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Appar at us, Mobile Conmuni cation System and Carrier Detecting Mthod
. BACKGROUND OF THE I NVENTION 5 Field of the Invention In a nobile FP02-0180-00
comuni cati on system enpl oyi ng a CDVA (dee i on Multiple Access)
schene, the present invention relates to a g@m& apparatus for
carrying out a service carrier detecting proc 0 out - of - zone
determ ning process in the nobile station apparat@sop+a nobi |l e conmuni cati on
system and are¢@fri 8t dgtecii/agrhreihod. Rel ated Background Art In a nobile
communi cati on~SyStem using a COVA 15 schene, it is necessary for a nobile
station apparmbysl&oseaabbg Ap?ﬂatﬁéf,iﬂaﬁiwet bBoambaseastahi 8psicBmghar ge of
the in-zone cell imediately after being energized or noved, In order to
obt ai n i nfornghdonatedurrpdtbotihheMaphblie station apparatus to shift to an
I n-zone 20 standby state fromthe notice information transmtted

BACKGROUND OF THE INVENTION

5 Field of the Invention

In a mobile communication system employing a CDMA
(Code Division Multiple Access) scheme, the present
invention relates to a mobile station apparatus for
carrying out a service carrier detecting process and an
10 out-of-zone determining process in the mobile station
apparatus, a mobile communication system, and a carrier
detecting method.

Related Background Art

In a mobile communication system using a CDMA

15 scheme, it is necessary for a mobile station apparatus
to enable communications with a base station in charge

of the in-zone cell immediately after being energized

or moved, in order to obtain information required for

the moblle station apparatus to shift to an in-zone

20 standby state from the notice information transmitted
by a service carrier. For enabling communications with

the base station, the mobile station apparatus
establishes synchronization with the base station, and
specifies a scrambling code of the channel through

25 which the base station transmits the notice information.

Such a series of operations carried out by the mobile
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" by a service carrier. For enabling communications with the base station,

the nobil e station apparatus establishes synchronization with the base
station, and specifies a scranbling code of the channel through 25 wWp®bn180-00
t he base station transmits the notice information. Such a series of

operations carried out by the nobile *159159* FP0O2-O | 80-00 station
apparatus are referred to as cell search in general. Operations of a cel
search will now be explained in brief. First, spread spectrum signals are

received 5 ats@zf{6QUeREM rafrddheaser e Gadd | €6, andcalsi gralrdraviifg
travel ed a specific channel (PSCH) anong thus received spread spectrum
signals is fegehst®1a matched filter, whereby a slot timng is detected.
Subsequently, using thus detected slot timng and a 10 specific channel
(S.SCH), a frane tighpdghicha SErandél hgseoreh gvdup Ace Speskplednellsi ng
this scranbling code group and a specific channel (CPICH), a scranbling
code is specifnegri&art hetrsa, Sisprahdhapang runavel @thlas speei tecethadnel
(BCCH) is subjected to 15 reverse-spreading by use of the specified
scranbbi ng casle, awheredyerce} | ofpedid | sernioematdamni erepoahdd & osagial he
nobil e station apparatus wthin the cell is acquired. According to this

i nformati on, hdreimpbithavetled on appaidtios el t ¢PEGE) | rmeore Shaadby
state. 20 In cases where no information can be acquired, no scranbling code
can be speci fredeived nspsyadhspriczatinos igaa lise idetfest ehtaf t ®rmabchgidng out
a series of cell search operations, the nobile station apparatus turns back
the cell searEhlfricedurvkerebyhe 8l ot stliod ng 2B Idet ecti®n, @pgected.

intermttently repeats a series of operations until the information is
acqui r ed upoﬁ¥gasequently, using thus detected slot timing and a

10 specific channel (S.SCH), a frame timing and a
scrambling code group are specified. Using this
scrambling code group and a specific channel (CPICH), a
scrambling code is specified. Further, a signal having
traveled a specific channel (BCCH) 1is subjected to

15 reverse-spreading by use of the specified scrambling
code, whereby cell-specific information reported to all
the mobile station apparatus within the cell is
acquired. According to this information, the mobile
station apparatus shifts to the in-zone standby state.

20 In cases where no information can be acquired, no
scrambling code can be specified, or no synchronization
can be detected after carrying out a series of cell
search operations, the mobile station apparatus turns
back the cell search procedure to the slot timing

25 detection, and intermittently repeats a s&Ties of

operations until the information 1is acquired wupon



FP0O2-A 80-00 reverse-spreading. If it is determned that the frequency
subjected to the cell search differs fromthe frequency at which the base

. station transmts a signal, a cell search will be carried out at an@HRL0]180-00
frequency. 5 Here, the nobile station apparatus will be in an outof-zone
state during when information of the base station cannot be acquired upon
reverse-spreadi ng. Wien the frequency of a service carrier has not been
specified in the nobile station apparatus, it nust 10 be specified before
carrying out setetsesepreididfi s opef ation of tdetembihedstehadn appar at us
for specifying the frequency of a service carrier is referred to as carrier
search. |In cofweniéncal suivhbéteedotoutheatedh systensdilbfeass nfr&MBhschenes,
nobi | e station apparatus have detected service carriers by executing cel
searches at afldeqirendyesuencics wherlpasarsi®tsospecahsedtbyat hegsyst ens can
be set. Meanwhile, the specification of FDD schenme 20 proposed by a group
known as 3GPR (SzUl Gemeral i whl Par¢ neashied Ppof ezt ) anetuer efreqaency.
frequenci es capabl e of setting carriers be arranged at frequency intervals
of 2005 kHz wilérey athantwbdile cftag0 dvHzaparateh Willpbenks) aanl detnl i nks.
Therefore, when one wi shes to 25 use a roam ng service abroad from anot her
provi der, foroexzent e statemybunike avWwhensi dafapmatione P8 dehectbass
FP02- O 180-00 service carrier used by this provider, and the power
consunpt i on reeal ey ¢aRnet des | ac@AFEed MEOD cedVRr eerotPeRding . r oani ng
services between providers are limted 5 while the nunber of kinds of
carrier frequenci edhgn whkehrgrEURPEY € stat FBRVABParattd efadia®ecePve t he

been specified in the mobile station apparatus, it must
10 be specified before carrying out a cell search. This
operation o0f the mobile station apparatus for
specifying the frequency of a service carrier is
referred to as carrier search.
In conventional mobile communication systems
15 using CDMA schemes, mobile station apparatus have
detected service carriers by executing cell searches at
all the frequencies where carriers specified by the
systems can be set.
Meanwhile, the specification of FDD scheme
20 proposed by a group known as 3GPP (3rd Generation
Partnership Project) requires that frequencies capable
of setting carriers be arranged at frequency intervals
of 200 kHz within a bandwidth of 60 MHz for each of
uplinks and downlinks. Therefore, when one wishes to
25 use a roaming service abroad from another provider, for

example, it may take a considerable time to detect a



" services is very small as have been heretofore, cell searches may be
carried out sequentially at these service carrier frequencies kept

. beforehand in a 10 storage device of the nobile station apparatus WHPROLE180-00
carrying out carrier searches in particular, so as to detect service
carriers. SUMVARY OF THE | NVENTI ON However, as roam ng contracts between
providers 15 including international roam ng increase along wth the gl obal
st andardi zati on of nobile comruni cation systens, the nobile station

appar at us nusdekebpe acHeryekangedjuant ithy sofp foegiencyahaf ameat powve of
service carriers within its storage device in the conventional carrier 20
det ecting netdwmdsymstoidrhatrezarimadig faut eel tedear sbaschnemby odvecomet hese
frequenci es eventual ly takes much tinme and power consunption, which is not
efficient. Thenamidusearches carried out by a conventional nobile station
apparatus have been executed 25 sequentially at all the frequencies capable
of setting carriersISpeaErfiired darvtimesysdtemenT parefioter s tdmwes el anetdd

FP0O2- 0180- 00 cases where a consi derabl e nunber of cell searches are
necessary untWlile séhei ceudeeri of ikindts ecfedcarrian i fraquencies- zohe
determnation is carried out, which takes a considerable tinme-for shifting
to an in-zoneVlBL &t aftdisy Bohiee Abtaticr epsladiated abewve, repelpewetheonsuned
by the reverse-spreading executed in a cell search operation is relatively
large. In par3sliicas ihe VsdWersiedhsuapt Nave doeen ederetodetrievat¢egl a
matched 10 filter in the procedure of detecting the slot timng takes a

| ar ge propor tSFECHRHcdant h®epowerréghAsufpti opcTnerehatiYasa kel thewar ches
are repeated, which may shorten _the continuous standby tinme of the nobile
station apparstiisices ¢# ¥ of FeeANpoRht skePE | Dedrrebees o t e
present invention to B ovi de nobi | egfs‘iati on apgar atus, a nobjle

co cat i orf A% IGhL S Shr F8r RgRE &6t FhG tHEPh GPRATAI S Al Wi i ent | y

carry out carrier searches, so.,as to shorten the tjne e]guired f or
detecting a SCSeFIGe Rar FREFLoANGFEFESE b MERDLTUbFE UnAEc@SSarS cel |

search oper atdeeocnzdhtt so .as to cut .down the power consunption, thereby

el ongating th isneurovulscestcaanrarbjyelisi me. For overcom ng the above-nentioned

probl em th_es%WI st i tus of the present invent onis a
nobi | e statum—appar—@%ng a carrier 5
However, as rocaming contracts between providers
15 including international roaming increase along with the
global standardization of mobile communication systems,
the mobile station apparatus must keep a very large
quantity of frequency information of service carriers
within its storage device in the conventional carrier
20 detecting methods, so that carrying out cell searches
one by one in these frequencies eventually takes much
time and power consumption, which is not efficient.
The cell searches carried out by a conventional
mobile station apparatus have been executed
25 sequentially at all the frequencies capable of setting

carriers specified in the system. Therefore, there are



FP02-0180-00 containing informati on necessary for a base station apparatus
enpl oying a CDVA schene to shift to an inzone standby state, the nobile
. station apparatus conprising measuring means for measuring a recei vegp§.0180-00
power; limting neans for limting a frequency range for seeking the
carrier according to the neasured received power; control neans for
choosing a plurality of frequencies in the [imted frequency range as
candi dates for the carrier; and search neans for 10 carrying out a cel
search for a pheeal Wheref d regueinsesothosenbas dheceandisdareneso 3% to
detect the carrier. In this configuration, since a cell search is carried
out after a fnegeeseyyatunthilcla ssearicercanyidb exi dbtestedt bmatedil
according to the recei ved power neasurenent (electric field intensity
measur enent ), aef f petenf-eanei edetierrina bhoandi Dutcafrizahe owgsuwarient can
be carried out while omtting unnecessary cell searches, and the power
consunpti on r égliesed fopngdderakisetdpecatimgshafthegcdld amadahzpnhecedure
can greatly be cut down, which can el ongate the standby tine of the nobile
stati oR appar &fasdbpr etatably, in the nobile station apparatus of the
present invention, the control neans selects a 25 plurality of frequencies
fromw thin a frequBh&y, basd sierainge ebeveer the axmaredconsenedt pyt he
nmeasuring 6 FP02- 0180- 00 neans_measures a received power with a given
bandwi dt h for tB&ch IGVeife SHESER T r RpRMETRS, 4Rd tthe ¢¢h ti Agamehns
limts the frequencx range for seeking the carrier to the vicinity -of a
frequency whePBSFABRI8T neb%urd 3teicis Mbd 156@8 excdded®2aa tacedarer nthed

t hreshol d. . . . .
power consumption required for activating a matched

10 filter in the procedure of detecting the slot timing
takes a large proportion. Hence, the power consumption
increases as cell searches are repeated, which may
shorten the continuous standby time of the mobile
station apparatus.

