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BASE STATION SIGNAL MATCHING DEVICE
AND RELAY DEVICE INCLUDING THE
SAME

TECHNICAL FIELD

[0001] The inventive concept relates to a base station signal
matching device, and more particularly, to a base station
signal matching device embedded in a donor equipment of a
relay system such as a distributed antenna system (DAS), to
match a base station signal directly transmitted from a base
transceiver system (BTS) suitable for signal processing of a
relay device.

BACKGROUND ART

[0002] A distributed antenna system (DAS) receives sig-
nals transmitted from a base station to remove shadow areas
that necessarily occur indoors or outdoors and to increase the
capacity of data. Generally, the DAS performs a function of
receiving a downlink signal transmitted from a base station
and re-transmitting, to the base station, an uplink signal trans-
mitted from a subscriber terminal in a corresponding service
area.

[0003] Therefore, signal matching between a base station
(i.e., a base transceiver system (BTS)) and the DAS is
required. That is, a base station signal (a BTS signal) is
matched in a duplexer type where Tx and Rx are coupled, and
a DAS signal is generally configured in a simplexer type
where Tx and Rx are separated. Therefore, a signal matching
device for matching between the base station signal and the
DAS signal is required. The signal matching device is con-
figured as a separate device (i.e., an external BTS signal
matching device) at an outside of the DAS (see FIG. 1).
[0004] In this state, the external BTS signal matching
device uses an attenuator for attenuating the output of a signal
from a base station to switch a signal of a high power level
from the base station to an appropriated level of a signal from
the DAS, and a filter for separating a base station signal of the
duplexer type, transmitted from the BTS, into downlink and
uplink signals.

[0005] Ina conventional art, passive elements in the exter-
nal BTS signal matching device should deal with high output
power of the base station. Therefore, in the conventional art,
a high power attenuator and a cavity filter are used as the
passive elements as shown in FIG. 2. In this case, the passive
elements are very high priced, and the size of the device is also
increased. Here, the cavity filter has a form in which Tx and
Rx signals are coupled, and performs a function of separating
a signal input through one port into Tx and Rx signals of the
input signal.

[0006] In the conventional art, a high power attenuator is
used as the attenuator in order to deal with a high output of the
base station, and therefore, the passive intermodulation (PIM)
characteristic of the attenuator is not good. Accordingly, as a
method for solving this problem in the conventional art, the
components are arranged in the order of the cavity filter the
high power attenuator, thereby reducing the PIM character-
istic. However, two high power attenuators are required rather
than one high power attenuator according to the arrangement
order described above. In FIG. 2, the external BTS signal
matching device is separately provided with an attenuator for
performing signal attenuation at a power level suitable for
inputting a high power signal in a Tx signal direction (i.e., a
downlink direction) to the DAS, and an attenuator for per-
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forming signal attenuation at a power level necessary for
transmitting a DAS signal (i.e., a terminal signal processed by
the DAS) in an Rx signal direction (i.e., an uplink direction)
to the base station (BTS). In the conventional art, two high
power attenuators are required as described above, and there-
fore, the cost of the device increases.

[0007] In addition, the external signal matching device is
configured with passive elements, and hence input/output
signal level (power level) and the like cannot be monitored.
[0008] An embodiment of the inventive concept is directed
to a relay device in which a base station signal matching
device for matching a base station signal transmitted from a
base transceiver system (BTS) is embedded in a donor equip-
ment in a relay system such as a distributed antenna system,
so that it is unnecessary to dispose a separate BTS matching
device at an outside ofthe relay device for the purpose of base
station signal matching.

[0009] Another embodiment of the inventive concept is
directed to a base station signal matching device which can
improve passive intermodulation characteristics, reduce the
entire manufacturing cost and volume of a product, and per-
form power monitoring of Tx/Rx signals.

SUMMARY

[0010] According to an aspect of the inventive concept, a
base station signal matching device configured to receive a
base station signal from a base transceiver system (BTS), the
base station signal matching device being embedded in a
relay device, the base station signal matching device includes
a signal attenuation unit configured to receive the base station
signal and attenuate the input power level of the base station
signal; and a signal matching unit configured to receive the
base station signal passing through the signal attenuation unit
to match the base station signal suitable for signal processing
of the relay device.

