1 Description Title of Invention COMMUNICATION CONTROL METHOD AND
SMALL-OR-MEDIUM-SCALE 5BASE STATION Technical Field [0001] The present invention
relates to a communication control method and a 1@small-or-medium-scale base station. Background
Art [0002] Recently, a heterogeneous network has been suggested as the next- 15 generation
communication network. This heterogeneous network is a network in which a plurality of kinds of
small-or-medium-scale base stations coexist in a macro-cell by performing overlay transmission or
spectrum sharing. A Remote RadioHead (RRH) celk station, a hot zone base station
(Pico/micro-cell eNB), a femto-cell base station (Home eNB), a relay device (relay base station), and
the like are referred 20to as small-or-medium-scale base stations. [0003] Each
small-or-medium-scale base station descrlb@ﬂig%?ygvgg{lgﬁ(ample can perfoiin an operation for
reinforcing link quality between a communication terminal and a macro-cell base station, an operation
for increasingmhardbIsapAdi I@MEQBHMMEW@Q@%NB@M@W&B%@@éW an
operatlorg[for operating an independent cell. }i;& re are many technologies for controlling
an operation of the above-described small-or- medlum sc e base station from a fixed network side.
For

Technical Field
100017
The present invention relates to a communication control method and a

10 small-or-medium-scale base station.

Background Art
[0002]
Recently, a heterogeneous network has been suggested as the next-
15  generation communication network. This heterogencous network is a network in
which a plurality of kinds of small-or-medium-scale base stations coexist in a macro-
cell by performing overlay transmission or spectrum sharing. A Remote RadioHead
(RRH) cell base station, a hot zone base station (Pico/micro-cell eNB), a femto-cell
base station (Home eNB), a relay device (relay base station), and the like are referred
20 to as small-or-medium-scale base stations.
[0003]

Each small-or-medium-scale base station described above, for exampie, can
perform an operation for reinforcing link quality between a communication terminal
and a macro-cell base station, an operation for increasing an area capacity, an

25  operation for extending communication coverage, or an operation for operating an
independent cell.
{0004]

There are many technologies for controlling an operation of the above-

described small-or-medium-scale base station from a fixed network side. For
30  example, the fixed network side can reduce power consumption of the small-or-

medium-scale base station by managing a sleep mode of the small-or-medium-scale



30example, the fixed network side can reduce power consumption of the small-or- medium-scale base
station by managing a sleep mode of the small-or-medium-scale 2 base station. As an example of the
small-or-medium-scale base station, a relay apparafus is disclosed, for example, in Non-Patent
Literature 1. Citation List 5Non-Patent Literature [0005] Non-Patent Literature 1. R1-090015,
"Consideration on Relay.ppt", China Potevio, CATT, Jan 2009 10Summary of Invention Technical
Problem [0006] Here, the case in which a function for executing a plurality of types of operations is

implemented . one, small-orsmedium;sealsiase sialionis asrimedid 80T RRPIS 1Bla

small-or-medium-scale base station corresponding to both an operation for reinforcing Iinl%quality
between a coppraunticasidistirmihdbantkampiacrodseit inicet didamtuand. an operation for increasing an
area capacity is assumed to be developed. However, when the operation of the small-or-medium-scale
base station is controlled from the fixed network side as described above, it is difficult for 20 the
small-or-medium-scale base station corresporidiagdo biglurality of types of operations to immediately
execute an aﬁgfg]?pgt%tq p grragil(rjg corresponding to a situation. [0007] The present invention has been
made in View of thé above-described 25 problems, and an object of the present invention is to provide
a novel and ifBpodyed communication control method and small-or-medium-scale base station, which

can autonomously select an operation range in t llzor-medium-scal se station and perform
communication in accord: ﬁé%ﬁj{lﬁefﬁteméee ecte "gg%%r)gbnggﬁae.emmn Oneﬁ%?ay’ppé’ Chind™

Potevio, CATT, Jan 2009

10 Summary of Invention
Technical Problem
[0006]
Here, the case in which a function for executing a plurality of types of
operations is implemented in one small-or-medium-scale base station is assumed.
15 For example, a small-or-medium-scale base station corresponding to both an
operation for reinforcing link quality between a communication terminal and a
macro-cell base station and an operation for increasing an area capacity is assumed to
be developed. However, when the operation of the small-or-medium-scale base
station is controlled from the fixed network side as described above, it is difficult for
20 the small-or-medium-scale base station corresponding to a plurality of types of
operations to immediately execute an appropriate operation corresponding to a
situation.
(0007}
The present invention has been made in view of the above-described
25  problems, and an object of the present invention is to provide a novel and improved
communication control method and small-or-medium-scale base station, which can
autonomously select an operation range in the small-or-medium-scale base station

and perform communication in accordance with the selected operation range.

30 Solution to Problem

[0008]



30Solution to Problem [0008] 3 According to the first aspect of the present invention in order to
achieve the above-mentioned object, there is provided a communication control method for use in a
small-or-medium-scale base station including the steps of: receiving a radio signal transmitted from a
communication terminal or a large-scale base station; 5 acquiring information of the communication
terminal or the large-scale base station by analyzing the radio signal; selecting one operation range
among a plurality of types of operation ranges based on the information of the communication terminal

or the large-scale base, staion: and communicating, with.the, sommunication termial o geeordance
with the operation range Selected from am ng the pf’u?afflsty of ]ilypes of 10operation ranges. [0009]

The plurality sidypescofiopatatigectatiges mayoiridide carfiratiopermiocordangerfahlid Koeimforcement
between the commuqi;:ation erminal ar]%ghe lar e-sczile bas?hsta%ion; second o eragign range for
a radio

improving a AAghd SYRIFEUBBHATAIF £ rScelvil

tion meludin ¢ sieps’ .of: . }
SngaTor EXterdiy Comimbnicktion coverage: and a fourth
operation rangenif) \whighifesfrathos-reedimrsetia base isidtion eperatesacdhsfOBMtMon;  The

step of selecting the operation range may be a step of selecting the first operation range when link
qualty batweBHHHEEIHIATTHRARGH F R R AP A A SRR P Yo St o

predeterminag, siangansk [B@LEHio sighhe st ohsalgetigthecaperationange paydeadgtep of
selecting the second operation range when a degree of congestion of traffic in the large-scale base

station is greM@FStRAARSFELIBP &rRTR DEEFIEDANe INToFRANGR B b IARHRENRAUSBAEOR hge may be a
step of selectingipe-thirgeapgEatiandrngr whemadistiution shihe sommunicatiemiprniaals is biased

toward a cell edge of the large-scale base station. )
accordance with the operation range selected from among the plurality of types of
10  operation ranges.
[0009]

The plurality of types of operation ranges may include: a first operation
range for link reinforcement between the communication terminal and the large-scale
base station; a second operation range for improving a capacity; a third operation

15  range for extending communication coverage; and a fourth operation range in which
the small-or-medium-scale base station operates a cell.
[0010]

The step of selecting the operation range may be a step of selecting the first

operation range when link quality between the communication terminal and the
20  large-scale base station is less than a predetermined standard.
[0011]

The step of selecting the operation range may be a step of selecting the
second operation range when a degree of congestion of traffic in the large-scale base
station is greater than an upper limit.

25  [0012]

The step of selecting the operation range may be a step of selecting the third
operation range when a distribution of the communication terminals is biased toward
a cell edge of the large-scale base station.

[0013]
30 The step of selecting the operation range may be a step of selecting the

fourth operation range when the small-or-medium-scale base station and the



[0013] 30The step of selecting the operation range may be a step of selecting the fourth operation
range when the small-or-medium-scale base station and the 4 communication terminal are out of a
cell area of the large-scale base station. [0014] 4 The first operation range may include a relay
operation of communication between the large-scale base station and the communication terminal or a
CoMP 5 operation. The second operation range may include an overlay transmission operation. The
third operation range may include the relay operation or an operation of operating a cell. [0015] The

step of selecfing ihé PREERNARIRARISD\RM BE ASIERO] SelRctingdhe.fl.apasatien. range from the first

operation range and the fourth operation range when a connecfion between the large-scale base
station or a ngfdik, which manages the large-scale base station, and the small-or-medium-scale

pase station 1s only afl el eRRRRIAN-AGL Bl R LeR Aliselertingdhc Posatian tange may be a

step of selecting the operation range fromthe first operation range, the second operation range, and
the third opetatioraative wrersthls dosnetivonbatddbe theamyecstare toasmstation 610tHE network,

hich the | =scale b tati t Il diym- ion is onl
BRI IE SR LeaRC SAan.CHRe S NRuMecacale ass siatans o @

wireless connection. 20 tep of sefecting the operation range may be a step of
selecting the qpesation rdiige thiodh theefasonparatomeangeslthie skeond gpenatienamnge athe third
operation range, and the fourth opecrgﬁion range when the connection between the large-scale base

station or the gif\a}vloor CWME arﬁ%n%ges the large-scale base station, 25and the small-or-medium-scale
base station {®thé]wireless connection and the wired connection.

The step of selecting the operation range may be a step of selecting the

10 operation range from the first operation range and the fourth operation range when a
connection between the large-scale base station or a network, which manages the
large-scale base station, and the small-or-medium-scale base station is only a wired
connection.

[0016]

15 The step of selecting the operation range may be a step of selecting the
operation range from the first operation range, the second operation range, and the
third operation range when the connection between the large-scale base station or the
network, which manages the large-scale base station, and the small-or-medium-scale

) base station is only a wireless connection.

20 [0017]

The step of selecting the operation range may be a step of selecting the
operation range from the first operation range, the second operation range, the third
operation range, and the fourth operation range when the connection between the
large-scale base station or the network, which manages the large-scale base station,

25  and the small-or-medium-scale base station is the wireless connection and the wired
connection.

[0018]

The large-scale base station or the network, which manages the large-scale

base station, may perform interference avoidance control for avoiding interference

30  caused due to communication by the small-or-medium-scale base station.

