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Mobi | e Communi cation System and Carrier Detecting Method BACK

THE INVENTION 5 Field of the Invention In a nobile comunication sygpgigiso-oo
enpl oying a COMA (Code Division Miltiple Access) scheme, the present
invention relates to a nobile station apparatus for carrying out a service
carrier detecting process and an 10 out-of-zone determ ning process in the
nobi | e station apparatus, a nobile comunication system and a carrier
detecting net AGALERGFallEE BATEYTAOND Art In a nmobile comunication system
using a COMA 15 scheme, it is necessary for a nobile station apparatus to
enabl e communMeiilens twittilona Appse astiat i Mobiinec Bathgeniektibea cpsteng cell

imedi ately after being energized or noved, in order to obtain information
required for afHeCasbiles deieictingpMartabds to shift to an in-zone 20

standby state fromthe notice information transmtted by a service

carrier. For BASKGRAYNEoRIUAHEaINYRYTWONh the base station, the nobile

station apparatus establishes synchronization with the base station, and
specifges a sEL8af| phgthadéngenthenchannel through 25 which the base

station transmts the notice information. Such a series of operations

carried out by the f®bf|Bokilegcomminpodtion 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 mobile 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




FP02- 0180- 00 station apparatus are referred to as cell search in g@reAll 200
Qperations of a cell search will now be explained in brief. First, spread
spectrum signals are received 5 at a frequency of the service carrigpo2-87§o-00
a signal having traveled a specific channel (PSCH) anong thus received
spread spectrumsignals is fed into a matched filter, whereby a sl ot
timng is detected. Subsequently, using thus detected slot timng and a 10
specific channel (S.SCH), a franme timng and a scranbling code group are
speci fied. Usiskgtikins apgeaeatls ngreode: Hroepd anhd aspeeillli csehedelin
(CPICH), a scranbling code is specified. Further, a signal having

travel ed a sp8éneirelechannel (BCCH) is subjected to 15 reverse-spreading by
use of the specified scranbling 20 code, whereby cell-specific information
reported to all thePgbBBEienst afi ancappasaanshwiwihlnnblebeekkpilainadquired.
According to this information, the nobile station apparatus shifts to the

i n-zone standb} dried- | Ficsdes abhiwasl mrdatfomesigmlanabe aeqeived, no
scranbli ng code can _be specified, or no synchronization can be detected
after CarryinBtodt AreBNFRSYofolcethe seawdkeopeantiomns, anbe aobibsadt ation

appar at us turgs .back the cell searchfprocedure to the slot timng 25
detection, ang@Vhb8r RGAEHed RePRcd fdcsefharnet (BEEHAt iwmnainthiist he

information is acquired upog 2 2 8 AUG 2003 .
received spread spectrum signals is fed into a matched

filter, whereby a slot timing is detected.
Subsequently, 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) is 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 c¢ell search procedure to the slot timing
25 detection, and intermittently repeats a series of

operations until the information is acquired upon




FP02-0180-00 reverse-spreading. If it is determned that the frequengwg 200
subjected to the cell search differs fromthe frequency at which the base
station transmts a signal, a cell search will be carried out at anggd»nH180-00
frequency. 5 Here, the nobile station apparatus will be in an out- of-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 nmust 10 be specified before
carryi ng out aevekksessprehdimbi.s opéfatibn Df tHetewhihedstahk@n appar at us
for specifying the frequency of a service carrier is referred to as
carri er sear chrepnegenvenbienskdnbbi ktbecoriinseatchndsystess fram uakng CDVA
schemes, nobile station apparatus have detected service carriers by
executing cel Ersgueehesagt whach the bregqueheiésnwhearsnmatsi er sigpetifi ed by
the systens can be set. Meanwhile, the specification of FDD scheme 20
proposed by a2gfedp RAeRAhawidtPbe(B8rdurtederuti eh aPathaer §heguPnoject)
requirgs that_ frequenci es capable of setting carriers be arranged at
frequeRcy i nt BeYars thef mduileHzs et hom aprbandbitdt Widl 6@ Mz éoroeaeh of
uplinks and downlinks. Therefore, when one wi shes to 25 use a roan ng
servi ce abroa8frfeReandtabe pleriner when iofemadian wfy thee hase
considerable tine to detect a 3 2 8 AUG 2003 FP02-0180- 00
station cannot be acquired upon reverse-spreading.
When the frequency of a service carrier has not
been specified in the mobile station apparatus, it must
10 be specified before carrying out a cell search. This
operation of 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




service carrier used by this provider, and the power consunption reguAGEH))
for a cell search may becone enornous. |If roam ng services between
providers are limted 5 while the nunber of kinds of carrier frequep@izsigo-go
at which the nobile station apparatus can receive the services is very
smal | as have been heretofore, cell searches nmay be carried out
sequentially at these service carrier frequencies kept beforehand in a 10
storage device of the nobile station apparatus without carrying out

carrier searclhégvileepagairidmaryssd &y ttthislebeovideryi ecaiatlié epsweBUMVARY
OF THE | NVENTI ON However, as roam ng contracts between providers 15

i ncl udi ng i nt éeRgIN@Tdlon oapngredcer éase al arml Wi tdeatreeh  glagbabecome

st andardi zati on of nobile comruni cation systens, the nobile station
appar at us nusenp@@eug.very large quantity of frequency information of
service carriers wthin its storage device in the conventional carrier 20
det ecting nethods, $& trhRamipdr FgrHgceat betWeeseprohiederenarbylamétied t hese
frequenci es eventually takes nuch tinme and power consunption, which is not
effici 8nt. Thehddpl ke ahebegaraf edinds byf aceonient i Drnequemmisd east ati on
appar atus have_been executed 25 sequentially at all the frequencies
capabl e of setbify chiei aididlsecistipédorn apeasysiemcatherefosrioe t hbee are 4

2 8 AUG 2003 FP02-0180-00 cases where a consi derabl e nunber of cel
searches are Services 1s very small as have been heretofore, cell

searches may be carried out sequentially at these
service carrier frequencies kept Dbeforehand in a

10 storage device of the mobile station apparatus without
carrying out carrier searches in particular, so as to
detect service carriers.

SUMMARY OF THE INVENTION

However, as roaming 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



necessary until a service carrier is detected or until an O“t'Of'Z°§§ﬁyENM
determnation is carried out, which takes a considerable tinme for shifting

to an in-zone 5 standby state. Al so, as explained above, the power Fp02-0180-00
consuned by the reverse-spreading executed in a cell search operation is
relatively large. In particular, the power consunption required for
activating a matched 10 filter in the procedure of detecting the sl ot

timng 15 takes a |l arge proportion. Hence, the power consunption increases

as cell searckeasesr @hegpeat ethnsidetabiey nigiost enf t beltosthpehes atrandby

time of the nobile station apparatus. In view of such points, it is an

obj ect of thenegeesenty inkddt i2orsany ipreovialer kemobs | deséatednoappartdtlus, a
nobi | e conmuni cation system and a carrier detecting nmethod which can
efficiently capryocghtoéaEpher deberhisatign abss t aaghdrdaden oilte t whe chequi r ed
for detecting a 20 service carrier, and reduce the nunber of unnecessary

cel | search op@Kgfi chscorsiderableut idewtatheshafibingcdios wampt iorzonker eby

el ongat.i ng the continuous standby tinme. For overconm ng the above-nentioned
proble%l t he SHBNHBK FEasLati on apparatus of the present invention is a

nmobi l e station apparatus for detecting a carrier 5 2 8 AUG 7003

FP02- 0180- 00 cont ai AtAg-i ﬁﬁor@fﬁ%k@ﬁlﬁfgc@%@aﬁey toe Pdnse corswmed by

the reverse-spreading executed in a cell search
operation 1is relatively large. In particular, the
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 continuocus standby
time.
For overcoming the above-mentioned problem, the
25 mobile station apparatus of the present invention is a

mobile station apparatus for detecting a carrier




apparatus enploying a CDVA schene to shift to an in- zone standby stgmiagg 2003
the nobile station apparatus conprising neasuring neans for neasuring a
received 5 power; limting means for limting a frequency range foIFP02-0180-00
seeking the carrier according to the neasured received power; control
means for choosing a plurality of frequencies in the Iimted frequency
range as candidates for the carrier; and search neans for 10 carrying out
a cell search for a plurality of frequencies chosen as the candi dates so
as to detect ctheataingerinfiormdtioromnkicggtatiyonfosi ncebaseel stseasgh 1S
carried out after a frequency at which a carrier may 15 exist is estinmated
accordi ng to &pearetesvedpjowengneastpéhestheakedia i shffel doi Hrensmty
nmeasurenent), efficient carrier detection and out-of-zone neasurenent can
be carried outomhi | etemibyi ngtateecesSer y rodille sesrathicsy amppihetponer
consunption required for 20 reverse-spreading in the cell search procedure
can greatl|y dempuisiogn megddswhimganmebasgafer t heashanidhy at i necefvéde
nobi |l e station apparatus. Preferably, in the nobile station apparatus of
the present iPweat}odimifténgormeats mans lsigligirey aa 25 epiuemnalyl t yamde
frequencies fromw thin a frequency band where the carrier is assuned to
exi st, the nmeb@uriseelslXBANED 03 FEREZR 0180 cOTdipgns tareatheesmaaseced ved
power with a given bandwidth for each of the selected frequencies, and the
limting received power; control means for choosing a plurality

