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Introduction
It has been noted before [1] that the radio environment experienced by connected aerial vehicles will strongly depend on the flight altitude and at high altitude will be very different from that which terrestrial UEs experience on the ground. In particular, differences are expected in the mobility performance of aerial UEs. In this contribution, we show for the mobility results obtained with a system-level simulator.
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Pathloss and serving site
With rising altitude, we expect the following two effects to occur: 
· The UE will have LOS to many base stations, since flying drones are not passing around street corners etc. On the other hand, the SINR is expected to be worse, since the UE will have LOS also to many neighbor base stations. This is expected to increase the rates of HOF and RLF.
· The eNB antennas are typically tilted slightly downwards to improve service for terrestrial UEs. An aerial UE might thus be served by a sidelobe or backlobe, which are likely to be narrower compared to the main lobe, resulting in perceived smaller cell sizes compared to what a terrestrial UE would experience. This is expected to make mobility more challenging.
Below we show maps created in a simulation where color shows the strongest cell in each location. The left, middle and right part of the figure corresponds to the situation at 0 m, 50 m and 300 m above ground. The effects mentioned above can clearly be seen, i.e. that for a drone UE the cell sizes are smaller but also that a certain cell will appear as the best cell further away compared to for terrestrial UEs.
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Figure 1: Maps showing the best serving site as seen by aerial UEs at three different altitudes.

In the figure below we show the SIR perceived by the UE at different heights. As expected, the higher the UE goes the lower the quality of the signal becomes, which is expected to reduce mobility performance (increase HOF/RLF rate). More on this in the next section.
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Figure 2: Maps showing the SIR perceived by aerial UEs at three different altitudes.

Mobility performance
Since a UE at higher altitudes sees many cells that are not detectable on the ground, the amount of interference is higher for drones compared to for terrestrial UEs, hence the SINR becomes worse. One reason for RLF to occur is that the physical layer determines that the quality of the signal is poor and hence the expected Packet Loss Rate goes above a threshold. This is also what we observe in the simulations as shown in the figure below, which shows RLF rate rising with altitude. We did simulations with different number of UEs in the network (10, 50, 100, and 500), corresponding to a total resource utilization of around 15%, 55%, 80%, and close to 100%, respectively. With the number of active users the amount of interference increases, too, and thus also the RLF rate rises. Note that for 10 users, resource utilization is only 15%, so interference is likely not the predominant cause of the RLFs in this case.
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Figure 3: RLF rate vs altitude for different total number of UEs in the network.
In many cases, a UE at high altitude will not even have time to trigger a measurement report before RLF happens. Basically, a lot of the time the UE is actually connected to the best cell, but even so, the signal is too poor due to the interference. Figure 4 below shows the rate of handover failures, which increases with altitude, since the total number of attempted handovers decreases as well.  
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Figure 4: HOF rate vs altitude for different total number of UEs in the network.
These results suggest that one of the largest problems impacting mobility performance is the massive interference which is prominent when number of drone UEs in the network increase. 
One potential problem for mobility is RLF due to interference which is prominent when number of drone UEs in the network increase. 
Conclusion
We observe:
One potential problem for mobility is RLF due to interference which is prominent when number of drone UEs in the network increase. 
 Simulation assumptions
In general, our simulations were carried out following the agreements by RAN1 and RAN2 [2,3]. More specifically, we simulated 
· a UMa scenario with 19 sites,
· a carrier frequency of 2 GHz and a system bandwidth of 10 MHz,
· the antenna model specified in [4], with 8 cross-polarized elements and a down-tilt angle of 10 degrees,
· random distribution of UEs in the x,y-plane,
· a constant UE speed of 30 km/h (horizontal only),
· and constant full-buffer traffic for all UEs.
Deviating from the agreements, only aerial UEs were simulated. Adding terrestrial UEs would increase the level of interference even more, which might affect the mobility performance results presented here.
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