[0019]



[0018] The large-scale base station or the network, which manages the large-scale base station,
may perform interference avoidance control for avoiding interference 30caused due to communication
by the small-or-medium-scale base station. [0019] According to the second aspect of the
present invention in order to achieve the above-mentioned object, there is provided a
small-or-medium-scale base station including: a reception unit for receiving a radio signal transmitted
from a communication terminal or a large-scale base station; an information acquisition unit 5 for
acquiring information g{f} theé%comm nication termi[)[ag fot%the Iar%-iscal%base St?tiro 3 %thnalyzing the

. . . . COT 1Ii_l§rt0 5 FBCODd asgec e gI‘ESG Nnventen 1 orge evef .
radio signal; a selection uni selecting one opéeration rangeé among a plurality of types of operation

ranges basedlandie trforntatiod objive, chonenisnicatidadersirél-or-thellargecdaleabasasiation; and a
communicati?g\%yoamtrql unit for controllintg ’g]:ommunication with.the conimtt%nicatigndte minal in
accordance 19WitH'tie oﬁoérf’ﬁﬁgﬂo%n‘é%l se %’i:té%‘:?ﬁg%lgarﬁoﬁ% the Sﬁ)ﬁ?raality %?Spybe% 0 ggtlargtion ranges.
Advantageousokffesiscafi davention] 00 20kidkAcaty ding twatha praderirinvdoiia@ssiescubed above, a
small-or-medium- scale base, station cag agutonomously select an operatipn 5an%e %?d Berform

e iBoH St D

communReatidftif LB HEE it e L B SABBEMIHEI P GE BHefD AWings
20[0021] [Figstlibigh imayaxplanatedidisgram dlusteatiog amwonigusionofaeapsmunication
system according to an embodiment of the present invention. [Fig. 2] Fig. 2 is an explanatory diagram

illustrating a CBRERARARABERBR 8f BBRTAIL SPFHRARTAMLEI S bed S il QERGitRRg tdhhe

embodiment @fthaRREEBE terminal or the large-scale base station; and a communication control
unit for controlling communication with the communication terminal in accordance
10 with the operation range selected from among the plurality of types of operation

ranges.

Advantageous Effects of Invention
[0020]

15 According to the present invention as described above, a small-or-medium-
scale base station can autonomously select an operation range and perform

communication in accordance with the selected operation range.

Brief Description of Drawings
20 [002I1]
[Fig. 1] Fig. 1 is an explanatory diagram illustrating a configuration of a
communication system according to an embodiment of the present invention.
[Fig. 2] Fig. 2 is an explanatory diagram illustrating a configuration example of a
small-or-medium-scale base station according to the embodiment of the present
25  invention.
[Fig. 3] Fig. 3 is a sequence diagram illustrating the entire operation in the
communication system according to the embodiment of the present invention.
[Fig. 4] Fig. 4 is an explanatory diagram illustrating an example of interference to be
considered during overlay transmission.
30  [Fig. 5] Fig. 5 is an explanatory diagram illustrating a method of selecting an

operation range.



25invention. [Fig. 3] Fig. 3 is a sequence diagram illustrating the entire operation in the communication
system according to the embodiment of the present invention. [Fig. 4] Fig. 4 is an explanatory diagram
illustrating an example of interference to be considered during overlay transmission. 30[Fig. 5] Fig. 5 is
an explanatory diagram illustrating a method of selecting an operation range. 6 [Fig. 6] Fig. 6 is an
explanatory diagram illustrating a method of selecting an operation range. [Fig. 7] Fig. 7 is an
explanatory diagram illustrating a method of selecting an operation range. [Fig. 8] Fig. 8 is an

explanatory diagram ijlustrating. a metlpo%tgf eckg t'}n 1%@{'0% range Fig- I IS,an
explanatory :lilgfagr:( i IEl’gs'trgtilrﬁgaéll seggc?ﬁc e?zma% %%ii%%%ren e that oc%%rqug%%g%gcg}erage
extension. [Figpetfijdrigadgris an explanatory diagram illustrating an adjustable SINR range. 10

Description Of) mb)ch' ents [0022 Hereinafter, preferred embodiments of the nresent invention
will be descri P(laig'in etﬁ@%lnv?/isthL 8 e%éiﬁclzaén%o{ﬁeﬁa{% %ng‘ ugPéav%P 3 oe%eot a??iﬁe ech’sa 18 a:sflpecification
and the drawaopgszisdements that have substantially the same function and structure are denoted with

the Sam% FEf?{:elg.C%]Sig}%S., gqg ra%p%%t:) Qn%%a%?%’r%s ng; tr% 1h£0%21:ﬂethod of selecting an
operation range.
[Fig. 9] Fig. 9 is an explanatory diagram illustrating a specific example of
interference that occurs due to a coverage extension.
[Fig. 10] Fig. 10 is an explanatory diagram illustrating an adjustable SINR range.
10
Description of Embodiments
[0022]
Hereinafter, preferred embodiments of the present invention will be
described in detail with reference to the appended drawings. Note that, in this
15  specification and the drawings, elements that have substantially the same function
and structure are denoted with the same reference signs, and repeated explanation 1s
omitted.
[0023]
In addition, in this specification and the drawings, a plurality of elements
20  having substantially the same functional configuration may be distinguished from
each other by each having a different letter added to the same reference numeral.
For example, a plurality of elements having substantially the same functional
configuration are distinguished from each other as communication terminals 20A,

20B, and 20C, if necessary. However, if it is not particularly necessary to

o
Ut

distinguish each of a plurality of elements having substantially the same functional
configuration, only the same reference numeral is assigned. For example, if it is not
particularly necessary to distinguish the communication terminals 20A, 20B, and
20C, they are simply referred to as the communication terminal 20.

[0024]

30 In addition, “Description of Embodiments™ will be given in the following

item order.



In addition, in this specification and the drawings, a plurality of elements 20 having substantially the
same functional configuration may be distinguished from each other by each having a different letter
added to the same reference numeral. For example, a plurality of elements having substantially the
same functional configuration are distinguished from each other as communication terminals 20A,
20B, and 20C, if necessary. However, if it is not particularly necessary to 25 distinguish each of a
plurality of elements having substantially the same functional configuration, only the same reference

numeral is assigned.lF?\%g@fgﬁlgfﬁH%d;}% H?srg?‘f”?egé!n@%&ﬁﬂﬁ{ to distinguish the communication
20C, t I

terminals 20A, 20B, an ey are simply referred to as the communication teiniinal 20. [0024]

30In addition, "DescribtlofoohEmbodibednsst Witl bel aitren ofi thefolloniiag#em order. 7 1. Overview of
Embodiments of Pre%ergoqut\éepti%;& 2. Information to Be Used for Selection of Operation Range 3.

Content of Operation Range§l4(.) é’tﬁggogf aéﬁ%ec?ing Operation Range 5. Monitoring by Management

Server 6. Summary [80RHtkdd Gh\edeidinpOieniiosirients of Present Invention>
5 5. Monitoring by Management Server
6. Summary
[0025]
<]. Overview of Embodiments of Present Invention>
First, a configuration of a communication system 1 according to an
10  embodiment of the present invention will be described with reference to Fig. 1. Fig.
I is an explanatory diagram illustrating the configuration of the communication
system 1 according to the embodiment of the present invention. As illustrated in
Fig. 1, the communication system 1 according to the embodiment of the present
invention includes a macro-cell base station 10, a management server 16,
15  communication terminals 20A to 20D, and small-or-medium-scale base stations 30A
to 30D.
[0026]
The macro-cell base station 10 is a large-scale base station that manages
scheduling information of a small-or-medium-scale base station 30 and a
20 communication terminal 20, which are present within a macro cell, and
communicates with the small-or-medium-scale base station 30 and the
communication terminal 20 according to the scheduling information.
[0027]
The management server 16 receives management information indicating a
25  state of a cell formed by the macro-cell base station 10 from each base station 10,
and controls communication in the cell formed by the macro-cell base station 10
based on the management information. A function of the management server 16
may be implemented in the macro-cell base station 10 or either small-or-medium-
scale base station. In addition, the management server 16 may have a function as a
30  mobile management entity (MME} or gateway apparatus.

[0028]



First, a configuration of a communication system 1 according to an 10 embodiment of the present
invention will be described with reference to Fig. I. Fig. 1 is an explanatory diagram illustrating the
configuration of the communication system 1 accorgding to the embodiment of the present invention. As
illustrated in Fig. 1, the communication system 1 according to the embodiment of the present invention
includes a macro-cell base station 10, a management server 16, 15communication terminals 20A to
20D, and small-or-medium-scale base stations 30A to 30D. [0026] The macro-cell base station 10
s a large-scale baseﬁ%%‘l:‘%%&ah{@%{‘o%%ﬁfh?%;']'P Infrmation 4 a’%’@&%ﬁm&?&g% ale base
station 30 and a 20 communication termina 58 which are present within a macro cell, an
communicatebanithathersmaiiom-metilmsscaltdade statiennBe@ackthbasesiumictionTeiminal 20

according to the schedL%gn mform?tgp. 1{FS)OZY Ttle management r%%rl\éer 16 receives management

infommtion incgﬁgé?ﬁl%caa‘ state of a el forme Bye the macro-cel aseps}}%%%r? 18 fiom each base

station 10, andmpateol®communication in the cell formed by the macro-cell base station 10 based on
the manage t information. A function of the management server 16 may be implemented in the
macro-céll brig tation 10 or either small-or-mediumscale base station. In addition, the management
server 16 may have ghdncheslas-anddinmolielénansgemanirersiy Morougatevetyeapparatus.
[0028] S The communication tefrminal 20 is a user terminal i’uat comgpunicates with the

small-or-mediBf SN SBIESULEEH 9D DFIHS ThStHEE BBk SR Yo RS BB RIS Stion terminal

20, for example; mayReRRRFaRIGPHRNERiRRefsesR! €amputeI(RE)&l0RRAte withhehe
small-or-medium-scale base station 30 autonomously selects an operation range suitable for a current
situation fronfAS5IGRMRy ' 8HBPEREEEN ranges, and communicates with the communication terminal 20 in
accordapce \/[/(deiBﬁ]e selected operation range. 10[0030]

For example, when a communication link between the macro-cell base
station 10 and the communication terminal 20A is less than a predetermined quality,
the small-or-medium-scale base station 30A performs communication in accordance
with an operation range (operation range A) for reinforcing the communication link

15  between the macro-cell base station 10 and the communication terminal 20A as
illustrated in Fig. 1.
[0031]
In addition, when a degree of congestion of a macro cell is greater than a
| predetermined standard, the small-or-medium-scale base station 30B communicates
20  with the communication terminal 20B in accordance with an operation range
(operation range B) for increasing an area capacity as illustrated in Fig. 1.
[0032]

In addition, when a distribution of communication terminals is biased

toward a cell edge of the macro cell, the small-or-medium-scale base station 30C

communicates with the communication terminal 20C in accordance with an

Lo
(=3

operation range (operation range C) for extending coverage as illustrated in Fig. 1.
[0033]
In addition, when the small-or-medium-scale base station 30D and the
communication terminal 20D are out of a range of the macro cell, the small-or-
30 medium-scale base station 30D provides a communication opportunity to the

communication terminal 20D by operating an independent cell (operation range D)



For example, when a communication link between the macro-cell base station 10 and the
communication terminal 20A is less than a predetermined quality, the small-or-medium-scale base
station 30A performs communication in accordanc%with an operation range (operation range A) for
reinforcing the communication link 15 between the macro-cell base station 10 and the communication
terminal 20A as illustrated in Fig. I. [0031] In addition, when a degree of congestion of a macro
cell is greater than a predetermined standard, the small-or-medium-scale base station 30B
communicateag ﬁp vgriti%\egw%%?mqwunication teiminal 20B in accordance with an operation range
(operation range‘ﬁ) or mcreféin’g an area capacity as illustrated in Fig. 1. [0032] In addition,
when a distriputiel) of communication terminals is biased toward a cell edge of the macro cell, the

small-or-medium scalf paseeiaing Fak 2o sommunisates wiib e commmynieatitiRiminal 20C In
accordance with an operatio range f’operaﬂgn range I&:) Sr &Xien INg coverage as ifiistrated in Fig. I.

