2 7 SEP 2006 TITLE OF THE | NVENTI ON SPREADI NG CODE SYNCHRONI ZATI ON METHOD,
RECEI VER, AND MOBI LE STATI ON BACKGROUND OF THE I NVENTION 5 Field of the

I nvention The present invention relates to a spreading code synchr opi7ZPijg
met hod and others in nobile comrmunication systens enpl oying the direct
sequence = code division nultiple access schenme for nmultiple .0 access

t hrough use -of rgEes MIMTHE eaNirENTrIoMRel at ed Background Art The direct
sequence code drvisTon nultiple access (DS-CDVA) schene enables a plurality
of users to -perfor MSPREANTNGRIGODE SYNGHRONIE T XoN MEEHDENCRECRIVERS by
transm ssi on based on secondary nodul ation to spread the conventional

I nformati on dangpedHraredTTIGN by a fast rate spreadi ng code. Each user
is identified by identifying a spreading code assigned to every user. For
this reason, tbhackegeUW® OF demendmENTIgeSstore the '. 0 received input

signal of wide™@and to the origrnal signal of narrow band in a despreading

processg prior gik0deec ghieoIrfferddieorconvent i onal denodul ation process. In
t he despreadi ng"process on € recerver side, correlation detection is

carried out to detecthdSpeaskatatinenaioneer e s aeriy a1 Mg sl a
spreading code replica.synchronized in phase with a spreading 1 27SEP2006

synchronization method and others in mobile

communication systems employing the direct sequence
code division multiple access scheme for multiple
0 access through use of spectrum spreading.

Related Background Art

The direct sequence code division multiple access
(DS-CDMA) scheme enables a plurality of users to
-perform communicaticns in an identical frequency band
5 by transmission based on secondary modulation to spread
the conventional information data modulatedISignal by a
fast rate spreading code. Each user is identified by
identifying a spreading code assigned to every user.
For this reason, the receiver side needs to restore the
0 received input signal of wide band te the original
signal of narrow band in a despréadinq process, prior
to exeéution of the conventional demodulation process.
In the despreading process on the recgiver side,
correlation detection is carried out to detect

25 correlation between the received signal and a spreading

code replica synchronized in phase with a spreading



code of the received signal. Particularly, an action to establish the phase
synchroni zati on between the spreading code replica of the receiver and the
spreadi ng code of the received signal at a start of 5 conmunications,? 7SEP 2008
called initial acquisition. A conmon initial acquisition nmethod of spreading

code is a nethod of mul tiplying the, received signal hy the spreading code
replica and i nt &§C&t i%g % rer‘gefu‘f'?%rﬁlgﬁ?@duc?a%\%c@aﬁléﬂetaéfrﬁ%@&‘gi ne
period, 10 thereby deternmni ni a correlatiqn between the two sjgnals. In
this initial ac&§i SOTAD ATk U P 5% COTIARRAD £4A F L9t VSRR i s t hen
subjected to the square-|aw detect,ion and whether, or not synchronizatior

i s established FEng@g}é’@ W\g(fetreeﬂailrﬁangj’ hereRiver aBdthReresult of the
square-|l aw detection exceeds aqg: reshol d yahﬂeH The, correl ati on detection
is generally cPRESRALBG GRS gﬁ‘é‘"‘e LR AhF It g TRTeI@tor to

o perfobm 20 SFABBUPICEsARS TS Aetdiel T H T S4HEPon - equi val ent
to a plurality of sliding correl ator arranged in rallel, in whjch the
spreading code repl igaCBMBECﬁ_nE" p}ais a\?&?‘lilég'%ilﬁnagg%%é’e? vﬁf’trr?a(‘#é"g _
Spread ng code Mfgreby Sorehall 4 yalues Qiets Bl ale 20 61 Py AN s 0al nec
hand. but has "g.2 7 SEP,2006_ lar 98 LTSl $53 AN OYET, SONsuMPti on on
resultant product over a predetermined time period,
10 thereby deternining a cofrelation between the two
signals. In this initial acquisition method the
resultant correlation output is then subjected to the
square-law detection and whether or not synchronizatior
is established is judged by determining whether or not
15 the result of the square-law detection exceeds a
threshold value. The correlation detection is
generally classified under a case utilizing a sliding
correlator to perform time integral and a case
utilizing a matched filter has a function to perform
20 space integral. The matched filter has a function
equiValent to a plurality of sliding correlators
-arranged in parallel, in which the spreading code
replica of each top is varied in accordance with the
spreading code whereby correlation values over plural

