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(57) Abstract: It is described a telecommunication network (100). The telecommunication network (100) comprisesa base station
(110), which is privately owned and which is adapted to provide a restricted access service to a limited number of communication
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stricted access service to communication devices (133a, 133b, 133¢, 133d), which are assigned to a wide area cellular network.
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DESCRIPTION

Network comprising a privately owned base station coupled

with a publicly available network element

Field of invention

The present invention relates to the field of telecommunica-
tion networks. In particular, the present invention relates
to a telecommunication network architecture, which comprises
(a) at least one network element being assigned to a wide
area cellular network and (b) at least one base station,
which is privately owned and which is adapted to provide a
restricted access service to a limited number of communica-
tion devices, which are assigned to a picocell of the tele-
communication network. Further, the present invention relates
to a method for operating a telecommunication network of the
above described type. Furthermore, the present invention re-
lates to a base station and to a network element, which in
connection with each other represent the described telecommu-
nication network and/or which in connection with each other
are adapted to carry out the described method for operating

the telecommunication network.

Art Background

Relay stations or Relay Nodes have been proposed as coverage
extensions in cellular systems for many years. After being
carefully considered in pre-standardization activities, tele-
communication systems employing Relay Nodes are achieving the
level of maturity that is needed in ongoing standardization
activities. Best evidence concerning to this maturity is the
IEEE 802.167 standardization, where Relay Nodes are added on
top of the IEEE 802.16e standard. This recent development has
increased the pressure to consider Relay Nodes alsc in Long

Term Evolution (LTE) standardization. In this respect it may
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be expected that due to reduced site costs the employment of
Relay Nodes could provide an economically viable solution for
increasing the performance of an LTE telecommunication net-

work.

At present there are proposed many kinds of relay systems.
The most simple relay systems carry out only an am-
plify/forward procedure wherein the signal being received
from a Relay Node 1is only amplified and forwarded. More com-
plex relay systems utilize a network coding in order tco im-
prove the overall performance. The most common relay system,
which is proposed for cellular relaying, i1s a detect/forward
respectively a decode/forward type of relay, where an input
signal i1s detected and retransmitted using the same procedure

as in the original transmission.

In the following, some characteristic features of Relay Nodes
are listed:

- A Relay Node is connected to Wide Area Base Station, which
controls some or even all operations of the Relay Node. The
controlling Wide Area Base Station is often called a mother
base station.

- A Relay Node operates preferably at the same carrier fre-
quency or within the same carrier fregquency bandwidth as the
controlling Wide Area Base Station.

- In case of a radio link between a Relay Node and the con-
trolling Wide Area Base Station the Relay Node consumes a
part of the radio resources, which otherwise could be used

for an access of communication devices.

Figure 2 shows a macrocell 231 of a wide area cellular net-
work. The macrocell 231 comprises a Wide Area Base Station
235, which represents a controlling base station for a plu-
rality of Relay Nodes 231la, 231b, 231c, 231d, 231le, 231f and
231g. These Relay Nodes 230a-g are used in order to improve
and/or to extend the coverage provided in the cell 231.
Thereby, each Relay Node 230a-g is used because of a differ-

ent reason.



10

15

20

25

30

35

WO 2009/115462 PCT/EP2009/052994

The Relay Node 230a is used in order to overcome a coverage
hole 231 of the controlling base station 235. Therefore, a
mobile phone 233a, which represents a communication device
being located within the coverage hole 231, can be operated

in a known manner by using the Relay Node 230a.

The Relay Node 230b is used for improving the radio link be-
tween communication devices being located within a building
231b. Thereby, the Relay Node 230b helps the corresponding

electromagnetic waves to penetrate intc the building 231b.

The Relay Node 230c is used for extending the coverage of the
Wide Area Base Station 235 towards a cell extension 231c be-
ing located at the edge of the cell 231. This allows a mcbile
phone 233c¢c to communicate with the Wide Area Base Station
235.

The Relay Node 230d is used for providing coverage of the
Wide Area Base Station 235 with valleys, which a located be-
tween buildings 231d.

The Relay Node 230e is used for providing coverage within the
macrocell 231 also within the shadow of a building 231le.
Thereby, a mobile phone 233e being located directly behind
the building 23le can communicate with the Wide Area Base
Station 235 via the Relay Node 230e.

The Relay Node 230f is used for extending the coverage of the
Wide Area Base Station 235 towards a cell extension 231f be-
ing located outside the cell 231. This allows a mobile phone
233f to communicate with the Wide Area Base Station 235 via
the Relay Node 230f.

The Relay Node 230g is used for extending the coverage of the
Wide Area Base Station 235 towards a further cell extension
231g being also located outside the cell 231. As can be seen
from Figure 2, a mobile phone 233g being located within the
cell extension 231g can communicate with the Wide Area Base

Station 235 by means of a multi hop process, in which (a) the
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Wide Area Base Station 235, (b) the Relay Node 230f and (c)
the Relay Node 230g are involved.

