efficient interference detection for UAVs.
It should be noted that the method based on RSRP gaps or RSRP being exceeded by multiple cells (solutions 2 and 3 outlined in the Introduction section) do not suffer from the similar setback. Since RSRP is measured for each cell separately and compared the RSRP of the serving cell or to the threshold separately as well, it is a direct indication of potential interference a UE may cause to those neighboring cells.
Observation 2: Solutions based on measurements event being triggered based on RSRP measurements from multiple cells do not suffer from the problem described for the events based on RSSI/RSRP summation.
Based on that the following is proposed:
[bookmark: _Hlk510649143]Proposal 1: For UAV interference detection, adopt solutions based on measurement event being triggered by RSRP measurements from multiple cells, i.e.:
-	Measurement event triggered when each of the RSRP levels measured in a certain number of cells falls within a configured gap in comparison to the serving cell (i.e. based on so called RSRP gap measurements).
-	Measurement event triggered when each of the RSRP levels measured in a certain number of cells exceeds a configured threshold.
These methods can be successfully used for detecting potential interferers as well as UEs being subject to excessive interference. However, it has to be noted that they will not be able to reliably determine whether a certain UE is flying or not, which is proven by Figure 4. The figure shows the CDF of the RSRP gap (i.e. the difference between RSRP level in serving cell and neighbouring cell) between respectively first, third and sixth neighbor for the data of case 3, i.e. the RSRP measurements made at different heights with a drone in a rural area at different heights. From the Figure it can be concluded that even though the average gap decreases with height, a single or a few samples of the height itself is not enough to determine the height or even whether a UE is in the air or not, as the values have a large overlap. It can also be seen that, especially on the ground, only in 70% of the cases there are at least 6 neighbors present, even though a scanner with high sensitivity was used.
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Figure 4 CDF of the RSRP gap between serving ell and first, third and 6th neighbor for case 3

Based on the presented results it can be seen that sole RSRP measurements cannot be reliably used for determining whether the UE is in the air or not.
Observation 3: RSRP measurements of serving and neighbouring cells alone are not enough to determine whether a UE is in the air or not.

Interference detection is the most important issue when Aerial UEs are concerned, but it does not allow for efficient rogue drone UEs detection, which was initially one of the justifications for the SI. Therefore, it is proposed:

Proposal 2: RAN2 is kindly requested to discuss whether a solution for “rogue” drone UEs identification is required or not.

3	Existing events vs. new events
Once the method for the interference detection is chosen, it should be decided whether new measurement events are required or it is enough to adjust the existing ones. Obviously, it would be beneficial from specifications and implementation points of view if existing events could be adjusted. Also, since we believe a solution based on measurement event being triggered by RSRP measurements from multiple cells should be adopted, we focus the analysis in that direction. Event A3 is the natural candidate for adjustment to achieve solution based on RSRP gap while event A4 is the natural candidate to achieve solution based on RSRP threshold exceeding. The only modification required in both of them is to add the condition on the number of cells, which should meet the criterium of the event for it to be triggered. 
Observation 4: By introducing the condition on the number of cells, which should meet the criterium of the event A3 and A4 for it to be triggered, the measurement events as described in Proposal 1 can be achieved.
Proposal 3: Adjust events A3 and A4 by introducing the condition on the number of cells, which should meet the criterium of those events for them to be triggered.
Proposal 4: Do not introduce any new measurement events for the sake of interference detection.
4	Summary
In this contribution we discussed different methods for detecting interference targeted to address UAV use cases. Based on the presented analysis the following observation are made:
Observation 1: The method based on RSSI or RSRP summation measurements does not allow for efficient interference detection for UAVs.
Observation 2: Solutions based on measurements event being triggered based on RSRP measurements from multiple cells do not suffer from the problem described for the events based on RSSI/RSRP summation.
Observation 3: RSRP measurements of serving and neighbouring cells alone are not enough to determine whether a UE is in the air or not.
Observation 4: By introducing the condition on the number of cells, which should meet the criterium of the event A3 and A4 for it to be triggered, the measurement events as described in Proposal 1 can be achieved.
These observations, in turn, result in the following proposals, which RAN2 is requested to discuss:
Proposal 1: For UAV interference detection, adopt solutions based on measurement event being triggered by RSRP measurements from multiple cells, i.e.:
-	Measurement event triggered when each of the RSRP levels measured in a certain number of cells falls within a configured gap in comparison to the serving cell (i.e. based on so called RSRP gap measurements).
-	Measurement event triggered when each of the RSRP levels measured in a certain number of cells exceeds a configured threshold.
Proposal 2: RAN2 is kindly requested to discuss whether a solution for “rogue” drone UEs identification is required or not.
Proposal 3: Adjust events A3 and A4 by introducing the condition on the number of cells, which should meet the criterium of those events for them to be triggered.
Proposal 4: Do not introduce any new measurement events for the sake of interference detection.
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