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DESCRIPTION

Technical field of the invention

[0001] The present invention relates to a vehicle communication system. The invention is also
related to a corresponding method for providing access to external networks from on-board a
vehicle.

Background

[0002] There is today an increasing demand from passengers to be able to communicate
through mobile phones and other handheld terminals when travelling on public transportation
vehicles, such as trains, ferries and busses, and also to be able to get access to the Internet
with laptops, PDAs etc. However, vehicles of this type are made of metal, and even the
windows are often covered with a metal film. Further, vehicles often move between different
coverage areas. Thus, direct communication between terminal antennas within the vehicles
and externally located antennas is difficult to obtain.

[0003] To this end, such vehicles are often provided with an external antenna connected to a
data communication router within the carriage, which in turn is connected to an internal local
area network (LAN). Hence, the communication between the passengers' terminals and the
operator antennas outside the vehicle, and corresponding wide area networks (WANS), occurs
through the data communication router. This has been found to be an efficient way of providing
e.g. Internet access on-board public transportation vehicles. Such mobile access router
solutions are e.g. commercially available from the applicant of the present application, Icomera
AB, of Gothenburg, Sweden.

[0004] A similar solution for providing improved capacity and performance by the use of
multiple communication routes is disclosed in US 2007/0030857.

[0005] Further, GB 2 381 418 discloses the use of multiple SIM cards in a single mobile
communications terminal unit, and provision of multiple receivers and transmitters to avoid
conflict between different service providers.

[0006] However, today's systems are not entirely satisfactory. In order to provide continuous
access, the data communication router typically need to include a plurality of modems, and
each modem often needs access to a plurality of subscriber identity modules (SIMs), which
makes the communication unit rather large and costly. Further, it may still be difficult to obtain a
cost-efficient data communication at all times. In particular this is a problem for vehicles
passing country borders, since there is typically different operators handling the WANSs in
different countries, and roaming between different operators, or even between different WANs



DK/EP 2518977 T3

belonging to the same operator, is normally very costly. As cross-border travelling is ever
increasing, it is nowadays not unusual that the same train crosses up to four country borders
on a single journey, and busses and ferries often cross even more borders.

[0007] Another drawback with today's systems is that there is a frequent need for upgrading of
the systems, requiring update or exchange of modems and SIMs, which in today's systems is
rather costly.

[0008] Still another problem associated with the present solutions is that even though it is
sometimes possible to use a common antenna for several modems, this impairs the quality
and efficiency of the transmission, and consequently it is often necessary to have at least one
antenna, and possibly even two or more, dedicated to each modem. However, installation and
maintenance of antennas is rather costly, and the overall costs increases significantly with
every new antenna that is needed.

[0009] There is therefore a need for an improved vehicle communication system which
provides better capacity and/or lowers the overall costs of installing and maintaining the
system.

Summary of the invention

[0010] It is therefore an object of the present invention to provide a vehicle communication
system and a corresponding method which alleviates all or at least some of the above-
discussed drawbacks of the presently known systems.

[0011] This object is achieved by means of a vehicle communication system and a method for
communication as defined in the appended claims.

[0012] According to a first aspect of the invention, there is provided a vehicle communication
system, as further defined in claim 1.

[0013] The term "periodically" is here used to indicate a assignment which is not fixed, but
which is established temporarily, for a certain period of time. These periodical assignments are
preferably established in an optimized way, based on one or several optimization rules handled
by the controller, as is discussed in more detail in the following.

[0014] Subscriber Identity Modules (SIMs) are per se known, and used to identify and
authenticate a user to a wireless network so that the network can authorize the user to set-up
data transmissions and calls. A SIM includes a processor and memory, and some types of
SIMs are in the form of SIM cards, which can be removed from the SIM holder. A Universal
Subscriber Identity Module (USIM) is a next-generation SIM. Hereinafter, both SIMs and
USIMs will be collectively referred to as SIMs.
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[0015] The present invention is based on the realization that from time to time, only one SIM is
used by a modem, or that modems periodically does not even use one SIM. Further, the
available SIMs are often used less frequently during periods. Accordingly, by using a common
pool of SIMs, accessible for a plurality of modems, the total number of SIMs may be reduced,
and the SIMs available may be used more efficiently. At the same time, the accessibility for
each modem to an adequate SIM at each time increases, since the number of accessible SIMs
for each modem increases. Accordingly, the use of the available SIMs can hereby be managed
more efficiently.

