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(57) Abstract: A base station (first base station) (103a) of a cellular communication system (100) is provided, and the base station
(103a) comprising an interface (108a) which is configured for providing position data (110) to a second base station (103b). The
second base station (103b) comprises an interface (108b) for receiving the position data (110) from the first base station, wherein
the position data may be related to a base station different from the first base station. Further, the second base station (103b) com-
prises a determination unit (112) for generating a first output signal which depends on the position data (110) received from the
first base station (103a) and on position data which are related to the second base station (103b). The position data may include
own position data which are related to the first base station (103a), e.g. to a geographical position of at least one cell served by the
first base station. Further, the position data may indicate a spatial extent of a service area of a cell served by a first base station
(103a), or the spatial extent of a unique identifier area of a cell served by the first base station (103a).
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DESCRIPTION

Neighbour base station and neighbour cell determination in

cellular communication systems

Field of the invention

The present invention relates to the field of cellular commu-
nication systems and in particular to determination of
neighbour base stations and neighbour cells in cellular com-

munication systems/networks.

Art background

In cellular communication systems it is known that if a user
equipment has an activated service in a base station and is
moving towards the boundary of the service area of the base
station, the quality of the radio connection can deteriorate
resulting in the service has to be handed over to a
neighbouring base station. To be able to perform this hand-
over, it is necessary that the current base station knows its
own neighbouring cells. In current radio communications sys-
tems this information is transmitted to each base station via

o&M.

For the Long-Term Evolution (LTE) mobile network for 3GPP
(3rd Generation Partnership Project) release 8 it is known to
provide an automatic neighbour relation function. The basics
of Automatic Neighbour Relation (ANR) are defined in 3GPP
36.300, with further details in 3GPP 36.413 and 3GPP 36.331.
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The ANR function allows for each base station, referred to as
eNB in the LTE mobile network, to detect its own neighbouring
eNBs, to establish connections to those neighbouring base
stations directly, via the so-called X2 interface described
in 3GPP 36.423, and then, when necessary, hand over a user
equipment to a neighbour base station using the so-called
“handover procedure”. The ANR function avoids the tedious
task for the 0&M system to distribute and maintain a huge

amount of neighbour information data and reduces costs.

In particular the ANR basic mechanism is as follows: First,
it is assumed that a user equipment is connected to a first
base station eNB-A. In case the user equipment is near the
service area border to a second base station eNB-B, the user
equipment detects cells served by the second base station and
reports the related Physical Cell ID (PCI) of the cells in an
RRC (Radio Resource Control): Measurement report message to
the first base station eNB-A. If the first base station eNB-A
realizes that its database does not include the reported PCI,
the first database eNB-A instructs the user equipment to
measure a global cell identity, e.g. an E-UTRAN Cell Global
Identity (ECGI) of the newly discovered cell. Measuring the
cell global identity is necessary in cases where the PCI is
ambiguous: for example, in LTE only 512 PCIs are available
and hence the PCIs are to be reused within the LTE radio net-
work. Only neighbouring LTE cells have different PCI values.
The ECGI however provides this unique identification of the
cell in the network and can therefore be used by the LTE sys-
tem for routing purposes. However determination of ECGI re-
quires a complex measurement procedure. Further, the user
equipment reads the PCI and the ECGI from a broadcast channel
(BCCH) of the neighbour cell. Usually, BCCH is an open chan-
nel which does not include any integrity information. In a

next step of the ANR procedure, the first base station eNB-A
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retrieves the IP address of the base station which serves the
cell identified by ECGI, i.e. of the second base station eNB-
B), using S1 interface procedures S1l: eNB configuration
transfer and S1: MME configuration transfer, as described in
3GPP 36.413. Once the IP address of the second base eNB-B
station is available, the first base station eNB-A is able to
contact the second base station eNB-B and to establish the X2
interface using the X2 set up procedure (see 3GPP 36.423).
Included in X2 set up regquest message, the first base station
eNB-A sends two types of cell information to the second base
station eNB-B: First, information about the cell supported by
the first base station eNB-A and, second, information about
neighbour cells known to the first base station eNB-A.
Egquivalently, the second base station eNB-B sends with X2
setup response message information about cells supported by
it and also the neighbour cells known to it to the first base
station eNB-A. Finally, the first base station eNB-A and the
second base station eNB-B store the information received from
the peer entity (eNB-B, eNB-A). Subsegquently, handover proce-
dures between cells supported by the first base station and
those cells supported by the second base station are possi-
ble. It should be noted that depending on the actual imple-
mentation, further requirements may be required to be ful-

filled for handover.

However, the ANR mechanism suffers from a number of draw-

backs. Part of the ANR mechanism consists of neighbour cell
resolution by UEs using cell global identity (CGI) measure-
ments that they take. However, this is inefficient since it

is time consuming and degrades provided service for UEs.

Summary of the invention
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The inventor has further discovered that the CGI measurement
may also result in a security breach, allowing e.g. denial-

of-service attacks.

In view of the above-described situation, there exists a need
for an improved technique that enables to provide for a cel-
lular communication system with improved characteristics,
while substantially avoiding or at least reducing one or more

of the above-identified problems.

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

disclosed subject-matter are described by dependent claims.

According to a first aspect of the herein disclosed subject-
matter, there is provided a base station of a cellular commu-
nication system. The base station according to the first as-
pect is referred to as first base station and comprises an
interface configured for providing position data to a second
base station. According to an embodiment, the term “base sta-
tion” as used herein refers to a network entity which serves
and controls at least one cell of the cellular base station.
According to a further embodiment, a base station is a net-
work entity that provides the functionality which enables a
user equipment to access network services over an air inter-
face. For example, the base station may comprise a base sta-
tion controller and at least one base tranceiver station. Ac-
cording to a further embodiment, the base station is a start-

point and/or an end-point of a handover procedure.

According to an embodiment of the first aspect, the first
base station comprises, in addition to the interface or al-
ternatively hereto, a control unit which is configured for

providing position data to a second base station.
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One basic idea of this aspect of the herein disclosed sub-
ject-matter is that the availability of position data can be
used to determine whether a particular base station is a
neighbour base station or not. In this way, the efficiency
and/or security of the cellular communication system can be

increased.

