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ABSTRACT

The demand to make air travel more pleas-
ant, secure, and productive for passengers is one
of the winning factors for both airlines and the
aircraft manufacturing industry for which aero-
nautical communications is one of the enablers.
This article describes current trends in the area
of aeronautical passenger communication toward
personal and wireless in-cabin communications
and multimedia data networks. Technological
challenges are summarized as well as market
potentials and regulatory issues.

INTRODUCTION

Today, airplanes seem to be the last remaining
islands where mobile communications and Inter-
net access are not available. While security and
passenger safety have always been of prime con-
cern, recent acts of international terrorism have
clearly demonstrated the need for major
improvements and new initiatives in in-flight
communications. Such developments can be
brought about by the use of the latest communi-
cations technologies. The R&D effort to estab-
lish broadband aeronautical communication
(AirCom) has received overwhelming feedback
by announcements of global players introducing
“email and Internet above the clouds.” Inspired
by enthusiastic estimations envisaging a multibil-
lion-dollar market a few years ago, several steps
have already been taken to bring aeronautical
communications systems toward a broadband
infrastructure for airline passengers. For
instance, the introduction of new global broad-

band systems by Inmarsat to provide broadband
access in the sky or the collaboration between
Lufthansa and Connexion by Boeing in the Fly-
Net project to provide Internet connectivity
aboard aircraft reflect this market potential.
Since Inmarsat introduced its first acronautical
satellite communications systems in the early
1990s the development of AirCom has been
exciting. While in the past aircraft operators
could only rely on quasi-global communications
service with only a few kilobits per second used
for voice and low-rate communications, now
links of several hundred kilobits per second up
to some megabits per second are available to
allow new variety in services and applications.
Thus, a promising new market is opened for
communications service providers/operators and
airline operators. Design studies for airlines and
market surveys of in-flight network providers
show the necessity for high-data-rate communi-
cations services for airliners, with an obvious
trend toward in-flight entertainment (IFE),
Internet applications, and personal communica-
tions. Moreover, people are becoming more and
more used to personalized equipment, such as
mobile phones, laptops, and PDAs, all accom-
modated in their personal environment. From a
user perspective, there is a clear demand for a
wireless access solution for multimedia and per-
sonal communications services through users’
own equipment. Besides, a wireless network may
also support airline personnel (cabin crew, main-
tenance crew) during their daily work (e.g., for
mobile data access) and at the same time save
the cost of installing a massive wired network
inside an aircraft.
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TODAY’'S PASSENGER
COMMUNICATIONS

Today, aeronautical in-cabin communications
consists mainly of basic telephony with back-
seat-installed equipment. Passenger acceptance
of such systems is low due to the mental barrier
of credit card registrations, user-unfriendly inter-
face and handling, and high cost. Various aero-
nautical communications services are currently
offered to the civil aviation market, including the
Inmarsat Aero system for aeronautical mobile
satellite services (AMSS) and other systems for
aeronautical mobile terrestrial services (AMTS)
such as North American Terrestrial System
(NATS). Currently, the Inmarsat Aero satellite
communications system provides two-way voice,
fax, and data services for aircraft operating virtu-
ally anywhere in the world.

THE EVOLUTION OF
AERONAUTICAL COMMUNICATIONS

Existing systems suffer from bandwidth limita-

tions; the trend toward bandwidth-consuming

Internet services currently cannot be satisfied.

Two paths are followed in the evolution of aero-

nautical services:

* To improve aircraft cabin technology with a
user-friendly environment for personal and
multimedia communications

* To improve space segment technology to
allow higher-bit-rate services
The development of aeronautical communi-

cations is very much driven by European activi-
ties. The European Space Agency (ESA)
typically funds technology development and pilot
projects. In its BRAHMSS/THALES project [1,
2] the requirements for a wideband service
demonstrator were determined. Recently anten-
na technology and multimedia pilot systems were
addressed in the ABROAD project. The Euro-
pean Commission complements these activities
with projects that aim to integrate aeronautical
networks within the terrestrial infrastructure. In
particular, new concepts for aircraft information
technologies and infrastructure have been inves-
tigated by the ABATE project where a technolo-
gy demonstration for aeronautical satellite
communications at higher frequencies was per-
formed [3]. Currently, the project WirelessCabin
(www.wirelesscabin.com) aims to provide aircraft
passengers and crew members with heteroge-
neous wireless access solutions for in-flight
entertainment, Internet access, and mobile/per-
sonal communications. It is expected from these
initiatives that aircraft passengers will be offered
the same wireless services for personal and mul-
timedia communications as on the ground, con-
sisting of different overlaying cellular access
networks, such as Universal Mobile Telecommu-
nications System (UMTS), IEEE 802.11x wire-
less LAN (WLAN), and Bluetooth.

