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Introduction
Cellular connectivity will be key for coordinated operation and control of Unmanned Aerial Vehicles, more commonly referred to as “Drones”, enabling a growing set of use cases within and beyond the drone operator’s visual line of sight. RAN#75 approved a study item on Enhanced Support for Aerial Vehicles [1]. One of the objectives of the study is [1]:
· 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 our previous contribution [2], we presented simulation results on mobility performance for considerations in the study of aerial vehicles. In this contribution, we present some field trial results on handover.

Field Trials
Field trials were performed to analyze handover performance and to compare handover and link reliability between ground and airborne drone UEs. 
Setup
For this trial, data was collected as indicated in Table 1. Connectivity was provided and tested using a commercial cellular network during all flights.
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Table 1 Trial Setup
	Data
	Description

	Location
	Qualcomm UAS Flight Center, San Diego, California

	Environment
	Mixed suburban

	Altitudes
	Ground, 30, 60, 90, 120 meters

	Test types
	Mobility route at 5 m/s with 0.5 Mbps UDP UL throughput requested
Mobility route at 5 m/s and periodic RACH every 15 seconds 
Stop/Start route with 0.5 Mbps UDP UL throughput requested

	LTE bands (locked to one band per flight)
	PCS
AWS
700MHz

	Data collection
	On device logging 
IPerf logs
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Much of the analysis in later sections is derived from a 2.5 km loop at different altitudes, and each altitude was flown multiple times for data collection in each band, and to provide sufficient data for each case (at least 2 loops). 
The ground data was collected by mounting the drone to a car and driving the route on surface streets (the duration of these tests tended to be a bit longer than flying due to some stoplights and traffic.)
Each dataset was trimmed so the final data for analysis only includes samples where the drone is at its desired altitude and underway (i.e., excluding takeoff and landing). This prevents takeoff and landing transition data, as well as data when the drone is stationary on the landing pad, from impacting the analysis results. 
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Figure 1 shows distributions of the total interruption time during handovers. 
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Figure 1 Handover events and distributions of delay in handover completion
The figures show that majority of these handover interruptions are between 20-40 ms, but there are some outliers present as high as 800 ms. While these are not large interruption times, it is notable that the outliers are more likely in this data at altitudes 60 meters and higher.
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This result particularly demonstrates that for the most part, current LTE networks can handle the handover for the aerial devices. However, some HO enhancements are beneficial to keep the interruption lower to guarantee the C&C communication. 
[bookmark: _Toc490158558][bookmark: _Toc490213336]Current LTE networks can handle the handover for the aerial devices. However, some HO enhancements are beneficial to keep the interruption lower.
Based on the above observations and discussion, we propose:
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Conclusion
In this contribution, based on the simulation results, we made the following observations on mobility performance of drone UEs:
Observation 1.	Majority of the handover are completed within 20-40ms.
Observation 2.	Some outliers are present which cause handover interruption of as high as 800ms.
Observation 3.	Current LTE networks can handle the handover for the aerial devices. However, some HO enhancements are beneficial to keep the interruption lower.

Based on the discussion and observations, we propose:
Proposal 1.	Consider the above field trial results for potential mobility enhancements for Aerial Vehicles (Drones).
Proposal 2.	Capture the results and analysis in the TR.

References
[1] RP-170779, SID on Enhanced LTE Support for Aerial Vehicles, NTT DOCOMO INC, Ericsson
[bookmark: _GoBack][2] R2-1704155, Handover results for aerial vehicles, Qualcomm, RAN2#98
image1.emf