25 chips can be gained instantaneously. Accordingly, the

matched filter operates very fast on one hand, but has



hand, as conpared with the sliding correlator. The w deband DS-CDVA with the
spreadi ng band of not less than 5 WMHz (hereinafter referred to as W CDVA,

6 is now under full commercial service. This WCDMA is an asynchronous
system where base stations operate based on independent tine referepdestP )05
Fig. - 1Ais a diagramto show an exanple of assignment of spreading codes
in the downlink in of an intercell synchronous 10 systemas a nobile

communi cati on systge apgchig. stBla agida@ondrt @osixumptL x| thofolsst gnnent
of spreading codes in the downlink in an intercell asynchronous system as

a nobi | e communhgadj oassyshparedheittnmAR0Q 1sdiene and dlerd:S- 95 schene,
which 15 were proposed as candidates for IM-2000 in the United States as
the WCDNVA was, inplengatwsgesandnpsatbda whehwehe Basezslialg &and wsi ng the
GPS (d obal Positioning System) . In this intercell synchronous system
(Fig. 1A), all abe bese shahi SnHHBahezetngiuer2Q elfiore g fter axcal-diMAt hi s
reason, the base stations car share a common spreading code with different
del ays f®: theisespecihierstallossmmébicialnsereglce.synahsoneasMaAsSyst em can
achieve the initial acquisition by performng synchronization of timng of

the spread cod &% asyhdlerondesceybtanynhabrenbusesygshthoszowperatd g 1S, the
base stations have no common tine reference an, 3 2 7 SEP 2006 thus each

base station | piskedtodi bdddyendentatthengefedencdben Bigobiheistation is
powered up, it needs t .
diagram to show an example of assignment of spreading
codes in the downlink in of an intercell synchronous
10 system as z mobile communication system and Fig. 1B a
diagram to show an example of assignment of spreading
codes in the downlink in an intercell asynchronous
syétem as a mobile communication system.
The cdma2000 scheme and the.Is-SS scheme, which
15 were proposed as candidates for IMT-2000 in the United
States as the W-CDMA was, implement synchronization
between base stations, using the GPS (Global
Positioning System). In this intercell synchronous
system (Fig. lA), all the base stations have a common
20 time reference. For this reason, the base stations car
‘share a'cohmon spreading code with different delays fo:
the réspective stations. This iﬁtercell synchronous
system can achieve the initial acquisition by
performing synchronization of timing of the spread cod

25 In the intercell asynchronous system shown in Fig

1B, the base stations have no common time reference an



establi sh synchronization wth a scranbling code of a conmmon contro
channel froma cell site to connect wit 5 a base station with the Iargef%

power of received signal (which will be called a cell or a cell site). SEP 2008
This synchronizing nethod is called cell search in a sense-of searching for

a cell site for conpnection_of a radi,o channel], In the. intercell ,
aaynch:}onousI lsys';]er?;hufo-:tt)aﬁél quesatﬁtdﬁrbrfﬁa’zdirbt' ; ?%rWt?ues‘éﬁbeiéﬁgch
echn ques of  spocGPRS upTBAE BoRPDLIBRSEA SR 8 PRVEER I Bsyric FIORGtSE
system i ncl ude, lg %%%l%é%an%&%ﬂfym%n itclqz(ég EIS nc roanéactE]Ci) n %r%}\goc
descri bed in EP 0825 I i e

H11- 196460. Figs. 2A to 2D are diagrans to show an exanple o a transmtted
signal in the cell C@@&Pthe‘élrtﬁ@ln&g‘Wlsﬁmsa, Gier Sty 9nReehswat
scranbl i ng code bef oj nas%edh Figu ﬁﬁsﬁ sked scranblin code,_th. 2C a
cognDnAéhﬁrﬁ cheZ?gHa;Fig.a§B°§blﬁF j fﬂ Q£ﬁﬁ§ﬁmﬁ?ﬁ?ri(irﬁjﬁ§tfﬁ o? ELE»
code. channel wi c . I, at i connec radi o- |j nks e
begi nni nc 25 of coﬁﬁﬂﬁ?iat‘f”gﬁgo?"%lﬁei’@r Fég &% gourh act‘f'&nwels.ftel' e

erch channel is spread b he_conbi nation of, the..4 7 .SEP 2006 conmmon
ghort code 201{ mhgéésc§¥¥€h58pﬁ5&nbsm§%§9ﬁb&ﬁ &5%%%£éﬁﬂ§wﬁ%ﬂFq Torfon to
h is _different 2nong

all the base stations and_.the sgnanbling codi 202  whi
t he sense of searching forYa cell site for connection o

radio channel. In the intercell asynchronous systemn,
10 the mobile station has to perform the cell search
f throughout all the scrambling codes determined in the
! system. ’
/ The known techniques of Speeding up the cell
N search in the intercell asynchronous system inélude,
| 15 for example, the spreading code synchronization methoc
described in EP 0825737 Al and Japanese Patént