[0033] In additigenvhenithe sinatiiosdnabdigmigcaledrdgenstation B0D and toe-wedinmisicdtion teiminal
20D are out of a range aof the macro cell, the small-or- 30 medium-scale base station 30D provides a
commurficatiBFSBERBATY to the communication terminal 20D by operating an independent cell
(operation rapgg ) 9 as illustrated in Fig. 1. [0034] Hereinafter, the entire operation in the

above-described communication system | will be described along with a configuration_of the
small-or-medium-scald Bbdse'§tatfon381qpRigs] ciagram illustrating an cxatiple of the

configuration of the small-or-medium-scale base station 30 according to the
embodiment of the present invention.  As illustrated in Fig. 2, the small-or-medium-
10 scale base station 30 includes a wireless communication unit 310, a network
communication unit 320, an information acquisition unit 330, an operation-range
selection unit 340, and a communication control unit 350. The wireless
communication unit 310 is configured for wirelessly communicating with the
communication terminal 20, and the network communication unit 320 is configured
15 for performing wired communication and/or wireless communication with a network
side such as the macro-cell base station 10 or the management server 16,
[0036}
Fig. 3 is a sequence diagram illustrating the entire operation in the
communication system 1 according to the embodiment of the present invention. As
20  illustrated in Fig. 3, the macro-celi base station 10 acquires macro-cell operation
information, and reports the macro-cell operation information to the management
server 16 (5104). For example, a BER/PER, the number of retransmissions, a
statistical value such as an average value of throughput, traffic information, or the
like corresponds to the macro-cell operation information.

[0037]

o
ot

Subsequently, the management server 16 determines whether or not to start
an operation of the small-or-medium-scale base station 30 (S108). Specifically,
position information of cach small-or-medium-scale base station 30 is registered in
the management server 16, and the management server 16 determines to start the

30  operation of the small-or-medium-scale base station 30 when the communication

terminal 20 has moved to a communication area of a certain small-or-medium-scale



FIG. 2 is an explanatory diagram illustrating an example of the configuration of the
small-or-medium-scale base station 30 according to the embodiment of the present invention. As
illustrated in Fig. 2, the small-or-medium- 10 scale p@se station 30 includes a wireless communication
unit 310, a network communication unit 320, an information acquisition unit 330, an operation-range
selection unit 340, and a communication control unit 350. The wireless communication unit 310 is
configured for wirelessly communicating with the communication terminal 20, and the network

communicatign.unif 329 is configurcd. 1 1o pertorungaiied cammunisafion anciplwieless
communication With a network side sUcH as the macro-cell base station 10 of the management server
16. [0036] baseksigtinis(atsegueticeogiagram(fiistiating the entire operation in the communication
system 1 aciérégsg[g to the embodiment of the present invention. As 20illustrated in Fig. 3, the
macro-cell b tion 10 acquires macro-cell operation infoimation, and reports the macro-cell
operation info' 'natiomig:thaiarartagererksenemloitaiod)uiordaniple; anBERPRRIitie number of

retransmissions, a statistical value such as an average. value of throughput, traffic.infarmation, or the
like corref‘spoﬁfféet e TRHCR AP S PR A bR, i&q.r (oaple: a I%?f%éu@&u%rﬂ’lwtﬁénr%anagement

server 16 detgiminesfabetbes snAptiamsiatiad aoeratienoinhesnaioarmeadiuin-Bcale kase station
30 (S108). Specificallﬁ, position information of each small-or-medium-scale base stati,ora 30 is

registered in TS ReTEUER/LP 18] Hhahié hdhagthtei SBnFEPE SLRNSHNR &80 SKhrt the

30operation qf-the-smalafnediwscalaiiaseistatipno3erahan the commianeatiomierioal 20 has
moved to a communication area of a certain small-or-medium-scale 10 base station 30. The

managementsEREreerinedrhadhe S Srisns cromeritisrden Bhsd G iaiaso 18 adsditigh Hperation
(5112). {038} fhererfiettheswiralags cammunricatigninihakehefithe soalior-megdivshpscale base
station 30 receives radio signals (for example, a preamble, a pilot signal, and a reference signal)
transmitted frésiy ehé CHih e ARSI ESFMTHET SN tHet fibro-cell base station 10 (S116 and S120).
The informatimjag:]quisition unit 330 acquires information to be used to select an operation range by
analyzing the radio signals received by the wireless communication unit 310 (S124). In addition, the
10information acquisitiersesiedR0 iy apeguitenrforesatelsdiom theiimatigemesn small-or-

medium-scale base station 30 selects one operation range of operation ranges A to D
15  based on the information acquired by the information acquisition unit 330 (S128).
Thereafter, the small-or-medium-scale base station 30 notifies the management
server 16 of the selected operation range, and acquires operation parameters (for
example, transmission power, a slot, and a transmission rate) from the management
server 16 (S132).
20 [0040]

The communication control unit 350 of the small-or-medium-scale base
station 30 starts control of the wireless communication unit 310 using the operation
parameters acquired from the management server 16 in accordance with the
operation range selected by the operation-range selection unit 340 (S1306).

25  Thereafter, the management server 16 monitors communication by the small-or-
medium-scale base station 30, issues an instruction for a change in an operation
parameter, for example, when communication by the small-or-medium-scale base
station 30 leads to interference, and instructs the small-or-medium-scale base station
30 to stop an operation when interference is not removed (S140).

30 [0041]

As described above, the small-or-medium-scale base station 30 according to



server 16 via the network communication unit 320. [0039] Subsequently, the operation-range
selection unit 340 of the small-ormedium-scale base station 30 selects one operation range of
operation ranges A to D 15 based on the infoonati?P acquired by the information acquisition unit 330
(5128). Thereafter, the small-or-medium-scale base station 30 notifies the management server 16 of
the selected operation range, and acquires operation parameters (for example, transmission power, a
slot, and a transmission rate) from the management server 16 (S132). 20[0040] The

communicati%? co rod unit 35 é)‘f the small-or-medium-scale base ﬁtal%lon 30 starts control of the

wireless commuric ﬁolrllnﬁﬁltt ﬁé?ﬁ%s?ﬂe1858?&38na%t§rna?rrnné)t%sr asgqelﬁrseénfr%rﬁ%}%gﬁgaement

server 16 in agtarlatceandthirttie ciperation raihge foetechedshysiher opetationdadadaseleciion unit 340

(S136). 25 Thereafter, the management seyver 16 monitors communication by the .
small-ormeditimh88a B ‘é‘@?ﬁtf ﬁ?%?}%ﬁé WATRE O R SRTSP W EASG T SRS alb i arameter,

for example, yhenicameapicationbyetheremalboniotesiumsatle base station3R - leadsibednterference,
and instructs the small-or-medium-scale base statf't%n 0 to_stop an operation when interference is not
&

removed (S 18P SEEA Of (s Phes ehhBBERISRCGE i dfitidh autonomously selects an

operation ranggstiitable for a current situation. Therefore, the small-or-medium-scale base station 30
can immediately reflect the fluctuation in a communication environment in the operation range.

Hereinafter, particulars r&eet 1 doB e g EemslersenfodnfetieBrifkesresent invention will be
described in detail. [0Q4R} s:vhianpationde Beddsed ferplegionafiQperainmRangesse  Inthe

embodiment of the present invention, the small-or-medium-scale base station 30 uses the following
information (Fjdeme} forssidbadrlirtRrsopdratsHaidhde . (Do) srrsinatdh e copatiation
Informatign of Macro Cell Information (2): Position Information of Macro-Cell Base Station 10
Information (3): Communication-Path Environment between Macro-Cell 15Base Station 10 and
Small-or-Medi¢fd3$cale Base Station 30

Information (1): Operation Information of Macro Cell
Information (2): Position Information of Macro-Cell Base Station 10
Information (3): Communication-Path Environment between Macro-Cell
15  Base Station 10 and Small-or-Medium-Scale Base Station 30
Information (4): Position Information of Communication Terminal 20
Information (5): Pairing between Communication Terminal 20 and Macro-
Cell Base Station 10
Information (6): Quality of Communication Link between Communication
20  Terminal 20 and Macro-Cell Base Station 10
[0044]
Hereinafter, methods of acquiring the above-described information will be
sequentially described.
[0045]
25 Information (1): Operation Information of Macro Cell
The operation information of the macro cell corresponds to system
information indicating a cell ID of the macro cell, a cell search list, a center
frequency, or a bandwidth, uplink/downlink traffic information, and the like.
[0046]
30 When a wired connection to the management server 16 is established, the

small-or-medium-scale base station 30 acquires the operation information of the



Information (4): Position Infoonation of Communication Terminal 20 Information (5): Pairing between
Communication Tent inal 20 and Macro-Cell Base Station 10 Information (6): Quality of
Communication Link between Communication 20 T%rminal 20 and Macro-Cell Base Station 10 [0044]
Hereinafter, methods of acquiring the above-descriiaed information will be sequentially described.
[0045] 25Information (1): Operation Information of Macro Cell The operation information of the
macro cell corresponds to system information indicating a cell ID of the macro cell, a cell search list, a

center frequency, ot g bRAwidIh, uplinkidowniik raffc information. apd ine Jis, 10046l goWhen &
wired connection to the management server 16 is established, the small-orf-medium-scale base station
30 acquires thenapsiatian iformatigenoditheeri2migcio cetl $sorblitiedn dnagermiéor-seedemi-6. On the

other hand, when the wired.conpection to the management server 16 i t established, the
smalI-or-med?ﬁ%%?éq«%eb%%%osr{a 10N uélbeauf‘?lgs 5’%%%%%?0%%%?%% %r?‘%? the %Oaccr%ﬁjcgﬁ by
decoding a physicat Hropiteast] dranhels(RBGIHY PpriSical siowinlindoonitil chamoktimnRDCCH), or

the like transmit (ﬁ[_rgm thlg% cro-cell hbase statign 10. In addition, the.sm Hjor-me ium-scale base
station 39 ap?@b& R T&%é‘ﬁﬁﬁ%ﬁﬂ%gﬁ TP HERES: )?,Sflgfﬁa%e% en/d %grlr%nation or the
like acquired gluringprevioss ey icatiemant Siomgddprautigrapayias Systemdpianmasion. [0047]