of frequencies in the 1limited frequency range as

candidates for the carrier; and search means for

10 carrying out a cell search for a plurality of
frequencies chosen as the candidates so as to detect

the carrier.
In this configuration, since a cell search is
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 frequency band

where the carrier is assumed to exist, the measuring



means limits the frequency range for seeking the carrier to the vic] hid 2003
| of a frequency where the 5 neasured received power exceeds a predeterm ned

threshold. In this configuration, since a received power is neasurgposlyiro-00

a given bandwi dth for each of a plurality of frequencies selected from
within a frequency band 10 where the carrier is assuned to exist, whereas
the frequency range for seeking the carrier is limted to a frequency

where thus neasured recei ved power exceeds a predeterm ned threshold,

accurate carrineansemkbsgrefr aqueney vieahgowean wieidef | gegemhbhgdauiithng down

an

the 15 neasuring process. Preferably, in the nobile station apparatus of

the present ifeeneach, ofhemet e lneasd el s@oricdies , powel tliloesinotigyceed a

predeterm ned threshold, so that the limting neans fails to limt the
frequency rangeanshel2fitenttbé nEaagusetectsanget hesrfregeensy, ehnd the

measuring means neasures a received power with a given bandw dth for each

of the sel ectedrfiequebhei eshe Thiixigdnfy gwfat monfeaqukhaist wherér egrency
range for seeking the carrier so that no carrier is left 25 undetected

fromtfe fregoeasyrednd Wamigache pawerer éxceedsumad tpredésérminds
AUR003 FPO2-0180-00 Preferably, in the nobile station apparatus of
present inventhbashehd. control means chooses as a candidate for the
carrier a received signal frequency

In this configuration, since a received power is
measured with a given bandwidth for each of a plurality
of frequencies selected from within a frequency band

10 where the carrier is 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 carrier is

assumed to exist.

t he



exceeding a predeterm ned power fromwthin the 5 frequency range

by the limting neans. 10 In this configuration, since a received si%mng%M3
frequency exceeding a predetern ned power is enployed as a canqldanqﬁpﬁlmyoo
the carrier, a candidate for the carrier can be chosen appropriately.
Preferably, in the nobile station apparatus of the present invention, the
control nmeans chooses as candidates for the carrier a plurality of
adj acent received signal frequencies exceeding a predeterm ned power from
within the frequencyresiegebly i tied byet heblide i st gn rdthd hbs
configuration, since the received power near a carrier frequency exhibits
a certain | evehe aresenti emwartdicist etleanceht 6l enbbshetapired efsi § sone
adj acent received signal frequencies exceeding a 20 predeterm ned power are
enpl oyed as caandildets ffor titee carrier. aPreleriskldy,sighdherpplibgcgt ation
apparatus of the present invention, when notice information is received
upon a cell seaceddiong aapl wrdddbendiiad f reoguenci €soahoseint@sn t hehe
candi dates, the search neans defines a received frequency thereof as a
frequeficy of Breg8emtyGr2808 FR02t 8486y 0bht heimatingrmeahsl e no cell search
is carried out for the other candidate frequencies. In this configuration,
efficient carrier In this configuration, since a received signal
frequency exceeding a predetermined power is employed
as a candidate for the carrier, a candidate for the
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 search means

defines a received frequency thereof as a frequency of



detection and out-of-zone neasurenent can be carried out while om t2#§nghagnd
greater nunber of unnecessary cell 10 searches, and the power consunption
required for reverse-spreading in the cell search procedure can QrEFR-g180-00
be cut down, which can elongate the standby tine of the nobile station
apparatus. Preferably, in the nobile station apparatus of the present
i nvention, when the received power neasured by the neasuring neans is not
hi gher than a predetermned threshold, the control neans determnes that
t he nobil e stBbhforagpimrat ushike | ncatced lowteafcla 15 rameieln di sfor
configuration, the fact that the nobile station apparatus is |located
outsi de a wirehesgthepverndédatealveguehatesst ati on apparatus can be
recogni zed instantly, whereby it does not take tine to 20 recognize an
out - of - zone state, i chthas 25 comhigmtiadriain,y t akfefi¢iemet andcancieased the
power consunption. In other words, the power consunption can be cut down,
wher eby the sfahkepliennanst ene-abbroee Seasiveerendar aaus beancher éédngat ed.
Prefergbly, in the nobile station apparatus of the present invention, the
nmeasur Png mea®idt cpt i esoBitt dng saurpeate FRyEnpa Boc HouRnptasanryycetl
recei ved power neasuring operations with a given time interval for each
frequency whePe#B8R®Fi ngand 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.
10 Preferably, in the mobile station apparatus of
the present invention, when the received power measured
by the measuring means is 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




a received power, averages thus nmeasured results for each frequencyyg apg )
enpl oys thus obtained average for 5 each frequency as a neasurenent result

at the frequency. This configuration nakes it possible to nmeasure FP02-0180-00
recei ved power while effectively reducing the influence of fluctuations iIn
recei ved power caused by nultipath fading and the |ike. 10 Preferably, in
this case, during an interval of received power neasuring operations for

one frequency, the nmeasuring neans neasures a received power for another

frequency. ThasptanhlgtyabfoneeaiveAopbesr ti€ashFend Obpe 18t IBASULI PR the
recei ved power while effectively reducing the influence of fluctuations in

recei ved powea gausmdtihy intéipal hfbadéagh antedhentykehefr RESEAPINg i N the
nobil e station apparatus of the present invention, while in a state where

the 20 existencecefivad |pawér onaveatykeer tifuyenbhbgdedt HR AU OFopeaNS
excl udes the whol e frequency band occupied by the verified carrier froma

search range eabkn fdetyjeehicng amﬁfkmprﬁygienuslﬂbtéiﬁédMH¥é2é§e|§@§t one
carrier frequency 25 recognized by the nobile station apparatus is a

servi c®@ carréachofregothey @soyidessupedenterdsker at ke 1frdqaedtis 2003
FP02-0180- 00 necessary to seek another carrier. In such cases, the whole
frequency band occupiesl dynfheuwaridn edhloss riterpodsilekel tislane f @2 ag sear ch
range in the configuration
received power while effectively reducing the influence
of fluctuations in received power caused by multipath
fading and the like.
10 Preferably, in this case, during an interval of
received power measuring operations for one frequency,
the measuring means measures a received power for |
another frequency.
This configuration c¢an 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



menti oned above, whereby another carrier can be sought 5 rapidly. Faqr
overcom ng the above-nentioned problem the nobile comrunication sygﬁ%ﬁU%ima

the present invention

conprises one of the nobile station apparatUsgpgs.9180-00

menti oned above, and a base station apparatus for carrying out a 10
Wi rel ess conmmuni cation with the nobile station apparatus. This

configuration can attain an effect simlar

For overcomi ng the above-nmentioned problem the 15 carrier detecting
met hod of thenpresentryi teenddn difotthe€acaiefedet ent i 88cethgdsf Ok ne

detecting in a nobile

to that of any of the above.

station apparatus a carrier containing information

necessary for wacBasef sdqidmny apped abdsupipdoyynotiae COMA £ selemriqeshift to

an in-zone standby state, the nethod 20 conprising a neasuring step of

measuring a reéseiesedludmirefrom ki iddmgh skepgef iln nthé ngoarf paGHEAEY range

for seeking the carrier according to the received power

neasured in the

nmeasuring st ependiocoetr abostegp wiferethyocaisither ptawelét yeoh heeguagsies in
the frequency 25 range limted by the limting step as candi dates for
carri e and aapédigh step of carrying out a cell 11 28 AU62003
FP02-0180-00 search for a plurality of frequencies chosen as the
candi dates in the | Fartionpstaapngo biset @bdetecetterttiencdarpraslerhn thies
met hod, since a cell search is carried

10

15

20

25

mobile communication system of the present invention
comprises one of the mobile station apparatus mentioned
above, and a base station apparatus for carrying out a
wireless communication with the mobile station
apparatus.

This configuration can attain an effect similar
to that of any of the above.

