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Introduction
In RAN#75, the study item on enhanced support for aerial vehicles was approved. The objective of the study is to investigate various RAN1 and RAN2 aspects associated with using terrestrial LTE networks to provide connectivity to aerial vehicles, including the ones listed below:
· Investigate the ability for aerial vehicles for LTE to be served using LTE network deployments with Base Station antennas targeting terrestrial coverage, supporting Release 14 functionality (i.e. including active antennas and FD-MIMO), to:
· Verify the level of performance in terms of latency, reliability, delay jitter, coverage, data rate, and UE density, positioning accuracy, etc. 
· Identify the heights, speeds and densities of lower altitude of aerial vehicles that could be catered for, taking into account the regulation viewpoints [RAN1, RAN2]
· Channel models:  Select appropriate models applicable to Air-to-ground (ATG) channels. Reusing an existing channel model, if applicable, should be prioritized [RAN1] 
· In terms of LTE enhancements, the study should consider the following aspects:
· Interference mitigation solutions for improving system-level performance in both UL and DL [RAN1]
· Solutions to detect whether UL signal from an air-borne UE increases interference in multiple neighbour cells and whether an air-borne UE incurs interference from multiple cells [RAN1, RAN2]
· Identification of an air-borne UE that does not have proper certification for connecting to the cellular network while air-borne [RAN2]
· Handover: Identify if enhancements in terms of cell selection and handover efficiency as well as robustness in handover signalling can be achieved. [RAN2, RAN1]
· Positioning: If time allows as the 2nd priority, assess the achievable accuracy with existing positioning techniques and identify potential enhancements [RAN1]

In this contribution, we discuss the possible positioning techniques that may be used in the study (if time allows).
[bookmark: _Ref178064866]Discussion
As stated in the objectives of the SID, the study should investigate the ability for aerial vehicles to be served using LTE networks targeting terrestrial coverage, including Rel-14 functionalities such as FD-MIMO. The topology of the 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. In this document, we try to look at the various positioning techniques and identify potential enhancements.
GNSS-based positioning
Global navigation satellite system (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 aerials 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 in [1] 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 aerials 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. 
[bookmark: _GoBack]The position estimation accuracy of the aerials can be improved by combining the above mentioned techniques and/or with cooperation between aerial vehicles. 
Conclusion
In this contribution, we discuss the possible positioning techniques that may be used in the study (if time allows).
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