Application Laid-Open No. H11-196460.

|

|

[ Figs. 2A to 2D are diagrams to show an example o

| a transmitted signal in the cell search using mask

] 20 symbols, wherein Fig. 2A shows a scrambling code befo:

/ masked, Fig. 2B a masked scrambling code, Fig. 2C a

| common short code, and Fig.IZD a scrambling code groug

J identification (ID} code. A cﬁannel with which a

I ‘ mobile station connects (radio-links) at the beginnin
25 of communications, is referred to as a perch channel,

The perch channel is spread by the combination of the



base stations, Then the scranbling code is masked in a 5 fixed period

produce synbols 2031 to 203M 1 spread by

only the common short. code é8§EP2MB

The common short code 201 is conmbn to the base stations and the npbil e
station detects correlation values by nmeans of the matched filter, using
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matched filter, using the common short code 201 as a

spreading code replica. The mdbile station can detect
peaks at received timings of the signal spread by only
the short code, regardless of the scrambling code 202.
Timing synchronization of the scrambling code 202 is
established by storing the received timings.

Further, scrambling codes 202 are preliminarily
grouped. As receiving the scrambling code group ID
code 204; to 204y., representing a belonging group, the
mobile station detects the scrambling code group ID
code 204; to 204y., representing the group, subsequent
to the detection of the common short code. This can
decrease the number of candidates of scrambling codes
202 to be searched. The scrambling code 202 assigned
to each base station can be identified by detecting
correlations at the received timings already obtained,
using the produét of the common short code 201 and the

scrambling ceode 202 as a replica code, and performing



5 The above-described three-step fast cell search nethod is nodified as
follows in the process of standardization of 3GPP (Third Gbnerationi7g€f%@ﬁ
Partnership Project). The common short code and the nask synbols spread by
the short code and indicating the scranbling 10 code group, are defined as

Channel (S5G1) SRISHERRTE OF The porete ibinel? ahe CiEe-Rhan it e

f the identifi [ f .1 | . ' d h

er ch channel 654 T aRARTLARSHEE A The coma EHE ettt e der i ned

Gode a5 SSC (SeaBnday SRYEnAoH L At oh T SUMAARY B S T RAERH ON Th
d SSC (S Iza . e

?ﬁv:nﬁirs ha&ee%%%g%%&gﬁ% ﬁﬂe %&§§H¥4E5@§S%%%ﬁg“SynChroniZation met hods in

t he conventi onal I'on"’s particularly, in the

I ntercel asynchronoglﬁﬁafy#)tg%rerg e@r&(}. %@%ﬁﬁeejs@#ga%ﬁeﬁq esrr%%rllp t he

conventi tnal nobile c atl on sys since € 'stat1’oh noves
during conmmuni cations, .t . S S Y. f t bile station to
change the cel Tneglgtog Wit ﬁ%%hlgﬁ%;ﬁ?ggs{%ﬁgc%ilr{lg%hoewreb&,c;?e.ge‘% ,ofhe 6 2 7 SEP
2005 cell site radiQ-Li durd i catl :0f, T %nﬂp ver of
cell site (whi C#&ppﬁg@%ﬂ‘éﬁ égl ?%ﬁﬁe el nlg téee(r}{ézsfsaés:lo %a% ove%?l, t he
nobi l e station h cei | a e t S | | t
Toncheons oot onPEPIERETSey Kk ShRATLER-EEtag! 278°HAll Ll Bindors

spread by the short code and indicating the scrambling

10 code group, are defined as Primary Synéhronization
Channel (PSCH) and Secondary Synchronization Channel
.{SSCH) independent of the perch channel, and the .
channel used for the identification of the scrambling
code is also changed from the perch channel to a common

15 pilot channel. The commen short code is defined as PsSC
(Primary Synchronization Code), and the scrambling code
group ID code as SSC (Secondary Synchronization Code).