For overcoming the above-mentioned problem, the
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 CLDMA
scheme to shift to an in-zone standby state, the method
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
range limited by the limiting step as candidates for

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

11

t he



5 out after a frequency at which a carrier may exist is estimted

according to the recei ved power nmeasurement (electric field intensity?8 AUG 2003
nmeasurenent), efficient carrier detection and out-of-zone neasuren&& C

be carried out while omtting unnecessary cell searches, 10 and th b&vﬁihmoo
consunption required for reverse- spreading in the cell search procedure

can greatly be cut down, which can elongate the standby tinme of the

nobi |l e station apparatus. Preferably, in the carrier detecting nmethod of

15 th | QN ' hyLah:
the presentelpugntdgn, 4t %u&%ﬁH&gLaﬁﬁeQﬁﬁgﬁg%%ﬁe% ghgégnzgxﬁggﬁﬁEd to

frequencies fromwthin a frequency e carr

exi st, the neaghgi H9ceSt 8p MBRASURES i@ 1 LECEL L1 h i yen_bandw dt h
for each of the se ec?ed 9kequenc?e§?lé§d%?%§gl?%??#%Skéoc%¥é6¥ii%??s t he
frequency rangg.-fpkseeking the carrier to the vicinity of a frequency

where the nmeasured received power exceeds a predeterm ned threshold. In

this nethod, since ﬁnr%QQEVQQﬂﬂR%ﬁr,E§nc59%$%&§g#“@EQrEPghﬁgnc ppgyg dth for
| ecte romw n

each of a plurality 25 of frequencies selec hi'n a”frequency

band where the €apkigr isS ﬁ%ﬁ#ﬂ&a@yt 0y €51 ch WRE LGRS jLhe nﬂal%,m??gdﬁ%’?gm?’

FP02- 0180- 00 frequency range for seeking the carrier Is (
frequency whegerihsSedeasbedingCaiy eh POVREe¥eReduir %&Q%&?gﬂ%ﬂ{?d g
e define

threshol d, an accurate carrier Seeking frequency range can
while cutting(goywecihe FiRASUMiMGeREPERSSmeasurement), 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 invention, the control step selects a
plurality of frequencies from within a frequency band
where the carrier is 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 vicinity of a frequency where the measured

received power exceeds a predetermined threshold.
In this method, since a received power is
measured with a given bandwidth for each of a plurality
25 of frequencies selected from within a frequency band

where the carrier is assumed to exist, whereas the

12



Preferably, in the carrier detecting nmethod of the present inventiP@ﬁU@@@@
the received power neasured in the neasuring step does not exceed a
predeterm ned threshold, so that the limting step fails to limt %@%2&%8000
frequency range, the control step selects another frequency, and the
measuring step neasures a received power with a given bandw dth for each

of the selected frequencies. This nethod can limt the frequency range for

15 seeking the carrier so that no carrier is left undetected fromthe

frequency banﬂr%@éﬁc%hﬂaﬁ?é rEgF ééek?ﬁ?uﬂ%j Eorexdstis FTalerably, in the
carrier detecting method o the present invention, the control step

chooses as a fPéqeanel dRheréothhiBencakiirel &ocRG%euepoidnalxddfpuency
exceeding a predeterm ned power fromw thin the frequency range limted by

the liniting stefetéimiféd MRirkethols,NCenA dRGHIMAD shaprakf reduenc
exceeding a predeterm ned power is enployed as a 25 candidate for the

carrier, a cafukqiadecyOrahje ean’ iy dERMEE WhOBENcarRLisR ihel Yehd3 2 8 A
| J 2003 FP0O2-0180-00 Preferably, in the carrier detecting nethod of the

presend inveméaayrimhe sonteod. step selects a plurality of adjacent
recei ved signals exceeding a predeterm ned power fromw thin the frequency
range 5 linited byptdeddiy, ngnstiepe bartrhes nbithatkisd ngethba reeei ved
power near a
the present invention, when the received power measured
in the measuring step does not exceed a predetermined
threshold, so that the limiting step fails to limit the
10 frequency range, the control step selects another
frequency, and the measuring step measures a received
power with a given bandwidth for each of the selected
frequencies.
This method can 1limit the frequency range for
15 seeking ‘the carrier so that no carrier is 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




carrier frequency exhibits a certain level, a carrier candidate canyg ans 0
efficiently be selected if sone adjacent received signal frequencies
exceeding a predeterm ned 10 power are enployed as candi dates for tﬂﬁbz4nso-
carrier. Preferably, in the carrier detecting nethod of the present

i nvention, when notice information is received 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 the carrier, while

no cell search is careiefauy, fan the ethen canglhdate;hhequangi£soe! N this

net hod, efficient carrier detection and out-of-zone measurenent can be

carried out whhke %J?Qs@:ﬁfittiﬁkger?cjgfr?,at &hduner 8 uapepessaikceel la
searches, 25 and the power consunption required for reverse- spreading in

the cell seargiupadeedurer CaH@at ¥ iR eiGlld dQWgnaMi Chxeanqghgnagt e the
standby tine of the nobile station apparatus. Préferably, in thé carrier

det ecting metppddeterhiifedr asaidr | Byent | @DchenHde rraeRicned PPYURLe
measured 14 28 AU®XR2003 FP02-0180-00 in the nmeasuring step i s not higher
than a5 predetenptag@doiyhteshoigitihg seaprol step determnes that the
nobil e station apparatus is |ocated out of a =zone. 5 In this nethod, the
fact that the nobilensthicometaREr afitscd SthOCakedi QS ifdted Wid £} €8S
coverage area

carrier frequency exhibits a certain level, a carrier

00

candidate can efficiently be selected if some adjacent
received signal frequencies exceeding a predetermined
10 power are employed as candidates for the carrier.
Preferably, in the carrier detecting method of
the present invention, when notice information is
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 Preferably, in the carrier detecting method of

the present invention, when the received power measured

14



of a base station apparatus can be recognized instantly, whereby it2 8ddé 2003
not take tinme to recognize an out-of- zone state, which has conventionally

taken tinme and 10 increased the power consunption. In other words, ﬁh@zﬁ%§000

power consunption can be cut down, whereby the standby tine of the nobi
station apparatus can be elongated. Preferably, in the carrier detecting
nmet hod of the present invention, the nmeasuring step carries out a 15
plurality of received power neasuring operations with a given tine interval

for each frequencytiwhenmaBasuihgg astd@ceiived powver hi Ageshispus geasured
results for each frequency, and enploys thus obtai ned average for each

frequency as pre@asareired reswshodld,t hentr espreneyl 2@ephi Seethogegukes it
possi ble to neasure a received power while effectively reducing the

i nfluence oftfiatcthat mohd lien gteadiore dapeaes teaused1byamelt ipat ho £ f adi ng
and the like. Preferably, in this case, during an interval of 25 received
power neasuringneperations for one frequency, the neasuring step neasures
a received power for 7715 2 8 AUG 2003 FPQZ-0180-00 anot her frequency. This
met hod5can shorten Imethisemébhodeashei fgctt ldhateddiev exbipioler s bt 1 en
effectively reducing the influence of fluctuations in received power
caused by 5 Iapparpbnd fiadilogaded tdetdide. aPwafredallsy ,cavertdye careaer
detecting nethod of the present invention, while in a state where the
of a base station apparatus can be recognized instantly,
whereby it does not take time to recognize an out-of-
zone state, which has conventionally taken time and
10 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.
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



exi stence of at |east one carrier is verified, the control step exczgqﬂm 00
t he whol e frequency band occupied 10 by the verified carrier froma earc#
range when detecting another carrier. In cases where at |east one q%%&jggyyoo

frequency recognized by the nobile station apparatus is a service ‘cafr
of another provider, and the like, it is 15 necessary to seek another
carrier. In such cases, the whole frequency band occupied by the verified
carrier is excluded froma search range in the configuration nentioned
above, wherebyngaRthetreghth8y. can be sought rapidly. 20 The present
invention will be nore fully ~“understood fromthe detail ed description

gi ven hereinbel ow figst B tAceorRanysAgrdpawitIgs Whheh e Qhyeh- by way of
illustration only, and thus are not to be considered as limting t%e

present inventhen. rase BRLEF | Rt ONs OF fHE- ORAW NGS, EiFei gl StRe bl ock
di agram show ng the 16 28AU&XR003 FPO2-0180-00 configuration of "a nobile

station appar ghESubfice aegordanatiadildhd hen f Hesti eghodionmat ofudde pyesent
invention. Fig. 2 is a flowhart showi ng the procedure of 5 carrier search

operatbons i nmateopdenceadihy dhe fheslikenbodiment. Fig. 3 is a view for
expl ai ni ng recei ved power neasurenent frequencies and neasurenent
bandw dt hs Preferably, in the carrier detecting method of
the present invention, while in a state where the
existence of at least one carrier is verified, the
control step excludes the whole frequency band occupied
10 by the wverified carrier from a search range when
detecting another carrier.
In cases where at least one carrier frequency
recognized by the mobile station apparatus is a service
carrier of another provider, and the 1like, it is

15 necessary to seek another carrier. 1In such cases, the

whole frequency band occupied by the verified carrier

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 BERIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a block diagram showing the

is excluded from a search range in the configuration

16
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assuned in the first stage of the carrier search 10 procedure in 28 AUS 2003
accordance with the first enbodinent. Fig. 4 is a view for explaining how
tolimt a service carrier seeking range in the first stage of the 02-0180-00
carrier search procedure in accordance with the first enbodinent. f? Eﬂ%. )
51is a view for explaining an exanple of how to sel ect candi dates

frequenci es which becone service carrier in the second stage of the carrier
search procedure in accordance with the first enbodi nent. Fig 6is a

fl owchart forcsﬁpi@ueaegoﬁheoéo BT OGRAUNG Of SERELLRT S ﬂﬁ,ﬂai HONS
carried out by thé nobile station apparatus I n accordan e wth the second

enbodi nent  of 3¢86rBEREENtWiIHN EPhEONE] Ft0. edbbAifelteVsf Oﬁ:h@mﬂaﬁééléﬂe
received power neasurement frequencies and neasurement bandw dt hs

assuned in thentérstontage of the carrier search procedure in accordance
with the second enbodi ment. 17 2 8 AUG 2003 FP02-0180-00 5 Fig. 8 is a view

for explaining how kpglimtisfd aSeNeR G rildwseekine g dutrd hgefirst
stage of the <carrier search procedure in accordance with the second
enbodi fent. FRt@rrPetrssaatbhweparhtiohsexpl alddoidad® with the first
embodiment.
Fig., 3 is a view for explaining received power ‘
measurement fregquencies and measurement bandwidths
assumed in the first stage of the carrier search
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 assumed in the first stage of the carrier search

procedure in accordance with the second embodiment.