According to an embodiment, the interface is an X2 interface

or an S1 interface of a LTE system.

According to a further embodiment of the first aspect, the
position data include own position data which are related to
the first base station. For example, the first base station
may be configured so as to provide the desired position data.
According to a further embodiment the position data include
own position data which are related to a geographical posi-
tion of the first base station. According to a further em-
bodiment, the own position data are related to at least one
cell served by the first base station. According to a further
embodiment, the own position data indicate a geographical po-
sition of at least one cell served by the first base station.
According to a further embodiment, the own position data are
related to a geographical position of two or more cells
served by the first base station. According to an embodiment
of the first aspect, the position data is related to a base
station different from the first base station. For example,
the position data may be related to the second base station
or to another, third base station. According to a further em-
bodiment, the position data include own position data which
are related to a geographical position of a cell served by

the first base station.
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According to a further embodiment of the first aspect, the
position data indicate a spatial extent of a service area of
a cell served by the first base station. Herein, a service
area is an area within which the first base station is able

to perform wireless communication with a user equipment.

According to a further embodiment of the first aspect, the
position data indicate a spatial extent of a unique identi-
fier area of the cell served by the first base station,
wherein the unique identifier area is an area with (a) within
which the first base station is able to perform wireless com-
munication with the user equipment and (b) within which a lo-
cal cell identifier of the first base station is unique among
local cell identifiers of other base stations surrounding the
first base station. According to an embodiment, the base sta-
tions which surround the first base station are base stations
having a service area which overlaps with the service area of
the first base station. Further, the service area of the
first base station refers to, according to an embodiment, the
common service area which is covered by all cells which are

served by the respective base station under consideration.

According to a further embodiment of the first aspect, the
position data include foreign position data which are related
to a third base station which is different from the first
base station and the second base station. According to a fur-
ther embodiment, the foreign position data are related to a
geographical position of at least one cell served by the

third base station.

Providing foreign position data to the second base station
may further improve the efficiency of the cellular communica-

tion system.
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According to a further embodiment of the first aspect, the
first base station comprises a control unit which is config-
ured for performing a setup of a communication link between
the first base station and the second base station via the
interface. Further, the control unit is configured for pro-
viding the position data to the second base station during
the setup of the communication link between the first base
station and the second base station. According to an embodi-
ment, the communication link is a direct communication link
without relay entity between the first base station and the
second base station. An example of a direct communication
link is the X2 link, the setup of which is described in 3GPP
36.423.

This embodiment allows for an efficient implementation of em-
bodiments of the herein disclosed subject-matter since it
uses an existing data transfer which is modified so as to in-
clude position data, thereby implementing embodiments of the
herein disclosed subject-matter. However, it should be under-
stood that instead of using the setup procedure for setting
up a communication link, any other existing data transfer be-
tween two base stations may be modified to provide the func-
tionality according to embodiments of the herein disclosed
subject-matter. For example, according to another embodiment,
a control unit of the first base station may be configured
for transmission of configuration data from the first base
station to the second base station via the interface, wherein
the configuration data include the position data. For exam-
ple, such a transmission of configuration data may be an En-
hanced NodeB (eNB)/Mobility Management Entity (MME) configu-
ration transfer procedure as defined in 3GPP 36.413 for the

S1 interface.
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Hence, any existing data transmission can be modified so as
to be in accordance with embodiments of the herein disclosed
subject-matter. Further, it should be understood that such
data transmissions may occur directly between base stations,
i.e. without further relay entities therebetween, or wvia such
further relay entities, as for example a mobility management

entity.

According to a second aspect of the herein disclosed subject-
matter, a base station of a wireless communication system is
provided, the base station being referred to as second base
station and comprising an interface for receiving position
data from a first base station, e.g. from a first base sta-
tion as described with regard to the first aspect of the
herein disclosed subject-matter. Accordingly, the position
data received by the second base station may be of any type
described with regard to the first aspect or an embodiment

thereof, or vice versa.

For example, according to an embodiment of the second aspect,
the position data include own position data which are related

to the first base station.

According to an embodiment of the second aspect, the second
base station comprises, in addition to the interface or al-
ternatively hereto, a control unit which is configured for

receiving position data from a second base station.

The second base station further comprises a determination

unit for generating an output signal, referred to as first
output signal, which depends on the position data received
from the first base station and on position data which are
related to the second base station. According to an embodi-

ment, the determination unit comprises an output and is con-
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figured for providing the first output signal at the output

of the determination unit.

In response to the first output unit, further action may be
performed. According to an embodiment, the base station com-
prises a respectively configured control unit for performing
the further action. For example, according to one embodiment,
the first base station is added to a neighbour list of the
second base station or is removed from the neighbour list of
the second base station, depending on the first output sig-
nal. However, these are only some examples of possible fur-
ther actions and it should be understood that the first out-
put signal can be used in numerous ways in order to improve
the cellular communication system or at least provide alter-

native implementations of a cellular communication system.

According to a further embodiment of the second aspect, the
own position data which are related to the first base station
indicate a geographical position of a cell served by the
first base station and the position data related to the sec-
ond base station indicate a geographical position of a cell
served by the second base station. Further, according to an
embodiment the determination unit is configured for generat-
ing the first output signal if the distance between the geo-
graphical position of the cell served by the second base sta-
tion and the geographical position of the cell served by the
first base station is below a threshold. The threshold may be
a preprogrammed threshold or may be based on measurements,
just to give some examples. According to further embodiment,
the determination unit is configured for generating a second
output signal if the distance between the geographical posi-
tion of the cell served by the second base station and the
geographical position of the cell served by the first base

station is equal or above the threshold.
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According to an embodiment, the first output signal indicates
that the first base station is a neighbour base station of
the second base station whereas the second output signal in-
dicates that the first base station is not a neighbour base
station of the second base station. For example, according to
an embodiment, the first output signal indicates that the

first base station is a possible handover candidate.

