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MOBILE REPEATING METHOD IN MOBILE COMMUNICATION
SYSTEM AND REPEATER THEREOF

BACKGROUND OF THE INVENTION

1. Field of the invention

The present invention relates generally to a mobile communication relay
technology in a cellular mobile communication network, and in particular, to a
radio relay, which is installed to be connected to a Base station Transceiver
Subsystem (BTS) not by wire, but by wireless, and a relay method thereof.

2. Description of the Related Art

Generally, a cellular mobile communication network includes Mobile
Switching Centers (MSC), Base Station Controllers (BSC), BTSs, and Mobile
Stations (MS; or subscriber terminals), and commonly, a plurality of BTSs are

installed to expand a serviceable area. Thus, a partial communication shadow area
may occur where the signal transmitted from a BTS cannot be smoothly received
at an MS due to natural and artificial obstacles. A wire/wireless relay for relaying
transmission/reception signals between the BTS and the MS is installed in such a
communication shadow area. In particular, some of the radio relays can be
mounted on a moving object such as public transportation to provide seamless

radio communication services to MSs in the corresponding moving object.

However, since a radio relay for mobile communication is not connected
to a particular BTS by wire, the relay may retransmit the signal to its service area
without eliminating Pseudo Noise (PN) congestion, which the most significant
problem in operation of the radio relay system. In this case, the service provider

should annoyingly allocate unnecessary channel resources in a duplicated manner.

Particularly, in case of a high building in the downtown, it is intended to
determine a direction of a link antenna connected with a BTS so as to select one
PN if possible. Generally, however, since this is not easy, even though one or
more PNs are connected inevitably, it is not possible to avoid the situation in

order to relay signals in the in-building environment.
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FIG. 1 is a schematic block diagram illustrating a structure of a general
radio relay for mobile communication. Referring to FIG. 1, a radio relay can
include a link antenna 102 for radio signal exchange with a BTS, a service
antenna 112 for radio signal exchange with a terminal, a downlink signal
amplifying processor 106 for amplifying a downlink signal from the BTS, an
uplink signal amplifying processor 116 for amplify an uplink signal, a link
antenna connector 104 for connecting the uplink/downlink signals to the link
antenna 102, a service antenna connector 114 for connecting the uplink/downlink
signals to the service antenna 112, and a controller 110 for controlling the overall
operation of the relay.

Since the relay formed as shown in FIG. 1 cannot but be connected up to
the unwanted BTS unavoidably in the above-stated PN congestion area, it has
many problems to be managed in the field.

In order to solve the problems, there has been proposed a scheme of
digitally reprocessing a signal acquired from the link antenna and thus
reprocessing the remaining signals except for a desired PN with a changed
meaningless PN so that the terminal cannot access PNs other than the desired PN.
Such a scheme needs a high-speed digital signal processing device for restoring a
signal received from the link antenna to a digital signal, detecting PNs from the
digital signal, and properly processing each PN. However, this scheme causes a
considerable increase in the cost and product size due to installation of the digital
signal processing device, and it should restore the received signal to a digital
signal, distort unwanted signals through fast calculation, and then convert the
signal back into an analog signal, thus causing an increase in the time required for

performing the corresponding operation.
SUMMARY OF THE INVENTION

Therefore, an aspect of the present invention is to provide a radio relay
method in a mobile communication system and a relay thereof, for allowing a
terminal to simply efficiently select one PN signal, without requiring digital

signal processing, making it possible to eliminate PN congestion.
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According to one aspect of the present invention, there is provided a radio
relay in a mobile communication system. The radio relay includes a link antenna
for performing radio communication with a Base station Transceiver Subsystem
(BTS); a service antenna for performing radio communication with a terminal; a
downlink signal amplifying processor for amplifying a signal from the BTS; an
uplink signal amplifying processor for amplifying a signal of the terminal; a link
antenna connector for connecting the uplink and downlink signal amplifying
processors to the link antenna; a service antenna connector for connecting the
uplink and downlink signal amplifying processors to the service antenna; and a
time delay signal processing unit, situated inside or outside the downlink signal
amplifying processor, for distributing a downlink signal into a plurality of signals,
delaying the distributed signals by different time delays, and combining back the
delayed signals.

According to another aspect of the present invention, there is provided a
radio relay method in a mobile communication system. The radio relay method
includes wirelessly receiving a downlink signal from a Base station Transceiver
Subsystem (BTS); distributing the received downlink signal into a plurality of
signals; delaying the distributed downlink signals by different time delays;
combining the delayed distributed downlink signal signals; and wirelessly
transmitting the combined downlink signal to a mobile station.