Growing interest to data services within telecommunication
networks is expected to increase the data traffic in particu-
lar in the so called backhaul that is connecting a base sta-
tion to a core network of the operator of the cellular tele-
communication network. An introduction of Relay Nodes, which
typically increase the cell sizes as well as the data traffic
in particular in backhaul, makes this procblem even more mean-
ingful. Further, due to a high mobility of users respectively
of communication devices, the load fluctuations especially
within small cells will probably increase significantly.
Therefore, it is expected that the load control within a cel-
lular telecommunication network will get very difficult when
Relay Nodes are widely used. As a consequence, an appropriate
dimensioning of the transmission link between a Relay Node
and the corresponding controlling Wide Area Base Station,
which transmission link provides a wireless backhaul, might

become cumbersome.

There may be a need for providing a telecommunication network
and a method for operating the same, which allow for an im-
proved load control within a cellular telecommunication net-

work.

Summary of the Invention

This need may be met by the subject matter according to the
independent claims. Advantageous embodiments of the present

invention are described by the dependent claims.

According to a first aspect of the invention there is pro-
vided a telecommunication network. The telecommunication net-
work comprises (a) a base station, which is privately owned
and which is adapted to provide a restricted access service
to a limited number of communication devices, which are as-

signed to a picocell of the telecommunication network, and
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(b) a network element, which is publicly available and which
is adapted to provide unrestricted access service to communi-
cation devices, which are assigned to a wide area cellular

network. The base station is coupled with the network element

via a radio transmission link.

The described telecommunication network is based on the idea
that a wireless connection between the privately owned base
station and the publicly available network element can be ex-
ploited in a positive manner by transmitting data in particu-
lar from the network element to the base station. Thereby,
the communication devices, which are assigned to the wide
area cellular network, may be located in and/or may be as-

signed to a macrocell of the telecommunication network.

The privately owned base station may be connected through a
wired connection to a core network. This wired connection may
be for instance a Digital Subscriber Line (DSL) or an
Ethernet connection. Hence the privately owned base station
provides a potential sink point and/or a source point for
data traffic of the wide area cellular network, which repre-
sents an overlaying broadband wireless system. By contrast
thereto, within known telecommunication network architectures
a restricted access forms a barrier that prevents the direct
use of this backhaul potential by other users or communica-
tion devices than those which have been granted an access

right.

With the described telecommunication network the data load
within the wide area cellular network can be effectively re-
duced by using the privately owned base station as a device
which can effectively retrieve a data load from the wide area
cellular network of the telecommunication netwcrk via a short
wireless transmission link to the picocell. From the picocell
the corresponding data can be further transmitted via a wired
cable connection. Thereby the wired cable connection may com-

prise a metal conductor cable and/or an optical fiber cable.
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The data lcoad retrieval can be in particular effective 1if a
plurality of privately owned base stations is available such
that independent of the specific location of the network ele-
ment there is always a privately owned base station avail-
able, which is in operation and which is located in close

proximity to the network element.

It has to be pointed out that the described telecommunication
network represents a network architecture, which completely
contradicts to the common technical teaching in the field of
telecommunication networks, which comprise at least one pri-
vately owned base station. Before the invention described in
this application was made, it was commocnly accepted that in-
terferences respectively the radiative coupling between a
privately owned base station of a picocell and network ele-
ments being assigned to a publicly available network should
be minimized in order to prevent an unauthorized access to
the privately owned base station. By contrast to this common
technical teaching the telecommunication network described
with this application takes benefit of a good wireless con-
nection between the privately owned base station and the net-
work element of the wide area cellular network. In this re-
spect it 1is pointed out that the network element is not as-

signed to the picocell.

It has to be mentioned that the described radiative coupling
between the privately owned base station and the network ele-
ment may provide the advantage that both components may oper-
ate with the same or at least with a strong overlapping fre-
quency bandwidth. By contrast thereto, in known telecommuni-
cation networks, which comprise at least one privately owned
base station, a radiative coupling between the privately
owned base station and publicly available network element is
prevented by choosing different and preferably non overlap-
ping freguency bandwidths for the privately owned base sta-
tion and the publicly available network element. Thereby,
each of these components can only operate within a reduced
frequency bandwidth. Otherwise interference between the two

may occur and may compromise the performance of at least one
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or more likely even both of these components. By contrast
thereto, the components of the telecommunicaticon network de-
scribed with this application can operate within the full

frequency bandwidth.

The privately owned base station may be a so called home base
station or a corporate base station. Several of such corpo-
rate base stations may form a so called corporate network and
they may be interconnected e.g. via a local LAN and also to
the corporate internet access. This means that the privately
owned base station is not a component of the wide area cellu-
lar network, in particular the privately owned base station
may not be run by the operator of the wide area cellular net-
work. In particular within a Long Term Evolution (LTE) net-
work the privately owned base station may also be called a
privately owned eNodeB. A base station which is strictly
speaking owned by a network operator, but provided by the op-
erator to the customer for deployment in his premises is also
called “privately owned base station” in the context of this

application.

The privately owned base station provides a restricted ac-
cess. This may mean that only the owner or the owners of the
privately owned base station and/or otherwise specified users
are usually allowed to create a connection through the pri-
vately owned base station. This may also hold for the de-
scribed network element, which might be considered as a

trusted party of the privately owned base station.