According to another embodiment, the determination unit is
configured to use the geographical position of the base sta-
tions itself instead of using the geographical positions of
the cell served by the base stations for deciding whether the

first output signal or the second output signal is provided.

According to a further embodiment of the second aspect, the
position data which are related to the first base station in-
dicate a spatial extent of a service area of a cell served by
the first base station and the position data related to the
second base station indicate a geographical position of a
cell served by the second base station. As mentioned before,
the service area of a cell of the first base station is an
area within which the cell of the first base station is able
to perform wireless communication with the user equipment and
the service area of a cell of the second base station is an
area within which the cell of the second base station is able
to perform wireless communication with the user eguipment.
According to an embodiment, the determination unit is config-
ured for generating the first output signal if the service
area of the cell served by the first base station and the
service area of the cell served by the second base station
overlap each other, and the determination unit is configured

for generating the second output signal otherwise.
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According to other embodiments, a unique identifier area as
defined with regard to the first aspect is used instead of

the service area.

According to a further embodiment of the second aspect, the
position data of the first base station include foreign posi-
tion data which are related to a third base station which is
different from the first base station and the second base
station. For example, according to another embodiment, the
foreign position data are related to a geographical position
of one or more cells served by the third base station. Ac-
cording to another embodiment, the determination unit is con-
figured for generating a further output signal which depends
on position data related to the second base station and the
position data related to the third base station. Again, it
should be understood that instead of position data relating
to a base station, position data relating to a cell served by

the respective base station may be used.

According to a further embodiment of the second aspect, the
second base station comprises a control unit which is further
configured for performing a setup of a communication link be-
tween the first base station and the second base station and
which is further configured for receiving the position data
from the first base station during the setup of the communi-
cation link between the first base station and second base

station.

According to a third aspect of the herein disclosed subject-
matter, a cellular communication system is provided, the cel-
lular communication system comprising a first base station
according to the first aspect or an embodiment thereof, and a
second base station according to the second aspect or an em-

bodiment thereof.
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A fourth aspect of the herein disclosed subject-matter pro-
vides a method of operating a base station of a cellular com-
munication system, the base station being referred as first
base station, wherein the method comprises providing position
data to a second base station. Generally, the position data
of the fourth aspect may be one of those described with re-
gard to the first aspect, the second aspect, and embodiments
thereof, or at least of the same type. Further embodiments of
the fourth aspect of the herein disclosed subject-matter may
include any feature disclosed with regard to the first as-

pect, the second aspect or embodiments thereof.

According to a fifth aspect of the herein disclosed subject-
matter, a method of operating a base station of a wireless
communication system is provided, wherein the base station is
referred to as second base station and the method comprises
receiving position data from a first base station and gener-
ating a first output signal which depends on position data
being related to the second base station and on the position
data received from the first base station. Embodiments of the
fifth aspect of the herein disclosed subject-matter may in-
clude any feature disclosed with regard to the first aspect,

the second aspect or embodiments thereof.

According to a sixth aspect of the herein disclosed subject-
matter there is provided a computer program for processing a
physical object, namely position data, the computer program,
when being executed by a data processor, is adapted for con-
trolling the method as set forth in the fourth aspect or an

embodiment thereof.

According to a seventh aspect of the herein disclosed sub-

ject-matter, a computer program for processing a physical ob-
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ject, namely position data, is provided, the computer pro-
gram, when being executed by a data processor, is adapted for
controlling the method as set forth in the fifth aspect or an

embodiment thereof.

According to an eighth aspect of the herein disclosed subject
matter, a network element is provided, the network element
being configured for providing to a base station of a cellu-
lar communication system own position data which are related
to the base station. To this end, according to an embodiment
the network element comprises an interface which is config-
ured for providing to a base station of a cellular communica-
tion system/network own position data which are related to
the base station. According to an embodiment, the network
element may be a mobility management entity (MME) or an op-
eration and maintenance center, providing to each base sta-
tion associated with it the own position data of the base

station.

According to a further embodiment, the network element fur-
ther comprises a further interface for receiving the position
data from a base station which is referred to as first base
station in some embodiments. Accordingly, the base station to
which the network element provides the position data may be
referred to as second base station. Accordingly, the network
element interface for receiving the position data is referred
to as first interface of the network element and the network
element interface for providing the position data to the sec-
ond base station is referred to as second interface of the

network element in some embodiments.

According to a further embodiment, the network element com-
prises a control unit for relaying the position data received

from the first base station via the first interface of the
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network element to the second base station via the second in-

terface of the network element.

The interface(s) of the network element may be configured
similar or identical to the interfaces of the base station
according to the first and second aspect or an embodiment
thereof. For example, the interfaces may be configured for
receiving/transmitting position data as disclosed with regard

to the first and second aspect or an embodiment thereof.

As used herein, reference to a computer program is intended
to be equivalent to a reference to a program element and/or a
computer-readable medium containing instructions for control-
ling a computer system to coordinate the performance of the
above-described methods. The computer program may be imple-
mented as a computer-readable instruction code by use of any
suitable programming language, such as, for example, JAVA,
C++, and may be stored on a computer-readable medium (remov-
able disk, wvolatile or non-volatile memory, embedded mem-
ory/processor, etc.). The instruction code is operable to
program a computer or any other programmable device to carry
out the intended functions and/or methods. The computer pro-
gram may be available from a network, such as the World-
WideWeb from which it may be downloaded. The herein disclosed
subject matter may be realized by means of a computer program
respectively software. However, the herein disclosed subject
matter may also be realized by means of one or more specific
electronic circuits respectively hardware. Furthermore, the
invention may also be realized in a hybrid form, i.e. in a

combination of software modules and hardware modules.

