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(57) ABSTRACT

A base station apparatus capable of ensuring a sufficiently
large coverage of a small cell while reducing a power of
downlink signals from a small-cell base station so as to be
equal to or smaller than an allowable maximum power is
provided. The base station apparatus of the small-cell base
station comprises measurement means of measuring an
interference level from a macro cell located in a periphery of
the own base station and transmission-power control means
of controlling a downlink transmission power based on a
measurement result of the interference level from the macro
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cell. The transmission-power control means controls to
enhance the transmission power of a downlink specific
reference signal (CRS) among the downlink transmission
signals of the own base station and to lower the transmission
power of signals except for the downlink specific reference
signal under a condition that the downlink transmission
power is equal to or smaller than an allowable maximum
power, when the interference level is higher than a prede-
termined level.

15 Claims, 11 Drawing Sheets

(51) Int. CL
HO4W 8/22 (2009.01)
HO4W 36/00 (2009.01)
HO4W 52/24 (2009.01)
HO4W 72/04 (2009.01)
HO4W 24/08 (2009.01)
HO4W 52/14 (2009.01)
HO4W 52/36 (2009.01)
(52) US.CL
CPC ... HO4W 36/0061 (2013.01); HO4W 36/0083

(2013.01); HO4W 52/143 (2013.01); HO4W
52/244 (2013.01); HO4W 52/367 (2013.01);
HO4W 72/042 (2013.01); HO4W 72/0473
(2013.01); HO4W 72/082 (2013.01); YO2B
60/50 (2013.01)

(56) References Cited
U.S. PATENT DOCUMENTS

2013/0010635 Al*  1/2013 Seo .....ccovvernnne. HO04W 52/143
370/252
2013/0102309 Al* 42013 Chande ............... HO04W 52/244
455/435.1
2014/0293822 Al* 10/2014 Fujishiro ............. HO04W 24/10
370/252
2015/0092691 Al* 4/2015 Hwang ... HO4L 5/0048
370/329

FOREIGN PATENT DOCUMENTS

WO WO 2010/061628 Al
WO WO 2012/032886 Al

6/2010
3/2012

OTHER PUBLICATIONS

ETSI, “Technical Specification,” LTE; Evolved Universal Terres-
trial Radio Access (E-UTRA); Base Station (BS) radio transmission
and reception, 3GPP TS 36.104, Version 11.4.0, Release 11, Apr.
2013.

Nokia Siemens Networks, Nokia, Texas Instruments, “Autonomous
Power Setting for HeNB Cells,” Discussion and Decision, Agenda
Item 9.7.1, R4-103766, 3GPP TSG RAN WG4 AH Meeting#2010-
04, Oct. 11-15, 2010.

Samsung, “Further discussions on signaling support for non-zero
transmit power ABS,” Discussion and decision, Agenda Item 7.3.2,
R1-122227, 3GPP TSG-RAN WG #69 meeting, May 21-25, 2012.
Ericsson, Pa Range Extension of QPSK for NAICS Signaling,
R1-143300, 3GPP TSG-RAN WG1 #78, 7.2.4.2, Aug. 18-22, 2014.

* cited by examiner



U.S. Patent Feb. 13,2018 Sheet 1 of 11 US 9,894,667 B2

12A

T1A

FIG. 1




US 9,894,667 B2

Sheet 2 of 11

Feb. 13, 2018

U.S. Patent

A0S

\ AR IE |
NOILO3S NOILD3S NOILD3S
ONILLINSNYY L l~—{ NOILVINQON |—— NOILYNINIO |[—
olavy VING4-DS 190-d
60 80¢ L0€
NOILD3S NOILD3S z%%%mwxw NOILO3S
ONIAIFOTY  p=—PpNOILYINAOWIA p——>pp NOLLYWNO 4N g 1041NOY
oldvy Ndd0 -NOILYDI3ILON
/ / v
cos oo NOILD3S
ININIUNSYAN
< AT >
-ONIAIZDAY >
mﬁﬂ 108




US 9,894,667 B2

Sheet 3 of 11

Feb. 13, 2018

U.S. Patent

d¢ Dld
NOLLOES NOILO3S z%ﬁ%@mo
ONILLINSNYAL |1 NOILYINAOW (= " v\o)s
01av¥ MNITNMOQ Wa40 MINIINMOQ
7 / 4
21¢ LI 0Le NOILDES
TRITRER TOMLINOD
NOILO3S NO1LO3S LNIWIANSYIW
ONIAIZOZY  —» NOILYINAOWIQ P HIMOY
OIQvH MNITdN YINQ4-0S -ONIAIZOTY
7 P4 I
90¢ LO7 802
NOILD3S NOILO3IS z%%@w@m
ONIAIZOFY Pl NOILYINCOWAQ P NOILYWHOANI
OlavH MNITNMOG WQ40 -NOILYDI4ILON
£02 p0Z 502 60¢



US 9,894,667 B2

Sheet 4 of 11

Feb. 13, 2018

U.S. Patent

€ VI

and

1SIT1T130-ONIJOgHOIAN 01 daY

A 4

3N 40 S1Y0d3d INFJAFINSYIN
40 ¥IGWNN IHL 40 J3THO ONIANIADSY IHLNI'FLFT3A

¢ N4 S1LSITT130
-ONI4EHOI3N

1730 ONIHJOGHDIIN ¥V 34IN0JOY

4

1VLS
Jaylusg




US 9,894,667 B2

Sheet 5 of 11

Feb. 13, 2018

U.S. Patent

¥ Ol

N4

140434190 40 1L 40
43040 ONIANAOSYIHL NI 3L313d

S3A

w' LSIT130-ONIH0gHOIIN 0L QY

¢ 1104 STLSTT

H

T130-ONIJOgHOIAN

*

NOILYIWHOINI LSITT130

T140-ONIJOGHOIAN NI

-ONIJOEHOIIN 40 FNIL I LYAdN

SdA

NASH¥d Si L

T30 ONIJOGHOIEAN
NO NOILYINYO4ANI FHINDJV

mOI 41vd340 0L ._.w_ﬁmu




U.S. Patent Feb. 13,2018 Sheet 6 of 11 US 9,894,667 B2

POuA Juax_ PoweR

Pcell(Max)

Pcell(Min)

Poutp

Peell(Max)

H
i
I
t
i
Pcell{Min) y - ,_f
f

®—> CRS_Fc¢
A

Pout/\

Poell(Max) [ o oo oo s =

[ ——
— — - - "~ ot

Pcell(Min) §~— e i et 5} i e e

CRS_Ec

A\ 4

y O



US 9,894,667 B2

Sheet 7 of 11

Feb. 13, 2018

U.S. Patent

9 OId

and

UAIIll

ez )
LNdLNO FONYHD

¢MESIHLINI
LN3ISIHd LON STTVNINYZL

ON

{UTOHSTAHL

ON

SO330X4d NAUneH

++N

;

++UN0N

L0T0HSIYHL ¥3ddN SO330XE A3t

ON 21410313 1130-040VI
0=N ‘0=}un0g
AANIL LHYLS
TTOHSTYHL ¥3ddn $330X3 073
ON Q1410313 T130-0HIVW




L "OI4

N3 UA 140d 390LSTY

US 9,894,667 B2

Sheet 8 of 11

Feb. 13, 2018

SEPN
LATOHSTIUHL
SQ33OXT NAUNGY

ON

4N

L

+HUNOD

LATOHSIYHL YIMOTSAIFDXI AT3I

ON JIHLIZTH TI30-0HOVIN

0=N '0=)uno)
¥AWIL LYVLS

UTOHSIYHL HaIMOT SAIIIXE a3l

U.S. Patent

ON 21¥103731F0-0HOVI




U.S. Patent Feb. 13,2018 Sheet 9 of 11 US 9,894,667 B2

C
e
B~
Pout/\ /@
Pcell
Pcell
>
l I ] CRS_Ec
Y !

