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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 first time mobility results obtained with a system-level simulator.
[bookmark: _Ref178064866]Discussion
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 FTP traffic for all UEs.
A few parameter settings deviate from the agreements and lead to a reduced interference level, which might affect the mobility performance results presented here:
· Only aerial UEs were simulated. This means also that all UEs are always assumed to be outdoors, where path loss is comparably low.
· The simulations were done with low resource utilization.
· The simulations were done with a comparably low total number of UEs.
Pathloss and serving site
With rising altitude, two competing effects are expected to occur: 
· Because of the loss of reflections and blocking objects, the UE will almost always have a LOS connection to the base station. This leads to more smooth and stable overall radio conditions, which is expected to improve mobility performance, since there is less need for handovers and higher chances for handovers to succeed.
· The antenna pattern of antennas typically used in base stations shows a distinct lobe structure. Furthermore, BS antennas are typically tilted downwards by a few degrees to improve service for terrestrial UEs. An aerial UE might thus be served not by the main lobe of the closest BS, but by a sidelobe of some more distant BS, resulting in more frequent handovers. Since the strength of the sidelobes is (by definition) smaller than that of the main lobe, this might also degrade handover success rates. 
It should also be kept in mind that at high altitudes the distance to the BS and thus the resulting path loss can become rather large. 
The effects mentioned above can clearly be seen in the maps in Figure 1, showing the best serving site and the corresponding path loss (as a negative gain) of the simulated deployment. At ground level, the strongest site is in general the closest one, even though the map is not very smooth. At higher altitudes, the map becomes much smoother, but the expected fragmentation can be seen: close to the BS site (i.e. right above), the strongest site is typically one of the neighbouring sites. In the corresponding path loss map, the lobe structure of the BS antennas can clearly be seen. It should be noted that the exact pattern seen in these maps depends very much on the exact shape of the antennas’ lobe structure. See for example the corresponding maps in [1], using a different antenna pattern, where each cell remains strong directly above the BS, but fragmentation occurs about half-way between sites.
[bookmark: _GoBack][image: ]Figure 1: Maps of the best serving site (top) and corresponding path loss (bottom) as seen by aerial UEs at three different altitudes.

Mobility performance
Figure 2 shows the total number of handovers as a function of altitude. Above the ground, we see much less HOs, with a minimum at 100m, from where the number rises again slightly. This can directly be traced to the structure of the best-cell map, with its increasing fragmentation at very high altitudes. Since the area where the “wrong cell” is strongest is confined to the immediate vicinity of the BS, the number of HOs rises only so slightly when going from 100m to 300m. The drone simply has to pass right over the BS to experience an additional HO.
Figure 3 shows the rates of handover failures and ping-pong handovers, i.e. the number of HOFs or PPs per UE and s. Even these rates decrease strongly with altitude, once again reflecting the simpler and smoother structure of the best-cell map shown in Figure 1. The rise in the PP rate between 100m and 300m can be explained by the small areas around the BS, where a UE changes to the “wrong cell” and back while flying directly over the BS.

Overall, these first results show how the favourable radio conditions at higher altitudes can improve mobility performance of aerial UEs. They also agree quite well with the results presented in [5]. They disagree, however, with results from a field test presented in [6], which have shown the number of handovers and HO failures to rise with altitude. The reason for these contradicting results is unclear. One reason might be (as noted above) an unrealistically low interference level in the simulation studies. Further efforts are needed to understand these observed differences.


[bookmark: _Toc490166919]RAN2 should study further the mobility performance of aerial UEs, with both simulations and field measurements, to understand the cause for contradicting results. [image: ]
Figure 2: Number of handovers of aerial UEs as function of altitude.
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Figure 3: Handover failure rate (left) and ping-pong rate (right) of aerial UEs as function of altitude.

Conclusion
Based on the discussion in section 2 we propose the following:
Proposal 1	RAN2 should study further the mobility performance of aerial UEs, with both simulations and field measurements, to understand the cause for contradicting results. 
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