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1 Introduction

A new SID on enhanced support for aerial vehicles has been agreed in RAN plenary #75 meeting. In terms of LTE enhancements, positioning for aerial vehicle is the objective of the SID if time allows. 
· 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 positioning of aerial vehicle and provide a candidate list of potential positioning solutions for further evaluation. 
2 Discussion
Positioning accuracy is strongly affected by multipath environment. As shown in figure1a, under AWGN channel the ToA (time of arrival) estimation is generally very accurate. The receiver simply can rely on the strongest peak for time of arrival estimation. However for multipath fading channel as shown in figure1b, the ToA estimation is degraded, especially for the narrow bandwidth. The actual time of arrival may not correspond to any of the peak in the figure. 
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Figure1a: Time of arrival estimation for different bandwidth under AWGN channel (The actual time of arrival is 0 meter).
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Figure1b: Time of arrival estimation for different bandwidth under multipath fading channel (The actual time of arrival is 0 meter).
For aerial vehicle, the channel model may have less propagation paths. Thus the accuracy of existing 3GPP positioning technologies may be good enough. RAN1 should first reach consensus on channel model and simulation assumption, then evaluate the positioning performance based on system level and link level simulations. 
GNSS has high power consumption and requires additional GNSS receiver. If RAT dependent positioning alone can achieve equal or higher accuracy than GNSS, UE complexity and power consumption can be reduced.
The methodologies of OTDOA and UTDOA evaluations have been addressed in TR36.855 and TR37.857. OTDOA could support UE based mode: eNBs broadcast assistance data and UE calculates its position on its own, possibly reports its location estimation to the E-SMLC. UTDOA has the advantage of low requirement to UE. Aerial vehicle may have good coverage than legacy LTE UE. Interference cancellation may be needed in order to increase PRS/SRS SINR. 

Proposal1: Evaluate OTDOA and UTDOA as baseline technologies. Study interference cancellation for PRS/SRS for aerial vehicle. Study the feasibility of UE based mode for aerial vehicle OTDOA. 
Positioning accuracy is also strongly affected by signal bandwidth. As shown in figure1b, large bandwidth provides finer time resolution in order to better distinguish the first path under multipath environment, thus provide more accurate positioning accuracy. 
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Figure2a: Positioning accuracy for different bandwidth under ETU30 channel
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Figure2b: Positioning accuracy for different time alignment error for 80MHz bandwidth

Large bandwidth can be achieved either by carrier aggregation or frequency hopping over multiple bands. Coherent detection over multiple bands can form a large bandwidth for positioning measurement. Even if the time alignment error between different bands (130ns for intra-band CA, 260ns for inter-band CA as defined in TS36.104) is taken into account, the positioning accuracy still equals or better than GNSS as shown in figure 2b.

Proposal2: Assess the positioning accuracy enhancement based on carrier aggregation or frequency hopping to improve positioning accuracy with more carriers/layers.
· Barometric sensor positioning

Vertical positioning is important for aerial vehicle to determine UE height. OTDOA generally has poor vertical positioning accuracy since base stations usually have similar height, thus provide limited vertical resolution. Barometric sensor is a mature technology that can be used by aerial vehicles to derive altitude. 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. The 3D coordinate can be derived by combining barometric sensor with other positioning methods. 
Proposal3: Consider hybrid barometric sensor for altitude positioning for aerial vehicles.

· RTK (Real-time kinematic) GNSS

GNSS positioning may not achieve adequate positioning accuracy due to e.g. signal distortion caused by ionosphere. RTK GNSS is an enhancement to the GNSS available for more than a decade that enhances the precision of GNSS by real-time corrections data provided by RTK reference station. The RTK reference station broadcasts/unicasts the phase information of the GNSS (global navigation satellite systems) carrier frequency that it observes to the UE. UE compares their own phase measurements information of GNSS with the one received from the reference station. This allows UE to calculate the relative position to the reference station. Since the reference station’s location is known, UE can thus calculate its own position.
RTK GNSS uses measurement of the phase of signal’s carrier wave, rather than the phase of the code as normal GNSS receiver. Since phase of carrier wave has high time resolution, it can provide up to centimeter-level accuracy. For instance, the GPS C/A code changes phase at 1.023 MHz, but the GPS L1 carrier signal is at 1575.42MHz. The carrier frequency corresponds to a wavelength of 19 cm, thus provides more accurate positioning – even better than Differential-GPS.

In order to utilize RTK GNSS for up to centimeter level accuracy, RTK reference stations shall be within e.g. 50km from the Aerial vehicle UE. The RTK reference stations can be co-located with eNB or built by government or other companies. The actual coverage of RTK reference stations for aerial vehicles can be studied. Aerial vehicle UE will need to process RTK GNSS information and have enough line of sight GNSS satellites.  eNB needs to transmit real-time correction data continuously to the aerial vehicle. The power consumption and overhead of RTK GNSS should therefore be considered.

Proposal4: Consider RTK Satellite navigation and correction data broadcasting enhancement for aerial vehicles.

3 Conclusions

In this contribution, we discuss on the positioning of aerial vehicle and provide a candidate list of potential positioning solutions for further evaluation.

Proposal1: Evaluate OTDOA and UTDOA as baseline technologies. Study interference cancellation for PRS/SRS for aerial vehicle. Study the feasibility of UE based mode for aerial vehicle OTDOA. 
Proposal2: Assess the positioning accuracy enhancement based on carrier aggregation or frequency hopping to improve positioning accuracy with more carriers/layers.
Proposal3: Consider hybrid barometric sensor for altitude positioning for aerial vehicles.

Proposal4: Consider RTK Satellite navigation and correction data broadcasting enhancement for aerial vehicles.
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