The restricted access to a closed user group and/or to prede-
fined communication devices may be achieved by a rights man-
agement system, which can be implemented in the privately
owned base station. With such a rights management system it
may be prevented for instance that an unauthorized user can
use a private and/or a corporate owned printer, which repre-
sents a communication device being assigned to the picocell

of the privately owned base station.



10

15

20

25

30

35

WO 2009/115462 PCT/EP2009/052994

It has to be mentioned that the term picocell may refer to a
wireless communication system typically covering a small
area, such as in-building (offices, shopping malls, train
stations, etc.). Sometimes such cells are also called femto-
cells. The privately owned base station respectively the pi-
cocell base station may be a low cost, small (for instance A4
paper size and about 2-3cm thick) and reasconably simple unit
that can connect to a Base station Controller (in a Global
System for Mobile communications (GSM) network) and/or to a

core network (in a Long Term Evolution (LTE) network).

According to an embodiment of the invention the maximal num-
ber of communication devices, which can be assigned to and/or
served by the base station is smaller than the maximal number
of communication devices, which can be assigned to and/or

served by the network element.

This may mean that the privately owned base station is a less
powerful device than the publicly available network element.
This may also hold for the spatial coverage of these compo-

nents of the described telecommunication network.

For instance, the privately owned base station may be de-
signed for a maximal number of users respectively a maximal
number of communication devices, which maximal number is be-
tween 5 and 20. Preferably, the maximal number is at least
approximately 10. By contrast thereto, the publicly available
network element may be designed for serving much more users
respectively communication devices. The network element may
be designed for serving a much higher number of users respec-
tively communication devices, which number may be for in-

stance 50, 100 or even higher.

According to a further embodiment of the invention the net-

work element is a Relay Node.

At present Relay Nodes are frequently used (a) in order to
extend the overall spatial coverage of a cell within the wide

area cellular network and/or (b) in order to provide enhanced
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coverage in particular in hot spots or in shadowed areas.
Therefore, in current cellular telecommunication networks,
Relay Nodes represent widely distributed network elements,
which in connection with privately owned base stations can be
used for forming the telecommunication network described
within this application. Therefore, the described telecommu-
nication network may be realized with standard telecommunica-
tion devices simply by adapting the software of these compo-
nents in order to allow for a wireless coupling between the

privately owned base station and the Relay Node.

According to a further embodiment of the invention the tele-
communication network further comprises a Wide Area Base Sta-
tion, which is assigned to a cell of the wide area cellular

network and which is coupled to the Relay Node.

The Wide Areas Base Station may be coupled with a core net-
work via a wired cable connection. Thereby the wired cable
connection may comprise a metal conductor cable and/or an op-
tical fiber cable. This may allow for a fast and powerful
connection to the core network without putting a lcad on

overall radio transmission links.

The Relay Node may include means to communicate via a radio
transmission link with both the Wide Areas Base Station and
the privately owned base station. Thereby, the Wide Areas
Base Station may represent a controlling base station for the
Relay Node.

In known cellular wide area telecommunication networks all
data traffic being related to a Relay Node alsc affects the
controlling Wide Area Base Station. Thereby, depending on the
amount of data traffic between (a) this Relay Node and (b)
the communication devices being served by this Relay Node,
there may be a significant data load on the connection be-
tween the Relay Node and the controlling Wide Area Base Sta-
tion. Due to a high mobility of users of communication de-
vices this data load may also exhibit strong time fluctua-

tions. By contrast thereto, with the described intentional
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radiative coupling of the Relay Node and the privately owned
base station at least a part of the data load between the Re-
lay Node and the controlling Wide Area Base Station can be
deflected respectively rerouted to the privately owned base
station. This can be done permanently or temporarily when
there is expected a high data load for instance due to a high
number of communication devices which are currently served by

the Relay Node.

It has to be mentioned that there may be employed a procedure
by which the controlling Wide Area Base Station is informed
by the Relay Node that a part or all packets of some data
control portions are send through the privately owned base
station. Further, the Relay Node may be adapted to forward
some control information from the controlling Wide Area Base
Station, which can also ke called a mother base station, to
the privately owned base station. Of course, control informa-
tion may also be sent in the opposite direction from the pri-

vately owned base station to the Wide Area Base Station.

In other words, the described coupling between the Relay Node
and the privately owned base station can help (a) to reduce
the overall data load between the Relay Node and the control-
ling Wide Area Base Station and/or (b) to reduce the effect
of temporal data load peaks and/or (c) reduce the necessary
transmit power to or from the Relay Node for achieving a cer-
tain data rate and thus reduce the overall level of interfer-
ence for the wide area network and/or one or multiple base
stations in the proximity of the Relay Node. Since the de-
scribed telecommunication network comprising the Relay Node
and the privately owned base station can be established with-
out any further technical devices, these benefits may be
achieved simply by designing the Relay Node and/cr the pri-
vately owned base station in such a manner, that these compo-
nents can be coupled to each other. Thereby, it might be pos-
sible that this can be achieved simply by programming the Re-
lay Node and/or the privately owned base station appropri-

ately.
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If the privately owned base station and the Wide Areas Base
Station operate on different freguencies respectively differ-
ent radio resources, then the Relay Node is able to utilize
both of these resources. However, it is not necessary that
the Relay Node is capable of applying both of these resources

at the same time.