17
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procedure of carrier search operations carried out by the nobile St?%iEUEZNH
apparatus in accordance with the third enbodi nent of the present

i nventi on.

Fig. 10 is a view for explaining howto set 10 received

measur enent frequenci es and nmeasurenent bandwidths in the first st
the carrier search procedure in accordance with the third enbodi nent. Fig.
11 is a view for explaining howto set received power neasurenent

frequenci es and nmeasurenent 15 bandwidths in the first stage of the

carri et sear o procedbir e §.s3cp op iapogobi e iy oenbediment of

present invention. FIg. 12 is a view

% pU79180-00

or explalining received power

enbodi nent o esent

t he

Teasur | ng e ogs: & Aberlds SlofthSeege Sha08s of LE o P0,6A 1 A, sear oh

procedure in accordance with the fi

i nvention. DESCRFT O OF -1 Her BREFERRED, ENBODL- MENT 2 m(}&becﬁdeo@&yw,
|1 In W th

enbodi nents of the present T1nvention w be expl ai ne

et al

reference to godifed¥ aW ngs. First Enbodinent 18 2 8 AUG 2303

FP02-0180-00 5 Fig. 1 is a bl ock diagram show ng the
mobi | e5station appargfus &n iaccqy dapc@smihe a Ebgst em%qjx{ﬁf# Oéhlé he
n Fig.

present invention. e nobile station apparatus 10 shown |

10

15

20

25

procedure of carrier search operations carried out by
the mobile station apparatus 1in accordance with the
third embodiment of the present invention.

Fig. 10 is a view for explaining how to set
received power measurement frequencies and measurement
bandwidths in the first stage of the carrier search
procedure in accordance with the third embodiment.

Fig. 11 is a view for explaining how to set
received power measurement frequencies and measurement
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
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
the drawings.

First Embodiment

18
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conprises an antenna 12, a receiving section 14, a received power 28 AUG 2003
nmeasuring section 16, a cell search executing section 18, a storage

section 20, and a controller 24 including a frequency limting sec%%gaiﬁ%ooo
10 The individual constituents will be explained in detail in the B
foll owi ng. The antenna 12 has a receiving characteristic wth a bandw dth
sufficient for receiving a spread spectrumsignal transmtted froma base
station. The 15 receiving section 14 carries out receiving processes such

as down-converting mng reversegspreading of  $i; S, F ecEhved by
antenna 12. The receﬁged pomersneasuring sectién%%% neagﬁéggggtheﬁﬁgceived

power at a fr&ﬂ@%r@@ﬁo@ me@sureneRl, 2@ band dih whihph rare sdesqgnat ed

by the controller and reports thus neasured value to the controller 24.

The cel | seargdcex@sitd NGysaet i:0n £1§ s¢ar bh8s 9Mknta Sl | tgearghe@int he
frequency designated by the controller 24. 25 The storage section 20 is

used for keepimgentigguency information of a carrier fromwhich the 19 2 8
AUG 2003 FP02-0180-00 5 nobile station apparatus 10 can receive services,

inforn@tion of the Weai esdiedl ec¥hE@obalapRivathiRsul § SsRbwn MBaASUrigent of

recei ved power, and the like tenporarily or eternally depending on the

details of indamprisen. afheanbshnal |61, 24 cests Dl sngactedfidrheiabove-
received power measuring section 16, a cell search
executing section 18, a storage section 20, and a
controller 24 including a frequency limiting section 22.

10 The individual constituents will be explained in detail ;

in the following.

The antenna 12 has a receiving characteristic
with a bandwidth sufficient for receiving a spread
spectrum signal transmitted from a base station. The

15 recelving section 14 carries out receiving processes
such as down-converting and reverse-spreading of
signals received by the antenna 12.

The received power measuring section 16 measures

the reéeived power at a frequency and a measurement
20 bandwidth which are designated by the controller 24,
and reports thus measured value to the controller 24.

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

25 The storage section 20 is used for keeping

frequency information of a carrier from which the
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menti oned sections, whereas the frequency limting section 22 Iinit?HHﬂFzma
range of cell search. The nobile station apparatus 10 is aﬁsurgdbto

conprise all the mechanisnms the nobile station apparatus shou e

eqHPpped with in addition to the constituents nentioned above. H%%@a%}%@{w
of carrier search operations perfornmed by thus configured nDbiIe statlon
apparatus 10 will be explained with reference to the flowhart 15 shown

in Fig. 2. To begin with, the controller 24 sets | rmeasurenent frequencies

at step Si foﬁoB@@ere§€h¥§gn n%*@ér urfgenéaﬁn iggeibrStsg%gggegf

carrier search procedure. i nati ons of hmeasurene

fr equenci es f%@BQmHE%Hréﬁeﬂﬁeb&Qgé‘%ﬁé@S Iy pce cgELeLy neds Wi gevari ous

conbi nati ons of fm and are possi

Teasur ement  hegGHPBRERE BF CrLOSEM Lhar MEASHTEIENE 1 k0! CLYAL, flef | ned by

fm+ - fm We and a neasurenent wi dt h in Fig.

3 wll be exp&glgg h 5 hdi gcat band |ed by a
20 2 8 AUG 2003 FP%E %ﬁg %%Bée?b¥€ebcg$r?e€é2%éﬁéi%? aﬁ%€?§§%§g

i ndi capes the centerndre@meney1eandzfmcdidipat egathe dft *&heﬁeéﬁb”g”e“t
frequency fromthe | owest frequency. Subsequently, 1 = at ste

+ 1 at step heSBioRsd | setbides £r MNede et el 'ffééu@ﬁc?Otlfﬁlﬁiﬁg S4.

If i >1 does not hold in the result, then j =
section 22 limits the range of cell search. The mobile

station apparatus 10 is assumed to comprise all the
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 wvarious 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 explained here.

Here, Wc indicates the bandwidth occupied by a

20




and k =1 at step S5, and thereafter, at step S6, the received power28 AUG 200
measuring section 16 carries out received power neasurenent (electric

field intensity 10 neasurenent) with the neasurenent bandwi dth We f 5&Qﬁ}

. . 80-00
in the neasurenent frequencies set at steps S2 to S5. Upon the measurenent

at step S6, a sufficient neasuring period is provided or several measuring
operations are repeated, and so forth, so as to carry out such 15

averagi ng that influences of fading and the like can be corrected. At

subsequent st&p-3lo tBSrEQ@EVO('éa%fm%‘}r QOAMAS £3:h i NerAeaseRYs rasel t Pm
at the frequency fn1 wth a preset threshold Pth If P is Pth or smaller

as a 20 resuldentdie vat ndy,i S i empted Wdic§€e§teptl§§ £neh

nmeasurenent is carried out at the next frequency fm+1l. If there 1s no

nmeasur enent  ngsadd r SX&eE of Flpd %pfgg@tgﬁénIgwbg{wggggﬂéb W th respect to

t he neasur enent frequen0|es set by the first stage, i.e., 1 >1 at step 25

S4, then the contrdueferdet£r M nes thatstdp isp out ofi £ he gonetad step
S8. Here, nmeasurenent nmay be carried 21 2 8 AUG 2803 FP02- 0180- 00 out again

Wi th ngasurenent inequengisesicheirdnsetl WhetHdrequenciesrdinfdterantsfgm t hose
initially set by the first stage. If the result of conparison at step S7
is Pmi > 5 R4, theniit iIs delsemothathidainather yegalear itheh jex sis near
that frequency. In this case, the carrier frequency and nmeasurenent
frequency seednd okhaile #& step S5, and thereafter, at step 86, the
received power measuring section 16 carries out
received power measurement (electric field intensity
10 measurement) with the measurement bandwidth Wec from fm!
in the measurement frequencies set at steps S2 to S5.
Upon the measurement at step 56, a sufficient measuring
period is provided or several measuring operations are
repeated, and so forth, so as to carry out such
15 averaging that influences of fading and the like can be
corrected.
At subsequent step S$7, the controller 24 compares
the measurement result Pm' at the frequency fm' with a
preset threshold P, If Pm' is P or smaller as a
20 result, the value of i is incremented by 1 at step S3,
and measurement is carried out at the next frequency
f*', If there is no measurement result exceeding the
predetermined threshold with respect to the measurement
frequencies set by the first stage, i.e., 1 > I at step

