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craft (12) and a ground station (20),
said aircraft (12) and said ground sta-
tion (20) each comprising antennas
(16, 18) for directional radio data
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transmission (14), characterized in that
the data transmission (14) is performed
in a frequency band from 60 GHz to 90
GHz and that the antenna (18) of the
ground station (20) transmits and re-
ceives data exclusively in a range of
angles o of at least 5 degrees in the up-
ward direction relative to the horizontal
plane (22).
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Device and method for air-to-ground communication of aircraft

The invention relates to a method for data transmission between an aircraft

and at least one ground station.

Data transmission between aircraft and ground stations is of importance
particularly in the field of passenger aviation. There exists an increasing
need of for data transmission techniques which make it possible for
passengers of an aircraft to do telephone calls or to surf in the internet. In
the present text, aircraft are understood to comprise particularly airplanes,

helicopters and spacecraft.

In data communication between ground stations and aircraft, it is difficult to
allow a large number of passengers to perform data communication with
sufficient bandwidth.

It is an object of the invention to provide an improved device for data
transmission between at least one ground station and an aircraft, and to

provide a corresponding method.

According to a first aspect of the invention there is provided a device for air-
to-ground communication between an aircraft and a ground station, said
aircraft and said ground station each comprising an antenna array for
directional radio data transmission, wherein said data transmission is
performed in a frequency band from 60 GHz to 90 GHz, wherein the ground
station transmits and receives data exclusively in a range of angles a of at
least 5 degrees in the upward direction relative to the horizontal plane,
wherein the ground station prevents transmission and reception of data
below said angle a of 5 degrees in the upward direction relative to the
horizontal pilane such that the ground station cannot radiate data below the
angle o of at least 5 degrees relative to the horizontal plane and cannot
receive data below the angle of at least 5 degrees relative to the horizontal

plane.
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According to a second aspect of the invention there is provided a method
for data transmission between a ground station and an aircraft, said ground
station and said aircraft being each provided with a radio antenna array for
directional radio data transmission between each other, the method
comprising: performing the data transmission between the antenna array of
the ground station and the antenna array of the aircraft exclusively in a
frequency band from 60 GHz to 90 GHz; and preventing, with the ground
station, transmission and reception of data below an angle o of at least 5
degrees in the upward direction relative to the horizontal plane such that
the ground station cannot radiate data below the angle o of at least 5
degrees relative to the horizontal plane and cannot receive data below the

angle of at least 5 degrees relative to the horizontal plane.

Data transmission between the aircraft and the ground station is carried out
by radio in a frequency band from 60 GHz to 90 GHz. In this regard, it is of
particular importance that the ground station will radiate and receive the
radio waves at a minimum of 5 degrees in the upward direction, whereas a
smaller angle will not allow for transmission and reception of radio waves.
Thus, during flight, aircraft are within the reception range of the ground
station while possible users proximate to the ground level who use the
same frequency range cannot receive the data from the ground station and
cannot establish a data connection to the ground station. Consequently, in
an angular range below 5 degrees relative to the horizontal plane, no data
can be received from the ground station and no data can be transmitted to

the ground station.

Aspects of the present disclosure are based on the fundamental idea of
allowing for a directional broadband radio data transmission between an
aircraft and a ground station. The device of the present disclosure for air to
ground communication between an aircraft and a ground station comprises

an aircraft station attached to the aircraft and a ground station, the aircraft
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station and the ground station communicating with each other. The
broadband data transmission is possible in the frequency band from 60 GHz
to 90 GHz while an interference with ground-proximate users of the same
frequency range is prevented. In this frequency band, also referred to as E-
band, data transmission is possible for a large number of passengers of an
airplane with sufficient bandwidth for internet use. Thus, for air-to-ground
communication, there is available, for the first time in an aircraft, a band
width range of 30 GHz, i.e. a band width range exactly as large as the
frequency range of 0 - 30 GHz which presently is used for radio

communication in general.

