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Introduction
In RAN#75, the study item on enhanced support for aerial vehicles was approved [1]. The objective of the study is to investigate the ability for aerial vehicles 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., as listed below.

· 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]

In this contribution, we discuss the requirements of connectivity services for drones.
Background
The use cases of drones include package delivery, search-and-rescue, monitoring of critical infrastructure, wildlife conservation, flying cameras, multimedia and filming productions, and surveillance, etc. For these use cases, connectivity beyond line-of-sight (LoS) is often required. Wide-area connectivity enhances the safety and control of drone navigation, which is critically important for the drone use cases to gain wide acceptance by consumers, regulators, and various industry sectors who have interests in using drones for different purposes.
Drone connectivity serves two major purposes.
· Command and control: In most use cases, drones can fly autonomously, from the starting point to destination. However, the ability of remote control can significantly enhance the safety and control of drone. For example, if there is a change of the flying path due to traffic management, it is essential that such information is communicated to the drone. Command and control is also an essential functionality for supporting drone traffic management. For supporting the command and control functionality, there are coverage, latency, reliability, and data rate requirements.
· Data communication: Use cases like flying cameras and remote surveillance require drone to send back real-live telemetry data, pictures, or videos. The main requirement of such data communication is in terms of data rate.
Discussion on requirements
In this section, we discuss drone connectivity requirements based on the drone use cases and the roles that cellular communications play.
· Heights: up to 150 meters.

Currently, the FAA regulations [2] state that “The maximum allowable altitude is 400 feet above the ground, and higher if your drone remains within 400 feet of a structure.” This regulation might be relaxed in the future. Different regions may impose different regulations as well. In [3], it is stated that “The MCData Service shall support management of an aerial unmanned vehicle at an altitude of up to 150 m above the floor.” MCD stands for mission critical data. Considering these, we propose that the study item shall verify the performance for drones up to the altitude of 150 meters.

· Speeds: up to 240 km/h.

Drones may move with varying speeds depending on the applications. In some use cases drones may be almost static while in some other cases drones may scout around at a high speed.  Currently, the FAA regulations [2] state “The maximum speed is 100 mph (87 knots).” This regulation might be relaxed in the future. Different regions may impose different regulations as well. Considering these, we propose that the study item shall verify the performance for drones up to the speed of 240 km/h. 

· Densities: to be concluded in the study item

It is expected that using LTE network deployments with base station antennas targeting terrestrial coverage can provide drone connectivity if the drone density is low. However, if the drone density is high, it may be challenging to use LTE network deployments with base station antennas targeting terrestrial coverage to provide satisfactory drone connectivity without enhancements. The drone density that can be supported also depends on network deployment. 

· Latency: 50 ms for command and control

3GPP already has specifications on the requirements of mission-critical data, see [3]. Specifically, it states that a 50 ms latency requirement for an unmanned aerial vehicle shall be met. According to [3], this latency is an end to end latency, i.e. measured between the ground control station (GCS) issuing the command and the response of the drone. For the study item, we can reuse this 50 ms latency requirement as a baseline for drone connectivity targeting command and control. For data communication, the latency requirements may vary depending on the applications. It is expected however that the latency requirement for data communication is less stringent than the latency requirement for command and control.
  
· Data rate: 100 kbps for command and control; 2 Mbps for other types of data (both uplink and downlink)

The data rate requirements may vary depending on the use cases of drones. For the evaluation purpose of the study item, we may consider using some baseline numbers, e.g. 100 kbps for command and control type of drone connectivity, and 2 Mbps for other types of data
  
· Positioning accuracy: to be concluded in the study item if time allows

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. It is expected that various positioning techniques including GNSS, inertial sensor, and LTE OTDOA/UTDOA may be used for drones. According to the study item description, assessment of the achievable accuracy with existing positioning techniques is second priority and can be carried out if time allows. Considering these, we may not have to set a requirement but leave it to the assessment of the achievable accuracy if time allows.

Conclusions
In this contribution, we discuss the requirements of connectivity services for drones and propose the following: 
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