25 S4, then the controller 24 determines that it is out of

the zone at step S$8. Here, measurement may be carried

21




rel ationship shown in Fig. 4, whereby the range of existence of servi 8eUt 2083
carrier can be set to fm - b<f 10 <fm + W. This is the range between
the respective cases shown in (a) and (b) of Fig. 4. Cbnsequently,F%bz4n8000
subsequent step S9, the frequency limting section 22 limts the sérvice
carrier seeking range (search range) to J frequencies 15 included in the

frequency range of fm - S<f <fm + W, where service carriers nmay
exist. Here, 5is a margin for preventing service carriers frombeing |eft
undetected in e eq and- . I i s pbrQyided because
of the fact t%%? E%Loﬁqt eggebs%%posm I |tgggﬁugg%?%egrgo%fe?%g%?égftgo

undetected in e 4t a qug&pt sdhge; angd; rieh e
posi ti onal refg€§§§%ﬁ?%§sg% %gggtﬁat 0 E e neésu?é%%%? F%Eq3§%c§ m-' of
Fig. 4 (a) mhflgsﬁhgtaggrrier power is weak at a cell end and the like. If

a 25 carrier exists on"the |lower frequency side than the frequency range

menti oned above, itgapybe assUREGE Natnde- 24 AUG 3003 RP02 18 09 5

Pmi -1 > Pth upon neasuring a received power at the frequency fm-1. Here,

"frequgnci es pheretfgnvi ¢€ LA A S e Xictht I af esekoibbeqyepsi €8
capable of setting carriers defined in this system Subsequently as a

second SFage1e§§§ﬂ§1ﬂ@akh@hathﬁreﬁﬂﬁﬂﬁ¥.0fIﬁr@M#ﬁﬂaégéJifﬂéegaﬁﬁﬁéﬁ is J,
the received power neasuring section 16 successively neasures the
frequency and measurement frequency seem to have a
relationship shown in Fig. 4, whereby the range of
existence of service carrier can be set to fm* - & < f
10 < fm' + Wec. This is the range between the respective
cases shown in (a) and (b) of Fig. 4.

Consequently, at subsequent step 59, the
frequency limiting section 22 limits the service
carrier seeking range (search range) to J frequencies

15 included in the frequency range of fm' - 3 < f < fm' +
We, 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 1is a ©possibility of carriers ©being left
undetected in cases where the measurement range and
carrier have a positional relationship such as that of

-l of Fig. 4(a) while the

the measurement frequency fm
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
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respective received powers with respect to the J frequencies in thezla)@rHGmm
of steps S10 to S12, and the 10 results of neasurenent are stored into the
storage section 20. Nanely, at step 510, received power neasurene&%ogﬁnsaoo
carried out with a center frequency fm and the bandwidth W. If j =

does not hold at step 511, then j is increnented by 1 at step 512, 15
nmeasurenent is carried out at step 510, and the result of neasurenent is
stored. At the time when | = J, the flow proceeds to step 513.

Subsequently,p ‘1559pP313ug59? %gggﬁ9khgge%gréggfwﬁit%o%g? NS UL grent

. t
results stored in the Sl% orage sectl ects requencl es

successi vel o] fRavin hi ntd O |, . | oys
yffé’@eésﬁk\.f%igﬁm ving g hi ghest o f8repid on) &ve séﬁ?‘u‘?ﬂo ay

t hem as frequenc become candi dat'es for service carriers.

car rier actually, £/t gt heRithe BN Uegl fbRlaRd aovesppasUrspent

near the center 25 frequéncy of the carrier is assuned to ex it a

certain |levelgodhgrefoieridPL SXAMPIE 11 trhSs dBpéFaRl e 23 28 AUG2003
FP02- 0180- 00 t%at service carrier candidate frequencies be preferentially

chosensfrom frequenfiseiase] § a6l ¥ esbeyeit d RV el a S e eadst afdreshol d
Eth in at least L adjacent nmeasurenent frequencies as shown in Fig. 5, 5

where L is am@mbeOpstatectibfOeEs AImatkhl BBo%kads J,n tHe +oepieddsteps
S14 to S17, the cell search executing section 18 sequentially carries out
cel | searchespdwdrt heaseiringe S&¢ti®f 16 successively measures the
respective received powers with respect to the J
frequencies in the loop of steps S10 to S12, and the
10 results of measurement are stored inte the storage
section 20. Namely, at step S10, received power
measurement is carried out with a center frequency fm’
and the bandwidth We., If j = J does not hold at step
S11, then Jj 1is incremented by 1 at step 512,
15 measurement is carried out at step 510, and the result
of measurement is stored. At the time when j = J, the
flow proceeds to step 313.
Subsequently, at step 513, 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
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candi date frequencies, thereby attenpting to acquire 10 information 78 AUG 7003
included in notice information for shifting to an in-zone standby state.
Nanmely, at step 514, a cell search is carried out at a center freqgpps¥oig0-00
fnmk. If no notice information is received at step S15, it is determne
whether k = K or not at step 516. If k = K 15 does not hold, then k is
incremented by 1 at step 517, and a cell search is carried out at step

S14. At the time when the necessary information is acquired due to this

operation, thengpbilgesyatd on appaiat us ddhdiapse ther&qidneieseansh and
cell search operations at step 20 515, thereby shifting to an in-zone

standby stateppéfesbepi DBy khoBenl NMryuett&GuéREisH fhidk@ tLedditrdd- zone
standby state is obtained after executing cell searches for all the

service carrigswér equeney radndixdatees 2b seteshetdi B f hensagondasitage, then
the flow shifts from step S15 to S16. If k = Kat the latter step, then

the 24 28 AUE@Y3cEPD2mBi80r8RehltovF reajulmisi 40 sbe gmasir enemtig.n she first
stage (step S3) of the carrier search procedure, and neasurenent is

restarfed at whereextis raguansyopt fate imtdwsr measurenent frequenci es set
at the first stage 5 are left, then it is determ ned out of the zone here.
Thus, for detecti rgs aa settidesteage ] ein itthd Neoprodf | etepat$bh apparat us of
the first enbodinment, the received power neasuring section 16 initially
nmeasures a reei vedlpowesarah a éxecuiehny beexck assi ghed soqudmisially
carries out cell searches for the service carrier
candidate frequencies, thereby attempting to acquire
10 informaticn included in notice information for shifting
to an in-zone standby state. Namely, at step S14, a
cell search is carried out at a center frequency fm".
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 1s 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 stage, then the flow shifts from

step S15 to S16. If k = K at the latter step, then the
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10 system the frequency limting section 22 limts a service carriez'H AUG 2003
seeking frequency range to the vicinity of a frequency where the neasured
recei ved power exceeds a threshold, the received power mneasuring %@@&l@ﬂuyoo
16 neasures 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 candidate. Then, the cell search executing section 18 initially

attenpts a ceflowearetthrd tor i s neandidaleat requancy. rAssa copsgauence,
in the first enbodinent, no cell search is carried out for frequencies

where it is detepnm Bad that nencarcheriexi Sksarwher ddumRoOVer and
consunption of the nobile station apparatus can be 25 suppressed, and

service carrigsssepalbangist 2dbyrean aef finel entdy hes ed.125¢ 8 AUG
2003 FP0O2- O 180-00 Second Enmbodinent Fig. 6 is a flowhart for explaining a

procedure ofo€iRéfi fleasedealen@Pefadd@iscLad rsed Qi Biet e vEIDI beagst ation
apparatus in accordance with a second 5 enbodi nent of the present

inventbon. A gesrieftseglieh ProrLeddd€oinihd® CaSeohere zoBashE eaent
frequencies are those with a neasurenent interval of fin - fm-1 = W/2

and a neasurenent Tiansiwi didr otlecEig/ 2af arertthiccd ecaireddrponar ke
nmeasurenent in the first stage of carrier search
mobile station apparatus of the first embodiment, the
received power measuring section 16 initially measures
a received power in a frequency band assigned to this
10 system, the frequency 1limiting section 22 1limits a
service carrier seeking frequency range to the vicinity
of a frequency where the measured received power
exceeds a thresheld, 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 yielding 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 standby can

efficiently be detected.