With a channel width for air-to-ground communication (ATG) of only one

GHz and a spectral efficiency 1, there is available, per aircraft, a data rate
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of one gigabit per second (Gbit/s). Assuming a number of 200 users among
the passengers of the aircraft, this will result in a data rate of 50 Megabit
per second (Mbit/s) per user/passenger.

A delay due to satellite communication does not occur because the data
transmission between the ground station and the aircraft is carried out di-
rectly. Data transmission is performed in the manner of a pencil beam (pen-
cil beam characteristic). A pencil-beam directional characteristic is under-
stood to be a bundled directional characteristic in an angular range from +
0.5 degrees and -0.5 degrees around the main radiation direction. This
means that the main lobe of the directional characteristic is in this angular
range. Consequently, the main lobe of the directional characteristic of the
antenna of the ground station cannot be pivoted below an angle of 5 de-

grees above the horizontal plane.

The pivoting of the main transmission/reception direction of the antennas of
the ground station and/or of the aircraft is preferably possible by electronic
beamforming. It is advantageous if the main transmission/reception direc-
tion can be pivoted about a vertical axis in any desired manner. Also a piv-
oting about a horizontal axis is of advantage wherein, for the antenna of the
ground station, a pivoting to an angle smaller than 5 degrees relative to the
horizontal line is not possible. In a corresponding manner, it is of advantage
if the main transmission/reception direction of the antenna of the aircraft is
possible only in an angular range from -5 degrees to -90 degrees about a

horizontal axis in the downward direction.

An advantage of the use of the frequency band from 60 GHz to 90 GHz as
proposed by the present disclosure resides in that the usability and availa-
bility of licenses in this frequency range is much easier than in the conven-
tionally used frequency ranges below 20 GHz or 30 GHz. Antennas for use
of the E-band are simpler, less expensive and more easily installed than
conventional antennas, especially than those of the Satcom technology. Da-
ta transmission, with about 20 ms, is much faster than that of the Satcom
technology with about 600 ms. The bandwidth of the E-band is larger and,
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by electronic beamforming, interference or crosstalk with other ground sta-

tions or ground-proximate users of the E-band can be prevented.

Preferably, the E-band communication occurs within a frequency band of 70
to 80 GHz (E-band). This frequency band is characterized by intrinsic non-
interference, inherent eavesdrop immunity and unlimited spectrum reusabil-

ity because pencil beams are prerequisite to operate in MM spectrum.

The main advantage are the much larger bandwidth available at these high-
er frequencies and the consequent increase in data rates which can be pro-
vided. Additionally, transmission at E-band frequencies carries a very low
risk of interference as it relies on highly focused, directive and narrow pencil
beam transmissions. With spectrum allocation at 70-80 GHz, E-band offers
a number of benefits including pencil beaming that enhances frequency re-
view and interference protection. High gain narrow beam with directional
antennas are the key to achieve interference protection and the ability to
tap into huge available spectrum bandwidth. The pencil beam property facil-
itates a high degree of frequency review in the deployment of air to ground
links and reduces citizens' exposure to electromagnetic fields. This is a clear
advantage from a regulatory point of view, since co-frequency sharing with
other systems is a given and therefore regulators are expected to quickly
provide air to ground authorizations. E-band spectrum is low cost and char-
acterized through rapid license availability. Links are licensed under a "light
license" process, whereby licenses can be obtained quickly and cheaply.
Such licenses provide the full benefits of traditional spectrum licenses, but

at a frication of the cost and application time.

