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Introduction
RAN#75 approved a study item on Enhanced Support for Aerial Vehicles [1]. 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. 
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 this contribution, we present early results on mobility performance for considerations in the study of aerial vehicles.

Mobility Analysis
Mobility simulations are performed to analyze handover performance and to compare handover and link reliability between ground and airborne drone UEs. 
Simulation Setup
The simulations were performed using the setup described in Table 1.

[bookmark: _Ref473299416][bookmark: _Toc473812165]Table 1 Simulation setup
	Item
	Description

	Layout
	3GPP D3 layout for system simulations as described in TS 36.814 v9.0.0 (with antennas modified as described below) 
hexagonal grid with 1,732 meter site-to-site spacing
3 cells per site (pointed in 120 degrees azimuth increments). 
Maximum total transmit power 46 dBm 
3D antenna model of a representative commercial antenna, the 80010734_716MHz 
6⁰ mechanical down tilt for all antennas

	Band/bandwidth
	700 MHz band 
10 MHz bandwidth

	Propagation modeling
	Ground UEs: 3GPP TU3 as defined in 36.814. (This model uses a path loss exponent of 3.76 and log-normal shadowing with standard deviation 8.0 dB.)
Drone UEs: Free space propagation and zero shadowing with path loss exponent of 2.0. 



For the mobility study, each modeled UE starts at a randomly selected location in the network, and an angular bearing angle is selected randomly and uniformly. The UE then moves at the assigned speed in a straight line for the duration of the simulation. 
Table 2 describes the parameters used to model the handover for these simulations.

[bookmark: _Ref480459517]Table 2 Parameters used to model the handover performance
	Parameter
	Value
	Unit
	Description

	TimeToTrigger
	160 
	ms
	Time to trigger a measurement report

	A3Offset
	2.0
	dB
	Offset between signal strength of serving and neighboring cells	

	MeasurementInterval
	40
	ms
	Physical layer measurement interval

	SamplesToAverage
	5
	
	Number of physical layer measurements averaged

	L3RRMCoefficient
	1
	
	Filtering coefficient for layer 3 measurements

	RLMInterval
	2
	s
	Radio link monitoring interval	

	T310
	1000
	ms
	Timer to trigger radio link failure recovery

	HOPreparationDelay
	50
	ms
	Handover preparation delay

	HOExecutionDelay
	40
	ms
	Handover execution delay	

	RSRPError
	1.22
	dB
	Standard deviation of RSRP measurement error



The mobility simulations populate the network with 7 UEs per cell, on average. Simulations are performed with all UEs at ground, 50m and 120m altitude. Each of these are simulated with UE speeds of 0, 1.5, 3.0, 30, 60 and 120 km/h to gain an understanding of the dependency of handover performance on speed.
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In this section, we evaluate the results of the handover simulations using four performance metrics tabulated in Table 3. All values are averages.
[bookmark: _Ref481071182]Table 3 HO simulations using six performance dimensions
	KPI
	Unit
	Figure #
	Description

	Handover rate
	HO/UE/sec
	Figure 1
	Number of HOs over time

	Radio Link Failure (RLF) rate
	RLF/UE/sec
	Figure 2
	Number of RLFs over time

	Time in handoff
	%
	Figure 3
	Fraction of time a UE is in a HO procedure

	Time in Qout
	%
	Figure 4
	Fraction of time a UE is in Qout state



Figure 1 shows the average number of handovers per UE per second. As shown, drone UEs experience a smaller handover rate compared to ground UEs. Even though the amount of strong interference from neighbor cells for drone UEs increases due to unobstructed radio propagation at higher elevations, the radio conditions are also more stable, which leads to reduced handover rate. 
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[bookmark: _Ref481071212]Figure 1 Handover rates
The handover rate for ground UEs is impacted by significant variation of received signal strength due to shadowing, which has standard deviation of 8 dB and correlation distance of 30m. 
However, note that at UE speed of 0 km/h (i.e., stationary), drone UEs are observed to experience slightly higher handover rates. This is because at 0 speed, the drones which are initially dropped around cell-edges can ping-pong (without actually moving) as they can see more number of stronger neighbor cells from the high altitude. Due to less-variable radio conditions (0 speed) for all UEs, the impact of measurement errors on drone UEs is higher, causing more handovers. It should however be further noted that the handover rate is still lower than the ground UEs with even a minimal amount of mobility.
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In LTE, radio link failure events are expected to be infrequent as shown in Figure 2. A relatively stable radio environment for drone UEs translates to virtually no RLF events during the system simulation run, even for drone UEs at speed of 120 km/h.
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[bookmark: _Ref481071216]Figure 2 Radio link failure rates
In Figure 3 and Figure 4, we show the impact of handover on quality of service, measured by fraction of time that the communications with the UE is interrupted due to handover events and radio link failures, respectively. 
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[bookmark: _Ref481071220]Figure 3 Fraction of time in handover
As seen in Figure 3, drone UEs experience significantly less time in handover than ground UEs for all speeds other than 0 km/h. The handover rates for UE speed of 0 km/h are very small and this speed is not of primary interest for drone UEs. 
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[bookmark: _Ref481071224]Figure 4 Fraction of time in Qout state
Figure 4 shows service interruption when signal quality drops below the Qout threshold, defined in 3GPP specs as SINR value of -8 dB. As shown, for all UE speeds whether they are on the ground or are drones at 50m and 120m, these events are relatively infrequent.
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The above results also show that the drone UEs are less likely to suffer from handover and re-establishment interruptions compared to ground UEs.
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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.	Drone UEs experience less handovers than ground UEs.
Observation 2.	Drone UEs experience less radio link failures than ground UEs.
Observation 3.	Drone UEs experience less time in Qout and HO than ground UEs.
Observation 4.	Drone UEs are less likely to suffer from handover and re-establishment interruption than ground UEs.
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Based on the discussion and observations, we propose:
Proposal 1.	Capture the results and analysis in Section 2 in the TR.
Proposal 2.	Take into account the above results for further consideration of mobility enhancements for Aerial Vehicles (Drones).
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