25




S

procedure as shown in Fig. 7 will be explained in the second enbodi meAd. AUG 2009
The nobile station apparatus is conposed of the sanme constituents as those

of the nobile station apparatus 10 in accordance with the 15 firstpg 0180 00
enbodi mrent shown in Fig. 1. Initially, nmeasurenent frequencies of the %I

stage are set according to the rule nentioned above. Nanely, at step 531,

the controller sets | neasurenent frequencies. At step S32, i = 0, and the
recei ved 20 power level PM1 = pm= 0. At step S33, i =i + 1. At step
S34, it is determ ned-getAodimerdt Or not. If i > 1 does not hold in the
result, then j = 1and kK = I at step S35 and thereafter the received

power measuring segefd OngCasr heg1eukbnheeeirved IRl rihdRaASH &fedlire
(electric field power neasurenent) at a center frequency fm wth a

measur enent bandwh i beWnsahréf dp8rAbGod803arPORA0LRE QY Stiep wibile
Subsequently, at step S37, the controller determ nes whether Pml > Pth in

the nmeasurenmegfat syl t @paieitusHer en depaishdih@d hewthhe Beassdemt
result 5 exhibiting Pmi > Pth appears, the frequency limting section

limts5sthe sespmbs@inaiiti 6f Sk Ngsé@ngnvadiensd ng to the two net hods
described in the followng (1) and (2) (1) Wien neasurenent results
exceedi ng a A carrier search procedure 1in the case where

measurement frequencies are those with a measurement

i-1

interval of fm' - fm = Wc/2 and a measurement
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 S$31, the controller sets I measurement
frequencies. At step 832, i = 0, and the received
20 power level Pm™* = Pm® = 0. At step S33, i =i + 1. At
step $34, 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 field power measurement) at a

center frequency fm' with a measurement bandwidth Wm at

26




10 threshold Eth are continuously observed in adjacent 15 measurement 28 AUS 2003
frequencies fm-1 and fm, i.e., when PM-1 > Pth at step 538, the center
frequency of a carrier and the neasurenment frequency are assuned t@phaMfigo-00
the relationship showmn in (a) of Fig. B. Therefore, assum ng that

carrier frequency fc exists within the frequency range of fm-1 + W2 <

fc < fm + W2 inthis case, the service carrier seeking frequency range
islimted to the range nenti oned above, and further to frequencies (whose
nunber is assyr@gl 49520 be J1) where service carriers may exist in this

range. Nanely, at step 539, the frequency limting section limts the

cell search range tqupkleduaauBsnci esti ncstsled d3v,t hethangec@fcfdgiter< f <
fm. Here, "frequencies where service carriers nay exist" refer to

frequenci es 2ftapablies offhsehéingmtarr irgf sidethaeshdasidinferdyst@smps in

the first enbodinent. 27 2 8 i' 1J 2003 FP02-0180-00 (2) Wen a neasurenent
result exceedimondébe Héreshabgdeiingscabiewetheaimen sBasiHaMEBNdsdYEeqUEncy
fm alone in adjacent neasurenent frequencies, i.e., when Pnmi-' > Pth and

Pm -2 5 Pth adxlsileptiS4, Phhe xcepter appéaeguerthe of ragaanciyerl it 1 e
measurenent frequency are assunmed to have the relationship shown in (b) of
Fig. 8. Theredaexrteiomssuimibpst hahet heecaiceer chreqeencysdeakirexi stangear fni
in this case, the service carrier
according to the two methods described in the following
(1) and (2):
{1} When measurement results exceeding a
10 threshold E., are continuously observed 1in adjacent

measurement frequencies fm'™!

and fm', i.e., when Pm‘™?t >
P., at step 538, 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 S39, 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 system as

in the first embodiment.
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10 seeking range is limted to J2 frequencies centered at fm . Nanel §Hf2%3
step S41, the frequency limting section limts the cell search rangg 0

J2 frequencies centered at fm'1l. If no neasurement results exhi bi Fpps-di%o-00
> Pth are 15 obtained at any neasurenment frequency, it is determned at
step S42 that the nobile station apparatus is |ocated out of a zone. In

the second stage of the career search procedure, received power

measurenent is carried out 20 for J1 or J2 frequencies falling within the

seeking range |inmitegh by Wi fiad sheskagenene agebalsel entekdingr viKe
carrier candidate frequencies as in the first enbodinment. Nanely, at step

343, recei vedtppeshio @aBY €8EBbse2betdSatanr nedsaukmahtartegqegagy thh) ' . |f
jI =J1 does not hold at step 344, then j1 is incremented by 1 at step 28

2 8 AUG 2833 &PORe 0180-A1 st amshdineem@as Uf eggiknatiest e[l .843 iwhearri ed
out. At the tine when j1 = J1, Kcarrier candidates are selected at step
S49. Sinmlarlymi-at st ep, S46d reeef ved Ppowet neaspr eent thecatdntest out at
a frequency fm2. 5 1f j2 = J2 does not hold at step 546, then j2 is
i ncren@nt ed bffrdqatnsyepf548, candithe amehstine mpaia satrenenep SdGqusncarri ed
out. At the time when j2 = J2, K carrier candidates are selected at step
549. In the thredastaged thre kave Sbhar gleletccutsimgp diowectihonbl8 ahrries
out cell searches for the service
Fig. 8.
Therefore, assuming that the carrier frequency fc
exists near fm* in this case, the service carrier
10 seeking range is limited to J; frequencies centered at
fm'. Namely, at step 841, 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 542 that the mobile station apparatus 1is
located out of a zone.
In the second stage o¢f 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 543, received power measurement

25 is carried out at a frequency fm''. If j; = J, does not

hold at step S44, then Jj; is incremented by 1 at step

28
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15 carrier candidate frequencies selected by the second stage, thereﬂ@BAUU2M3
attenpting to acquire information included in notice information for

shifting to an in- zone standby state. Nanely, at step S50, a cell $3bCh80-00
is carried out at a center frequency fnk. If no BCCH information is

received at step 551, then it is determ ned whether k = K holds at step

S52 or not. If k = K does not hold, then k is increnented by 1 at step

S53, and the cell 20 search at step S50 is carried out. At the tinme when 25

the nobile st@isonaappaiial Use ASQHEN&st NaEeSTIY s4df osmatdan et step 551,
it stops the carrier search and cell search operations, thereby shifting

to an in- zongtstardbyigbat@t step SHA. ki awordindor gahdgRates sfkéting to
the in-zone standby state is obtained after executing cell searches 29 2 B

.11 711] 3 FPO2rHIBEA 08t fofel S48 he sieiMi£El gardt estdp eswieNCyecandidat es
selected by the second stage, the flow shifts fromstep S51 to Sb2. If k =

Kat the |atteswéstepeaklieBmbhe filsOWareisd Nsuto dthea NEasyuefet finii?{ he
first stage (step 5 S33) of the carrier search procedure, and nmeasurenent

is resbarted Bf tihe ext, fdesgenet Wbibe aisi rdhesgane tiaen c jconssi t uent s
as those of the first enbodi nent, the nobile station apparatus of the
second enbodi et etiettke®sbiyhd nelasgtepersidd, and the measurement at
step 546 is carried out. At the time when Jj; = J2, K
carrier candidates are selected at step S49. i
In the third stage, the cell search executing
10 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.
15 Namely, at step S50, a cell search is carried out
at a center frequency fm*. If no BCCH information is
received at step 551, then it is determined whether k =
K holds at step 552 or not. 1If k = K does not hold,
then k is incremented by 1 at step $53, and the cell
20 search at step S50 is carried out. At the time when
the mobile station apparatus acquires necessary
information at step S$51, it stops the carrier search
and cell search operations, thereby shifting to an in-
zone standby state at step S$54.

25 If no information for shifting to the in-zone

standby state is obtained after executing cell searches
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10 frequency interval of received power in the received power neasur?ﬁ&m”7m3
section to one half of the carrier bandw dth and cuts down the measurenent
bandwidth to one half of the carrier bandwidth or less in the firs%?ﬂﬁkﬂ%%{m
of the carrier search procedure. As a 15 consequence, the nobile station
apparatus can reduce the nunber of frequencies neasured in the second

stage to one half that in the first enbodinent or |less. Third Enbodi nent

Fig. 9 is a flowhart for explaining a procedure 20 of carrier search

operations caggied,oyt ?ﬁgth%E%QgEE? égfyféy1fﬁ¥§§€§¢%ygg%%%§%%n ce with

a third enbodi nrent  of present i nventi on. rel ates

to a case whege;LhecqBbiLLe SLALLD SPRRL AL LS | B1GRMBRPLL, Of e Bage 25

constituents as those o e station apparatus 10 in accordance with

the first orboginggtsshownté nFl g 30 h8 ALG 2003 ERO2AIB000 f1ophi | e

assum ng that frequency information of carriers from services can be

received is keptuifs tHhe SLOT Q8 -seehe®R @ he W@fﬁsﬁh%t%%%ViFftéérrief
frequency 5 information kept In the storage section of the nobile " station

apparagus is §83f hgrsStale siomed NsEbfch 1BrociRsY, e hésquearése and
measur enent bandw dths of received power are set so as to include the

frequenci es 90§ sesvheecgasti ehs it CieOyhomas. depicted. Narmely, 10 at
step S71, the controller sets | neasurenent

While using the same basic constituents as those
of the first embodiment, the mobile station apparatus
of the second embodiment reduces the measurement

10 frequency interval of received power in the received
power measuring section to one half of the carrier
bandwidth and cuts down the measurement bandwidth to
one half of the carrier bandwidth or less in the first
stage of the <carrier search procedure. As a

15 consequence, the mobile station apparatus can reduce
the number of frequencies measured in the second stage
to one half that in the first embodiment or less.