10When the small-or-medium-scale base station 30 can also ﬁ&%uire the gperation information of the

macro cell by bREGH e dEBHANMTFRESRISh T A RAdBfeFsaraEITe8 AHET-BIskLus

communicatiepithiRedpacker seldiane strlion-1 s theranerdiignaindarmation of the macro cell may be

acquired by one t){/i)e of communication according to a predetermined standard. For example, the
small-or- 15 Hed

m-scale base station 30 may use the wired communication when it is difficult to

decode @ radio signakpggause Qhhadsharanialistias afihe wikrlgsscanneation dgeitbendreless
communication when the latency of the wired communication is large, and use communication having

low power coPReisoR vHBAtAR PEdhetBAGP selhdicons HhptiskisraBeycation with the

management server 16 and wireless communication with the macro-cell base station
10, the operation information of the macro cell may be acquired by one type of
communication according to a predetermined standard. For example, the small-or-
15  medium-scale base station 30 may use the wired communication when it is difficult
to decode a radio signal because of bad characteristics of the wireless connection, use
the wireless communication when the latency of the wired communication is large,
and use communication having low power consumption when the reduction of power
consumption is desired.
20 [0048]
Information (2): Position Information of Macro-Cell Base Station 10
The small-or-medium-scale base station 30 acquires the position
information of the macro-cell base station 10 from the macro-cell base station 10 or
the management server 16. Alternatively, the small-or-medium-scale base station
25 30 may estimate the positibn information of the macro-cell base station 10 based on a
reference signal received from the macro-cell base station 10.
[0049]
Information (3): Communication-Path Environment between Macro-Cell
Base Station 10 and Small-or-Medium-Scale Base Station 30
30 The small-or-medium-scale base station 30 estimates the mmformation

indicating the communication-path environment between the macro-cell base station



20[0048] Information (2): Position Information of Macro-Cell Base Station 10 The
small-or-medium-scale base station 30 acquires the position information of the macro-cell base station
10 from the macro-cell base station 10 or the manggement server 16. Alternatively, the
small-or-medium-scale base station 2530 may estimate the position information of the macro-cell base
station 10 based on a reference signal received from the macro-cell base station 10. [0049]
Information (3): Communication-Path Environment between Macro-Cell Base Station 10 and

small-or- Medii, peaie Rars SRR 20 Mk malse Mg TSR DA g o A esimates e
information indicating the communlcaﬁllon-pat environment between the macro-cell base station 13
10 and the smadlthonimkdifimescals pasestatidik30rmmitedSINR thsigaalcsta@hbtisoftatdownlink
reference signpal or the like transmitted from the macro-cell base station 10. [0050] Information (4):
Position Information of Communication Terminal 20 The small-or-medium-scale base station 30

acquires the psitipn information of the communication terminal 20 from the management server 16 in

a fixed network. [005]] 10Altern iv%ly, the ll-or-medium-scale .base station 30.receives a uplink
referencé signal traniﬂflﬂfgﬁtf%’rz%% %%Fh%ﬁ%%gﬁ lér()rﬁlgr%l ,néﬁ%lggtir%%’%é%glazr@ositional

relationship betweenthe sradHosrmedium-scale bese statinon303nddhaizemniunicatidtiderminal 20

according to reception power. For example, when.th ll-or-medium-scale base station 30 can
recognizg traiﬁgﬂﬁ%g%ﬂgﬁ(m}éq 6qrfﬂ}éumcgt10n termma? ZS{)n f?om the management server {% %n a

fixed network.
[0051]

10 Alternatively, the small-or-medium-scale base station 30 receives a uplink
reference signal transmitted from the communication terminal 20, and estimates a
positional relationship between the small-or-medium-scale base station 30 and the
communication terminal 20 according to reception power. For example, when the
small-or-medium-scale base station 30 can recognize transmission power of the

15  communication terminal 20, the small-or-medium-scale base station 30 may estimate
a distance from the communication terminal 20 based on the transmission power of
the communication terminal 20, path loss, and reception power. The small-or-
medium-scale base station 30 may recognize the transmission power of the
communication terminal 20 by referring to transmission power control information

20  of a physical downlink shared channel (PDSCH) or a physical uplink shared channel
(PUSCH) described in the PDCCH transmitted from the macro-cell base station 10.
[0052] '

Alternatively, the small-or-mediom-scale base station 30 receives a
transmission signal of a RACH transmitted from the communication terminal 20, and

25  estimates a positional relationship between the small-or-medium-scale base station
30 and the communication terminal 20 according to reception power. For example,
when the small-or-medium-scale base station 30 can recognize transmission power
of the communication terminal 20, the small-or-medium-scale base station 30 may
estimate a distance from the communication terminal 20 based on the transmission

30  power of the communication terminal 20, path loss, and reception power. The

small-or-medium-scale base station 30 may recognize the transmission power of the



15 communication terminal 20, the small-or-medium-scale base station 30 may estimate a distance
from the communication terminal 20 based on the transmission power of the communication terminal
20, path loss, and reception power. The small-ormgdium-scale base station 30 may recognize the
transmission power of the communication terminal 20 by referring to transmission power control
information 20 of a physical downlink shared channel (PDSCH) or a physical uplink shared channel
(PUSCH) described in the PDCCH transmitted from the macro-cell base station 10. [0052]
Alternatively. e, smalkanmedinmissale PAsesiaion 305eelies pdanymsRien.signalgha RACH
transmitted from the communication terminal 2 , an estimates a positional relationship between
the small-or-medinnttst flerh dse stationdDhand dtad oo hthto ticationternmiatad2 Capooidiigto reception

power. For eéarpdréle when the.srpall- r-medlum-FcaIe b S gtagion 30 can recognize transmission

power of the cgmrﬁglsm%a ig}ﬁytsel%iﬁaé]l 5, e Small-or-medium-scale base station 30 may estimate a

distance fronj@b&3¢ommunication terminal 20 based on the transmission 30power of the

communijcation terminal 20, path gﬁs and reception power. The. small-or- e%'%Jm- le base station
30 may focognize A TAAEATRLIGN TLAE S PHIE 0% CALMCAo (P S0 Trin t
transmission paWBrLOREEAbiniarmation transmitted from the macro-cell base station 10 to the

communication termipal 20 in procefﬁs ofa hyﬁical random0§§cess channel (P CHE’{a 0053]
5information (5): Pairiity b&RGCeN ESHHRNEEoR P EriiHEI 20 2N d TAREFS- &8I BAXE étHon 10

The small-orimeeidnstrle base HatarBthacaiies heiiormatian indicaingthe patriogibetween the
communication terminal 20 and the macro-cell base station 10 from the management server 16 in the

fixed network2*EOEBAT 10 fromk dhp MARASETHE SHRIFO e G rHEEEREBREE station 30 may determine

which macrofggkpase station 10 is being connected to the communication terminal 20 by decoding
the PBCH and the PDCCH transmitted from the macro-cell base station 10. 15[0055] = Information
(6): Quality of Comménieatsiy enkiberiadhconsHumasabn basamifticso dhaMadeceRiPBase Station

10 The smalormedinsaaishase FaivA acawresithe dnfounation disatingiha quality of
the communication link between the communication
20 by decoding the PBCH and the PDCCH transmitted from the macro-cell base
station 10.
15 [0055]
Information (6): Quality of Communication Link between Communication
Terminal 20 and Macro-Cell Base Station 10
The small-or-medium-scale base station 30 acquires the information
indicating the quality of the communication link between the communication
20  terminal 20 and the macro-cell base station 10 from the management server 16 in the
fixed network.
[0056]
Alternatively, because PUSCH or RACH retransmission is considered to be
iterated when a signal of the same pattern is transmitted from the communication
25  terminal 20 at a plurality of times, the small-or-medium-scale base station 30 may
determine that the communication link between the communication terminal 20 and
the macro-cell base station 10 is bad in such a case.
[0057]
Alternatively, the small-or-medium-scale base station 30 may determine the
30  link quality between the communication terminal 20 and the macro-cell base station

10 based on a physical uplink control channel (PUCH) and a signal level of a UL



20terminal 20 and the macro-cell base station 10 from the management server 16 in the fixed network.
[0056] Alternatively, because PUSCH or RACH retransmission is considered to be iterated when
a signal of the same pattern is transmitted from the communication 25 terminal 20 at a plurality of
times, the small-or-medium-scale base station 30 rﬁ y determine that the communication link between
the communication terminal 20 and the macro-cell base station 10 is bad in such a case. [0057]
Alternatively, the small-or-medium-scale base station 30 may determine the 30link quality between the

communication_teiminal 20 and the, macyo-cell base station 10 based hysical uplink.control
channel (Puﬁjil'ﬁﬂ‘&eeﬁlﬁaﬂaﬁrf’é\?wﬁg M 8G SHITERRREERA %ﬁ%}%rkgd? rgﬁ? fﬁ%cg%"r% unication

terminal 20 ta,tbe ynaeroicell base station 10. [0058] <3. Content of Operation Ranges> 5Examples of
methods of acquiring the information (1) to (6) to be used for the small-or-medium-scale base station
30 to select cl(‘:ﬁﬁgération range have been described. Next, content of each of the operation ranges A

to D will be described<0038]{?BeasianRanas des10Communication for reinforcing a communication
link between the macro- cell base station 10 and the communication terminal 20A is included in the

operatioff range A asHE8BRlE PEBIROE QIMpINE Brtie dBBUEaaeeAbbl oM Bsidaeb A% e relay

Commu;l:)catiQﬁbag}gaﬁogit@%aie&m;miﬁégM%tww@&n/ﬁ%feﬁo&@/ﬁgg& thevaaeeg-cell base
station .
described. Next, content of each of the operation ranges A to D will be described.

[0059]
(Operation Range A)

10 Communication for reinforcing a communication link between the macro-
cell base station 10 and the communication terminal 20A is included in the operation
range A as described above. Examples of the above-described communication are
relay communication and coordinated multiple (CoMP) transmission/reception
to/from the macro-cell base station 10.

15 [0060]

Therefore, when a resource (time - frequency slot) different from that of the
macro-cell base station 10 is acquirable, the small-or-medium-scale base station 30,
which operates according to the operation range A, performs relay communication of
transmission/reception  data of a link to be reinforced or CoMP

20  transmission/reception in a state of carrier aggregation. On the other hand, when a
resource different from that of the macro-cell base station 10 is not acquired, the
small-or-medium-scale base station 30, which operates according to the operation
range A, performs CoMP transmission/reception of transmission/reception data of a
link to be reinforced to/from the macro-cell base station 10.