SUMMARY OF THE INVENTION

The inventors have researched the spreading code
20 . synchronization methods in the conventional nobile
communication systems, particularly, in the intexcell
asynchronous systems, and found the following problem.
In the conventional mobile communication systems, since
the mobile station moves during communications, it‘
25 becomes necessary for the mobile station to change the

cell site with the largest receiving power, i.e., the



channel on a periodical basis for cell sites surrounding the currently
connecting cell site, and neasure reception |levels thereof. The SEP 2006
conventional cell search nmethods, when applied as they were, had the %ﬂ

probl emthat the received signal fromthe connecting cell caused

orecent i mvent | onSAIS BOER SecCMICCHON O TG VKT pr om as
proading code. ST BAPERVES Selifad (hCq naPEREh TG (28 REH L EdarR
Communi cat | on' sysPERELRREERR, il S5 TRATIE it IO SRR St (§8P e
Tobi L6 Stali on pr BFBLHSuPERoTnG 1eCe BRr 40 RATEIE Homi cati on roans, A
applted oS nobi FERSBEEBRRERTEM Pan RTSCRRIHIY AT (o e RATon
27SEP2006 ool | o FRABBSL: AT BnEF ACEARAG A ] Cotont oYk

G nchr on zat | o neERBRUSAAR " Sy ERAERR Lot RIS (e Trom at

Lo a second base RFATRGR BRRRREAAN boVRIe, Argrect  hi" cblbelREans <tation

cell search methods, when applied as they were, had the

10 problem thét the received signal from the connecting
cell caused interference so as to disable the détectior
of surrounding cell sites,

The pfesent invention has been accomplished in
order to solve the problem as described above and it i:

15 an object of the invention to provide a spreading code
synchronization method for implementing fast cell
search during entry -of the mobile station into a soft
handover mode in the mobile communication systems,
particularly, in the intercell asynchronous systems:

20 receiver for realizing the spreading code
synchronization method; and a mobile station provided
with the receiver as part of communication means,

A spreading code synchronization method accordinc
to the present invention is applied to a mobile

26 communication system in which a mobile station perform:

communications while changing over among communication



new communi cations in the nobile communication system synchronous
detection is carried out to detect a second spreading code assigned %sgghe
second base station, out .0 of signals which are received each by th% 2§06
station and each of which conprises an information data synbol spread by a
conbi nation of a first spreading code and a second spreadi ng code, and a
mask synbol spread by only the first spreading code. The foregoing 5 nobile

station enconp%%@ﬁ%rngégpl§t£ﬂi@ﬁgptg@@oggyﬁge§o sdehors fBbEmenttel ephones,
conputers, electronic notes, and the |Iike, and al so enconpasses

aut onobi | es, k%ol 8812 FPY O EYCARSintERLASL akyRkABERoushspsteeaiC. In
equi pped with communi cation neans. O Particularly, the spreadi ng code

synchroni zat i o dreddvagh @CE9T €688 §PnkheoRi 2a€NbNI M¥EAbHPNORORREI SES a
first step of detecting a received timng of a mask synbol fromthe second

base station ina.sdale i WhEdveR [ERShYEIVELN AgoRl ad DRsktsynkol from
the first base station is excepted from candi dates of received timngs

for the gynchr gngus. dedect e i GMthRdeLcondnsheBatlols 2wl tBEPL20R6hiqal Iyi ng
out the synchronous detection of the second spreading code assigned to the

second base stalifNion T Sa CONES QUL §ONs DEE TbhSeRpbEBLATLES iAitsakandl ing
code mask of a signal received froma 5 handover destination (equivalent to

the foregoing SRFUMIRASE: St B4AON ©XBIEE 6t Dei Abinah EcAEYoNCOFELRIGAt | ONS)

to be detected w thout detecting the
synchronous detection is carried out to detect a second

spreading code assigned to the second base station, out

0 of signals which are received each by the mobile
station and each of which comprises an information data
symbol spread by a combination of a first spreading
code and a second spreading code, and a mask symbol
spread by only the first spreading code. The foregoing

5 mobile station encompasses portable information devices
such as mobile telephones, computers, electronic notes,
and the like, and also encompasses automobiles,
‘bicyecles, motorcycles, trains, airplanes, ships, etc.
equipped with communication means.