15 In view of such points, it is an object of the
present invention to provide a mobile station apparatus,
a mobile communication system, and a carrier detecting
method which can efficiently carry out carrier searches,
so as to shorten the time required for detecting a

20 service carrier, and reduce the number of unnecessary
cell search operations, so as to cut down the power

consumption, thereby elongating the continuous standby

time.
For overcoming the above-mentioned problem, the
25 mobile station apparatus of the present invenfion is a

mobile station apparatus for detecting a carrier



“In this configuration, since a received power is measured with a given
bandwi dth for each of a plurality of frequencies selected fromw thin a

. frequency band 10 where the carrier is assumed to exist, whereas thegpg2.0180-00
frequency range for seeking the carrier is |limted to a frequency where

t hus nmeasured recei ved power exceeds a predeterm ned threshold, an accurate
carrier seeking frequency range can be defined while cutting down the 15
measuri ng process. Preferably, in the nobile station apparatus of the
present inventbABaiwhey thefseasuiel mRGRIMLD POWRR doepdud exeeqdna
predeterm ned threshold, so that the [imting neans fails to limt the
frequency rangppatheu20 ce@lidydingreanspral erdtem@notheshfirequencyn and the
measuri ng means neasures a received power with a given bandw dth for each
of the sel ectednér eqtendbgs. strite,configurmdib Dhe casthtibh t Bephraguency
range for seeking the carrier so that no carrier is left 25 undetected from
t he frequencyctmapdi shege ridwswaing emdahsassopednéHsexindg . a/ reEB@z=@Q 180- 00
Preferably, in the nobile station apparatus of the present invention, the
controb neanspohenses iad td ngandéaas e ffoor 1irel thngi er fre@omiavedrangeal
frequency exceeding a predeterm ned power fromw thin the 5 frequency range
limted by thEotrinsed¢hnorearise |Iguntier catfdondiatd oo sithee mereuekrded
signal frequency exceeding a predeterm ned power is enployed as a candi date
for the carrieecedvedndpdare fonttrhe owanserfawancheosinsen npprepiizt el y.
10 Preferably, in the nobile station apyaratus of the present invention,
the control nehnsfetdgeersias cindi bheeslivitede Eaegihencd prangkitgsof

adj acent received signal frequencies exceeding a predeterm ned power from
within the freuehdgteangeorinfhed Byrrheris andi t fpagrakbanseans t hps
configuration, since the received power near a carrier frequency exhibits a
certat® | evel CAEF¥HRYi ePUEandi dat®t LanSeR¥FRi ety e Selwerkdtyf énme

adj acent recejpved sigpal frequencies exceeding a 20 predeterm ned power are
enpl oyed as cEhTTEE %e?oF%Pgémuﬂ§iEF? BRECERNIS?, §0 BRe TRobiteeSEati on
apparatus of the present invention, when notice information is received
upon a cel |l seE&FcH¥otSh plurality of 25 frequencies chosen as the

candi dates. the seach ggans debi es. g LECel ek T goueney Lhgieq! g @

carried out after a frequency at which a carrier may
15 exist 1is estimated according to the received power
measurement (electric field intensity measurement),
efficient carrier detection and out-of-zone measurement
can be carried out while omitting unnecessary cell
searches, and the power consumption required for
20 reverse-spreading in the cell search procedure can
greatly be cut down, which can elongate the standby

time of the mobile station apparatus.
Preferably, in the mobile station apparatus of
the present invention, the control means selects a
25 plurality of frequencies from within a frequéhcy band

where the carrier is assumed to exist, the measuring



" FP02-0180-00 the carrier, while no cell search is carried out for the other
candi date frequencies. In this configuration, efficient carrier detection

. and out-of -zone neasurenent can be carried 5 out while omtting a grppéﬁ?l&yoo
nunber of unnecessary cell searches, and the power consunption required for
reverse-spreading in the cell search procedure can greatly be cut down,

whi ch can el ongate the standby tine of the nobile station apparatus. 10
Preferably, in the nobile station apparatus of the present invention, when

the received pawek MRASHRG by tdies IRASUSOWREr NREAE hS gAeenhi@heivildian a
predeterm ned threshold, the control neans determ nes that the nobile

station appar @&bus elaghl eoatt osd1 Oftad 1Bragiencl 8sf hagdcenki guratdien; the
fact that the nobile station apparatus is |ocated outside a wireless

coverage areamehknd baspiskat irpe agpagalensCarabger egogni zedkiifgt arthley,
whereby it does not take tinme to 20 recogni ze an out-of-zone state, which

has conventi ogakkyetrakes ttREe andcinftgasefl the MawRIertONS wWilbeon thlen ot her
wor ds, the power consunption can be cut down, whereby the standby tine of
the nobi |l e st atkenrapparsécsicad beowicangatrdeedb Praef epaklkdgteirmitiael nobil e
station apparatus of the present invention, the neasuring neans carries out
9 FPO2- A 8GhfBeshopHurality of received power neasuring operations with a
given tine interval for each frequency when nmeasuring a received power,
aver ages t hus neasuifedthésuldos fignureddlorf,r egirereyg nade evpdl opswehus s
obt ai ned aver age for
measured with a given bandwidth for each of a plurality
of frequencies selected from within a frequency band
10 where the carrier 1is assumed to exist, whereas the
frequency range for seeking the carrier is limited to a
frequency where thus measured received power exceeds a
predetermined threshold, an accurate carrier seeking
frequency range can be defined while cutting down the
15 measuring process.
Preferably, in the mobile station apparatus of
the present invention, when the measured received power
does not exceed a predetermined threshold, so that the
limiting means fails to limit the frequency range, the
20 control means selects another frequency, and the
measuring means measures a received power with a given
bandwidth for each of the selected frequencies.
This configuration can limit the frequency range
for seeking the carrier so that no carrier is left

25 undetected from the frequency band where the cirrier is

assumed to exist.



5 each frequency as a neasurenent result at the frequency. This

configuration nakes it possible to neasure a received power while
_effectively reducing the influence of fluctuations in received powerpEausgd-oo
by nmultipath fading and the like. 10 Preferably, in this case, during an
interval of received power neasuring operations for one frequency, the
nmeasuri ng nmeans neasures a received power for another frequency. This
configuration can shorten the tine for 15 measuring the received power

while effectively redugipghihe iinf | tiedCaodfilld ust st baNSPga A6 ved power
caused by nultipath fading and the like. Preferably, in the nobile station

apparatus of the present iiMeHtivh, Whé ecbAtacst akansheddws 29s exi st ence
of at |east one carrier is verified, the control means excludes the whole
frequency bangdandcaptedrby tidme vestrfiefd aarddceyiviagdone sgsehr Eékefiaageywhen
detecting another carrier. In cases where at |east one carrier frequency 25
recogni zed byetbeedDihy| east gidade eppaireddls pswarsefiriore carthii othanot her
provider, and the like, it is 10 FP02- O180- 00 necessary to seek anot her
carrieb. |In sfichqeasey, rahge whihet édelqgueboy banit bugupeedsby the verified
carrier is excluded froma search range in the configuration nentioned
above, wher eby another tbasri evntfhgubet soughtsificeapa dineceBoredoveigoaing t he
above-nmenti oned problem the nobile comuni cation system of the present

i nventi on conprégesnone esteehdéngold | eredatévninppaprawes nient eopédyeabove,
and a base station apparatus for carrying out a 10 wirel ess conmuni cati on
with the nobide &t stdwhdpper deas.tikhi sacsakrgurat Fandédatat thim dheef f ect

simlar to that of any of the above. .
carrier can be chosen appropriately.

10 Preferably, in the mobile station apparatus of
the present invention, the control means chooses as
candidates for the carrier a plurality of adjacent
received signal frequencies exceeding a predetermined
power from within the frequency range limited by the

15 limiting means.

In this configuration, since the received power
near a carrier frequency exhibits a certain level, a
carrier candidate can efficiently be selected if some
adjacent received signal frequencies exceeding a

20 predetermined power are employed as candidates for the
carrier.

Preferably, in the mobile station apparatus of
the present invention, when notice information is
received upon a cell search for a plurality of

25 frequencies chosen as the candidates, the sea¥ch means

defines a received frequency thereof as a frequency of



For overcom ng the above-nentioned problem the 15 carrier detecting nethod
of the present invention is a carrier detecting nethod for detecting in a

. nobile station apparatus a carrier containing information necessary gpn-®80-00
base station apparatus enploying a CDVA schenme to shift to an in-zone

standby state, the nethod 20 conprising a nmeasuring step of neasuring a
received power; a limting step of limting a frequency range for seeking

the carrier according to the received power neasured in the measuring step;

a control stepmof cgheosi-ng whiRleurghi tr10f Jd0quencs esairithe Juteqeepcy 25
range 4limted by the limting step as candidates for the carrier; and a

search step ofh&€adtiydNoc i @a€e! FrdduendPP2- 0180-00 search for a plurality
of frequencies chosen as the candidates in the limting step so as to

detect the carrier.1dn tbhhssnet kedriguteeiancel | sEAraierts cacateded out
after a frequency at which a carrier may exist is estimted according to

t he recei ved wyest imasunheamenit{et-ecdie cmbiagudemehenstdy meascseread),
efficient carrier detection and out-of-zone nmeasurement can be carried out
while Bm tti ngutunwteckessamyt tield seqredesr; rMifnlsex ¢Heumposesssanguopiion
required for reversespreading in the cell search procedure can greatly be
cut down, whisdermahresl ongade the spameby toomsundp ttilvey nobeduwl sedat | Hor
apparatus. Preferably, in the carrier detecting nethod of 15 the present

i nvention, thewvorseopstapinel €t s thepl gedlli t peatchr eguenedesef rompwi t hin
a frequency band where the carrier is assunmed to exist, the neasuring step
measures a redrgateldy pbeercwi t Hoangi wini Gangandtldngatacithef 3hendeyect ed
frequencies, and the limting 20 step linmts the frequency range for
seeki ng the cuime rf tthe Heokd ke i3t In ARRaRRENEY where t he neasured

recei ved power exceeds a predeterm ned threshold.
10 Preferably, 1in the mobile station apparatus of

the present invention, when the received power measured

by the measuring means 1s not higher than a

predetermined threshold, the control means determines

that the mobile station apparatus is located out of a
15 zone.

In this configuration, the fact that the mobile
station apparatus is located outside a wireless
coverage area of a base station apparatus can be
recognized instantly, whereby it does not take time to

20 recognize an out-of-zone state, which has
conventionally taken time and increased the power
consumption. In other words, the power consumption can
be cut down, whereby the standby time of the mobile
station apparatus can be elongated.