[0011] The signal attenuation unit may include a main
attenuator configured to attenuate the power level of an input
signal at a fixed rate, and a sub-attenuator disposed priorto the
main attenuator based on a signal transmission path of the
base station signal.

[0012] The sub-attenuator may be manufactured in a coil
form using a signal attenuation medium with which the
attenuation of a radio frequency (RF) signal is possible.
[0013] The signal matching unit may include a first filter
configured to receive the base station signal passing through
the signal attenuation unit, the first filter having a pass band
including a service frequency band of the base station signal;
and a second filter configured to have a pass band including a
service frequency band of a terminal signal to be received to
the relay device and transmitted to the BTS.

[0014] The signal matching unit may further include a first
variable attenuator configured to perform signal attenuation
so that the base station signal passing through the first filter
has power of a level suitable for signal processing of the relay
device; and a second variable attenuator configured to per-
form signal attenuation of the terminal signal so that the
terminal signal received to the relay device has power of a
level suitable for transmission to the BTS by considering a
signal attenuation rate caused by the signal attenuation unit
according to the signal transmission path of the terminal
signal.

[0015] The signal matching unit may further include a first
power detector configured to monitor whether the base station
signal passing through the first variable attenuator has the
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power of the level suitable for signal processing of the relay
device; and a second power detector configured to monitor
the power level of the terminal signal passing through the
second variable attenuator.

[0016] When the relay device is connected to a plurality of
BTSs, a set of signal attenuator and a set of signal matching
units may be provided for a plurality of ports corresponding to
the plurality of BTSs, respectively.

[0017] The base station signal matching device may further
include a signal coupling unit configured to couple base sta-
tion signals respectively received from the plurality of BTSs
to be output via the signal matching units provided for the
ports; and a signal division unit configured to receive a ter-
minal signal received to the relay device, the signal division
unit inputting the terminal signal to any one of the signal
matching units respectively provided for the ports, so that the
terminal signal is transmitted to a BTS corresponding to a
transmission destination of the terminal signal.

[0018] According to another aspect of the inventive con-
cept, a relay device having the base station signal matching
device embedded therein, as a donor equipment constituting
a distributed antenna system.

[0019] According to the inventive concept, a base station
signal matching device for matching a base station signal
transmitted from a BTS is embedded in a donor equipment in
a relay system such as a distributed antenna system, so that it
is unnecessary to dispose a separate BTS matching device at
an outside of the relay device for the purpose of base station
signal matching.

[0020] According to the base station signal matching
device of the inventive concept, it is possible to improve
passive intermodulation characteristics, reduce the entire
manufacturing cost and volume of a product, and perform
power monitoring of Tx/Rx signals.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] Exemplary embodiments of the inventive concept
will be more clearly understood from the following detailed
description taken in conjunction with the accompanying
drawings in which:

[0022] FIG.11isadiagram illustrating an external matching
device for signal matching between a base transceiver system
(BTS) and a distributed antenna system (DAS) according to a
conventional art.

[0023] FIG. 2 is a diagram illustrating the internal configu-
ration of the external matching device.

[0024] FIG. 3 is a block diagram illustrating a base station
signal matching device embedded in a DAS (i.e., a donor
relay equipment) for the purpose of signal matching with a
BTS according to an embodiment of the inventive concept.

[0025] FIG. 4 is a diagram illustrating the configuration of
a signal attenuator in the base station signal matching device
according to the embodiment of the inventive concept.

[0026] FIG. 5 is a diagram illustrating the configuration of
a signal matching unit in the base station signal matching
device according to the embodiment of the inventive concept.

[0027] FIG. 6 is a diagram illustrating application forms of
the conventional art and the inventive concept based on when
one or more matching ports are provided for each service
frequency band.
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DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0028] Exemplary embodiments of the inventive concept
will be described below in more detail with reference to the
accompanying drawings. The inventive concept may, how-
ever, be embodied in different forms and should not be con-
strued as limited to the embodiments set forth herein. Rather,
these embodiments are provided so that this disclosure will be
thorough and complete, and will fully convey the scope of the
inventive concept to those skilled in the art. Throughout the
disclosure, like reference numerals refer to like parts through-
out the various figures and embodiments of the inventive
concept.