The ground station (base station) may be comprised by n (natural number)

individual radio segments each covering -1- of 360 degrees in azimuth
n

and/or elevation. For example, 4 or 8 individual radio segments could cover
either 90 degrees (4 segments) or 45 degrees (8 segments) in azimuth and
90 degrees in elevation. The base station can either handle a 90 or 45 de-
grees segment configuration. The base station is software controlled and

the configuration is loaded at boot time. The base station houses a radio
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module and a phased array antenna module in one assay. It manages one
or more E-band channels which equates to approximately 1 Gbit/s per
channel. The same spectrum is reused by the other base stations. Each in-
dividual radio phased array antenna has a number of antenna elements to
form an electronically steerable pencil beam. The decision for 4 or 8 sector
base station configuration roll-out is dependent on the expected aircraft
density within the airspace. Each base station can entertain up to 8 aircraft
stations by means of TDD beam switching. This totals to 64 aircraft stations

per base station with 8 individual radio segments.

The aircraft station may have 4 switchable antenna sectors for basic di-
rectivity. The antenna sectors houses a low noise amplifier and a phased
array antenna. The electronically steerable phased array antenna covers 90
degree in azimuth and pitch. Each antenna sector may have 64 phased ar-
ray elements. The 4 antenna assemblies are installed on the underside of

the aircraft fuselage.

The aircraft station has a memory in which a map with the geographical co-
ordinates (elevation over sea level, longitude and latitude) of all base sta-
tions is stored. This map is loaded at boot time. The aircraft station knows
its own (the aircraft's) coordinates (height over sea level, longitude and lati-
tude). The aircraft station is connected to the aircrafts' ARINC bus and
reads the permanently updated positional data of the bus.

For initial target acquisition, the aircraft inertia navigation system (INS) de-
termines the actual position, acceleration and deceleration of the aircraft
within the airspace. The INS is connected to the ARINC bus and writes the
permanently updated positional data to the bus. With positional and accel-
eration/deceleration data the aircraft station is computing the trajectory of

the aircraft. Target acquisition is initiated by the aircraft station.

If no base station is active, every 30 ms the aircraft station sends a radio
ping to the nearest base station and switches then into receive mode re-

ceiving from a certain base station direction only. The pings are repeated
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for the duration of 10 s. If no response is received during the 10 s ping cy-
cle, the next nearest base station inside the aircraft stations receive radio is
pinged and so on, until a base station is establishing a TDD connection with
the aircraft station. The ping is comprised of the actual position and trajec-
tory of the aircraft station. The base station is switching to the house keep-
ing cycle every second for the duration of 50 ms. The base station switches
to Omni-directional receive mode during the house keeping cycle. If a base
station is receiving and registering the radio ping of an aircraft station, it
reads the positional and trajectory data. The base station establishes a TDD
radio connection with the aircraft station by generating a pencil beam to-
wards the expected position of the aircraft station. After connection estab-
lishment, the house keeping cycle is synchronized across the base station

and the aircraft station.

For base station switching, all base stations are connected to a central mon-
itor and control system (CMCS) which will optimize and rearrange the con-
nections as needed. The CMCS generates a 3D map of all base stations and
connected aircraft. The CMCS optimizes the connections and load distribu-
tion of all base stations on a per base station basis. The switch procedure is
the same as for initial target acquisition except that it's initiated by the
CMCS.

For target tracking, after TDD connection establishment, the aircraft station
is permanently sending its updated positional and trajectory data to the
base station. The base station steers the beam position according to the
updated positional and trajectory data of the aircraft station for precise
alignment. The base station is forwarding the updated positional data, as
received by the aircraft station, to the CMCS. Doppler shift compensation
and avoidance is performed with factoring in the trajectory data of the air-
craft station. The central monitor and control system (CMCS) is calculating a
3-dimensional airspace map of the air traffic from the received positional
and trajectory data of the aircraft station received via the base station. The
CMCS optimizes the connections and load distribution of all base stations on

a per base station basis.
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If all aircraft in a given airspace were to participate on the E-band air to
ground system of the present disclosure, the 3-dimensional airspace map
could be used by air traffic control to control the traffic of the aircraft since

all aircraft and their trajectory are present in the map and can be displayed.