0 Particularly, the spreading code synchronization
method according to the present invention comprises a
first step of detecting é received timing of a mask
symbol from the second base station in a state in which

a received timing of a mask symbol from the first base

wn

station is excepted from candidates of received timings

for the synchroncus detection; and a second step of



timng of the scranmbling code mask fromthe currently connecting cel

equi valent to the foregoing first base 10 station under comuni cations with
the nmobil e station, which enables faster detection of the cell of th?73EP2%ﬁ
handover destination. In the spreadi ng code synchronizati on nethod "
according to the present invention, the second step m 15 be a step of

Cecond Spreadi ng HEAdALY S el BpTRETTee Qe 8F, ALY NN, O
Narel y, since i n b bl & MY SAHIPN VSN NS, o SSEo0d spLeafling codes

assigned to each on 2 0 base stations located around it are

communi cat i one ot 1 CE0ERe CABLEE Ao BT A: & Satbn <hr hdi ng codes

conmuni cations notifies

This case 25 ( neHEBRP S BBAFERR ABSE K oY AR b TEhiT or - et ween

ystomant of gnahenngeer, BREETRRR IR, (alithent SR Yor G, OTL' PO,

system and si gna

the mobile statigh Lo HELECk:GesLel Abont M Wy ailsy das iyl med scranbl ing
Y,

codes, which can Targel ecrease the“tinme necessary ridentification.
Further, the spreaghid; £00%oAYNCREOBE? Ak P WAM A Ut ity Lo P eSeNt
invention nay conprise a third step carried out "between e Tirst and
second _ timing of the scrambling code mask from the currently

. bonnecting cell equivalent to the foregoing first base
10 station under communications with the mobile station,
which enables faster detection of the cell of the
handover destination.
In the spreading code synchronization method
accordiﬁg to the present invention, the second step m:
15 be a step of carrying out the synchronous detection,
using only an arbitrary number of second sp:eading
codes informed by the first base station, as candidate
Namely, since in the mobile communication system the
second spreading codes assigned to each base station
20 and to base stations located around it are known, the
system may be configured so that the base station und:
communications notifies the mobile station of the
second spreading codes assigned to the surrounding ba:
stations to be subjected to cell search. In this case
25 the mobile station does not have to detect correlatio

between all the scrambling codes prepared in the mobi



o "“W

steps. This third step is a step of detecting a second 10 spreadi ng code
group, using as candidates only groups including the arbitrary nunber of
second spreading codes. informed by the first base station (second SEP 7006
spreadi ng codes assigned to.respective base stations |ocated around gﬂé
first base station) In this case, 15 the second step is preferably

The  Jarbi trary SUNBEH oA ofek SR oaaf no  ahel FHPEPRed b eHRCRPEILY 1.
Code orbup. 20 GATRIRI (114 S o 1S TRt CAhoErbakon 1aothe, SFEPRIRSRECT 1O
Chere 1510 noeda1ce (BB Lol T B st ko i i 20 FEene ToF 8RB onae
Codes 1o whi ch (RS PG G ShET ThG! Coteeentt oré (hohart S SEHY 20

of the handover ST G € 1 her6 i & no need for determ ning the

g_(c))rrrrmejlnﬁ:;? ingnws;gt 2|m| E%l%ft h%%ir’? rﬁtﬂsé srggﬁel(%f&?rﬂ P‘{Og&)%;ﬁeﬂ}én%\ée&f%ﬁ%é rGeI ations

0 LY ire USSR T SOt R0l 08 oy CECasRRES! e

the first to th g ;$1LA% A Cdeheal &he BdGled P rie PELASE S40A NElcond
steps. This third step is a step of detecting a second

10 spreading code group, using as candidates only groups
inecluding the arbitrary number of second spreading
codes informed by the first base station (second
. spreading codes assigned to respective base stations
located around the first base station). In this case,

15 the"second step is preferably configured to‘perform the
synchronous detection, using as candidates only the
arbitrary number of second spreéding cédes informed by
the first base station, out of the second spreading
codes included in the second spreading code group

20 " detected in the third step. The reason is that for
detection of a scrambling code group to which the
handover destination cell belongs, there is no need fo:
determining correlations with all the group ID codes
and it is sufficient to determine correlations with

