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Introduction
In RAN#75, the study item on enhanced support for aerial vehicles was approved [1]. The objective of the study is to investigate the ability for aerial vehicles to be served using LTE network deployments with base station antennas targeting terrestrial coverage, supporting Release 14 functionality (i.e. including active antennas and FD-MIMO), to verify the level of performance in terms of latency, reliability, delay jitter, coverage, data rate, and UE density, positioning accuracy, etc. The SI has the following objective related mobility of drones:

· Identify potential enhancements to LTE so that it is better suited to provide connectivity and positioning services to drones in the identified deployment scenarios. The study should consider the following aspects:
· Handover: Identify if enhancements in terms of cell selection and handover efficiency as well as robustness in handover signalling can be achieved. [RAN2, RAN1]


In this paper, we discuss potential handover enhancements for drones.
Cell Topology
Virtually all of today’s UEs are ground-based. Connected drones are going to change this picture. However, existing deployments are optimized for ground-based devices, and drones might therefore experience new challenges that have not occurred until now. A fundamental example is already the deployment topology. Fig.1 shows maps of a simulated deployment, as seen on the ground level, and from altitudes of 50 m and 100 m. 
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Figure 1: Map of the best serving site (top) and SINR (bottom) for a drone at ground level (left), and flying at altitudes of 50 m (center) and 100 m (right).

In Fig.1, the top row shows for each position the strongest detected site. On the ground level the strongest site is generally the closest. As the drone starts flying, however, the map is fragmented, and the strongest signal can come from a cell far away. The regions, where individual cells are strongest depend on the altitude 
· At 50 meters, the side lobes of neighbor cell antennas become stronger right above nearest base station which makes the signal quality worse directly above than around the base stations. 
· At 100 meters, the signal strength seems strongest directly above the base station but  signal quality seems weaker elsewhere.
The reason for this effect is probably that antennas are usually tilted downwards, so that the main lobe of the radiation pattern covers the ground around the base station, where most UEs are normally located. A drone on the ground will be served as a regular LTE smart phone. Once the drone starts moving vertically upwards, the strength of this main lobe will decrease, and instead side lobes of neighboring base stations will become stronger. Fig.2 illustrates that effect. 
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Figure 2: A drone moving vertically upwards will at first be served by the main lobe of the nearest base station, but at higher altitudes by side lobes of neighbouring base stations (marked in red). 

The lower panel of Fig.1 shows the SINR for the same situations. Here, the map is significantly smoother at higher altitudes (with the exception of the regions directly above the base stations). At ground level, where signals are subject to shadowing, a drone (as any UE) will detect mainly the closest cells with large signal strength, while the many cells farther away will have much lower signal strengths. Also, the measured signal depends strongly on the position of the drone, as shadowing can cause rapid changes in experienced signal quality. At flying altitude, on the other hand, a drone will have LOS connection to many cells, even relatively far away, at the same time. This will result in high signal strength to multiple base station while the signal quality seems to be lower due to interference, as is seen from Figure 1. 
In previous RAN1 meeting, two studies were presented related to drone handover performance. A simulation study [1] found significantly less handovers and less RLF for drones flying at altitudes above 50 m. Interestingly, in that study, going from 50 m to 120 m does not improve the situation further, suggesting  a threshold at which the drone transitions from the ground-based regime to the airborne regime. On the other hand, a field test presented in [2] finds that the number of both successful and failed handovers rises with increasing flight altitude, assumably because of interference from the rising number of detected neighbor cells. Further study taking would be needed to understand the fundamental mobility behavior of drones. In LTE, handovers can be based on signal strength or signal quality measurements. In the study, both of these metrics should be considered.
[bookmark: _Toc481784999]RAN2 should study the handover performance for drones for both based on RSRP and RSRQ, possibly RS-SINR.
Further, in order the results from different companies would be comparable it would be good to try to agree some simulation settings. For example, there are both horizontal and vertical component to the flight direction. RAN1 is considering only horizontal component thus RAN2 should at least consider horizontal direction of mobility in the studies. Vertical component might be interesting as well though it might be enough to report horizontal mobility at different altitudes. This can be discussed in RAN2 among other relevant simulation assumption. It might be good to agree for example certain altitudes like 50m and 100m and certain antennas heights, packet sizes etc.
[bookmark: _Toc481785000]RAN2 to discuss and agree on simulation assumptions for mobility studies.
RAN1 is going to study interference mitigation solutions which include UL power control. UL power control needed to secure LTE ground UE UL performance might impact the UL coverage for the drones. If UL coverage is impacted, it might then again impact HO performance. This could be at least kept in mind and discussed if RAN2 should take this effect into account in the mobility studies. 

Conclusions
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Proposal 1	RAN2 should study the handover performance for drones for both based on RSRP and RSRQ, possibly RS-SINR.
Proposal 2	RAN2 to discuss and agree on simulation assumptions for mobility studies.
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