In addition, the air to ground communication channel can be used by quali-
fied personnel to control the aircraft from ground, for example in cases of
emergency where the flight deck crew is incapacitated or the aircraft is hi-
jacked. The air to ground aircraft radio would connect to the flight man-
agement system (FMS) or the autopilot (AP) through the ARINC bus. Also, a
direct cable connection could be wired to establish a tamper proof direct

connection.

An exemplary embodiment of the invention will be explained in greater de-

tail hereunder with reference to the Figure.

Figure 1 is a schematic view of the exemplary embodiment.

The aircraft 12 in the exemplary embodiment is a passenger airplane with
several hundreds of passengers, each of them using, e.g. per smartphone
or tablet PC, a radio data connection 14 between an antenna 16 of aircraft
12 and an antenna 18 of the ground station 20. The antennas 16, 18 are E-
band antennas whose main radiation/reception direction is variable through
electronic beamforming. Aboard aircraft 12, the passengers can receive, on
their terminals and e.g. per WLAN, the data picked up by antenna 16. Data
transmission 14 is performed in the E-band, i.e. in a frequency range from
60 GHz to 90 GHz.

The antenna 18 of ground station 20 transmits and receives the data of da-
ta transmission 14 at an angle a of about 30 degrees above the horizontal
plane 22. According to the present disclosure, the angle a cannot be smaller
than 5 degrees. At an angle o below 5 degrees (main radiation direction),
the antenna 18 of ground station 20 will not transmit and receive data. By
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electronic beamforming, the main radiation/reception directions of ground
antenna 18 and airplane antenna 16 are automatically adjusted to each
other in such a manner that a direct connection exists and will be main-
tained between the antennas 16, 18 while the aircraft 12 is moving. In Fig.
1, the antenna 16 of aircraft 12 transmits the data of data transmission 14
at an angle B of -20 degrees (main radiation direction) below the horizontal
plane 24. Said angles «. and B correspond to each other as alternate angles.
While the aircraft 12 is moving over ground station 20, an electronic beam
control is performing an automatic follow-up of the directional characteris-
tics and the main lobes of antennas 16, 18, thus maintaining the direct data

connection 14.

As used herein, except where the context requires otherwise, the term
"comprise" and variations of the term, such as "comprising", "comprises”

and "comprised"”, are not intended to exclude further features, components,

integers or steps.
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Claims

A device for air-to-ground communication between an aircraft and a
ground station, said aircraft and said ground station each comprising
an antenna array for directional radio data transmission, wherein:

said data transmission is performed in a frequency band from 60
GHz to 90 GHz,

wherein the ground station transmits and receives data
exclusively in a range of angles o of at least 5 degrees in the upward
direction relative to the horizontal plane,

wherein the ground station prevents transmission and reception
of data below said angle a. of 5 degrees in the upward direction relative
to the horizontal plane such that the ground station cannot radiate
data below the angle o of at least 5 degrees relative to the horizontal
plane and cannot receive data below the angle of at least 5 degrees

relative to the horizontal plane.

The device according to claim 1, wherein the directional characteristic
of the antenna array of the ground station and the antenna array of

the aircraft is variable by electronic beamforming.

The device according to claim 1, wherein a main lobe of the antenna
array of the ground antenna can be arbitrarily pivoted about a vertical
axis and is pivotable about a horizontal axis not below said angle a of
5 degrees, wherein the main lobe of the antenna array cannot be
pivoted below the angle a of 5 degrees relative to the horizontal plane,
and wherein each antenna of the antenna array of the ground station
cannot radiate data below the angle o of at least 5 degrees relative to

the horizontal plane.

The device according to claim 1, wherein a main lobe of the antenna

array of the aircraft is arbitrarily pivotable about a vertical axis.
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The device according to claim 1, wherein a main lobe of the antenna
array of the aircraft is pivotable exclusively in a range of angles B from

-5 degrees to -90 degrees relative to a horizontal plane.