P_A=0,P_B=0 CRS bhoosting

FIG. 8



U.S. Patent

Feb. 13, 2018 Sheet 10 of 11

US 9,894,667 B2

Pn

| [P—crs

P_A

P_B

>

FREQUENCY

_—CRS
- Pn

P_A

P_B

(b) pointB
FIG. 9B

llllll

>

FREQUENCY

LR RS R] RS

(c) point C
FIG. 9C

>

FREQUENCY



US 9,894,667 B2

Sheet 11 of 11

Feb. 13, 2018

U.S. Patent

01 "Old

[
p  [BUNTSHO ONVIWY d NOYA

[euy xewd 31vIN01vI
A

ang
bunoog™syo

dwisy0=(eul SYD
{apss71-'gpe-‘gpLL v '9P9-}
WOYL 43103138 TV HOLIHM ‘dwiy
NYHLYITIYINS SANTVA 40 "XVYIN OLIBUL Y 4 138

8pQ 03 [eul v d L3S ANY
'dw)”SYO=[eul”SHO
‘dwy ™ xewd=eul xewd

[euly SHO 31YINOTVO

ONVEP9-OLleud v 4135

gpg->duyTy d

HWixewd => dwy xewd

¥IMOd 30NATY OL TANNYHO
WOISAH ¥IHL10 40 dwi™y~d LVINOTYO

XeUld NO 04svd
dwi™sy¥0 3LYINOTVO

i

NOISS3ddX3 NOILY1INITVO Odd
YONISN dwy xeud 31¥1N9Tv0

*

1dv1S




US 9,894,667 B2

1
BASE STATION APPARATUS FOR
CONTROLLING DOWNLINK
TRANSMISSION POWER OF A
SMALL-CELL BASE STATION

TECHNICAL FIELD

The present invention relates to a base station apparatus of
mobile communication.

BACKGROUND ART

A base station apparatus of performing a handover (HO)
processing when a mobile station (hereinafter referred to
appropriately as “user equipment (UE: User Equipment)”)
located in the own cell moves to a neighboring cell of
another base station while maintaining a data communica-
tion, etc. in a mobile communication is conventionally
known. When performing this HO processing, since infor-
mation on the neighboring base stations (cells) is needed in
advance, it is necessary that a neighboring-cell list that is a
list of cell-identification information of the neighboring base
stations (cells) is created in each base station apparatus (for
example, refer to Non-Patent Literature 1). For example, as
a neighboring-cell list referred to when a mobile station
located in a cell of a base station (eNB: evolved Node B), to
which a physical cell identifier (PCIL: Physical Cell Identi-
fier) of 500 is assigned, performs a handover in a mobile
communication system of LTE (Long Term Evolution) sys-
tem, a neighboring-cell list exemplified in Table 1 is created.
In the neighboring-cell list in Table 1, a cell ID (Cell ID),
identification information on a communications service pro-
vider (PLMN (Public Land Mobile Network) ID) and a
location-registration area code (TAC: Tracking Area Code)
are stored together with the physical cell identifier (PCI)
with respect to each neighboring base station (cell).

TABLE 1
PCI Cell ID PLMN ID TAC
499 XXX YYY 777

BBB cce DDD

As a method of creating the foregoing neighboring-cell
list, a method of searching peripheral base stations, which is
called as “Sniffer”, and a method using receiving reports,
which is called as “CGI Report”, “UEMR”, etc. are known.
In the foregoing method of searching peripheral base sta-
tions, information on peripheral base stations (cells) is
searched with a particular frequency (for example, 2.1 GHz)
at a timing of activating a base station or in a predetermined
cycle (for example, one hour or one week) that is set in
advance, and a new peripheral base station is registered in
the neighboring-cell list when the peripheral base station is
searched. In the foregoing method using receiving reports,
while not being restricted by a particular frequency, a base
station collects information on a peripheral base station
based on global identification information (CGI: Cell Global
Identity), which is included in a measurement report (MR)
received from a mobile station located in the own cell when
performing a handover to the peripheral base station, and
registers the information on peripheral base station in the
neighboring-cell list. Since the information to be registered
in the neighboring-cell list is collected by a plurality of
methods in this way, there is a case that information on a
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method (information source) of acquiring information on the
neighboring base station (cell) is included in the neighbor-
ing-cell list together with the information on the neighboring
base station (cell). For example, as shown in Table 2, in a
neighboring-cell list of a small-cell base station located
neighboring with base stations A, B and B, information on
an information source (Source) of acquiring cell ID infor-
mation is stored together with the cell ID.

TABLE 2
Source Cell ID
Sniffer A
Sniffer B
CGI Report C

A base station of small cell smaller than a macro-cell in
size (hereinafter referred to appropriately as “small-cell base
station”) is also known. A base station of macro-cell (here-
inafter referred to appropriately as “macro-cell base sta-
tion”) is intentionally located. On the other had, the small-
cell base station is not intentionally located, and is located,
for example, at a position where a radio wave strength is
weak.

A base station apparatus of the foregoing small-cell base
station can perform a down link power control (DPC:
Downlink Power Control) by measuring an interference
level (CRS_Ec) of a downlink specific reference signal
(CRS: Cell-specific Reference Signal) and a total downlink
receiving power from neighboring cells by a peripheral
listening function (for example, refer to Non-Patent Litera-
ture 2). In the conventional algorithm of DPC, a control
target value of downlink transmission power to be used after
that is determined based on measurement results of the
foregoing measured instantaneous interference level and
downlink receiving power.

CITATION LIST
Non-Patent Literature

Non-Patent Literature 1: 3GPP TS36.331 V10.3.0, “Evolved
Universal Terrestrial Radio Access (E-UTRA); Radio
Resource Control (RRC); Protocol specification”, pub-
lished on Oct. 10, 2011.

Non-Patent Literature 2: 3GPP TS36.104 6.2.5-1.

Non-Patent Literature 3: 3GPP TS 36.331, “Evolved Uni-
versal Terrestrial Radio Access (E-UTRA); Radio
Resource Control (RRC); Protocol specification”.