In the space segment, several parallel activi-
ties target the aeronautical market. Inmarsat will
increase the data rate of its aeronautical services
and system capacity using about 200 spotbeams
with its fourth-generation satellites. In the B-
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M Figure 1. Satellite evolution scenario with L-band two-way communications
augmented by a Ku-band satellite system for downlink streaming.

GAN™ system to be deployed in 2004, the avail-
able bandwidth typically ranges up to 432 kb/s.
Such systems will use omnidirectional antennas
at L-band frequencies in which aircraft installa-
tion requirements are low and existing aero
antennas can be used. A service mix with email
Internet access and voice services can be offered.
Since the available spectrum at L-band is limit-
ed, higher bit rates can only be provided with
Ku-band or K/Ka-band satellite systems as are
used for analog TV broadcasting, digital video
broadcast with return channel (DVB-RCS) with
additional IP data support, or transparent ser-
vices to augment the L-band systems (Fig. 1).
Due to a small number of spotbeams and poor
frequency reuse, current Ku-band systems can-
not provide sufficient capacity to serve large air-
craft fleets with two-way multimedia
communications, but distributing the same con-
tent in broadcast/multicast mode to many air-
craft in the wide coverage zone seems
advantageous. The L-band system can be used as
return link.

New agile aircraft antennas are needed to
provide high-gain characteristics at Ku band and
above. Connexion™ by Boeing is one potential
candidate using such Ku-band satellites for two-
way communications; European airlines British
Airways, Lufthansa, and SAS have run early tri-
als of this approach.

AERONAUTICAL
SERVICE ARCHITECTURE

The improvement of the cabin communications
infrastructure tackles several communications
segments. A variety of services is needed, each
with different bandwidth demand and types of
communication protocols. Many of the services
will be available to the passenger by means of
cabin-installed equipment, such as TV screens, a
rescue compartment with telemedicine equip-
ment, or fixed installed satellite phones. Since
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people are becoming more and more used to
their own communications equipment (e.g.,
mobile phones and laptops with Internet connec-
tion through either a network interface card or
dial-in access via modems), business travelers
will soon be demanding wireless access to com-
munications services. While WLAN is planned
to be rolled out by some airlines, cellular phones
are still prohibited in commercial aircraft due to
the uncertain certification situation. Airframe
manufacturers, however, are currently tackling
this issue. The most important wireless access
technologies are GSM, UMTS with UMTS radio
access network (UTRAN) air interface, Blue-
tooth, and WLAN IEEE 802.11x. Of course,
these access technologies need to coexist with
each other and wired IP installations. The archi-
tecture and its components are conceptually
depicted in Fig. 2. Such an infrastructure com-
prises:

* Several wireless access segments in the air-
craft cabin, namely a WLAN according to
IEEE 802.11b for IP services, a GSM/
UMTS picocell for personal and data com-
munications, and Bluetooth™ 1.1, as well as
a standard wired IP LAN.

* A satellite segment for interconnection of
the cabin with the terrestrial telecom net-
works. The different cabin services must be
integrated and interconnected using a ser-
vice integrator that allows separation and
transportation of the services over a single
or several satellite bearers.

* An aircom service provider segment sup-
porting the integrated cabin services. The
aircom provider segment provides intercon-
nection to terrestrial personal and data net-
works as well as the Internet backbone. For
the GSM/UMTS cabin service, part of the
core network must be available.

INTEGRATION OF SERVICES

The different wireless access services of
GSM/UMTS, WLAN, and Bluetooth require dif-
ferent architectures from a protocol and net-
working point of view. The central part of service
portfolio provisioning is a service integrator. The
service integrator will provide the interfaces for
the wireless and wired service access points in
the cabin, as well as the interface to the terres-
trial networks at the aircom provider site. All
services will be bundled and transported between
a pair of service integrators (SIs). For the UMTS
access network, a Node-B is required in the
cabin. This Node-B is controlled by an onboard
radio network controller (RNC). If content
onboard the aircraft is wanted, it is attractive to
also have a SGSN/GGSN and even a mobile
switching center (MSC) in the aircraft.