25 Preferably, in the mobile station apparatus of

the present invention, the measuring means carries out



“In this method, since a received power is neasured with a given bandwi dth

for each of a plurality 25 of frequencies selected fromw thin a frequency

. band where the carrier is assunmed to exist, whereas the 12  FP02- 0188y08180-00
frequency range for seeking the carrier is |limted to a frequency where

t hus nmeasured recei ved power exceeds a predeterm ned threshold, an accurate
carrier seeking frequency range can be defined while cutting dowmn the 5
measuring process. Preferably, in the carrier detecting nmethod of the

present inven&hgnurwbﬁﬂytbﬁ_f@@@iV@d ﬁ@%@f neasureflql BpthetMmBaAsULiRY Step
does not exceed a predetermned threshold, so that the [imting step fails

tolimt the 40givequency fap@eval heoconicl £fsbgReselenvhenanebbering
frequency, and the neasuring step neasures a received power with a given

bandwi dt h f oraeaelkecafvethepsd ect adetragguenties. méhbaraat hadtkCans | E8kt t he
frequency range for 15 seeking the carrier so that no carrier is left

undet ect ed freai hérbregiency drmndenyhbs s t hRusabiterinesl asseEge t Goexi St .
Preferably, in the carrier detecting nethod of the present invention, the
controb step edcloseseqsermclasandneaseréoent heesalti et aheefeeyadnsiygnal
frequency exceeding a predeterm ned power fromw thin the frequency range
limted by the i mThig <trefpigurativs metdod t sposeilal e etei nedssrgnal
frequency exceeding a predeterm ned power is enployed as a 25 candidate for
the carrier, mecaikdarevéorwihhke caff¢etrivahy beedhoseg tperbpfiaeety. 13
FP02-0180-00 Preferably, in the carrier detecting nmethod of the present
i nvention, thefcoéhiFbhasiepssdireciecaldraprey chusddacunt mpétepeed
signal s exceeding a predeterm ned power from-within the frequency range 5
linited by theadingtamg Sheplike.
10 Preferably, in this case, during an interval of
received power measuring operations for one frequency,
the measuring means measures a receilved power for
another frequency.
This configuration <can shorten the time for
15 measuring the received power while effectively reducing
the influence of fluctuations in received power caused
by multipath fading and the like.
Preferably, in the mobile station apparatus of
the present invention, while in a state where the
20 existence of at least one carrier is verified, the
control means excludes the whole frequency band
occupied by the verified carrier from a search range
when detecting another carrier.
In cases where at least one carrier frequency

25 recognized by the mobile station apparatus is a service

carrier of another provider, and the 1like, it is

10



In this nethod, since the received power near a carrier frequency exhibits
a certain level, a carrier candidate can efficiently be selected if sone
adj acent received signal frequencies exceeding a predeterm ned 10 powen-GI®-00
enpl oyed as candidates for the carrier. Preferably, in the carrier
detecting nethod of the present invention, when notice information is
recei ved upon a cell search for a plurality of frequencies chosen as the
candi dates, the search step 15 defines a received frequency thereof as a
frequency of pbhecsasryeto whikeanoteehl sgaridy s mardued euted prechbe ot her
candi date frequencies. In this nmethod, efficient carrier detection and
out - of - zone nEesSLE eMeBueaRyb®aeal ro@cpikd Wiyl €h20 i itiew eagreater
nunber of unnecessary cell searches, and the power consunption required for
rever sespreadi figeknltibedcefdorsear chrapohc ethnge can dgrieat tynbigauvh t domn,
whi ch can el ongate the standby tine of the nobile station apparatus. 25
Preferably, imedtioradraeovdet eherahynenbatieaf ddre imresent bewveotgbnh, when
the recei ved power neasured 14 FP02-0180-00 in the neasuring step is not
hi gher5than argredley erm ned threshold, the control step determ nes that the
nobil e station apparatus is |ocated out of a zone. 5 In this nmethod, the
fact that the nobilBost aveonomnppdr dthes abovecmentiionedi g lwinr,el £ks
coverage area of a base station apparatus can be recogni zed instantly,
whereby it doesohbt cakeunigationr esygieme ofn e - preseatst aneenwhorh has
conventionally taken tine and 10 increased the power consunption. In other
wor ds, the povEtPTbyRsmRe onf clire Beckite dohmt 1 oiherRDyr 3 Hes spepgbynedne of
t he nobil e station apparatus can be elongated. Preferably, in the carrier
detecting net3RRAVOF e pre3éht SFAFEARI GRPARE UedSUr iR Bt idl cditfi@s out a
15 plurality of received power neasuring operations with a given tine
interdl for el §52quéB R WHE s ur Migha r 88&i veBOBbher, avaFigRs thus
nmeasured results for each frequency, and enploys thus obtained average for
each frequen@PRAF&Yeasurenent result at the frequency. 20 This method
makes it possible tQ .nmeasure.a received power while effectively reducing

v Sl SV

the influence of flUttUatPBhSIPREFERRI V&G et Tatled * f adi ng

and the like._ Preferably, in i,s case, during an interval of 25 received
power neasuri?ﬁ;éﬁéﬁeﬁ%cﬁ%yf%#h%ﬁ% f@ﬁ%éncy, t he neasuring step neasures a

recei ved power forfg} overcoming the above-mentioned problem, the

15 carrier detecting method of the present invention is a
carrier detecting method for detecting in a mobile
station apparatus a carrier containing information
necessary for a base station apparatus employing a CDMA
scheme to shift to an in-zone standby state, the method

20 comprising a measuring step of measuring a received
power; a limiting step of limiting a frequency range
for seeking the carrier according to the received power
measured in the measuring step; a control step of
choosing a plurality of frequencies in the frequency

25 range limited by the limiting step as candidates for

the carrier; and a search step of carrying out a cell

11



" FP02-0180- 00 anot her frequency. This nethod can shorten the tinme for

nmeasuring the received power while effectively reducing the influence of
.fluctuations in received power caused by 5 nultipath fading and the ¢pde€s180-00
Preferably, in the carrier detecting nmethod of the present invention, ﬂ

in a state where the existence of at |east one carrier is verified, the
control step excludes the whole frequency band occupied 10 by the verified
carrier froma search range when detecting another carrier. In cases where

at |east one gagrigr foreqsenair86agni ged e qdgrdmd | engkahi ofs apparat us
is a service carrier of another provider, and the like, it is 15 necessary

to seek anotheingpdstes. ihn spehicasesngt heryhoke faLqugniethand egeupi ed
by the verified carrier is excluded froma search range in the

configurati on-gepiépned above, whereby another carrier can be sought
rapidly. 20 The present invention will be nore fully understood fromthe
detail ed descriptiomgiwes heseidbel snhaad o hee Brceepapyi N deaviknga whi ch

are given by way of illustration only, and thus are not to be considered as
limtihg the piesefteknuemricdiuendyy BRI BErh DESCRI RErONe@F mEHE SR NGS Fig. 1
is a block diagram show ng the 1s FP0O2- 0180-00 configuration of a nobile
station apparestimatedcaocdadtagnitic the tiecetvetbgiiwentmessthempresent
I nvention.
(electric field intensity measurement), efficient
carrier detection and out-of-zone measurement can be
carried out while omitting unnecessary cell searches,
10 and the power consumption required for reverse-
spreading in the cell search procedure can greatly be
cut down, which can elongate the standby time of the
mobile station apparatus.
Preferably, in the carrier detecting method of
15 the present i1invention, the control step selects a
plurality of frequencies from within a frequency band
where the carrier 1is assumed to exist, the measuring
step measures a received power with a given bandwidth
for each of the selected frequencies, and the limiting
20 step limits the frequency range for seeking the carrier
to the wvicinity of a frequency where the measured
received power exceeds a predetermined threshold.
In this method, since a recelived power 1is
measured with a given bandwidth for each of a plurality

25 of fré&uencies selected from within a frequéncy band

where the carrier is assumed to exist, whereas the

12



"Fig. 2 is a flowhart showing the procedure of 5 carrier search operations

in accordance with the first enbodinent. Fig. 3 is a view for explaining

. recei ved power neasurenent frequencies and nmeasurenent bandw dt hs as§M¥%gI&%OO
inthe first stage of the carrier search 10 procedure in accordance w

the first enbodinent. Fig. 4 is a view for explaining howto |[imt a

service carrier seeking range in the first stage of the carrier search
procedure in accordance with the first enbodinent. 15 Fig. 5is a view for

expl ai ni ng a”ffé&ﬁ;@£§¥o£aﬂg$‘ 90?%8@?415?99%1@”85?:?_1@@ ¢h hegoregSeLVice

carriercandi dates 1n the sécond stage of the carrier searchprocedure

i naccordance wiidubheyf ihateewbodi MRS UG 6-d e Brdd OMEharF t ek BEgXPLaI Ni NG
t he20 procedure ofcarrier search operations carried out bythe nobilestation

apparatus in ggeQetapgendbt tiheseeond anbodipgritof ddheipreseBkking
invention.Fig. 7is a view for explaining received

power measur enepb &h €8¢ NGa@gcanthiTEsS uae Akt dbamdWedthaAS rap saoRd ERkhe
first stage of the carrier searchprocedure inaccordance with the second

enbodi gent. lfeasiPORgG28680.Fig. 8 is a view for explaining howto limt
a service carrier seeﬁing range in the first stage of the carrier search

procedure in accordenseebbhyf hansecioad ceird@dinredétebtbhg. e tiod blfowchart
for explaining the procedure of carrier search operations carried out by

t he nobi |l e stalié oprappat ainsehdiescowdancehwi thceébeetihpodeemedsueatd of the
present invention. Fig. 10 is a view for explaining howto set 10 received
power neasurementher egueenciesy atepredsasement earehd di hsredethemfinedt st age
of the carrier search procedure in accordance with the third enbodi nent.
Fig. 11 is a vheesholdexpbathiahgthewl imitengretepvédipower hemstr ehent
frequenci es and neasurenent 15 bandw dths in the first stage of the carrier
sear chOpr ocedfirequena¢corgagee wihé t@entvett hstabodsabactsf ahetheesent
invention. Fig. 12 is a view for explaining received power neasuring

met hods in theréguercrndasdcdite Juegesr bidt RESPO NERSULES seareheprededur e
in accordance with the fifth enbodi ment of the present_ invention.

DESCRI PTI ON QFOW$#E PREFERRED EVBCDRMMIWHELh for each of the selected

frequencies.
This method can limit the frequency range for
15 seeking the carrier so that no carrier 1is left
undetected from the frequency band where the carrier is
assumed to exist.
Preferably, in the carrier detecting method of
the present invention, the control step chooses as a
20 candidate for the carrier a received signal frequency
exceeding a predetermined power from within the
frequency range limited by the limiting step.
In this method, since a received signal frequency
exceeding a predetermined power 1is employed as a
25 candidate for the carrier, a candidate for the carrier

can be chosen appropriately.

