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(57) In order to make it possible to increase the traf-
fic capacity in mobile radio networks and to reduce the
transmitted power, it is necessary to provide base sta-
tions for producing directional beams.

The invention is thus based on the object of provid-
ing a mobile radio system and an antenna assembly
which allow an area to be illuminated to be subdivided
into a plurality of area segments, using a conventional
transceiver, without any major circuitry complexity, and
thus economically.

The mobile radio system which is provided has at
least one base station (10) which has a plurality of first
transmitting/receiving devices (401-404), and an anten-
na device (23) associated with it. Furthermore, an RF
beamformer (22) is provided, whose first ports (1 to 4)
are associated with the first transmitting/receiving de-
vices (401 to 404) and whose second ports are associ-
ated with the antenna device (23). The RF beamformer
(22) interacts with the antenna device (23) in such a way
that an individual antenna directional characteristic is
permanently assigned to each first port (1 to 4).
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Description

Description

[0001] The invention relates to a mobile radio system
having at least one base station, which has a plurality
of first transmitting/receiving devices, according to the
precharacterizing clause of Claim 1, and to an antenna
assembly, associated with the base station, according
to the precharacterizing clause of Claim 11.
[0002] The traffic capacity in a mobile radio network
is rather small owing to the relatively few available fre-
quency bands. In the GSM system, for example, only
125 frequency channels, each having eight timeslots
are provided in a bandwidth of 25MHz, so that a maxi-
mum of 992 subscriber channels can be provided. One
possibility for increasing the traffic capacity is to use the
available frequency channels more than once on a ge-
ographic basis. The demand for "spatial frequency re-
use" has, in the end, led to the development of cellular
mobile radio networks. One important characteristic of
cellular mobile radio networks is the signal-to-interfer-
ence ratio - also referred to as the carrier-to-interference
ratio (C/I), which defines the frequency repetition inter-
val for a permanently predetermined cell size. The in-
tensity of the interference is in this case governed es-
sentially by co-channel interference as a function of the
frequency repetition interval. Base station antennas
having a directional characteristic may be used in order
to reduce the intensity of the interference, and thus the
frequency repetition interval. In this way, one cell can be
subdivided into sectors, for example 120° sectors, with
different channel groups, by which means the traffic ca-
pacity can be increased.
[0003] Apart from an increased traffic capacity, it is
furthermore desirable to reduce the power transmitted
by a base station antenna. This aim can be achieved by
using adaptive antennas with individual antenna ele-
ments. The individual antenna elements can in this case
be actuated independently of one another in terms of
power and phase, in such a way that a beam can be
specifically directed at a specific mobile station without
also being detected by mobile stations in adjacent are-
as. However, the circuitry complexity to achieve this is
extremely high and thus expensive since, normally, a
plurality of frequency channels would have to be han-
dled in one base station, -which would have to be sup-
plied to the adaptive antenna via expensive, linearized
multicarrier amplifiers.
[0004] The invention is thus based on the object of
providing a mobile radio system and an antenna assem-
bly which allow a plurality of directional beams without
any major circuitry complexity and thus economically,
and in which case, furthermore, conventional diversity
receivers can be used.
[0005] The invention solves the technical problem
firstly by the features of Claim 1.
[0006] According to this claim, a mobile radio system