The device according to claim 1, wherein the data transmission is

performed exclusively in the E-band.

The device according to claim 1, wherein the antenna array of the
ground station and the antenna array of the aircraft are each designed

to radiate radio waves in a pencil beam.

The device according to claim 1, wherein the ground station and the
aircraft are designed for direct data transmission between the antenna

array of the ground station and the antenna array of the aircraft.

The device according to claim 1, wherein the antenna array of the

aircraft and the antenna array of the ground station are divided into n

segments each covering 1 of 360 degrees in azimuth and/or in
n

elevation, respectively.

The device according to claim 1, further comprising a data storage
memory of the aircraft, which memory comprises the geographical

locations of a plurality of ground stations.

The device according to any one of the preceding claims, further
comprising a central monitor and control system adapted to generate a
3-dimensional map of a plurality of ground stations and of at least one
aircraft communicating with said central monitor and control system

via radio.

A method for data transmission between a ground station and an
aircraft, said ground station and said aircraft being each provided with
a radio antenna array for directional radio data transmission between

each other, the method comprising: performing the data transmission
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15.

16.

17.

11

between the antenna array of the ground station and the antenna
array of the aircraft exclusively in a frequency band from 60 GHz to 90
GHz; and preventing, with the ground station, transmission and
reception of data below an angle o of 5 degrees in the upward
direction relative to the horizontal plane such that the ground station
cannot radiate data below the angle o of at least 5 degrees relative to
the horizontal plane and cannot receive data below the angle of at

least 5 degrees relative to the horizontal plane.

The method according to claim 12, wherein the ground station and the

aircraft are each designed for data transmission in the E-band.

The method according to claim 12, wherein a transmission and
reception direction of the antenna array of the ground station and/or
the antenna array of the aircraft is pivotable at random about a

vertical axis.

The method according to claim 12, wherein a transmission/reception
direction of the antenna array of the ground station is pivotable about
a horizontal axis not below said angle o of 5 degrees, wherein the
transmission/reception direction of the antenna array cannot be
pivoted below the angle a of 5 degrees relative to the horizontal plane,
and wherein each antenna of the antenna array of the ground station
does not radiate data below the angle a of at least 5 degrees relative

to the horizontal plane.

The method according to claim 12, wherein a transmission and
reception direction of the antenna array of the aircraft is pivotable
exclusively in a range of angles B from -5 degrees to -90 degrees

relative to a horizontal plane.

The method according to claim 12, wherein the data transmission
between the antenna array of the aircraft and the antenna array of the

ground station is performed directly.
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The method according to claim 12, wherein, after leaving the
transmission and reception range of the ground station, the aircraft
automatically seeks and establishes contact to a further ground station

in whose transmission and reception range the aircraft is located.

The method according to claim 12, wherein the antenna array of the

aircraft and the antenna array of the ground station comprise phased

array antenna segments each covering 1 of 360 degrees in azimuth
n

and/or elevation.

The method according to claim 12, further comprising: storing, with a
data storage memory of the aircraft, the geographical locations of a
plurality of ground stations; and generating, with a central monitor and
control system within the aircraft, a map comprising the locations of

said ground stations and of the aircraft.

The method according to claim 12, further comprising: calculating,
with a central monitor and control system a 3-dimensional airspace
map showing the positions of a plurality of ground stations and at least
one aircraft, wherein the map is used to control air traffic of the

aircraft shown in the map.

The method according to claim 12, further comprising: remotely
controlling, with the data transmission between the antenna array of
the ground station and the antenna array of the aircraft, used to

remote control the aircraft from the ground station.

The method according to claim 12, further comprising: steering, by
employing positional and trajectory data of the aircraft and the ground
station stored and frequently updated in a central monitor and control
system, a main lobe of the antenna array of the aircraft and/or the
antenna array of the ground station into the direction of a respective

aircraft antenna or grand antenna.
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