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This paper proposes new use case and potential requirements for Broadband Direct Air to Ground Communications (DA2GC). 
Introduction
According to ITU-R M.2282-0 [1], a broadband Direct-Air-to-Ground Communications (DA2GC) system constitutes an application for various types of telecommunication services, such as Internet access and mobile multimedia services, during flights. The connection with the flight passengers’ user terminals on board aircraft is realized by already available mobile communication systems on board aircraft. The main application field would be Air Passenger Communications (APC). In addition, a broadband DA2GC system could also support Airline Administrative Communications services (AAC) and thus improve aircraft operation, resulting, in particular, in reduced Operational Expenditure (OPEX) for the airlines. Safety-relevant communications such as Air Traffic Control (ATC) and related services are not intended to be covered. In the past, Boring flights with a slow Internet connection or no connection at all are over. 5G technology should be able provide a reliable Internet connection on aircrafts, making it possible to surf the Web, make phone VOIP calls, or even watch a streaming movie while you’re in flight. 
Discussion

Currently, a plane can be connected to the Web via satellite (Ku band), or via terrestrial mobile services 3g, 4g, (available only in the U.S.). Both of these technologies used today to connect planes to the Internet have significant limitations in terms of speed and latency of the link. If you’ve tried to use the wireless Internet Access on board available on some aircraft, you probably have experienced the difference compared to your Wi-Fi at home. No video streaming, no fast browsing, no Skype calls… We believe that you should have the exact same experience in the air that you have at home, and we have a technology that makes that possible cost effectively. 5G should be a technology that brought real broadband to high-speed trains that were plagued with unreliable and slow on-board Internet connections. Since a 747 generates up to half a terabyte of data for each flight, data can be downloaded on the ground for safety and preventive maintenance applications with a constant broadband connection. The 5G technology should bring the same broadband wireless access capability for on-board network access to the airlines.
Broadband Direct Air to Ground Communication 
In Figure 1, the radio base stations on the ground (Terrestrial Ground Stations) are connected to a beam-forming antenna placed on the lower fuselage of the aircrafts, transmitting data up to 100 Mbos while the aircraft is flying at an altitude up to 45,000 ft. Then the signal is distributed in the aircraft using wireless access points. When a plane is connected to terrestrial base stations on the ground, the airplane is able to provide its passengers with broadband Internet at up to 100 Mbit/sec. The goal is that passengers should have the same quality of experience (QoE) on an aircraft that they have at home. Moreover, airlines can leverage the network for operational applications. 
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Figure 1 An Example of Direct Air-to-Ground Communication [1]
For DA2GC usage [1], Figure 2 depicts an experimental network architecture supporting direct Air-to-Ground Communication. This broadband DA2GC system is based on 3GPP LTE Rel. 8+ specifications. In particular, synchronization algorithms as well as the maximum Tx power of the On-board Unit (OBU) are to be modified compared to terrestrial mobile radio usage in order to cope with the high Doppler frequency shift caused by aircraft speed and large cell sizes. In addition, the Ground Station (GS) antenna adjustment has to be matched to cover typical aircraft altitudes between 3 and 12 kilometres by adaptation of vertical diagrams including antenna up-tilt. When commercial, this solution will be able to provide in-flight mobile voice and broadband data communication services.
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Figure 2 System architecture for the broadband DA2GC system [1]
For this system trial flights with prototype equipment were successfully performed in Germany within the 2.6 GHz FDD bands (useable only for trial, but not available for deployment of DA2GC due to planned LTE-deployment for terrestrial cellular mobile) with a signal bandwidth of 2 × 10 MHz.

Trial set-up details (see Fig. 2):

–
Two sites with an inter-site distance of about 100 km were equipped with LTE-based DA2GC GSs consisting of baseband unit (BBU) and remote radio head (RRH) and with antennas with three sectors (up-tilt), connected with an LTE evolved packet core (EPC) and measurement & data trace servers via a broadband data transport network.

–
An Airbus A320 aircraft was equipped with a DA2GC OBU with maximum Tx power of 37 dBm and with two DA2GC antennas below the aircraft fuselage (2 Rx/1 Tx).
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Figure 3 Trial flight set-up for the broadband DA2GC system [1]
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Proposal
The following update of the TR 22.891 v1.0.0 is proposed:
*** First Change ***
5.x Broadband Direct Air to Ground Communications (DA2GC)
5.x.1 Description

This use cases describes the case that a broadband Direct-Air-to-Ground Communications (DA2GC) system constitutes an application for various types of telecommunication services, such as Internet access and mobile multimedia services, during flights.
5.x.2 Pre-conditions

An Aerial eNB (AeNB) or Aerial UE with Radio Interface Technology (RIT) is mounted in a commercial aerial platform (CAM) to offer passengers wireless network access service during flights.

5.x.3  Service flows

The AeNB is connected to 5G Evolved Packet Core (EPC) via backhaul link using Radio Interface Technology (RIT).
During flights, Mary wants to surf the Web; Jason wants to make phone VOIP calls with his children; Grace wants to participate a video conference with her colleagues; John wants watch a Full HD streaming life video of PyeongChang 2018 (Phase 1 of normative work for RIT) or Tokyo 2020 (Phase 2 of normative work for RIT) on his tablet.

The backhaul link using RIT between the AeNB and 5G EPC is temporary unavailable, afterward, the AeNB is connected to 5G EPC via redundant backhaul link.

5.x.4  Post-conditions

Mary and Jason will continue their existing communications via the AeNB with redundant backhaul link such as E-UTRA or satellite link.

Due to bandwidth limitation of redundant backhaul, Grace will continue her existing video conference with reduced quality such as lower resolution video conference or voice-only conference, and John might not be able to continually watch his Full HD streaming life video. 

After the backhaul link using RIT between the AeNB and 5G EPC is available, afterward, the AeNB is reconnected to 5G EPC via backhaul link using RIT.
Grace will continue her existing video conference with original quality, and John will be to watch the Full HD streaming life video again
5.x.5 Potential Service Requirements

The system shall provide high bandwidth (bidirectional) and low latency during flights.

The system shall provide high bandwidth Direct Air to Ground Communications (DA2GC).
5.x.6 Potential Operational Requirements
The system shall be capable of maintaining existing communications with reduced QoS, if possible, when using redundant backhaul link.

The system shall be capable of resuming existing communications with original QoS when the backhaul link using RIT is restored.
*** End of First Change ***
