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THE | NVENTI ON FI ELD OF THE | NVENTI ON The present invention relates to a
cell control nmethod and- a cell system and in particular, to a cel

control nmethod and cell system which are characterized by a techni que of
collecting information on cells to which services can be provided and on
non-cells to whi ch SELYL CONTROINMUETZOD PO CFLLa$FSEEBMechni que of changing
a service area of an already installed base station which has a non-cell.
DESCRI PTI ON OF THE RELATED ART In a nobile comunication system a service
area of a base stationBACKGROINT 08t THE (INYENTLMNM ssi on power of a
channel wth which a nobile station first attenpts to synchroni ze after
searching for base stati on8IELR| @F cHARNENVENTIOBe hereinafter referred to
~as a "perch channel'). By turning on the power supply to a termnal of the
nobile station in order to receive services, all termnals situated wthin

a servi ce &hea prasarec dinveest joal selahesugh & arelds pondirml pesthodhandel s so
as to search for base stations to which they can be connected. The
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consi der e service area, and the ca ilitieg o er. On the
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qual i ty has been used Fbr comruni cati on annel's use or connunlca?lon by

user s.ndvede MLENtbhisi ¢R SEPVEMBERC20QD+ b2 predidailadd iy aduatighle
transm ssi on power of the perch
of changing a service area of an already installed base station

which has a non-cell.
DESCRIPTION OF THE RELATED ART

In a mobile communication system, a service area of a base
station is determined by the transmission power of a channel
with which a mobile station first attempts to synéhronize after
searching for base stations (this channel will be hereinafter
referred to as a "perch channel”). By turningon the power supply
to a terminal of the mobile station in oxrder to receive services,
all terminals situated within a service area can receive signals
through corresponding perch channels so as to search for base
stations to which they can be connected. The transmission power
of the perch channel is normally determined in advance
considering the service area and the capabilities of a
transmitter.

On the other hand, a transmission power control technique
for individual terminals depending on various conditions such
as the communication quality has been used for communication

channels used for communication by users. Even with this
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channel is fixed. Further, cells to which services are provided are fixed

so that services can be stably provided to terminals wthin each of the
cells. Before installing base statiods” cells are fixed by determning the
transm ssi on power of the_ perch channels as well as a beam shape.
Constggémigue ndniyodiredas thee L rapsnission \BREArcRinddre ceeEhapes
according to.t hgi needs. Figheﬂ shows a nethod of determning a cell _for-a
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channel's of surrounding base stations. Before transmtting a si gng{he
thr OEGE'CH &hR@irdl € e RRI1L1 @dasBeant Shape . el gefRaks, bl sydtdme

perch channel s of surrounding signals to predict cells covered by these

st at hassbeehhémpdsmen tédowh i bhrchangyes wesl b st pe s cagbocdiintg i algs, so
as to autononously provide services to areas that are not covered by the
surroeerdisng base stations. The base station then determ nes rel evant
transm ssion power and a rel evant beam shape. . This is_a known nethaod.
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Since the cell shape is thus fixed to keep its service area from
being changed, base stations are conventionally installed to
increase the coverage 6f the service areas.

.Fig. 18 shows a method of determining a cell by receiving
signals through the perch channels of surrounding base stations.
Before transmitting a signal through its perch channel, a base
station receives signals through the perch channels of
surrounding signals to predict cells covered by these stations.
The base station .them determines a cell to which it belongs,
so as to autonomouély provide services to areas that are not
covered by the surrounding base stations. The base station then
determines relevant transmission power and a' relevant beam shape.
This is a known method.

Further, in a well known method, if the base station has
already been providing services and traffic is so heavy on the
surrounding base stations that a great call loss may occur, the
traffic is distributed by changing the cell shape of the base

station as much as possible. Also in this method, the base



surrounding stations to collect information fromthe signajsSepPfkNBRRS005
channel s, thereby determning a cell to which the base station can provide
services. In these conventional techniques, the base station determ nes an
area to which it provides services by receiving signals fromthe
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surroundl ng base stations or el ve sl gnha I ndi cat1 ng how t

Sur ropaei 8 el | PRevade Mevidceg services. If these base stations are
too distant fromeach other to transmt signals therebetween, even if the

syst em hasn athese! iconeéneiesidl ngechniquies hethanbasid et ierhods, the
function is unavail able. Consequently, the cell shape of the base station
di satvberajdees|an caneat toe witiariyett SUhVARe O HELCESENT Aedceivindius an
object of the present invention to allow each base station to change its
cel Istgealsf from A iISUrEAYRGLNG base GtatipgRathnongh theirspereindi ng
base statigns. It is another object of the present invention to provide a
mobiFRARBRIFi cati on systemwherein if a base station is to be installed,
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determines its own cell on the basis of information f£rom the
surrounding basis stations, it must determine the cells of the-
surrounding base stations or receive signals indicating how the
surrounding stations are providing services. If these base

stations are too distant from each other to transmit signals
therebetween, even if the system has a function of executing
any of the conventional methods, the function is unavailable.

Consequently, the cell shape of the base station

disadvantageously cannot be changed.
SUMMARY OF THE INVENTION

It is thus an object of the present invention to allow each
base station to change its cell even if it cannot transmit or
receive signals to or from surrounding base stations.

It is another object of the present invention to provide
a mobile communication system wherein if a base station is to
be installed, then to determine an area to which it provides

services, each location is checked to see whether it belongs




I f such registration is sinultaneously executed at a pIura?égﬁPT BER 2005

| ocations, the information on the service area can be collectively nmanaged

as a single database, so that even if an apparatus in which data is

accunul ated and an apparatus for déﬁeéting areas. are distant from each

other, results of area detectiagn and the |l ocation information can be
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i s yet another. qQbject of the present invention to_ _calculate a base station
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communi cate wth a first and a second radi o conmini cation systens, the
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receiving a transmtted signal fromat |east one base station of the first
r adi ofc Quaat Toh 50N tst Enf otmbdrirdomadn obheeaesrvioe detfear ndam nhewhet her or
not a point at which the signal has been received belongs to a cell that
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communi cation system.  and transm ssion peans for transmtting a result of
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means for receliving, via
It is yet another object of the present invention to
calculate a base station the cell of which is to be changed,
on the basis of the database, so that this base station can change
its own cell, and to effectively use radio sources after the
cell has been changed.- |
To attain these objects, a first aspect of the present
invention provides a mobile station that can communicate with
a first and a second radio communication systems, the mobile
station being characterized by comprising reception means for
receiving a transmitted signal from at least one base station
of the first radio communication system, detefmination means
for determining whether or not a point at which the signal has
been received belongs to a cell that is a service area of the
at least one base station of the first radio communication system,
and transmission means for transmitting a result of the
determination by the determination means to the second radio
communication system.

The determination means can also make the determination on

the basis of whether or not synchronization is established with




a second radi o comunication system a result of the deterpidiBiiBRR 2005
whet her or not a nobile station that can communicate with a first and the
second radi o comuni cati on systems_bgl ongs to a cell that is a service

area of at |east one base station of "the first radi o comunication system
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first radio communi cation systemis to be changed, and instruction neans
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the cell thereof. The sel ection neans can al so have mappi ng neans for
mappicitaraeterdmbd dy comprieing aleatepyidon mbans flormsteamievbage stiat i on
of the first radi o conmunication system on the basis of the result
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the cell of which is to be changed. The second aspect of the present
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thereslenl;\g;:ggn ‘means for selecting a base station for which a
corresponding cell of the first radio communication system is
to be changed, and instruction means for instructing the base
station selected by the selection means to change the cell
thereof.

The selection means can also have mapping means for mapping
cell and non-cell areas relating to the at least one base station
of the first radio communication system, on the basis of the
result received by the reception means.

Further, the selection means can have calculation means for
calculating a distance between the mobile station and the at
least one base station of the first radio communication system
on the basis of the location information on the mobile station
received by the reception means as well as location information
on the at least one base station, and means for selecting a base
station that is closest to the mdbile station, as a target the
cell of which is to be changed, on the basis of a result of the

calculation by the calculation means.

Furthermore, the selection means can select a base station



has been received by the reception neans so that the resul {3 SRPEEMBER Rdsi N
t he accunul ati on neans can be supplied to the selection neans. Athird
aspect of the present invention provides a cell control nethod for a cell
control system corrpri sing a nobile station that can communicate with a

appapating g3 e 6, Fra S IERRASTIL Y THab0FoRe T 2 sHEDRRRARE: on
syst%mbet ESenge anGin {8€£8%hbe té}gaﬂﬁgaod bei ng char acterized in that

| e station receives a transmtied signal from at |east one base

station ofrhehgebbhsl aspeict 60MHRM ipIRidait SYSiamt i odet @ heasSchhpiiaie 81 not
this receiving point belongs to a cell that is a service area of at |east

one hesminti Bat @onomddres f fost accamwl atimagnitded | pasaytt erherpadnt kdniseht s a
result of the determnation to the cell form ng process apparatus via the
secohas duken coevediveal i byl thet argcaptione megns f sonmith@ throbessesapbhr at us
selects a base station for which a corresponding cell of the first radio
comasicamybateds ddm ke t acgumiHagen BganshCdasPe SuRMmEigd: &onitaei on
result tr smtted lgsly the nobile station, location information retrieved
when 'on executes the determ' nation process, and |ocation
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retrieved by the second radio communi cation system Further] 13 SEPTEIVBER

2005 sithet igwathat iodmroominanioatderiohi ke fiét oandam heecohdi evathoby
the at | east one base station of the first radio comunication system
- Fur t cemmurnbecatdan systems rmed om oallhBormingnpirares bagppastadiumrfef t he
first radi o comuni cation systemcan be retrieved
instructing a base station of the first radio communication
system to change a cell thereof, the method being characterized
in that the Iﬁobile station receives a transmitted signal from
at least one base station of the first radio communication system,
determines whether or not this receiving point belongs to a cell
that is a service area of at least one base station of the first
radio communication system, and transmits a result of the
determination tvo the cell forming process apparatus wvia the
second radio communication system, and the cell forming process
apparatus selects a base station for which a corresponding cell
of the first radio communication system is to be changed, on
the basis of the determination result transmitted by the mobile
station, location information retrieved when the mobile station
executes the determination process, and location information
on the at least one base station of the first radio communication
system, and instructs the selected base station to change the
cell thereof.

The location information on the mobile station can be

retrieved by the second radio communication system. Further,



by the cell form ng process apparatus on the basis of an ngsrRPTEMBERI00ShE
base station transmtted by the nobile station together with the

determ nation result. A forth aspect pf.the present invention provides a
cell control systemconprising a nobile station that can communicate wth
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apparatus for instructing a base station of the first radio comrunication
Syst ¢ theCAfMEastCehe bAseeHtatiba oFYEheNnt Des Baradddasommuaadd thi bhat
the nobile station conprises reception neans for receiving a transmtted
si gnalystter at | east one base station of the first radi o comunication
system determ nation neans for determ ning whether or not a point at
~whi ch t heFsinfir hathgebacaddsiy dhffervagdonoon tble athdeast anedasee
area of the at least one base station of the first radio comunication
syst ShadnkerR (afh $hie §ilgie heatie sompuaieatiamgys tam gan e rgdrieved

det ' ti t det ' ti to th d di ' ti
syst O "R PRLN FOTRER S BEIO G4 ABBAMSHELS GBpihe: P EOApPES@d I ocept | on
_ th: . . ppare . ptiof
tho. i tiSEBEIE othe @ SEFETON" EELBSATRAU B kMR UBIIR SRAChbh . C
Wi t h 2y Jd f19érafd tih e 96 caBe et Pa € 2B RHLALL N  Ssystems-belongs to a cell
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conmmuni caldi @osyist agpactvedt the lpasdent Lav@neionnpebviilte$di cell
station, the result and the location information being transmtted by the
nobi lcomstael gys temSEPMPVEBER. 290 r®bi kelstat bonnkthat ¢an cemmuniicpbtebase
station for which a _corresponding cell of the first radio comunication
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first radio communication system to change a cell thereof, the
system being characterized in that the mobile station comprises
reception means for receiving a transmitted signal from at least
one base station of the first radio communication system,
determination means for determining whether or not a point at
which the signal has been received belongs to a cell that is
é service area of the at least one base station of the first
radio communication system and transmission means for
transmitting a result of the determination by the determination
means to the second radio communication system, and in that the
cell forming process apparatus comprises reception means for
receiving, via a -second radio communication system, a result
of the determination of whether or not a mobile station that
can communicate with a first and the second radio communication
systems belongs to a cell that is a service area of at least
one base station of the first radio communication system as well
as location information on the mobile station, the result and

the location information being transmitted by the mobile station,



According to the present invention, not only base stations3&RErEMBER 2005
transmt and receive signals to and fromsurrounding signals but all the
base stations can change their cells, thereby nmaking it possible to

fl exi bly change areas to which services can be provided. Consequently,
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effectively than the method of installing the base stations so as to cover
smal Ehamressft . Furt her, according to the present invention, for non-cells in
whi ch the nobile station cannot transmt or receive signals to or fromthe
sur r oundi AgCeasting &9 dite RrRSeBEchBVeAdiirn catirorbyYibAaseystamianssed

to notify the cell fqrm ng, process apparaqt-'us of nan-cells, thereby,
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determ ning step of receiving signals from base stations throu%h
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can be efficiently, while installing the base stations according
to the needs. In particular, even if a spot-based service
provision covering a particular area is shifted to a
surface-based service provision covering all areas, the present
invention enables already installed surrounding base stations
to be operated more effectively than the method of installing
the base stations so as to cover small areas.