13



In the foll owi ng, enbodi nents of the present invention will be explained in
detail with reference to 25 the drawi ngs. 18 FPO2-0180-00 Fig. 1 is a
. block di agram showi ng the configuration of a nobile station apparat 4$obih180-00
accordance with a first enbodi nent of the present invention. 5 The nobile
station apparatus 10 shown in Fig. 1 conprises an antenna 12, a receiving
section 14, a received power neasuring section 16, a cell search executing
section 18, a storagesection 20, and acontroller 24 including a
frequencylimting i 10The fyndi ui C i U S i beexpl ai ned
in detailin the foﬁfé%£%%% € a%?e&%gglghggggg 8g§%¥%lng cﬁgkgggér§§ticmﬁth

a bandwi dth syfdi ¢j,entefior rieceinyiing a spreadspectiumssbgnaketgapsn fted

from abase station. Thelbreceiving section 14 carries outrecelVving

processessuch,ag- fow; cveriingeard rexerseaspseadhng ofgtgBalsqgregei ved
by the antenna 12. The recelvea power measuringsection 16 measuresthe

recei ved powgyredfetidifi@RENGYaRE ar ABAS Uy edreiH ZandMégbeﬂ/@ychr@fﬁ@e
desi gnat ed bythe controller 24,and reports thus neasured value to the

contrad | er 24.ihhe &eldy saad ahimgixeiaiy idtgesection 18 carries outa cell search
at the frequencydesi gnated by thecontroller 24.25The storage section 20

i sused for keepi ngfmeqiiensymebhoedatsiiareoftite CostéEredr poweli aledrhes 19
FP0O2-O | 80-00 nobile station apparatus 10 can receive services,
information ofarddierdefeedeensSer ekhebiasr ierceresin t eoklpeasutereidr of
recei ved power, and the like tenporarily or eternally depending on the
detai |l s of | rfaordinidten.cén TéEf coivnly ebe24etontedl 3 fearmenfadjw-ent
abovenenti oned sections, whereas the frequency limting section 22 limts
t he range of meldiveshrshgndhe frelgiueacdtest | exceppnat as fidateagsimst to
conprise all the nechani sns the nobile station apparatus should be 10

equi pdbed wi t poweraddia ieop tayache s aragid tdediss feanttihonezhrabiose. A procedure
of carrier search operations performed by thus configured nobile station
apparatus 10 will BFeedeyadilved Wnt Fheef erbhtert datee Finghwchaehods ahown in
Fig. 2. To begin with, the controller 24 sets | neasurenment frequencies at
step Sl for tHHe r FEESRRT polsieE S ur e | MANECT | riif RSl BF deFri er

search procedure. Nanely, conbinations of measurenent .
received upon a cell search for a plurality of

frequencies chosen as the candidates, the search step
15 defines a received frequency thereof as a frequency of
the carrier, while no cell search is carried out for
the other candidate frequencies.
In this method, efficient carrier detection and
out-of-zone measurement can be carried out while
20 omitting a greater number of unnecessary cell searches,
and the power consumption required for reverse-
spreading in the cell search procedure can greatly be
cut down, which can elongate the standby time of the
mobile station apparatus.
25 Efeferably, in the carrier detecting method of

the present invention, when the received power measured

14



20 frequencies fmand nmeasurenent bandw dths Wn are determ ned. Wil e
various conbinations of fmand Wn are possi bl e, an enbodi nent where the
. measurement frequencies are those with a neasurenent interval deflneﬁp&y018000
fm+ - fm - W and a nmeasurenment bandw dth 25 of Wn = W as shown
Fig.~3 will be explained here. Here, W indicates the bandw dth occupled by
a 20 FPO2- 0180-00 service carrier (carrier bandw dth), fc indicates the
center frequency, and fm indicates the i-th neasurenent frequency fromthe

| ovest frequengy. t?fggjse%lé%@hﬂng' =sDept SiEP [t | hl!ﬁl?é'r q{ ai%epaS S3,

and it is determ whet her i or hot at step es not

hod in the rgsubbecthenci -co-antbda 1 i SLep S anbd haeal Ghecll Step

S6, the recei OWEr nmeasuring section 16 carries out receive

measur ement (ghgﬁt the hgdlidd densidy dBppeasuserenil,diidy toier rrseswemsnt
bandwi dth W fromfm in the neasurement frequencies set at steps S2 to S5.

Upon the neasugggent at step S6, a sufficient measuring period is provided
or several measuring operations are repeated, and so forth, so as to carry

out sugh 15 averaging that hBthdenceseofrdaditih@nthé heobike santhen
corrected. At subsequent step 57, the controller 24 conpares the

measur enent rgsphirabat ak thadtRNuentyidsl awiditra dyLsesvéhigshakdaPt , | .
If Pml is Pt,, or smaller as a 20 result, the value of i is increnmented by

1 at step S3,08nd pEESUsEAEDONI Spparated oeuh Bé tbeofRktelr eguenaylfm +i,
If there is no neasurenent result exceeding the predeterm ned threshold
W th respect wioetdleymeasuosenot regkentime et ducddrel 4d rsh stiagef-i . e.,
> | at step 25 S4, then the controller 24 determines that it is out of the
zone at step S8neHertmtayeashiehertasaygobwendnioned 1]l taES02-t(inR0- 88dout
again with nmeasurenment frequencies being set to frequencies different from
thoselDnitiallycsesseéy the foawsr stegsumption. In other words, the
power consumption can be cut down, whereby the standby
time of the mobile station apparatus can be elongated.
Preferably, in the carrier detecting method of
the present invention, the measuring step carries out a
15 plurality of received power measuring operations with a
given time interval for each frequency when measuring a
received power, averages thus measured results for each
frequency, and employs thus obtained average for each
frequency as a measurement result at the frequency.
20 This method makes it possible to measure a
received power while effectively reducing the influence
of fluctuations in received power caused by multipath
fading and the like.
Preferably, in this case, during an interval of

25 received power measuring operations for one frequency,

the measuring step measures a received power for

15



If the result of conparison at step S7 is P > 5 Pt," then it is
determ ned that a service carrier exists near that frequency. In this case,
.the carrier frequency and neasurenent frequency seemto have a relat#pﬁﬁbigyoo
shown in Fig. 4, whereby the range of existence of service carrier can be
set tofm - b <f 10 <fm + W. This is the range between the respective
cases shown in (a) and (b) of Fig. 4. Consequently, at subsequent step S9,
the frequency limting section 22 limts the service carrier seeking range

(search range fEe .es 15 included in the frequency range of fm -
b<f <fn +g9é?hé eregggggFgé carriers may exist. Here, b is a margin for

preventing service eRILI gletrigdmefiel Bgqhebh UdSt eghed 14 t hgasubsgguent
second stage. The margin I's provided because of the fact that 20 there is
a possibilityrQf C@é&é?ﬁédbebBQekef%h%@@?t6@%@9t&9e§?$e§eWB%&%gth%he

measur enent range and carrier have a positional relafionship such as that
of the measur epenhicheeddeNcyl fdluadc nd i gn 462kivRd e casnkes power is
weak at a cell end and the like. If a 25 carrier exists on the | ower
frequepcy sidgulbapatherbaegyensy tasgeipentioned above, it can be assuned
that 22 FP02-0180-00 Pm -i > Ptn upon neasuring a received power at the
frequency fm -1. HepgeféfalgUypndinesthbersridiat CQetatti RES MBYh&Xi 8" refer
to frequencies capable of setting carriers defined in this system 5
Subsequent |y #isea meeoHntk stiagent@bssym n@illlkat ihhea nuthete ofwHarequenel es
limted above is J, the received power nmeasuring section 16 successively
measures the eespeencye afecaitveteponercnen thrrespecist oetrhief ik d,r egnenci es
in the loop of steps S10 to S12, and the 10 results of neasurenent are
stored into tbenstol agkeseexcdbndld. thlanehyleatfrsgepnSyObandceceepipdwer
measurenent is carried out with a center frequency fm and the bandw dth
W. 110j - J dvestimot Yot idf ad stagrSklr, tirem | a s seaccbnmenbadebywhent step
S12, 15 nmeasurenent is carried out at step S10, and the result of

measur enent ideseofbEy ApothertEasriwen j - J, the flow proceeds to step
S13. Subsequently, at step S13, the controller 24 refers to _the nmeasurenent
results stored in tHe $@GRSgewROrSectl oheast sebhectcankifreqlisnanescy
successively fromthe one having the highest reception |Ievel, and enpl oys

t hem as frequ%%%?%%l%ﬁ@c%YbEE%ﬁ%OEh%%i88@Eé0$0?pgéF@FE§ ¢ar i BREVIEE a
carrier actually exists, then the result of recejved power neasurenent near
t he center ZSC#I’é NSt ofa AN ar ATV i€ ass @ to%exhitbfr alfertdin

Ievel15Therefggggséggye§gngggk g%o%%egeﬁkﬂ%%kﬁuzsln such cases, the

whole frequency band occupied by the verified carrier
is excluded from a search range in the configuration
mentioned above, whereby another carrier can be sought
rapidly.

20 The present invention will be more fully
understood from the detailed description given
hereinbelow and the accompanying drawings which are
given by way of illustration only, and thus are not to

be considered as limiting the present invention.

25 RRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a block diagram showing the
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FP02-0180-00 that service carrier candidate frequencies be preferentially
chosen from frequenci es whose received power |evel EmM exceeds a threshold
Et,; in at |east L adjacent neasurenent frequencies as shown in Fig.F 2-8180-00
where L is an appropriate integer. As a third stage, in the | oop of steps
S14 to S17, the cell search executing section 18 sequentially carries out
cell searches for the service carrier candidate frequencies, thereby
attenpting to acquire 10 information included in notice information for
shifting to ap_.jB: nd state. el y, p I arch is
carried out a?oggéé§?§F§Fgeq3%%cygfnk. nﬁ%o ﬁg%Fgéﬁin?%éh%gééﬁgisﬁgﬁceived
at step S15, Li . rm, t = : t o5t 1 I = K 15
does not hol d%&;{:hgﬁgﬁlz?s@lﬁe‘ﬁn@% gﬁi%%tlegtb%gdtlg%tng??%an "2 ?:’gleISfegIéﬁarch is
carried out ain§&ﬁ91§ﬂ4- At the tinme when the necessary information is
acquired due to this operation, the nobile station apparatus 10 stops the

carrier search and pell seargh oparAlidns akhsheRg2AnalSh rébeiehy i fting
to an in-zone standby state at step S18. If no |n?ornat|on for shifting to

the ingzone stapdbyrstakechs cphiraitned safitreracxeeidndw weth sparehestfor all
the service carrier frequency candi dates 25 selected in the second stage,

then the fl ovweghbfiigehtom step S15 to S16. If k = K at the latter step,
then the 24 FP02-0180-00 flow returns to the neasurement in the first
stage (step S3) of rhe.carrierasedlsh pooCcetpleindhd NEasel es@nNbower
restarted at the next frequency. If no other neasurenent frequencies set at
the first stageabuaemeheft frickh@enictieiss dater meesuoethent tbendatethere.
Thus, for detecting a service carrier in the nobile station apparatus of
the first enbadsumatl, ithe tleceifiecstpowdrageasifr i njpesechiranetr6 svitial |y
nmeasures a received power in a frequency band assigned to this

10 procedure in accordance with the first embodiment.

Fig. 4 is a view for explaining how to limit a
service carrier seeking range in the first stage of the
carrier search procedure in accordance with the first
embodiment.

15 Fig. 5 is a view for explaining an example of how
to select frequencies which become service carrier
candidates in the second stage of the carrier search
procedure in accordance with the first embodiment.

Fig. 6 1is a flowchart for explaining the

20 procedure of carrier search operations carried out by
the mobile station apparatus in accordance with the
second embodiment of the present invention.

Fig. 7 is a view for explaining received power
measurement frequencies and measurement bandwidths

25 assuméa- in the first stége of the carrier search

procedure in accordance with the second embodiment.