25  {0061]

The small-or-medium-scale base station 30 can cooperate with the macro-
cell base station 10 using a wired interface such as radio on fiber or X2 _IF or a
wireless interface.

[0062]
30 (Operation Range B)

Communication for increasing an area capacity is included in the operation



15[0060] Therefore, when a resource (time - frequency slot) different from that of the macro-cell
base station 10 is acquirable, the small-or-medium-scale base station 30, which operates according to
the operation range A, performs relay communicatilo€1 of transmission/reception data of a link to be
reinforced or CoMP 20 transmission/reception in a state of carrier aggregation. On the other hand,
when a resource different from that of the macro-cell base station 10 is not acquired, the
small-or-medium-scale base station 30, which operates according to the operation range A, performs

CoMP transmissio recgéntio.g o{ ét‘%ansmis ion/recePtiopﬁiat%of a Clinkt e reinforced.to/from the
) me O

macro-cell ba&e%&tatioh Tfe‘ K& SHAfT-Or-mediim-scafe' Bas& Station 1%%1rl1$cooperate

with the maco-agihhass:siation (O usitglaywitashinigriace $ieh, akeradiol ontfiismisskia Haor a
wireless interface.@[r 062] 30(Operation Range. B) Cogmunéc\:ation for increatsinc% aﬁ area capacity is
included in (R BPEr B P TAAGEA 28 G o B R BUR A SRS E B S Ko S bed
communicatigRisOueHRNERRSIIESIOR olatibgle lay: tansnissido-hetenihedvariay drangmission is a
nonnal base-station operation, which is performed using the same time élr guency slot as in the

macro-c&ll babkhét s nee 8 eE he r'din SN BERTTALSC H AR SRFRHON BRI thePHSEH cell. The

overlay transgyissihiisasopesatieneifgrent dromrslay onunication 9 kiR opekadon. For a
slot for the overlay transmission, it is preferable that the macro-cell base station 10 allocate a slot

different fromPesbteaRiergaidbe rackasthhesoraime balerrts SRt Ierad OB SEIPBCCH so as
to secure the,guality of themacre-celiikasg statiqns1Qc 1000831 - pUdeWerBCLecaysg the overlay

transmission leads to interference with other communication within the macro cell, it is important that
the small-or-rifsiarihesaampitypceanssr sodbprpriaten ntrol transmission power when the overlay
transmiggion E’@mﬁformed. 15[0064] FIG. 4 is an explanatory diagram illustrating an example of
interference to be considered during the overlay transmission. As illustrated in Fig. 4, if the
smallor-medium-scalElpaseest bgsnuse Bhperferits ovrsmaysieinienissio nofsriesmen uhidatifigivith the

communicationeiRalioRtdiadie saaal vansmlteddiamine.emellat 20 medissqple base

station 30B r es the macro-cell base station 10 and a communication terminal 20X as an
interference Wawe. @066] 30 appropriately control transmission power when the overlay

transmission is performed.
15 [0064]

FIG. 4 1s an explanatory diagram illustrating an example of interference to
be considered during the overlay transmission.  As illustrated in Fig. 4, if the small-
or-medium-scale base station 30B performs overlay transmission for communicating
with the communication terminal 20B, a radio signal transmitted from the small-or-

20 medium-scale base station 30B reaches the macro-cell base station 10 and a
communication terminal 20X as an interference wave.
[0065]
Here, the small-or-medium-scale base station 30B can calculate a level of
interference given by the small-or-medium-scale base station 30B to the macro-cell
25  base station 10 by subtracting path loss from transmission power based on path loss
(transmission path) information with the macro-cell base station 10. Likewise, the
small-or-medium-scale base station 30B can calculate a level of interference given
by the small-or-medium-scale base station 30B to the communication terminal 20X
by subtracting path loss from transmission power based on path loss with the

30  communication terminal 20X.

[0066]



Here, the small-or-medium-scale base station 30B can calculate a level of interference given by the
small-or-medium-scale base station 30B to the macro-cell 25 base station 10 by subtracting path loss
from transmission power based on path loss (transmission path) information with the macro-cell base
station 10. Likewise, the small-or-medium-scale base station 30B can calculate a level of interference
given by the small-or-medium-scale base station 30B to the communication teinlinal 20X by
subtracting path loss from transmission power based on path loss with the 30 communication tent inal

20x. [0066] 17 Therefore dhe. smalhormedium:scale base:siouan 308.cop heloum.gveriay

transmission by contro ﬁngot%nsmlssﬁ)n power so tha “evels of inter rencepglven to the macro-cell
base station fr@nandstiven doneoninitaiio ndesmissd 2 pXvaneste gstheveperfiigsitibecinte ferentte amounts of

the macro-cgt:[!bbase station, 10 and the Scommuynication teifinal 20X. [00 TTe
small-or-medi Wg?écsﬁg‘% r} ?8 anrgp t%e MU CALION Qe a?@OX

atigh%b acquires information regar ingna'perlphaé?a eggr%h%nication
terminal 20 whenipdHiernifgiheméeiayuriRswissien. ratexaihphasthastiall-00-mediuthescale base
station 30 may acquire informatjon position information, an ID, reserved-slot information of UL
transmis@ionF‘éﬁfpﬁ?écﬁ?é??rtgaﬁmﬁjéq peripheral communication terminal 20 from the macro-cell
base station f@h¢xiternatively, the small-or-medium-scale base station 30 may acquire the
reserved-slot information of the communication terminal 20 by receiving the PDCCH, and estimate

position information of¥h&RBTRTEAMSRtatrRAST 581 EsE0 24 TR A SRR B R P US & 1.

Alternatively, the,small:nhraiitnssala-hase statigRsQerRnaRIINaAte & camMERiGatisiRath
environment between the small-or-mediumscale base station 30 and the communication terminal 20

based on thefi@Terererlof i Prderaadiaclinbaitestaden 40- 818y iAfois s ioarailon
commugycation,terminakath AAL0ABI O RN Randefm ation SOMMuAisAtORAOr Sxtending

coverage is included in the operation range C as described above. Exarr&;lgs of the above-described

communicatibk @recgatdinechmnsnipheion ereroverayordeanindicn. emdsomacro-trlbliddtie, when a
resource (tim&a@ﬁ%&fnC)(i?éﬁim{fé%;éemefr&ﬁaﬁh@l&ﬁfeﬁz&m&%@-sgyebagﬁo%;@tp%9 ix@cgelirable, the

small-or-medium-scale base station’30, which operates according to the operation range C, performs
relay commutiicatiseroftrelasnnfsioatienepftiors dempbaitition sengiafolbcbiorearivperaion of an

30independep,celOn, the, AL handiWHER ATRRIMERS I Erent IR ALAEIS! 20 based

15  on reference of the PUSCH. Alternatively, the small-or-medium-scale base station
30 may estimate a communication-path environment between the small-or-medium-
scale base station 30 and the communication terminal 20 based on the reference of
the PUSCH after acquiring the reserved-slot information of the communication
terminal 20.

20  [0068]

(Operation Range C)

Communication for extending coverage is included in the operation range C
as described above. Examples of the above-described communication are relay
communication and overlay transmission.

25  [0069]

Therefore, when a resource (time - frequency slot) different from that of the
macro-cell base station 10 is acquirable, the small-or-medium-scale base station 30,
which operates according to the operation range C, performs relay communication of
transmission/reception data of a link to be reinforced or an operation of an

30 independent cell. On the other hand, when a resource different from that of the

macro-cell base station 10 is not acquirable, the small-or-medium-scale base station



macro-cell base station 10 is not acquirable, the small-or-medium-scale base station 18 30, which
operates according to the operation range C, performs the overlay transmission to the macro cell. The
small-or-medium-scale base station 30 may prevent interference by performing transmission power
control or beam steering during overlay transmission. 5[0070] (Operation Range D)

Communication for operating an independent cell is included in the operation range D as described
above. Therefore, the small-or-medium-scale base station 30, which operates according to the
operation range D, qperates the 10 independent cell by controlling a transmission parameter such as
maximum tragim?@]@h SBH&FTsHTGAR qtlffirgberé) 5’5%‘%81.1[65% <€Z} Wé%én %o el%‘éfffrll&a(Operation
Range> The gpgiaignuiangesAniadd asgumathiosheimplamneniackinlthesmatkoom B magdium-scale
base station 30 have been described ahove. Next, a method in which the small-or-medium-scale base
station 30 selREETHYFEFEHRTE AN REATBE 8 LRMBRES I P5)AL HORHA iRETY. BOTHAS
operation-rar}gﬁﬁglg@gﬂqumhg’;ﬂgmﬁhe small- 20 or-medium-scale base station 30 first checks a
connection relationship between the macro-cell base station 10 or the management server 16 and the
small-or-PnediifiiéBale base station 30. When a connection between the macro-cell base station 10 or
the management seryey,df@ndithgsmgll-or-medium-scale base station 30 is only the wired
connection, the operation-range selection unit 340 selects the operation range 25 from the operation

ranges A and D (S40SPTAMHBIHIPHT Klcefigine cperRisRTadgé et ihe BPdrsdorrafi§es A and D
will be descried Jaier Withd ¢iereaeeifhEidanL07Bhereforc O dNEnather hrRelibendgeonnection

between the macro-cell base station .
station 30, which operates according to the operation range D, operates the

10 independent cell by controlling a transmission parameter such as maximum
transmission power using an acquired resource.
[0071]
<4. Method of Selecting Operation Range>
The operation ranges A to D assumed to be implemented in the small-or-
15  medium-scale base station 30 have been described above. Next, a method in which
the small-or-medium-scale base station 30 selects the operation range will be
described.
10072]
As illustrated in Fig. 5, the operation-range selection unit 340 of the small-
20  or-medium-scale base station 30 first checks a connection relationship between the
macro-cell base station 10 or the management server 16 and the small-or-medium-
scale base station 30. When a connection between the macro-cell base station 10 or
the management server 16 and the small-or-medium-scale base station 30 is only the
wired connection, the operation-range selection unit 340 selects the operation range
25  from the operation ranges A and D (S408). A method of selecting the operation
range from the operation ranges A and D will be described later with reference to Fig.
6.
[0073]
On the other hand, when the connection between the macro-cell base station
30 10 or the management server 16 and the small-or-medium-scale base station 30 is

both the wired connection and the wireless connection (5412), the operation-range



3010 or the management server 16 and the small-or-medium-scale base station 30 is both the wired
connection and the wireless connection (5412), the operation-range 19 selection unit 340 selects the
operation range from among the operation ranges A to D (S416). A method of selecting the operation
range from among the operation ranges A to D will tbe described later with reference to Fig. 8. [0074]
5In addition, when the connection between the macro-cell base station 10 or the management server
16 and the small-or-medium-scale base station 30 is only the wireless connection (S412), the
operation-range selection unit 340 selects the operation.range from among the operatign ranges A, B,
and C (54205 K SHEM R of So AT e BSHL A Pt B oAb PR SHEABRIEFRALES A, B, and
C will be 10desc¢sbes) later withsaferentectinkithe of0Anln randeigrdnsatBoweharilusicating a
method in which the small-o_r-m%%ium_ cale base station 30 selects the operation range from the
operation rarigB& Ak B AL § ‘JtFﬁfg’(f%ri%%.V@F Hehee 4p bi&-tescribed information (1) to (6) is
acquirable 1f(35p4), the operation-range selection unit 340 of the small-or-medium-scale base
station 30 determines whether or not link quality between the peripheral communication terminal 20

and the Macro-cell bad8c*4tatiom 1OHL Hhe 1H056H0H PRIGHOVR GBS BEE IR RiBErr($%68). When the

link quality befvegsmthepearinkeral conwaunicatian-tsrminakA0and the-mastrcelibasy skation 10 is
bad, the operation- 20 range selection unit 340 selects the operation range A so as to improve the link

quality (S512fols#6] conneglipihéSther HERJORMBOMENTOriFRRSIPRL PaRd I8 isshetaddirable but
the informati%é@ﬁ&a)fﬁgg s Ay rakIs S 2160 hg Qrerafiondangesselectionunib2er 340

detelmines whether or not both the small-or-medium-scale base station 30 and the communication
terminal 20 apelestiings the GRPIGELY tReshESH eslPBadhE erriABapEvacdeScRbaddrforrHalén (S520).