Further, according to the present invention, for non-cells
in which the mobile station cannot transmit or receive signals
to or from the surrounding base stations, the second radio
communication system is used to notify the cell forming process
apparatus of non-cells, thereby enabling base station control
such that the non-cells can be changed to cells.

Furthermore, due to the process of autonomously and
automatically registering the results of cell/non-cell
detection and the detected location information according to
the present invention, information on service areas can be

managed as one database, thereby enabling more efficient



on results of synchronization, a |location information obtaj .ﬂgr
obtaining location information on a nobile termnal from a?% ocaﬁ’ﬁ%ﬁﬁﬁi’s

i nformati on obtaining section, a |location information transmtting step of
transmtting results of the determm&ion at the cell determning step and
the location information to base stations with which the nobile term nal
can epa&atdnny candam@isnitemaneg.cul ati ng step of cal cul ati ng di stances
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cell of the base™station on basis of the cell change information
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nmet hod, by obtaining the results for cell determ nations and the |ocation
I nf oonexXesultisooft signrhixidrel zatiownnah. 1obetdern isifapmatianyobhadndiredi on
can be changed even if signals cannot be transmtted between the base
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i nvention can further c_onl};)ri se a storage step of storj ng the determ nation
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Wi t hpylieC 3 tidtei GRS WethewHi@h €BE8 mobile terminal can synchronize,
a distance calculating step of calculating distances between
the mobile terminal and the base stations by mapping the location
of the mobile terminal on the basis of the location information
transmitted at the location information transmitting step, a
selection step of selecting a base station that has the shortest
distance as calculated at the distance calculating step, a change
information transmitting step of transmitting cell change
information to the base svtation'selected at the selection step,
and a change step of changing the cell of the base station on
the basis of the cell change information transmitted at the
change information transmitting step.

According to this method, by obtaining the results for cell
determinations and the location information from the mobile
terminal, the cell shape of any base station can be changed even
if signals cannot be transmitted between the base stations
through the perch channel.

The fifth aspect of the present invention can further

comprise a storage step of storing the determination results



synchroni ze. According to this nmethod, even results of noni3§ﬂ, MBER 2005
determ nations are stored in the storage section and subsequently
transmtted via base stations to which the nobile term nal can connect, so
that data on cells to which the basel9station does not provide services can

al so be managed together wth the other data. The fifth aspect of the
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st at F8Ad KiRGerminpdionerage sHanedainokhel FpprgeeERben- apd A sjxth
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conprising a nobil & termhnal inchuding ce et ermni ng neans for
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with the other data.

The fifth aspect of the present invention can further
comprise a reference distance calculating step of calculating
reference distances on the basis of transmission power from the
base stations in advance, and the selection step can select from
base stations whose distances to the mobile terminal are shorter
than the respective reference distances. According to this
method, a base station that can be covered with a minimum
transmission power can be selected from those the cells of which
can be changed.

The fifth aspect of the present invention can further
comprise a utilization calculating step of calculating
utilization of the base stations and a utilization transmitting
step of transmitting the utilization, and the selection step
can select from base stations having the lowest utilization as
transmitted at the utilization transmitting step. According to
this method, resources can be effectively used by drastically

changing the cell shapes of base stations having a low average

 utilization.



cells of the base stations depending on results of Sy”Chroﬁﬁéﬁ?ﬁﬁBERzoos
| ocati on informati on obtaining neans of obtaining |ocation infornmation on
a mobile termnal, and location information transmtting means for
transmtting results of the deternination by the cell. determning neans
and the Locati.qn informati to base stations wth which mobi | e
forminal CamieilRERFEE ofane BiSedh: thFRRed 48 € ep ik g eror
di st I atJ ati i stan t ile
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term and ase stations by nmapping [ tion _
ter myale AtdHLoR2EbSchhrndte dOFRibRNarRaY B HORoV A TUBhhE i B4\ £16n

| ocation information transmtting neans, selection neans for selecting a
base syisttd®) that sh@tdnebe shgr thdiral ¢ angedadyc donmpri €ingyat kol séance
cal culating neans, and a change information transm tting neans for

t r ans@rntimgl ciah ¢ 1 oddmnge ciedflodedttaomi h bnghre basef gratecaivialgestighdlst he
sel ection neans, and in that the base station changes the cell thereof on
t he Basin bafse tabipnshihgoughipayhicudan shannelky apdidetesmingongr ol
apparatus. According to this construction, by obtaining the results for

cel | S8t rPhathendase Fhatians i daPeRAINGIPBnresYhthet nobile terninal,

h |1 .sh f, . b al i be .ch . i ' I b
L1 an TR BEF AP hol BEEE Gkt | BRELTET Io o ha Bevich ASARAPE The

nobi 'o%Efix{riﬁ'ﬁLl ” {146HNeh FqmRL ¢ nsb?lr%geinéﬁffé ft%&nil‘:i}a?'fPT%ER 2005 -

12 storing t ermnation results and the Tocation 1nrtormtion, and

the herait Doni mhcfrdﬁﬁé@ﬂohr &:&_‘ﬁﬂéxﬁiﬁﬁiﬁ@affr{é&@@ ﬁbkait&dd'!ﬁniﬂﬁiﬁ@m nat l on
results and location infornmation for base stations w th which the nobile

t er mredurbsnof thecdedeirneindtbont bg theocadd dettemining meamsmidndng

the results and the location information to base stations with which the

nobi Ithe diogatalogaginformation to base stations with which the mobile
terminal can synchronize, and a cell control apparatus including
a distance calculating means of calculating distances between
the mobile terminal and the base stations by mapping the location
of the mobile terminal on the basis of the location information
transmitted by the location information transmitting means,
selection means for selecting a base station that has the
shortest distance as calculated by the distance calculating
means, and a change information transmitting means for
transmitting cell change information to the base station
selected by the selection means, and in that the base station
changes the cell thereof on the basis of the cell change
information transmitted by the cell control apparatus.

According to this construction, by obtaining the results

for cell determinations and the location information from the
mobile terminal, the cell shape of any base station can be changed
even if no signal can be transmitted between the base stations

through the perch channel.

The mobile terminal can further comprise storage means for



synchroni ze. The cell control apparatus can further conpnfysgﬁﬁmmgﬁﬁqmm

di stance cal cul ating neans for calculating reference distances on

basi s of transm ssion power fromthg1 ase stations in advance, and the.
tations whose distances to the

sel ection neans can sel ect from base

bile t I hor t th th f t
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utilrzation transmtting neans. The above and other objects, effects,

featywi€h @hdcradvRat agesi 0d tBemATREENéahAveNtdyaichtbh iRRCONErsRr & nappar ent
fromthe follow ng description of embodi ments thereof taken in conjunction

wi t hstbeagecseuetnyong andwt rgnsnBRt €inBECSHBI PEsU - arkdE DRAVIOIGAtHEian 1 is
a di agram showi ng a configuration of cells of radio conmunication systens
accoinf agmad ion i ta tbasd @i abhonsf wilkd wivigteitheé modntlerteFingnal icam

di agram showi ng a construction of the radio conmunication systens
acco$ﬂnﬁ3399%4ﬁaflrst embodi nent of the 13 SEPTEMBER 2005 - 13 present

i nventio if bI ck di agram show construct., on of ter m na
hocordi nathe Patl pPeit bl RpRBRE R R e EneR ST H TefErende o
bl h
b1 o G ARCATANUA 10 SFhl oY B L R0SFAL AR RRREILACE U AR e
Show, ROt RePFHS B abFOR Pdhdmi8di®n power from the base stations in

advance, and the selection means can select from base stations
whose distances to the mobile terminal are shorter than the
respective reference distance. Further, the base station can
comprise utilization calculating means for calculating
utilization of the base stations and utilization transmitting
means for transmitting the utilization, and the selection means
can select from base stations having the lowest utilization as
transmitted by the utilization transmitting means.

The above and other objects, effects, features and
advantages of the present invention will become more apparent
from the following description of embodiments thereof taken in

conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a diagram showing a configuration of cells of radio
communication systems according to a first embodiment of the
present invention;

Fig. 2 is a diagram showing a construction of the radio

communication systems according to the first embodiment of the



comuni cation systemB; Fig. 6 is a chart showing a cell Cﬂ"é%ﬁ?h??%gs

according to the first enbodi nent of the present invention;

flow chart showi ng a process executed by the termnal according to the
first enmbodi ment of the present invéntion; Fig. 8 is a diagram

il lustrating the rel ationship between transm ssion power from base

st atPlmsentd imwenrit $PArnces thereto in the cell control nethod according to
a variation of the firs odi nrent o sent inventjon; Fig. 9 is a

b, the pre
1 ow chalGnodi tg @ 21erRe ARgEat: SHOIRmS &1 CORSAGA Pt BEmthg
process a ratus accordin o the variati . of the.fjrst_enbodi pent of
t he tp?]élgéﬁg‘a"i r?\Fe%?F‘gﬁPQFitdg ﬁ%ei ?lgsf oW%ﬁgP'f“e%ovﬁ %g{éasga%soeré anpl e of
cont#{%; nk9bnt.ne cell form ng process apparatus according to the variation
of the Frrat énbodiment of the present invention; Fig. 11 is a diagram

showi ng g pnf i gykald PuékCaibyrim FhobRihg FOWEI COGIHARNY Prdeaseor di ng
to a second enbodi nent of the present invention; Fig. 12 is a diagram

shovdgafatarside€draing tidethadifd ronambbadinest syst theapiasihng to the
Second enbodi nent of the present invention; 13 SEPTEMBER 2005 - 14 Fig.
13 ilnweebtdok ;di agram showing a nobile term nal according to the second
enbodi nent of the present invention; Fig. 14 is a block diagram show ng a
cel | contfid- dpps & Wsleek ol Erggaroshiea ing chdasmhShaeienointacspddoent
invention; . Fig. 15 is.a chart showng a cell control method according to
ﬁ”ﬁ%‘o?rﬁeﬁi’s&fe“l ‘present invention; Fig. 16 is a flow chart

the GURBHELE | _ _
showi ng_ 3, pg 0cgS35eXeEHLEL b bEngMBPLLT 1! WA A1 HELREH G d b 4dEngPE0Nd

enbodi ment he~prese
to the first embodiment of the present invention;

Fig. 7 is a flow chart showing a process executed by the
terminal according to the first embodiment of the present
invention;

Fig. 8 is a diagram illustrating the relationship between
transmission power from base stations and the distances thereto
in the cell control method according to a variation of the first
embodiment of the present invention;

Fig. 9 is a flow chart showing a first example of control
for the cell forming process apparatus according to the variation
of the first embodiment of the present invention;

Fig. 10 is a flow chart showing a second example of control
for the cell forming process apparatus according to the variation
of the first embodiment of the present invention;

Fig. 11 is a diagram showing a configuration of cells of
a radio communication system according to a second embodiment
of the present invention;

Fig. 12 is a diagram showing a construction of the radio

communication system according to the second embodiment of the

present invention;



invention; Fig. 17 is a diagramillustrating a nethod of dffGFpFENIBER 2664 ! S
in order to newWwy install a base station; and Fig. 18 is a diagram
illustrating a method of receiving .sjignals fromsurrounding base stations
t hrough perch channel s. DESCRI PTI O\Ild: THE PREFERRED EMBODI MENTS