The SIs (in-cabin and on ground) provide
QoS monitoring mechanism for the Wireless-
Cabin network, although each individual access
network may have its own QoS support mecha-
nism. The in-cabin SI prioritizes the packets
received from different access segments by
implementing sophisticated scheduling mecha-
nisms together with statistical multiplexing tech-
niques. Packets in the SI can be segregated into
different queues based on the type of services.

One important characteristic of this architec-
ture is the design of the network architecture in
the ground segment. Here, the satellite gateway
is expected to be connected to the ground SI,
which belongs to an aircom service provider
(Fig. 3). The aircom service provider is used to
support the integrated cabin services and pro-
vides interconnection to the IP backbone, pri-
vate intranet, and the public switched telephone
network (PSTN). In order to provide global
satellite coverage, constellations of satellites
from different systems are preferable. Aircraft
belonging to the same fleet can be located in
several service areas of different satellite pro-
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viders.

Therefore, the SI in the aircraft must main-
tain its connection to the ground SI even when
the aircraft moves into another satellite system
coverage. Handover must be supported between
different satellite systems under the following
conditions:

* When the aircraft moves outside the cover-
age area of the current satellite system but
into the coverage area of another satellite
system

* When the aircraft is in the coverage area of
the current satellite system but needs to
change to another satellite system due to
adverse network or operating conditions
The SI pairs must initiate handover. As the

SI acts as the intelligence unit onboard the air-
craft, no modification is required on the user
equipment. The SI can predict the location of
the plane and perform any intersatellite hand-
over procedures before leaving the coverage
area of its present satellite system.

AERONAUTICAL MARKET

A variety of economic experts announced Air-
Com market analyses and estimations in the
past, unfortunately mostly not detailing the basis
for their estimations in literature. While enthusi-
astic market estimations envisaged a US$70 bil-
lion, all these estimations were revised due to
the decline of the air travel market.

Boeing estimated (May 2001) the number of
customers to evolve to about 1.7 billion in 2010.
In October 2001 this forecast was confirmed but
with a delay of two years. The estimation of the

number of passengers was based on the OAG
forecast for the number of passengers worldwide
of May 2000. Early 2001 annual user fee rev-
enues were expected to be US$45 billion in 2010
(Connexion by Boeing), based on a statement of
the World Airline Entertainment Association
(WAEA) for 2000. A more recent (and credible)
estimate was produced by Northern Sky
Research in October 2001. There the annual
user fee revenues are expected to be “only”
US$2.5 billion in 2007. A detailed revenue and
traffic analysis focusing only on IP and voice ser-
vices in an aircraft is given in [4] resulting in rev-
enues of about €2000 depending on the aircraft
size.

A recent passenger survey has been per-
formed [5] to estimate the demand of wireless
services. The passenger survey had nearly 300
respondents, mostly located in Europe but with
significant numbers of respondents located in
the United States or Asia Pacific. Approximately
half of the respondents regarded themselves as
business travelers, typically making 10 flights a
year. Approximately 80 percent of the respon-
dents travel using standard class airfares, high-
lighting the fact that wireless services should not
be solely directed at business and premium class
passengers. The respondents of our survey were
asked to identify which of a long list of potential
services were important to them. Figure 4 pro-
vides the answers from our survey.

The results presented in Fig. 4 show that
email, Internet access, and video on demand are
among the services in greatest demand. Interest-
ingly, the information most sought after relates
to the passenger’s destination and general news

Approximately 80
percent of the
respondents travel
using standard
class airfares,
highlighting the
fact that wireless
services should
not be solely
directed at
business and
premium class

passengers.
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services. Services least demanded by passengers
included e-commerce and videoconferencing.

A correct business model is essential for the
success of services onboard aircrafts. In general,
the AirCom business model is very complex
since more actors are involved. Licensing aspects
of UMTS and international mobility further
complicate the situation.

ACTORS

In Fig. 5, the actors potentially involved in the
business model are shown. Not necessarily all
parties will be present in all situations.

The customers are the prime members of the
value chain. They will probably have an existing
business relationship with a service provider
(UMTS operator, Internet service provider, ISP,
or wireless services operator) and the airline
(ticket sales).

