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Method and Mobile Radio Terminal Device to Determine Position within
Mobile Radio Networks by Means of Direction Finding

The invention relates to a method and a mobile radio terminal device to
determine the position of a mobile radio terminal device within a cellular radio
network, wherein the mobile radio network has a plurality of cells, each having a
base station, wherein the terminal device is logged or can be logged in one or

more base stations.

The location of mobile communication terminal devices in mobile radio
communication networks is currently performed cell-based by using the position
of the respective base station into which the terminal device is logged in since the
base station covers a defined region. The disadvantageous aspect here is that
only the region is known — not the exact position of the mobile radio terminal

device within this quite large region.

In addition, an approach is known whereby propagation time measurements of

the electromagnetic signals coming from multiple base stations are evaluated to
improve the positional accuracy, wherein a more precise position determination
can then be performed by triangulation.

What is disadvantageous here is that the terminal device must be logged in at
least three base stations simultaneously and that the triangulation measurement

is quite laborious.

Another disadvantage of the known method for position determination is that the

accuracy is quite limited. A further desirable goal for multiple applications is that a

CONFIRMATION COPY
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position determination should be able to be performed by the terminal device —

something that is not possible using the known methods.

The purpose of the invention is to provide a method and a mobile radio terminal
device for determining the position of the mobile radio terminal device within a
cellular mobile radio network, the method providing a highly accurate
determination of the position of the mobile radio terminal device within the cellular

mobile radio network.

This purpose is achieved according to the invention by a method indicated in
Claim 1, and by a mobile radio terminal device indicated in Claim 6.
Advantageous developments of the invention are indicated in the respective
dependent claims.

What is especially advantageous about the method for determining the position
of a mobile radio terminal device within a cellular mobile radio network, wherein
the mobile radio network has a plurality of cells, each having a base station,
wherein the terminal device is logged in one or more base stations, is the fact
that the position determination by means of the terminal device is performed by
direction finding locating at least one base station, the position of which is known,
wherein the direction finding is performed by a directional antenna integrated into
the terminal device by directing the main lobe of the directional antenna towards
the location of the base station.

Determining the position of the mobile radio terminal device is thus performed by
direction finding to locate at least one base station in which the mobile radio
terminal device is logged. Here the absolute position of the base station located
by direction finding is known. This method is well-known by the term beam-
forming. The associated antenna systems are often called smart antennas.

In particular, a so-called MIMO antenna can be used as the directional antenna.
In telecommunications engineering, MIMO (Mulitiple-input Muitiple-Output) stands
for the use of multiple transmitting and receiving antennas for wireless

communication.
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Preferably, direction findings of two or more base stations are performed by the
terminal device, and the intersection of these directions is determined so that the

location of the terminal device within the mobile radio network is determined, too.

Alternatively or cumulatively, when performing one or more direction-finding
actions, the individual propagation time of the radio signal between a base station
and the terminal device can be measured, wherein the distance between base
station and terminal device is determinable / is determined from the propagation

time measurement.

In a preferred embodiment, the absolute location of each one of the base stations
located by direction finding by the terminal device is transmitted to the terminal
device for analysis. This can be performed either directly by the base station to
the terminal device and / or by requesting a database search. In particular, it is
possible to integrate such a database in the mobile radio terminal device so that
the absolute location of each base station located by direction finding is known,
with the result that the absolute location of the terminal device is determinable
from this absolute location of the base station and the location of the mobile radio

terminal device relative to the base station.

The direction of the direction finding is preferably calibrated for a standard
direction. This standard direction can be the orientation of the mobile radio
terminal device itself, or, on the other hand, a cardinal point, in particular, north
N.

An especially advantageous aspect of the mobile radio terminal device according
to the invention, which can be logged in one or more base stations within a
cellular mobile radio network that has a plurality of cells each of which comprising
one base station, is the fact that the mobile radio terminal device has a
directional antenna to determine position and is equipped to perform one or more
direction-finding actions by directing the main lobe of the directional antenna
towards one or more base stations, the absolute position(s) of which is / are

known and in which the terminal device is logged.
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Here, a so-called MIMO antenna can be used as a directional antenna. In
telecommunications engineering, MIMO (Multiple-Input Multiple-Output) stands
for the use of multiple transmitting and receiving antennas for wireless

communication.

The mobile radio terminal device is preferably equipped for the purpose of
measuring the propagation time for the radio signal between the mobile radio
terminal device and a base station, from which time the distance between

terminal device and base station is determinable / is determined.

In a preferred embodiment, the mobile radio terminal device comprises a
compass and is equipped to calibrate the direction of the direction finding relative
to a standard direction, especially to a cardinal point, in particular, the angle, i.e.,
the deviation from north N. This action thus determines the angle of orientation of
the direction finding towards the base station.