Enbodi f th I ti iLl be d ' b i tail

W th 1ot ShCelPo Sehes P ARFgEL HTER. Showi Ao reBi L, H R BE ben of an
| hee . giad i ven of

ot AEPPERLEL AR, BEIbR Bt BE L R ERER RV B EAER 0

large cel#% ands i 0G vlidkk A Brgram $hbsind @ s¥itieBoadt agdg%i:a%us

servi ces. g. 1 shows a configuration of the cells of the ra
conmmagcoatiiay et Ehe sewwndngmbodindntt o€t Parésehtt Harveneson;
i nvention. Larger circles denote service providing areas of the radio
comuni c®ign kystenaChaiitl shondlngra arecbs calrhood methask groerdimy ar eas
of the radi o communication system B. Reference characters Al to A3 denote
baset@t theoseasgnd hembpgdirer bnfifinithe ipRes¢btednyvenrtieopence characters
Bl1, B2, ..., Bn denote _base stations of the radi o communi cation sgsht em B,

I

13 SEPTENBE®R- 266515 8511y GRAEFFROWARG £ (RFOBLEENSHECUE L R ndhes a
nobi | e station. . sho 1n Fig. termnal.s D can h acgcess ,both
e MeRI18 tPaiol, SpRULdLh S B khe 1 eSohE SuhBrime AR hE SE5EERT
stat{Qpanehionle radio comunication system B, and each have a construction
such as the one shown in Fig. 3, described later. |If the termnal Dis

assumed tpigove7aikogatieryan 1)11ast daicioid o mECRbdapd deretmiailegati on
P(3), base stations to which the nobile stations can access varies as

fol loedlsAtint lerderatioomew!y) inst@lnbba | baseatdttatt t@an ; aarekss. bot h a base
station Al and a base station Bl. At the location P(2), the nobile station
can Fig. 18 is a diagram ijllustrating a method of receiving ~

signals from surrounding base stations through perch channels.
DESCRIPTION OF THE PREFERRED EMBODIMENTS

Embodiments of the present invention will be described below
in detail with reference to the drawings. First, an explanation
will be given of an environment having a radio communication
system B covering small cells to which it provides services,
and a radio communication system A covering large cells and
including areas to which the system cannot provide services.

Fig. 1 shows a configuration of the cells of the radio
communication systems according to a first embodiment of the
present invention. Larger circles denote service providing
areas of the radio communication system A, while smaller areas
denote service providing areas of the radio communication system
B. Reference characters Al to A3 denote base stations of the
radio communication system A, reference characters B1, B2, ...,

Bn denote base stations of the radio communication system B,



access only a base station B2. At the location P(3), the @éﬁﬁ@éﬁ%ﬂs

can access both a base station A3 and a base station B3 again.

shows a construction of the radi o conmuni cati on systens according to the
first enmbodi ment of the present invEntion. The radi o communication systens
A and B are connected to different networks 1 and 2. The networks 1 and 2
are @pAneeferense chiamactasthdenot ey agteraiaghas amabiierstatdpnot her

the network 3, A cell formng process apparatus 4 is connected to the
net wor k 288 oShoudt \in (Big)t 4 of h%le*f%?ﬂigﬁét]isoﬁ)s G cBFH ACCRR8sbeth he

oo pyRomml S AeRo0 P S FERLLELS OSSR o )l Bl ¢
| nf op OB 9 41 i 'otsglréegfﬁ.ai% L4 PHOA s {8 Bl akhle ath haGd adi 0
comuni cation system A). e cell formng process apparatus as a shared

hi ghgrcbaxeruditio# AR Sa s AHBINEA SN MIFGREV S, aRls¥rF {bél 18 tegnnect ed
to. A construction of the cell form ng process apparatus is shown in Fig.

4. Ar€orkérteimonalod idagadhedcrrmove at 1osasisire (B ) RoCaMEeatabiM t h
the present invention is shown in Fig. 5. 13 SEPTEMBER 2005 - 16 Fig. 3
showB (2 )c@rsl rtkeénonoofa thecatdwond ( Ak cobdiseg sttat idesf itos twhehbhditient of
the present invention. The termnal has a reception section 5 for

r eceMpbdd ssisfiat sonsegam agresadvariesmamifcakl ovissydteih® loeatdem on

GRS R NI SERG MRS N el it S e
COTTUAEH! SPatEheE ACLRCCEo AR BOLS SR o ha B B
basi §cekst 8nAlS af HA%! Be HEPEON rXetHPAotation P(3), the mobile
station can access both a base station A3 and a base station
B3 again.

Fig. 2 shows a construction of the radio communication
systems according to the first embodiment of the present
invention. The radio communication systems A and B are
connected to different networks 1 and 2. The networks 1 and 2
are connected to a shared network 3 so as to communicate with
each other the network 3. A cell forming process apparatus 4
is connected to the network 2 to receive results of
determinations for service areas of the radio communication
system as retrieved by the terminal, store the results as
required, execute a process as described later, and transmit
information on cell shape to a base station A* (base station
of the radio communication system A). The cell forming process
apparatus 4 has a shared higher layer that enables communications
whichever network it is connected to. A construction of the cell
forming process apparatus is shown in Fig. 4. A construction

of the radio communication system B in connection with the

present invention is shown in Fig. 5.



Further, as described later in nore detail, the term nal ﬂﬁ%@ﬂ?ﬁ§§§?9ﬁ°5

creating/determning section 9 for creating nessages that

determ nations on the basis of a signal fromthe cell determ ning section
8 and analyzing a signal from the rkteption section 6 to obtain [ocation
information on_the termnal when receiving a termnal |ocation retrieving

service F18m BhShows A cermFtuistsaAns P& dhies tarBingdc@erRTdinghd el |
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cell formng process apparatus 4 has a transm ssion and reception section
10 foighharsikled ia A8 radee ¥omghblghet sohospsteln B 4 RrareémpEkidn t 0
which the cell formng apparatus 4 is connected. As described later in
furtdectidet di | forhé raesmaittdegersignalscusatd non sebhei aradilo anal yzes a
nmessage (for exanple, the determnation results fromthe termnal, the
i denepmingnigiathenpsys tteratBonangt a heelilkdptermbniggSERTEMBER 80FDr 17
creates a nessage for instructing the cell to be changgg, on the basis of
i
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15. RR process section 12 maps the |location of the termnal, the
| oca |§E ofp?%e base station A*, and the like on the basis of a signal
fromthe peeehes deisrdbBchd/ve®alafer SeChnidre ldetdha ditgiNESrminal
cal cul ating/ sorting process section 13 calcul ates the di stance between
sur rhasdianghdssaget etremising/determining section 9 for creating

messages that results of determinations on the basis of a signal
from the cell determining section 8 and analyzing a signal from
the reception section 6 to obtain location information on the
terminal when receiving a terminal location retrieving service
from the radio communication system B. The functions of the cell
determining section 8 and the message creating/determining
section 9 are implemented, for example, by a CPU provided in
the terminal, by executing a corresponding program stored in
a system memory provided in the terminal.

Fig. 4 shows a construction of the cell forming process
apparatus according to the first embodiment of the present
invention. The cell forming process apparatus 4 has a
transmission and reception section 10 for transmitting and
receiving signals to and from the network 2, to which the cell
forming apparatus 4 is connected. As described later in further
detail, the message determining/creating section 11 analyzes
a message (for example, the determination results from the

terminal, the identifier of the base station, or the like), and



and the terminal on the basis of a signal fromthe nessage;s SI'IMBRR?005
creating section 11 or the mapping process section 12, and sorts the base
stations in the ascending order of the distance. The utilization-based
sorting process section 14 sorts the ' base stations in the ascendi ng order

f ffi he basi f h | h he d
cal CTFSEERE RdPePRgUedSt ohasr Uiy Otnks %@ﬁéﬁ?ﬁﬁssﬁytchgaeg%é Skt ng
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traffic. e nmessage determning/ creating sectron 11, the pl ng process

sect$08+1én e LHetaneeshahed a}a’mﬁﬁat&h%qs%f)@fﬁg peelddyls déctahthe

util1zation-based sorting process section I4 can be constituted, for

exanpie, PYr@heiite! $he afetéfmihiaticaserestihe s wictthas 1dkd hese
sections can be inplemented by a CPU provided in this conputer system by

execgtopredcdm eapoadicupuabjoansexttoien 16.a system nenory provided in the
system Fig. 5 shows a construction of a base station of the radio

comuni cad i BAPPISIEPBOCERS maetiont ldn maps atheadodakion add theception
section 16 for transnittigghsnd receiving signals _to and fromthe network

> ateEmdnade. fie aLeCALLOTGh e did $8ns §ataepT AlBEanbothe Lake P or
| i K | i db h ] i d i
st ThR BaSER8 oY BIALL, SRoMd e mberaRe S eHnLesha/EEepTift " he
receiyad ;3,003 t Omfl@e?iges%;?vee%ﬁféaig@iﬁ?ﬂ&emg f%%tdég‘s 1dagR]
ﬁ'ng signal's -nmessag r fy, t he

transmtti g romthe recelve e det ning section

tranggl 310 PRfe5C ¢ | Ps 68ALEOHErd 85! Hﬁ&'&%lﬁ_{ﬁiﬁﬂ?eﬁ%e Fifatiotwws a
cell control nmethod according to the first enbodiment of the present

| nveahiorhelNeefhm@wadf drhither baesis of aosdbhnyldi Fidadtihd emdéssage ages as
shown bel ow. (1) Determ nation of whether or not the term nal belongs to an
determining/creating section 11 or the mapping process section
12, and sorts the base stations in the ascending order of the
distance.
The utilization-based sorting process section 14 sorts the
base stations in the ascending order of traffic on the basis
of the results of the process by the distance calculating/sorting
section 13, traffic information on the surrounding base stations,
and the like, to select a base station that has the least traffic.
The message determining/creating section 11, the mapping process
section 12, the distance talculating/sorting process section
13, and the utilizafion-based sorting process section 14 can
be constituted, for example, by a computer system. In this case,
the functions of these sections can be implemented by a CPU
provided in this computer system, by executing corresponding
programs stored in a system memory provided in the systen.
Fig. 5 shows a construction of a base station of the radio
communication system B. The base station has a transmission and

reception section 16 for transmitting and receiving signals to

and from the network 2, a received-message determining section



area to which the base station A* provides services (2) hbﬁggtﬁ@tbﬂﬁﬂi 05
(accurul ation in) the cell form ng process apparatus on the network 53

" Accumul ation of location information_on the term nal and base statlon A*

(4) Determ nation of the cell shape based on the location information on

the term nal fd t he base station A* as wel ngg esq%%s_of.area
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term nal determnes that it does not belong to a cell. The term nal

noti sighdle £ebh thenregqiwvedsme saape adeteemintnigdséeotiba et yworkeof
results for cell/non- cell determnation. Further, it also transmts the

| ocatiremsniigsiont aod grecepéliforagechaonnfld nencdndimg hen babd enma i ons 13
SEPTEMBER 2005 - 19 the cells of which have been determ ned to cover the
term nal , Figo thehQws ﬁoﬁaﬂ’iﬁ-ﬂrgcﬁm]s ‘%\‘E)EBPQt ascomiingote fryesifimsthird

steps re, exec and as .a re ternm.n t hat t he cel
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bel ongs to an area to which the base station A* provides services
area to which the base station A* provides services

(2) Notification to (accumulation in) the cell forming process
apparatus on the network

(3) Accumulation of location information on the terminal and
base station A%

(4) Determination of the cell shape based on the location
information on the terminal and the base station A* as well as
the results of area determinations

(5) Change of the cell shape.

First, the terminal executes a retrieval process on the
surrounding base stations for a fixed time. If the retrieval
results in detection of one or more base stations to which the
terminal can connect, the terminal determines that it belongs
to the cells of these base stations. On the other hand, if no
base station to which the terminal can connect is detected within
a fixed time, the terminal determines that it does not belong
to a cell. The termiﬁal notifies the cell forming process
apparatus connected to the network of results for cell/non-
cell determination. Further, it also transmits the location

information on itself and the information on the base stations



The termnal attenpts to synchronize with a perch channel §FPHNIBRRI %bs @
signal is transmtted by the base station A*, to determ ne whether or not
it can receive signals through this channel. Once the synchronization is
established to indicate that the tethinal can receive signals through this
perch channel, it detern1nes that it belongs to the cell to which the base

st attBe ﬁelérsoﬂfdé’é“éél?\n%'é§ begn; ﬁ@lteli“ﬂl%%ﬂ Eeceprvesitgynternipadgh t he
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frequencies and transmssion timngs used by the perch channe the base
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communi cation systemuse different timngs for transm ssions 13 SEPTEMBER
2005 - 2(Thelreoassing execuded afrsteps (1) s@edftledildrbe déseriheal to
or longer than_the transm ssion period of any of the perch channels.
Furthé&oﬂﬂineg%yéﬁén1ln whi ch the perch channels are forned using a
speci al spreadi ng code such as in CDVA, the term nal executes retrieves

t he spread code used by the perch channel. A timng for the determnation,
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section 5 of the system A in a hardware or software manner.