Airlines are promoting the service in order to
collect revenues directly from charges levied for

passengers will change airlines to access the ser-
vices). The airline may also become a major user
of the services, for non-mission critical commu-
nications, crew, maintenance, and additional
security. The airline may choose to own the
infrastructure. Alternatively, third parties can
operate the onboard network. The latter option
represents a major business opportunity for
mobile telephone operators and ISPs.

Airport operators are already offering WLAN
communications access at major international
airports for passengers. The provision of such
services will undoubtedly play a role in stimulat-
ing demand for wireless access on the aircraft.

The aircraft manufacturer is an important part
of the overall business model. Manufacturers
can expect to sell more aircraft that are certified
to operate with wireless systems. The aircraft
manufacturer may operate the telecom infra-
structure onboard the aircraft (e.g., Connexion
by Boeing).

The service provider can be a terrestrial ser-
vice provider such as a mobile or WLAN opera-
tor or a specialized aircom provider.

The satellite operator is an essential part of

the value chain as it provides the communica-
tions link between ground and air.
i § § § § The content provider provides multimedia
Access to general news services ‘ ‘ ‘ 7 content to passengers and crew, and maybe
i : : : : material for use in the onboard in-flight enter-
: : : ‘ tainment system.

Tax entities are there to collect tax on ser-
vices.

Finally, terrestrial network operators are the
gateways to terrestrial networks.

service access or indirectly through increasing
market shares (i.e., creating “shareshift” where

Practical information about your : : : : |
destination (transport, hotels, etc.)

Cultural information about your : : : :
destination (culture, history, |
landmarks, etc.) : : :

Send and receive email |

Selecting a film to watch from a large |
library of titles : : : :

BUSINESS RELATIONSHIPS AND BILLING

The generally accepted model for the business
relationship is interconnect, with revenue sharing
between parties. Billing for services can be done
according to a number of parameters: content
and transport, the latter further subdivided into
airtime, satellite connection time, volume, and
so on [6]. Clearly, the customer will have to pay
for services. Charging can be of three possible
types: flat rate (all included), flat rate up to a
certain amount plus excess traffic, or only traffic.
Since quality of service (QoS) issues are likely to
arise in this complex scenario, they should be
correctly taken into account in the billing system.
It is also likely that part of the communications
costs may be absorbed by companies wishing to
advertise to flying passengers (e.g., offering low-
rate rented cars or hotels at passenger destina-
tions). Incoming calls on UMTS may be charged
to the originator up to national borders and to
the recipient beyond them.

Browse the internet |

Transfer documents and files to and : : : |
from your company intranet

Access to business and financial news |

Watch live local television | :

Listen to live radio

Access to business research and reports

Health-related information (relaxation
techniques, health checks, access to
health help lines)

Foreign language lessons

In-flight printing facilities

Business-oriented personal development
material (management, sales, etc.)

Online banking

REGULATORY ASPECTS

Besides the challenges of GSM/UMTS licensing
for use within the aircraft cabin, a major concern
in the use of wireless passenger-carried electronic
devices (PEDs) aboard aircraft is their electro-
magnetic compatibility with aircraft electronic
systems. The following approach covers several
aspects of disturbance. Specifically, as PEDs can
emit disturbing energy, two different features of
the emission have been investigated:

Intentional emission, if present, is usually lim-

Playing networked games
Video conferencing

Online purchasing of goods

T
0% 20% 40% 60% 80% 100%

M Figure 4. Services passengers thought important to use onboard an aircrafft.
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ited in the frequency band. However, the power
level is higher than the noise or spurious emis-
sion level for normal operation.

Spurious emission is unintentional and con-
tributes to the noise floor in the vicinity of a
device. In Europe this spurious emission is regu-
lated by means of EN standards (e.g., [7]), limit- Gustomen
ing the allowed electromagnetic emission. They \
are different from acknowledged aircraft stan-
dards such as EUROCAE ED 14D (RTCA
DO160D) [8, 9] in both limits and measuring Y
procedure. psrir\\/lilégr

Hence, any PED emitting exhibiting spurious 7y
emission — regardless of whether or not it is
providing wireless functions — is considered a
potential candidate for interference.

For sufficient signal-to noise-ratio the PED v
usually must produce intentional emissions that
exceed the noise floor in the aircraft. A good
signal-to-noise ratio, exceeding some minimum
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value, is essential for proper function, whether
conducted or wireless. On the other hand, signal
levels for good SNR must not be exaggerated to
unacceptable levels. Two different aircraft sys-
tems need to be investigated.