According to a further embodiment of the invention the Relay
Node and the Wide Area Base Station are coupled via a radio
communication link. The radio communication link may be real-

ized by means of a point-to-point radio system.

In order to reduce the data load on the described radioc com-
munication link between the relay node and the Wide Area Base
Station the privately owned base station may remove at least
a part of the data load which is handled by the Relay Node.
The corresponding data can be forwarded for instance via a
cable connection to a core network, from which it can be fur-

ther distributed to its destination address.

Using only a radio communication link between the Relay Node
and its controlling Wide Area Base Station may provide the
advantage that for a proper operation of the Relay Node only
electrical power is needed. No data cables are necessary in
order to provide for a data connection between the relay node

and the Wide Area BRase Station.

The radio communication link between the Relay Node and the
Wide Area Base Station represents a so called wireless back-
haul that ensure a high flexibility with respect to a proper
location selection of the Relay Node. The Relay Node may be
placed for instance at lamp posts. Thereby, the electrical
power for the Relay Node can be taken from the electric power

supply of the corresponding lamp.

The above described deflection respectively rerouting of at
least a part of the data load from the controlling Wide Area
Base Station towards the privately owned base station is in

particular advantageous, if the Relay Node is coupled in a
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wireless manner with the controlling Wide Area Base Station.
Thereby, the wireless radio communication link, which is
typically less powerful than a wired communication link, can
be relieved at least partially from a temporarily or perma-

nently extensive data load.

It has to be mentioned that also one or multiple further Re-
lay Nodes may carry data traffic to and from the wide area
network through the Relay Node described above by employing a
well known multiple hop procedure. The above described de-
flection respectively rerouting of at least a part of the
data load from the controlling Wide Area Base Station towards
the privately owned base station would then also apply ac-

cordingly.

According to a further embodiment of the invention the net-

work element is a trusted party of the base station. This may
mean that the privately owned base station can provide access
both (a) to individuals that admit access rights and (b) to a
precisely defined trusted party. In this context the trusted
party can be any network element like a Relay Node that is

part of the fixed infrastructure of a wide area cellular net-

work.

The network element may be provided with a firewall. Thereby
it can be effectively prevented that external user use the
private network and/or unauthorized user encroach the private

network.

By contrast to known configurations of privately owned base
stations the configuration of the privately owned base sta-
tion described with this application is extended in such a
manner that under some conditions the privately owned base
station may grant access to a trusted party. Here the term
"under some conditions" may refer to a contract between the
owner of the privately owned base station and the operator of
the wide area cellular network. For instance the private
owner and the operator may mutually agree with conditions un-

der which the operator is allowed to access the privately
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owned base station as a trusted party. Such a contract may
contain an arrangement in which the private owner receives
some benefit from the operator when allowing a network ele-
ment of the wide area cellular network a trusted party ac-

cess.

In a preferable case the owner of the privately owned base
station may lease, may rent or may obtain the privately owned
base station from the network operator. Further, the private
owner may get cotherwise a bundled offer that includes on the
one hand the hardware of the privately owned base station and
on the other hand an agreement which gives at least one net-
work element of the wide area cellular network the status of

a trusted party.

According to a further embodiment of the invention the net-

work element is provided with a security arrangement.

The security arrangement may be designed in such a manner
that the network element guarantees that in addition to those
communication devices, which are assigned to the picocell,
only those communication devices, which have been defined as
a trusted party, are able to access the privately owned base

station.

Further, the security arrangement may also prevent any out-
side party to listen the data traffic that is sent from net-
work element to the privately owned base station. This can be
effectively achieved by encrypting the data traffic between
the network element and the privately owned base station or a
further element in the network to which the network element
is connected eventually or indirectly. This may further pro-
vide the advantage that also a user of the picocell will not
be able to intercept the data traffic at the privately owned

base station.

Furthermore, there may be employved a special access protocol
by which the privately owned base station and the network

element identify each other. Thereby, the status of a trusted
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party may be assigned if all requirements of the special ac-

cess protocol are fulfilled.

According to a further embodiment of the invention the tele-
communication network further comprises a core network, which
is coupled both to the base station and to the network ele-

ment.

The core network may be coupled directly or indirectly with
the privately owned base station respectively the network
element. In case of an indirect coupling, connection elements
like Access Gateways, Serving GPRS Support Nodes, Base Sta-

tion Controllers and/or Mobile Switching Centers may be used.

The core network may be an IP based network. This may provide
the advantage that the core network may by accessed via the

Internet.

