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1. Introduction
A new Study Item on “Study on Enhanced Support for Aerial Vehicles” was approved at RAN#75 meeting [1] with the following objectives related to interference mitigation:
· Interference mitigation solutions for improving system-level performance in both UL and DL [RAN1]

In this contribution, we highlight some main downlink and uplink interference aspects as observed in drone channel measurements. The interference mitigation solutions to be used have to be selected to meet the overall communication requirements, such as presented in [5].

2. Interference scenario
From the recent drone radio communication tests using live LTE networks [2][3][4] there are three main notes to make:
1) Radio propagation conditions for aerial UEs (drones) can be significantly different compared to the propagation conditions experienced by ‘ground’ UEs and depend on the UE height; at higher UE heights, the propagation conditions converge to free space propagation conditions.
2) Free space propagation conditions at higher UE heights, lead to higher probability for the detection of cells located at large distances (higher signal levels), even when the network is optimised for ‘ground’ UE coverage.
3) Due to its flight pattern/route and the observations 1) and 2) a drone UE is likely to receive interference from, and generate interference towards, a larger number of cells compared to the typical ‘ground’ UEs.
We further quantify the above notes based on recent drone radio channel measurements in a rural area, using a live LTE network operating at 800 MHz carrier frequency, as reported in Annex A in [4]. While we appreciate that it might be difficult to generalize these results to ‘any’ similar drone scenario, we believe it is important to highlight what type of interference problems can arise in the drone specific radio communication scenarios.
Downlink (network-to-drone)
In downlink, the number and power level of interfering signals from different cells set a minimum performance requirement on the type of downlink interference mitigation.

Figure 1 shows a summary of the estimated downlink mean SIR (signal-to-interference ratio) and mean DIR (dominant interference ratio, ratio between the strongest interfering signal and the sum of all other interfering signals detected at the UE) as estimated for different UE heights (1.3m ‘ground’ UE and 15, 30, 60 120m for drone heights), in two different measurement scenarios (two subplots). The presented SIR and DIR are estimated based on the measured RSRP values as reported by the radio network scanner [4]. Although all exemplified scenarios correspond to the same ‘rural scenario’, with large inter site distances as described in [4], it is immediately evident that SIR and DIR statistics are very different for the drone UE locations compared to the ‘ground’ UEs. This is especially observable in the scenarios with low SIR: all UAV heights in subplot #1 and 60m -120m UAV heights in subplot #2. Because the potential performance gain from any downlink interference cancelation or mitigation scheme strongly depends on the SIR and DIR statistics, the 3GPP RAN1 evaluation studies need to carefully consider the scenario definition which can reflect these type of statistics [4].

[bookmark: _GoBack]Observation 1: Channel downlink SIR (signal-to-interference ratio) and DIR (dominant interference ratio) statistics are very different for drone UEs above 10 m height compared to the ‘ground’ UEs at 1.3m height.
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Fig. 1 Two examples of SIR and DIR statistics extracted from drone radio channel measurements in a rural network layout (deployment) with typical large ISD [4].


Uplink (drone-to-network)
In uplink, it is important to analyse how many cells are potentially interfered by the radio transmission from a drone, because this will impact the overall uplink cell capacity in those cells, impacting both the ‘ground’ UEs and the drone UEs. We use the measurement scenario as presented for downlink in Figure 1, subplot #1.
Figure 2 shows the uplink received power statistics estimated for three UE heights as observed at the serving cell (green, S) and the first 10 dominantly interfered cells (red, DI1 .. DI10). The power levels correspond to subcarrier power levels, assuming maximum UE transmit power of 23 dBm and an open-loop power control with P0=-90 dBm and alpha=1.0. The statistics are shown in the form of the standard box-and-whisker plot.
Analysing these uplink results, we can observe a clear trend in terms of the mean and spread of the interference power levels at the interfered cells. For low UE heights (‘ground’ and 15 m) only the interference levels at the first 3-4 interfered cells (red, DI1 .. DI4) are within 10dB below the received signal power at the serving cell. However, at higher UE heights, the interference levels at all 10 interfered cells (red, DI1 .. DI10) are within 10dB below the received signal power at the serving cell. This indicates that a drone uplink transmission is likely to impact the performance of at least twice as many neighbouring cells compared to the typical ‘ground’ UE transmissions. It is also worth noting that the variations (spread) of the interference signals received from a drone at 120m is significantly less compared the lower drone heights and ‘ground’ UE cases.
Observation 2: Uplink transmissions from drones are likely to impact the performance of at least twice as many neighbouring cells compared to the typical ‘ground’ UE uplink transmissions.
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Fig. 2 Example of uplink received power statistics estimated for five UE heights (1.3m, 15m, 30m, 60m and 120m) as observed at the serving cell (green, S) and the first 10 most interfered cells (red, DI1 .. DI10). Drone radio channel measurements in a rural network layout (deployment) with typical large ISD [4].


3. Conclusions
In this contribution, we have the following observations:
Observation 1: Channel downlink SIR (signal-to-interference ratio) and DIR (dominant interference ratio) statistics are very different for drone UEs above 10 m height compared to the ‘ground’ UEs at 1.3m height.

Observation 2: Uplink transmissions from drones are likely to impact the performance of at least twice as many neighbouring cells compared to the typical ‘ground’ UE uplink transmissions.
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