When bfgh t%?&ﬂﬁﬁ%@%@l%%&@q@%%@@m 30 and the communication terminal 20 are out of

the range of the macro cell, the operation-range selection unit 340 selects the operation range D so as
to provide 30H@dMmunication opportunity to the communication terminal 20 (S524). [0077]

Fig. 6 is a flowchart illustrating a method in which the small-or-medium-
scale base station 30 sclects the operation range from the operation ranges A and D.
As illustrated in Fig. 6, when the above-described information (1) to (6) is acquirable
15 (S504), the operation-range selection unit 340 of the small-or-medium-scale base
station 30 determines whether or not link quality between the peripheral
communication terminal 20 and the macro-cell base station 10 is bad based on the
above-described information (8508). When the link quality between the peripheral
communication terminal 20 and the macro-cell base station 10 is bad, the operation-
20  range selection unit 340 selects the operation range A so as to improve the link
quality (8512).
[0076]
On the other hand, when the information (1) and (6) is not acquirable but the
information (1), (2), and (4) ts acquirable (S516), the operation-range selection unit
25 340 determines whether or not both the small-or-medium-scale base station 30 and
the communication terminal 20 are out of the range of the macro cell based on the
above-described information (S520). When both the small-or-medium-scale base
station 30 and the communication terminal 20 are out of the range of the macro cell,
the operation-range selection unit 340 selects the operation range D so as to provide
30  acommunication opportunity to the communication terminal 20 (§524).

[0077]



20 When the information (1), (2), and (4) is determined not to be acquirable in S516 and at least
one of the small-or-medium-scale base station 30 and the communication terminal 20 is determined to
be in the range of the macro cell in S520, the operz#]&on-range selection unit 340 does not select any
operation range. In this 5 case, the small-or-mediuf-scale base station 30 transitions to an initial state
without performing an operation of transmission to the communication terminal 20 (S528). [0078]

Fig. 7 is a flowchart illustrating a method in which the small-or-mediumscale base station 30 selects

the operation range f among the operation ran ,10.B, and C. As jllystrated.in Fig. 7, when a
slot different from tha%%@ﬁlggf’&%ﬁ%gég ééjti%ﬁ@é%&%ﬁ%@%@%gﬁ%&% ueu%ger%ﬁlation (1)
and (6) is acqinablen(S608)kdheppedtidh: rangel selaciitonmnitabd bafdhasioalladr-metlitm-scale base

station 30 determines whether or not the link quality betweep the peripheral commynication terminal
0 and the mECTOREEIBHSE SERBALLO 1 BEEHHOEN BTG 1 ABRRCCL L G RO oy (3612)

When the linkigualityaeivesndhel aeripheial camipenicationdaraminab2Rand themadiodell base
station 10 is bad, the operation-range selection unit 340 selects the operation range A (S616). [0079]

On the ofher fsRdtReER e mMrERtyal bagsiiaHen AB LB B a8 #1990 Wiy HhETHtormation (1)
and (6) is ac?é{ﬁﬁ#ﬁiﬁé@%%ét&i@p%mmrﬁmg&ﬁ@lﬁgiwﬁﬂ&m&e@ﬁmﬂﬁawma@y.or not a

distribution of communication telininals 20 is biased toward a cell edge of the macro cell based on the
above-describ¥ fformation (S624). For example, when an average value of distances of a plurality of

communication termingls 20 fromdhermacie:galliase siatien H0wiithin dhesanter3acelis greater
than a predetermined value, the operation-range selection unit 340 may determine that the distribution

of the commuisidatisncterFhivm i) 2elpsisithecepeiniinn tHezediosy go ongHBIRRETAHOBIFARESE Hithe
distributjgn ofthg gommunicafion tesmingls 20 s pipseshiowarttihe:6all gdosrehihanactgicell, the

operation-range selection unit 340 selects the operation range C so as to extend the coverage (S628).
30[0080] 21 h@risstaieeddrablecandhite ($H0fhatonlie)idqeyiserqlirabik (S686)cHiable

operation-ranas i aon NI A0 deiermines NBHer et dsaige shaanggelon bl macro col

is greater tha etermined standard base e above-described information (S640). When the
degree of corsgestiorof theemeor celldthgreaterSththn thekpreddiormiriagstativankihberal

operation rangs SRSLAR MR IR R ARV BQATIAIIRTES A capacty
15 above-described information (S612). When the link quality between the peripheral
communication terminal 20 and the macro-cell base station 10 is bad, the operation-
range selection unit 340 selects the operation range A (5616).
[0079]
On the other hand, when the link quality is determined not to be bad in 5612
20  and the information (1) and (6) is acquirable (S620), the operation-range selection
unit 340 determines whether or not a distribution of communication terminals 20 is
biased toward a cell edge of the macro cell based on the above-described information
(8624). TFor example, when an average value of distances of a plurality of
communication terminals 20 from the macro-cell base station 10 within the macro
25  cell is greater than a predetermined value, the operation-range selection unit 340 may
determine that the distribution of the communication terminals 20 is biased toward
the cell edge of the macro cell. When the distribution of the communication
terminals 20 is biased toward the cell edge of the macro cell, the operation-range
selection unit 340 selects the operation range C so as to extend the coverage (S628).
30  [0080]

In addition, when the slot different from that of the macro-cell base station



On the other hand, when the degree of congestion of the macro cell is not greater than the
predetermined standard, the operation-range selection unit 340 10 determines whether or not the
distribution of the communication terminals 20 is bigsed toward the cell edge of the macro cell (S648).
When the distribution of the communication terminals 20 is biased toward the cell edge of the macro
cell, the operation-range selection unit 340 selects the operation range C so as to extend the coverage
(S628). 15[0082] When the information (1) to (6) is determined not to be acquirable in S620 or

S636 and when the distribution of the communicatjon tegminals 20 is d ined not to.be biased
toward the cél&éﬁﬂ%ﬁ 5?%&%%8@5 i Wﬁl%l?aé&%?ﬁ? So%@?éf?oi)i?r&gégsé%c?i%?{%lr%?,m does
not select anyaperaligsisange: IMhistastin20thashealbommedidsprecale hagestation 3Retransitions
to the initial state without performing an operation, of fransmission ta the communication, terminal 20

(S632). 0083720 Gl 1% FeathEEaf RIGLHSHRE RS TnORITE P hE 8 AR SrIrsER s cale base

station 30 selgetstheRPESELoN rangedrem asengdheanekiipnosangemActd daDisAsdlustrated in
Fig. 8, when a slot different from that of the macro-cell base statign 10 is securable (S704) and the

information (BPandi@Predstemmast @rbay: dhe opsraiohirgeesrtidbrihi $backidhdhe

smalI-or-med(g%@g,mlga%@@gt@gg)Qbag(gggggm@gl%ymﬁm@fyqrg@@jink quality between the peripheral
communication terminal 20 and the macro-cell base station 10 is bad based on the above-described

30information®®712). When the link quality between the peripheral communication terminal 20 and the

macro-cell base statigy, 10.J%,had ’h@ﬁio%@ti@ﬁ'@%&?e%{%ﬂg@s&% Wi;@g%;@tﬁ@meraﬂon
range A (S716). [0084] On the other hand, when the information (1) and (6) is not acquirable but

the informati@egtyr (Mamribie ) isl elcsuing| S(BTR0); tHe cpsration-raitfe SRsEHON WAt 34840
determines whelhar.aL NoL ORI e Mnall:on MetivthSGAIR DAzt aHRA RN, Alhibie comymunication

terminal 20 are out of the range of the macro cell based on the above-described information (S724).

When both tﬁféesndaﬂbwaﬂd]éhﬁtmusm'bﬁﬁ@m @I_éﬁé“tﬁb c&ﬁﬁmﬂi@aﬁimwmafﬁ@are out of
the range of G MAGIAE!L 15 ApRLSR-rRNgESEIRERN I RIGaeaets e neratian gnoe D so as

to provide 10 a communication opportunity to the communication tefminal 20 (S728). On the other
hand, when atjeastonengethel srati-oninfetiveiestalbbage station38 &hebthe wormmudidetion terminal
20 is in the ra&g{g&ég?g&ggro cell, a determination of S752 is made. [0085]

15 [0082]

When the information (1) to (6) is determined not to be acquirable in S620
or 8636 and when the distribution of the communication terminals 20 is determined
not to be biased toward the cell edge of the macro cell in S624 or S648, the
operation-range selection unit 340 does not select any operation range. In this case,

20  the small-or-medium-scale base station 30 transitions to the initial state without
performing an operation of transmission to the communication terminal 20 (S632).
100837
Fig. 8 is a flowchart illustrating a method in which the small-or-medium-
scale base station 30 selects the operation range from among the operation ranges A
25 toD. Asillustrated in Fig. 8, when a slot different from that of the macro-cell base
station 10 is securable (S704) and the information (1) and (6) is acquirable (§708),
the operation-range selection unit 304 of the small-or-medium-scale base station 30
determines whether or not link quality between the peripheral communication
terminal 20 and the macro-cell base station 10 is bad based on the above-described

30  information (S712). When the link quality between the peripheral communication

terminal 20 and the macro-cell base station 10 is bad, the operation-range selection



15In addition, when a slot different from that of the macro-cell base station 10 is not securable and the
information (1) to (6) is acquirable (S740), the operation-range selection unit 340 determines whether
or not a degree of congestion of the macro cell is riater than a predetermined standard based on the
above-described information (S744). When the de% e of congestion of the macro cell is greater
20than the predetermined standard, the operation-range selection unit 340 selects the operation range
B so as to increase the area capacity (S748). [0086] On the other hand, when the degree of
congestion of the macro cell is not greater than %gg edetermined standard, the operation-range
selection unitB46 9% GEETRESP HRBMRSA B H1ot d@mbution of the communication terminals 20 is
biased towarghtis rell edge of the macro cell (S752). When the distribution of the communication
terminals 20 is biased toward the cell edge of the macro cell, the operation-range e@:tign unit 340

0
selects the operationP4ri§e ¢hss oy '%’?Fé‘ﬁéeth‘éf%‘@?f@?%él(@ﬁ% 3B RBSFBRRYFE 85U HWhen the
distribution of the-seRemynicationerminalacliisuletemingdiot fe-bedniased taaishthersell edge of

the macro cell in S752, and the like, the operatlon-range selection unit 340 does not select any

operatioft rantft, feiETaIegs VR SHIAIReF-Rogh ith S ofARelEpmisrrEsh bR &9 tilinitial state
without Sperfgrming, AR Qestistar-afitFansimission orthe sapmunisatianderainal20i(e436) [0088] <5.