[0029] Throughout the description of the inventive concept,
when describing a certain technology is determined to evade
the point of the inventive concept, the pertinent detailed
description will be omitted. Numerals (e.g., first, second, etc.)
used in the description of the inventive concept are only for
distinguishing one element from another element.

[0030] When one element is described as being “con-
nected” or “accessed” to another element, it shall be con-
strued as being connected or accessed to the other element
directly but also as possibly having another element in
between. On the other hand, if one element is described as
being “directly connected” or “directly accessed” to another
element, it shall be construed that there is no other element in
between.

[0031] A base station signal matching device 100 accord-
ing to an embodiment of the inventive concept is provided in
an embedded form in a corresponding relay device for the
purpose of matching between a base transceiver system (here-
inafter, referred to as a BTS) and the relay device. That is,
unlike the conventional art in which the external signal
matching device is provided at the outside of the relay device,
the base station signal matching device according to the
embodiment of the inventive concept is provided inside the
relay device, to perform signal matching between the BTS
and relay device. The base station signal matching device
may be applied to various applications to which signal match-
ing with the BTS is required. However, in this specification, a
matching case between the BTS and a distributed antenna
system will be mainly described. In this case, the relay device
may be a donor equipment that initially receives a base station
signal from the BTS in the DAS.

[0032] Hereinafter, the configuration of a base station sig-
nal matching device according to an embodiment of the
inventive concept will be described in detail with reference to
FIG. 3 in conjunction with FIGS. 4 to 6. Here, FIG. 3 is a
block diagram illustrating a base station signal matching
device embedded in a DAS (i.e., a donor relay equipment) for
the purpose of signal matching with a BTS according to an
embodiment of the inventive concept. FIG. 4 is a diagram
illustrating the configuration of a signal attenuator in the base
station signal matching device according to the embodiment
of the inventive concept. FIG. 5 is a diagram illustrating the
configuration of a signal matching unit in the base station
signal matching device according to the embodiment of the
inventive concept. FIG. 6 is a diagram illustrating application
forms of the conventional art and the inventive concept based
on when one or more matching ports are provided for each
service frequency band.

[0033] Referring to FIG. 3, the base station signal matching
device 100 includes a set of signal attenuators 110 and a set of
signal matching units 120, provided for each of a plurality of
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matching ports respectively connected to a plurality of BTSs.
That is, when a plurality of BTSs exist for each service
frequency band (i.e., each band) (see FIG. 6), the signal
attenuator 110 and the signal matching unit 120 may be
provided for each of a plurality of ports respectively con-
nected to the plurality of BTSs. In this case, the base station
signal matching device 100, as shown in FIG. 3, may include
a signal coupling unit 130 for coupling a base station signal
(i.e., a signal in a downlink direction) passing through the
signal attenuator 110 and the signal matching unit 120 for
each matching port. The base station signal matching device
100 may include a signal division unit 135 for receiving a
terminal signal (i.e., a signal in an uplink direction) received
to a relay device having the base station signal matching
device 100 embedded therein to be processed, and perform-
ing signal division so that the corresponding terminal signal
can be transmitted to a BTS corresponding to a transmission
destination.

[0034] Hereinafter, the configuration of the signal attenua-
tor 110 and the signal matching unit 120 will be described in
detail with reference to FIGS. 4 and 5.

[0035] The signal attenuator 110 attenuates the input power
level of a base station signal input to the matching port.
Referring to FIG. 4, the signal attenuator 110 may be config-
ured to include a main attenuator 114 and a sub-attenuator
112. The sub-attenuator 112 is disposed prior to the main
attenuator 114 based on a signal transmission path of a base
station signal (downlink signal).

[0036] In this state, the sub-attenuator 112 may be manu-
factured in a coil form using a signal attenuation medium (RF
cable in this embodiment) with which the attenuation of a
radio frequency (RF) signal is possible. For example, the
sub-attenuator 112 may be manufactured by winding, in a coil
form, an RF cable having a length of a few meters or more.
The sub-attenuator 112 is disposed prior to the main attenu-
ator 114 in the signal attenuator 110, to perform a function of
previously attenuating the power of a signal to be input to the
main attenuator 114.