In an especially preferred embodiment, the mobile radio terminal device has a
database in which the absolute positions of the base stations are stored, with the
result that the absolute location of a base station located by direction finding is
requestable in the database and is available in the mobile radio terminal device
for further evaluation. Alternatively or cumulatively, the mobile radio terminal
device can be equipped to automatically perform this database request in an
external database. Preferably, the data requested from the database are further
processed automatically.

This position determination can, for example, be used to determine and
automatically transmit the current position of the mobile radio terminal device
within the cellular mobile radio network in the case of an emergency call or the
like. Additional possible uses are: navigation, location based services, tracking
applications, as well as other telematic applications that require a locating
functionality.
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In the method according to the invention, the mobile radio terminal device thus
preferably utilizes a database in which the transmitted identifiers of mobile radio
cells, such as, e.g., the cell identity (Cell-ID), are assigned to geographic
positions. The database can be integrated into the terminal device, or provided
by an external device, e.g., by a server that allows a database search by the

mobile radio terminal device.

In addition, the relative angle of the main direction of the main lobe (radio beam)
to a base station that is located by direction finding is determined by the radio
equipment employed. A direction finding measurement of base stations is
enabled by the fact that a directional antenna, in particular, MIMO antennas, are
used in which the radio lobe can be adjusted individually towards the given base
station by phase shifting the individual antennas of the directional antenna. This
method can be employed when a TDD mode (Time Division Duplex) is used, as
the communication is then executed in each time interval with only one mobile
communication terminal device in one mobile communication cell. Possible
mobile radio standards to achieve this are, in particular. GSM (including GPRS,
EDGE), UMTS in the TDD mode (including HSxPA), WiMAX, Long Term
Evolution (LTE), High Speed OFDM Packet Access (HSOPA), or other mobile
radio standards that permit the use of MIMO antennas.

In a special embodiment, an electronic compass is integrated in the terminal
device, thereby allowing the measured relative angles of the main direction of the
main lobe to be determined as absolute angles, e.g., in relation to north N.

In addition, the signal propagation time of a signal transmitted by the base station
to the terminal device can mathematically be converted to a distance by setting
the signal propagation speed as being approximately the speed of light.

What may happen, however, is that the direction finding result is distorted by the
signals’ being reflected from surfaces, such as, e.g., the sides of buildings, and
that the correct angles can no longer be determined. Therefore, the method of
this invention can in particular be used outside urban regions, for example, for

navigation solutions on highways and the like. In addition, accuracy can be
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enhanced by using multiple base stations that utilize a frequency as high as
possible. This increases the probability of a direct “line-of-sight connection”
without reflections between terminal device and base station.

An evaluation of the direction-finding action now yields a variety of applications,

either alone or in combination, that are described below based on the two figures.

The figures show:

Figure 1 illustrates a first application for position determination by locating two
base stations by direction finding;

Figure 2 illustrates a second application for position determination by locating a

base station by direction finding and measuring the signal propagation time.

In one embodiment illustrated in Figure 1, the two relative angles a and 8 are
determined in relation to the orientation 11 of the terminal device. For this, both
reachable base stations 12 and 14, i.e., those base stations lying within radio
range, are located by direction finding from the location 13 of the terminal device.
The two angles a and B thereby determined, starting from location 13 relative to
base stations 12 and 14, are then referenced in relation to the orientation 11 of

the terminal device itself.

By evaluating a geodatabase that contains the positions of base stations 12 and
14, it is now possible to determine the intersection 13 of the at least two bearings
(directions of direction-finding). Intersection 13 of the two bearings with respect to
base stations 12 and 14 thus represents the position of the terminal device.

Since the absolute positions of base stations 12 and 14 are known from the
geodatabase, it is also possible not only to determine the relative positioning of
intersection 13 in relation to the position of base stations 12 and 14, but also

absolute location 13.
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In a second embodiment illustrated in Figure 2, only one base station 21 is
required to determine the position of terminal device 22. The distance d between
location 22 of the mobile radio terminal device and the location of base station 21
is determined using the signal propagation time measured between base station
21 and terminal device 22 In addition, a normalized angle a is determined from
the measured bearing and the compass direction in relation to the north direction
N. As a result, position 22 relative to the position of base station 21 can now be
calculated — from angle a in relation to north N and distance d. The absolute
position of terminal device 22 can be determined based on the geodatabase from

which the absolute position of base station 21 is requestable.

In addition, the possibility exists of combining the two embodiments so as to
enhance the accuracy of the position determination by the combined location by

direction finding of multiple base stations and propagation time measurement.