SUMMARY OF INVENTION
Technical Problem

It is determined whether the foregoing handover (HO)
between cells is performed or not, based on power of a
downlink specific reference signal (CRS) included in a
downlink signal that is transmitted from a base station
apparatus and received by a mobile station (UE). Since the
presence and absence of need for the handover (HO) in
determined in this way, in state that a small-cell base station
is located at a location where an electric field intensity of
radio signal from a macro-cell base station is strong, the
power of downlink specific reference signal (CRS) from the
macro-cell base station is high, then a handover (HO) form
the macro cell to the small cell rarely occurs and a handover
(HO) form the small cell to the macro cell occurs frequently.
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Accordingly, there is a problem that the mobile station (UE)
is difficult to locate in the small cell. In this case, it is
considered that the power of downlink signal including the
downlink specific reference signal (CRS) transmitted from
the small-cell base station is adjusted so as to be enhanced
to an allowable maximum power specified by law or the like,
by the foregoing down link power control (DPC). However,
the mobile station (UE) is difficult to locate in the small cell,
even when the power of downlink signal from the small-cell
base station is adjusted so as to be enhanced to the allowable
maximum power.

Solution To Problem

To solve the foregoing problem, a base station apparatus
according to an aspect of the present invention, which is a
base station apparatus installed in a small-cell base station
performing a radio communication with a mobile station in
a mobile communication system, comprises measurement
means of measuring an interference level from a macro cell
located in a periphery of the own base station, and trans-
mission-power control means of controlling a downlink
transmission power based on a measurement result of the
interference level from the macro cell. The transmission-
power control means controls to enhance the transmission
power of a downlink specific reference signal (CRS) among
the downlink transmission signals of the own base station
and to lower the transmission power of signals except for the
downlink specific reference signal under a condition that the
downlink transmission power is equal to or smaller than an
allowable maximum power, when the interference level is
higher than a predetermined level.

In the foregoing base station apparatus, the measurement
means may measure the interference level from the macro
cell located in a periphery of the own base station and a total
downlink receiving power from neighboring cells, and the
transmission-power control means may control the down-
link transmission power based on the measurement result of
the interference level (CRS_Ec) from the macro cell and the
total downlink receiving power from neighboring cells.

Furthermore, in the foregoing base station apparatus, the
transmission-power control means may control the down-
link transmission power in a range between a maximum
power and a minimum power which are set in advance, and
control to enhance the transmission power of a downlink
specific reference signal (CRS) among the downlink trans-
mission signals of the own base station and to lower the
transmission power of signals except for the downlink
specific reference signal under a condition that the downlink
transmission power is equal to or smaller than the allowable
maximum power, when the interference level is higher than
the predetermined level in state that the downlink transmis-
sion power is set to the maximum power.

Advantageous Effects of Invention

According to the present invention, it is capable of
ensuring a sufficiently large coverage of a small cell while
reducing a power of downlink signals from a small-cell base
station so as to be equal to or smaller than an allowable
maximum power.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is an illustration showing a schematic configura-
tion of mobile communication system in which a base
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station having a base station apparatus is located, according
to an embodiment of the present invention.

FIG. 2A is a function block diagram showing one example
of schematic configuration of a main part of user equipment
capable of communicating in the mobile communication
system according to the present embodiment.

FIG. 2B is a function block diagram showing one example
of schematic configuration of a main part of a base station
apparatus forming a small-cell base station according to the
present embodiment.

FIG. 3 is a flowchart showing one example of update
processing of a neighboring-cell list in the base station
apparatus of the small-cell base station according to the
present embodiment.

FIG. 4 is a flowchart showing another example of update
processing of a neighboring-cell list in the base station
apparatus of the small-cell base station according to the
present embodiment.

FIG. 5A is a graph showing examples of algorithm of
downlink transmission power controls (DPCs) different
from each other, which are capable of selectively performing
when interference from a small cell to a macro cell is large,
in the small-cell base station according to the present
embodiment.

FIG. 5B is a graph showing examples of algorithm of
downlink transmission power controls (DPCs) different
from each other, which are capable of selectively performing
when interference from a small cell to a macro cell is large,
in the small-cell base station according to the present
embodiment.

FIG. 5C is a graph showing examples of algorithm of
downlink transmission power controls (DPCs) different
from each other, which are capable of selectively performing
when interference from a small cell to a macro cell is large,
in the small-cell base station according to the present
embodiment.

FIG. 6 is a flowchart showing one example of a downlink
transmission power control (DPC) in the base station appa-
ratus of small-cell base station according to the present
embodiment.

FIG. 7 is a flowchart showing another example of a
downlink transmission power control (DPC) in the base
station apparatus of small-cell base station according to the
present embodiment.

FIG. 8 is a graph showing yet another example of algo-
rithm of downlink transmission power control (DPC) in the
base station apparatus of small-cell base station according to
the present embodiment.

FIG. 9A is a graph showing a control pattern of power of
downlink transmission signals with respect to a frequency at
the point A in FIG. 8.

FIG. 9B is a graph showing a control pattern of power of
downlink transmission signals with respect to a frequency at
the point B in FIG. 8.

FIG. 9C is a graph showing a control pattern of power of
downlink transmission signals with respect to a frequency at
the point C in FIG. 8.

FIG. 10 is a flowchart showing yet another example of a
downlink transmission power control (DPC) in the base
station apparatus of small-cell base station according to the
present embodiment.

DESCRIPTION OF EMBODIMENTS

Hereinafter, embodiments of the present invention are
described with reference to the drawings.
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FIG. 1 is an illustration showing a schematic configura-
tion of mobile communication system in which a base
station having a base station apparatus is located, according
to an embodiment of the present invention. In FIG. 1, the
communication system of this embodiment is a communi-
cation system based on the specification of LTE, and
includes macro-cell base stations 10, 11 and 12, a small-cell
base station 20 located in a macro cell 10A being as a radio
communication area of the macro-cell base station 10 which
is a one of the foregoing macro-cell base stations. A small
cell 20A being as a radio communication area of the small-
cell base station 20 is included within the macro cell 10A.
In the example shown in the figure, user equipment (UE) 30
being as a mobile station is located in the small cell 20A and
is in a state capable of performing radio communications for
a telephone and data communication etc. to the small-cell
base station. Since the user equipment 30 is also located in
an outer peripheral portion (boundary portion with the
macro cell 10A) of the small cell 20A within the macro cell
10A, the user equipment 30 is in a situation in which a radio
signal transmitted from the user equipment 30 reaches to the
macro-cell base station 10 and a radio signal transmitted
from the macro-cell base station 10 reaches to the user
equipment 30. As a base station located around the small-
cell base station 20, there are macro-cell base stations 11 and
12 in addition to the macro-cell base station 10.

It is noted that, although three macro-cell base stations 11,
12 and 13, one small-cell base station 20 and one user
equipment 30 are shown in FIG. 1, the number of macro-cell
base stations may be smaller than two or larger than four.
Furthermore, although some cases, in which the small-cell
base station 20 performs processes and controls discussed
below, are described in the following embodiments, any
other base station such as the macro-cell base station 10 may
perform similar processes and controls. Common sections
between the three macro-cell base station are described with
respect to the macro-cell base station 10.