In the following, there will be described exemplary embodi-
ments of the subject-matter disclosed herein with reference

to a first base station, to a second base station and to
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methods for operating a first base station or a second base
station. It has to be pointed out that of course any combina-
tion of features relating to different aspects of the herein
disclosed subject-matter is also possible. In particular,
some embodiments have been described with reference to appa-
ratus 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 follow-
ing description that, unless otherwise notified, in addition
to any combination of features belonging to one aspect also
any combination between features relating to different as-
pects or embodiments, for example even between features of
apparatus type claims and features of method type claims is
also considered to be disclosed with this application. Fur-
ther, features which have been described with regard to the
first aspect may also be combined with embodiments of the
second aspect, and vice versa. For example, it should be un-
derstood that any feature relating to the position data dis-
closed with regard to the first aspect may correspondingly
implemented also in an embodiment of the second aspect, since
the second base station receives the position data which is
provided by the first base station according to the first as-

pect or an embodiment thereof.

The aspects and embodiments defined above and further aspects
and embodiments of the herein disclosed subject-matter are

apparent from the examples to be described hereinafter which
are explained with reference to the drawings but to which the

invention 1s not limited.

Brief description of the drawings
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Fig. 1 schematically shows part of a network configuration of
a cellular communication system according to embodiments of

the herein disclosed subject-matter.

Fig. 2 schematically shows a first base station and a second
base station in accordance with embodiments of the herein

disclosed subject-matter.

Fig. 3 schematically shows part of a cellular communication
system in accordance with embodiments of the herein disclosed

subject-matter.

Fig. 4 schematically illustrates message transfers in a cel-

lular communication system in accordance with embodiments of

the herein disclosed subject-matter.

Detailed Description

The illustration in the drawings is schematic. It is noted
that in different figures, similar or identical elements are
provided with the same reference signs or with reference
signs, which are different from the corresponding reference
signs only within the first digit or within an appended char-

acter.

Fig. 1 schematically shows part of a cellular communication
system 100 in accordance with embodiments of the herein dis-
closed subject-matter. The cellular communication system 100
comprises a plurality of cells, some of which are indicated
at 102 in Fig. 1. Having regard to an arbitrary one of the
plurality of cells 102, hereinafter referred to as first cell

102a, some basic features of the cellular communication sys-
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tem are described in the following. The first cell 102a is

served by a first base station 103a.

The cellular communication system 100 further comprises core
network elements and in particular a pool of Mobility Manage-
ment Entities (MMEs) which are identified at 104 in Fig. 1.
Each of the core network elements and the base station of
each cell comprises a communication interface 106 for estab-
lishing a respective communication link between the base sta-
tion 103a, 103b and the associated network element 104. In
the case of LTE one such interface between a network element
104 and a base station 103a, 103b is a so-called S1 inter-
face. The cell under consideration (first cell 102a) has a
number of neighbour cells 102b, e.g. six neighbour cells as
shown in the simplified illustration in Fig. 1. The neighbour
cells each are served by a respective second base station
103b, 103c. Between two cells a direct communication may be
provided via a respective interface, one of which is exempla-
rily indicated at 108 in Fig. 1. The direct communication in-
terface 108 may be for example a so-called X2 interface as
defined for LTE. The direct communication interface 108 al-
lows for data exchange between two cells, respectively be-
tween the base stations which serve the cells. Further, as
shown in the configuration depicted in Fig. 1, according to a
further embodiment, the data exchange between two cells, for
example between the first cell 102a and one of the second
cells 102b may be performed via the communication interface
106, i.e. via a further network element 104, or may be per-
formed directly by using the direct communication interface

108.

According to an embodiment, one or more of the interfaces
106, 108 which are provided for a data communication between

two cells 102a, 102b are configured for providing position
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data to the second base station 103b which serves the second

cell 102b.

In the following, some exemplary embodiments for the position

data are discussed.

For example, according to an embodiment, the position data
provided by the interface 106, 108 of the first base station
103a are own position data which are related to the first
base station 103a. However, according to other embodiments,
the position data include foreign position data which are re-
lated to a third base station 103c¢c which is different from
the first base station 103a and the second base station 103b.
The third base station may be for example a further neighbour
base station 103c, or may be another, more distant base sta-

tion, such as a next nearest neighbour base station 103d.

In the exemplary embodiment, the position data are related to
a geographical position of a cell 102a served by a certain
base station 103a under consideration. According to another
embodiment, the position data which are related to the base
station 103a under consideration indicate the geographical

position of the base station 103a under consideration.

It should be understood that the functionality of both, a
first base station and a second base station in the sense of
the herein disclosed subject matter may be implemented in a
single base station. This allows for a bidirectional exchange

of position data between base stations.

Fig. 2 exemplarily shows two base stations 103a, 103b of the
cellular communication system 100 of Fig. 1 in greater de-
tail. The base stations 103a and 103b are configured in ac-

cordance with embodiments of the herein disclosed subject-
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matter. For example, the first base station 103a comprises an
interface 108a which is configured for providing position
data, indicated at 110 in Fig. 2, to the second base station
103. Further, the second base station comprises an interface
108b for receiving the position data 110 from the first base
station 103a. The second base station 103b further comprises
a determination unit 112 for generating a first output signal
which depends on the position data 110 received from the
first base station 103a and on position data which are re-
lated to the second base station 103b. For example, the de-
termination unit 112 may include a storage having stored
therein the position data which are related to the second
base station 103b. The position data which are related to the
second base station 103b may be provided for example by an
operation and maintenance center (0&M) of the cellular commu-
nication system. However, it should be understood that the
way how the position data is obtained for a base station of
the herein disclosed subject-matter is not critical and any
suitable way of providing such position data is also possi-

ble.

According to a further embodiment, the first base station
103a comprises a control unit 113a which is configured for
performing a setup of a communication link 114 between the
first base station 103a and the second base station 103b via
the interface 108a. Likewise, the second base station 103b
comprises a control unit 113b which is configured for per-
forming the setup of the communication link 114 between the
first base station 103a and the second base station 103b. Ac-
cording to a further embodiment, the control unit 113a of the
first base station 103a is configured for providing the posi-
tion data 110 to the second base station 103b during the
setup of the communication link 114. The control unit 113b of

the second base station 103b is, according to one embodiment,
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configured for receiving the position data 110 from the first
base station 103a during the setup of the communication link
114. According to other embodiments, the control unit 113a of
the first base station is configured for providing the posi-
tion data 110 to the second base station after successfully
setting up the communication link 114. Accordingly, the con-
trol unit 113b of the second base station may be configured
for receiving the position data 110 from the first base sta-
tion after successfully setting up the communication link

114.