Electronic systems for essential functions
that do not receive radio spectral energy: These
systems are designed and qualified for high
intensive radiated fields (HIRF) environments
[10]. This way, any system performing essential
functions is protected against field strength lev-
els of several hundred volts per meter. Its high
qualification level protects it against anticipated
levels of intentional or spurious PED electro-
magnetic field emission, so it is expected that
these systems will not be affected by electromag-
netic interference.

Navigation and communication (NAV/COM)
systems sensitive to electromagnetic signals:
Intentional PED emitters are protected by fre-
quency separation regulated by the International
Telecommunication Union (ITU). Therefore,
any intentional emission from an arbitrary PED
is out of band for any aircraft NAV/COM sys-
tem today.

However, NAV/COM systems may be sensi-
tive to spurious emissions in their operational
frequency band. The spurious PED emission
from intentional emitters can be controlled by

M Figure 5. The participants in one possible value chain for provision of wire-
less in-cabin services.

the same means as that from spurious emitters.
During takeoff and landing, for example, when
the instrument landing system (ILS) is in use,
passengers are obliged to switch off their PEDs.
This countermeasure prevents both intentional
and spurious emission of PEDs.

Due to frequency separation WLAN 802.11b
should not be a candidate to interfere with sensi-
tive aircraft navigation and communication sys-
tems (Table 1). WLAN is out of band to any
current aircraft navigation or communication
system. This applies for any currently available
wireless service today on the market. Conse-
quently, Bluetooth, for example, currently is
exempt from restrictions on wireless emitters
inside the cabin [11].

Intentional emitters can be allowed aboard
aircraft according to RTCA/DO233 recommen-
dations if their safe use is demonstrated [12].
For A4340-600 the safe use and compatibility of
WLAN has been demonstrated in the aircraft
environment at a power level artificially
increased 250 times.

Bluetooth has been investigated by Intel [10].

Omega navigation | ADF HF Marker beacon VOR, localizer | VHF COM Glide slope
10...14 kHz 190...1750 kHz | 2...30 MHz 74.85,75,75.15MHz | 108...118 MHz | 118...136 MHz | 328...335 MHz
GSM 400 GSM 850 GSM 900 DME TCAS/ATC GPS SATCOM
450.4...467.6 MHz | 824...894 MHz 876...960 MHz | 960...1220 MHz 1030,1090 MHZ | 1575 MHz 1529, 1661 MHz
478.8...496 MHz
GSM 1800 European UMTS | GSM 1900 IMS band: WLAN Low-range Microwave
1710...1880 MHz 802.11b,g Bluetooth, | altimeter landing system | WLAN 802.11a
Home RF
1880...2025 MHz | 150...1900 MHz | 2446.5...2483.5 MHz | 4.3 GHz 5.03, 5.09 GHz | 5150...5350 MHz
2110...2200 MHz
Weather radar WLAN 802.11a Weather radar | Sky radio DBS TV Frequency separation regulated by
International Telecommunication
5.4 GHz 5725...5825 MHz | 9.3 GHz 11,700 MHz 12.2...12.7 GHz | Union, Geneva, Switzerland

M Table 1. Frequency separation; the aircraft NAV/COM frequencies are indicated in blue; other radio services do not interfere with

these frequencies.
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During tests
conducted up to
now even
non-essential
systems such as in
flight entertainment,
that are qualified
to low susceptibil-
ity levels, have not
been observed to
be disturbed.
From a technical
point of view
there is no gener-
al objection
against the use of
these services.

Lufthansa already provides a certified wireless
service in the cabin in combination with portable
electronic devices.

During tests conducted thus far, even
nonessential systems such as in-flight entertain-
ment that are qualified to low susceptibility lev-
els have not been observed to be disturbed.
From a technical point of view there is no gener-
al objection to the use of these services. Addi-
tionally, telephony standards (GSM, UMTS, and
other wireless services) are being investigated
within Airbus and the WirelessCabin project. It
is one of the major aims of the WirelessCabin
project and other studies conducted by Airbus to
ensure aircraft safety and quality standards. This
will be done by calculations, analysis, design, and
compatibility demonstrations.
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It is one of the
major aims of the
wireless cabin
project and other
studlies conducted
by Airbus to
ensure aircraft
safety and quality
standard. This will
be ensured by
calculations,
analysis, design
and compatibility
demonstrations.
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