Monitoring and Control by Management Server> The small-or-medium-scale base station 30

selects the opbeatickeseRps by ivrenabovd HELbribehmrtod, BisosstahoeairditniesisnPatording to
the selected 10apgrationfangsolhiba-smalrlemedinansealsharamiation 39 sladmihe smmunication,

the management server 16 monitors the communication of the small-or-medium-scale base station 30,
and perfoimsthsterfersieravsidahedioontrd] Jitthedessdie pravafinitEngoRespehtingPaddculars will

be descyiped jn defail, O8I opportunity to the communication terminal 20 (S728). On the
other hand, when at least one of the small-or-medium-scale base station 30 and the
communication terminal 20 is in the range of the macro cell, a determination of 8752
1s made.
[0085]

15 In addition, when a slot different from that of the macro-cell base station 10
is not securable and the information (1) to (6) is acquirable (S740), the operation-
range selection unit 340 determines whether or not a degree of congestion of the
macro cell is greater than a predetermined standard based on the above-described
information (S744). When the degree of congestion of the macro cell is greater

20  than the predetermined standard, the operation-range selection unit 340 selects the
operation range B so as to increase the area capacity (S748).

[0086]
On the other hand, when the degree of congestion of the macro cell is not
greater than the predetermined standard, the operation-range selection unit 340

25  determines whether or not a distribution of the communication terminals 20 is biased
toward the cell edge of the macro cell (8752). When the distribution of the
communication terminals 20 is biased toward the cell edge of the macro cell, the
operation-range selection unit 340 selects the operation range C so as to extend the
coverage (S748).

30  [0087]

When the information (1) to (6) is determined not to be acquirable in 8732



15(When Small-or-Medium-Scale Base Station 30 Performs Overlay Transmission) The
management server 16 monitors a report regarding a communication situation from the
small-or-medium-scale base station 30, which performs overlay transmission according to the
operation range B or C. The report regarding the 2&communication situation, for example, includes a
BER/PER, the number of retransmissions, a statistical value such as an average value of throughput,
traffic information, or the like. [0090] Here, when the small-or-medium-scale base station 30, which
performs the 25 overlaé?téansmission, IS ing)roximity of another small-or-medium-scale network and

an index valuerstith) aw e shan dstighptiens abiherapmmanieniiqn deravaris 2 pidisteasinssse
interference may,be,capged A %U“ée?lV%Ei%éf BAMREISSIen. Lythis apse thRdmaBbagement server 16
0

determines whether or not another resource for the overlay transmission is allocated to the
small-or-mediparaiteie Hrasesstegiom 3BiBHI0 00T 1 seivsl Brymeelianestalethada StHtieMB0 of the

other resourcg and & ehanaa of A nierierense sublect, Thednierigrancs subiestantenhg,change

newly performs sensing or information acquisition, and executes transmission power control. On the
other harid, wirsfranothen resouios i iensiideaeds the enaraygeisrtinngervanalthEiiids the

small-or-medw%:ale base station 30 to stop the operation. [0092] (When
Small-or-Medium-Scale Base Station 30 Performs Cell-Area Extension Operation) When the
small-or-medium-scateShasmstation 30 hastextbnddanagesllcatseby0 relay communication or an
operation of an mdepci.gg%% aﬁﬁlcl)’ |}tl is (Plfflcult {or the S{nf(l)lﬁogﬁn% élé{y-%c%}e grgge station 30 to check

) . - fum-scale base § n fange .
interference with other communlcaﬂon. ElOI' exampie, | e small-or-me -SCale a& S%’[IOI’] 30

performs cominunieatiodeforisxde ndithg dheusk | karea withriing coiomuncoadiog terriinadc?@ifeds illustrated
in Fig. 9, the small-or-medium-s%?éen%ase stzai_olr)_ 3g d'P%%/ %g'integere w'trt\i gﬂc%mggi Sati%ré terminal
20Y, whith cARFKRatSEith t ersT el BaSE StAtiSR™ 0B, 1009

communication, the management server 16 monitors the communication of the

small-or-medium-scale base station 30, and performs interference avoidance control,

if necessary. Hereinafter, corresponding particulars will be described in detail.

[0089]

15 (When Small-or-Medium-Scale Base Station 30 Performs Overlay

Transmission)

The management server 16 monitors a report regarding a communication
situation from the small-or-medium-scale base station 30, which performs overlay
transmission according to the operation range B or C. The report regarding the

20  communication situation, for example, includes a BER/PER, the number of
retransmissions, a statistical value such as an average value of throughput, traffic
information, or the like.

[0090]

Here, when the small-or-medium-scale base station 30, which performs the

25  overlay transmission, is in proximity of another small-or-medium-scale network and
an index value such as area throughput is lower than a constant level or rapidly
decreases, interference may be caused due to the overlay transmission. In this case,
the management server 16 determines whether or not another resource for the
overlay transmission is allocated to the small-or-medium-scale base station 30.

30 [06091]

When the other resource is allocated, the management server 16 notifies the



In this case, the management server 16 determines whether or not another resource is allocated to the
small-or-medium-scale base station 30. When the other 20 resource is allocated, the management
server 16 notifies the small-or-medium-scale base siation 30 of the other resource and a change of an
interference subject. On the other hand, when no other resource is allocated, the management server
16 instructs the small-or-medium-scale base station 30 to stop the operation. [0094] 25(When
Small-or-Medium-Scale Base Station 30A, which Performs Link Reinforcement Operation, Is Adjacent

o Sma'"Or'Mediﬂ%%%‘l:%iieul%%é%@t%gg’@ S0B \VRIE P %’J%ﬁﬂé QUESIAYT FARSINISRION of ann @
(E) cale E)

communication link reinforce y the small-or-medium-s ase station 30A, an SINR range
adjustable byitterfsmissiomigewer ddwtroltbdeomes sabgent 30itkharthesswhhmgcilustiataebifofig. 10. In this

case, the manargement server 16 notifies.ghe sma&l-or-m§diL{m-scaIe.base statign OP of-an update
S m% or ontna 1011 dCUUISITION zgl LXCCULSS ransiission HOWST CORIroL. .
value of a permissible interfrerence amourit by link reinforcement, and the small-or-medium-scale

base station 82Botvbidiepdriohes aveHaytransmissiont ednastdrahsmissigarpowectasdd on the
update value of the natificatign. Thus, an increase in the area capagity is further expected. [0095] <6.
Summary> mst gt%(éjsec%%%'% '1(1)1\‘/@ ‘%Hlésg‘ff%& -%ﬁrsrl&éttl |5r?’1§s%)a %1)0 aﬁég%ffg’i%lr? 30 according to the
embodiment gfdbE| present invention can autonomously select an operation range suitable for a

current situation. Theqrﬂﬁre, the small-or-mediym-scale basg station, 1030 can immediately reflect the
fluctuation in a comm %’tioﬁ“é%?b‘rh#éﬁ BB %ﬁoﬁ?ﬁ%ﬂé.%o%%m%h egf%\"ee%ed
embodimentsatdhe @resampitiaygntion have been described above with reference to the accompanying
drawings, whilst the present invention is not limited to the above examples, of course. A person skilled

in the art may find varBuE e ARAtGR% BSA MR SRRE B3RS UAtR e ohisutiahe SPhEsady claims, and
it shouldde updgrionchthatdhey wilhnasyeaiisoorendestoedeshninaliscorertinerpresent

invention.
small-or-medium-scale base station 30 to check interference with other
communication. For example, if the small-or-medium-scale base station 30
performs communication for extending the cell area with the communication
terminal 20A as illustrated in Fig. 9, the small-or-medium-scale base station 30 may

15  interfere with a communication terminal 20Y, which communicates with the macro-
cell base station 10B.

[0093]
In this case, the management server 16 determines whether or not another
resource is allocated to the small-or-medium-scale base station 30.  When the other

20  resource is allocated, the management server 16 notifies the small-or-medium-scale
base station 30 of the other resource and a change of an interference subject. On the
other hand, when no other resource is allocated, the management server 16 mstructs
the small-or-medium-scale base station 30 to stop the operation.

[6094]

25 (When Small-or-Medium-Scale Base Station 30A, which Performs Link
Reinforcement Operation, Is Adjacent to Small-or~-Medium-Scale Base Station 30B,
which Performs Overlay Transmission)

In a communication link reinforced by the small-or-medium-scale base
station 30A, an SINR range adjustable by transmission power control becomes larger

30  than usual as illustrated in Fig. 10. In this case, the management server 16 notifies

the small-or-medium-scale base station 30B of an update value of a permissible



[0097] 20For example, the steps in the process of the small-or-medium-scale base station 30 of this
specification are not necessarily processed in time series in the order described as the flowchart. For
example, the steps in the process of the smallor-medium-scale base station 30 may be processed in
an order different from the order described in the fl6Wwchart or processed in parallel. In addition, it is
possible 25 to create a computer program for causing hardware such as a CPU, ROM and RAM
embedded in the small-or-medium-scale base station 30 to have the same functions as the

configurations of the small-or-me |ug1}§£ﬁale ?gse stat{on 3 g%scrlb d abov(?1 In ad '“%Qsea storage

medium recoldiRg i Cc?or?’}Bﬂ’t‘gF pr% €3 BC%%%de?f 0 Sf% n (géfaffloir{ntﬁgarﬁacro-cell base

station accordingdo 308 embdditagbint thepiesentsnvandigremaydynamicalin ghangoasedverage
area of a macro cell, an 26 agno&t of respurces to used, or the numbger of communication
A

teiiuinals or sARaff-RRSATEN: HAS P LHHAHS LapABRS o b S A Snio AXtR F X8 g to an

amount of commw}igﬁgma@aﬁic within the macro cell or a distribution of communication terminals 20
or small-or-medium-scale base stations 30. 5 Accordingly, the small-or-medium-scale base station
may dynémicEﬂR?éI}nange a control operation. For example, a coverage area of the macro cell of the
macro-cell base statiofkisgypamjsally reduced, so that the small-or-medium-scale base station 30B,
which perk), ins communication for an increase in an area capacity in Fig, 1, may be dynamically

switched to an operatibhdsFEHESRRNG:- e Surl-cEane BB FOl A06H SO AW AT PENHBER

communicatign.fef.eRarALgAMHBdeREROISNEAEINREFIGRAB RIARE LiSLIPARULOMasHaR! Dase
station 15 20Communication terminal 30Small-or-medium-scale base station 310Wireless
communicatighitae for a current situation. Therefore, the small-or-medium-scale base station

10 30 can immediately reflect the fluctuation in a communication environment in the

operation range.
[0096]

The preferred embodiments of the present invention have been described
above with reference to the accompanying drawings, whilst the present invention is

15 not limited to the above examples, of course. A person skilled in the art may find
various alternations and modifications within the scope of the appended claims, and
it should be understood that they will naturally come under the technical scope of the
present invention.