Although the interfaces 108a, 108b of the base stations 103a,
103b shown in Fig. 2 are interfaces for establishing a direct
communication link between two base stations, it should be
understood that this particular example has been only chosen
for illustrative purposes. Hence, in other embodiments the
communication link 114 may be established over further net-
work elements (not shown in Fig. 2), for example mobility

management entities, as described with regard to Fig. 1.

According to a further embodiment, the control unit 113a of
the first base station may be configured for transmission of
configuration data from the first base station 103a to the
second base station 103b via the interface 108a, wherein the
configuration data include the position data 110. Likewise,
according to a further embodiment, the control unit 113b of
the second base station 103b is configured for reception of
the configuration data from the first base station via the
interface 108b, the configuration data including the position

data 110, as described before.

Fig. 3 schematically shows part of a cellular communication
system 200 according to embodiments of the herein disclosed

subject-matter.
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In order to illustrate further embodiments of position data,
Fig. 3 shows four base stations 203a, 203b, 203c, 203d, each
of which serves one cell 202a, 202b, 202c, 202d. It should be
understood that according to other embodiments, each base
station may serve two or more cells. Further, according to
still other embodiments, two or more base stations may be

provided for serving one cell.

According to an embodiment of the herein disclosed subject-
matter, the position data indicate a spatial extent of a ser-
vice area of a cell which is served by its corresponding base
station. Herein, the service area 1is an area within which
different base station is able to perform wireless communica-
tion with the user equipment. In Fig. 3, the service area
borders of the cells 202a, 202b, 202c¢c, 202d are indicated at
220a, 220b, 220c, 220d, respectively. For example, according
to an embodiment, the border of a service area may be defined
as geographical position where the signal strength of the

base station falls below a certain threshold.

According to another embodiment, the position data indicate a
spatial extent of a unigque identifier area of a cell served
by its base station. To this end, base station 203b of Fig. 3
is considered as a first base station in the sense of the
herein disclosed subject-matter. The service area of the
first base station 203b is indicated by the solid line 220b
in Fig. 3. In order to further illustrate the unique identi-
fier area of the first base station 203b, it is assumed that
a local cell identifier of the cell 202b and the neighbour
cell 202a are unigque compared to each other. Moreover, it is
assumed that the local cell identifier of cell 202d of Fig. 3
is the same as the local cell identifier of the cell 202b
served by the first base station 203b. In the illustrated em-
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bodiment, the unique identifier area is defined as the area
within which a local cell identifier of the first base sta-
tion is unique among local cell identifiers of other base
stations 203b, 203c, 203d surrounding the first base station,
the service areas of which overlap with the service area of
the first base station 203a. Hence, the area where the ser-
vice areas of the cells 202b, 202d with the same local cell
identifier overlap does not belong to the unique identifier
area. The overlap area between cell 202b and cell 202d is
hedged in Fig. 3. Hence, the unique cell identifier area of
the base station 203b is given by the service area 202b with-
out the overlap area 222. It should be emphasized that the
situation depicted in Fig. 3 is schematic and for illustra-
tion purposes only. Real radio cells of a cellular communica-
tion system may have a different and more complicated shape

depending on the environment of the respective base stations.

The position data which are related to a spatial extent of a
service area/unique identifier area may be provided as de-
scribing the real shape of the service area or unique identi-
fier area of a cell. However, according to other embodiments
only a radius may be provided as position data indicating the
spatial extent of a service area or of a unique identifier
area, wherein the radius is an estimate of the real spatial
extent of the service area. For example, in an embodiment the
radius corresponds to the smallest distance of the respective
area border from the base station serving the cell or is at
least within the service area. According to other embodi-
ments, the spatial extent of a service area may be classified
into a number of different sizes. For example, the spatial

W

extent of a service area may be classified as “small”, “me-
dium” or “large”, wherein each size corresponds to a prede-

fined service area radius.
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In the following, a possible realization of embodiments of

the herein disclosed subject matter in an LTE system as an

example of a cellular communication system are discussed. For

example, in an embodiment the position data include the geo-

graphical position of the first base station and the radius

of a service area of the cell served by the first base sta-

tion. To this end, it is proposed to adapt the 3GPP specifi-

cation for the S1 interface (i.e. recommendation 3GPP 36.413)

and/or X2 interface (i.e. recommendation 3GPP 36.423) to al-

low the exchange of position data. More detailed:

According to an embodiment, to each eNB of the LTE network,

position data of the own eNB are provided via 0O&M. In an al-

ternative embodiment, a base station may determine or receive

its own position data from any other source. If an eNB de-

cides to contact another eNB, the adaption of 3GPP c-plane

signalling (via S1 and/or X2 interface) allows both eNBs to

exchange their respective position data.

For the exchange of position data, the following options are

seen:

Position data exchange via eNB/MME Configuration Transfer
procedure: The eNB/MME Configuration Transfer procedures
are defined in 3GPP 36.413 for the S1 interface and are
currently used for the exchange of Transport layer ad-
dresses between eNBs. Possible enhancement of 3GPP 36.413:
Add position data to the information element ‘SON Informa-
tion Reply’.

Position Data exchange via X2 Setup procedure: The X2
Setup procedure which is already applied for exchange of
configuration parameters of the eNBs could be enhanced
with Position Data IE. For example, position data includ-

ing the geographical position of the base station and the
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radius of the serving area of the cell may be added to
‘Served Cell Information’ IE (cf. to 36.423, section
9.2.8). If the position data include foreign position
data, a position data IE may also be added to the
neighbour information IE included in X2 Setup Request/ Re-
sponse messages (cf. to 36.423, section 9.1.2.3 /

9.1.2.4).

Fig. 4 schematically illustrates part of a cellular communi-
cation system 300, further indicating communication between
the entities of the cellular communication system 300. For
illustrative purposes reference is made to entities of an LTE
system. However, the described embodiments are not limited

hereto.

