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Discussion and Decision
1      Introduction
The WI of the Aerial is approved with the following objectives:

· Specify enhancements to support improved mobility performance and interference detection in the following areas [RAN2]:
· Enhancements to existing measurement reporting mechanisms such as definition of new events, enhanced triggering conditions, mechanisms to control the amount of measurement reporting.
· Enhancements to mobility for Aerial UEs such as conditional HO and enhancements based on information such as location information, UE’s airborne status, flight path plan, etc.
· Specify enhancements to support indication of UE’s airborne status and indication of the UE’s support of UAV related functions in LTE network e.g. UE radio capability [RAN2]
· Signaling support for subscription based identification [RAN2 lead, RAN3]
· Specify S1/X2 signalling to support subscription based aerial UE identification
· Specify UL power control enhancements in the following areas [RAN1, RAN2]
· UE specific fractional pathloss compensation factor
· Extending the supported range of UE specific P0 parameter
In this contribution, we evaluate the handover performance and propose new measurement reporting to improve the handover performance.   
2      Discussion
2.1     Handover performance evaluation 
Table 1 shows the HOF rate for different UE speed and elevation.
	UE Height 

UE Speed
	0m
	50m
	100m
	300m

	3 km/hr
	7.08%
	34.63%
	57.87%
	70.76%

	30 km/hr
	19.21%
	57.00%
	66.45%
	74.08%

	60 km/hr
	28.60%
	64.55%
	69.82%
	74.35%

	160 km/hr
	35.40%
	72.64%
	72.83%
	72.82%


Table 1: HO failure rates under different heights/speeds 
Observation 1: HO failure rate increases with speed;

Observation 2: HO failure rate changes with the height of the drone. 

Figure 1 shows the RSRP distribution of cell ID = 0 at different height. Figure 1 (left) shows the ground UE with height = 0 meter. The RSRP distribution degrades smoothly when the distance is away from the antenna of the cell. Figure 1 (middle) shows the RSRP distribution of 100m evaluation. As you can see, the RSRP distribution form some rings. The reason of the rings is due to cell quality fluctuations between nulls and side lobes. The fluctuation pattern (in time) is dependent on the drone’s location, height, speed and heading (orientation). The last figure 1 (right) forms the most rings with largest gap with evaluation = 300m. This fluctuation could cause handover failure because Aerial UE may be supported by the side lobes of the BS station and try to handover back and forth base on the measurements. 
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Figure 1: RSRP distribution of cell ID=0 at height=0m (left), 100m (middle) and 300m (right)
Observation 3: The RSRP distribution fluctuation is higher when evaluation is in 300 meters in compare to the ground UE.
2.2     New measurment reporting
Figure 2 shows the SINR distribution at height = 100m and 300m. As a drone flies across multiple cells at a particular height and direction, its serving cell’s quality will fluctuate with certain ‘frequency’ based on its speed, evaluation and orientation from the base station antenna. 
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Figure 2: SINR heat-map at H=300m (left) and H=100m (right), where a clear fluctuating pattern is shown.
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Figure 3: Flying path of the drone at 100m (left) link quality of 3 base stations (right).

If the UE provides the height, speed and direction information to the network, the network may have more information to make better decision on handover. For example, if the Aerial UE is in high speed in high elevation, the UE may pass null very fast and back to the same serving cell. Therefore, handover within the null may not be a good choice since it will need to handover back to the previous serving cell in a short amount of time. Therefore, it is proposed to include the UE elevation, speed and direction information in the measurement report.

Proposal: UE elevation, speed and direction information are included in the measurement report for Aerial UE.

3      Conclusion 
Observation 1: HO failure rate increases with speed;

Observation 2: HO failure rate changes with the height of the drone. 

Observation 3: The RSRP distribution fluctuation is higher when evaluation is in 300 meters in compare to the ground UE.
Proposal: UE elevation, speed and direction information are included in the measurement report for Aerial UE.
4      Appendix: Simulation parameters 
	Parameter
	Description
	Value(s)

	Cell layout and scenario
	 
	Hexagonal grid, 19 macro sites, 3 sectors per site (ISD = 500m)

	TimeToTrigger
	Time to trigger a measurement report
	160 ms

	A3Offset
	Offset between signal strength of serving and neighboring cells

	2 dB

	MeasurementInterval
	Physical layer measurement interval
	10 ms

	TMeasurement_Period, Intra 
	L1 filtering time in TS 36.133
	200 ms

	L3RRMCoefficient
	Filtering coefficient for layer 3 measurements
	1

	Qin
	Qin Threshold
	-6 dB

	Qout
	Qout Threshold
	-8 dB

	TEvaluate_Qout
	Qout evaluation period
	L1 samples filtered linearly over a sliding window of 200 ms

	TEvaluate_Qin
	Qin evaluation period
	L1 samples filtered linearly over a sliding window of 100 ms

	T310
	Timer to trigger radio link failure
	1 s

	HOPreparationDelay
	Handover preparation delay
	50 ms

	HOExecutionDelay
	Handover execution delay

	40 ms

	RSRPError
	Standard deviation of RSRP measurement error
	+/-1.22 dB

	UE height 
	Height in meter above ground level
	0 m, 50 m, 100 m, 300 m (AGL) 

	UE speed
	Horizontal speed for terrestrial and aerial UEs
	3 km/h, 30 km/h, 
60 km/h, 160 km/h

	Outdoor terrestrial UE ratio
	 
	100% 

	Aerial UE ratio
	Ratio of number of Aerial UEs to total UEs per sector
	0% (i.e., all terrestrial UEs)
100% (i.e., all Aerial UEs)
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