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1	Introduction
One of the objectives of the recently agreed “Study on enhanced Support for Aerial Vehicles”, description of which can be found in [1], is:
	· 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 analyze this objective and provide our view about its impact on the work in other WGs as well as provide the principles and guidelines for the solution, which is to be developed to achieve the aforementioned goal. 

2	Cell measurements in drone scenarios
In order to understand the effects of UEs being elevated from the ground a set of measurements were performed, which were described in [2]. The measurement area is repeated in Figure 1.
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Fig. 1 Example for rural network layout (deployment) with typical large 1.8 to 2.8km ISD. The red circles indicate the locations where drone channel measurements have been performed.
[bookmark: _GoBack]In this section, we highlight some of the findings which can have an impact on the mobility performance of aerial vehicles. The first observation is that the number of detected cells increases with height, which is shown in Figure 2. The Figure shows the average number of detected cells per sample the network scanner used in the measurements, delivered. The scanner can report up to 32 cells per sample and the sampling frequency is between 4 and 9 Hz. As can be seen at ground level the number of detectable cells is around 5, which fits nicely with the fact that a measurement report can report the measurement of up to 8 neighbours. For increasing height, the number of detectable cells increases and RAN2 may want to consider reports containing values of more than 8 cells. The Figure also shows the range of the detected cells in kms. The range is defined as the 90% of the distance distribution over all detected cells. As can be seen the range almost doubles from ground level up to 120 m.


Fig. 2 Average number of detectable cells and range of detected cells (km) per height.

Observation 1: the number of detectable cells and the range of the detected cells increases with height.
As the number of neighbours as well as the range of the detected cells increases, the risk of detecting cells with the same PCI value (PCI confusion) increases, which is something RAN2 may want to study.
Observation 2: the risk of PCI confusion increases with height.
Secondly, we looked at the strongest cell and more specifically at changes of the strongest cell. Figure 3 shows the average number of cell changes per second for the different heights from 2 measurement locations. The number for 2 commercial LTE networks are shown. Operator 1 corresponds to the network shown in Figure 1, where operator 2 has a more sparse network. The locations selected here have a relative low SINR and one can see that the number of strongest cell changes is relatively high. The highest values are seen at ground level, whereas the number drops when being in the air. Thus, a first observation can be made that being airborne may not lead to a higher number of mobility events. However, these measurements are just two observations, where for instance the movement was kept on the horizontal plane (at fixed height), so further study is recommended to, for instance, test vertical movement.
Observation 3: the number of strongest cell changes per second does decrease when the UE gets airborne.
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Fig. 3 Number of strongest cell change vs height for 2 measurement location and two different commercial networks.

The above observation states the radio environment is different for airborne UEs vs UEs at ground level. On top of this, the movement pattern of airborne vehicles may be different compared to ground UEs, so it is worth to check whether the current mobility solutions are sufficient, whether specific settings are required for airborne vehicles or whether the mechanisms itself need to be modified.
Proposal 1: RAN2 needs to study whether the current mobility solutions are sufficient for airborne vehicles.  
As reported in [2], interference for aerial vehicles typically is larger than for terrestrial UEs. This may cause handover failures or RLFs, as interference may suddenly peak when the load on an interfering cell suddenly increases. These increased RLF and HOF rates are potential problems and points to simulate.
Proposal 2: RAN2 needs to simulate RLF and HOF rates for airborne vehicles.  
3	Available solutions
Based on the observations in the previous section it is clear that some solutions for improvements may be considered for aerial vehicles. In this section, we list some of the existing solutions which can be studied:
· Airborne UE specific handover settings: as mentioned in the previous section, the environment and movement pattern is different for airborne UEs and therefore the optimal settings can be different.

· Mobility State Estimation: as defined in [4]. The solution was originally applicable for UEs in RRC_IDLE. The UE can be in High-mobility, Medium-mobility or Normal-mobility state, depending on the number of cell reselections encountered during defined period of time. In RRC_CONNECTED the number of handovers is counted instead of the amount of cell reselections. The UE multiplies certain mobility control related parameters by the scaling factors broadcasted in SIB3.  

· Mobility History Report: as defined in [3]. This parameter comprises the list of at most 16 recently visited cells and the time spent in each of these. Due to the existence of such reporting, the network may infer the mobility characteristics of a certain UE, possibly drawing the conclusion that certain UE may be currently airborne.

· Target cell dependent TTT: as defined in Release 12. The network can configure UEs to use different Time To Triggers (TTTs), depending on the target cell. E.g. large TTT can be used for small cell inbound handovers to reduce the likelihood of fast moving UEs to be handed over to small cells. The network can signal to the UE a list of Physical Cell Identities (PCIs) for each measurement object (i.e. carrier frequency) for which an alternative TTT can be used. 

· UE Assistance Information: as defined in [3]. Currently the purpose of this Information Element (IE) is to inform the E-UTRAN of the UE’s power saving preference, to convey the SPS-related information or about the preferred maximum PDSCH/PUSCH bandwidth configuration. Some of those legacy indications can be useful also for UAVs. In addition, UE Assistance Information can be extended with the airborne-specific parameters which could facilitate the RRM actions in the eNB.

· Geo-location information reporting: especially helpful in case of UAVs – being inherently in motion. It can be considered whether to reuse the existing locationInfo (details in 6.3.5 of [3])

4	Conclusion
This paper was aimed at discussing mobility related issues for Unmanned Aerial Vehicles. As a result, the following observations and proposals have been made:
Observation 1: the number of detectable cells increases with height
Observation 2: the risk of PCI confusion increases with height.
Observation 3: the number of strongest cell changes per second does decrease when the UE gets airborne.
Proposal 1: RAN2 needs to study whether the current mobility solutions are sufficient for airborne vehicles.  
Proposal 2: RAN2 needs to simulate RLF and HOF rates for airborne vehicles.  
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