17



10 system the frequency limting section 22 [imts a service carrier
seeking frequency range to the vicinity of a frequency where the neasured
.received power exceeds a threshold, the received power neasuring SEK%ﬂd%ﬂn%%{m
measures the respective received powers of 15 frequencies where the ‘'service
carrier may exist in this frequency range, and the controller 24 chooses a
frequency yielding a | arge neasured received power as a service carrier
candi date. Then, the cell search executing section 18 initially attenpts a
cel | search 20 for gl s gandi datg; &) eqUencyk, S A RPNBEAVRRCE i f} the first
enbodi ment, no cell search is carried out for frequencies where It Is
determ ned thal PO-CaELF L e £X4SERINPNEILEY 1HELPOVE rSONSLADLI 9B fhet he

nobi |l e station apparatus can be 25 Suppressed, and service carriers

enabl i ng st andby, can §é£%%ﬁeﬁ%&%e@ﬁrgeﬁﬁc%ﬁQpr%@nceFRQ%ﬂphﬁgéOQeéﬁﬁand

Enbodiment Fig. 6 1s a flowhart for explaining a procedure of carrier

sear ch operatdgnsqGaég+ €d out by the nobile station apparatus in accordance
with a second 5 enbodi nent of the present invention. A carrier search
procedgire in the cas@g whese gRasy eneNbwEkgALENELES ang Hasgv t hha
measurenent interval of fml - fm-1 - W/2 and a neasurenent bandw dt h of
Wn < W/ 2 forpidiecdiecei yed cpewalerl sdmasur epepations heafririsd sdagepof
carrier search procedure as shown in Fig. 7 will be explained in the second
enbodi ment . Tiee mabblie est &t & OhoRpR@PArEtUsS tAMpasesrddnddewdame the
constituents as those of the nobile station apparatus 10 in accordance with
the 15 first tednbhodli endsdd Shenvin o tthey. plesdmt timardy; iomasur ement frequenci es
of the first stage are set according to the rule nentioned above. Nanely,

at step S31, the cduitg.ol lér $et = | vireasufenendxglraiqpuenti éow Atostept S32, |

- 0, and the received 20 power level Peril = Pm- 0. At step S33, i =1 +
1. Atl@tep S3%kcdived pever nnpedumhmehér firesukngregotand fméasudeniems not
hold in the result, thenj - 1 and k = 1 at step S35, and thereafter the

recei ved powdranvaisdifigisecthonfézsti estagr péceihedcpawder2ssepbsur ement
(electric field power neasurenent) at a center frequency fnml with a
measur enment BEMEGETE Wh @acogrdance with the third embodiment.

Fig. 11 1is a wview for explaining how to set
received power measurement frequencies and measurement
15 bandwidths in the first stage of the carrier search
procedure in accordance with the fourth embodiment of
the present invention.
Fig. 12 is a view for explaining received power
measuring methods in the first and second stages of the
20 carrier search procedure in accordance with the fifth
embodiment of the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

In the following, embodiments of the present

invention will be explained in detail with reference to

25 the df;Qings.

First Embodiment

18



" FP02- 0180- 00 step S36. Subsequently, at step S37, the controller determ nes

whet her PmM > Pt

the measurement result 5 exhibiting Pm > Pt;, appears, the frequengypg,.
limting section limts the service carrier seeking range according to't

;, In the neasurenent result or not. Here, depending on

two met hods described in the followng (1) and (2) (1) Wen neasurenent
results exceeding a 10 threshold Eth are continuously observed in adjacent
nmeasur enent frequencies fm-1 and fnm, i . a. , when pni-1 > Pt,, at step

f r gguency ;of ﬁscar i eny g th%iQQQ%H{eggﬂgwﬁhﬁquegﬁx are

S38, the center
assuned to have

the relationship shown in (a) of Fig. 15 Thereftore,

how
Q}SO-OO
e

assuming { hale gy LARKLELs 4 eaUeNCY, f Cr@xiiales Wi ok he dpagueney range of

fm-1+ Wn 2

frequency raqgﬁ:
frequenci es (whose nunber

2 in this case, the service carrier seeking

dsadddd t egh d1p the fignge gRBLLUGRedrabgye, +aBd FHELBRE tO

may exist in thshiahge. Nanely, at step S39, the frequency limting

section limts t

range of fm-1 < f 1hd nobiter ecathibaq

exist" refer to

system as in ddipfidsd embodhtenha 22,

he cell search range to J_ frequencies included in the

Is assuned to 20 be J1) where service carriers

REUer® sRéMhCancarid ers may

frequenci es 25 capabl e o¥ setting carriers defined in this

BEPO2c8480: 0§ (sBHctWah a4neasgur enent

result exceeding the threshold Etn is observed at a measurenent frequency

fm alone in s

aicesd  mRAasH efeAbutiaguesistesoni .16, \whedePl -deardh_.

Pml-' < Ptn at step S40, the center 5 frequency of a carrier and the
measur enent fexafueniayy arsecasisuned 8, 0 Aavetdiwge elsstdtanshi @o0shoandi na(b) of

Fig. 8. Therefore,

in this case,cdrtercieran ¢4 careclwtindd sebkequenangeinstingn section JZ2.
frequencies centered at fm. Nanely, at step S41, the frequency limting

sectibth |inm tRhe hendietidsearadnsargeents 2L i dpieenp bsinedht Bredetbaiin - -

I f no neasurenent results exhibiting PM > Ptn are 15 obtained at any
measur ement fitedquencigliawingdet ermi ned at step S42 that the nobile station
apparatus is |ocated out of a zone. In the second stage of the career
search procedure, ridei ¢adepdferliedAF efenter8l¥aRd| thatacteristic

wit
spe
15 rec
suc

sig

the

20 ban

h a bandwidth sufficient for receiving a spread
ctrum signal transmitted from a base station. The
eiving section 14 carries out receiving processes

h as down-converting and reverse-spreading of
nals received by the antenna 12.

The received power measuring section 16 measures

received power at a frequency and a measurement

dwidth which are designated by the controller 24,

and reports thus measured value to the controller 24.

a
con
25

fre

The cell search executing section 18 carries out
cell search at the frequency designated by the
troller 24.

The storage section 20 is used for%‘keeping

quency information of a carrier from which the

19

and

assumng that the carrier frequency fc exists near fm



20 for J1 or J2 frequencies falling within the seeking range limted by the

first stage, so as to select K service carrier candidate frequencies as in

the first enbodi ment. Nanely, at step S43, received power neasureng%?og§ﬁ%6oo
t

carried out at a frequency fm1l. If jlI = J1 does not hold at step
Jj1 is incremented by 1 at step 28 FP0O2- 0180-00 S45, and the neasurenent
at step S43 is carried out. At the tinme when j| - J1, K carrier candi dates

are selected at step S49. Simlarly, at step S46, received power

measur ement | }:?:Lairer' &g puloat %&%ﬁ@cyldmcanS I.léCéJ?Vd t%er_d@fée fiot hold

at step $46, en Jj~1s incre 1 at step S48 e neasut enent

at step S46 'l%f&rn{at%rptef e (R4 iB MR i oy &6 carader oagdl dat s

are selected at step $49. In t searc executlng 10

section 18 C{diRsMEntCeld SRAGNRS Jed NIl L e DAl I Shp SN dat e
frequenci es selected by the second stage, thereby attenptlng to acquire

i nformation '@'éﬁh@%dﬂﬁ%éﬁ&ldﬂ{gm&mﬂ@ dea S fd 4 Noh £ Q@i drgone
standby state. 15 Nanmely, at step S50, a cell search is carried out at a

centers frequency frmne | EoROrBELEI NfOr FRLIteR 1isS s£68T Wad BheSt&H WL, then
it is determ ned whether k = K holds at step S52 or not. If k - K does not

hol d, then Kk nenhtiRgreirenestipns] atwidrpSSThandidmanty 20imweareh at
step S50 is carried out. At the tine when the nobile station apparatus
acqui res necessariyn Forinatiton tdte Sty SAE ¢élBtopsréhe ciid iybiskear ch and
cell search operations, thereby shifting to an inzone standby state at step
S54. 25 | f netHatfienmaspparfousshidf t iag dssuntesl | e zamentisgwlby 18t aftes i S
obtai ned after executing cell searches 29
mechanisms the mobile station apparatus should be
10 equipped with in addition to the constituents mentioned
above.
A procedure of carrier search operations
performed by thus configured mobile station apparatus
10 will be explained with reference to the flowchart
15 shown in Fig. 2.
To begin with, the controller 24 sets I

measurement frequencies at step S1 for the received

power measurement in the first stage of carrier search

procedure. Namely, combinations of measurement
20 frequencies fm and measurement bandwidths Wm are
determined. While various combinations of fm and Wm

are possible, an embodiment where the measurement

frequencies are those with a measurement interval

defined by fm'** - fm* = Wc and a measurement bandwidth
25 of Wm ;_Wc as shown in Fig.~3 will be explaineérhere.

Here, Wc indicates the bandwidth occupied by a

20



" FP02- 01 80-00 for all the service carrier frequency candi dates sel ected by

the second st
_latter step,
(step 5 S33)

age, the flow shifts fromstep S51 to S52. If k = Kat t
then the flowreturns to the nmeasurenment in the first s%
of the carrier search procedure, and neasurenment is res

he
Bt30180-00

arte

at the next frequency. Wile using the sane basic constituents as those of

the first enbodi nent,

the nobile station apparatus of the second enbodi nent

reduces the nmeasurenent 10 frequency interval of received power in the

recei ved pomgefr@féé"kagr%gti%ﬁﬂéwebm&m&{;hé hef%arfﬂ&fc%g@%% £h and

cuts down the nmeasurenent bandw dth to one hal f the carr

less in the f
consequence,

frequenci es neassiieshdit t hee§e6RPY BigAerhe® DORebal fréfatnk

enbodi nent or

andwi

tdSte St ager&hudhey carrdd segpch prageddes. Asnhgd 15i-th
the nobile station apparatus can reduce the nunber of

| ess. Third Enbodinent Fig. 9 is a flowhart ?6r expl ai

dth or

the first

ning a

procedure 20 of cardumdegeai€hy Operaty odis £edpisel, out=by the gepbitepstation

apparatus in

accordance with a third enbodi nent of the present invent

i on.

The thrd entgxli nend hel ateddternicrse whetteed he sobi log St i o appgr at us
i s conposed of the sanme 25 constituents as those of the nobile station
apparatus 10 3q, acrprdance wdds tiet fhdsd enbedengriushowrhen H g= 30
FP0O2-O | 80-00 1, while assum ng that frequency information of carriers
fromwhi ch seind cks=tamthesteseb¥ed ansl kdpirdaftdwe, shor agepsexd, otheFi r st,
when the service carrier frequency 5 information kept in the storage
section of theawmbrée®d power measuring section 16 carries out

10

15

20

25

received power measurement (electric field intensity
measurement) with the measurement bandwidth Wc from fm?
in the measurement frequencies set at steps S2 to S5.
Upon the measurement at step S6, a sufficient measuring
period 1s provided or several measuring operations are
repeated, and so forth, so as to carry out such
averaging that influences of fading and the like can be
corrected.

At subsequent step S7, the controller 24 compares
the measurement result Pm' at the frequency fm! with a
preset threshold Pip. If Pm* is Py or smaller as a
result, the value of i is incremented by 1 at step S3,
and measurement is carried out at the next frequency

