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Introduction
A new study item on enhanced support for aerial vehicles was approved in the last RAN plenary to study aspects associated with using terrestrial networks to provide connectivity to aerial vehicles.
The objectives of the study are as follows:
· 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 present our views on the requirements of connectivity services for drones.
Requirements of connectivity services for drones
Drone or unmanned aerial vehicle (UAV) is basically an aircraft without a human pilot aboard. Drone may be operated with various levels of autonomy, e.g. it can be remote controlled by a human operator, or it can be fully or intermittently controlled by an onboard computer. They can come in various shapes and sizes, e.g. as a balloon, blimp, platform equipped with multi-rotor or a small plane. Drone can be operated for recreational or commercial use cases. Commercial use cases include using the drones for photography, news gathering, agriculture, pipeline inspection, package delivery, survey, etc. Drones can also be used for public safety purposes such as in disaster rescue and recovery operations. The weight of a drone (including physical payload) is typically regulated but in many regions, up to 25 kg or 55 lbs is allowed. Safety regulations are often imposed, the common ones being drones should not be operated near airports, should not interfere with manned aircraft operations and should operate only in daylight. It is noted that regulations in many regions are still being reviewed and revised as the understanding of potential use cases and safety needs also evolve. 
Depending on use cases, the requirements of connectivity services for drones in terms of latency, throughput, and reliability vary quite significant. For example, many drones use cases require only positioning service and control of flight path from the cellular network. In such use cases, the requirement is reliable command and control channel between the drone and the base station, which requires high reliability and low latency connection but support of high DL/UL data throughput is not needed. In other use cases, higher UL data throughput would be needed to support video feeds transmission from the drones. Capability of LTE has been enhanced significantly since Rel-8 with the introduction of features such as V2X (capable of supporting max relative speed of up to 500km/h, absolute speed of 250 km/h), MTC, shortened TTI and positioning. Although further study or confirmation is needed, it is expected that the fundamental requirements of radio link capability (at least in the interference free environment) between the drone and the base station can be met with LTE. 
Observation 1: Requirements of radio link capability (at least in the interference free environment) between the drone and the base station can be met with LTE.
[bookmark: _GoBack]The most important difference between a drone compared to a normal LTE UE lies in its operating environment, particular the height of drones with respect to the base station of the cellular network and its mobility at high altitude. In the US, FAA has required drones to operate below 400 ft (or ~122 m), with a speed below 100 mph (~161 km/h). In Korea, drones should not operate above 150 m or 492 ft. At high altitude, line of sight radio condition is more predominant due to the lack of obstacles in between transmitter and the receiver. This creates a strong desired signal condition but also a stronger inter-cell interference condition, where there can be more detectable inter-cell interference links (more BSs become detectable) with stronger inter-cell interference per link. The end results can be weaker DL SINR condition experienced at the drones especially near or at the cell edge. In the UL, the line of sight condition and the UL transmission by the drones can also create stronger UL inter-cell interference although the impact is expected to be smaller compared to DL due to the smaller transmit power of drones. The number of drones are operating simultaneously close by is not expected to be high at least for initial deployment. Hence study for high density drones should not be prioritized.   
Observation 2: Performance of LTE coverage and mobility support should be studied for drones as UE operating at maximum height of 150 m, moving at the speed of up to 160km/h. 
Conclusions
In this contribution, we discussed the requirements of supporting drone operations and our observations are summarized below:
Observation 1: Requirements of radio link capability (at least in the interference free environment) between the drone and the base station can be met with LTE.
Observation 2: Performance of LTE coverage and mobility support should be studied for drones as UE operating at maximum height of 150 m, moving at the speed of up to 160km/h. 
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