The communication system 300 shown in Fig. 4 comprises an op-
eration and maintenance (0O&M) unit 304 and three base sta-
tions (enhanced NodeBs, ENB, according to LTE) 303a, 303b,
303c. Further, an exemplary user equipment 330 is considered

in Fig. 4.

In the following, a situation is described which may arise
e.g. when a new base station is brought into an existing net-
work or if the base station has to restore its database e.q.
after a maintenance shutdown. According to an embodiment
shown in Fig. 4, own position is provided to each base sta-
tion by the 0&M unit 304. For example, if the second base
station is brought into the existing network comprising base
stations 303a and 303c, own position data of the second base
station 303b are provided to the second base station by the
O&M unit 304, indicated at 439. It is assumed that the other
base stations 303a, 303c of the network have already stored

their own position data.
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To start the automatic neighbour cell resolution according to
the herein disclosed subject-matter, the second base station
303b needs information about one available neighbour base
station, e.g. the first base station 303a. According to an
embodiment shown in Fig. 4, such information is retrieved via
ECGI measurement from the user equipment 330. The ECGI meas-
urement performed by the user equipment 330 is indicated at
440 in Fig. 4. In response hereto, the information about an
available neighbour base station, e.g. ECGI in the present
case, 1s provided to the second base station 303b in a
neighbour identification message 441. According to other em-
bodiments, the information about an available neighbour base
station, e.g. a global cell identifier, may be provided by
O&M unit at 439 or by a further network element, e.g. a mo-
bility management entity (MME) to the second base station
303b. In an embodiment, information about an available
neighbour base station may be or may include an IP address of

the available neighbour base station 303a.

By using the information about the available neighbour base
station (first base station 303a in the scenario shown in
Fig. 4), the second base station 303b contacts the first base
station 303a, requesting position data with a position data
request message 442a. In response to the position data re-
quest message 442a, the first base station retrieves its own
position data which are released to the second base station
303b. The retrieval of the position data is indicated at 443a
in Fig. 4. The own position data may be retrieved e.g. from a
storage of the first base station 303a. In response to the
position data retrieval, the first base station 303a provides
the own position data to the second base station in a posi-
tion data response message 444a. In response to receiving the
own position data of the first base station 303a, the second

base station 303b may perform further actions depending on
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the position data related to the first base station 303a and
the position data related to the second base station 303b.

Such further actions are indicated at 445a in Fig. 4.

Such further actions 445a may be any action disclosed herein
or any other suitable action which takes into account the re-
ceived position data. For example, by comparison of the posi-
tion data related to the first base station 303a and the po-
sition data related to the second base station 303b, the sec-
ond base station 303b is able to decide (and may be respec-
tively configured to do so) if the first base station is a
valid candidate for its own neighbourhood. For example, in
the case the distance between both base stations is much lar-
ger than the serving radius of the first base station plus
the serving radius of the second base station, the second
base station would not permanently keep a direct communica-
tion link (e.g. X2 1link) to the first base station. Further,
the position data received from the first base station can be
used to correlate local cell identifiers. For example, the
position data received from the first base station 303a can
be used to correlate PCI values included in measurement re-
port messages from the user equipment 330 to the neighbour
cells. According to another embodiment, the further action
may comprise generating, by the determination unit (see Fig.
2) the first signal if the service area of the cell served by
the first base station and a service area of a cell served by
the second base station overlap each other; and generating,
by the determination unit, a second signal otherwise. Accord-
ing to other embodiment, a unique identifier area as defined
with regard to the first aspect is used instead of the ser-
vice area; further, the embodiments may be combined, generat-

ing, in an embodiment, two or more different first signals.
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According to a further embodiment, the retrieval of position
data, indicated at 443a in Fig. 4, does not include only re-
trieval of own position data, but also retrieval of foreign
position data, e.g. of neighbour base stations of the first
base station 303a. Such a foreign neighbour base station is
exemplarily indicated at 303c in Fig. 4. As described with
regard to the first base station 303a, in order to determine
whether the foreign, third base station 303c is a valid can-
didate for the neighbourhood of the second base station 303b,
the second base station 303b may send a position data request
message 442b to the third base station 303c. In response
hereto, the third base station 303c¢c retrieves own position
data (and possibly, according to another embodiment, also
foreign position data) in a position data retrieval 443b, and
reports the retrieved position data in a position data re-
sponse message 444b to the second base station 303b. The po-
sition data retrieval 443b may be for example reading posi-
tion data from a storage of the third base station 303c. In
response to the reception of the position data response mes-
sage 444b, the second base station 303b performs further ac-
tions, indicated at 445b in Fig. 4. These further actions may
be of the type disclosed with regard to the further actions

445a above.

In another embodiment, instead of foreign position data only
foreign identification data are provided by a second base
station. This at least allows the first base station to con-
tact the foreign base station and to request position data

from the foreign base station.

As 1s apparent from the above description and in particular
from the description of Fig. 4, embodiments of the herein
disclosed subject-matter have the advantage, even if the

first cell has to be learned via e.g. ECGI measurement, the
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number of required ECGI measurements is drastically reduced,
since further neighbour base stations can be determined by
exchanging position data with the already known base sta-
tions. It should be noted that from ECGI measurements, the
node serving the cell can always be deduced since the global
eNodeB identifier is part of ECGI. Further, as described
above, by comparing position data of the foreign base sta-
tions with the own position data allows the second base sta-
tion to identify those foreign base stations which are poten-
tial neighbours of it. To those base stations which are po-
tential neighbours, the second base station may automatically
establish a communication link, e.g. an X2 link or an Sl
link, and adds the cells served by the potential neighbour
base station to the own neighbour cell database which con-
tains information about the neighbour base stations and/or
the neighbour cells. Consequently, the second base station
does not have to perform measurements, e.g. ECGI measurements
for determining the cells served by the foreign base stations
which are potential neighbours. By iteration of the above de-
scribed procedures, the second base station is capable to re-
solve its complete own neighbourhood without repetition of

global identifier measurements such as ECGI measurements.