As described above, the radio relay scheme according to the present
invention arranges, in the radio relay system, a plurality of time delay elements
for distributing a received signal, delaying the distributed signals by different
delay times, and combining the delayed signals so as to help a terminal select the
same PN, thereby making it possible to simply determine a direction of the
antenna by measuring only the signal strength during installation of the link
antenna, and to help the terminal always select only one stabilized PN even
despite a change in the external environment during operation. In this manner, the
present invention can relay very stable and efficient signals to the terminal, and

enable the service provider to facilitate efficient call channel management.

BRIEF DESCRIPTION OF THE DRAWINGS
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FIG. 1 is a schematic block diagram illustrating a structure of a general
radio relay for mobile communication;

FIG. 2 is a schematic block diagram illustrating a structure of a radio
relay for mobile communication according to an embodiment of the present
invention; and

FIG. 3 is a detailed block diagram illustrating a structure of the time delay
signal processing unit 200 in FIG. 2.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

Preferred embodiments of the present invention will now be described in
detail with reference to the annexed drawings. The matters defined in the
description such as a detailed construction and elements are provided to assist in a
comprehensive understanding of exemplary embodiments of the invention.
Accordingly, those of ordinary skill in the art will recognize that various changes
and modifications of the embodiment described herein can be made without

departing from the scope and spirit of the invention.

FIG. 2 is a schematic block diagram illustrating a structure of a radio
relay for mobile communication according to an embodiment of the present
invention. Referring to FIG. 2, in a relay according to the present invention, a link
antenna 102 and a service antenna 112 are antennas that face a BTS and a device
replacing the BTS, respectively, similarly to the conventional ones. The link
antenna 102 is an antenna serving to receive a signal from the BTS or send a
terminal’s signal amplified by a corresponding relay to the BTS, and the service
antenna 112, an antenna connected to the terminal, serves as an antenna for
relaying a BTS’s signal to the terminal or receiving the terminal’s signal. The
antennas can be mounted in the relay in an integrated manner, or can be mounted
such that they are connected by a Radio Frequency (RF) cable and disposed in

proper places.

It is considered that the link antenna 102 is mounted after a BTS’s signal
desired at a corresponding installed position is compared with other BTSs’ signals
and previously properly adjusted so that it can be best received, or that its

reception direction is adjusted.
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An uplink/downlink amplifying device includes a downlink signal
amplifying processor 106 for amplifying a signal from the BTS, and an uplink
signal amplifying processor 116 for amplify a signal from the terminal, and
further includes a link antenna connector 104 for connecting the uplink/downlink
signals to the link antenna 102, and a service antenna connector 114 for
connecting the uplink/downlink signals to the service antenna 112.

A controller 110 for controlling the overall operation of the relay can
include a signal detector for detecting strength of transmission/reception input
and output, and an alarm detector for sensing defects of components, and can

control all functions and parts of the relay.

Although the structure of such a relay can be similar to the conventional
structure, a time delay signal processing unit 200, which is situated inside or
outside the downlink signal amplifying processor 106, can be further included in
the structure according to characteristics of the present invention. The time delay
signal processing unit 200 distributes a received downlink signal into a plurality
of signals, delays the distributed signals by different time delays, and combines

back the delayed signals.

The downlink signal amplifying processor 106 can be constructed such
that it amplifies a signal input to the time delay signal processing unit 200 in its
front stage, or amplifies a signal output from the time delay signal processing unit
200 in its rear stage. In addition, the time delay signal processing unit 200 may
adopt therein structures for amplifying the distributed signals individually. The
structure and operation of the time delay signal processing unit 200 will now be

described in detail with reference to accompanying drawing.

FIG. 3 is a detailed block diagram illustrating a structure of the time delay
signal processing unit 200 in FIG. 2. Referring to FIG. 3, the time delay signal
processing unit 200 according to an embodiment of the present invention includes
a distributor 200 for distributing an input signal to a plurality of paths, a plurality
of time delay signal processors 204 for time-delaying the signals distributed by
the distributor 200 so that they have different delay times, a plurality of signal
controllers 206 for performing a switching operation or an attenuation operation

-5-
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for applying signal limitation to each of the output signals of the time delay signal
processors 204 according to the external control signal or to the set condition
during the installation, and a combiner 208 for combining outputs of the signal
controllers 206.