1 If there is no measurement result exceeding the

fm
predetermined threshold with respect to the measurement
frequencies set by the first stage, i.e., 1 > I at step
sS4, tH;h the controller 24'Hetermines that it TE out of

the zone at step S8. Here, measurement may be carried

21



station apparatus is in the state shown in Fig. 10, neasurenent frequencies
and neasurenent bandw dt hs of received power are set so as to include the
.frequencies of service carriers efficiently as depicted. Nanely, 10 %BO?&?&LOO
S71, the controller sets | neasurenent frequencies. At step S72, i t
step S73, i =i + 1. Here, it is unnecessary for the individual measurenent
frequencies to have a constant neasurenent bandw dth. Though not depicted,
measurenent 15 frequenci es and neasurenent bandw dt hs may al so be set such

that only a sgﬁ%l gngrV8Hj§e%¥5g 588& kerf{%éﬁﬁﬁﬁgber Og& og&glqu in a

si ngl e measur €ent "1 ange I'n or réeduace Séartc
operations in SPr 20U ent] ty .St S IS
det erm ned whgkﬁguei%% d¥%¥§¥é¥% no? Q%%%%thej¥gfgﬂﬁzd§§%wé ﬁggsurlng
section carri g, Quyt %g i ved power neasurenent (electric field power
measurenent) at a centér frequency fm at step S75. It is determned at 25

step S76 whet her P ¢> tﬁ%te s b8 Lhfpaesubh ol mpagureneat gnl. 1f a
measurenent result exhibiting 31 FP02-0180- 00 Pm ;, 1S obtained,

then the freqeency thdd tiiRg $8Cthopethihts tgaseryi Cseemrdel el 2388 MY

range to the measur enent bandwi dt h where Pml > P~ ., . Nanely, at step S77,
the service cakhikes ¢Rldr sepfcherF &@PtIﬂ1EH§55C§E@raﬁﬁes%§¥ﬂ¥éﬂS
limted to fm - W/2 <f <fm + If P > Pt=" then the flow returns

to step 573, @@@q@eh@?}’e' yed Muﬁ@msw&@u@ndweseem fEasi e Rt
frequency. Subsequent the cell search executing section 10 executes cel

searches for theasebvishepcashown fireqEenci es, (whesebyunbre isamgsureEd to be
K) kept in the storage section and included in the neasurenent band |imted
at step S77. HNatekgncthe fceriradldecrcaaet et scaxarvé esst hobdifng fr 8quercy
information while 15 falling within the above-nentioned range at step S78,
sets KO- 0 at<stfep $7Hc.setBhks -id ahestremeeB8hetansken hehecakespestawte a cel |
search at fnk at step S81. If no notice information is received at step
582, then it rssdet ehnrivnednwiet hendk (b)KolioFdg.o¥.not at step S83. 20 If
not, then k is increnented by 1 at step S80, and the cell search at S81 is
carried out. At theCenreqaumshlihe nebil eswedeentappatas &uir éde
necessary information at step S82, it stops the carrier search and cel

sear ch operatﬁéﬁgueﬂﬁ§reﬁ}m§ﬁﬁﬂgrKFQQ¥%9¥|r2&5 Yonbtst ahbBy SEatécat step

S84, which term nates the processing. 32 '
carrier seeking range  (search range) to J frequencies

15 included in the frequency range of fm* - & < f < fm* +
Wc, where service carriers may exist. Here, & 1is a
margin for preventing service carriers from being left
undetected in the subsequent second stage.

The margin & is provided because of the fact that

20 there is a ©possibility of <carriers Dbeing left
undetected in cases where the measurement range and
carrier have a positional relationship such as that of

1-1

the measurement frequency fm of Fig. 4(a) while the

carrier power is weak at a cell end and the like. If a

25 carrier exists on the lower frequency side “than the

frequency range mentioned above, it can be assumed that

22



FP02-0180-00 If no nmeasurenent result exhibiting Pm > Pt,; is obtained as
a result of neasurenent in all the frequencies set until the initial step
. S76, carrier searches are executed for frequency bands other than 5 IEM@ISO-OO
in which received powers have been neasured so far, in order to detect
unknown service carriers whose frequency information is not kept by the
nobi |l e station apparatus. Nanely, at step S85, a carrier search is carried
out for a band in which no received power has 10 been neasured. If no
notice infor i-on J s o ecejved 86, t i tad S m_ned t of
zone at stepn§%7, ﬁ%ef%%y%¥%§lpgggéggﬁﬁ i% t%ﬁ@%%ﬁ?%dﬁgﬁ%ﬁaofgcetﬁg

i nformation iﬁré@f&gﬁa@d st ep ﬁ%ir%t heﬂfw(gu&%@é@t UghsPLitSet9 88

i n-zone standby &tate at step S84, thereby 15 term nating fhe processing.
a

Whi | e using the, 5808 basic €Qnstit URIKS asot hoseq@inthes fidasiaranbodienent
the nobile station apparatus of the third enbodi ment keeps frequency

information ofcealndersrf{Om Wikehnsgr viicesi §agybeekeceived in its 20
storage section, and carries out carrier searches by using this

inforngtion, thus bﬂw@e%\bé@tif_&ytad@a@bzﬁ@esw@@ﬁragéumﬁ@uemte@héo be
measured as conpared with the first enbodi nent. Fourth Enbodi nrent 25 Fig.

11 is a viewA@fibexpbai Aregubawite SehitedeiatRtrepowerJ Tegiselr e8BBt ved
frequenci es and neasurenent 33 FP02- 0l 80-00 bandwidths in a first stage

of the carri esowerr @l apiededur €edhiae cardaneecss s hval § owddswedzodtrent of

t he present invention. The fourth enbodinent relates to the first stage 5
of carrier semsheptrocedureseivhed e mswemns ngvatlcaseesbect atcarther dsed by
a provider with which the nobile station apparatus has no roam ng contract

i s detected afraquessadés ofina tdar riarp seér cliepis Slcastowsérle srahdbyei s
rejected even though it is a carrier 10 of a contracted provider. In such a
case, 1Q carrixessbas clofi smeenduenedtagare istaoredr indadetbet atseagece
carrier allow ng standby used by a contracted provider or roam ngcontracted
provi der of t$ecthiobi| e2&t ati damgppar aglis. step S10, received power

measurement is carried out with a center frequency fm’
and the bandwidth Wec. If j = J does not hold at step
S11, then J 1s 1incremented by 1 at step S12,
15 measurement is carried out at step S$10, and the result
of measurement is stored. At the time when j = J, the

flow proceeds to step S13.
Subsequently, at step $S13, the controller 24
refers to the measurement results stored in the storage
20 section 20, selects K frequencies successively from the
one having the highest reception 1level, and employs
them as frequencies which become candidates for service
carriers. If a carrier actually exists, then the
result of received power measurement near the center

25 frequency of the carrier is assumed to exhibit a

certain level. Therefore, for example, it is desirable

23



15 Here, the controller keeps frequency information of detected carriers,
such as fcn and fc"+1 shown in Fig. 11, and frequency information of other
-carriers obtained fromthe notice information of the former carriersgg §R8.o

storage section, and excludes the 20 frequency bands occupi ed by these
carriers fromthe range subjected to carrier searches. Enploying such a
nmet hod of the fourth enbodi nent can efficiently detect service carriers
al l owi ng standby in the case where carriers not allow ng standby 25 are
detected. 34 02- 80- 00 Eig.: is j or Ll recgjved
power neasur itnhg tj';et hsc%d"lsVll nfi rg%&aln%‘zsec%nddis%%\%ées o)’?f(%)(#mlgé%%?g? er lgéear ch

brocedur e | N AGEANIANCE 14§ NAoLLL! It 2ibogl 0pnLn of L MG Rsent L iyegt i on. 5

When the rec power asuring section neasures a received power, the

received el ef#&é&fisw I Bt h x%ghlse_ast@laji@@hép agat Usy copstiantdy 1,

fluctuates and 1s unstabl e under the influence of miltipath fading and the

like. As a Cﬁ@%ﬂ%emeégﬁr RERY NG Yerddt D 29Ny 0{nZeng, 5

determ natio ccording to the recei ved power, correct deterninatioh cannot

be effpcted yplass Rvel agl npHoddi-d sifdddded out to a certain extent.
Whi | e neasurenent results are known to become nore accurate as the

averagi ng tine is adongehikd) idtddy s ik ol JRAKH flds | M geperad 7, the
accuracy I n measurenent 1S assumad to i ncrease when averaging 1s carri ed

out for indi wipjlualcdmEaswyddubopenaiddisnat ddeauancies fedqudmt #diigand
fm+ at intervals even if the neasurenent tine is held constant as shown
in Fig. 20 1Zarmidde dtf t kegnbodearBhesasfshowbhén Sgvidd, severat
recei ved power neasuring operations are carried out with tine intervals for
t he neasur enmendnditddte frequencyebnl wEsesdiopn attemiprinkl, tanealind t hem
are 25 averaged. During the intervals of the frequency neasuring
oper atQ ons, nEEMMaiy coparatliwiesi ain otdierce35in £ REE B8 E) shiefjiuenei es
fmtl and fm-+ are carried out in parallel, whereby highly accurate
measur enent it® ramal irnedonet ldEndincr ebsteg t NemeBgsuranestepi 8 4i,n 4 ot al .
cell search is carried out at a center frequency fn*.
If no notice information is received at step S15, it is
determined whether k = K or not at step Sl6. If k = K
15 does not hold, then k is incremented by 1 at step S17,
and a cell search is carried out at step S14. At the
time when the necessary information is acquired due to
this operation, the mobile station apparatus 10 stops
the carrier search and cell search operations at step
20 S15, thereby shifting to an in-zone standby state at
step S18.
If no information for shifting to the in-zone
standby state is obtained after executing cell searches
for all the service carrier frequency candidates

25 selected in the second stadé, then the flow shf?ts from

step S15 to S16. If k = K at the latter step, then the

24



As explained in the foregoing, since cell 5 searches are carried out after
recei ved power neasurenent (electric field intensity nmeasurenent) estimtes
.frequencies where there is a possibility of carriers existing, the pf®peitso-oo
invention can carry out efficient service carrier detection and out-of-zone
10 neasurenent while omtting unnecessary cell searches, and greatly cut
down the power consunption required for reverse-spreading in the cel
search procedure, which can elongate the standby tine of the nobile station

apparatus. 36, FPO2:0380- 00 WAL, | S.OLAMER:S: 1. Ay grobiiestation

apparatus for tecting a carrier containing 1 nformati on necessary

base station @9%%§at§§%em@fnﬂgﬁba.gg@@igghe@%gfaﬁﬂﬂﬁfoééhékéﬁ i gpgone

standby state d ile station apparatus conprising: neasuring neans

for ﬂeasurin%§%§&¥@ﬁaﬁ9 PoveLsthi-Pbhi ng means,&or HiddhéAgya fieaygncy
range for seeking said carrier according to said neasured 10 received

power; controliiBangehalreh@as! NErdyidntdd t ¥edl J egHEBNGH 85 Ns8aye
limted frequency range as candi dates for said carrier; and search neans

for cagrying ot pBefe) ltis@rch foraardemphed abit Yoof the egugachesechosen as
said candidates so as to detect said carrier. 2. A nobile station apparatus

according to clai minusherimn gaikdce@Ryr 04 NRansi &&l ey il uhal thy of
frequencies fromw thin a frequency band where said 20 carrier is assuned

to exist, saifbyERSUEtAE]iFRARPPIRATHLSOR tRECIHIEE P odiidhte, gtNen
bandw dth for each of said selected frequencies, and said |imting neans
limts said frespensy penge heasaeckingesaiidncard imiitialhe méasnréy of a
frequency where said 25 neasured recei ved power exceeds a predeterm ned
threshol d. 37a received power in a frequency band assigned to this
10 system, the frequency limiting section 22 1limits a
service carrier seeking frequency range to the vicinity
of a frequency where the measured received power
exceeds a threshold, the received power measuring
section 16 measures the respective received powers of
15 frequencies where the service carrier may exist in this
frequency range, and the controller 24 chooses a
frequency yvielding a large measured received power as a
service carrier candidate. Then, the cell search
executing section 18 initially attempts a cell search
20 for this candidate frequency.