This is advantageous because measurements of ECGI is problem-
atic because of the following reasons: First as long as a
base station is waiting for some ECGI measurement, a service
provided to user equipments may be degraded, because a large
number of user egquipments may be engaged with strongest cell
measurements for determining the strongest cell received by
an individual user equipment. Further, in order to measure
ECGI, even for interfrequency LTE cells it is necessary to
use Discontinuous Reception (DRX) with a very long DRX cycle
of, e.g., approximately 160 ms. As is known, by employing

DRX, the user equipment listens only to the paging channels
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within its DRX group and the network will only page the user
equipment in that group of paging channels. Further, search-
ing ECGI for interfrequency LTE cells may also be problematic
because interfrequency measurements have to be activated for
a large number of user equipments, what is not done during
normal operation, and because even longer DRX cycles are
needed. Another reason why ECGI measurements are problematic
is that it may take considerable time for a base station to
get an ECGI measurement from a user equipment since a number
of conditions have to be fulfilled before an ECGI measurement
can be successful. First, the user equipment (UE) has to be
in a Radio Resource Control (RRC) connected state. Further,
the UE has to roam in the correct region of the serving cell
(i.e. in the border area between serving cell and the cell
whose ECGI has to be measured) and the UE has to stay suffi-
ciently long in this region. Further, the UE has to support
ECGI measurement, wherein especially during an introduction
phase of LTE it is expected that only a small percentage of
UEs support ECGI measurement. Further it is required that the
UE has no interfering service activated, for example, if the
UE has a Guaranteed Bit Rate (GBR) service, then an ECGI

measurement can not be performed by the user equipment.

Having in particular regard to the X2 interface of LTE and to
the X2 setup procedure, it is noted that this procedure al-
lows exchange of information of all cells served by the
eNodeBs, i.e. not only information about the searched cell is
exchanged. However, because PCI values are in general not
unique, the ECGI measurement has to be repeated even in case
the PCI is already known in the eNodeB due to an early X2
setup procedure. For example, if it is assumed that two
eNodeBs ENB#1 and eNB#2 each serve ten cells and that from
each cell of ENB#1 there are two cells of ENB#2 visible, then
in ENB#1 has to resolve 20 times the ECGI of some PCI value
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even though the data may be available after one ECGI measure-

ment and successful X2 setup.

It is further noted, that the comparison of the own position
data related to a base station with the position data related
to other base stations allows the identification of distant
base stations which in turn allows to improve the security of
the cellular communication system. For example, without de-
tection of distant base stations, the measurement of a cell
global identifier may be a security breach which allows e.g.
denial of service attacks by a malicious equipment. In this
regard, it should be noted that valid combinations of
PCI/ECGI can easily be obtained by scanning of broadcast
channels (BCCH) of LTE cells because - as for other mobile
communication systems - BCCH of LTE is not enciphered. Hence,
if a malicious equipment sends a PCI/ECGI pair to an eNodeB,
this eNodeB may try to retrieve information about the corre-
sponding cell which is indeed too far away to be useful for
the ENB. Such an operation may result in an overflow of num-
ber of X2 links. The number of X2 interfaces supported by an
eNodeB is limited as reasonable for an eNodeB having correla-
tion to only its neighbours (under normal circumstances not
more than 15 - 20 X2 interfaces shall be required). If mali-
cious equipment makes an eNodeB believe that distant eNodeBs
are considered as neighbours to an eNodeB, the maximum number
of X2 links which can be supported by the eNodeB may not be
sufficient. As a consequence, i1if the eNodeB is unable to keep
all X2 links, the eNodeB may be provoked to release an X2
link to a real neighbour and handover procedures to such a

neighbour ENB would not be possible.

Further, the operation of an eNodeB may be constrained by PCI
collisions. For example, if a PCI retrieved from a distant

eNodeB collides with a PCI already available in an eNodeB un-
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der consideration, the eNodeB under consideration may be pro-
voked to remove the correct PCI from its database. Further,
if an eNodeB under consideration has established an X2 link
to a distant eNodeB and later on a new neighbour eNodeB be-
comes operable which uses the same PCI as the distant eNodeR,
then the eNodeB under consideration would send an X2 “appli-
cation protocol: handover reguest message” to the distant
eNodeB instead of sending it to the real neighbour eNodeB.
Further, the operation of an eNodeB under consideration may
be constrained because of PCI confusion. If the PCI distrib-
uted by the malicious equipment is identical to a PCI known
to the eNodeR under consideration and if the radio conditions
of the user equipment are bad, the measurement reports from
the user equipment may cause the eNodeB under consideration

to handover its user equipment to the wrong neighbour eNodeB.

In all these cases, a comparison of the position data of the
eNodeB under consideration and with the position data of an-
other eNodeB allows the identification of distant base sta-

tions, i.e. a malicious equipment can not provoke a base sta-

tion to establish and keep useless X2 links.

It should be understood that the above analysis is valid not
only for an LTE system, but also for any other applicable

cellular communication system.

According to embodiments of the herein disclosed subject-
matter, any component of the cellular communication system,
e.g. a determination unit, an interface, or a control unit is
provided in the form of respective computer program products
which enable a processor to provide the functionality of the
respective elements as disclosed herein. According to other
embodiments, any such component may be provided in hardware.

According to other - mixed - embodiments some components may
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be provided in software while other components are provided

in hardware.

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

W ” W ”

clude other elements or steps and the “a” or “an” does not

exclude a plurality. Also elements described in association
with different embodiments may be combined. It should also be
noted that reference signs in the claims should not be con-

strued as limiting the scope of the claims.

