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1. Introduction
In RAN #75 meeting, a new SID on enhanced support for the aerial vehicle was agreed. This SID [1] deals with identifying potential enhancements to LTE so that it is better suited to provide connectivity and positioning services to drones in the identified deployment scenarios. One of the listed objectives of the SID is
· Positioning: Assess the achievable accuracy with existing positioning techniques and identify potential enhancements [RAN1]
In this document, we discuss on the vertical positioning of aerial vehicle and provide the potential methods for estimating the vertical location of aerial vehicle.  
2. Discussion 
In order that the aerial vehicle performs maneuvers such as landing, take-off or steady flight, the accurate estimation of the altitude of the aerial vehicle is important. Also, the behaviour of aerial vehicle such as power control and handover might be defined differently depending on vertical location of the aerial vehicle. For example, as long as an aerial vehicle is flying at low altitude, relative to the BS antenna height, it behaves like a conventional UE. These would require to be able to accurately estimate the vertical location of aerial vehicle. 

One or more methods could be used to estimate the vertical location of the aerial vehicle. Some methods are addressed below.
· RAT dependent vertical positioning
Although the existing 3GPP positioning technologies such as OTDOA (Observed Time Difference Of Arrival) and UTDOA (Uplink Time Difference Of Arrival) are standardized two-dimensional methods for estimating the position of a UE in the terrestrial x-y plane, these could be used as a 3D positioning method. However, these positioning technologies generally have poor vertical positioning accuracy since base stations usually have similar height, thus provide limited vertical resolution. Therefore, RAT dependent vertical positioning is not adequate to be used to estimate the vertical location of aerial vehicle while obtaining well enough horizontal positioning accuracy due to the high probability of LoS link condition between the aerial vehicle and BSs.
· GNSS (Global Navigation Satellite System)
GNSS generally uses the four sphere intersection positioning method, which causes the geometry problem in 3 dimensions like RAT dependent vertical positioning. Thus, GNSS vertical positioning may not achieve precise vertical positioning [2]. Especially, under the signal distortion caused by ionosphere, the accuracy of vertical positioning becomes worse.
Observation: RAT dependent positioning methods and GNSS might be inadequate to estimate the vertical location of aerial vehicle due to geometry problem caused by sphere intersection positioning method in 3 dimensions.
· Barometric sensor positioning
Atmospheric pressure, measured by a barometric sensor, could also be used to determine altitude, is not susceptible to problems caused by obstruction of satellites, and can provide reliable measurements outdoors even in urban. In the barometric pressure positioning method, the UE vertical component of the position is estimated by combining the measured atmospheric pressure and a reference atmospheric pressure. This is accomplished through barometric sensors measuring atmospheric pressure at the UE, and applying a height determination algorithm using the reference atmospheric pressure. Measurement noise of barometric sensor is typically significantly smaller than that of GNSS measurements. Thus, barometric altitude measurements provide more accurate vertical location compared to GNSS. However, for highly accurate estimation of absolute vertical location based on measurements of barometric pressure, calibration which is valid for only limited time periods due to natural changes in the atmospheric pressure caused by weather is required.
· Combined techniques (e.g., GNSS+ barometric sensor)

Better vertical positioning accuracy can be achieved by exploiting the different capabilities of the different technologies. To take an instance, we consider a combination of GNSS and barometric sensor. Some of the general features of GNSS and barometric sensor are represented in the following table [3].
	Feature
	GNSS
	Barometric sensor

	Affected by obstructions
	Yes
	No

	Always available
	No
	Yes

	Biased
	No
	Yes

	Bias drifts with weather
	No
	Yes


It is noted that GNSS and barometric sensor could be mutually complementary. Thus, highly accurate vertical location can be obtained by combining the information from barometric sensor with GNSS. For example, using statistical properties of GNSS and barometric measurements as well as some assumptions about the effects of weather, typical barometric errors like thermal divergences and fluctuations in the pressure due to changing weather conditions can be compensated. In other words, GNSS can be used to calibrate barometric measurements to reflect true absolute altitude.
Proposal: Accuracy of vertical positioning could be achieved by combining the information from sensors (e.g., barometric sensor, GNSS) without considering RAT dependent positioning. 
3. Conclusion
In this document, we discuss on the vertical positioning of aerial vehicle and provide the potential methods for estimating the vertical location of aerial vehicle.
Observation: RAT dependent positioning methods and GNSS might be inadequate to estimate the vertical location of aerial vehicle due to geometry problem caused by sphere intersection positioning method in 3 dimensions.
Proposal: Accuracy of vertical positioning could be achieved by combining the information from sensors (e.g., barometric sensor and GNSS) without considering RAT dependent positioning. 
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