[0037] As such, the signal attenuator 110 is configured so
that a signal with high power, transmitted from the BTS, first
passes through the sub-attenuator 112 before passing through
the main attenuator 114. Thus, in the embodiment of the
inventive concept, even an attenuator having an attenuation
rate lower than that of the high power ATT used in the con-
ventional art can be used as the main attenuator 114. Accord-
ingly, in the embodiment of the inventive concept, passive
intermodulation (PIM) characteristics caused by the signal
attenuator 110 are relatively improved as compared with
those when the conventional high power ATT is used. As will
be described later, in the embodiment of the inventive con-
cept, a first variable attenuator 123 and a second variable
attenuator 124 are additionally provided in the signal match-
ing unit 120, in addition to the main attenuator 114, and thus
the attenuation rate of the main attenuator 114 can be further
lowered. The detailed processing with respect to signal
attenuation in Tx and Rx directions is possible based on a
variable attenuation function performed by the first and sec-
ond variable attenuators 123 and 124.

[0038] The signal matching unit 120, in the downlink direc-
tion, performs a function of receiving a base station signal
passing through the signal attenuator 110 to match the corre-
sponding base station signal suitable for signal processing of
the relay device. The signal matching unit 120, in the uplink
direction, performs a function of receiving a terminal signal
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processed by the relay device to match the corresponding
terminal signal suitable for signal processing of the BTS.
[0039] Referring to FIG. 5, the signal matching unit 120, in
the downlink direction, may include a first filter 121, the first
variable attenuator 123 and a first power detector 125. The
signal matching unit 120, in the uplink direction, may include
a second filter 122, the second variable attenuator 124 and a
second power detector 126.

[0040] Here, the firstfilter 121 receives a base station signal
that previously passed through the signal attenuation unit
110. In this state, the first filter 121 has a pass band charac-
teristic in which the filter 121 passes through a service fre-
quency band of the corresponding base station signal. The
second filter 122 has a pass band characteristic in which the
second filter 122 passes through a service frequency band of
aterminal signal received to the relay device to be transmitted
to the BTS.

[0041] Thus, the signal separation in the Tx and Rx direc-
tions can be performed by the first and second filters 121 and
122. In the conventional art, the signal matching order has an
order of the filter—the attenuator, the high-priced cavity filter
was used. However, in the embodiment of the inventive con-
cept, the components are arranged in the order of the
attenuator—the filter, and thus a low-priced filter (e.g., a
low-priced, light and small ceramic filter) can be used.
[0042] The base station signal passing through the first
filter 121 is finally attenuated to have power of a level suitable
for signal processing of the relay unit through the first vari-
able attenuator 123. In this state, the power level of the base
station signal after passing through the first variable attenua-
tor 123 may be monitored using the first power detector 125.
That is, in the embodiment of the inventive concept, it is
possible to check (identify) whether the base station signal
separated in the Tx direction has a power level suitable for
signal processing of the relay unit.

[0043] The second variable attenuator 124 performs signal
attenuation so that the terminal signal received to the relay
device to be processed has a level suitable for transmission to
the BTS. In this state, the terminal signal will further pass
through the signal attenuator 110 described above on the
signal transmission path (i.e., the transmission path of an
uplink signal), and therefore, the signal attenuation rate
caused by the second variable attenuator 124 may be deter-
mined by simultaneously considering a subsequent signal
attenuation rate caused by the signal attenuator 110. The
power level of the terminal signal after passing through the
second variable attenuator 124 may be monitored using the
second power detector 126. That is, in the embodiment of the
inventive concept, the power level of a terminal signal in the
Rx direction may also be checked.

[0044] As described above, according to the embodiment
of'the inventive concept, it is possible to provide a base station
signal matching device in which the function of the conven-
tional independent external matching device is embedded in
the DAS, and PIM characteristics and the like can be
improved while using passive elements capable of reducing
the size of a low-priced device without using a high-priced,
heavy and large-sized cavity filter and a high power attenuator
having a poor PIM characteristic. Further, according to the
embodiment of the inventive concept, a function capable of
monitoring input/output power levels applied to the device is
added, and thus it is possible to perform more precise control.
Referring to (b) of FIG. 6, the set of signal attenuators 110 and
the set of signal matching unit 120 are configured for each
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band and for each matching port connected to each BTS, as
compared with the conventional art as shown in (a) of FIG. 6.
Thus, the implementation of the entire system is very simple,
and the extensibility of the device is excellent.