is provided having at least one base station which has
a plurality of first transmitting/receiving devices, and an
antenna device associated with it. Furthermore, an RF
beamformer is implemented, which has a plurality of first
ports, which are associated with the first transmitting/
receiving devices, and has a plurality of second ports,
which are associated with the antenna device. The RF
beamformer interacts with the antenna device in order
to permanently assign an individual antenna directional
characteristic to each first port. In this way, the overall
area to be illuminated by the antenna device can be sub-
divided into a plurality of area segments or subsectors.
[0007] Advantageous developments are the subject
matter of the dependent claims.
[0008] According to one preferred embodiment, the
area to be illuminated corresponds, for example, to a
120° sector, which is subdivided into four area segments
of 30° each. For this situation, four first transmitting/re-
ceiving devices are provided, which are each associat-
ed with one first port of the RF beamformer. In conse-
quence, a directional beam which illuminates one of the
four area segments is associated with each first trans-
mitting/receiving device.
[0009] The antenna device may represent an antenna
array having a plurality of antenna columns, which each
comprise a plurality of antenna elements. Each antenna
column is connected to a separate second port of the
RF beamformer, and each first port is connected to at
least one first transmitting/receiving device.
[0010] An mxn-Butler matrix, having m first ports and
n second ports may be used as the RF beamformer. The
circuitry within the Butler matrix is chosen in such a way
that, as already stated, each first port is assigned an
individual antenna directional characteristic.
[0011] In order to allow diversity reception and, pos-
sibly, tracking of a mobile station, a switching matrix is
provided which can be actuated and is connected be-
tween the RF beamformer and the first transmitting/re-
ceiving device. The switching matrix is used to pass a
received signal from one of the area segments specifi-
cally to one or more predetermined first transmitting/re-
ceiving devices. Thanks to the switching matrix, the
complexity for the wiring of the transmitting/receiving
devices can also be reduced.
[0012] The control and monitoring of the transmitting/
receiving devices as well as the switching matrix are car-
ried out by a control device.
[0013] Since, in principle, a broadcast transmission
control channel, also called a BCCH channel (Broadcast
Channel), is transmitted over the entire cell and thus
over the entire area to be illuminated in a radio cell, at
least one second transmitting/receiving device is pro-
vided, which is connected to an antenna which covers
the entire area to be illuminated.
[0014] For redundancy reasons, two second transmit-
ting/receiving devices are provided in each case, which
are each connected to one antenna, with the antennas
being polarized orthogonally with respect to one anoth-
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er.
[0015] In order to allow diversity reception in a first
transmitting/receiving device, the switching matrix is
likewise connected to the second transmitting/receiving
device in order to pass on the received signal, which is
received from the entire area to be illuminated, specifi-
cally to at least one-first transmitting/receiving device.
In this case, it must be remembered that the received
signal from the entire area to be illuminated and the re-
ceived signal from an area segment (which signals are
supplied to a corresponding first transmitting/receiving
device for diversity reception) are polarized orthogonally
with respect to one another. This allows so-called polar-
ization diversity reception.
[0016] Since all the antennas are designed for both
the transmission and the reception mode, each trans-
mitting/receiving device is connected to a transmitting/
receiving duplexer.
[0017] If a predetermined traffic load level is reached
or exceeded in one area segment, the control device is
able to switch the traffic being handled via the corre-
sponding first transmitting/receiving device to the sec-
ond transmitting/receiving device.
[0018] If the antenna device and the RF beamformer
are accommodated in a housing, uncalibrated cables
may be used. In consequence, the wiring between the
base station and the antenna device can be considera-
bly simplified, and costs can thus be saved.
[0019] The technical problem is likewise solved by the
features of Claim 11.
[0020] According to this claim, an antenna assembly
is provided for use in a mobile radio system. The anten-
na assembly has an RF beamformer which is equipped
with a plurality of first ports, which can be associated
with first transmitting/receiving devices, and with a plu-
rality of second ports, which are associated with an an-
tenna device. The RF beamformer interacts with the an-
tenna device in such a way that an individual antenna
directional characteristic is permanently assigned to
each first port.
[0021] Advantageous developments are the subject
matter of the dependent claims.
[0022] The invention will be explained in more detail
in the following text with reference to an exemplary em-
bodiment and in conjunction with a figure.
[0023] The figure shows a base station 10 which is
connected via uncalibrated cables 80 to an antenna as-
sembly 20. The base station 10 and the antenna assem-
bly 20 are a component of a mobile radio system, for
example the GSM system. The antenna assembly has
an RF beamformer 22, which is in the form of a 4x4 But-
ler matrix, for example. The Butler matrix 22 is connect-
ed firstly to four antenna columns 24 of an antenna array
23, with each antenna column 24 having a plurality of
antenna elements 25. Furthermore, the Butler matrix 22
has four ports 1, 2, 3, 4, which are each connected to a
transmitting/receiving duplexer 301, 302, 303 or 304, re-
spectively. Each transmitting/receiving duplexer is con-