The described technical arrangement respectively the de-
scribed telecommunication network with the core network being
coupled both to the picocell and to the wide area cellular
network may provide the advantage that a privately owned base
station is used by the operator infrastructure of a wide area
cellular network as an access point through which the network
element may forward and/or receive data and control informa-
tion to and/or from the operator's core network. Thereby, the
radio system load may be reduced in a beneficial manner be-
cause in consideration of a plurality of privately owned base
stations, which are typically available in particular in the
future, these privately owned base stations may carry at
least a significant portion of the radio system load by for-
warding data packets by means of a wired connection between
the respective privately owned base station and the opera-
tor's core network. A load balancing may be accomplished if
the amount of forwarded data packets is chosen depending on
the current radio system load. The load balancing can be ac-
complished centrally in the wide area network, or by means of
a distributed mechanism involving the base station, the Relay

Node and/or the wide area network.
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According to a further embodiment of the invention at least
the network element and the base station are adapted to es-
tablish a data tunnel between the network element and a fur-
ther entity being coupled to the base station. In particular
the data tunnel may be established between a Relay Node rep-
resenting the network element and the further entity being

coupled to the privately owned base station.

Preferably, the further entity is not assigned to the pico-
cell. This may provide the advantage that there can be real-
ized a high security level for the privately owned base sta-
tion respectively for all communication devices being as-

signed to the picocell.

The data tunnel may for instance extent to the above de-
scribed core network and/or to any other connection element
like an Access Gateway, a Serving GPRS Support Node, a Base
Station Controller or a Mobile Switching Center. The data
tunnel may prevent both an unauthorized encroach into the pi-
cocell and also an unauthorized listening of the data traffic
between the network element and the further entity by any one

of the communication devices being assigned to the picocell.

According to a further embodiment of the invention the base
station and/or the network element are adapted tc limit a
transmission of data between the base station and the network
glement to predefined services and/or predefined control in-

formation.

In a further embodiment of the invention control information
between the network element and the wide area network is ex-
changed via the base station instead of using a direct wire-
less link between the network element and the wide area net-

work. This could for example be an IP connection.

In this context, the term "data"™ might refer to user data as

well as to control information, which might be exchanged be-



10

15

20

25

30

35

WO 2009/115462 PCT/EP2009/052994

16

tween the network element and a further controlling entity
for the network element. In particular, such contrcl informa-
tion might be exchanged between a Relay Node representing the
network element and a Wide Area Base Station representing the
controlling entity for the Relay Node. Thereby, it may be
guaranteed that independent from the amount of user data
traffic between the Relay Node and the Wide Area Base Station
important control information to and/or from the Relay Node
reliably reach the destination entity. Depending on the di-
rection of the transfer of the control information the desti-
nation entity may be the Relay Node or the controlling Wide

Area Base Station.

According to a further embodiment of the invention the net-
work element is adapted to decide whether data are transmit-
ted (a) via the radio transmission link between the network
element and the base station or (b) via the network element

to a further entity of the wide area cellular network.

The data may be for instance data comprising a certain qual-
ity regquirement. Such a requirement may be a specification of
a maximal allowable delay time. This may mean that the net-
work element is adapted to decide how to handle delay criti-
cal data. Specifically, the network element may be adapted to
decide about the spatial transmission path for delay critical
data.

This may provide the advantage that for delay critical data
the described telecommunication network may choose the fast-
est availlable transmission path to the respective destination
entity. In case of a currently high data lcad within the wide
area cellular network and/or a currently low data load within
the picocell the radio transmission link to the privately
owned base station, the privately owned base station may be
used for the desired data transmission. In case of a cur-
rently low data load within the wide area cellular network
and/or a currently high data load within the picocell a data

transmission might be more effective, which data transmission
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at least in the beginning involves only components of the

wide area cellular network.

According to a further embodiment of the invention the tele-
communication network further comprises means for routing a
user data signal and/or a control signal originating from the

network element towards a destination entity.

The routing means may be realized for instance by a switch,
which forwards the data having been transmitted via a data
tunnel from the Relay Node representing the network element
via the privately owned base station to the switch. The
switch may forward these data to the desired destination ad-
dress. The destination address may be for instance a further
private base station or any other Internet Protocol (IP) ad-
dress within or outside a core network of the described tele-

communication network.

According to a further embodiment of the invention the net-
work element is adapted to provide a synchronization signal
to the base station. This may mean that in addition to a for-
warding of user data and/or a control signal the network ele-
ment may also provide a synchronization service for the pri-
vately owned base station. By contrast tc a known synchroni-
zation of privately owned base stationsg, which in the absence
of an utilizable GPS signal in particular within buildings is
typically carried out with a DSL timing reference signal, the
described synchronization via the radic transmission link be-
tween the privately owned base station and the network ele-
ment is much more precise. Therefore, the provided synchroni-
zation service may enhance the interference control respec-
tively the management opportunity between different privately
ocwned base stations and/or between a privately owned base
station and a Wide Area Base Station of the wide area cellu-
lar network in case the Wide Area Rase Station and the net-

work element are synchronized.

According to a further aspect of the invention there is pro-

vided a method for operating a telecommunication network. The
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method comprises the step of transmitting data between a base
station and a network element via a radio transmission link.
Thereby, the base station is privately owned and is adapted
to provide restricted access service to a limited number of
communication devices, which are assigned to a picocell of
the telecommunication network. Further, the network element
is publicly available and is adapted to provide unrestricted
access service to communication devices, which are assigned

to a wide area cellular network.