[0045] While the inventive concept has been described with
respect to the specific embodiments, it will be apparent to
those skilled in the art that various changes and modifications
may be made without departing from the spirit and scope of
the invention as defined in the following claims.

1. A base station signal matching device configured to
receive a base station signal from a base transceiver system
(BTS), the base station signal matching device being embed-
ded in a relay device, the base station signal matching device
comprising:

a signal attenuation unit configured to receive the base
station signal and attenuate the input power level of the
base station signal; and

a signal matching unit configured to receive the base sta-
tion signal passing through the signal attenuation unit to
match the base station signal suitable for signal process-
ing of the relay device.

2. The base station signal matching device of claim 1,
wherein the signal attenuation unit includes a main attenuator
configured to attenuate the power level of an input signal at a
fixed rate, and a sub-attenuator disposed prior to the main
attenuator based on a signal transmission path of the base
station signal.

3. The base station signal matching device of claim 2,
wherein the sub-attenuator is manufactured in a coil form
using a signal attenuation medium with which the attenuation
of a radio frequency (RF) signal is possible.

4. The base station signal matching device of claim 1,
wherein the signal matching unit includes:

a first filter configured to receive the base station signal
passing through the signal attenuation unit, the first filter
having a pass band including a service frequency band of
the base station signal; and

a second filter configured to have a pass band including a
service frequency band of a terminal signal to be
received to the relay device and transmitted to the BTS.

5. The base station signal matching device of claim 4,
wherein the signal matching unit further includes:

a first variable attenuator configured to perform signal
attenuation so that the base station signal passing
through the first filter has power of a level suitable for
signal processing of the relay device; and

a second variable attenuator configured to perform signal
attenuation of the terminal signal so that the terminal
signal received to the relay device has power of a level
suitable for transmission to the BTS by considering a
signal attenuation rate caused by the signal attenuation
unit according to the signal transmission path of the
terminal signal.

6. The base station signal matching device of claim 5,

wherein the signal matching unit further includes:
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a first power detector configured to monitor whether the
base station signal passing through the first variable
attenuator has the power of the level suitable for signal
processing of the relay device; and

a second power detector configured to monitor the power
level of the terminal signal passing through the second
variable attenuator.

7. The base station signal matching device of claim 1,
wherein, when the relay device is connected to a plurality of
BTSs, a set of signal attenuator and a set of signal matching
units are provided for a plurality of ports corresponding to the
plurality of BTSs, respectively.

8. The base station signal matching device of claim 7,
further comprising:

a signal coupling unit configured to couple base station
signals respectively received from the plurality of BTSs
to be output via the signal matching units provided for
the ports; and

a signal division unit configured to receive a terminal signal
received to the relay device, the signal division unit
inputting the terminal signal to any one of the signal
matching units respectively provided for the ports, so
that the terminal signal is transmitted to a BTS corre-
sponding to a transmission destination of the terminal
signal.

9. A relay device in which the base station signal matching

device according to claim 1, as a donor equipment constitut-
ing a distributed antenna system.

10. Arelay device in which the base station signal matching
device according to claim 2, as a donor equipment constitut-
ing a distributed antenna system.

11. Arelay device in which the base station signal matching
device according to claim 3, as a donor equipment constitut-
ing a distributed antenna system.

12. Arelay device in which the base station signal matching
device according to claim 4, as a donor equipment constitut-
ing a distributed antenna system.

13. Arelay device in which the base station signal matching
device according to claim 5, as a donor equipment constitut-
ing a distributed antenna system.

14. Arelay device in which the base station signal matching
device according to claim 6, as a donor equipment constitut-
ing a distributed antenna system.

15. Arelay device in which the base station signal matching
device according to claim 7, as a donor equipment constitut-
ing a distributed antenna system.

16. Arelay device in which the base station signal matching
device according to claim 8, as a donor equipment constitut-
ing a distributed antenna system.
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