In order to recapitulate the above described embodiments of

the present invention one can state:

A base station of a cellular communication system is pro-
vided, and the base station comprising an interface which is
configured for providing position data to a second base sta-
tion. The second base station comprises an interface for re-
ceiving the position data from the first base station,
wherein the position data may be related to a base station
different from the first base station. Further, the second
base station comprises a determination unit for generating a

first output signal which depends on the position data re-

ceived from the first base station and on position data which
are related to the second base station. The position data may
include own position data which are related to the first base
station, e.g. to a geographical position of at least one cell
served by the first base station. Further, the position data
may indicate a spatial extent of a service area of a cell
served by a first base station, or the spatial extent of a
unique identifier area of a cell served by the first base

station.
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List of reference signs:

100
102,
103a,
104
106
107

108,
110
112
113,
114
200
202a,
203a,
220a,
222
300
304
303a,
330
439

440
441
442a,
443a,
444a,
445a,

cellular communication system

102a, 102b cell of 100

103b, 103c, 103d base station

network element

interface

communication link between network element and base
station

108a, 108b interface between base stations
position information

determination unit

113a, 113b control unit

communication link between base stations

cellular communication system

202b, 202c, 202d cell of 200
203b, 203c, 203d base station
220b, 220c, 220d service area borders

overlap area

cellular communication system
network element

303b, 303c base station

user eguipment

providing own position data of a base station to the
base station

global identifier measurement
neighbour identification message

442b position data request message
443b position data retrieval

444b position data response message

445b further actions
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CLAIMS:

Base station of a cellular communication system (100, 200,

300), hereinafter referred to as first base station (103a,

203a, 303a), comprising:

an interface (106, 108, 108a) configured for providing po-
sition data (110) to a second base station (103b, 203b,
303b) .

Base station according to claim 1,

wherein the position data (110) include own position data
which are related to the first base station (103a, 203a,
303a) .

Base station according to claim 1 or 2,

wherein the position data (110) indicate a geographical
position of a cell (102a, 202a) served by the first base
station (103a, 203a, 303a).

Base station according to one of the preceding claims,
wherein the position data (110) indicate a spatial extent
of a service area (220a) of a cell (202a) served by the
first base station (103a, 203a, 303a),

wherein the service area (220a) is an area within which
the first base station (103a, 203a, 303a) is able to per-

form wireless communication with a user equipment.

Base station according to one of the preceding claims,

wherein the position data (110) indicate a spatial extent
of a unique identifier area of the cell (102a, 202a)

served by the first base station (103a, 203a, 303a),

wherein the unique identifier area is an area
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o within which the first base station (103a, 203a,
303a) is able to perform wireless communication
with a user equipment and

o within which a local cell identifier of the first
base station (103a, 203a, 303a) is unique among lo-
cal cell identifiers of other base stations sur-

rounding the first base station (103a, 203a, 303a).

Base station according to one of the preceding claims,

wherein said position data (110) include foreign position
data which are related to a third base station (103c,
103d, 303c¢c) which is different from the first base station
(103a, 203a, 303a) and the second base station (103b,
203b, 303b).

Base station according to one of the preceding claims,

further comprising:

8.

a control unit (113a) being configured

o for performing a setup of a communication link
(114) between the first base station (103a, 203a,
303a) and the second base station (103b, 203b,
303b) wvia the interface, and

o for providing the position data (110) to the second
base station (103b, 203b, 303b) during said setup
of the communication link (114) between the first
base station (103a, 203a, 303a) and the second base
station (103b, 203b, 303b).

Base station according to one of the preceding claims,

further comprising:

a control unit (113a) being configured for transmission of

configuration data from the first base station (103a,
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203a, 303a) to the second base station (103b, 203b, 303b)
via the interface,

— wherein said configuration data include said position data

(110) .

9. Base station of a wireless communication system, hereinaf-
ter referred to as second base station (103b, 203b, 303b),
comprising:

— an interface (106, 108, 108b) for receiving position data
(110) from a first base station (103a, 203a, 303a);

— a determination unit (112) for generating an first output
signal which depends on the position data (110) received
from the first base station (103a, 203a, 303a) and on po-
sition data which are related to the second base station

(103b, 203b, 303b).

10. Base station according to claim 9,
— the position data (110) from the first base station (103a,
203a, 303a) include own position data which are related to

the first base station (103a, 203a, 303a).

— wherein the own position data which are related to the
first base station (103a, 203a, 303a) indicate a geo-
graphical position of a cell served by the first base sta-
tion (103a, 203a, 303a);:

— wherein the position data related to the second base sta-
tion (103b, 203b, 303b) indicate a geographical position
of a cell served by the second base station (103b, 203b,
303b);

— wherein the determination unit (112) is configured for
generating the first signal if the distance between the
geographical position of the cell served by the second

base station (103b, 203b, 303b) and the geographical posi-
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tion of the cell served by the first base station (103a,
203a, 303a) is below a threshold; and

— wherein the determination unit (112) is configured for
generating a second signal if the distance between the
geographical position of the cell of the second base sta-
tion (103b, 203b, 303b) and the geographical position of
the cell served by the first base station (103a, 203a,

303a) is equal or above the threshold.

11. Base station according to one of claims 9 or 10,

— wherein said position data (110) of the first base station
(103a, 203a, 303a) include foreign position data which are
related to a third base station which is different from
the first base station (103a, 203a, 303a) and the second
base station (103b, 203b, 303b); and

— wherein the determination unit (112) is configured for
generating a further output signal which depends on posi-
tion data related to the second base station (103b, 203b,
303b) and the position data related to the third base sta-

tion.

12. Network element of a cellular communication system, the

network element comprising:

— an interface which is configured for providing to a base
station of the cellular communication system own position

data which are related to the base station.

13. Cellular communication system comprising a first base
station (103a, 203a, 303a) according to one of claims 1 to 8
and a second base station (103b, 203b, 303b) according to one
of claims 9 to 12.



10

15

WO 2011/047735 38 PCT/EP2009/063982

14. Method of operating a base station of a cellular communi-
cation system, hereinafter referred to as first base station
(103a, 203a, 303a), comprising:

— providing position data (110) to a second base station

(103b, 203b, 303b).

15. Method of operating a base station of a wireless communi-

cation system, the base station being hereinafter referred to

as second base station (103b, 203b, 303b), the method com-

prising:

— receiving position data (110) from a first base station
(103a, 203a, 303a),

— generating an output signal which depends on position data
being related the second base station (103b, 203b, 303b)
and the position data (110) received from the first base

station (103a, 203a, 303a).
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