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Introduction
Positioning was listed as second priority in the SI on enhanced LTE support for aerial vehicles. It was not treated during the study item due to time constraint.

· Positioning: If time allows as the 2nd priority, assess the achievable accuracy with existing positioning techniques and identify potential enhancements [RAN1]


Positioning and location services are however important to enable a full continuum of drone use cases. In this contribution, we discuss how positioning and location services provided by mobile networks can benefit the drone ecosystem.
Discussion
General background
Positioning and location services are important for drone traffic management. For example, no-fly zone is an important air traffic regulation that prohibits flights in a specific region of airspace. For the enforcement of no-fly zones, drones are required to be equipped with electronic geo-fencing functions. A drone cannot take off or will land once it detects that it is in a no-fly zone based on Global Navigation Satellite System (GNSS) positioning.
Most LTE chipsets today contain an integrated GNSS receiver, which can provide GNSS based positioning without additional weight penalty [1]. Mobile networks can also offer other positioning solutions that will allow independent verification of the location reported by the drone. The following positioning methods have been developed by 3GPP for LTE [2][3]. 
· Cell identity (CID): Cell identity information to associate the UE to the serving area of a serving cell.  
· Enhanced CID (ECID): Essentially CID with additional radio measurements such as UE Rx-Tx time difference, evolved Node B (eNB) Rx-Tx time difference, eNB angle of arrival, and reference signal received power (RSRP)/reference signal received quality (RSRQ). 
· Assisted GNSS: GNSS information retrieved by the UE based on the assistance information received from the network. 
· OTDOA (Observed Time Difference of Arrival): The UE estimates the time difference of reference signals from different eNBs, then a multilateration technique is used either in the UE or by the location server to derive the position of the UE. 
· UTDOA (Uplink Time Difference of Arrival): The UE is requested to transmit a specific waveform that is detected by multiple location measurement units, which may be e.g. integrated in different location management units (LMUs) at known positions. These measurements are forwarded to the location server for multilateration
Independent verification of the self-reported drone location via mobile networks-based positioning is important as GNSS is vulnerable to being jammed or spoofed into reporting a false location.  
A closer look at positioning techniques for aerial vehicles
The topology of the mobile network comprising of aerial vehicles is highly dynamic and position estimation of these aerial vehicles can aid in various aspects such as routing, beamforming, etc., beyond drone traffic management.
GNSS-based positioning
GNSS signal is widely available for positioning of aerial vehicles as there are less obstructions to block the GNSS signal compared to outdoor UEs on the ground. The aerial vehicles can estimate its position by triangulating the GNSS signals from multiple satellites. However, the position estimates from the GNSS can suffer due to the various artefacts such as atmospheric effect, multipath, satellite geometry, incorrect ephemeris data, etc. The GNSS horizontal positioning estimation for aerial vehicles is expected to be as good as the LTE outdoor UEs or even better due to a better LOS conditions. Unlike outdoor UEs, the aerial vehicle UEs, need higher vertical position accuracy. Therefore, the main challenge with GNSS positioning is in the vertical dimension because of the poor satellite geometry for position estimation. 
RAT-based positioning 
The accuracy of positioning using GNSS is acceptable in most scenarios for an aerial vehicle. However, when the aerial vehicles are in the GNSS denied or deficient environments, another solution based on time difference of arrivals (TDOA) of downlink signals from several base stations can be used for position estimation. Aerials vehicles can use downlink reference signals such as cell-specific reference signal (CRS) and positioning reference signal (PRS) discussed to measure reference signal time difference (RSTD) between multiple base stations, from which position can be estimated through hyperbolic trilateration. The position accuracy using this method depends on the number of base station signals that are used and how well these base stations are distributed in horizontal and vertical directions.
Inertial-navigation system positioning
Inertial sensors can be used in aerial vehicles to calculate the position through dead reckoning. This method would be helpful when accessing deep urban canyons, tunnels, etc. The evolution of the position of an aerial vehicle with time can be deduced using the inertial sensor measurements from a previously determined or known position (reference position). The problem with dead reckoning based inertial sensor approach for positioning is that the variance of the position error gets accumulated over time, thus requiring an external positioning aid to reset the positions periodically. This positioning aid can come from the positioning methods discussed in the previous sections. This approach can be used in scenarios like aerial vehicles flying in urban canopy where the GNSS signal are intermittent. Moreover, by considering some reference pressure together with barometric sensors, it is possible to handle the vertical positioning accuracy. 
The position estimation accuracy of the aerials can be improved by combining the above-mentioned techniques and/or with cooperation between aerial vehicles. 
With Rel-15 LTE positioning WI [4], there will be additional support for both GNSS-based positioning by the introduction of RTK, and also the INS positioning, which is called IMU in the WI. These additions in Rel-15 will benefit the positioning and location services for drones.
Conclusions
In this contribution, we discuss how positioning and location services provided by mobile networks can benefit the drone ecosystem, examine the various positioning techniques, and identify potential enhancements.
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