As a consequence, in the first embodiment, no
cell search is carried out for frequencies where it is
determined that no carrier exists, whereby the power
consumption of the mobile station apparatus can be

25 suppressed, and service carriers enabling stgzaby can

efficiently be detected.
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FP02-0180-00 3. A nobile station apparatus according to claim2, wherein,
when sai d neasured received power does not exceed a predeterm ned
.threshold, so that said |imting neans fails to limt said frequenc%wbaqg%ooo
5 said control neans sel ects another frequency, and said neasuring nean
nmeasures a received power with a given bandw dth for each of said selected
frequencies. 4. A nobile station apparatus according to one of clains 1 to
3, wherein said control nmeans chooses as 10 a candidate for said carrier a
received signal fr didig a predeterm ned power fromw thin said
frequency range |i ting neans. 5. A nobile station

appar at us_accor di nrip one; 6f 5CkabEndrto fdr Wigrolih 5 & conbcabupEans

chooses as 15 candi s for said carrier a plurality o acent received

si gnal freqUQﬂ§'8§rP%&PegéE9cﬁ 8?693&%&Hb”%@r&9@%rdHENByMEﬁ%Uméﬁiﬂe
frequency range limted by said ITimting neans. 6. A nobile station

apparat us according t o 2par2@uaf Cchal Madcd@dncahergivh waen §8tbk&
information is received upon a cell search for a plurality of frequencies

choserp as saidghsidi&dat st 19ad brsasdich ieghst Uedj nes a recei ved frequency
thereof as a frequency of said carrier, while no cell search is 25

carried out for the otherieandsdatenf regpeagues. ih Ahedbthgestwaiéoa
apparatus according to one 38 FP02- O 180-00 of clainms 1 to 6, wherein,
when t he receiaetiymnveit nEasyuetdchyssaixk neasyel ngi tieaas meanotehegher than

a predeterm ned threshold, said control means determ nes that said nobile
stati on appariatterseasl | acat eth*out ofm&'5 zonéc/8. @ndobal ensd s @nemdppar at us
according to one of claims 1 to 7, wherein said neasuring neans carries
bandwidth of Wm < Wc¢/2 for the received power
10 measurement in the first stage of carrier search
procedure as shown in Fig. 7 will be explained in the
second embodiment. The mobile station apparatus is
composed of the same constituents as those of the
mobile station apparatus 10 in accordance with the
15 first embodiment shown in Fig. 1.
Initially, measurement frequencies of the first
stage are set according to the rule mentioned above.
Namely, at step S31, the controller sets I measurement
frequencies. At step S32, i = 0, and the received
20 power level Pm™* = Pm® = 0. At step $33, i =i + 1. At
step S34, it is determined whether i > 1 or not. If i
> 1 does not hold in the result, then j = 1 and k = 1
at step S35, and thereafter the received power
measuring section carries out received power

25 measurement (electric fiefd power measureme£?3 at a

center frequency fm' with a measurement bandwidth Wm at

26



out a plurality of received power neasuring operations with a given tine
interval for each frequency when 10 neasuring a received power, averages
_thus neasured results for each frequency, and enpl oys thus obtained-ﬁﬁﬁaﬁ%%{m
for each frequency as a neasurenent result at said frequency. 9. A nobile
station apparatus according to 15 claim8, wherein, during an interval of
recei ved power neasuring operations for one frequency, said neasuring neans
nmeasures a received power for another frequency. 10. A nobile station
appar at us aCQQBQéWQ (o one of claimse 1 to 9, wherein, while in a state
where the 20 ‘existéence of at |east one said carrier is verified, said

control neans eXC|t%#§§%ﬁ%%¥€§%F f%ﬁgue99¥pbaQ§%§fCUQ%%d bgoﬁﬁgglyggified

carrier froma sea n detecting ano carrier. 1 A nobi |l e

Co one of ¢l & Tee T T4 0P PaRIPS B20e SUATI O Spsar St T ar Tar 15 hg Cout | 39
FP02- 0180- 00 or not. Here, depending on how the measurement result
5 exhibiting Pm* > P., appears, the frequency limiting
section limits the service carrier seeking range
according to the two methods described in the following

(1) and (2):

(1) When measurement results exceeding a
10 threshold Ei, are continuously observed in adjacent

i-1

measurement frequencies fm and fm'*, i.e., when Pm*! >
P:, at step S38, the center frequency of a carrier and
the measurement frequency are assumed to have the
relationship shown in (a) of Fig. 8.

15 Therefore, assuming that a carrier frequency fc
exists within the frequency range of fm'™' + Wm/2 < fc <
fm* + Wm/2 in this case, the service carrier seeking
frequency range is limited to the range mentioned above,
and further to frequencies (whose number is assumed to

20 be J;) where service carriers may exist in this range.
Namely, at step 539, the frequency limiting section
limits the cell search range to J:. frequencies included
in the range of fm'™! < f < fm". Here, “frequencies
where service carriers may exist” refer to frequencies

25 capable of setting carriers defined in this §§étem as

in the first embodiment.
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a wreless comunication with said nobile station apparatus. 12. A carrier
detecting nethod for detecting in a nobile station apparatus a carrier
.containing 5 informati on necessary for a base station apparatus enplg?%pglﬁ)oo
CDVA schene to shift to an in-zone standby 10 15 20 25 state, said ne
conprising: a neasuring step of neasuring a received power; a limting step
of limting a frequency range for seeking said carrier according to said
recei ved power neasured in said neasuring step; a control step of choosing

a plurality of freqrng|qﬁ &0 %g(%gg T gnae, 14 mgted by ;a dyli M ting

step as candi dates for sal carrier; and a search step of carrying out a

cel | search for aspbugakity Ofobfsree.'cq"é%n%'te% Ghosen as a4 Landidatgs in

said control step so as to detect said carrier. 13. A carrier detecting

met hod accordjngnto ;6| %éﬂalc?enﬁ"hﬁégbﬁréﬁbﬁtC%cﬂierﬁh% selegts gnRhurality
of frequencies fromw thin a frequency band where said carrier is assuned

to exist, saifpmeasuriplg $HEP FRESUIES pq, I @Gel ¥edpPoyes, Wity acghyer
bandwi dth for each of said sel ected frequenci es, and sai d limting step

limtsssaid fregyeasyyr a3feaf earseel ﬂéhdiaft@leCaﬁéeiﬁiréxﬁéﬁﬁ'lefYéqu_ahbg of a
frequency where said neasured received power exceeds a predeterm ne

FP02-O | 80-08réhreshaled. tlft. hAvearhieerr&led ©rdh stgi preshednadeor gbngotfo cI aim
13, wherein, when said received power neasured in said neasuring step does
not exceed a ptgdeserm ned 5 threshold, so that said limting step fails to
limt said frequency range, said control step selects another frequency,
and sai d nmeasuri ng Bhepefieasurassamiregetetl pobeecawribrafgegeanbgndwe dt h
for each of said selected frequencies.
exists near fm~ in this case, the service carrier
10 seeking range is limited to J, frequencies centered at

1

fm*. Namely, at step S41, the frequency 1limiting

section limits the cell search range to J; frequencies
centered at fm'™"
If no measurement results exhibiting Pm* > P., are
15 obtained at any measurement frequency, it is determined
at step S42 that the mobile station apparatus is
located out of a zone.
In the second stage of the career search
procedure, received power measurement is carried out
20 for J; or J; frequencies falling within the seeking
range limited by the first stage, so as to select K
service carrier candidate frequencies as in the first
embodiment.
Namely, at step S43, received power measurement

25 is carried out at a frequeﬁcy fm?t., If §, = J}gaoes not

hold at step S44, then j; is incremented by 1 at step
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10 15. A carrier detecting nethod according to one of clainms 12 to 14,

wherein said

. received signal frequency exceeding a predeterm ned power fron1mnth|ﬁ?

control step chooses as a candidate for said carrier

frequency range limted by said limting step. 15 16. A carrier dete

met hod according to one of clains 12 to 14, wherein said control
chooses as candidates for said carrier a pIuraIity of adj acent

signal frequencies exceeding a predeterm ned power fromw thin said

freauency ranggs) | ey Aghdulpbh @tgeﬂgs%ﬁpsz;%? i CarEley dekecting

met hod according’to one

information i
chosen as sai
t hereof as a

for 41 FP02- O 180-00 the o

detecting metHggeaceRudhR@nid tones okaelabhs old tor 14,
recei ved power neasured in said neasuring step is not higher than ab

ainms 12 to ereln n notice

step
recei ved

cl?z;’]lb?so-oo
g

F Q381 VedndPohdn c6l! Seareh f opaarpLur Aldds gl 44 eqyenci es

| dates, sald séar ch step 25 defines a received frequency

ELeguengyapf s%@?ds%r ri §1mlmf19, ng¢ o8kbpseakoh bteadty ed out

her candi date frequenci es. . carrier

dg y Wagr the

predet gr m nedr¢hrgshel dj, sabdscamt ohollepadet £fep nesid,hatnsai dy ohisl e

station apparatus is |ocated out of a zone.

19. A carrier detecting nethod

according to oneréhestaimpyl2 totl8tephes£3 n sadd HiRASIE HPrehepr cakri es 10
ty of received power neasuring operations with a given tine

interval for eaep Brequencyambiasd ne@suri Ag ahreeceinedsiponer,; ave,ages t hus

out a plurali

measured results for each frequency,

each frequencyamsiarneasdieéaeat aesusélattdé8 sai dtépefdency.

10

15

20

25

In the third stage, the cell search executing
section 18 carries out cell searches for the service
carrier candidate frequencies selected by the second
stage, thereby attempting to acquire information
included in notice information for shifting to an in-
zone standby state.

Namely, at step S50, a cell search is carried out
at a center frequency fm*. If no BCCH information is
received at step S51, then it is determined whether k =
K holds at step S52 or not. If k = K does not hold,
then k is incremented by 1 at step S$53, and the cell
search at step 850 is carried out. At the time when
the mobile station apparatus acquires necessary
information at step 851, it stops the carrier search
and cell search operations, thereby shifting to an in-
zone standby state at step S54.

If no information f;r shifting to thé:‘in—zone

standby state is obtained after executing cell searches

29

and enpl oys thus obtained average for



20. A carrier detecting nmethod according to claim19, wherein, during an
interval of received power neasuring operations for one frequency, said
measuri ng step neasures a received power for another frequency. 20 28p02%0180-00
carrier detecting nmethod according to one of clains 12 to 20, wherein,
while in a state where the existence of at |east one said carrier is
verified, said control step excludes the whole frequency band occupi ed by
said verified carrier froma search range 25 when detecting anot her

carrier. 42 : : :
th ervice carrier frequenc candidates
A ALY, As9l . AFRTY. ROF. AFRS. ASEYATY ASALY A TE RIS R 2 ANS AP RER Al 0. A

C AFQ AYE. A 1 ge MM 5 ADe oA D5 2B MM R BES 200 BRefis2. RS2

~ytoj e’ [ V] ca] g8 ca} cabsal cad calcRal cal epd caleaksaleapcatrahcahealeal cal cal
ca] ca] ca] cha] cal c”a] ca] ca]c”a]cRa] ca]ca!l +
ajsakpal caj ca

| TYgs) *2i n{ Qopgt \ Mg mhe" YEkd Calegalicahealical galal cal eatca

i
] ca] ca] ca] c”a] ca] ca] ca] ca] ca] ca] ca]ca]ca]lcalcalcajcal!l!l!l"” ?' G *FrH+++,6, 7

, R -L.§. ./t 0y9996282RA23} xs4w £li & ClgatBalaal-ealaal,cadid] rahsalenkaal cal ca]

cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! 334~555i 6t 666H7

<J<0=???DD} xsni d_Z] c]] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca
] ca] ca] ca] ca] ca] cawa] ra] ¢l 6] enkcahaa] Galstal RRXG S 141esHINNNNOOPRRESq SSSSTT
TUU) XpX~XYYZh\\ | w mhc”X] ] c*a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c"a] ca]
c”a] ca] ca] ca]sfi] cakcdicaltc admiaj dajera cafha] ampddlcadttation apparatus

11111 G*H aabpbbddf f g5j k[ | al nl | gggst 2vvvv(z} xsnid_Z]]]ca] ca] ca] ca] ca]ca]ca]c
a] ca] ca] ca] capf£a] th¢cafkeaped] cambaddaknd] cajahicsy cajlva] ca¢esahcathentcal cal ¢
al(z

{| |()|{LQPchZ‘ e gadxt v{ voltgbVA]L] caf capcalvelcajoexalvaltda cagcaleed] ca] cal
ca] ca] ca] ca] ca] ca] ca] ca] c”a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! ~nEi o

9] wr | gb] X] ] capeeg e asa]serdnea] 6afcapea)tex] ealcahreafcalicafds] caprajen] cal cal
ca) ca] ca] c”a)lcalca]ca]ca]ca]ca]ca]cal4 ,

OBAGTU{ * h8| wiarav] ke aped] c}len] eayBa)dyy cRpeapEaPeaf cdaeutisitdn] €] cal cna
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal.ca! 8nO#ZMyS} xsnid _Z]]1]] ca] ca] ca]
ca] ca] ca] ca] cl}earehf caf c A eaFearesFcRpeddadaldal @i altafta] EaY e8] ca] ca]
cal] ca] ca] ca] ca!

