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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 some of the scenarios to aerial vehicles for consideration, readiness of commercial mobile technologies to provide services to drones and try to clarify scope of the study.

Drone Applications
Small drones have many current or future applications. Some examples include: 
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Accident and crime scene investigation
Aerial photography
Agriculture inspection
Construction inspection
Crowd control
Drug and gas detection
Entertainment and movies
Flash flood warning
Fire spotting
Intelligence gathering
Mapping and surveying
Network tower inspection
Newsgathering
Pilot augmentation
Pipeline/railroad inspection
Power distribution tower inspection
Search and rescue
Security
Small package delivery
Traffic monitoring
Wildlife and environment monitoring, etc.


This list of applications will expand over time as technology matures. To enhance utility and safety, the drones are likely to be semi-autonomous and capable of performing certain tasks, including reacting to unforeseen challenges in their environment, using onboard sensing and processing. The drones will be in continuous communication with operations on the ground, providing status and telemetry and responding to mission directives as required. In addition, the drones may support direct connection from a ground based operator who can remotely take over the control when required. 
The communication requirements for Unmanned Aerial Systems (UAS) have strong overlap with requirements that have evolved over the past few decades in commercial wireless networks. They must scale to providing reliable and secure communications to millions of devices sharing scarce and valuable spectrum resources. An enormous investment has been made in developing the technologies required to meet the needs for commercial terrestrial wireless, and communication networks for UAS must leverage these technologies to be successful.
A network that meets UAS requirements will take time to be fully implemented and deployed, and we envision an evolution as the UAS scales that parallels and influences evolution in cellular network standards and implementation. 
In this paper, we discuss general communication needs for UAS operations followed by a discussion of the current and planned capabilities of commercial wireless technologies in the context of UAS needs.