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 is composed of the same
25 constituents as those of the mobile station apparatus

10 in accordance with the first embodiment shown in Fig.
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frequencies. At step S72, i = 0. At step S73, i =i + 1. Here, it is 28 AUG2003
unnecessary for the individual neasurenent frequencies to have a constant
nmeasur enent bandw dt h. Though not depicted, neasurenent 15 frequenqﬁgﬁ_@ﬂﬂyoo
measur enent bandwi dths may al so be set 20 such that only a small nunber
service carrier frequencies are contained in a single nmeasurenent range
in order to reduce the nunber of cell search operations in the |ater
processi ng. Subsequently, at step S74, it is determned whether i > 1 or

not. If not, §henyReer ecriNg MPWerha fPaghl,i8nteCt IF KA &h OVt

recei ved power neasurenent (electric field power neasurenent) at a center

frequency fmcatrstep BFom ik Set@imipedaftpgSrstePyad 6iyheiperifm >
Ptn holds in the result of neasurenment or not. |If a neasurenment result

exhi biting 31ltRe8sADr§03sEPP2:Q180-00 Pm > Pth is obtained, then the
frequency limting section limts the service carrier seeking range to the

nmeasur ement bandwi dtfryher ewildin > PhB. NadB) e at Sk@BRerd7 /rrifgesey Vi ce |
carrier cell search range kept in the 5 storage sectionis limted 1o fm -

W/ 2 <5f < fninford@fZon!| kePr in Rile &henagdesktbonoheld Nhd Oonsbepe 573, |
and a received power is neasured at the next neasurenent frequency.

Subsequent | y, stheicel hppaatehsexesuinnsecktote Khaxecuhesieel | 1sgarches
for the service carrier
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 3571, the controller sets I measurement
frequencies. At step 872, i = 0. At step 873, i = 1 +
1. Here, 1t 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. 1If not, then the received power
measuring section carries out received power
measurement (electric field power measurement) at a
center frequency fm' at step $75. It is determined at

25 step S76 whether Pm* > Pu, holds in the result of

measurement or not. If a measurement result exhibiting
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§ AUG 2003

frequenci es (whose nunber is assuned to be K) kept in the storage section
and included in the neasurenent band limted at step S77. Nanely, the
controller selects carriers holding frequency information while 15gpghldiR8.00
wi thin the above-nentioned range at step 578, sets k = 0 at step S79, sets

k =1 at step S80, and then carries out a cell search at fnk at step S81.

If no notice information is received at step S82, then it is determ ned
whet her k = K holds or not at step S83. 20 If not, then k is increnented by

1 at step S8Oppand the ¢gllosearsdyat &k i $rear kreduatty Alikheidyme when
the nobile station apparatus acquires necessary information at step S82,

it stops the gapfish BERIEH tROGsERY]cSCAL LN OPEsALkORg, rddies ey ehefting
to an in 25 zone standby state at step S84, which term nates the

processing. 3ReZsBrihkn2003n&RPdtR1R8A=08 bhins pasunrarNty,r estl $tep

exhibiting P > Pth is obtained as a result of nmeasurenent in all the

frequencies sgt7unthé tBevibkt cakrsbepcsll, seadherrarsRANG}Ns & eriexecut ed
for frequency bands other than 5 those in which received powers have been

nmeasurgd so $esradd 8edenohO iGeterii tuknewn feér v aroLar¢i €r s whe'se+
frequency information is not kept by the nobile station apparatus. Namely,
at step S85, wmcgarrief mearched,s thanr tked Elow afetaiiandd nstwdp cH7hp

recei ved power has 10 been neasured. If no notice infornmation is received

at step S86, atdienal t dexdliateet M pedeout iaf zoreswtedt eptS8the next
measurement frequency.

Subsequently, the cell search executing section

10 executes cell searches for the service carrier

frequencies (whose number is assumed to be K) kept 'in

the storage section and included in the measurement

band 1limited 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 582, then it

is determined whether k = K holds or not at step S583.

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

cell search at S81 is carried out. At the time when

the mobile station apparatus acquires necessary

information at step 882, it stops the carrier search

and cell search operations, thereby shifting to an in-

25 zone standby state at step S84, which terminates the

processing.
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whereby the processing is termnated. If notice information is receb‘ﬁeﬂj(}%m
step S86, then the apparatus shifts to an in-zone standby state at Step

S84, thereby 15 termnating the processing. Wile using the sane b%‘f’bimso-oo
constituents as those of the first enbodi ment, the nobile station

apparatus of the third enbodi nent keeps frequency information of «carriers
fromwhich services can be received in its 20 storage section, and carries
out carrier searches by wusing this information, thus being able to cut

down the nunber ofﬁrggyglgggggghgpge RASY 6485, COMMpr sk Wt B tJa% first

enbodi nent. Fourth Enbodi nent . 1T 1's a view for’ expl ai ni ig how to

set recei Ved%@% Jqreasgyregent.Lr,equene e&e%%@ﬂggég%req@pt A3 2 8, AUG 2003

FP02- 0180- 00 edt hs I1n a first stage of the carrier search procedure

in accor dancefy\é_‘%ﬁglg?{@yr fsféteﬂﬁeéiﬂerttheof ihieiapr esey jsmé,ent&@ﬂhiérﬁe

fourth enbodi nen ates to the first stage 5 of carrier searc

procedure, WhilerasS4MiRg & 6A86eINEHE & RASIRYy USSEHDY ok nBROVYIer Wi th
which the nobile station apparatus has no roam ng contract is detected as

a resukt of arkeddi ¢h SRAIGD PECAi 688CpoWRREE IMwiNdBYeh S melisetlead &yen
though it is a carrier 10 of a contracted provider. In such a case, a

;filr (r):Me;] sear Chat s £RnduabedtoadRitRdt NERfnt Gt @EhiseratLenkassi er
° 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 $86, then it is determined out of zone at step S87,
whereby the processing is terminated. If notice
information is received at step S86, then the apparatus
shifts to an in-zone standby state at step 584, 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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standby used by a contracted provider or roam ng- contracted provider pf AUG 2003
the nobile station apparatus. 15 Here, the controller keeps frequency
information of detected carriers, such as fc' and fcr+1l shown in Figgs dikq oo
and frequency information of other carriers obtained fromthe noticé
information of the former <carriers in the storage section, and excl udes

the 20 frequency bands occupi ed by these carriers fromthe range subjected
to carrier searches. Enploying such a nmethod of the fourth enbodi nent can

efficiently debeghiQERY! Cf ol M Irghscal LOWDY o 51 adbY B Lle casgyupere

carriers not allow ng standby 5 are detecte I ment 2 8 AUG

2003 FPO2-01 fQQe&ﬁﬂ? iR sécérasﬁ&éf&wtﬁxgl@&ngﬁeéﬁﬁgaYﬁ@nQO&frt e

measuring methods 1n first and second stages o carrier searc

procedure in gegoadanceyuhthog fifth enmbodi ment of the present invention
5 When the received power neasuring section neasures a received power, the

recei ved el ectric figl drohprhnenBBRLILENE! 2L AR APRYY AlHES £OASE aBELYe
fluctuates and is unstable under the influence of multipath fading and

the like. As gfCconsaGUENCRealr@h CBEEYEAEraYt wiild ZQNeidWy Oh- Z888e
determ nation according to the received power, correct determ nation

cannot be effgsted dinkassiaveragedd yf i NBroeigarriwikpulmtiena tgertain
extent. While nmeasurenent results are known
mobile station apparatus has no reoaming 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 1in 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 detected.

Fifth Embodiment
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to becone nore accurate as the averaging tine is longer 15 in this ki nd BAUG 2003
measurenent in general, the accuracy in neasurenent is assuned to increase
when averaging is carried out for individual nmeasuring operations &po2-0180-00
frequencies fm, fm+l, and fm +2 at intervals even if the measurenent

time is held constant as shown in Fig. 20 12. In the fifth enbodi nent, as
shown in Fig. 11, several received power neasuring operations are carried

out with time intervals for the neasurenent at the frequency fnl as shown

in Fig. 11, and allFo§.themiay ea 26i aweragedxpAinitd heeddit sy apswet the
frequency neasuring operations, neasuring operations at other 35 2 8 AUG

2003 FP02- 018fic@Butirguerstiesdd miml gt mand &Rl rsedgeyt dm paeal l el ,
wher eby hi ghly accurate neasurenent is realized without 1Increasing the

measur enent tcaBrisrt ddedrciAspespeduted im theokdnage ngitlsi ncefeekth 5
searches are carried out after received power neasurenent (electric field
intensity neasmbedenéht estthat pseberguéncensivhere there is a possibility
of carriers existing, the present invention can carry out efficient
servicd carrier det@bénon @md owkcefivedne fddvereas ureasmrtinghi | seottibhi ng
unnecessary cell searches, and greatly cut down the power consunption
requi red for meesgerse- spreaciivgd powes,cdile seareived ockbelcrteicwWhiehd can
el ongate the standby tine of the nobile station apparatus.
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 power, 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

i+z

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 tftime interwvals for the measurement at the
frequency fm' as shown in Fig. 11, and all of them are