[0097]

20 For example, the steps in the process of the small-or-medium-scale base
station 30 of this specification are not necessarily processed in time series in the
order described as the flowchart. For example, the steps in the process of the small-
or-medium-scale base station 30 may be processed in an order different from the
order described in the flowchart or processed in parallel. In addition, it is possible

25  to create a compuier program for causing hardware such as a CPU, ROM and RAM
embedded in the small-or-medium-scale base station 30 to have the same functions
as the configurations of the small-or-medium-scale base station 30 described above.
In addition, a storage medium recording the computer program is also provided.
[0098]

30 In addition, the macro-cell base station according to the embodiment of the

present invention may dynamically change a coverage area of a macro cell, an



320Network communication unit 330Infommtion acquisition unit 203400peration-range selection unit
350Communication control unit 27 CLAIMS Claim 1 A communication control method for use in a
small-or-medium-scale base station, comprising th%steps of: 5receiving a radio signal transmitted
from a communication teiminal or a large-scale basé station; acquiring information of the
communication terminal or the large-scale base station by analyzing the radio signal; selecting
one operation range among a plurality of types of operation ranges 10based on the information of the

communication terminal or the I%gk()a-scage base stati%n' apd communlcatin with, the con]{nunication
inal in actRodnt ol Tesqurees e ysed, or the num ter‘ é)? cofimunicaton t mlatis ot stall- .
terminal in accordance Wi € operation’range selected from among the plurality of types of operation
ranges. 15Clatmm2dium-scale base stations capable of being accommodated according to an
amount of communication traffic within the macro cell or a distribution of
communication terminals 20 or small-or-medium-scale base stations 30.
5  Accordingly, the smali-or-medium-scale base station may dynamically change a
control operation. For example, a coverage area of the macro cell of the macro-cell
base station is dynamically reduced, so that the small-or-medium-scale base station
30B, which performs communication for an increase in an area capacity in Fig. 1,
may be dynamically switched to an operation of the small-or-medium-scale base

10 station 30D, which performs communication for operating an independent cell.

Reference Signs List

[0099]
10 Macro-cell base station
15 20 Communication terminal
30 Small-or-medium-scale base station
310 Wireless communication unit
320 Network communication unit
330 Information acquisition unit
20 340 Operation-range selection unit

350 Communication control unit



The communication control method according to claim 1, wherein the plurality of types of
operation ranges include a first operation range for link reinforcement between the communication
terminal and the large-scale base station, a secon%-pperation range for improving a capacity, a third
operation 20range for extending communication coverage, and a fourth operation range in which the
small-or-medium-scale base station operates a cell. Claim 3 The communication control method
according to claim 2, 25wherein the step of selecting the operation range is a step of selecting the first
operation range when link quality between the gemypypication terminal and the large-scale base
station is less than a predetermined standard. Claim 4 30The communication control method
according to €laim 3, wherein the step of selecting the operation range is a step of selecting the 28

second operation range whel) . degies. gfeaaaslonof ali In e aias:seals. base piaton i

greater than an upper limit. Clanm e communication control method according to claim 4,
wherein the stepcof, seteptingghbogpepatidn range is a step of selecting the third operation range when
a distribytion of the communicatio%.termina}lst is bia%,ga% tlprward a cell edge, of th[e Iarlg(al-sqale base
. . receving a radio Signail ransimitie Ot a communrcation termifal or a
station. T0Claim 6
large-scale base station;
acquiring information of the communication terminal or the large-scale base
station by analyzing the radio signal,
selecting one operation range among a plurality of types of operation ranges
10  based on the information of the communication terminal or the large-scale base
station; and

communicating with the communication terminal in accordance with the

operation range selected from among the plurality of types of operation ranges.

i5 Claim 2
The communication control method according to claim 1,
wherein the plurality of types of operation ranges include a first operation
range for link reinforcement between the communication terminal and the large-scale
base station, a second operation range for improving a capacity, a third operation
20  range for extending communication coverage, and a fourth operation range in which

the small-or-medium-scale base station operates a cell.

Claim 3
The communication control method accerding to claim 2,
25 wherein the step of selecting the operation range is a step of selecting the
first operation range when link quality between the communication terminal and the

large-scale base station is less than a predetermined standard.

Claim 4
30 The communication control method according to claim 3,

wherein the step of selecting the operation range is a step of selecting the



The communication control method according to claim 5, wherein the step of selecting the
operation range is a step of selecting the fourth operation range when the small-or-medium-scale base
station and the communication terminal are out of 3 ell area of the large-scale base station. 15 Claim
7 The communication control method according to claim 6, wherein the first operation range
includes a relay operation of communication between the large-scale base station and the
communication terminal 20 or a CoMP operation. Claim 8 The communication control method

according to claim.7 .. Wherein the second pperation range includes an overlay fransmission
250peration.séﬁ'gl\’it}kﬁ1 SPF aéuc):%r%an enfgg iR ée o mgq[ﬁ%%g é%%é)r#gﬁ]ag to ¢ g]?r% fge >4 NWherein the

third operatiosiatinge mchiceththeurelppeoperation or an 30operation of operating a cell. 29 Claim 10
The communication control method according to claim 9, wherein the step of selecting the
operation range is a step of selecting the operation range from the first operation range and the fourth
operation rangeiwh®en a 5 connection between the large-scale base station or a network, which
manages the large-scale base station, and the small-or-medjum-scale base station is only a wired
conn e%ti n g Cﬁle commun?catﬂ)n contro metﬁlod accorg{ng to cfeluem lf: y
wherein the step of selecting the operation range is a step of selecting the
third operation range when a distribution of the communication terminals is biased

toward a cell edge of the large-scale base station.

10 Claim 6
The communication control method according to claim 5,
wherein the step of selecting the operation range is a step of selecting the
fourth operation range when the small-or-medium-scale base station and the

communication terminal are out of a cell area of the large-scale base station.

Claim 7

The communication control method according to claim 6,

wherein the first operation range includes a relay operation of
communication between the large-scale base station and the communication terminal

20  or a CoMP operation.

Claim 8
The communication control method according to claim 7,
wherein the second operation range includes an overlay transmission

25 operation.

Claim 9
The communication control method according to claim &,
wherein the third operation range includes the relay operation or an

30  operation of operating a cell.



Claim 11 10The communication control method according to claim 10, wherein the step of
selecting the operation range is a step of selecting the operation range from the first operation range,
the second operation range, and the third operatio Jange when the connection between the
large-scale base station or the network, which manages the large-scale base station, and the
small-or-medium-scale 15base station is only a wireless connection. Claim 12 The communication
control method according to claim 11, wherein the step of selecting the operation range is a step of
selecting the@]%igp?gation range from the first operation range, the second operation range, the third
operation range, and the fourth operation range when the connection between the large-scale base
station or the networKhekighmencges thetarjesbafoabasals@tioniaandthe small-or-medium-scale

base station is the wireless cqannection.and the wired connection. 25 Clasitm 1%1’9% mynication
control method accor‘ge}‘}%efg g"éeirsﬁt efz? Sggcvlv etrﬁ[(}f?n0 eéalg%er-%nc%ﬁelsbgseegtgtion o%%%ré; network, which
manages thedpegeiscaiagraforstdtiofirperformsinterterant ¢havoidén opecatmtrotfogavbicling

30interference cau%ed ue to cog&unicatio bg/ the gmalI-or-medium-scaﬁcqla%?aggationh 30 Claim 14
atio

ction befween ar e—sca?e ase station or a network, w €s 1 .
A small-Gr-m &L, RPEEE s n %omprlsmg: a recepfllon unlff for recelvmfa radio signal

transmitted frapascoln bussication tendittal anallagaciale-bade isiatictutbaninfolymatdreacquisition

unit for acquiring information of the
connection.

Clamm 11
10 The communication control method according to ciaim 10,
wherein the step of selecting the operation range is a step of selecting the
operation range from the first operation range, the second operation range, and the
third operation range when the connection between the large-scale base station or the
network, which manages the large-scale base station, and the small-or-medium-scale

15 base station is only a wireless connection.

Claim 12
The communication control method according to claim 11,
wherein the step of selecting the operation range is a step of selecting the
20  operation range from the first operation range, the second operation range, the third
operation range, and the fourth operation range when the connection between the
large-scale base station or the network, which manages the large-scale base station,
and the small-or-medium-scale base station is the wireless connection and the wired
connection.
25
Claim 13
The communication control method according to claim 12,
wherein the large-scale base station or the network, which manages the
large-scale base station, performs interference avoidance control for avoiding

30  interference caused due to communication by the small-or-medium-scale base station.



communication terminal or the large-scale base station by analyzing the radio signal, a selection
unit for selecting one operation range among a plurality of types of operation ranges based on the
information of the communication terminal or the large-scale base station; and 10a communication
control unit for controlling communication with the cdmmunication terminal in accordance with the
operation range selected from among the plurality of types of operation ranges.

Claim 14
A small-or-medium-scale base station comprising:
a reception unit for receiving a radio signal transmitted from a
communication terminal or a large-scale base station;
5 an information acquisition unit for acquiring information of the
communication terminal or the large-scale base station by analyzing the radio signal;
a selection unit for selecting one operation range among a plurality of types
of operation ranges based on the information of the communication terminal or the
large-scale base station; and
10 a communication confrol unit for controlling communication with the
communication terminal in accordance with the operation range selected from among

the plurality of types of operation ranges.