The described method for operating a telecommunication net-
work is based on the idea that a wireless connection between
the privately owned base station and the publicly available
network element can be exploited in a positive manner in or-
der to reduce an overall and/or a preliminary data load
within the wide area cellular network by using the privately
owned base station as a device which can effectively retrieve
a data load from the wide area cellular network of the tele-
communication network via a short wireless transmission link
to the picocell. From the picocell the corresponding data can
be further transmitted via a wired cable connection repre-
senting typically a more powerful transmission link than a

wireless link.

The privately owned base station may be connected through a
wired connection to a core network. This wired connection may
be for instance a DSL or an Ethernet connection. Hence the
privately owned base station provides a potential sink/socurce
point for data traffic of the overlaying broadband wireless

system.

It has to be noted that embodiments of the invention have
been described with reference to different subject matters.
In particular, some embodiments have been described with ref-
erence to apparatus type claims whereas other embodiments
have been described with reference to method type claims.
However, a person skilled in the art will gather from the
above and the following description that, unless other noti-

fied, in addition to any combination of features belonging to
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one type of subject matter also any combination between fea-
tures relating to different subject matters, in particular
between features of the apparatus type claims and features of
the method type claims is considered as to be disclosed with

this application.

According to a further aspect of the invention there is pro-
vided a base station, (a) which is privately owned, (b) which
is adapted to provide a restricted access service to a lim-
ited number of communication devices being assigned to a pi-
cocell of a telecommunication network, and (c¢) which is fur-
ther adapted to couple via a radio transmission link with a
network element, which is publicly available and which is
adapted to provide unrestricted access service to communica-

tion devices being assigned to a wide area cellular network.

This aspect of the invention is based on the idea that in ad-
dition to providing access for a closed user group the de-
scribed privately owned base station can on top provide ac-
cess for a specific publicly available network element.
Thereby, the described communication devices may be assigned

to the closed user group.

Preferably, the network element may be a trusted party of the
privately owned base station. Known procedures for mutual
agreeing as a trusted party may be used. Such procedures are
widely known in the field of protected data links and will

not be described in this application in further details.

The network element as a trusted party may have full or lim-
ited rights with respect to the picocell. In particular, the
network element may be prevented to communicate with the com-
munication devices of the picocell. However, the network ele-
ment may be allowed to establish a secure data tunnel via the
privately owned base station to a further entity being cou-
pled to the privately owned base station. In particular the
data tunnel may be established between a Relay Node repre-

senting the network element and the further entity.
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In this context it has to be mentioned that by contrast to
the network element the communication devices being assigned
to the picocell are not a trusted party of the privately
owned base station. These communication devices are rather
registered individually with the privately owned base sta-

tion.

According to a further aspect of the invention there is pro-
vided a network element, (a) which is publicly available, (b)
which is adapted to provide unrestricted access service to
communication devices being assigned to a wide area cellular
network, and (c) which is further adapted to couple via a ra-
dio transmission link with a base station, which is privately
owned and which is adapted to provide a restricted access
service to a limited number of communication devices being

assigned to a picocell of a telecommunication network.

This aspect of the invention is based con the idea that in ad-
dition to providing an unrestricted access service for commu-
nication devices being assigned to a wide area cellular net-
work, the network element is also able to communicate with a
privately owned base station. Thereby, the network element
may be a trusted party of the privately owned base station,
which may have full or limited rights with respect to the pi-
cocell. In particular, the network element may be prevented
to communicate with communication devices of the picocell.
However, the network element may be allowed to establish a
secure data tunnel via the privately owned base station to a
further entity being coupled to the privately owned base sta-
tion. In particular the network element may be a Relay Node
such that the corresponding data tunnel may be established

between the Relay Node and the further entity.

It has to be mentioned that all features mentioned above with
respect to the telecommunication network and the method for
operating a telecommunication network can also be applied to
the network element and/or the privately owned base station.
Further, known privately owned base stations and publicly

avalilable network elements may be modified simply by applying
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an appropriate programming in order to represent a base sta-
tion respectively a Relay Node in accordance with at least

one embodiment of the present invention.

Tt has to be further mentioned that the above described wire-
less links between the base station and the network element,
between the network element and the wide area network, and
between a user device and any of the before mentioned enti-
ties can be accomplished in licensed and/or unlicensed bands.
The same or different air interfaces or standards can be used

for the wireless links described above.

The aspects defined above and further aspects of the present
invention are apparent from the example of embodiment to be
described hereinafter and are explained with reference to the
example of embodiment. The invention will be described in
more detail hereinafter with reference to an example of em-

bodiment but to which the invention is not limited.

Brief Description of the Drawings

Figure 1 shows a telecommunication network which comprises a
data tunnel between a Relay Node of a wide area cellular net-
work and an Access Gateway, wherein the data tunnel runs via
a privately owned base station of a picocell of the telecom-

munication network.

Figure 2 shows a macrocell of a wide area cellular network
comprising a Wide Area Base Station which is controlling a
plurality of Relay Nodes in order to improve and toc extend

the cell coverage.

Detailed Description

The illustration in the drawing is schematically. It is noted
that in different figures, similar or identical elements are

provided with the same reference signs or with reference
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signs, which are different from the corresponding reference

signs only within the first digit.

