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3
Justification
Air-to-ground (ATG) communications have in recent years evolved to numerous new use cases. These new use cases can be generally categorized as follows.

· Connectivity servicing aerial vehicles

Use cases for this category include mobile broadband (MBB) services for passengers sitting in a flight and command and control information for unmanned aerial vehicles (UAVs).
· Using aerial vehicles to provide connectivity services

Use cases for this category include using UAVs, high-altitude platform station (HAPS), or satellites to provide MBB or IoT services for UEs on the ground. In rural and remote areas, such airborne communication infrastructure could be more cost-effective than a terrestrial one. They can also complement the terrestrial network to offer improved capacity and coverage.
All these use cases could see rapid growth in coming years. For example, it is foreseen that in a few years UAVs (drones) will be widely used for shipping, surveillance, rescue missions, etc. Furthermore, MBB and IoT will continue to rapidly expand toward unserved or underserved areas. Thus, these use cases present a significant opportunity for mobile operators.
LTE is well positioned to cover all these use cases. We propose this study item to better understand the characteristics of ATG channels, and assess the performance of LTE, as of Rel-14, for all the use cases mentioned above. During the study item, certain weaknesses and performance enhancing solutions may be identified. The study item will include both MBB and IoT aspects.
4
Objective

4.1
Objective of SI or Core part WI or Testing part WI
The objective is to study the following aspects for air-to-ground (ATG) communications.

· Chanel model: Study whether existing channel models (3GPP or ITU) can be applied to ATG communications and identify an improved ATG channel model if necessary. The study shall include outdoor-to-indoor scenarios (e.g. aerial vehicles providing services to UEs inside a ship, train, or building). Define the applicable channel models for both LTE and NR. [RAN1]
· Interference: ATG channels have different inter-cell interference characteristics compared to terrestrial channels. Thus, one objective of this study is to understand the interference characteristics and their impact on LTE performance. [RAN1]
· Doppler effects: Study to what extent LTE can handle the Doppler effects (Doppler shift and Doppler spread) associated with ATG communications. The performance of initial synchronization, random access, and data channels shall be studied. Identify performance enhancing solutions if necessary. [RAN1]
· Handover robustness: Aerial vehicles move at higher speed and thus may post challenges for handovers. Aerial vehicles however most often move on predictable paths and thus it might be possible to exploit such to improve handover robustness and efficiency. Study these aspects for LTE. [RAN2]
·  Impact of propagation delays: HAPS and satellites fly at high altitudes. In certain network architectures, a bent-pipe solution with HAPS or satellite serving as a relay node between eNB and UE is used with both eNB and UE being on the ground. Such network architectures further increase the propagation delay. The propagation delays have impact on performance due to the constraints of timing relationships defined in LTE. The study for LTE shall identify impacts as such and propose enhancements if necessary. [RAN1, RAN2]
· Frequency bands: There are special frequency bands that are allocated to aerial and satellite communications. It is desirable to assess whether LTE can be extended to operate in these bands. [RAN4]
4.2
Objective of Performance part WI
4.3
RAN time budget proposal
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	Spec No.
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	Subject of the CR
	Approved at plenary#
	Comments

	38.900
	
	Study on channel model for frequency spectrum above 6 GHz
	RAN #77
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