LOy S} xsni d_Z]ﬁE}%%?]{ c8fcalth] cafesf ¢8F ca]3eqA ] caPEaFedyES] ca] cdita] ®a] ca] ca
"M LK-L109%<& () - &109%<& () -
eelegb oo el el ealael el el a3 UGUIBSR LS aer o
-10%<& () - 109%<& ()~ 910%& () - 10%& ()-, %<& .()-K [ A 10%f#10%& ()-*1
O () - o iR A (b BiSE s e SRR i Joqdid '8880EE O
10988 1>109%80&L ()5, d OB (Va2 B10Y6E0 L ) £ A0 YERIONRESE &) - PIOYE& () -

10%<& ()-' Obg
Third Embodiment

Fig. 9 is a flowchart for explaining a procedure
20 of carrier search operations carried out by the mobile
station apparatus in accordance with a third embodiment
of the present invention.
The third embodiment relates to a case where the
mobile station apparatus 1s composed of the same
25 constituents as those of the mobile station zgparatus

10 in accordance with the first embodiment shown in Fig.
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1, while assuming that frequency information of
carriers from which services can be received is kept in

the storage section.
First, when  the service carrier frequency
5 information kept in the storage section of the mobile
station apparatus is in the state shown in Fig. 10,
measurement frequencies and measurement bandwidths of
received power are set so as to include the frequencies
of service carriers efficiently as depicted. Namely,

10 at step S71, the controller sets I measurement
frequencies. At step S72, 1 = 0. At step S73, i = 1 +
1. Here, it is unnecessary for the individual
measurement frequencies to have a constant measurement
bandwidth. Though not depicted, measurement

15 frequencies and measurement bandwidths may also be set
such that only a small number of service carrier
frequencies are contained in a single measurement range
in order to reduce the number of cell search operations
in the later processing.

20 Subsequently, at step S74, it 1is determined
whether 1 > I or not. TIf not, then the received power
measuring section carries out received power
measurement (electric field power measurement) at a
center frequency fm' at step S75. It is determined at

25 step 576 whether Pm* > ég) holds in the result of

measurement or not. If a measurement result exhibiting
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Pm* > P, 1s obtained, then the frequency 1limiting

section limits the service carrier seeking range to the

measurement bandwidth where Pm* > P.,. Namely, at step

S77, the service carrier cell search range kept in the

5 storage section is limited to fm'® - Wc/2 < f < fm' +

We/2. If Pm* > Pyn, then the flow returns to step $73,

and a received power 1is measured at the next
measurement frequency.

Subsequently, the cell search executing section

10 executes cell searches for the service <carrier

frequencies (whose number 1s assumed to be K) kept in

the storage section and included in the measurement

band limited at step S77. Namely, the controller

selects carriers holding frequency information while

15 falling within the above-mentioned range at step S78,

sets k = 0 at step S79, sets k = 1 at step S80, and

then carries out a cell search at fm* at step S81. If

no notice information is received at step S82, then it

is determined whether k = K holds or not at step S83.

20 If not, then k is incremented by 1 at step S80, and the

cell search at 581 is carried out. At the time when

the mobile station apparatus acquires necessary

information at step S82, it stops the carrier search

and cell search operations, thereby shifting to an in-

25 zone égandby state at ste§ S84, which terminates the

processing.
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obtained as a result of measurement 1in all the
frequencies set until the 1initial step S76, carrier
searches are executed for frequency bands other than

5 those in which received powers have been measured so
far, in order to detect unknown service carriers whose
frequency information is not kept by the mobile station
apparatus. Namely, at step S85, a carrier search is
carried out for a band in which no received power has

10 been measured. If no notice information is received at
step S86, then it is determined out of zone at step S87,
whereby the processing 1is terminated. If notice
information is received at step S$86, then the apparatus
shifts to an in-zone standby state at step S84, thereby

15 terminating the processing.

While using the same basic constituents as those
of the first embodiment, the mobile station apparatus
of the third embodiment keeps frequency information of
carriers from which services can be received in its

20 storage section, and carries out carrier searches by
using this information, thus being able to cut down the
number of frequencies to be measured as compared with
the first embodiment.

Fourth Embodiment

25 Fig. 11 is a view for explaining how to set

received power measurement frequencies and measurement
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5 of carrier search procedure, while assuming a case
where a carrier used by a provider with which the
mobile station apparatus has no roaming contract is
detected as a result of a carrier search or a case
where standby is rejected even though it is a carrier
10 of a contracted provider.

In such a case, a carrier search is conducted
again in order to detect a service carrier allowing
standby used by a contracted provider or roaming-
contracted provider of the mobile station apparatus.

15 Here, the controller keeps frequency information of

detected carriers, such as fc" and fc"'!

shown in Fig.

11, and frequency information of other <carriers

obtained from the notice information of the former

carriers in the storage section, and excludes the

20 frequency bands occupied by these carriers from the
range subjected to carrier searches.

Employing such a method of the fourth embodiment

can efficiently detect service <carriers allowing

standby in the case where carriers not allowing standby

25 are dé%écted.

Fifth Embodiment
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measuring methods in first and second stages of the
carrier search procedure in accordance with a £fifth
embodiment of the present invention.

5 When the received power measuring section
measures a received power, the received electric field
in the mobile station apparatus constantly fluctuates
and is unstable under the influence of multipath fading
and the like. As a consequence, for carrying out in-

10 zone/out~of-zone determination according to the
received Dpower, correct determination cannot  be
effected unless averaging of time is carried out to a
certain extent. While measurement results are known
to become more accurate as the averaging time is longer

15 in this kind of measurement in general, the accuracy in

measurement is assumed to increase when averaging is

carried out for individual measuring operations at

1+1 1+2

frequencies fm', fm'"*, and fm at intervals even if
the measurement time is held constant as shown in Fig.
20 12.

In the fifth embodiment, as shown in Fig. 11,
several received power measuring operations are carried
out with time intervals for the measurement at the
frequency fm' as shown in Fig. 11, and all of them are

25 averaééd. During the intervals of the ?fequency

measuring operations, measuring operations at other
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measurement (electric field intensity measurement)

estimates frequencies where there is a possibility of
carriers existing, the present invention can carry out
efficient service carrier detection and out-of-zone
10 measurement while omitting unnecessary cell searches,
and greatly cut down the power consumption required for
reverse—-spreading in the cell search procedure, which
can elongate the standby time of the mobile station

apparatus.
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2. A mobile station apparatus according to

claim 1, wherein said control means selects a plurality
of frequencies from within a frequency band where said
20 carrier 1is assumed to exist, said measuring means
measures a received power with a given bandwidth for
each of said selected frequencies, and said limiting
means limits said frequency range for seeking said
carrier to the vicinity of a frequency where said

25 measured received power exceeds a predetermined

threshold.
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4, A mobile station apparatus according to one
of claims 1 to 3, wherein said control means chooses as
10 a candidate for said carrier a received signal
frequency exceeding a predetermined power from within
said frequency range limited by said limiting means.
5. A mobile station apparatus according to one
of claims 1 to 3, wherein said control means chooses as
15 candidates for said carrier a plurality of adjacent
received signal frequencies exceeding a predetermined
power from within said frequency range limited by said
limiting means.
6. A mobile station apparatus according to one
20 of claims 1 to 5, wherein, when notice information is
received wupon a cell search for a plurality of
frequencies chosen as said candidates, said search
means defines a received frequency thereof as a
frequency of saild carrier, while no cell search is

25 carried out for the other candidate frequencies.

7. A mobile station apparatus according to one
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out a plurality of received power measuring operations
with a given time interval for each frequency when

10 measuring a received power, averages thus measured
results for each frequency, and employs thus obtained
average for each frequency as a measurement result at
said frequency.

9. A mobile station apparatus according to

15 claim 8, wherein, during an interval of received power
measuring cperations for one frequency, said measuring
means measures a received power for another frequency.

10. A mobile station apparatus according to one
of claims 1 to 9, wherein, while in a state where the

20 existence of at least one said carrier is wverified,
said control means excludes the whole frequency band
occupied by said verified carrier from a search range
when detecting another carrier.

11. A mobile communication system comprising

25 the mégile station apparatﬁé according to one of claims

1 to 10, and a base station apparatus for carrying out
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a limiting step of limiting a frequency range for
10 seeking said carrier according to said received power
measured in said measuring step;

a control step of choosing a plurality of
frequencies 1in said frequency range limited by said
limiting step as candidates for said carrier; and

15 a search step of carrying out a cell search for a
plurality of frequencies chosen as said candidates in
said control step so as to detect said carrier.

13. A carrier detecting method according to
claim 12, wherein said control step selects a plurality

20 of frequencies from within a frequency band where said
carrier 1s assumed to exist, said measuring step
measures a received power with a given bandwidth for
each of said selected frequencies, and said limiting
step 1limits said frequency range for seeking said

25 carriéf- to the wvicinity of a frequency wﬁZ}e said

measured received ©power exceeds a predetermined
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threshold.

14. A carrier detecting method according to
claim 13, wherein, when said received power measured in
said measuring step does not exceed a predetermined

5 threshold, so that said limiting step fails to limit
said frequency range, said control step selects another
frequency, and said measuring step measures a received
power with a given bandwidth for each of said selected
frequencies.

10 15. A carrier detecting method according to one
of claims 12 to 14, wherein said control step chooses
as a candidate for said carrier a received signal
frequency exceeding a predetermined power from within
said frequency range limited by said limiting step.

15 1l6. A carrier detecting method according to one
of claims 12 to 14, wherein said control step chooses
as candidates for said carrier a plurality of adjacent
received signal frequencies exceeding a predetermined
power from within said frequency range limited by said

20 limiting step.

17. A carrier detecting method according to one
of claims 12 to 16, wherein, when notice information is
received upon a cell search for a plurality of
frequencies chosen as said candidates, said search step

25 definé;_a received frequenéy thereof as a freéﬁéncy of

said carrier, while no cell search 1s carried out for
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the other candidate frequencies.

18. A carrier detecting method according to one
of claims 12 to 17, wherein, when the received power
measured in said measuring step is not higher than a
predetermined threshold, said control step determines
that said mobile station apparatus is located out of a
zone.

19, A carrier detecting method according to one
of claims 12 to 18, wherein said measuring step carries
out a plurality of received power measuring operations
with a given time interval for each frequency when
measuring a received power, averadges thus measured
results for each frequency, and employs thus obtained
average for each frequency as a measurement result at
said frequency.

20. A carrier detecting method according to
claim 19, wherein, during an interval of received power
measuring operations for one frequency, said measuring
step measures a received power for another frequency.

21. A carrier detecting method according to one
of claims 12 to 20, wherein, while in a state where the
existence of at least one said carrier is verified,
said control step excludes the whole frequency band

occupied by said verified carrier from a search range

when défecting another carrier.
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