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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]The new SI on “Study on Enhanced Support for Aerial Vehicles” was approved in RAN#75 [1] with the following objectives:
	· 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]


Identifying the serving requirements for drones would provide a clear direction for optimizing LTE network. In this contribution, we share our views on the requirements of the network providing services for drones.
Discussion
Working assumptions and connectivity requirements from drones
Different drone UEs would have different motilities, and would be used for different purposes. During the SI phase, it would be better to focus on the most common requirements of connectivity derived from the main use cases. Some basic aspects that should be considered are listed as follows.
· Altitude
The maximum capabilities of altitude for different drones may range from tens of meters to thousands of meters. However, the regulations would put different limits to the allowable altitudes. For example, in China, the flight of a drone would need extra evaluation and permission by CAAC (Civil Aviation Administration of China) if it flies higher than 120m. Similar regulations can also be found in other countries/regions [2][3][4]. Moreover, it was agreed in RAN1#88bis that the maximum height of drone UEs for simulation is [150m] [5]. 
Thus, we propose to confirm the maximum altitude of drone UEs of 150m in the SI phase. If higher altitude needs to be supported in the future, further enhancements for vertical coverage can be considered.
· Speed
In [6], it is stated that the potential service requirements of maximum speed is [300km/h] for drones, which considers the extreme scenario to cover most of the use cases. However, it should be noted that not many drones have the ability or necessity to fly as fast as hundreds of km/h. For example, most drones for aerial camera can only fly slower than 100 km/h. Moreover, similar to the limitation on altitude, regulations may not allow such a high speed for the concern of safety, especially in urban areas.
We propose that the maximum speed of drones needed to be supported is 120km/h in the SI phase. This can be the composite speed of horizontal and vertical speeds. Usually the horizontal speed is higher than the vertical speed, and the details can be FFS.
· Positioning accuracy
Positioning accuracy is important for drones since it affects the routing validity and crashing possibility. Some positioning techniques, such as GNSS, OTDOA and RTK, can be applied for drone UEs. The required and available accuracy for horizontal and vertical direction may be different. Generally it is expected that the positioning accuracy shall reach <10m in horizontal direction. More details and discussions can be found our companion paper [8].
· Data Rate
Generally there are two kinds of data that need to be served for drone UEs: 
· Application data
Typically the UL application data based traffic comes from aerial cameras, i.e. (near) real time video streams. The data rate of a real time video stream is affected by various factors, e.g. complexity of pictures, coding standard (e.g., H.264 or H.265), coding format (e.g., CBR or VBR), resolution, frame rate (fps), GOP (Group of Pictures) structures, QC (Quantization Coefficient), etc. The UL data rate for video transmission varies from a few bps to 50Mbps in the NGMN 5G White Paper. Thus, it is hard to determine an exact data rate for so call ‘High Quality Video’, but 10x Mbps may be needed empirically. We propose that at least10Mbps of UL data rate should be supported in the SI phase. Higher UL data rate (e.g. 30Mbps) can be considered in the future.
For the DL application data, the required data rate would be much smaller than the UL. We propose 100kbps for DL application data to support, for example, application reconfiguration and updating. 
· Command and control data
	The command and control data is used for flight control of a drone. It does not require a high data rate, but values low latency, high reliability and good coverage. 100kbps shall be enough for the command and control data, for both UL and DL. 
· Latency
The end to end latency shall meet the requirement of 50ms according to [7][9], which is defined by the latency between the ground control station (GCS) and the drone. Thus, the latency brought by the LTE network shall be less than 50ms. We propose 30ms of one way delay to be the latency requirement for air-interface, at least for the command and control data.
· Reliability
The reliability shall be defined as the successful transmission probability within a latency or retransmission time restriction. In [7] it is stated that the 3GPP system shall support ultra-high reliability (99.999% or higher) for drones even in the high mobility scenario. Such strict requirement is mainly determined for command and control data. Thus, we propose 99.999% within 30ms as the reliability requirement of connectivity service for command and control data. 
For application data, it is reasonable to expect that the reliability requirement is less stringent. But if the application data relates to flight control or life searching, for example, (near) real time video for the pilot on the ground to determine the control of the flight, the requirement shall not be too low.
[bookmark: _GoBack]Summary
Table 1 concludes the requirements of connectivity for drones discussed above. 
[bookmark: _Ref480807676]Table 1 Requirements for of connectivity services
	
	Altitude
	Speed
	Positioning Accuracy

	Flight
	150m
	120km/h
	Horizontal: <10m

	
	Data Rate
	Latency
	Reliability

	Command and Control
	100kbps
	30ms
	99.999% within 30ms

	Application Data
	UL: 10Mbps
	FFS
	FFS

	
	DL: 100kbps
	
	


Hence, we propose to capture the table above in the TR.
Proposal 1: Capture Table 1 in this document in a text proposal in the TR.
Conclusions
In this contribution, we discuss the requirements of connectivity services for drones. And then we make the following proposal:
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal 1: Capture Table 1 in this document in a text proposal in the TR.
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