Communication Needs
Various communication needs of aerial vehicles is described in [3], such as telemetry, command and control, application data transfer such as audio, real time video, V2V etc.  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:
[bookmark: _Toc480987811][bookmark: _Toc480987915][bookmark: _Toc480987950][bookmark: _Toc480987964][bookmark: _Toc480987975][bookmark: _Toc480988117][bookmark: _Toc480988251][bookmark: _Toc480988281][bookmark: _Toc480988292][bookmark: _Toc480988334][bookmark: _Toc480988389][bookmark: _Toc480988398][bookmark: _Toc480988414][bookmark: _Toc480988426][bookmark: _Toc480988453][bookmark: _Toc480988469][bookmark: _Toc480988476][bookmark: _Toc480988626][bookmark: _Toc480989528][bookmark: _Toc480989570][bookmark: _Toc480992254][bookmark: _Toc481752108]Different drone UEs will have different data rate requirements to satisfy.
We note that the study item description [1] includes the following as objective: “Investigate the ability for aerial vehicles for LTE to be served using LTE network deployments with Base Station antennas targeting terrestrial coverage...”
It is unclear whether some of the aspects discussed above are currently captured clearly as being within the scope of this study. We think that command and control of drones using LTE communication would be essential, as noted in the SI motivation slides [2]. In simple terms, this would mean ability to remotely control the drone operation using LTE connectivity. 
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Therefore, we propose:
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Another aspect of the study involves handover enhancements as captured by the following objective: “Handover: Identify if enhancements in terms of cell selection and handover efficiency as well as robustness in handover signalling can be achieved. [RAN2, RAN1]”
However, it seems that this objective assumes the Drone UEs are always in RRC_CONNECTED mode. In practice, a done UE may be in RRC_IDLE while it is in flight mode before initiating a communication session, e.g. video or audio transfer. Therefore, the study should also include potential enhancements from aerial vehicles in RRC_IDLE mode.
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Drone-Readiness of Commercial Mobile Technologies
Over the past few decades, commercial mobile networks have evolved at a rapid pace for providing voice and data connectivity. Some of the key capabilities that have emerged and refined are as follows:
· Combining the networks of the major service providers, coverage has now reached the point where it is essentially ubiquitous in high population areas
· Simultaneous service to multiple mobile devices (or multiple access) is strongly related to coverage since the channel resource usage and interference generated by the competing devices impact the coverage provided
· Due to the presence of multiple base stations that inevitably transmit toward each other, and due to varied terrain (hills, valleys, trees, buildings) which cause complex signal propagation variations, transmit power and antenna pointing optimizations are required to manage coverage and interference
· ability to handoff an active connection as the device moves between the coverage areas of different base stations
· Security for ensuring authorized access to service, to protect user communications from eavesdropping, and to prevent unauthorized access to the network infrastructure
· Quality of Service (QoS) to differentiate service level for different users, channels, and/or applications. Not only can messages be prioritized, but channels (e.g., bearers in LTE) can be established depending on the latency requirements for the application
Along with the evolution of mobile networks, the UE is constantly evolving and improving at a rapid pace. Here is a summary of some of the key features of mobile broadband devices:
· battery life has always been a principal driver, therefore techniques for minimizing energy consumption across all features in a mobile device are extremely important
· More recently, large screen smartphones with video cameras and high-bandwidth connections to the internet have created a requirement for high-performance multimedia capabilities on the device
· The need to secure both voice and data transmissions in modern networks have led to security and encryption as standard features. Thus, optimized implementations of encryption and decryption are available as well as secure cryptographic key storage and management on the device
· Modern chips and SoC (system on chip) architectures often include essentially all of the necessary functions for a smartphone other than RF (antenna connectors, filters, and mixers) and power management
· UEs (such as smartphone) on the market today may have the integrated sensing capabilities beyond the radio transceivers such as 3-axis accelerometer, 3-axis gyroscope, 3-axis magnetometer/compass, Pressure sensor/barometer, Ambient light sensor, Proximity sensor, Audio microphone, Camera(s), etc.
· current devices have sophisticated circuitry and software algorithms for providing location and related features
To keep pace with demand, the process of developing enhancements to mobile technologies and implementing those technologies in mobile networks continues at a rapid pace. Today, many modern technology areas are being studied; here we focus on three primary categories and discuss their relevance to UAS: link enhancements, small cell deployments, and heterogeneous networks.
Link enhancements
Larger amounts of spectrum are being allocated for commercial mobile networks and modern technologies and standards are currently under development to further optimize the use of this spectrum, e.g., using 
· interference cancellation techniques such as eICIC
· enhanced multi-antenna methods such as MIMO and beamforming to increase the intended user SNR while reducing interference to other spatially separated users
· dynamic coordination between base stations as the users they serve move in the network (CoMP)
· [bookmark: _GoBack]the aggregation of spectrum in different bands into a single effective channel (CA).
Link enhancements create benefits for all users (throughput per device, number of devices supported, coverage, etc.). But because signals from ground-to-air and air-to-ground propagate further than ground-to-ground signals, interference can be larger for aviation use relative to terrestrial use. Thus, interference management from cancellation and spatial processing is expected to be particularly beneficial for UAS. 
Small cell deployments
Ubiquitous coverage indoors and outdoors is required for continuous control of the UAS. 
The ability to deploy small cells easily to enhance coverage and capacity will enable safety and performance improvements in selected geographical areas. Examples include takeoff and landing locations, areas of high UAV density, and specific mission focus areas. These small cell deployments could be semi-permanent, or could be temporary depending on mission needs.
Heterogeneous networks
Heterogeneous networks not only utilize cells of varied sizes and coverage areas, but also are comprised of a range of technology types available to users – from different cellular standards to WiFi over unlicensed frequency bands. Going beyond simply enabling connectivity from the disparate networks, techniques are required to coordinate service such that an existing connection can be handed off to a different network while maintaining a continuous connection, as well as enhanced inter-cell interference coordination (eICIC) which promise to offer a substantial performance boost for receivers that support these features.
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Conclusion
In this contribution, we discussed some scenarios for aerial vehicles for consideration and went on to explain how cellular technologies can offer better UAS designs. 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.	It is unclear in the current SID whether command and control of drones using LTE connectivity is within the scope of the SI.
Observation 3.	The study should include enhancements for aerial vehicles in RRC_IDLE.
Observation 4.	Recent advancements and various features in commercial mobile technologies seem ready to support communication requirements of aerial vehicles.

Based on the discussion and observations, we propose:
Proposal 1.	RAN2 confirms that command and control of drones using LTE connectivity is within the scope of the SI.
Proposal 2.	Potential enhancements for aerial vehicles in RRC_IDLE will be considered.
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