The terminal attempts to synchronize with a perch channel
through which a signal is transmitted by the base station A*,
to determine whether or not it can receive signals through this
channel. Once the synchronization is established to indicate
that the terminal can receive signals through this perch channel,
it determines that it belongs to the cell to which the base
station A* provides services. Fupther, it can receive signals
through the perch channels of a plurality of base stations. On
the other hand, if the terminal cannot synchronize with the perch
channel of the base station A* even after a fixed time and thus
fails to receive a signal through this channel, it determines
that it does not belong to the cell.

To achieve these determinations, the cell determining
section 8 retrieves all frequencies and transmission timings
used by the perch channel of the base station A*. Accordingly,
if the perch channels of the radio communication system consist
of different frequency zones, the terminal retrieves all the
relevant frequencies. If the perch channels of the radio

communication system use different timings for transmissions



On receiving a retrieval start signal fromthe radio comrupjggﬁ*mﬂrqﬁog@ B
as described later, the termnal receives repeats the retrieval at Tixed
intervals until it receives a retrigval end signal. Q The cell formng
process apparatus transnmits a retfieval start si gnal, and the termnal
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the term nal executes the retrieval on the base station; the
t er FhemeaX @i R§ AhepeRiTdEvapriedding &bde Bura &€t ine\CBMA j ngheuction.
At step S2, the terminal starts the retrieval process on the surrounding
basetetatinails .exXdeutesr retati @gvesethe cspreadesodet ased y ttheypelini zi ng
with the perch channel through which the base station transnmts signals.
The ckanpnedl. retrieves all the frequenci es used by the perch channel s of
the radio comrunication systemA Further, the term nal executes 13
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signals can be transmtted through the perch channel). At step S3, the

ter nsaak idel 6" BMehavisidiesmon DAt ai habdwaresioabldsthedasygnalneezat i@ with
the perch channel. If it determnes that it has established the
synchnormezgiivingi a redrieval start signal from the radio

communication system B as described later, the terminal receives
repeats the retrieval at fixed intervals until it receives a
retrieval end signal. ® The cell forming process apparatus
transmits a retrieval start signal, and the terminal receives
this signal and executes the retrieval according to an
instruction from the cell forming process apparatus.

Fig. 7 shows a process executed by the tefminal according
to the first embodiment of the present invention. The first
stage includes process steps S1 to S5. First, at step S1, a timer
T is reset (set to zero). The timer T indicates a time for which
the terminal executes the retrieval on the base station; the
terminal executes the retrieval for the time T per retrieval
instruction. At step S2, the terminal starts the retrieval
process on the surrounding base stations. The retrieval process
comprises attempting to synchronizing with the perch channel
through which the base station transmits signals. The terminal
retrieves all the frequencies used by the perch channels of the

radio communication system A. Further, the terminal executes



determ nes at step S4 that that the neasured | ocation bel or3SEPTEMBHR 200%! |
of the base station that has transmtted the signal through the perch
channel . At step S5, the termnal dejermnes whether or not the timer Tis
in a tinmeout state. If the timer TS not in the tinmeout state, the

. S2.. If ' IS, h ' . th
Perriha) Terhisyel EbRe audum Aohast rEbaht the rEpheiiddi horBridfa
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t he process proceeas to step S5, ere T8 cont hues thé retrieva process
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stations wthin the tine T. Once the tinmer T is brought into the tineout
st atehatf at Bendirtionl réguiod| fbedthgneymrhrahieatidm ¢dr bpenadt,
channel of any base station, the termnal determines that it belongs to

t he ferl| erimplies, Basymthronnzatfiomeco@encanl behgonsecsbiveliys fednd
synchroni zation, the termnal determnes that it does not belong to a

cel IK tinees it apsmisgdon periogaf 4he peschichanmaks bk theuppmber g
time after the tjneout at step S6.. Before the transm ssion section 7

ex R cETPANCRS PN ERL 605 LTS (G AR ohF sLF BR ST pilsapaUGh the
creatingldetermning section 9 adds information including the identifiers
of tﬂgr%g‘sé:tlﬁrﬁ?joﬂé and the identifier of the transmtting termnal to

the det er i natbpns 3 e34ld Stk balowdidininbd) wHRAGNEES6 2PANPILK! iead | O

to the ce ng process apparatus on the network As descri bed above,
the éstabldlshwdi siyashidn Leakiber Wigh Phecgssrepehante:XoNNEet gd to the

network of the determination results via a base station B* (base station

of tdeteatiimes ditmmiicathiaon estsabhiBheGsthe S§niohrFogizdtiodn tiHe tdtdrer

hand, if the term nal can communicate with the
determines at step S4 that that the measured location belongs
to the cell of the base station that has transmitted the signal
through the perch channel. At step S5, the terminal determines
whether or not the timer T is in a timeout state. If the timer
T is not in the timeout state, the process returns to step S2.
If the timer is in the timeout state, the terminal transmits
the determination result at step S6.

If the terminal determines at step S3 that it cannot

synchronize with the perch channel, the process proceeds to step
S5, where it continues the retrieval process for the time T.
The retrieval process can be executed on one or more base stations
within the time T. Once the timer T is brought into the timeout
state, if the terminal has completed synchronization with the
perch channel of any base station, the terminal determines that
it belongs to the cell of this base station. If the terminal
has not established synchronization, the terminal determines
that it does not belong to a cell. The terminal transmits a

plurality of determination results at a time after the timeout

at step S6. Before the transmission section 7 executes the



base station A* in an area to which the base station A* proavEeeEMBERY06ES:
it can notifies the cell formng process apparatus 4 connected to the
network, via the base station A*, bu% inthis case, the notification is
carried out only if the terminal deférnmines that it belongs to a cel
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y repeatlng t eferm nation process rmation on

t he ¢flel iaéﬁtqqileﬁeiﬁtmenﬁt:a@rsxﬁﬁt ihg t&pmenallat bothd dette BaiaGdUNBH at ed
in the cell form ng process apparatus 4 as a database. (3) Third step:

Not i Fiecailitn (Aetlywmai+ea)lof. | ocation information on the term nal and
base station A* The cell form ng process apparatus 4 causes the nmessage
determ ning/creating section 11 to analyze a received signal (nessage) to
obtain cell/non-cell determ nation information on 13 SEPTEMBER 2005 - 23
t he 3de SpeER@nskep afichifdcadipmstpntheniebh SATIHAY REPFESFS where

the determ nation s executed, as described later. That is, the location
wher 8PPRF U S AN IS POE¥C&%ecut ed and the deternination results are
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determnation, the termnal treats a signal for the determnation results
equi velstility ¥Dadal yaBeastaltdeat iPn (bBaise reta©ioal oFalthénradge ving the

signal, the base station B* simultaneously transmts it to an apparatus
t hat comagirsi eatiand spsbemsB)hd diozpt 56n innflokgmt 79n. Required | ocation
information includes the (c)1 |ocation information on the
On the other hand, if the terminal can communicate with the
base station A* in an area to which the base station A* provides
services, it can notifies the cell formingrproceSS apparatus
4 connected to the network, via the base station A*, but in this
case, the notification is carried out only if the terminal
determines that it belongs to a cell. That is, locations for
which no determination results are communicated can be
considered to be not in cells. The cell/non-cell determination,
however, is less accurate than in the notification via the base
station B*. By repeating the cell/non-cell determination
process, information on the cell/non-cell determination for the

base station A can be accumulated in the cell forming process

apparatus 4 as a database.

(3) Third step: Notification (Accumulation) of location
information on the terminal and base station A*

The cell forming process apparatus 4 causes the message
determining/creating section 11 to analyze a received signal

(message) to obtain cell/non-cell determination information on



termnal and the Q location information on the base stati®¥SEFTEMBER2804 he
| ocation information on the termnal gives the know edge of the | ocation
where the cell/non-cell determ nation was executed for the base station A
t he mappi ng process section 12 can Zkecute mappi ng. Further, the |ocation
I nf ormati on on he base station A* is . required in . .order o select a base
st at FBR D3R SEREL PR AR SR GHne BETHES A STBAIRY frotBes appsiRBe. 4
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section together with the determnation resu or mappl ng. (

Met had tafentirAsibht ke es | agatl icurrolateat Wit wnehBa ditdidd ngh Ehe met hod
of transmtting the location information on the termnal can be

i npl efABRited dise A S $ Oc aFupheainio vy | Nthese \pece sdes cin betmhelion ddese,
two variations will be shown. 13 SEPTEMBER 2005 - 24 (1) Variation in:
whi cacthewuladied commiihe: saa¢onmsysttein®B peotiides 1%. | ocation retrieving
service (ii) Variation in which the base station A* provides a | ocation
retri evi ngPeeifiiGalyst on Heransmititdmg i jhei infiprppttenpea ithelet ail .

SUCHESEOLR [ BEHe NG SO DAL O pEBG! BEF YA PRECAIRL S okl
HandyRlong SYeL el Aeaer g Ngkku e $adh SRR CEb! N S ERRE 10 thi s
variation preterably can ~simultaneouslfy provide radi o access
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use of the locathon retrieving service of the S all ows the cell formng

procgsatidpPaBat §3mud tnsbisie Hrnesnotsi Aftortmt Aanappdriet b er Fiaat .
registers and manages the location information. Required
location information includes the ® location information on the
terminal and the @ location information on the base station A*.
Since the location information on the terminal gives the
knowledge of the location where the cell/non-cell determination
was executed for the base station A, the mapping process section
12 can execute mapping. Further, the location information on
the base station A* is required in order to select a base station
suitable for enlargement by the cell forming process apparatus
4 of the area to which the base station provides services and
to transmit a signal to the selected base station instructing
it to change the area. These pieces of location information are
provided to the mapping process section 12 together with the
determination results for mapping.
O Method of transmitting the location information on the
terminal

The method of transmitting the location information on the

terminal can be implemented using a location retrieving service,

described below. Here, two variations will be shown.



In this case, however, the cell form ng process apparatus {GgpEMEER 2005
term nal to request |t to notify the apparatus of the Iocatlon
Accordingly, to automatically call termnals of the PHS, the cell formng
process apparatus has a timer for i#étructing the base station A* to start

or end the cell/non-cell determ nation and periodically nakes an automatic
cal | l)aN&%l%hoﬁaH\M\félchn’f}é?f%é%lf)cﬁo@'étlflnlﬁgﬂ%wﬁY em B pxiistde s

|ndeqpﬁfden e cell. form)ﬁg Erocess apparatus can al so makes a call.
Qca %’8“ trtﬁ Jaﬁﬁépguﬁe tPC ransmit the location information on

the (of [l 1911003 5o O P10 .06 SPa ROAT Ak roTtified o TRAL 43RS the

receth ] I on O recel ve uses

creaktéﬁg_{egghgr ddipgcaection 9 to analyze the signal, and uses the
transmission Section 7 to transmit the |ocation information on the

term nal piNoy¢ tHReVRarabitAbA i (1) Willbee desserhedd Andgedidil |t ThE
assuned t hat the base station A* Is a system capable of provi di ng the

| ocdidat 1 ehr ieMionmativinc@n atiet hatrntirea hel woob tHi REPTHYBER 2006125  of
the radi o communi cati on system A can manage the location information on
ter Msing sughble lsfcabhannredutivy Whghseny igsas provoded byt ra tPHS case,
before analyzing the cell of the base station A*, the termnal transmts
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retrieving service of the PHS allows the cell forming process
apparatus to obtain the location information on the terminal.
In this case, however, the cell forming process apparatus calls
the terminal to request it tonotify the apparatus of the location.
Accordingly, to automatically call terminals of the PHS, the
cell forming process apparatus has a timer for instructing the
base station A* to start or end the cell/non-cell determination
and periodically makes an automatic call, and a man machine
interface for setting the timer. An apparatus independent of
the cell forming process apparatus can also makes a call. 1In
this case, this apparatus must transmit the location information
on the terminal to the cell forming process apparatus. The
terminal uses the reception section 6 to receive this call signal,
uses the message creating/determining section 9 to analyze the
signal, and uses the transmission section 7 to transmit the
location information on the terminal.