The macro-cell base station 10 is a normal wide-area base
station installed outdoor in a mobile communication net-
work, which covers a macro cell being a wide area with a
radius in a range between about few hundred meters and
about several kilometers, and is sometimes called as a
“macro-cell base station”, “Macro e-Node B”, “MeNB” or
the like. The macro-cell base station 10 is connected with
other base stations via, for example, a wired communication
line, and is configured to be capable of communicating by a
predetermined communication interface. The macro-cell
base station 10 is also connected with a core network of the
mobile communication network via a line-termination
device and a leased line and is configured to be capable of
communicating with various types of nodes in the mobile
communication network by a predetermined communication
interface.

The small-cell base station 20, which is different from a
wide-area macro-cell base station, is a transferable base
station capable of being installed indoor such as in a private
house, shop, office or the like, and has a radio-communica-
tion range between about few meters and about several
hundred meters. Since the small-cell base station 20 is
installed so as to covering a area smaller than a area covered
with a wide-area base station in the mobile communication
network, the small-cell base station 20 is sometimes called
as a “femto base station” or sometimes called as a “Home
e-Node B” or “Home eNB”. The small-cell base station 20
is also connected with a core network of the mobile com-
munication network via a line-termination device and a
broad-band public communication line such as an ADSL
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6

(Asymmetric Digital Subscriber Line), an optical commu-
nication line or the like, and is configured to be capable of
communicating with various types of nodes in the mobile
communication network by a predetermined communication
interface.

When being located in the macro cell 10A or the small cell
20A, the user equipment (UE) 30 being as a mobile station
used by a user is capable of performing a radio communi-
cation with the macro-cell base station 10 or the small-cell
base station 20 which corresponds to the serving cell by
using a predetermined communication method and a
resource.

FIG. 2A is a function block diagram showing one example
of schematic configuration of a main part of the user
equipment 30 capable of communicating in the mobile
communication system according to the present embodi-
ment. FIG. 2B is a function block diagram showing one
example of schematic configuration of a main part of a base
station apparatus 200 forming a small-cell base station 20
according to the present embodiment. It is noted that, since
a base station apparatus of the macro-cell base station 10
located around the small-cell base station 20 can be config-
ured as same as the small-cell base station 20, a description
of the base station apparatus of the macro-cell base station
10 will be omitted.

The user equipment 30 is configured with, for example,
hardware such as a computer device having a CPU, memo-
ries, etc., an external communication interface section for
the core network, a radio communication section and so on,
and is capable of performing a radio communication with
the base station 10, 20, etc. and the like, by executing a
predetermined program. The base station apparatus 200 is
configured with, for example, hardware such as a computer
device having a CPU, memories, etc., an external commu-
nication interface section for the core network, a radio
communication section and so on, and is capable of per-
forming various kinds of processes and controls described
below such as a memory and update of a list of peripheral
base stations neighboring with the small-cell base station 20,
a control of downlink transmission power, a measurement of
an interference level from a peripheral cell, an interference-
processing process and so on, and performing a radio
communication with the user equipment 30, by executing a
predetermined program.

In FIG. 2A, the user equipment 30 is provided with a
control section 301, a transmission and reception sharing
device (DUP: Duplexer) 302, a radio receiving section 303,
an OFDM (Orthogonal Frequency Division Multiplexing)
demodulation section 304, a receiving-quality measurement
section 305 and a notification-information extraction section
306. The user equipment 30 is also provided with a P-CQI
(Periodic-Channel Quality Indicator) generation section
307, an SC-FDMA (Single-Carrier Frequency-Division
Multiple Access) modulation section 308 and a radio trans-
mitting section 309.

The control section 301, which, for example, is config-
ured with a computer device, controls each section based on
notification information extracted by the notification-infor-
mation extraction section 306, and functions as means of
passing information on a downlink-signal receiving quality
received by the receiving-quality measurement section 305
to the P-CQI generation section 307.

The radio receiving section 303 receives a radio signal
modulated with a OFDM system for downlink specified by
the LTE from the base stations 10 and 20 via an antenna and
the transmission and reception sharing device 302.



US 9,894,667 B2

7

The OFDM demodulation section 304 acquires a recep-
tion signal by demodulating the radio signal modulated with
the OFDM system.

The receiving-quality measurement section 305 measures
a downlink receiving quality (for example, electric field
intensity, receiving level, etc.) when receiving the downlink
radio signal, from the demodulated by the OFDM demodu-
lation section 304, and passes information (CQI: Channel
Quality Indicator) on the measured downlink receiving
quality to the control section 301.

The notification-information extraction section 306
extracts notification information (for example, cell-identifi-
cation information such as a CGI, a cell ID or the like,
location-registration area information such as a TAC or the
like, control channel information, network version informa-
tion, etc.) transmitted by the base stations 10 and 20, from
the reception signal demodulated by the OFDM demodula-
tion section 304, and passes the extracted notification infor-
mation to the control section 301.

The P-CQI generation section 307 generates a P-CQI
signal being as a measurement report (Measurement Report)
that is periodically transmitted from the user equipment 30,
based on the information on downlink receiving quality
(CQI) and the notification information received from the
control section 301.

The SC-FDMA modulation section 308 modulates vari-
ous kinds of baseband transmission signals by using a
SC-FDMA (Single-Carrier Frequency-Division Multiple
Access) system for uplink specified in the LTE. Particularly,
in the present example, by the SC-FDMA modulation sec-
tion 308, the transmission signal of P-CQI generated by the
P-CQI generation section 307 is modulated with the SC-
FDMA system.

The radio transmitting section 309 transmits the transmis-
sion signal such as the P-CQI modulated by the SC-FDMA
modulation section 308 to the base stations 10 and 20 via the
transmission and reception sharing device 302 and the
antenna.

In the description herein, the foregoing P-CQI is a trans-
mission signal including the downlink receiving quality
information (CQI) and the cell-identification information
such as the CGI, cell ID, etc. which are periodically notified
to the base stations 10 and 20 by the user equipment 30. The
user equipment 30 may also periodically transmit a refer-
ence signal (SRS) used for measurements of uplink receiv-
ing quality at the base stations 10 and 20, in addition to the
P-CQI. As a physical channel for transmitting the P-CQI, for
example, a PUCCH (Uplink Control Channel) format 2
specified in the LTE is used. Radio resources (time, fre-
quency) used for transmission of the P-CQI and SRS are
designated by the base stations 10 and 20.

In FIG. 2B, the base station apparatus 200 is provided
with a radio signal path switching section 201, a transmis-
sion and reception sharing device (DUP) 202, a downlink
radio receiving section 203, an OFDM demodulation section
204, a notification-information extraction section 205, an
uplink signal receiving section 206, an SC-FDMA demodu-
lation section 207 and a receiving-power measurement sec-
tion 208. The base station apparatus 200 is also provided
with a control section 209 that performs a control of trans-
mitting power and the like, a downlink signal generation
section 210, an OFDM modulation section 211 and a down-
link radio transmitting section 212. It is noted that the base
station apparatus 200 may include an antenna.