The number of time delay paths of the signals being delayed through the
time delay signal processors 204 after being distributed by the distributor 202 is 2
or more, and it is equal to or less than the number of finger demodulators that the
terminal can handle. In the time delay signal processors 204, time delay values
are previously set to proper delay values taking into account functions of the
terminal’s finger demodulators and the general radio signal fading state, such that
from the viewpoint of the terminal, the delayed signals are processed as if they

are signals received through different paths.

The signal controllers 206 can be composed of switches, or attenuators
having a high attenuation level, for limiting the input/output in their established
paths when necessary, and thus can have an additional structure for limiting the
number of retransmission PNs. Such a function of the signal controllers 206 is a
function for allowing more than one PNs to be provided to a service area, and it

can be used for increasing or decreasing the number of PNs, when necessary.

Although the time delay signal processing unit 200 constructed in this
way is shown in FIG. 3 as an exemplary structure, the same function can be
maintained even though the time delay signal processing unit 200 has the same
basic structure and is constructed such that the distributed outputs of the
distributor 202 pass through the time delay signal processors 204 after passing
through the signal controllers 206.

The relay according to the present invention, since it has the structure of
FIG. 3, has the function that a signal being received through the link antenna is
artificially modified before being output as if it is received through a plurality of
other paths.

Recently, a CDMA terminal has a structure that examines only the high-
quality signals received through different paths as BTS signals received from the

_6-
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corresponding terminal’s antenna, and performs signal processing for each finger
designed in order of a signal having higher strength among the signals whose
quality is greater than a reference value.

The signals relayed by the relay according to the present invention are a
plurality of signals which are amplified only at different delay times, and since
the signal relayed through each path designed to have the same signal gain is
amplified as many times as the number of paths for which a highest-quality signal
among the signals received through the link antenna is set, when the terminal
analyzes each of signals received through each corresponding finger demodulator
and allocates an active set according to the quality level of the signals, each finger
demodulator selects only the same PN (i.e., PN selected for the highest-quality
signal). For example, in the conventional scheme, even though the PN signal of
the BTS A among PN signals of BTSs A, B and C as relay signals is highest in
strength, when even the PN signals of the remaining BTSs B and C are greater
than or equal to a reference value, the finger demodulators in the terminal may
acquire PN signals of the BTSs A, B and C. However, according to the present
invention, each finger best selects only the PN signal of the BTS A.

As a result, though signals are received from the link antenna and
amplified through the paths having different time delays, the present invention
can perform a function of delivering an input signal to the terminal, to allow the
terminal to positively receive as many PN signals as only one PN or as the

number of controlled PNs.

In conclusion, the present invention makes it possible to effectively use
one or more desired PNs in a service area from the inevitable PN congestion area.

The structure and operation of a radio relay method in a mobile
communication system and a relay thereof according to the present invention can
be achieved as described above. While the invention has been shown and
described with reference to a certain preferred embodiment thereof, it will be
understood by those skilled in the art that various changes in form and details
may be made therein without departing from the spirit and scope of the invention

as defined by the appended claims.
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CLAIMS

1. A radio relay in a mobile communication system, the relay comprising:

a link antenna for performing radio communication with a Base station
Transceiver Subsystem (BTS);

a service antenna for performing radio communication with a terminal;

a downlink signal amplifying processor for amplifying a signal from the
BTS:;

an uplink signal amplifying processor for amplifying a signal of the
terminal;

a link antenna connector for connecting the uplink and downlink signal
amplifying processors to the link antenna;

a service antenna connector for connecting the uplink and downlink
signal amplifying processors to the service antenna; and

a time delay signal processing unit, situated inside or outside the
downlink signal amplifying processor, for distributing a downlink signal into a
plurality of signals, delaying the distributed signals by different time delays, and
combining back the delayed signals.

2. The radio relay of claim 1, wherein the time delay signal processing
unit comprises:

a distributor for distributing an input signal to a plurality of paths;

a plurality of time delay signal processors for time-delaying the signals
distributed by the distributor so that the distributed signals have predetermined
different delay times; and

a combiner for combining outputs of the time delay signal processors.

3. The radio relay of claim 2, wherein the time delay signal processing
unit further comprises:

a plurality of signal controllers, provided on a plurality of paths
established between the distributor and the combiner, for performing a switching

operation or an attenuation operation for applying signal limitation to each path.

4. A radio relay method in a mobile communication system, the method

comprising:
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wirelessly receiving a downlink signal from a Base station Transceiver
Subsystem (BTS);

distributing the received downlink signal into a plurality of signals;

delaying the distributed downlink signals by different time delays;

combining the delayed distributed downlink signal signals; and

wirelessly transmitting the combined downlink signal to a mobile station.
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