[0016] In particular, it hereby becomes possible to provide access for each modem to one or
several suitable SIM(s) in every country in which the vehicle may travel.

[0017] Further, due to the centralization of the SIMs into a common SIM pool, upgrading and
exchange of SIMs and modems are facilitated and made less costly.

[0018] The present invention also makes it possible to reduce the number of modems required
to establish adequate communication quality, since it now becomes possible to use each
modem more efficiently. This reduces the overall costs of the system. Further, since it is often
necessary to have at least one antenna, and possibly even two or more, dedicated to each
modem, the use of fewer modems also leads to a reduction in the number of antennas
required, and consequently additional cost-efficiency also for this reason.

[0019] Still further, the more efficient use of the modems and antennas rendered possible by
means of the present invention also makes it possible to establish efficient communication
solutions also for vehicles travelling cross borders which, for practical reasons, were previously
not possible. Since more than one modem is often required for use simultaneously in each
country, and since communication through several operators within each country is often
necessary to obtain good communication quality, present solutions would require a large
amount of modems and antennas, even if e.g. dual SIM cards are used for each modem. If
you consider a system to be used in a plurality of countries, and 3-4 operators to be used in
each country, the number of modems and antennas required soon becomes unsurmountable.
Instead, the solution would be insufficient compromises, leading to fewer modems and
antennas, and consequently a greatly impaired radio coverage and bandwidth.

[0020] With the present invention, a similar situation for use in e.g. five countries, and with four
operators in each country, could be handled by four modems, or fewer, and a SIM pool of in
total 20 SIMs. Similarly, more than 8 countries could be handled by the new communication
system with a SIM pool of about 30 SIMs, even if four operators are to be used in each
country. Even though it is possible to use a single external antenna in the communication
system, there is preferably provided a plurality of antennas for wireless communication with
external wide area networks (WAN). Most preferably, there is provided at least one antenna for
wireless communication with external wide area networks (WAN) assigned to each of the
modems. At least one of the modems may also have at least two antennas assigned to it. This
enables the use of MIMO (multiple-input and multiple-output) and/or antenna diversity for the
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external communication to and from the data communication router. Hereby the data
communication router may comprise several antenna ports per modem, enabling MIMO for the
external communication, and the high bandwidth thereby provided can then be distributed to
the internal clients on the vehicle with e.g. 802.11n.

[0021] The data communication router comprises at least two modems. However, preferably
the data communication router comprises at least four modems, and preferably at least six
modems.

[0022] Further, the SIM pool comprises at least two different SIMs. However, preferably the
SIM pool comprises at least six SIMs, and preferably at least 12 SIMs. However, the system
architecture is easily scalable, and up to 30 SIMs may be provided, or even more.

[0023] Preferably, the SIM pool is realized by means of a SIM card holder arranged to receive
a plurality of SIM cards.

[0024] The assignment of SIMs to modems at every specific time is preferably determined
based on a set of rules in the controller. The set of rules may e.g. be used to assign SIMs to
the modems based on information such as in which country the vehicle is currently travelling,
the amount of data that has been conveyed by use of the different SIMs, the current price
related to conveying data through the different SIMs, the type of data being conveyed, etc.

[0025] Additionally or alternatively, at least one of the SIMs may be associated with restrictions
related to the amount of data which has been conveyed by means of said SIM, whereby the
controller can be arranged to assign SIMs within said SIM pool to the modems in dependence
on the amount of data which has been conveyed through the different SIMs. For example,
restrictions may be provided limiting the total amount of data that may be conveyed over a
certain time period, or setting different prices for data transfer when certain limits have been
exceeded.

[0026] The controller is preferably arranged to assign each SIM within said SIM pool only to
one modem at a time. Hereby, each SIM at any given time only has one user, but the assigned
user may vary over time.

[0027] Further, the controller is preferably arranged to periodically assign at least two SIMs
within said SIM pool to a single modem, wherein said modem is further arranged to
communicate on at least two different communication routes being provided by said at least
two SIMs, and preferably to automatically separate the data traffic between said
communication routes based on specific optimization conditions, such as price and/or speed.
Such simultaneous use of different communication routes is per se known, but is rendered
more efficient by means of the use of a SIM pool.