Now, the variation (ii) will be described in detail. -It

is assumed that the base station A* is a system capable of

providing the location retrieving service, and that the network




Next, a variation in which the termnal transmts the i depdgprEmMBER2G6s

base station A* to the cell form ng process apparatus 4 wll be shown as a
met hod of notification of the location information on the base station A*.
Before transmitting the deterninati®n-results to the cell formng process
apparatus 4, the termnal recognizes the identifier of the _base station A*
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regigigigl aod tHe Habke gtsatgdaned. sdUEhSEr FBE, tihet BE t@idm nal is
determned to be not in acell that is not an area to which services are
pr o\d ettee ik 3n SERTHMVBIOR rik@Dde s wHthi thddekneaaf thenioica tiilen rdantidévad .or
transmts a zero identifier so that the nessage determ ning/ creating
sectThat 1is, ofifi Héhe eteryma hgtpaossist sippheatliecat ton LlodenMatioe,
determ nation results. Repeating the process fromthe first to third stage,
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required Increases W th a decrease In the number o ese repetitrons. A

ref gEMEL ohC A ISBPOREL-hd ak9s .exanpl e, the contents of (2 and (3 in
"Process of retrieving base stations subjected to changes” in

® Method of transmitting the location information on the base

station A¥

Next, a variation in which the terminal trahsmits the
identifier of the base station A* to the cell forming process
apparatus.4 will be shown as a method of notification of the
location information on the base station A*. Before
transmitting the determination results to the cell forming
process apparatus 4, the terminal recognizes the identifier of
the base station A* transmitted through the perch channel and
transmits it together with the determination results. After the
message determining/creating section 11 has identified the
identifier from the signal received by the
transmission/reception section 10, the cell forming process
apparatus 4 has a table for managing the identifier and the
location of the base station A*, and determines the location
of the base station A* by retrieving this table. When a base
station A* is newly install, it is registered and the table is
updated. Furthermore, if the terminal is determined to be not

in a cell that is not an area to which services are provide,



the description of (4) Fourth step: Determ nation of the c PENIR
described later) is provided which is used to determ ne \Aﬁﬁ?ﬁw orﬁﬁg?0§he

cell is to be changed after the repetition process so that the cell can be
changed when the correspondi ng varug®is equal to or nore than the
reference. This serves to avoid unwa_néed cel | changes, to reduce system
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Si ncgethe¥eMeitibhe rddifpegation for the determnation conprises the
results of a single neasurenent, the determnation is |ess accurate than

in the rRégbiattiiQ{g 108 gsBocédls Beloar Mheaifiasvftd rtmﬁﬁdilsm?ée shown
SEPTEMBER 2005 - 27 In the present invention, on the basis of the |ocation
i nf oimafFiign of, t bausesrical ldndnbasel Bt daitan tA laedseheerdsial 3y of area
determ nations, the cell shape of the base station A* is changed as
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t he services. An exanple of the fourth ﬁg%_agg w || be described belowin
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channel, this nmeans that it can be connected to
(corresponding to, for example, the contents of @ ana ® in
“Process of retrieving base stations subjected to changes” in
the description of (4) Fourth step: Detérmination of the cell
shape, described later) is provided which is used to determine
whether or not the cell is to be changed after the repetition
process so that the cell can be changed when the corresponding
value is equal to or more than the reference. This serves to
avoid unwanted cell changes to reduce system loads.
The necessity of the cell change may be determined whenever
the process from the first to three stages is executed (for
example, see "Trigger to change the cell shape” in the
description of (4) Fourth stages: Determination of the cell shape,
described later). In this case, the cell can be promptly changed
in response to a chénge in environments. Since, however, the
information for the determination comprises the results of a

single measurement, the determination is less accurate than in

the repetition process.

(4) Determination of the cell shape



the base station. If the termnal can be connected to the TEVIBERD005
then it can imedi ately determne that it is within the cell of the base
station. The process fl ow executed b%/ the termnal is as shown in Fig. 7.
(Process of retrieving base stations®to be subjected to changes) On the

basis of the notification of the determnation results fromthe term nal,
the cell ¥Br#hey BFeeess dfppntien. 4 aettheResisis Okt ihodogat hen
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received Mt nes. Sel ection of a base station to be subjected to a
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13 SEPTEMBER 2005 - 28 a new cell and surroundi ng base stations. That is,

t he stagesmiskl obhepdecoibétie bedravn thadedlaidf. t he base station has a
maxi mum value, and it is physically difficult to increase the transm ssion
powet Todgges tte schange glhasped-lcahapex)ered by the maxi mum transmni ssion
power corresponds to a maxi mumvalue of the cell that can be supported by
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t he base stations 111 to 113 are defined as Pmax, Pmax', and Prmax",

r espehei bake. station A*, that is, when the terminal determines that
it does not belong to a cell. If the terminal can synchronize
with the perch channel, this means that it can be connected to
the base station. If the terminal can be connected to the base
station, then it can immediately determine that it is within
the cell of the base station. The process flow executed by the
terminal is as shown in Fig. 7.

(Process of retrieving base stations to be subjected to changes)

On the basis of the notification of the determination
results from the terminal, the cell forming process apparatus
4 retrieves base stations to be subjected to changes in order
to determine a base station for which the cell shape is to be
changed. This retrieval process is executed ® each time a
result for non-cell determination is received, @ when a change
from notification of a non-cell to notification of a cell has
occurred N times, or @ when notification of a non-cell has been
consecutively received M times.

The selection of a base station to be subjected to a change

depends on the distances between a location (P) that is to become



Further, the maxi mum val ues of cells that can be formed by;ygxpTENEBER 2005
transm ssion power are defined as Lnmax, L'max, and L"max, respectively,
and are called "reference distances”. The cell form ng process apparatus
retrieves base stations that meet: Lf&rr)Lmax L'SL'nmax L"SL"max and then
sets the base stations obtained as candidates for changes. The cell
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| ocation P is enlarged. That is, the base station that can be covered by
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location P of a mobile station 121 and surrounding base stations
111 to 113 are defined as L, L', and L", respectively. The
maximum values of the transmission power from the base stations
111 to 113 are defined as Pmax, Pmax’', and Pmax"”, respectively.
Further, the maximum values of cells that can be formed by maximum
transmission power are defined as Lmax, L’'max, and L"max,

respectively, and are called "reference distances”. The cell

forming process apparatus retrieves base stations that meet:

L=Lmax
L'=L'max
L"<L"max

and then sets the base stations obtained as candidates for

changes. The cell forming process apparatus further selects one
of the candidate base stations for changes which is closest to
the location P of the mobile station 121, and then changes the
cell thereof. This corresponds to the selection of the base
station that can be covered by the minimum transmission power.

This process is executed by the distance calculating/sorting



base stations to be subjected to changes will be descri bed;ykPreviBER B05E
to Figs. 9 and 10. Fig. 9 shows an exanple of control executed by the cell
form ng process apparatus according to the variation of the first

enbodi nent the present invention. Fit%st, at step S11, the cell formng
process. apparatus receives results for cell/non-cell determ nation
trar%’?ﬁ’ﬁ-gg Eh;"the termnal (this process is executed by the transm ssion
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time a result for non-ce etermnation Is recelved. Next, at step S12,
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described for the third stage, 13 SEPTEMBER 2005 - 30 the information on
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S13, the cell formng process apparatus determ nes whether or not the

det dvyr thei ovimigsaint addiftdienad ploster hist sediectedel ongs to the cell. If
the determnation results indicate that the termnal belongs to the cell,
the procdss iBheotepdst pEubaseystaduions whthia koWt eaEEC. thathd sot her
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section , an»d cal c_uI ates the di stances between each o _the_s ase
st atdPpNBasad sttt 1en 81 wakh katl dvesatveaage uited 1 hatdeheafieain Dargeasul ts.

These di stances are called "neasured di stances". At step 515, on the basis
of ttizerebyl teffoicthwedyt aubdnhgomadie resources.
(Procedure of the process executed by the cell forming process
apparatus)

An example of an operation of the cell forming process
apparatus including the specific variation of the selection of
base stations to be subjected to changes will be described with
reference to Figs. 9 and 10. Fig. 9 shows an example of control
executed by the cell forming process apparatus according td the
variation of the first embodiment the present invention. First,
at step S11, the cell forming process apparatus receives results
for cell/non-cell determination transmitted by the terminal
(this process is executed by the transmission and reception
section 10 and the message determining and creating section 11).
This example employs the above described method by which the
process of retrieving base stations to be subjected to changes .
is started each time a result for non-cell determination is
received.

Next, at step S12, the mapping process section 12 maps the

received results. At this time, as described for the third stage,



cell form ng process apparatus sorts the base stations in {3sEpEMBRRI2005
order of the neasured distance. At step S16, the cell form ng process
apparatus conpares the neasured distances with the correspondi ng reference
di'stances to deternine whether or not® the neasured distances of base

stations are shorter than their reference distances.. |f the peasured
(ﬁst§H§e§Qﬁ°¥W@¢BQ§eQQeﬁ?%nioga3¥ﬁﬂwVQ?th£$eta%FPrmﬁﬁﬂ%%EE ¥4 ances,

br ocBE8 Coftsah ok PRaRligey ;¥ fF el ST RS aRT  FORMREY 2886585 11 ng
procﬁ@ﬁa&%@dQ@% F&.%%Cé %:r?é‘@n%i: bﬁ}eﬁ%ﬁ"% 4P £S AT nE 60 PEsTY £Ct ed
a |na? Y, 8, the cel

to a nge. at step 5 or M Ng process appar at us

trangpigticad &i €Rat thd hesrifaicbdpsegst @bl @hd Ns&LUCti 1¢ ithe t 0 change
its cell. 13 SEPTEMBER 2005 31 Fig. 10 shows an exanple of control -

execgbeermindeiotl reshats ngdilawes sthhapparted Usemainadi bglonghe o atet i on
of the first enbodinent of the present invention. This exanple enploys the
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changes. In this case, the process of conparing the neasured distances
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steps,S11 to S16 inp Fig. 9. If there are y ndi dat e base_stations for
chan§Bs terBinag daenliob belghgorp Actmily HRGLELOCRBarSE (aeBONad o

t hei average | Li zatd o . | % [ f.ro he _i LQn
accutlPatar T retohess BF rRYShghdd Fask, SEALERS JTaa I ioq o
528, t&!&% £RE! e{&%gbg%ﬁéee@a%, BORHSH 63 £07 15t kS s Beep SLALI @DSthdde

ascendi ng or the average utilization, and at step S29, selects one
of thalkrsaBing)ebstiiig prhitieddsedtieatl s laget ¥tdurzethdin@dade one

to be subjected to a change (this process is executed by the

ut i | statbiemdfsem thetmagping provided by the mapping process section
12, and calculates the distances between each of these base
stations and the terminal that has transmitted the determination
results. These distances are called "measured distances”. At
step S15, on the basis of the results of the calculation, the
cell forming process apparatus sorts the base stations in the
ascending order of the measured distance.

At step S16, the cell forming process apparatus compares
the measured distances with the corresponding reference
distances to determine whether or not the measured distances
of base stations are shorter than their reference distances.
If the measured distances of the base stations are shorter than
their reference distances, these base stations are extracted
as candidates for changes, and the process proceeds to step S17.
At this step, the utilization-based sorting process section 14
selects one of these candidates as one to be subjected to a change.
Finally, at step S18, the cell forming process apparatus

transmits a signal to the selected base station instructing it

to .change its cell.



process section 14). Finally, at step S30, the cell form nf SIFASABER 2005
apparatus transmts a signal to the selected base station instructing it
to change its shape (this process is ?xecuted by the nessage
creating/determ ning section 11). Thé average utilization, which is

ired in thi , be t 1tted h b tati di ly t
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change. In this case, the cell shape of the base station can be changed by
pr ovistibedtedbase ciaiges. wi Ih thils wdsensthéopraaisecdf osomperiieg
transm ssion power. If the base station uses a sector antenna or an
adapttihee meratsamned distiamstesioti th therrefierdincstdimtancescéssmps 321t he
base station uses the sector antenna, a sector nunber can be provided. If
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of cells in a radio communi cati on system according to a second enbodi nment

of thedumsEatednientd abemdiiyt lins thebidesl 1 cOdFMAneAprsc ey st &ppaltit base

stations 111 to 113 have cells 101 to 103 to which they can provide

servidces Atamtep n®RBl,ethe cell forming process apparatus sorts the
base stations in the ascending order of the average utilization,
and at step S29, selects one of the base stations which has the
lowest average utilization, as the_ one to be subjected to a change
(this process is executed by the utilization-based sorting
process section 14). Finally, at step S30, the cell forming
process apparatus transmits a signal to the selected base station
instructing it to change its shape (this process is executed
by the message creating/determining section 11).