Figure 1 shows a telecommunication network 100 representing a
preferred embodiment of the present invention. The telecommu-
nication network 100 comprises a privately owned base station
110 and a network element 130 of a wide area cellular net-
work. According to the embodiment described here the network
element is a Relay Node 130, which is controlled by a Wide
Area Base Station 135 of a Long Term Evolution network. The
Relay Node 130, which is indicated in Figure 1 by the abbre-
viation "RN" and the controlling Wide Area Base Station 135,
which is indicated in Figure 1 by the abbreviation "WABS" are
coupled with each other in a wireless manner via a radio
transmission link 122. The radio transmission link 122 ex-
tends between an antenna 135a of the Wide Area Base Station
135 and an antenna 130a of the Relay Node 130.

The wide area cellular network 100 comprises a macrocell 131.
The Wide Area Base Station 135 and the Relay Node 130 are as-
signed to the cell 131. The wide area cellular network fur-
ther comprises a plurality of communication devices 133a,
133b, 133c¢c, 133d and 133e, which are served by the Relay Node
130. According to the embodiment described here the communi-
cation devices 133a-d are mobile phones. However, the commu-
nication devices 133a-d might also be any cother user equip-
ment such as a notebook computer, a Personal Digital Assis-
tant (PDA) or any other mobile device which is capable of
communicating with the Relay Node 130 and/or with the Wide
Area BRase Station 135.

The wide area cellular network 100 further comprises a pico-
cell 111. The privately owned base station 110 and several
communication devices 113a, 113b and 113c, which are served
by the privately owned base station 110, are assigned to the
cell 111. The privately owned base station 110 may be located
in a Home of a family or in the building of a company. In

Figure 1 the privately owned base station 110 is indicated
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with the abbreviation "HBS". According tc the embodiment de-
scribed here the communication devices 113a and 113b are mo-

bile phones and the communication device 113c is a printer.

As can be seen from Figure 1, the described communication
network 100 further comprises a core network 140, which is
coupled to the privately owned base station 110 by means of a
wired transmission link 126. The core network 140 may be any
type of network. In particular, the core network 140 may be
an IP based network such as the Internet. In Figure 1 the Ac-
cess Gateway 141 is indicated with the abbreviation "AGW". As
can be further seen from Figure 1, the core network 140 is
coupled (a) to an Access Gateway 141 via a further wired
transmission link 128 and (b) to the Wide Area Base Station

135 via a wired transmission link 127.

Via the Access Gateway 141 the described communication net-
work 100 can be coupled to further network elements and/or to
further networks, which for the sake of clarity are not de-

picted in Figure 1.

The wireless connection between the Relay Node 130 and the
privately owned base station 110 provides the possibility
that the privately owned base station 110 can take over at
least a part of the data traffic, which in absence of the
privately owned base station 110 would lcad the radio trans-
mission link 122 between the Relay Node 130 and the control-
ling Wide Area Base Station 135. This means that the pri-
vately owned base station 110 acts as a device which can ef-
fectively retrieve data traffic from the macrocell 131 via a
short wireless transmission link 121 to the picocell. Such a
retrieval can be particularly advantageous if a plurality of
communications devices a currently served by the Relay Node
130 such that the corresponding user data via the wireless
backhaul can be effectively reduced. Since the Wide Area Base
Station 135 is connected to further non depicted network ele-
ments and/or to the core network 140 by means of a wired con-

nection, in the embodiment described here the wireless back-
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haul i1s the radio transmission link 122, which of course has

a limited capacity for transmitting data.

As can be seen from Figure 1, the data being retrieved from
the Relay Node 130 via the privately owned base station 110
can be transmitted back directly to the Wide Area Base Sta-
tion 135 via the wired transmission link 127 and/or can be
forwarded to the Access Gateway 141, from which they can be
further transmitted to further network elements and/or to
further networks, which are not depicted in Figure 1 and
which may represent the destination address of the corre-

sponding data packets.

In case the retrieved data are directly transmitted from the
core network 140 to the Wide Area Base Station 135, the pri-
vately owned base station 110 can be interpreted as a part of
a data connection representing a bypass for the radio trans-

mission link 122.

According to the embodiment described here there is estab-
lished a data tunnel 150 extending between the Relay Node 130
and the Access Gateway 141. This data tunnel 150 runs via the
privately owned base station 110 and the core network 150.
The data tunnel 150 has the effect, that an unauthorized en-
croach into the picocell 111 for instance by one of the com-
munication devices 133a-d is prevented. Further, an unauthor-
ized listening of the data traffic via the radio transmission
link 121 by means of for instance one of the communication

devicesg 113a and 113b is also not possible.

It has to be mentioned that according to the embodiment de-
scribed here the data tunnel 150 comprises three secticns. A
first section 151 is established by means of the radio trans-
mission link 121, a second section 152 is established by
means of the wired transmission link 126 and a third section
153 is established by means of the wired transmission link
128. This means that only one end of the data tunnel 150 is
based one a wireless radio transmission. This may provide the

advantage that only the first section 151 represents a bot-



10

15

20

WO 2009/115462 PCT/EP2009/052994

25

tleneck of the data tunnel 150 with respect to the data rate,

which can be transmitted via the data tunnel 150.