The downlink radio receiving section 203 receives a radio
signal, which is modulated with the OFDM for downlink
system specified by the LTE and includes notification infor-
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mation, from the macro-cell base station 10 via the antenna,
the radio signal path switching section 201 and the trans-
mission and reception sharing device 202.

The OFDM demodulation section 204 demodulates the
radio signal modulated with the OFDM system and acquires
a reception signal.

The notification-information extraction section 205
extracts the notification information (for example, informa-
tion on SIB 2: System Information Block type 2) transmitted
by the macro-cell base station 10, from the reception signal
demodulated with the OFDM demodulation section 204, and
passes the extracted notification information to the control
section 209.

These sections of the downlink radio receiving section
203, the OFDM demodulation section 204 and the notifica-
tion-information extraction section 205 also function as
information acquisition means of acquiring information of
electric field intensity of a transmission signal transmitted
from the macro-cell base station 10 located at a periphery of
the own base station, and measurement means of measuring
an interference level from the macro cell 10A located at a
periphery of the own base station.

The uplink signal receiving section 206 receives an uplink
radio signal transmitted by the user equipment 30 that is
communication with the base station 200, via the radio
signal path switching section 201 and the transmission and
reception sharing device 202. This radio signal includes a
noise signal such as white noise generated in the radio signal
path switching section 201 and so on, and a radio signal in
the predetermined radio resource and physical channel that
are set for transmitting the aforementioned P-CQI and SRS.
When a user equipment (MUE) communicating with the
macro-cell base station 10 located neighboring with the
small-cell base station 20 exists, the radio signal also
includes an uplink signal transmitted from the user equip-
ment (MUE).

The SC-FDMA demodulation section 207 performs a
demodulation process of SC-FDMA system for the reception
signal received by the uplink signal receiving section 206.

The receiving-power measurement section 208 measures
a power of the reception signal in the foregoing predeter-
mined radio resource and physical channel obtained by the
demodulation process in the SC-FDMA demodulation sec-
tion 207, in each of a single subframe or a plurality of
subframes, based on the notification information from the
peripheral macro-cell base station 10 which is extracted by
the notification-information extraction section 205. This
receiving-power measurement section 208 functions as mea-
surement means of measuring a power in a predetermined
frequency band assigned to the signal (P-CQI or SRS) that
is periodically transmitted from the foregoing user equip-
ment (MUE) to the macro-cell base station 10 located in a
periphery of the own base station.

The control section 209 has a memory such as a RAM,
ROM or the like and functions as memory means of memo-
rizing the neighboring base station list as exemplified in
Table 1 and Table 2, which is a list of neighboring base
stations located at a periphery of the own base station.
Furthermore, the control section 209 also functions as list-
update means of adding a new peripheral base station in the
list of neighboring base stations when the peripheral base
station is found, and delete means of deleting at least one
peripheral base station registered at an early timing in the list
of neighboring base stations when the number of peripheral
base stations registered in the list of neighboring base
stations reaches to a predetermined maximum value that is
set in advance.
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Moreover, the control section 209 also functions as trans-
mission-power control means of controlling a downlink
transmission power between a maximum power (Pcell
(Max)) and a minimum power (Pcell(Min)) which are set in
advance, and/or transmission power control means of con-
trolling a downlink transmission power based on a measure-
ment result of the interference level from the macro cell
10A.

The downlink signal generation section 210 a down link
signal to be transmitted to a user equipment 30 located in the
cell 20A of the own base station.

The OFDM modulation section 211 modulates the down-
link signal generated by the downlink signal generation
section 210 with the OFDM system so that the downlink
signal is transmitted with a transmission power determined
by the control section 209.

The downlink radio transmitting section 212 transmits the
transmission signal modulated by the OFDM modulation
section 211 via the transmission and reception sharing
device 202, the radio signal path switching section 201 and
the antenna.

FIG. 3 is a flowchart showing one example of update
processing of a neighboring-cell list in the base station
apparatus 200 of the small-cell base station 20 according to
the present embodiment.

In the small-cell base station 20 of the present embodi-
ment, a neighboring-cell list can be created by at least one
method of a method of searching peripheral base stations
which is called as “Sniffer” and a method using measure-
ment reports which is called as “CGI Report”, “UEMR” and
the like. In the method of searching peripheral base stations,
information on peripheral base stations (cells) is searched
with a particular frequency (for example, 2.1 GHz) at a
timing of activating a base station or in a predetermined first
cycle (one hour) and/or second cycle (one week) which are
set in advance, and a new peripheral base station (cell) is
registered in the neighboring-cell list when the peripheral
base station (cell) is searched. In the method using receiving
reports, while not being restricted by a particular frequency,
a base station collects information on a peripheral base
station (cell) based on global identification information
(CGI), which is included in a measurement report (MR)
received from a user equipment 30 located in the own cell
when performing a handover to a peripheral cell, and
registers the information on peripheral base station (cell) in
the neighboring-cell list. In this neighboring-cell list, a
maximum value (for example, 64) of registrable neighboring
cells is set.

The example in FIG. 3 is an example when performing an
update processing of the neighboring-cell list by using the
method of searching peripheral base stations (Sniffer) by the
foregoing second cycle (one week).

In FIG. 3, the small-cell base station 20 starts the update
processing of the neighboring-cell list by using the method
of searching peripheral base stations (Sniffer) by the fore-
going second cycle (one week), searches a neighboring cell
located in a periphery of the own cell and determines
whether the neighboring-cell list is full or not (whether there
is a free space available for an additional registration in the
neighboring-cell list) when acquiring information on a new
neighboring cell.

Herein, if the neighboring-cell list is not full, the forego-
ing acquired information on new neighboring cell is added
in the neighboring-cell list.

On the other hand, if the neighboring-cell list is full,
information on at least one neighboring cell (peripheral base
station) registered at an early timing in the neighboring-cell
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list is deleted. For example, information on at least one
neighboring cell (peripheral base station) is deleted in the
ascending order of the number of measurement reports from
the user equipment among the neighboring cells in the
neighboring-cell list. Then, the foregoing acquired informa-
tion on new neighboring cell is added in the neighboring-cell
list.

As described above, according to the example in FIG. 3,
even in state that the maximum value of registrable neigh-
boring cells (peripheral base stations) is set in the neighbor-
ing-cell list, the information of new neighboring cell (pe-
ripheral base station) can be surely added when performing
the update processing of neighboring-cell list by using the
foregoing method of searching peripheral base stations
(Sniffer) by the second cycle (one week).

FIG. 4 is a flowchart showing another example of update
processing of the neighboring-cell list in the base station
apparatus 200 of the small-cell base station 20 according to
the present embodiment. The example in FIG. 4 is an
example when performing an update processing of the
neighboring-cell list by the foregoing method using mea-
surement reports when performing a handover. In the
example in FIG. 4, as an item in the neighboring-cell list, an
item for time information of cell-identification information
and time information such as acquisition time of information
on a peripheral base station with respect to each neighboring
cell (peripheral base station) is included.