An approach is thus provided according to the invention whereby the given
direction of the radio beam, i.e., the main lobe of the directional antenna, from the
terminal device to the base station is used to determine the position of terminal
devices in mobile radio networks by means of direction finding using directional
antennas, for example, MIMO antennas, in which the mobile radio networks use
the TDD mode (time-division-duplex). In order to determine the absolute position
of the mobile radio terminal device, the system can exploit a geodatabase from
which the absolute position of the base station located by direction finding is
searchable, with the result that the absolute position of the mobile radio terminal
device can be derived from the bearing (direction of direction-finding) and the

determination of the relative position in relation to the base station.

In addition, a propagation time measurement can be performed to determine the
distance between mobile radio terminal device and base station located by
direction finding. An electronic compass can also be integrated in the mobile
radio terminal device, thus allowing a geodatabase, a bearing, the measured
signal propagation time, and an electronic compass to be used to effect the

geographic position determination.
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In addition, the possibility exists of further processing the data of the position
determination in an application within the terminal device, for example,
generating an automatic communication when initiating an emergency call

containing the determined position of the mobile radio terminal device.

The geodatabase containing the absolute positions of the base stations can be
integrated in the terminal device. An identification and assignment of the base

stations can, for example, be performed by using the cell identity.

Alternatively, the possibility also exists whereby the geodatabase is disposed
externally, i.e., is situated on another device, and the terminal device can retrieve

information from the database, then further evaluate/exploit this information.
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Claims

Method for determining the position of a mobile radio terminal device (13, 22)
within a cellular mobile radio network, wherein the mobile radio network has a
plurality of cells, each comprising a base station (12, 14, 21), wherein the terminal
device (13, 22) is logged in one or more base stations (12, 14, 21), characterized
in that the position determination is effected by the terminal device (13, 22) by a
direction-finding action to locate at least one base station (12, 14, 21), the
absolute position of which is known, wherein the direction finding is effected by a
directional antenna integrated into the terminal device (13, 22) by directing the
main lobe of the directional antenna towards the location of the base station (12,
14, 21).

Method according to Claim 1, characterized in that the direction-finding actions
locating two or more base stations (12, 14, 21) are performed by the terminal
device (13, 22), and the intersection of these directions found by direction-finding

actions is determined.

Method according to Claims 1 or 2, characterized in that in addition to the one or
more direction-finding action(s) the propagation time for the radio signal between
a base station (12, 14, 21) and the terminal device (13, 22) is measured, and that
from this propagation time the distance (d) between the base station (12, 14, 21)

and terminal device (13, 22) is determinable / is determined.
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. Method according to one of the foregoing claims, characterized in that the
absolute position of each base station (12, 14, 21) located by direction finding by
the terminal device (13, 22) is transmitted for analysis to the terminal device (13,

e

22), ii sclute position is provided directly by the base station

"
paitcu aceqa d

to the terminal device (13, 22) and/or provided by a database in response to a

database request.

. Method according to one of the foregoing claims, characterized in that the
direction of the direction-finding is calibrated relative to a standard direction (11),
in particular, relative to a direction of the compass, in particular, that the angle (q,

B) in relation to north (N) is determined.

. Mobile radio terminal device (13, 22), which can be logged in one or more base
stations (12, 14, 21) within a cellular mobile radio system that has a plurality of
cells, each having one base station (12, 14, 21), in particular, for using and
implementing the method according to one of the foregoing claims, characterized
in that the mobile radio terminal device (13, 22) has a directional antenna for
determining its position, the terminal device (13, 22) being equipped to perform
one or more direction-finding action/s by directing the main lobe of the directional
antenna towards one or more base stations (12, 14, 21), the absolute position(s)
of which is/are known and in which/into which the terminal device (13, 22) is
logged.

. Mobile radio terminal device (13, 22) according to Claim 6, characterized in that
the mobile radio terminal device (13, 22) is equipped to measure the propagation

time of a radio signal between the mobile radio terminal device and a base station
(12, 14, 21), and that from this propagation time the distance (d) between terminal
device (13, 22) and base station (12, 14 21) is determinable / is determined.

. Mobile radio terminal device (13, 22) according to Claims 6 or 7, characterized in
that the mobile radio terminal device (13, 22) has a compass and is equipped to
calibrate the direction of the direction-finding relative to a standard direction (11),
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in particular relative to a direction of the compass, in particular in relation to north

(N).

. Mobile radio terminal device (13, 22) according to one of Claims 6 through 8,

t the mobile radio terminal device (13, 22) has a database,

wherein the absolute location of a base station (12, 14, 21) located by direction

finding is requestable through a database search.
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