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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]In RAN#85, a new SI called Enhanced Support for Aerial Vehicles was approved [1]. The purpose of this SI is to provide connectivity to aerial vehicles by terrestrial LTE networks, and to study necessary optimizations and enhancements for LTE to fulfill the requirements brought by aerial vehicles. One kind of attractive aerial vehicle is a drone, the utilization of which has grown rapidly during recent years.
In this contribution, we discuss typical use cases of drones, and their requirements of connectivity to LTE. 
Discussion
Characteristics of drones for different working purpose
Compared to conventional vehicles, the drones are less likely to suffer from obstructions on the ground and high cost from manned vehicles. Thus, they raise some traditional work/entertainment activities to a higher level. These can be, for example, aerial camera, infrastructure monitoring, automatic agriculture, aerial searching, package delivery, etc. 
Some characteristics of them are listed as follows:
· Aerial camera 
Drones for aerial camera can be working in both rural and urban area. The operating altitude can be tens to hundreds of meters, and the flying speed can be 0 to tens of kmph (0 for shooting while hovering). The high quality of picture/film shooting depends on precise flight attitude adjusting, which requires continuous low latency controlling information and positioning. For the drones shooting real time videos, the video data will need to be transmitted continuously.
· Infrastructure monitoring
Drones for infrastructure monitoring can be working in both rural and urban area, but typically in rural area for remote infrastructures such as power lines and pipelines. The working range can be hundreds of kilometers, with the operating altitude of tens to hundreds of meters, and the flying speed can be near 100 kmph. The video/picture data will also need to be transmitted if the drones do not have enough storage or real time information is desired.
· Automatic agriculture
For automatic agriculture in rural area, the drones may be required to carry agricultural materials such as seeds, water, and chemicals. The working range can be tens of kilometers, with a relatively low height of tens of meters. 
· Aerial searching
For the purpose of disaster rescue, wildlife conservation, and police pursuit, etc., drones may have to work in a wide range and with unpredicted routes. So the coverage of terrestrial wireless network may be an issue, especially when part of the network is damaged or insufficient. The camera data or sensing date may also be collected and transmitted.
· Package delivery
Drones for package delivery can be working in both rural and urban area, with clear destination(s) to fly to. Several kilograms of goods would be delivered in a range of, e.g. tens of kilometers. The height would be hundreds of meters to avoid most of the ground buildings and obstructions. Besides, contiguous controlling information is needed for unusual collision avoidance and possible landing or unloading. 
Requirements of connectivity
As can be obtained from the above scenarios, the drone UEs brings new challenges due to routes with vertical movement, varying working geographical range, flight controlling information, and high rate UL data transmission. 
Some typical characteristics and relative requirements for wireless connection are summarized in Table 1:
[bookmark: _Ref477522873]Table 1 Requirements for different use case
	Use Case
	Working range
	 Altitude
	Speed
	Data Rate
	Latency for flight control
	Others

	Aerial camera
	<10km
	<500m
	<100km/h
	UL: 30Mbps
	<[30]ms
	May be hovering

	Infrastructure monitoring
	<100km
	<150m
	<100km/h
	UL: 30Mbps
	<[30]ms
	-

	Automatic agriculture
	<10km
	<20m
	<100km/h
	-
	<[30]ms
	-

	Aerial searching
	<10km
	<300m
	<100km/h
	UL: 30Mbps
	<[30]ms
	-

	Package delivery
	<50km
	<300m
	<100km/h
	-
	<[30]ms
	Precise positioning for landing/unloading

	Upper Bound
	100km
	500m
	100km/h
	UL: 30Mbps
	[30]ms
	


When providing connectivity to drone UEs by terrestrial LTE networks, the following factors may pose challenges to the current LTE design and/or deployment:
· Vertical coverage
The horizontal coverage for LTE network to serve the drones may not be a serious problem, assuming that LTE has already been properly positioned. However, generally the eNB would likely to down-tilt its beam to serve the ground UEs. But considering the drone UEs, eNBs may up-tilt (some of) its beams to provide better coverage to them. The operating altitude may be the starting point of the up-tilt consideration.

Figure 1 Vertical coverage
· Speed
The drone UE is unlikely to be a high speed (e.g. 500km/h) UE and can be easily supported by LTE. But one concern is that the route of a drone UE may have both vertical and horizontal movement. Whether this will be a problem or not may needs to be evaluated.
· [bookmark: _GoBack]High UL traffic load and low DL latency
In some use cases, drone UEs would be required to transmit video data to the controlling center for analyses in real time. This would require the support of high UL data rate, e.g. 30Mbps for a 1080p video. On the contrary, the DL traffic load for drone UE may not be heavy, but may contain important flight control information, requiring the support of contiguous DL transmission with low latency. Requirement for different link directions should be verified.
· Reliability
Transmission reliability for different aerial applications shall also be considered. For example, the transmission of flight control information for safety use may require [99.999%] reliability, while the restriction may be loosened when transmitting photo data. LTE should be able to provide reliable enough connectivity to drone UEs.
Thus, it is important to clarify the use cases and parameters which will have significant impacts on design of LTE enhancements when providing connectivity to drone UEs.
Proposal 1: Capture Table 1 in this document in a text proposal for the TR.
Conclusions
In this contribution, several use cases of drones are discussed, and potential challenges and working efforts for LTE to serve drone UEs are given. We make the following proposal:
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal 1: Capture Table 1 in this document in a text proposal for the TR. 
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