The average utilization, which is required in this case,
may be transmitted by each base station directly to the cell
forming process apparatus according to a fixed cycle, or may
be transmitted to the perch channel so that the terminal can

subsequently transmit it to the cell forming .process apparatus

together with the determination results.

(5) Fifth stage: Change of the cell shape
The process of instructing the base station to change its

cell comprises providing the base station with the contents of



term nal 121 can conmunicate with the base stations 111 t o3ISERPTEMBERP665
the nobile termnal 121 receive positioning signals fromthe GPS (d oba
Positioning System to obtain Iocagkg i nformati on. When the nobile
termnal 121 noves froma location ?I) to a location P (2) and then to a

wint &95@3@ Lnd éﬁég%tﬁa:)f@ﬁegelgafﬁ?b@%égﬁh Bhesss htag e,
A .
! ' Bag) BEAERORGdA Yy JBG TRBNIGE Rl BAEL d2dr6BR 444509 ddie-BRRGoHAL T O

111. the can access nhone O

basefékaélmecehohhanhogﬁbl @ﬁaR@%hséf@nrglwég.t er pAk pd4é §8BtATIESS
the base station 113. On the other hand, the nobile termnal 121 can
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P(1), P(2), and P(3) using the GPS. Fig. 12 shows a construction of the

r adi Soromenidiatechionydtsemexessdiyy t dfi Hthesdoasd sitiaddioremises thies
present invention. A plurality of base stations 111 to 116 are connected
to aseetwar larDAnnandaa SEH 1O cRRMBIE T R RYsPEOF idsd conk® othenhasehe
cells of the base stations 111 to 116 is connected to the network 201. The
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according to the secon nbodi ment of the present invention. The nobile

term nal HNe@kxtcom ieseglanpddept iwhliebel givil ¢é6r theeosse nof sogdy sa from

the base stations through their perch
radio communication system with large cells including areas to
which services cannot be provided. Fig. 11 shows a
configuration of cells in a radio communication system according
to a second embodiment of the present invention. In this mobile
communication system, the base stations 111 to 113 have cells
101 to 103 to which they can provide services, and a mobile
terminal 121 can communicate with the base stations 111 to 113.
Further, the mobile terminal 121 receive positioning signals
from the GPS (Global Positioning System) to obtain location
information.

When the mobile terminal 121 moves from a location P(1l) to

a location P(2) and then to a location P(3), it alternates between
a cell, in which it can be provided with services, and an area
in which it cannot be provided with services. At the location
P(1l), the mobile terminal 121 can access the base station 111.
At the location P(2), the mobile terminal can access none of
the base stations. At the location P(3), the mobile terminal

121 can access the base station 113. On the other hand, the

mobile terminal 121 can obtain location information at any of
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recei ved through this channel, a location infornmation receiving section
703 for receiving posi tional signal33romthe GPS to cal cul ate | ocation

i nformati on, a nessa creating section 704 for creating a message to be
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I nvention. The cell control apparatus 202 is conposed of a transm SSI on
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signals to and fromthe network 201, a nessage determ ning section 802 for
anal petwgrk r2@kageTheowmalk cobtirel tappanatuseddld eandi &hehanoleider k, a
mappi ng process section_ 803 for mapping the [ocation of the nobile
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determination.

Fig. 13 shows a construction of the mobile terminal
according to the second embodiment of the present invention.
The mobile terminal 121 comprises a reception sect’ion 701 for
receiving signals from the base stations through their perch
channels, a cell determining section 702 for establishing
synchronization with each perch channel and determining whether
or not a signal can be received through this channel, a location
information receiving section 703 for receiving positional
signal from the GPS to calculate location information, a message
creating section 704 for creating a message to be transmitted
to a cell control apparatus, on the basis of the determination
results from the cell determining section 702 as well as the
location information from the location information receiving
section 703, a transmission section 705 for transmitting the
message created by the message creating section 704, to the cell
control apparatus, and a storage section 706 for accumulating

messages created by the message creating section 704.




in order to find ones which it can access (S301). The nobi{sri@iNMBRER2005

attenpts to synchronize with a perch channel through which a signal is
transmtted by the correspondi ng base station, to check whether or not

can
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Fig. 15 shows a cell control method according to the second
embodiment of the present invention. When the mobile terminal
is powered on, makes a call, or moves across cells, the cell
control method according to the second embodiment is executed.
First, the mobile terminal retrieves surrounding base stations
in order to find ones which it can access (S301). The mobile
terminal attempts to synchronize with a perch channel through
which a signal is transmitted by the corresponding base station,
to check whether or not it can receive the signal through this
channel. Onbe the synchronization is established to indicate
that the signal can be received through this perch channel, the
mobile terminal determines that it belongs to the cell to which
this base station provides services (S302). On the other hand,
the mobile terminal may not synchronize with any perch channel
even after a fixed time and may thus fail to receive a signal
through a perch channel.

To achieve these determinations, all frequencies and

transmission timings are retrieved which are used by the perch

channel s are forned usin eC|aI readi n g code, the term nal retri eves



then accumul ated in the storage section of the cell control; qi3ARMBERS005'NE
cell control apparatus has a table for managing the identifiers of the
base stations and the | ocation of th§ rel evant base station, so that
retrieving this table enables the To Ation  of any base station to be

det erm ned., Wen ew station is installed, it is regjste in_this
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cell control apparatus instructs the selected base station to change its
cel | folmape tisBsxquahe tibaor sktengen thamgdhd transmnissigme prrbedi of to
the instruction fromthe cell control apparatus (5307), As descri bed
abov@nYe@fnthererChl channel s doprtBert of fTnaISY SEeBs3N B GhaPRTE S
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| arge nunber of nobile term nals have deternmined the cell of this base

- st attha. GPE boeobehlinchargeticn exetoimedtdon e hdsrtiofy titee Yesatisonof a
| arge nunber of cell determ nations, the cells are
from which the retrieval was executed (S303). The details will
be described later. The mobile terminal notifies the cell
control apparatus connected to the network of the results for
cell determination and the location information (S304). The
results for cell determination and location information from
the mobile terminal are uniquely correlated with each other and
then accumulated in the storage section of the cell control
apparatus.

The cell control apparatus has a table for managing the
identifiers of the base stations and the location of the relevant
base station, so that retrieving this table enables the location
of any base station to be determined. When a new station is
installed, it is registered in this table. Since the cell
control apparatus stores the identifiers of the base stations
s0 as to correlate them with the results for cell determination
and location information from the mobile terminal, the location
of any base station can be identified simply by obtaining its
identifier from the mobile terminal. '

The cell control apparatus selects a base station for which



accurately changed. Since, however, it takes nuch tine to 1. 2GPRNMBER 206€
results of a |large nunber of cell determ nations, the ceI‘s are

i nfrequently changed. On the other hand, if one cell change is executed on
the basis of the results of a smalt 3%unber of cell determnat ions, cells
are |l ess accurately changed. _Since, however, the tinme required to

accublifafelinghpps isstroPe ebPRIRd oA Adis HRSIs Ahdhe agrupeleted e

f tl d. . Af th | t f | | it f |l .

e SRR R0 o1 A oM TR, AR LY Bhetona e ence

Iﬁr tgstn“r‘éﬁlgér@ei‘\‘ﬂﬁg r&@ﬁo%‘)t. thg, £kl 415 4 %i‘i%] BQ?@EQr%%dofat%&o." | ded,
er éby avolrding unwanted cel'l” changes to reduce loads on the nobile

co LCAakLhQn ' e e ek
onhoHNeC 8L IR, dbgar bbb Brib BECPRCCHRASAL MibASE FERTILN nce

to Ftg. changd iteXiaenBt sRApY I(IS3BD pi verhefvbhbe BREGGhwichshgast iaedPS to
obtain Jlocation information to identify the |ocation where the retrieval
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satellites to calculate the current position. The calculation results are
usedappamiad usHceS80d )i-nformation on the nobile terninal. The nobile

term nal executes the_ retrieval process on surroundi ng base stations
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informati on (S402), and transmts the results for cell  determ nation, the

| ocathen ao&amudiates al i hhemebdbdd.er fifnbhe results of a large number
of cell determinations and a large amount of location information
are accumulated for any base station, this indicates that a large
number of mobile terminals have determined the cell of this base
station. If one cell change is executed on the basis of the
results of a large number of cell determinations, the cells are
accurately changed. Since, however, it takes much time to
accumulate the results of a large number of cell determinations,
the cells are infrequently changed. On the other hand, if one
cell change is executed on the basis of the results of a small
number of cell determinations, cells are less accurately changed.
Since, however, the time required to accumulate the results for
cell determinations is short, the cells are frequently changed.
After the results of a plurality of cell determinations and
location information have been accumulated, a reference for
determining whether or not the cell is to be changed can be
provided, thereby avoiding unwanted cell changes to reduce loads
on the mobile communication system.

Fig. 16 shows a process executed by the second embodiment



and informati on on the base station undergoing the determpajirkMBER 206%
cell control apparatus (5403). If the nobile termnal fails to synchronize
with the perch channel and determ’_ng that it does not belong to the cell
(5412) , then it obtains location information using the GPS (S412), but
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a base sta he ce 0 be ~This retrievall  process
i s ejesygfe16adthd iniBb f1&edichnind]l oML &Mt sdebes o zeSwiegeityrd from

the nobile term nal, when a change from notification of the result for

non-perchdetharm@it throlgh witiéhcahiien bafsd et atesoht ikotraaidmitting

determ nation has consecutively occurred N tinmes, or when notification of

t he the signal (S302). If the mobile terminal can establish the
synchronization with this channel, it determines that it belongs
to the cell to which this base station provides services (S401).
At this time, the mobile terminal uses the GPS to obtain location
information (S402), and transmits the results for cell
determination, the location information on the mobile terminal,
and information on the base station undergoing the determination,
to the cell control apparatus (S403).

If the mobile terminal fails to synchronize with the perch
channel and determines that it does not belong to the cell (S412),
then it obtains location information using the GPS (S412), but
does not transmit the location information or the like to the
cell control apparatus; the mobile terminal accumulates these
data inside itself (S403). At the location P(2) shown in Fig.
11, the mobile terminal determines that it does not belong to
the cell to which the base station provides services, and
accumulates results for non-cell determination and the location

information. On moving to the location P(3), the mobile

terminal determines that it belongs to the cell to which the



result for non-cell determ nation has been consecutively s TIBRRLVOES.
The sel ection of a base station to be subjected to a change depends on the
di stances between a | ocation where a new cell 1is to be set and surroundi ng
base stations. The transm ssion pbﬁﬁ?'bf t he perch channel of the base

| mitanal AEabt Aol 13, Bra LdEEn SeRErCtey - BOGordSE coRNRAHRRE B Lo of
th . ' ' [ | , th
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contdoh g¥eatligth bynEBenOVen deSHdPElagehhd FBRILR FISSc@ppar at us.
According to this enbodi nent, even if signals cannot be 13 SEPTEMBER 2005 -

39 déesshiinid detare@thda daseishai hgdsnidy Dol thetperedlehasnerol t he
cell of any base station can be changed to flexibly change the service

ar eaappaeadiuzg tbat baendsise Soapdiord 1D3the conventional systematic
schedule for the installation of base stations using a design nethod based
on the siQuatherbasispofptbet locationitrforma thicoprawitee mebale agd o t he
needs, thus allowing facilities to be effectively used. In particular,

wherPasepBtakions i tdee preshditen fioff mebl A RETRLRAE I @Bl aFheared } s

ot At OREE B S Rae, CHange e it L e SPane e el bres ShabAaT
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the Tocation of the base station, thereby allowing "the service area to be

accupasel ytamiages s vlatsubResild® t®ichawgeselih deidmitwtdotermite

accunul ated in the nobile termna
a base station the cell of which is to be changed. This retrieval
process is executed each time a result for non-cell determination
is received from the mobile terminal, when a change from‘
notification of the result for non-cell determination to
notification of the result for cell determination has
consecutively occurred N times, or when notification of the
result for non-cell determination has been consecutively
received M times.