In FIG. 4, the small-cell base station 20 starts to operate
a handover processing of a user equipment 30 located in the
own cell, then collects information on a neighboring cell
(peripheral base station) based on cell-identification infor-
mation (CGI) that is included in a measurement report (MR)
received from the user equipment 30 located in the own cell,
acquires information on the neighboring cell (peripheral
base station) and determines whether the neighboring cell
(peripheral base station) corresponding to the acquired infor-
mation is present in the neighboring-cell list or not. Herein,
if the neighboring cell (peripheral base station) is present in
the neighboring-cell list, time information (time of CGI
reporting) of the cell-identification information (CGI) is
updated with respect to the neighboring cell.

Next, the small-cell base station 20 determines whether
the neighboring-cell list is full or not (whether there is a free
space available for an additional registration in the neigh-
boring-cell list).

Herein, if the neighboring-cell list is not full, the forego-
ing acquired information on new neighboring cell is added
in the neighboring-cell list.

On the other hand, if the neighboring-cell list is full,
information on at least one neighboring cell (peripheral base
station) registered at an early timing in the neighboring-cell
list is deleted. For example, information on at least one
neighboring cell (peripheral base station) is deleted in the
ascending order of the time information (time of CGI
reporting) of the cell-identification information (CGI)
among the neighboring cells in the neighboring-cell list.
Then, the foregoing acquired information on new neighbor-
ing cell is added in the neighboring-cell list.

As described above, according to the example in FIG. 4,
even in state that the maximum value of registrable neigh-
boring cells (peripheral base stations) is set in the neighbor-
ing-cell list, the information of new neighboring cell (pe-
ripheral base station) can be surely added when performing
the update processing of neighboring-cell list by using the
foregoing method using measurement reports when per-
forming a handover.
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It is noted that, in the examples in FIGS. 3 and 4, when
deleting the information on neighboring cell (peripheral base
station) from the neighboring-cell list, one neighboring cell
may be deleted or two or more neighboring (peripheral base
stations) cells may be simultaneously deleted.

Furthermore, although a case that the base station appa-
ratus 200 installed in the small-cell base station 20 performs
the update processing in each of the examples in FIGS. 3 and
4, the same update processing of the neighboring-cell list is
applied to a base station apparatus installed in a macro-cell
base station.

FIGS. 5A-5C are respectively a graph showing an
example of algorithm of downlink transmission power con-
trols (DPCs) different from each other, which are capable of
selectively performing when interference from a small cell
20A to a macro cell 10A is large, in the small-cell base
station 20 according to the present embodiment. The hori-
zontal axis in FIG. 5 shows an interference level (CRS_Ec)
of downlink specific reference signal (CRS) from a periph-
eral macro cell 10A, and the vertical axis shows a downlink
transmission power (Pout) [dB] of a base station apparatus
200 of a small-cell base station 20. Pcell(Max) and Pcell
(Min) in the figures are respectively the maximum power
and the minimum power that can be set in a downlink
transmission power control (DPC) in the base station appa-
ratus 200 of the small-cell base station 20.

Each algorithm of downlink transmission power controls
(DPCs) in FIGS. 5A-5C is same as each other until the
interference level (CRS_Ec) of downlink specific reference
signal (CRS) becomes a predetermined interference level A
[dB] from O [ dB] in the figures, but is different from each
other with respect to a change of downlink transmission
power when the interference level (CRS_Ec) becomes the
interference level A.

In the algorithm of downlink transmission power control
(DPC) in FIG. 5A, when the interference level (CRS_Ec) of
downlink specific reference signal (CRS) becomes the pre-
determined interference level A, the downlink transmission
power Pout is changed to the minimum power Pcell(Min).

In the algorithm of downlink transmission power control
(DPC) in FIG. 5B, when the interference level (CRS_Ec) of
downlink specific reference signal (CRS) becomes the pre-
determined interference level A, the downlink transmission
power Pout is changed to O [W] so that the downlink
transmission signal is not transmitted.

In the algorithm of downlink transmission power control
(DPC) in FIG. 5C, when the interference level (CRS_Ec) of
downlink specific reference signal (CRS) becomes the pre-
determined interference level A, the control is changed to a
CRS enhancement (CRS Booting) control described below,
by which a power of CRS is enhanced and a power of signal
in other physical channel is reduced while maintaining a
total power of downlink transmission signals at the maxi-
mum power Pcell(Max).

FIG. 6 is a flowchart showing one example of a downlink
transmission power control (DPC) in the base station appa-
ratus 200 of small-cell base station 20 according to the
present embodiment.

In FIG. 6, the small-cell base station 20 acquires infor-
mation on electric field intensity (hereinafter referred to as
“macro-cell electric field”) of a transmission signal trans-
mitted from a macro-cell base station located in a periphery
of the own base station, by a measurement or the like, and
then determines whether the macro-cell electric field
exceeds a preset macro-cell electric-field upper threshold
(hereinafter referred to as “electric-field upper threshold”) or
not.
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If the macro-cell electric field exceeds the electric-field
upper threshold, the foregoing acquisition of information on
the macro-cell electric field and the foregoing determination
are repeatedly performed a predetermined number of times
within a predetermined time. Then, the number of times of
the macro-cell electric field exceeding the electric-field
upper threshold among the determinations of N times is
defined as “Count”, it is determined whether a value of
Count/N exceeds a preset threshold or not.

When the foregoing value of Count/N exceeds the preset
threshold, the algorithm of downlink transmission power
control (DPC) is changed to any one kind of algorithm of
downlink transmission power control (DPC) in FIGS.
5A-5C from normal algorithm (algorithm without a CRS
enhancement (CRS Booting) in FIG. 5C).

As described above, according to the example in FIG. 6,
in state that the macro-cell base station is located neighbor-
ing the small cell 20A of small-cell base station 20, the
interference from the small-cell 20A in the downlink signals
of macro cell 10A can be suppressed without lowering the
power of downlink signals from the small-cell base station
20 more than necessary.

Although it is determined whether the macro-cell electric
field exceeds the electric-field upper threshold or not,
instead of this determination in the example in FIG. 6, it may
be determined whether the macro-cell electric field is equal
to or larger than the electric-field upper threshold. Moreover,
although it is determined whether the value of Count/N
exceeds the threshold or not in the example in FIG. 6,
instead of this determination, it may be determined whether
the value of Count/N is equal to or larger than the threshold.

FIG. 7 is a flowchart showing another example of a
downlink transmission power control (DPC) in the base
station apparatus 200 of small-cell base station 20 according
to the present embodiment.

In FIG. 7, after performing the foregoing change of
algorithm of downlink transmission power control (DPC) in
FIG. 6, the small-cell base station 20 acquires information
on the macro-cell electric field by a measurement or the like,
and then determines whether the macro-cell electric field
exceeds a preset macro-cell electric-field lower threshold
(hereinafter referred to as “electric-field lower threshold™) or
not, that is, whether the macro-cell electric field is smaller
than the electric-field lower threshold or not.