[0028] Preferably, the at least two different communication routes being used simultaneously
have different characteristics. Hereby, the communication can be automatically optimized
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based on specific conditions, such as price, speed, etc. Such data communication routers are
known from EP 1 175 757 by the same applicant, said document hereby incorporated by
reference. Such routers are also commercially available from the applicant, lcomera AB.
Hereby, the router may use all available data channels, such as two or more of e.g. GSM,
Satellite, DVB-T, HSPA, EDGE, 1X RTT, EVDO, LTE, WiFi (802.11) and WIMAX; and combine
them into one virtual network connection. An automatic selection is then made among the
available channels to use the most cost effective combination that fulfils the users' availability,
bandwidth and reliability requirements. Hence, a seamless distribution of the data among said
different channels is obtained.

[0029] The vehicle communication system of the present invention may be used on essentially
any moving vehicle. However, it is particularly useful for public transportation vehicles, and
especially on busses, ferries and trains.

[0030] According to another aspect of the invention, there is provided a method, as further
defined in claim 12.

[0031] These and other features and advantages of the present invention will in the following
be further clarified with reference to the embodiments described hereinafter.

Brief description of the drawings

[0032] For exemplifying purposes, the invention will be described in closer detail in the
following with reference to embodiments thereof illustrated in the attached drawings, wherein:

Fig 1 is an schematic illustration of a vehicle comprising a communication system in
accordance with an embodiment of the present invention.

Detailed description of preferred embodiments

[0033] In the following detailed description, preferred embodiments of the present invention will
be described. However, it is to be understood that features of the different embodiments are
exchangeable between the embodiments and may be combined in different ways, unless
anything else is specifically indicated. Even though in the following description, numerous
specific details are set forth to provide a more thorough understanding of e present invention, it
will be apparent to one skilled in the art that the present invention may be practiced without
these specific details. In other instances, well known constructions or functions are not
described in detail, so as not to obscure the present invention.

[0034] In Fig 1 a schematic illustration of a vehicle 1, such as a train, having a communication
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system is provided. The communication system comprises a data communication router 2 for
receiving and transmitting data between an internal local area network (LAN) 3, and a plurality
of external wide area networks (WANSs) 4a, 4b, 4c. Communication to and from the WANSs is
provided through one or several antennas 5 a-n on the vehicle roof. Preferably, a plurality of
antennas are used, and most preferably at least one antenna is assigned to each modem, as
is schematically illustrated in Fig. 1. In case e.g. MIMO is to be used, more than one antenna
may also be assigned to each modem.

[0035] The LAN is preferably a wireless network, using one or several internal antennas to
communicate with terminal units 6 within the vehicle. To this end, it is e.g. feasible to use a
distributed antenna, such as a leaky feeder extending through the vehicle, but other types of
antennas may also be used. It is also possible to use a wired network within the vehicle.

[0036] The data communication router comprises a plurality of modems 21 an. The number of
modems is at least two, but preferably at least four, and most preferably at least six. Further,
the data communication router comprises a plurality of SIMs 22 a-N. The number of SIMs is at
least two, but preferably at least six, and most preferably at least twelve. The SIMs form a
common SIM pool, accessible for all the modems 21 a-n. The SIMs are preferably SIM cards,
and the SIM pool is realized as a SIM card holder, comprising a plurality of slots for receiving a
plurality of SIM cards.

[0037] Periodical assignment of one or several of the SIM(s) to any modem is controlled by a
controller 23. The controller is preferably realized as a software controlled processor. However,
the controller may alternatively be realized wholly or partly in hardware.

[0038] The assignment of SIMs to modems at every specific time is preferably determined
based on a set of rules in the controller. The set of rules may e.g. be used to assign SIMs to
the modems based on information such as in which country the vehicle is currently travelling,
the amount of data that has been conveyed by use of the different SIMs, the current price
related to conveying data through the different SIMs, the type of data being conveyed, etc.

[0039] In a preferred embodiment, at least some of the SIMs are related to operators in
different countries, whereby the controller is arranged to assign SIMs within the SIM pool to the
modems in dependence on in which country the vehicle is currently located. In particular, it is
preferred that the system comprises a global positioning system (GPS) receiver 7 for receiving
GPS signals indicative of the current position of the vehicle, and wherein the controller is
arranged to assign SIMs within said SIM pool to the modems in dependence on said received
GPS signals.

[0040] Additionally or alternatively, at least one of the SIMs may be associated with restrictions
related to the amount of data which has been conveyed by means of said SIM, whereby the
controller can be arranged to assign SIMs within said SIM pool to the modems in dependence
on the amount of data which has been conveyed through the different SIMs. For example,
restrictions may be provided limiting the total amount of data that may be conveyed over a
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certain time period, or setting different prices for data transfer when certain limits have been
exceeded.