The selection of a base station to bé subjected to a change
depends on the distances between a location where a new cell
is to be set and surrounding base stations. The transmission
power of the perch channel of the base station has an upper limit
value, so that a cell covered by the upper limit value of the
transmission power corresponds to a maximum value of the cell
to which that base station can provide services.

Furthermore, the control executed by the cell control
apparatus may be the same as the control executed by the above

described cell forming process apparatus.

According to this embodiment, even if signals cannot be



and subsequently transmtted to the cell control apparatus;yéEeTEMBRR005

station to which the nobile term nal can be connected. Consequently, data

on cells to which no base stations prOV|de servi ces can be nanaged

together with the other data, resu1f%ng in efficient operation. The

pres |nv ti as bee scrlb n detail ect to preferred
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departing toRtt invention in its pec

'nt _eghéogefﬁ%@fe a 'a!bc%fﬁlﬁ PEHhs! RLBRAS! O @%&faf’éa %C*trf@anges and

nodi fi cati ons In the true spirit of the’invention.
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with a first and a second radi o conmunication systens, the nobile station
havi sgatdoe iwshingaas dexigecaethog ddsadsont ttérk sshbahtilorpmat | east
one base station of said first radio comunication system and bei ng
charpropeaigadiidyy, senpiicssgandrerprovided mzeerdsngdévertheimgediset her
or not a Jocation _at which the signal has been received belongs to a cell
t hat thysakteying fred ldties ta bpakfechd viedseusedat i I BTG Axs:
radi o, communi cati on %s#ste*r__r% and_transni SSL%? means fqQr transmtt

h

r esuReps 3t RROLFHAH CEf PEAVE SIS i Bt F ORI D% & Baﬁ:‘i?e‘:"lggaf%r m ng
pr chf‘aaa&%arsﬁ}ii’ftghattoh% S%ﬁf’?chect & e&O%E}_”{}' oAl 'ﬁo@ %\rﬁ] f@fﬂ\eby sai d

cell "Tormng process apparatus se Sstati on a cell

tsgaggof}kﬂr@%rﬂs%%é‘g b&S§é s it $8h4 ébbéﬁrlrr@'s%épin"&%&étﬁéadsﬁgﬁem I'S
be installed, .thereby enabling surrounding base stations to be
effectively utilized by changing their cell shapes.

Further, according to this embodiment, an existing location
information retrieving system represented by the GPS is used
to identify the location of the base station, thereby allowing
the service area to be accurately managed as data. Results of
non—cellb determinations are accumulated in the mobile terminal
and subsequently transmitted to the cell control apparatus via
a base station to which the mobile terminal can be connected.
Consequently, data on cells to which no base stations provide
services can be managed together with the other data, resulting
in efficient operation.

The present invention has been described in detail with
respect to preferred embodiments, and it will now be apparent
from the foregoing to those skilled in the art that changes and
modifications may be made without departing from the invention
in its broader aspect, and it is the intention, therefore, in

the apparent claims to cover all such changes and modifications

as fall within the true spirit of the invention.



changed according to said result of determ nation and i nsiysEREENMBER 2005
sel ected base station to change the cell shape thereof. 2. The nobile
station according to Claiml, characterized in that said determ nation
means nekes said determ nation on th4) basis of whether or not

synchroni zation is established with a perch channel of the at |east one
base station of said first radio comunication system 3. A cell formng
process AP at sCHAERoRRiini cates with nobile station via a first and a
second radi o conmuni cation systens characterized by conprising: reception
means for receiving,_via a second radio comunication system a result of
the deterhi nat‘FoﬁogFlemétaﬁéPnorthﬁft et eatRst Vohbbel diget #rd cel |

that is 13 SERIENBERAZDZ:dhmen Sedtvi &g @*@@e@é, atnkeaddpiare Maseistation of

said first radio comunication system 1ocation information of said
mobi | e stBRYHRY BREEPBEAR| BRANAT SPFafesRidr Ndaidd WFRIEMIKitRd chiFtakai d

first radfpokOomdiniGAdton cheSt YalseSekeatiBR NBANSsALH SelLst | Nt pase
station for which a cell shape of a corresponding cell of said first

radi 0 conFANeRiFIRIQY st efYPECNo benghan§edNTand Ghastar@bizehear®y f or
instructi@&n%pfs e station selected by the selection neans to change the

cell shape hereof. 4. The cell fornming process apparatus according to

Cl ai m 3, char s@¢eerpi@at hor hBeang foseresermandpanyhetheruges M@ ng neans

for mappi Pac&@%énagé WRlchekhe @MEARLM Blad! G G dNS Ald Isaingia: pase

station of sai first radio commini cation system on the basis of the

a cell that is a service area of the at least one base
station of said first radio communication system; and

transmission means for transmitting a result of the
determination of said determination means to a cell
forming process apparatus via the second radio
communication system;

whereby said cell forming process apparatus selects
a base station for which a cell shape of a corresponding
cell of said first radio communication system is to be
changed according to said result of determination and
instructs the selected base station to change the cell

shape thereof.

2. The mobile station according to Claim 1,
characterized in that said determination means makes said
determination on the basis of whether or not
synchronization is established with a perch channel of
the at 1least one base station of said first radio

communication system.

3. A cell forming process apparatus that communicates
with mobile station via a first and a second radio
communication systems characterized by comprising:
reception means for receiving, via a second radio
communication system, a result of the determination of

whether or not a mobile station belongs to a cell that is



result received by said reception neans. 5. The cell form pOSIPFPEABER 2005
apparatus according to Claim3, characterized in that said sel ection neans
i ncl udes cal cul ati on means for cal culating a distance between the nobile
station and the at |east one base st4tion of said first radio

comuni cati on systemon the basis of the location information of said
nobi |l e station  received by said reception neans as well as, | ocation

i nf or mat i nSSFViFR %Fe‘Peggt agndegsse PCatrSt StRF iRt Ridef ¥t ng a

base statifiidhabmnenebasesh dykted,d TRbAt Porst #hEePmaBSon o agdid he cel |
of which is to be changed, on the basis of a result of the, .calculation by

the cal cUPePib® mtAHslons, PRE cLPFakdPRi g fiRoRalsion ppdr afaidack@?@li ng t o

Caim3, shatrdshesfzedidnripat saddoSebmrlihPPafE8ASsysSeLRcts a base station
having the lowest utilization of radio resources, as the target the cel

of which is toS®ecehangdipans SPPTERBERCOENS 4 PasehestabioRorffhg

process apRAEAL HS cRIIO0TMAR 19F L 8bPr8sp&HALAGt eelZed by iy tHBFst
conprising collection neans for collecting the result therein which has

been recErdEd EYTEARHCRELRPt PHRL AR £B ?%a@h%%%e¢esﬁpﬂ accunul ated in

sai d col | ecti ofndEARSt i 8nSkRRINLIFSP tlh%tra%lt%tgl hdedlse Stdhrocel |
form ng process apgaratus according to Caim4, characterized in that said

sel ect | onSebafked | RY| G8€s Seliaahian Jiearsnte f shandecthst iaed b eha@ance
between thg.pOLEl e station and the at | east one base station of said first
radi o communi cation systemon the basis of the |ocation informtion of
said nobile station

4, The cell forming process apparatus according to
Claim 3, characterized in that said selection means
includes mapping means for mapping cell and non-cell
areas relating to the at least one base station of said
first radio communication system, on the basis of the

result received by said reception means.

5. The cell forming process apparatus according to
Claim 3, characterized in that said selection means
includes calculation means for calculating a distance
between the mobile station and the at least one base
station of said first radio communication system on the
bagis of the location information of said mobile station
received by said reception means as well as 1location
information of the at least one base station; and

means for selecting a base station that is closest
to said mobile station, as a target the cell of which is
to be changed, on the basis of a result of the

calculation by the calculation means.

6. The cell forming process apparatus according to
Claim 3, characterized in that said selection means
selects a base station having the lowest utilization of
radio resources, as the target the cell of which is to be

changed.



received by said reception neans as well as |ocation info3SEPIEMBERR065 at
| east one base station; and neans for selecting a base station that is
closest to said nobile station, as a target the cell of whichis to be
changed, on the basis of a result of 42he calculation by the cal cul ation
means. 9. The cell form ng process apparatus according to Caim4,
characterized in that  _said selection neans selects a base station having

the | owest- utiTh&zatqedt offOFHAID RIS R Ees PR afgseTHE L elt° of whi ch

is to be c1dianged. Hirf et lz&PnbyolrurRiRed éohpRi §8hy NI igyst em
conprising a nobile station that communicates with a I.rst and a second

radi o comfpficafPen cgldiagtsinghdthecalgsulitor P age P o desish phas atigery or

i nstructing-&-Rase pit alga@l  eEceptdohi ratanadi §o ComBII Gaid OFrew(ltem t 0
change a cell thereéof, the method bejng characterized jn that: receiving,
at sai d AHYBILALR] ol SaidarRed e o YRANSf A6m PR EERY bRe thisse
station fetdidd mdadsadi 0 communi cation system 13 SEPTEMBER 2005 43
determ ning, at said nobile station, whether or not this receiving

| ocation belongs to a cell that is a service area of at |east one base

station of saifhdird1l r adSGMEHKRAON PHelr@iBud I AIBAdIP ad esul t of
said determ nation from said robile station to said _cell formng process
appar at uSCAain s .d SR el 2 orifunitd@at opadyst eRlesdian i mgana sai d
cel | formng RACCSSI2RANAIH mBanBaSEost At T A idgi &h &iGRldncghape of a
corresponding cell of sald first radio communi cation systemis to be

between the mobile station and the at least one base

station of said first radio communication system on the

basis of the location information of said mobile station

received by said reception means as well as location

information on the at least one base station; and

means for selecting a base station that is closest
to said mobile station, as a target the cell of which is
to be changed, on the basis of a result of the

calculation by the calculation means.

9. The cell forming process apparatus according to
Claim 4, characterized in that said selection means
selects a base station having the lowest utilization of
radio resources, as the target the cell of which is to be

changed.

10. A cell control method for a cell control system
comprising a mobile station that communicates with a
first and a second radio communication systems and a cell
forming process apparatus for instructing a base station
of said first radio communication system to change a cell
thereof, the method being characterized in that:
receiving, at said mobile station, a transmitted
signal from at least one base station of said first radio

communication system,



changed, on the basis of the determ nation result transm i3<SEPTRIMBRR2005
nobil e station, location information retrieved when said nobile station
executes the determ nation process, and |location information on the at

| east one base station of said first 43adi o conmuni cation system and

I nstructing said sel ected base station to change the cell shape thereof
fromsaid cell form ng process apparatus. 11. The cell control nethod
accordi ng to CelienmEglingharticsaiizawhidet refiatinni ovherbATI Mromadt i on of

said ol £ SLAIOR iy r%@a%\i%ﬂ bie $8h8sSGONG T 2dhQ eRAEUN] gatd on
system 12. The cell control nethod according to Caim110, characterized

in that tEFferVJcﬂ,%t @@ﬁal eforatat loasf oBg| dasepitat kamt Pnsadid ridrgteved by

the at | i® as%]ﬁgcfl on S emai d first radi o comunication system
13. The ce contro according to Oaim10, characterized in that
the | ocation itfangmitindf a haesult] eadt omid hARt eXBINVH R sfal"Q!“fl rst

radi o congui) calbgi) «SYHePich retsi ewad gby cebkmbif
apparat us on thFeﬂbEast of an QFﬁldent{)ﬂer of tcﬁ@ilgase 1%1 EPTE%BER 2005 44

station tapperdtuedyby said setdtnd vadic oromuyel ¢l ion t ystemd
determ nation eeféjéglﬂﬁm ?LA §§H~1 ggﬂr%rﬁﬁﬁéeg}ggggrl s r%tngl |l station

t hat conmuni c €S W irst and a secon | cation systens
and has rlecept sbatdeansdwrwhicheiavieglh shapeniaf ed siqpresHorshing | east

one base . sfAl|,gn soiléatgr%hrsrtadl%d' Qorﬁr{?&?i'}‘é‘é«EP:%]ﬁOQy%%%ﬁnerﬁsaﬂg e cel |

form ng process apparat us” f hat communi cat es
changed, on the basis of the determination result

transmitted by said mobile station, location information
retrieved when said mobile station executes the
determination process, and location information on the at
least one base station of said first radio communication
system, and

instructing said selected base station to change the
cell shape thereof from said cell forming process

apparatus.

11. The cell control method according to Claim 10,
characterized in that the 1location information of said
mobile station is retrieved by said second radio

communication system.