nected to a separate transmitting/receiving device, re-
ferred to for short as a transceiver in the following text,
and these have the reference symbols 401, 402, 403 and
404, respectively. In this way, both the transmitting de-
vice and the receiving device of each transceiver are
connected to the associated port 1, 2, 3 or 4, respec-
tively. At this point, it should be mentioned that the Butler
matrix 22 is connected in such a way that an individual
directional characteristic is assigned to each port 1, 2,
3 and 4 via the antenna columns 24 of the antenna array
23. By way of example, the antenna array 23 is intended
to illuminate an area of 120° divided into four subsectors
of 30° each. To this end, the Butler matrix 22 in conjunc-
tion with the antenna array 23 produces four differently
aligned beams at an angle of 30° in each case, to be
precise depending on which of the ports 1, 2, 3, 4 a
transmission power is applied to. Instead of associating
only one transceiver with each port 1, 2, 3, 4, further
transceivers 40s may be connected to the respective
port via a transmission combination circuit 50. Only the
one transmission combination circuit 50 and the further
transceiver 40s are shown, merely in order to simplify
the illustration. It should be noted at this point that the
antenna columns 24 have an inclined linear polarization.
[0024] One essential aspect of the invention is to per-
manently assign an individual antenna directional char-
acteristic to each transceiver 401, 402, 403 and 404, so
that each transceiver can produce a directional beam
with the aid of the Butler matrix 22 and the antenna array
23. In this way, it is possible to handle communication
between one mobile station and one of the four trans-
ceivers in the base station 10 specifically.
[0025] However, since BCCH channels have to be
transmitted to all the mobile stations in the area of the
cell to be illuminated, two further antennas 25 and 26
with mutually orthogonal polarizations are provided,
which can illuminate the entire area. The two antennas
25 and 26 are respectively connected via a transmitting/
receiving duplexer 321 and 322 to a transceiver 421 or
422, respectively.
[0026] A switching matrix 60, which can be actuated
by a control device 100, is provided in order to allow, for
example, a mobile station to move from one area sector
to another area sector, or to allow diversity reception for
the transceivers 401 to 404. The switching matrix 60 is,
for example, connected on the input side to the trans-
mitting/receiving duplexers 301 to 304 and 321. At this
point, it should be mentioned that the antenna columns
24 and the antenna 25 are polarized orthogonally with
respect to one another so that polarization diversity re-
ception is possible in the transceivers 401 to 404. On the
output side, the switching matrix 60 can in each case be
connected to a second receiving input of the transceiv-
ers 401 to 404. To simplify the illustration, the individual
connections which lead from the switching matrix 60 to
the transceivers are not shown.
[0027] The switching matrix 60 can be connected, for
example, in such a way that not only the port 1 but, se-
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lectively, the port 2, 4 or the signal received via the an-
tenna 25 can be applied to the transceiver 401. Apart
from the port 2, the port 1, the port 3 or the received
signal from the antenna 25 can selectively be applied to
the transceiver 402 with the aid of the switching matrix
60. Apart from the port 3, the port 3, the port 1 or the
signal received via the antenna 25 is applied selectively
to the transceiver 403 with the aid of the controllable
switching matrix 60. In a similar way, the transceiver 404
and further additional transceivers, which are not
shown, can be connected to one another via a second
switching matrix, which is not shown.
[0028] In order to ensure diversity reception, the ap-
propriate transceiver 401 to 404 is connected on the in-
put side firstly to the port associated with it and secondly
to the signal received from the antenna 25, via the
switching matrix 60. Thus, with this so-called polariza-
tion diversity reception, a signal is received from the ar-
ea segment associated with the respective transceiver
together with the signal received from the entire area to
be illuminated. If, on the other hand, it is intended to
track the movement of a mobile station from the area
segment 2 associated with the port 2 to the area seg-
ment 3 associated with the port 3, for example, then the
received signal from the corresponding area segment
can be supplied via the port 2 to the transceiver 402, and
the received signal from the corresponding area seg-
ment can be supplied via the port 3, by means of the
switching matrix 60, to the transceiver 402.
[0029] If, during operation, the control device 100
finds that, for example, the area segment associated
with the port 3, and thus the transceiver 403, is overload-
ed due to an excessively high volume of traffic, the con-
trol device 100 can ensure that the traffic handled via
the transceiver 403 is transferred to the transceiver 422.
The traffic channels can be handed over to the two
transceivers 421 and 422 since, fundamentally, each
transceiver has an associated traffic channel, and thus
eight timeslots. Since, however, only three timeslots are
required for transmission of BCCH channels, thirteen
further timeslots are available overall for transmission
of data via the transceivers 421 and 422.