If the macro-cell electric field exceeds the electric-field
lower threshold, the foregoing acquisition of information on
the macro-cell electric field and the foregoing determination
are repeatedly performed a predetermined number of times
within a predetermined time. Then, the number of times of
the macro-cell electric field exceeding the electric-field
lower threshold among the determinations of N times is
defined as “Count”, it is determined whether a value of
Count/N exceeds a preset threshold or not.

When the foregoing value of Count/N exceeds the preset
threshold, the algorithm of downlink transmission power
control (DPC) is returned to the normal algorithm (algorithm
without a CRS enhancement (CRS Booting) in aforemen-
tioned FIG. 5C) from the aforementioned algorithm of
downlink transmission power control (DPC) in FIG. 5A, 5B
or 5C after changing in FIG. 6.

As described above, according to the example in FIG. 7,
in state that the interference from the small-cell 20A in the
downlink signals of macro cell 10A becomes small due to
some sort of causes such as a radio transmission environ-
ment in the periphery of small-cell base station 20, the
power of downlink signals from the small-cell base station
20 can be returned to the maximum power.
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Although it is determined whether the macro-cell electric
field exceeds the electric-field lower threshold or not,
instead of this determination in the example in FIG. 7, it may
be determined whether the macro-cell electric field is equal
to or less than the electric-field lower threshold. Moreover,
although it is determined whether the value of Count/N
exceeds the threshold or not in the example in FIG. 7,
instead of this determination, it may be determined whether
the value of Count/N is equal to or larger than the threshold.

FIG. 8 is a graph showing yet another example of algo-
rithm of downlink transmission power control (DPC) in the
base station apparatus 200 of small-cell base station 20
according to the present embodiment. Points A, B and C in
FIG. 8 show the state of CRS Booting that selectively
enhances a transmission power of downlink specific refer-
ence signal (CRS) in the small cell 20A according to the
enhancement of interference of the downlink specific refer-
ence signal (CRS) from the peripheral macro cell 10A.
FIGS. 9A, 9B and 9C are respectively a graph showing a
control pattern of power of downlink transmission signals
with respect to a frequency at the point A, B and C in FIG.
8.

In FIG. 8, until the interference level (CRS_Ec) of down-
link specific reference signal (CRS) from the peripheral
macro cell 10A becomes the interference level [dB] at point
A from O [dB] in the figure, as same as a conventional
downlink transmission power control (DPC), any one of an
offset (P_A) of transmission power of downlink specific
reference signal (CRS) and an offset (P_B) of transmission
power of signals in other physical channel to the standard
transmission power level Pn is not set (see FIG. 9A).

When the interference level (CRS_Ec) of downlink spe-
cific reference signal (CRS) from the peripheral macro cell
10A reaches a predetermined interference level indicated
with the point A in FIG. 8, the foregoing offsets of P_A and
P_B are set so as to enhance the transmission power of
downlink specific reference signal (CRS) and to lower the
transmission power of signals in other physical channel,
while maintaining the total power of downlink transmission
signals at the predetermined maximum power (see FIG. 9B).

Furthermore, when the interference level (CRS_Ec) of
downlink specific reference signal (CRS) from the periph-
eral macro cell 10A is high as shown in the points B and C,
according to the high level, the foregoing offsets of P_A and
P_B are set so as to further enhance the transmission power
of downlink specific reference signal (CRS) and to further
lower the transmission power of signals in other physical
channel, while maintaining the total power of downlink
transmission signals at the predetermined maximum power
(see FIGS. 9B and 9C).

FIG. 10 is a flowchart showing yet another example of a
downlink transmission power control (DPC) in the base
station apparatus 200 of small-cell base station 20 according
to the present embodiment. In FIG. 10, “*_tmp” shows a
temporary value, “*_limit” shows a predetermined value
and “*_final” shows a final value. Moreover, “Pmax” shows
a maximum output, “CRS” shows a power of resource
element per an output of downlink specific reference signal
(CRS) being as a reference signal and “P_A” shows an offset
of transmission power of the downlink specific reference
signal (CRS) to a normal transmission power level Pn.
Herein, in the standard specification of 3GPP, it is specified
that the number of values available for the output value of
P_A is eight (see Non-Patent Literature 3). When the power
value is high, only the values of {-6 dB, -4.77 dB, -3 dB,
-1.77 dB} are available. Other values are not available
because the maximum value of total power of downlink
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transmission signals exceeds a predetermined value of
allowable maximum power. The value of offset (P_B) of
transmission power of signals in other physical channels
except for the CRS is set to the same value as the P_A as
shown in the foregoing FIG. 9.

In FIG. 10, to begin with, a temporary value Pmax_tmp
of maximum power is calculated by using a predetermined
calculation expression of the downlink transmission power
control (DPC), based on the value of interference level
(CRS_Ec) of downlink specific reference signal (CRS) from
the peripheral macro cell 10A. Moreover, based on this
temporary value Pmax_tmp of maximum power, a tempo-
rary value CRS_tmp of CRS is calculated. Then, it is
determined whether the temporary value Pmax_tmp of
maximum power is equal to or less than the predetermined
value Pmax_limit of maximum power or not.

Herein, if the temporary value Pmax_tmp of maximum
power is equal to or less than the predetermined value
Pmax_limit of maximum power, the temporary value
Pmax_tmp of maximum power is set to the Pmax_final of
maximum power, the temporary value CRS_tmp of CRS is
set to the final value CRS_final of CRS, and the power offset
P_A_final is set to 0 dB, and the process terminates.

On the other hand, if the temporary value Pmax_tmp of
maximum power is larger than the predetermined value
Pmax_limit of maximum power, the process is transferred to
a setting of the CRS enhancement (CRS Booting) control.

In the setting of the CRS enhancement (CRS Booting)
control, to begin with, a temporary value P_A_temp of
power offset for other physical channel TO REDUCE to
reduce the power is calculated, and it is determined whether
the temporary value P_A_temp of power offset is smaller
than -6 dB or not.

Herein, if the temporary value P_A_temp of power offset
is smaller than -6 dB, the final value P_A_final of power
offset is set to —6 dB and the final value CRS_final of CRS
is calculated, and the Pmax_final of maximum power is
calculated based on the final value P_A_final of power offset
and the final value CRS_final of CRS.

On the other hand, if the temporary value P_A_temp of
power offset is equal to or larger than -6 dB, a value smaller
than the temporary value P_A_tmp of power offset for other
physical channel is selected from {-6 dB, -4.77 dB, -3 dB,
-1.77 dB}, the maximum value among the selected values
is to be the final value P_A_final of power offset for other
physical channel. Then, the temporary value CRS_tmp of
CRS is set to the final value CRS_final, and the Pmax_final
of maximum power is calculated based on the final value
P_A_final of power offset and the final value CRS_final of
CRS.