12. The cell control method according to Claim 10,
characterized in that the location information of said
mobile station are retrieved by the at least one base

station of said first radio communication system.

13. The <cell control method according to Claim 10,
characterized in that the location information of the at
least one base station of said first radio communication
system is retrieved by said cell forming process

apparatus on the basis of an identifier of the base



said nobile station via a first and a second radi o coNMUNI3GSEPTEMBER 2605,
the system being characterized in that; said nobile station conprises:
determ nati on neans for determ ning whether or not a point at which the
signal has been received belongs to a4 cell that is a service area of the
at | east one base station of the first radi o conmunication system and
transm ssion neans for transmtting a result of the determ nation of said
det er m natianifeapsaremit tef| byt dadichgneh b sst appar atggeribgrt e tdecond

radi 0 COUERY ISt St radigh ¢ N that: said cell form ng process
apparatus conprises: reception neans for receiving, via a second radio

communi cation system a result of the determ nation of whether or not a

mobi | e stjaf | o bek@ngscdx Borelly stbal dsmphi S8hY1 6 AR 8 Alatieast one
base station of said first radio communi'cation system |ocation
i nfor mat itdirtof eAMNIRMIeR sYhERon2 ahérEbcaff8n Anf &aeRri%on X§disai d base

station odonggidfhddddn rag?@t@ﬁ’@mrﬁrﬁﬁt | BB SY AL tSRYLCT h8AnTRANS, A OF
sel ecting a base station for which a cell shape“of a corresponding cell of
sai d firsteceighing camumeani bhedy fiemals £50Be athaA§a8t a@@ei MaSeucti on

means fOored is{diiChE Ngale HASG: sLahign conflaakad iRy tigssgh eChhan greans to
change the cell shape thereof. 13 SEPTEMBER 2005 45 15. A cell control
met hod f cteldontfiaginingy areeelst hapPpsatyusserhate pweumicalrs WA st ation

t0 change,Sef Ve i 1 €a% o2fi i MRl €aCOoPTMBE Calh@N $YH&Bnd he-amidod being
characterized by conprising:

communication systems, the system being characterized in
that:

said mobile station comprises:

determination means for determining whether or not a
point at which the signal has been received belongs to a
cell that is a service area of the at least one base
station of the first radio communication system; and

transmission means for transmitting a result of the
determination of said determination means to a cell
forming process apparatus via the second radio
communication system, and in that:

said cell forming process apparatus comprises:

reception means for receiving, via a second radio
communication system, a result of the determination of
whether or not a mobile station belongs to a cell that is
a service area of at least one base station of said first
radio communication system, location information of said
mobile station, and location information of said base
station of said first radio communication system;

selection means for selecting a base station for
which a cell shape of a corresponding cell of said first
radio communication system is to be changed; and

instruction means for instructing the base station
selected by the selection means to change the cell shape

thereof.



a cell determning step of receiving, at a nobile statioms$tErfEBER2003
sai d base stations through particular channels and determ ning cells of
said base stations depending on results of synchronization; a |ocation

i nformati on obtaining step of obtaini4f§, at said nobile station, |ocation
I nformation on a nobile station froma |ocation information obtaining
section; a location_ information transmtting step of transmtting, at said
nobi | e sth®ion® Fekll eenbrolhrethedefRitngondHoal 184 @ &84l dda Ming step

and sai d 5| @eatiiee | 8404 MRifl 0OBatR WaRe Statdb RRSechRhabkONseMide Which
the nobile station synchronizes; a distance cal cul ati ng Step. of

cal cul ati #eaat of acdgbicsht FIMMpiRR IR, SYPEEAncERehStakdEI REHFobi | e

station a@gaﬁgégepgégasggtégm?rpgiﬁapping the location of the nobile
station on the basis of said Tocation information transmtted at_ the

location inforimcedd debeshiRinggssepp;oh SEredviind stadp of mahilting, at
said cel lsconisQl  aPRALALLS, fﬁoﬁaseséfc?t'%srehatsBQEiBHS S%E&nﬁ? g'n stance

as calculated at_said distance cal culating step;, a_change infor
transnmi t tPagt s¢ebanf chanmned s t andg deferdring nee| Fedbat appdr Rage cel |

change i gf Of [Bh4 OfepOngphd SRSLeSLALL 8f5§§|/§8ﬁ1961n§£a1££8n;53| ection step;

L O
and a change steg of qhanglng, at_sald base station, the ceI] pf sai d base
station on theabaoratepnsdinfmatiathaekicaiming natebn ofr AkrAinEWw at t he

change i nfor ‘Eoﬂlollatiﬁ%”%ﬁatttiid?ﬂ fsic?@arbﬂﬁ? ﬂi‘ﬁofn’ﬁé%iSﬂ%ﬁma ok

according to aim15, characterized urther conprising a storage step

of 13 SEMEABE200oM a location information obtaining section;

a location information transmitting step of
transmitting, at said mobile station, results of the
determination at said cell determining step and said
location information to those of said base stations with
which the mobile station synchronizes;

a distance calculating step of calculating, at a
cell control apparatus, distances between said mobile
station and said base stations by mapping the location of
the mobile station on the basis of said location
information transmitted at the 1location information
transmitting step;

a selection step of selecting, at said cell control
apparatus, a base station that has the shortest distance
as calculated at said distance calculating step;

a change information transmitting step of
transmitting, at said cell control apparatus, cell change
information to said base station selected at the
selection step; and

a change step of changing, at said base station, the
cell of said base station on the basis of said cell
change information transmitted at the change information

transmitting step.

16. The <cell control method according to Claim 15,

characterized by further comprising a storage step of



46 storing, at said nobile station, said determ nation reSWEETEMBER2065

| ocation information in a storage section, wherein said |ocation
information transmtting step obtains said determ nation results and

| ocation information for those of sajed base stations with which the

nobi |l e station does not synchronize, fromsaid storage section, and
transmts said results and _said |ocation information to those of said base
st ati ons SHQH NG| cAE t heahdbi Mabilat | 6Ra5§ABMr oFRiEs. dELermH&atdldn cont r ol

met hod accanding tohdl akmdS, 1060858/ €LhE8dmBY ibH ther GOMUdsIRER @
reference distance calculating step of calculating, at said cell” control
appar at usegtef®@tence di stances on the basis of transnission power from

sai d base stathis i 84YaNa@cathene ihAdhthSaheCtiansmi8Rifgl aflep from
base stations whose distances to the nobile station are shorter than said

respect i \RPYME encka il st adeesTMiBat AR cerPSUbREr ol amek hod ARG ng to
daimls,; AT | 280 DhJLUL t Ber LOMrbgkag & AMliddLalien Wfalgul ating

step of calculating, at said base station, wutilization of said base
stations @l daekile zagtahionr adeadt t NAG se¥pcbronigasn tfrony s@ig

utillzal Qe Mer P eief] SEHAC! LolnShePsSeLEEsS fEQM Dasendt Aions. having
the lowest utilization as transmtted at said utilization transmtting
step. 19.lofgwticwl | izbormatioet hod thoser difhgsaid Ghasen s6atiohgr avittdy i zed by

further g}gﬁgﬂsd rgﬁogﬂ‘grm&;s@{%o&q Ml ating step of calculating,

at said con appar at us, reference distances on the basis of
transm ssion power from said base stations in advance,

17. The cell control method according to Claim 15,
characterized by further comprising a reference distance
calculating step of calculating, at said cell control
apparatus, reference distances on the basis of
transmission power from said base stations in advance,
wherein said selection step selects from base
stations whose distances to the mobile station are

shorter than said respective reference distances.

18. The cell control method according to Claim 15,
characterized by further comprising a utilization
calculating step of calculating, at said base station,
utilization of said base stations and a utilization
transmitting step of transmitting said utilization,
wherein said selection step selects from base
stations having the lowest utilization as transmitted at

said utilization transmitting step.

19. The cell control method according to Claim 16,
characterized by further comprising a reference distance
calculating step of calculating, at said cell control
apparatus, reference distances on the basis of

transmission power from said base stations in advance,
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stations whose distances to the nobile station are shorter than said
respective reference distances. 20. The cell control nethod according to
Claim 16, characterized by further cnprising a utilization calculating
step of calculating, at said base station, wutilization of said base

stations and a utiljzation_ transmtting step of transmtting said
utilization, WX saf@idel E6LP6R 1 ep LERCct3IFONT bad€OMst H%ns havi ng

the | ovesdtdtidizatirdsas dispsntésedeat tEal dmbbhlezalgter idnangHd ti ng
step. 21. A cell control, systemfor controlling a cell that is a service

area of eRAFURESIAM T PR L HATENSH ARG Hobi | e

comuni cati on system the system being characterized by conprising: a
nmobil e station including cell determ ning neans_, for receiving s]%gnal s from

sai d basé&t atThths IroudPntEat | APt h&FOENH F& eiddihg 1el |'s of

sai d basehstpitdanszgtependi ng rarchegul téorﬁﬁﬁrﬁyﬂfi@ro_r& ZakitAn,izdtdGa i on
i nf ormati on obtai ni ng means of obt ai_ni ng ocation informati on on a nobile
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cal cul ating mgans Ofy cabgyhat isng 2k 3bancex et veeTesebd £¥BRI | §a3fati on and
sai d base stations by mapping the |location of said nobile station on the
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said utilization transmitting step.

21. A cell control system for controlling a cell that is
a service area of each base station to change service
areas of a mobile communication system, the system being
characterized by comprising:

a mobile station including cell determining means
for receiving signals from said base stations through
particular channels and determining cells of said base
stations depending on results of synchronization,
location information obtaining means of obtaining
location information on a mobile station, and location
information transmitting means for transmitting results
of the determination by said cell determining means and
said location information to those of said base stations
with which the mobile station synchronizes; and

a cell control apparatus including a distance
calculating means of calculating distances between said
mobile station and said base stations by mapping the
location of said mobile station on the basis of said
location information transmitted by the location
information transmitting means, selection means for
selecting a base station that has the shortest distance
as calculated by said distance calculating means, and a

change information transmitting means for transmitting



information transmtting neans, selection neans for sel eqi3iSKPTEMBER 2005
station that has the shortest distance as calculated by said distance

cal cul ating neans, and a change information transmtting neans for
transmtting 13 SEPTEMBER 2005 48 cel48 change information to said base
station selected by the selection neans, wherein said base station changes
the cell thereof on the basis of said ceII change information transnmtted
by said &4l cCompIt éBBQFE!?E%oanO 'ﬁ?e‘dcel??s%oﬁg?m'ogy??éﬁlc&@@orhﬁ’l ng to

Cl ai m 21,thes hadladteilrdrz @fkdrk [ hat sai d nobi | e station further corrpri ses
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stations with which _the nobile station does not synchronize, fromsaid
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23. The cell control system according to Claim21, characterized in that
sai d cel 12Zontfs  &fddr atQRRELRY hetys Acsar digier &R e iddimned
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transm ssi on power fromthe base stations in advance, wherein said
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station gr&yu1Hwrdfy dawan 15&5g-,lrcg§p§pf_td%gl@rpr ence distance. 24. The cell
control system according to Caim21, charact'erized in that said base
station conpriverein said 1ocat10n information transmitting means

obtains said determination results and location
information for those of said base stations with which
the mobile station does not synchronize, from said
storage section, and transmits said results and said
location information to those of said base stations with

which the mobile station synchronizes.

23. The cell control system according to Claim 21,
characterized in that said cell control apparatus further
comprises reference distance calculating means for
calculating reference distances on the basis of
transmission power from the base stations in advance,
wherein said selection means selects from base
stations whose distances to the mobile station are

shorter than said respective reference distance.

24. The «cell control system according to Claim 21,
characterized in that said base station comprises
utilization calculating means for calculating utilization
of the base stations and utilization transmitting means
for transmitting said utilization,

wherein said selection means selects from base
stations having the lowest utilization as transmitted by

said utilization transmitting means.



utilization calculating nmeans for calculating utilization ;3&EPTEMBRR2005
stations and utilization transmtting neans for transmtting said
utilization, wherein said selection neans selects from base stations
having the lowest utilization as tram®mtted by said utilization
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Claim 22, characterized in that said base station conprises wutilization
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shorter than said respective reference distance.

26. The cell control system according to Claim 22,
characterized in that said base station comprises
utilization calculating means for calculating utilization
of the base stations and utilization transmitting means
for transmitting said utilization,

wherein said selection means selects from base
stations having the lowest utilization as transmitted by

said utilization transmitting means.



