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Introduction
RAN#75 approved a study item on Enhanced Support for Aerial Vehicles [1]. Cellular connectivity will be key for coordinated operation and control of Unmanned Aerial Vehicles (UAV), more commonly referred to as “Drones”, enabling a growing set of use cases within and beyond the drone operator’s visual line of sight. 
In this contribution, we discuss on communication requirements to support aerial vehicles, drone related regulations and propose some study parameters.

Aerial Vehicles Communication Needs
As described in [7], the drones have many current and future applications. To address such diverse use cases, the list below outlines the general needs for UAV communication links but does not suggest specific requirements necessary to meet regulatory needs.  
Telemetry
Telemetry refers to data from the UAV reporting various status messages and sensor results. Examples are position, velocity/airspeed, attitude and heading, fuel/power status, communication link quality, etc. These data messages could be used for mission status and planning, data logging, coordination, and situation awareness for ground stations. Some data messages are streamed at a fixed rate, and other messages are conditional alerts (such as low battery or low fuel indication). The data bandwidth requirements are relatively low (10s of kilobits per second). Reliability and latency requirements depend on the use case. 
Command and control
In addition to data streams from the UAV, two-way links that enable sending commands to the drones and receiving responses are required. This data link supports messages such as navigation commands, waypoint entry, configuration adjustments, information requests and safety commands. Like telemetry, since the data traffic consists of small data packets, the overall communication bandwidth per UAV is expected to be small (<10 kilobits per second). However, if command and control is used in conjunction with real-time video to make piloting decision, then higher data rate and sub-second latency would be typically needed.
Application data transfer
The various applications and use cases for commercial UAV will require application specific data transfers such as sensor measurements and images collected. Application updates and configurations must also be supported, and the ability to use the existing data link for such transactions will be required.
Real-time video
Many applications benefit from, or require, real-time video feeds from onboard cameras in the UAV. These videos can be used to augment or provide situation awareness for piloting and for real-time mission analysis and adjustments. Video bandwidth depends on resolution and frame rate, but 1-10 megabit per second is typical for high quality video. If the video stream is used for flight navigation and situation awareness, sub-second latency would be typically needed.

Based on the use case a UAV is designed to serve, the data rate requirements can be different. A UAV designed for spotting or inspecting could have lower data rate requirements, compared to the one used in aerial photography/videography or in investigation. Thus, we make the following observation:
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Vehicle to vehicle
UAV use cases that employ multiple drones nearby can benefit from knowledge of neighbors’ presence and position. This knowledge can be used simply for avoidance, or in some cases for cooperation between the drones. Depending on the specifics, the links that facilitate this information transfer could be direct (from vehicle to vehicle) or routed through a terrestrial control station.
NAS system integration
Coexistence of UAVs in the National Aerospace System (NAS) with piloted vehicles requires the capability to communicate and coordinate with air traffic control (ATC) operations. This integration must ensure the performance and security of safety critical communications with the UAVs, and the impact on ATC communication systems must be acceptable.
Lawful interception
A network in communication with UAVs must support a mechanism for lawful interception by authorized parties in the event of an emergency. This intercept could be simply for status information, for transmission/enforcement of exclusion zones, or for forced landing in extreme cases.
[bookmark: _Toc481068824]These examples demonstrate that the communication networks supporting UAVs have different requirements in addition to the data rate requirements of the UEs. 
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Drone Regulations
One of the objectives of the Drone SI is [1]:
· 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] 
Drone flights are subject to regional government regulations and these regulations can impact not only the characteristics of allowed flights, but also the related equipage and functionality of the onboard and ground systems.  The study should give due considerations for regional regulations and understand its impact on system development.
A pointer to some of the drone regulations worldwide is given in [2]. Such regulations vary by country and region, and may vary over time as government rules evolve and industry capabilities grow. It is expected that government regulations and communication specifications/performance requirements will mutually influence each other.  For example, demonstrated network capabilities can alter/relax regulatory requirements for scenarios that can leverage such capabilities.  Likewise, regulations can influence industry to create and/or prioritize features and performance levels meeting regulatory requirements.
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There are altitude restrictions for commercial UAVs in several regions. For example, the Federal Aviation Administration (FAA) in a note [3] clarified that drone flights are permitted at heights up to 400 feet (~ 120 m) above ground level (AGL) or remaining within 400 feet of a structure, excluding no-fly zones. In Canada, drones may not be operated higher than 90 meters above the ground [4]. Within European Union, a unified regulation is still under consideration (a ‘Prototype’ commission regulation on Unmanned Aircraft Operations has been published [6]) and the European Aviation Safety Agency reminds users to consult their national rules [5]. The individual members have their own regulations. For example, German regulations limit the height at 100m whereas French regulations indicate that the flights should be under 150m. Since the UE height is one of the fundamental parameters for further study including simulations, we make the following proposal:
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The FAA note also provides limitation on the speed of the UAV at 100mph ground speed (~160km/h).
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Conclusion
In this contribution, we discussed on communication requirements to support aerial vehicles and some drone related regulations. Based on the above discussion, we made the following observations:
Observation 1.	Different drone UEs will have different data rate requirements to satisfy.
Observation 2.	Communication networks supporting UAVs will have different system capabilities and requirements.
Observation 3.	Drone regulations vary by country and region, and may vary over time as government rules evolve and industry capabilities grow.

Based on the discussion and observations, we propose:
[bookmark: _GoBack]Proposal 1.	Drone UE height of up to 120m (AGL) is considered in the study.
Proposal 2.	Drone UE speed of up to 160km/h is considered in the study.
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