It has to be mentioned that in Figure 1 a telecommunication
network architecture is described, which comprises an inter-
action between a Long Term Evolution network respectively a
Relay Node of the Long Term Evolution network and a privately
owned base station. However, the basic idea of an intentional
radiative coupling between the Relay Node 130 and the pri-
vately owned base station 110 is also applicable for other
radio network technologies such as GSM, cdma2000, or Wireless
LAN (WLAN). Further, the basic idea described in this appli-
cation is also applicable on a system based on (a) the World-
wide Interoperability for Microwave Access (WiMAX), which is
described for instance in the standard IEEE 802.1l6e, IEEE
802.167 and IEEE 802.lem or (b) Ultra Mobile Broadband (UMB)
which is described in the 3gpp2 standard family.

It should be noted that the term “comprising” does not ex-

W A\ ”

clude other elements or steps and “a” or “an” does not ex-
clude a plurality. It should also ke noted that reference
signs in the claims should not be construed as limiting the

scope of the claims.
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CLAIMS:

1. A telecommunication network comprising

® a base station (110), which is privately owned and
which i1s adapted to provide a restricted access service to
a limited number of communication devices (113a, 113b,
113¢c), which are assigned to a picocell (111) of the tele-
communication network (100), and

®* a network element (130), which is pubklicly available and
which is adapted to provide unrestricted access service to
communication devices (133a, 133b, 133c, 133d), which are
assigned to a wide area cellular network,

wherein the base station (110) is coupled with the network

element (130) via a radio transmission link (121).

2. The telecommunication network according to claim 1,
wherein

the maximal number of communication devices (113a, 113Db,
113c), which can be assigned to and/or served by the base
station (110) is smaller than

the maximal number of communication devices (133a, 133b,
133c, 133d), which can be assigned to and/or served by the

network element.

3. The telecommunication network according to any one of the
preceding claims, wherein

the network element is a Relay Node (130).

4. The telecommunication network according to claim 3, fur-
ther comprising

a Wide Area Base Station (135), which is assigned to a cell
(131) of the wide area cellular network and which is coupled
to the Relay Node (130).

5. The telecommunication network according to claim 4,
wherein
the Relay Node (130) and the Wide Area Base Station (135) are

coupled via a radio communication link (121).
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6. The telecommunication network according to any one of the
preceding claims, wherein

the network element (130) is a trusted party of the base sta-
tion (110).

7. The telecommunication network according to any one of the
preceding claims, wherein
the network element (130) 1is provided with a security ar-

rangement.

8. The telecommunication network according to any one of the
preceding claims, further comprising

a core network (140), which is coupled both to the base sta-
tion (110) and to the network element (130).

9. The telecommunication network according to any one of the
preceding claims, wherein

at least the network element (130) It has to be mentioned
that is adapted to establish a data tunnel (150) between the
network element (130) and a further entity (141) being cou-
pled to the base station (110).

10. The telecommunication network according to any one of the
preceding claims, wherein

the base station (110) and/or the network element (130) are
adapted to limit a transmission of data between the base sta-
tion (110) and the network element (130) to predefined ser-

vices and/or predefined control information.

11. The telecommunication network according to any one of the
preceding claims, wherein

the network element (130) is adapted to decide whether data
are transmitted

(a) via the radio transmission link (121) between the network
element (130) and the base station (110) or

(b) via the network element (130) to a further entity (135)

of the wide area cellular network.
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12. The telecommunication network according to any one of the
preceding claims, further comprising

means for routing a user data signal and/or a control signal

originating from the network element (130) towards a destina-

tion entity.

13. The telecommunication network according to any one of the
preceding claims, wherein
the network element (130) is adapted to provide a synchroni-

zation signal to the base station (110).

14. A method for operating a telecommunication network (100),

the method comprising

transmitting data between a base station (110) and a network

(130) element via a radio transmission link (121), wherein

¢ the base station (110) is privately owned and is adapted to
provide restricted access service to a limited number of
communication devices (113a, 113b, 113c), which are as-
signed to a picocell (111) of the telecommunication network
(100), and

® the network element (130) is publicly available and is
adapted to provide unrestricted access service to communi-
cation devices (133a, 133b, 133c, 133d), which are assigned

to a wide area cellular network.

15. A base station,

- which is privately owned,

- which is adapted to provide a restricted access service to
a limited number of communication devices (113a, 113b, 113c)
being assigned to a picocell (111) of a telecommunication
network (100), and

- which is further adapted to couple via a radio transmission
link (121) with a network element (130), which is publicly
available and which is adapted to provide unrestricted access
service to communication devices (133a, 133b, 133c, 133d) be-

ing assigned to a wide area cellular network.

16. A network element,

- which is publicly available,
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- which is adapted to provide unrestricted access service to
communication devices (133a, 133b, 133c, 133d) being assigned
to a wide area cellular network, and

- which is further adapted to couple via a radio transmission
link (121) with a base station (110), which is privately
owned and which is adapted to provide a restricted access
service to a limited number of communication devices (113a,
113b, 113c) being assigned to a picocell (111) of a telecom-

munication network (100).
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