Claims

1. Mobile radio system having
at least one base station (10) which has a plurality
of first transmitting/receiving devices (401-404), and
an antenna device (23) associated with it,
characterized by
an RF beamformer (22) having a plurality of first
ports (1-4) which are associated with the first trans-
mitting/receiving devices (401-404), and having a
plurality of second ports which are associated with
the antenna device (23), in which case the RF
beamformer (22) permanently assigns an individual
antenna directional characteristic to each first port

(1-4) by interaction with the antenna device (23).

2. Mobile radio system according to Claim 1,
characterized in that
each individual antenna directional characteristic
corresponds to a predetermined area segment of
an area to be illuminated.

3. Mobile radio system according to Claim 1 or 2,
characterized in that
the antenna device (23) comprises a plurality of an-
tenna columns (24) having a plurality of antenna el-
ements (25), in which case each antenna column
(24) is connected to a separate second port of the
RF beamformer (22), and each first port (1-4) is con-
nected to at least one first transmitting/receiving de-
vice (401-404).

4. Mobile radio system according to Claim 1, 2 or 3,
characterized in that
the RF beamformer (22) is an mxn-Butler matrix.

5. Mobile radio system according to one of Claims 2
to 4,
characterized by at least one switching matrix (60)
which can be actuated and is connected between
the RF beamformer (22) and the first transmitting/
receiving devices (401-404).

6. Mobile radio system according to one of Claims 1
to 5, characterized in that each first port (1-4) is
connected via a transmitting/receiving duplexer
(301-304) to the corresponding first transmitting/re-
ceiving device or devices (401-404).

7. Mobile radio system according to one of Claims 1
to 6,
characterized by at least one second transmitting/
receiving device (421-422), which is connected to
an antenna (25, 26) which covers the entire area to
be illuminated, in which case a received signal from
the entire area to be illuminated can be supplied to
the second transmitting/receiving device (421-422)
and/or to the switching matrix (60) which can be ac-
tuated and can specifically pass on the received sig-
nal to at least one first transmitting/receiving device
(401-404).

8. Mobile radio system according to one of Claims 1
to 7,
characterized by
a control device (100) for controlling and monitoring
the transmitting/receiving devices (401-404) and the
switching matrix (60).

9. Mobile radio system according to Claim 8,
characterized in that
the control device (100) is designed for switching
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the traffic which is handled via one or more of the
first transmitting/receiving devices (401-404) to the
second transmitting/receiving device (421-422).

10. Mobile radio system according to one of Claims 1
to 9,
characterized in that
the antenna device (23), the RF beamformer (22)
and/or the antenna (25,26) are accommodated in a
housing.

11. Antenna assembly for use in a mobile radio system
in particular according to one of Claims 1 to 10,
characterized by
an antenna device (23) and
an RF beamformer (22) having a plurality of first
ports (1-4) which can be associated with transmit-
ting/receiving devices (401-404), and having a plu-
rality of second ports which are associated with the
antenna device (23), in which case the RF beam-
former (22) permanently assigns an individual an-
tenna directional characteristic to each first port
(1-4) by interaction with the antenna device (23).

12. Antenna assembly according to Claim 11,
characterized in that
the antenna device (23) comprises a plurality of an-
tenna columns (24) having a plurality of antenna el-
ements (25), in which case each antenna column
(24) is connected to a separate second port of the
RF beamformer (22), and each first port (1-4) can
be connected to at least one first transmitting/re-
ceiving device (401-404) of a base station (10).

13. Antenna assembly according to Claim 11 or 12,
characterized in that
the RF beamformer (22) is an mxn-Butler matrix.
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