[0041] The controller is preferably arranged to assign each SIM within said SIM pool only to
one modem at a time. Hereby, each SIM at any given time only has one user, but the assigned
user may vary over time.

[0042] The data communication router may also be denominated MAR (Mobile Access Router)
or MAAR (Mobile Access and Applications Router).

[0043] Each modem in the data communication router is preferably arranged to communicate
on at least two different communication routes having different characteristics. Hereby, the
communication can be automatically optimized based on specific conditions, such as price,
speed, etc. Such data communication routers are known from EP 1 175 757 by the same
applicant, said document hereby incorporated by reference. Such routers are also
commercially available from the applicant, Icomera AB. Hereby, the router may use all
available data channels, such as two or more of e.g. GSM, Satellite, DVB-T, HSPA, EDGE, 1X
RTT, EVDO, LTE, WiFi (802.11) and WIMAX; and combine them into one virtual network
connection. An automatic selection is then made among the available channels to use the most
cost effective combination that fulfils the users' availability, bandwidth and reliability
requirements. Hence, a seamless distribution of the data among said different channels is
obtained.

[0044] The invention has now been described with reference to specific embodiments.
However, several variations of the communication system are feasible. For example, the
number of modems and SIMs may be varied. Further, the communication system may be used
on various types of vehicles. Such and other obvious modifications must be considered to be
within the scope of the present invention, as it is defined by the appended claims. It should be
noted that the above-mentioned embodiments illustrate rather than limit the invention, and that
those skilled in the art will be able to design many alternative embodiments without departing
from the scope of the appended claims. In the claims, any reference signs placed between
parentheses shall not be construed as limiting to the claim. The word "comprising" does not
exclude the presence of other elements or steps than those listed in the claim. The word "a" or
"an" preceding an element does not exclude the presence of a plurality of such elements.

Further, a single unit may perform the functions of several means recited in the claims.

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader's convenience only. It does not
form part of the European patent document. Even though great care has been taken in
compiling the references, errors or omissions cannot be excluded and the EPO disclaims all
liability in this regard.
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PATENTIKRAYV

1. Kgretgjskommunikationssystem, der omfatter:

et internt lokaldatanet, LAN, (3), der er indrettet i kgretgjet;

mindst én antenne (5a-5n) til tradlgs kommunikation med eksterne fjerndatanet,
WAN, (4a-4c) uden for kgretgjet;

en globalpositionssystems-, GPS, modtager (7) til at modtage GPS-signaler, der indi-
kerer kgretgjets aktuelle position; og

en datakommunikationsrouter (2) til at tilvejebringe datakommunikation mellem det
interne LAN (3) og de eksterne WAN'er (4a-4c), hvor datakommunikationsrouteren (2)
omfatter en flerhed af modemmer (21a-21n) til kommunikation med de eksterne WAN'er
(4a-4c),

en abonnentsidentitetsmodul-, SIM, pulje der indbefatter en flerhed af SIM'er (22a-
22N),

kendetegnet ved, at

SIM-puljen indeholder flere SIM'er relateret til forskellige operatgrer for hver af en
flerhed af lande, og

hvor datakommunikationsrouteren (2) omfatter yderligere:

en styreenhed (23), der er i stand til periodisk at tildele SIM'er (22a-22N) inden for
SIM-puljen til ét hvilket som helst af modemmerne (21a-21n), hvor styreenheden (23) er
indrettet til at tildele SIM'er inden for SIM-puljen til modemmerne i overensstemmelse
med hvilket land kgretgjet i gjeblikket er lokaliseret i, som bestemt af de modtaget GPS-
signaler.

2. Kgretgjskommunikationssystem ifglge krav 1, hvor datakommunikationsrouteren
(2) omfatter mindst fire modemmer og fortrinsvist mindst seks modemmer.

3. Kgretgjskommunikationssystem ifglge krav 1 eller 2, hvor SIM-puljen omfatter
mindst seks SIM'er og fortrinsvist mindst 12 SIM'er.

4. Kgretgjskommunikationssystem ifglge et hvilket som helst af de foregaende krav,
hvor mindst et af SIM'erne (22a-22N) er forbundet med begransninger relateret til
mangden af data, der er blevet transporteret ved hjeelp af SIM'et, hvor styreenheden er
indrettet til at tildele SIM'er inden for SIM-puljen til modemmerne afhangig af meengden
af data, der er blevet transporteret gennem de forskellige SIM'er.