25 averaged. During the intervals of the frequency

measuring operations, measuring operations at other
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36 2 8 AU 2003 FP02-0180-00 WHAT IS CLAIMED IS: 1. A nobile station 28 AU§ 2003
apparatus for detecting a carrier containing information necessary for a

base station apparatus enploying a CDVA schene to shift to 5 an inﬁéﬁge
standby state, said nobile station apparatus conprising: measuring 7180-00
for neasuring a received power; limting neans for limting a frequency

range for seeking said carrier according to said neasured 10 received

power; control means for choosing a plurality of frequencies in said

. | |. | . | . A I . l .

plurality °fi$5§%¥§%ﬁ%§?%%rﬁ%%#@ﬁéﬁéhéigff@“fgcyoggfg where said 20

carrier i s assume neasuring neans ~neasures a received

pover wi th.a gi ven bendui.dshfor  gach ol sapd.selephed tiequencley and

said limting neans |limts sard frequency range éeeklp sai carrier
to thesv'“'“ééhf%hé%fr%ﬂ%ﬁ”CXﬁ%FSES salgk 25 JRAsur edoLeGEhYed RQVer
exceeds a predetermned threshold. 37
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 8 AUG 2003 FPO2-0180-00 3. A nobile station apparatus accordi ng to? ichii i3
2, wherein, when said neasured received power does not exceed a
predeterm ned threshold, so that said limting neans fails to |im tFpaL@|g0-00
frequency range, 5 said control neans sel ects another frequency, and said
measuring means neasures 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 neans chooses as 10 a

candi date forWEATJISaCLAEMER I&cei ved signal frequency exceeding a
predeterm ned power fromwthin said frequency range limted by said
limting means. 5. A. nobiAemsbaleontappanabpparedcasdifig tdetoneting el ains 1
to 3, wherein said control neans chooses as 15 candidates for said carrier
a plurality ofaadierentontscigiirer sndgeaiatiequenetessexgeettimgaa base
predeterm ned power fromwthin said frequency range limted by said
limting meanstatiol mpbeletssateimpd coppar & uSDECcerteng tto ostel £120tof
claims_1 to 5, wherein, when notice information is received upon a cel
searchdfor a @ﬂui@T?@?ﬁo$tamdbmu%h@t@s ghbd enolatl g as ta tbomli appasatsai d
search neans defines a received frequency thereof as a frequency of said
carrier, whil@mpréeingsearch is 25 carried out for the other candidate

frequenC|es. 7. A nobile station apgaratus according to one 38 2 8 AUS 79
"o measurlng means Oor measuring a received prower;

limiting means for limiting a frequency range for

seeking said carrier according to said measured
- 10 received power;

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

search means for carrying out a cell search for a

15 plurality of frequencies chosen as said candidates so
as to detect said carrier.

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 wvicinity of a frequency where said

25 measured received power exceeds a predetermined

threshold.
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FP02-0180-00 of clains 1 to 6, wherein, when the received power neasugeds 0
by said neasuring neans is not higher than a predeterm ned threshold, said
control neans determnes that said nobile station apparatus is Iocq@gg_qHﬁLOO
of a 5 zone. 8. A nobile station apparatus according to one of clains

to 7, wherein said neasuring nmeans carries out a plurality of received

power measuring operations wth a given tine interval for each frequency
when 10 nmeasuring a received power, averages thus neasured results for

each frequency, and3enpl @ys ridHisl Obtsaiaedn aﬁggagath@r gaghréigguepsy as a
measurenent result at said frequency. 9. A nobile station apparatus

according to claiml &,m Shewbéhgei whalll sBIdamddderadl rekehoetl ysshyPper
measuri ng operations for one frequency, said nmeasuring means neasures a

recei ved powedoésrnanotkeced r&qpeadytedlindd O ehSl@) i S BHRPArsd Us
according to one of clains 1 to 9, wherein, while in a state where the 20
exi stence of himieasy aransai atasriter Lsmyeriddidl, fsaigdeaent rdng@ans
excl udes the whol e frequency band occupied by said verified carrier froma
sear chdrange sabd@ncdeteoli mgannotkérctar mineithekl fridquatidye cordnEd c@t i on
system conprising 25 the nobile station apparatus according to one of
clains 1 to M€asaning besesshatsoneapparaiced viar peararyiwvigdhow @Ovén 8 AHO
2003 FPO2-0180-00
bandwidth for each of said selected frequencies.
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 cne
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 upon a cell search for a plurality of
frequencies chosen as said candidates, said search
means defines a received frequency thereof as a
frequency of said 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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a wirel ess communi cation with said nobile station apparatus. 12. A cugrierm

detecting nethod for detecting in

cont ai ni ng

information necessary for a base station apparatus enplgy

a mobile station apparatus a carrier

02081 6b-00

CDVA schene to shift to an in-zone standby state, said nmethod conprising:

* measuring step of neasuring a received power; * limting step of limting

a frequency

range for 10 seeking said carrier according to said received
power 15 neasured in said neasuring step; a control

step of choosing a

plurality of ofresuenetes i#ssa,d fReaiency whangeths MARA R Hajdyeli M ting

step as candi dates for said carrier;
cell search faeagurplubsl Ista&cpfméamlﬁéaﬁgossnn@% $al

said contro

met hod accor dppgdebermbiabm TRrewhonei n ssaidd eHirdl wméHPs S8Lestfifes
plurality 20 of frequencies fromw thin a frequency band where said

carrier is aSSHEEdsthGMbbhieS%mdtﬁbﬁswg
with a given bandwi dth for each of said selected frequencies, and said
limtiBg stepohemts said frequency range for seeking said 25 carrier to

and a search step of carrylng out a

gﬁéguﬁmgﬁtgs in

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

DG 23R iJTERSIHIRS] BueceF ved power

the vicinity of a frequency where said neasured received power exceeds a
predeterm ned 40 28AUG0' A3mdiP0Pe 0480 OOn apparatus according to one

10

15

20

25

of claims 1 to 7, wherein said measuring means carries
out a 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
said frequency.

9. A mobile station apparatus according to
claim 8, wherein, during an interval of received power
measuring operations for one frequency, said measuring
means measures a received power for another frequency.

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

1l to 10, and a base station apparatus for carrying out
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threshold. 14. A carrier detecting nethod according to claim 13, wherZ§ dls 2003
when said received power neasured in said neasuring step does not exceed a
predetermned 5 threshold, so that said limting step fails to |inmtgp Q?ﬁﬂ%uoo
frequency range, said control step selects another frequency, and sai
measuring step neasures a received power with a given bandw dth for each

of said selected frequencies. 10 15. A carrier detecting method according

to one of clains 12 to 14, wherein said control step chooses as a

candi dat e for asawdlreaegker comhesebdedosi gRath fEggdengyLeX6€€8tRgian
predeterm ned power fromwithin said frequency range limted by said

limting stepapparabusA carrier detecting nethod according to one of
claims 12 to 14, wherein said control step chooses as candidates for said

carrier a pluralitylpf adpacentieredetyetinggnathbaeguengéescexegedhng a
predeterm ned power fromwthin said frequency range limted by said 20
limting stepa lhobAlear réteat et ecappgraetbod aac el igr t OcOALaifingl ai s
12 to 16, wherein, when notice information is received upon a cell search
for a ﬁlural|Lyfofmatmequemamessmhpsehnasesahds@andtdateﬁ sppdraeasch step
25 defines a received frequency thereof as a frequency of said carrier,
whil e no cel | espapoyhngsac8bMhedcbemef go 4hiZXt8 AUGR0B3- HHH02- H180409 t he
ot her candi date frequencies.
state, said method comprising:
a measuring step of measuring a received power;
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 o¢f choosing a plurality of
frequencies in 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 1is 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 carrier to the vicinity of a frequency where said

measured received power exceeds a predetermined
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18. A carrier detecting nethod according to one of clains 12 to 17,28 AU5 2003
wherei n, when the received power neasured in said neasuring step i s not

hi gher than a 5 predeterm ned threshold, said control step deterninqﬁnnﬁaﬁgaoo
said nobile station apparatus is |ocated out of a zone. 19. A carrier
detecting nethod according to one of clainms 12 to 18, wherein said

measuring step carries 10 out a plurality of received power neasuring
operations wth a given tine interval for each frequency when neasuring a
recei ved poweknpra¥ghages thus neasured results for each frequency, and

enpl oys thus obtained average for each frequency as a neasurenment result

at 15 said frequency, 20 A-£arider falRalimy mRihed agephdindqt Orpclaim
19, wherein, during an interval of received power neasuring opéerations for

one frequencycla@indlBpagHeEkBEn, SWRBNMBASYN £6cA1i784CHYREr PR¥RELTOH apot her
frequency. 20 21. A carrier detecting nmethod according to one of clains 12

to 20, wherei Baidhineadurih$t dtepWieses t het exksteace opradetepsinene said
carrier is verified, said control step excludes the whol e frequency band

occupi 8d by sahdeyrolflj edocathiater shiamldmgeane) sedgefa2dswhien deheeti ng
another carrier. 42
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 l6. 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 defines a received frequency thereof as a frequency of

said carrier, while no cell search is 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 sald 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, averages 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 1least one said carrier is wverified,
said control step excludes the whole frequency band
occupied by sald verified carrier from a search range

when detecting another carrier.
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