As described above, according to the examples in FIGS.
8-10, it is capable of ensuring a sufficiently large coverage
of the small cell 20A while reducing a power of downlink
signals from the small-cell base station 20 so as to be equal
to or smaller than the allowable maximum power.

It is noted that he description of embodiments disclosed in
the present specification is provided so that the present
disclosures can be produced or used by those skilled in the
art. Various modifications of the present disclosures will be
readily apparent to those skilled in the art and general
principles defined in the present specification can be applied
to other variations without departing from the spirit and
scope of the present disclosures. Therefore, the present
disclosures should not be limited to examples and designs
described in the present specification and should be recog-
nized to be in the broadest scope corresponding to principles
and novel features disclosed in the present specification.



US 9,894,667 B2

15
REFERENCE SIGNS LIST

10 macro-cell base station (peripheral base station)
10A macro cell

20 small-cell base station

20A small cell

30 user equipment (mobile station)

The invention claimed is:
1. A base station apparatus installed in a small-cell base
station communicating with a mobile station in a mobile
communication network, the base station apparatus com-
prising:
measurement means of measuring a downlink interfer-
ence level (CRS_Ec) of a downlink specific reference
signal (CRS) interfered from a macro cell located in a
periphery of the small-cell base station; and

transmission-power control means of controlling a down-
link transmission power of the small-cell base station
based on a measurement result of the downlink inter-
ference level (CRS_Ec) from the macro cell, wherein
the transmission-power control means controls to
enhance a downlink transmission power of the down-
link specific reference signal (CRS) among downlink
transmission signals transmitted from the small-cell
base station and to lower a downlink transmission
power of other downlink signals except for the down-
link specific reference signal (CRS) transmitted from
the small-cell base station, under a condition that a total
downlink transmission power of the small-cell base
station is equal to or smaller than an allowable maxi-
mum power limit, when the downlink interference level
(CRS_Ec) is higher than a predetermined level and
wherein the transmission power control means controls
repeatedly measuring a downlink interference level
(CRS_Ec) a predetermined number of times within a
predetermined time period to determine a count value
indicative of a number of times the measured downlink
interference signal is higher than the predetermined
level, and controls the download transmission power
based at least in part on the count value.

2. The base station apparatus according to claim 1,

wherein the measurement means measures the downlink

interference level from the macro cell located in the
periphery of the small-cell base station and a total
downlink receiving power from neighboring cells, and
wherein the transmission-power control means controls
the downlink transmission power of the downlink spe-
cific reference signal (CRS) and the downlink trans-
mission power of the other downlink signals based on
the measurement result of the downlink interference
level (CRS_Ec) from the macro cell and the total
downlink receiving power from the neighboring cells.

3. The base station apparatus according to claim 1,
wherein the transmission-power control means controls the
total downlink transmission power of the small-cell base
station in a range between a maximum power value and a
minimum power value which are set in advance, and con-
trols to enhance the downlink transmission power of the
downlink specific reference signal (CRS) among the down-
link transmission signals transmitted from the small-cell
base station and to lower the transmission power of the other
downlink signals except for the downlink specific reference
signal (CRS) under the condition that the total downlink
transmission power is equal to or smaller than the allowable
maximum power limit, when the downlink interference level
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(CRS_ECc) is higher than the predetermined level in a state
that the total downlink transmission power is set to the
maximum power value.

4. The base station apparatus according to claim 1,
wherein an amount by which the downlink specific reference
signal (CRS) is enhanced is selected from among a plurality
of predefined values.

5. The base station apparatus according to claim 1,
wherein an amount by which the downlink transmission
power of other downlink signals is lowered is a same amount
as an amount by which the downlink specific reference
signals is enhanced.

6. A method of controlling a downlink transmission power
of a small-cell base station communicating with a mobile
station in a mobile communication network, comprising:

measuring an electric field intensity of a transmission
signal transmitted from a macro cell located in a
periphery of the small-cell base station;

while the electric field intensity is determined to be higher
than a predetermined level, enhancing a downlink
transmission power of a downlink specific reference
signal among the downlink transmission signals trans-
mitted from the small-cell base station, lowering a
downlink transmission power of one or more other
downlink signals transmitted from the small-cell base
station, and maintaining a total downlink transmission
power of the small-cell base station equal to or smaller
than an allowable maximum power limit; and

repeatedly measuring an electric field intensity of a trans-
mission signal transmitted from a macro cell located in
a periphery of the small-cell base station a predeter-
mined number of times within a predetermined time
period to determine a count value indicative of a
number of times the measured downlink interference
signal is higher than the predetermined level, wherein
the acts of enhancing, lowering and maintaining are
controlled based at least in part on the count value.

7. The method according to claim 6, further comprising:

measuring a total downlink receiving power from neigh-
boring cells,

wherein the acts of enhancing, lowering and maintaining
are controlled based at least in part on the measured
total downlink receiving power.

8. The method according to claim 6, further comprising:

controlling the total downlink transmission power of the
small-cell base station to be in a range between a
predefined maximum power value and a predefined
minimum power value.

9. The method according to claim 6, wherein an amount
by which the downlink specific reference signal is enhanced
is selected from among a plurality of predefined values.

10. The method according to claim 6, wherein an amount
by which the downlink transmission power of the one or
more other downlink signals is lowered is a same amount as
an amount by which the downlink specific reference signals
is enhanced.

11. A system for controlling a downlink transmission
power of a small-cell base station communicating with a
mobile station in a mobile communication network based on
an electric field intensity of a transmission signal transmitted
from a macro cell located in a periphery of the small-cell
base station, comprising:

a control module to determine whether the downlink
interference level is higher than a predetermined level,
and, while the downlink interference level is deter-
mined to be higher than the predetermined level,
enhance a downlink transmission power of the down-
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link specific reference signal among the downlink
transmission signals transmitted from the small-cell
base station, lower a downlink transmission power of
one or more other downlink signals transmitted from
the small-cell base station, and maintain a total down-
link transmission power of the small-cell base station
equal to or smaller than an allowable maximum power
limit, wherein the electric field intensity of a transmis-
sion signal transmitted from a macro cell located in a
periphery of the small-cell base station is measured a
predetermined number of times within a predetermined
time period to determine a count value indicative of a
number of times the measured downlink interference
signal is higher than the predetermined level and
wherein the downlink transmission power is controlled
based at least in part on the count value.
12. The system according to claim 11, wherein the control
module controls the downlink transmission power based a
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t least in part on a measured total downlink receiving power
from neighboring cells.

13. The system according to claim 11, wherein the control
module controls the total downlink transmission power of
the small-cell base station to be in a range between a
predefined maximum power value and a predefined mini-
mum power value.

14. The system according to claim 11, wherein an amount
by which the downlink specific reference signal is enhanced
is selected from among a plurality of predefined values.

15. The system according to claim 11, wherein an amount
by which the downlink transmission power of the one or
more other downlink signals is lowered is a same amount as
an amount by which the downlink specific reference signals
is enhanced.