5. Kgretgjskommunikationssystem ifglge et hvilket som helst af de foregdende krav,
hvor styreenheden (23) er indrettet til at tildele hvert SIM (22a-22N) inden for SIM-puljen
til kun ét modem (21a-21n) ad gangen.

6. Kgretgjskommunikationssystem ifglge et hvilket som helst af de foregdende krav,
hvor styreenheden (23) er indrettet til periodisk at tildele mindst to SIM'er (22a-22N) in-
den for SIM-puljen til et enkelt modem (21a-21n), hvor modemmet er yderligere indrettet
til at kommunikere pd8 mindst to forskellige kommunikationsruter, der tilvejebringes af de

mindst to SIM'er, og fortrinsvist automatisk at adskille datatrafikken mellem kommunikati-
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onsruterne baseret pa specifikke optimeringsbetingelser, sdsom pris og / eller hastighed.

7. Kgretgjskommunikationssystem ifglge et hvilket som helst af de foregaende krav,
hvor WAN’en (4a-4c) opererer i overensstemmelse med mindst en af standarderne: GSM,
3G UMTS, Satellit, DVB-T, HSPA, EDGE, 1X RTT, EVDO, LTE, WiFi (802.11) og WiMAX.

8. Kgretgjskommunikationssystem ifglge et hvilket som helst af de foregdende krav,
hvor SIM-puljen omfatter en SIM-kortholder indrettet til at modtage en flerhed af SIM-
kort.

9. Kgretgjskommunikationssystem ifglge et hvilket som helst af de foregdende krav,
hvor der er tilvejebragt en flerhed af antenner (5a-5n) til tradlgs kommunikation med eks-
terne fjerndatanet (WAN).

10. Kgretgjskommunikationssystem ifglge krav 9, hvor mindst én antenne (5a-5n) til
tradlgs kommunikation med eksterne fjerndatanet (WAN) er tildelt hvert af modemmerne
(21a-21n).

11. Kgretgjskommunikationssystem ifglge et hvilket som helst af de foregdende krav,
hvor kgretgjet er et offentligt transportkgretgj og fortrinsvis én af en bus, en faerge og et
tog.

12. Fremgangsmade til at give adgang til eksterne netveerk fra ombord et kgretgj,
hvor fremgangsmaden omfatter:

at tilvejebringe et internt lokaldatanet (LAN) (3) indrettet i kgretgjet;

at tilvejebringe mindst én antenne (5a-5n) til tradlgs kommunikation med eksterne
fjerndatanet (WAN) (4a-4c) uden for kgretgjet;

at tilvejebringe en globalpositionssystems-, GPS, modtager (7) til at modtage GPS-
signaler, der indikerer kgretgjets aktuelle position; og

at tilvejebringe en datakommunikationsrouter (2) for at tilvejebringe datakommuni-
kation mellem det interne LAN og de eksterne WAN'er, hvor datakommunikationsrouteren
omfatter en flerhed af modemmer (21a-21n) til kommunikation med de eksterne WAN'er
og en pulje, som indbefatter en flerhed af SIM'er (22a-22N), hvor hver af SIM'erne er til-
gangelige for hver af modemmerne,

kendetegnet ved, at SIM-puljen omfatter flere SIM'er relateret til forskellige
operatgrer for hver af en flerhed af forskellige lande; og hvor fremgangsmaden yderligere
omfatter:

at veelge et modem (21a-21n) til brug; og

periodisk at tildele modemmet til mindst ét abonnentidentitetsmodul (SIM) (22a-
22N) inden i puljen, hvor SIM'erne inden for SIM-puljen er tildelt tii modemmerne i over-
ensstemmelse med hvilket land kgretgjet i gjeblikket er lokaliseret i, som bestemt af de

modtaget GPS signaler.



DK/EP 2518977 T3

DRAWINGS

PR YR N S

iy

<,

i

[ig

N AR w1 N A R 4

NINIS |

W BPON

w, X4 b / L

3L y/ “ N ”

, P, '

] Kooy EIIR b S \\M\\ & Emﬁc.wz T :

YL N J0TIOBT07 - e ;

" i 4 N T e ! !

o | TS 7 O st NI

L0 A SO o gz T Lo :

| ,\\ Ay ) ‘ ;

s B S 11 WE g VER e L .m
|