25 only the group ID codes to which the informed

scrambling codes belong (normally, about 20 codes). O

10



| LOtime or a predetern ned nunber of "times, and when the received timning of
the mask synbol fromthe second base station is not detected, it is

preferable to perform detection of the received timng of the mask sQ%%éEszﬁ

fromthe second base station, using received timngs of .5 all the

scranbl i ng codes as candi dat es mLth%%

t. ..exception. The r.eason js t even
if the recei ved tREnPR§aSEOPhEEsdASRITYG 0 QniﬁFQﬁiﬁéaQN§ n& ?%%S
cell coincides with the received, timn f the sqranbl%§%¥£§%$ mask of the
handover desti nalPBAOVEF| 4e§tLRELLRTTed /t iTRSTE Jf° fife 5 ng code mask

of the handover destination gell can be .det ect,e %§ﬂ1hﬁlthus COIES
feasible to det c@eteRBiBdpg §Pe ROTRET S Jesty et It RSk g
according to the present invention 5 copprises, as .,a canfiqguration for

i mpl enenti ng t hecC@RSVRrSPALE %Br@&&iWﬁggdﬁbQQﬂmﬂﬂ%ﬁﬁQéPi%ﬁéﬁﬁqupqme 11
"1 2 7 SEP 2006 ,sp(eadin%,code s§nc roni zati on_met hod cggrdin Iﬁhthe
present ifventioh¥, LFi PUEIAEARBLT 5P HECECTLIRG £her &O& "iorﬁsnguo a mask
synmbol froma second base, statiqQn in a state in which.a received timng of

| a mask 5 synbol $Rb¥ BhEi £8 °5’&§g SELEPBHIRG &R 'ea’hrlF&nca&a\rlHirc%%J% of

' received timngs_for synchronpus detection; and;secand _neans far_ perform ng
! the synchronousdﬁ%¥%%¥?oﬁﬂﬁf ém§e38ﬁ85§BFgaé%ﬁgtiﬁdé%e§§§%gﬁ§¥¥%¢&he

second base station. ngééfuégélgirggeand second steps, or the first to

third steps are repeated either for a predetermined
Lo time or a predetermined numberlof times, and when the
received timing of the mask symbol from the second base
station is not detected, it is preferazble to perform
detection of the received timing of the mask symbol
from the second base station, using received timings of
5 all the scrambling codes as candidates without
exception. The reason is that, even if the received
timing of the scrambling code mask from the connecting
cell coincides with the received timing of the
scrambling code mask of the handover destinaﬁion cell,
{0 the received timing of the scrambling code mask of the
handover destination cell can be detected and it thus
' becomes feasible to detect the cell of the handover
destination.
A receiver according to the present invention
5 = comprises, as a configuration for implementing the

above-stated spreading code synchronization method (the

11



| 0 recei ver constitutes part of communication neans of the nobile station

I n the nobile communication system Specifically, the receiver consZZ%Epg@
part of the comunication neans included in the nobile information evi @
such as the nobile tel ephones, conputers, .5 electronic notes, and so on, or
part of the comunication neans provided in the autonobiles, bicycles,

mot or cycl es, traspnsazdangptadessyshbgonizadion methorhiascomdigtarto pairenit s
the timng of the scranbling code mask of the signal sent fromthe cell O
of the handoverpdesé¢nhaihvantbdobe,déisstetennshd¢r ddtesdiingg & he tim ng of
t he scranbling code mask from the connecting cell, and it thus becones
feasible to detect¢ivéé tibmingfofhe Rasdowsambedstineat imosechingd H&EsAd means
may al so be configured to 5 performthe synchronous detection, using as

candi dates onlgtabhiembinrargtatisbén whisbcendespivaedi fgniodeo 1z MESEP2006
informed by the first base station. Namely, since in the nobile
conmmuni ciit i on sywtismi t firomezofitirspr badengtatdens igs eixgepdedo fgaoh base
station and to base stations |ocated around it are known, the system may be
5 configured soccandidates baferecaived tansngscdsruisyoshromousotifies the
nobi | e station of the second spreading codes assigned to the surrounding
base stations detdetkubj can@ddsecond| mespsr Ehr Pheformdngo theeed for
detection of correlations between all the to scranbling codes prepared in
t he nmobi |l e comaynamines detection of a second spreading code
assigned to the second base'station. Particulafly, the
L0 receiver constitutes part of communication means of the
mobile station in the mobile communication system.
Specifically, the receiver constitutes part of the
communication means included in the mobile information
devices such as the mobile telephones, computers,
5 electronic notes, and so on, or part of the
communication means provided in the automobiles,
bicycles, motorcycles, trains, airplanes, ships, and so
on. This structure permits the timing of the
scrambling code mask of the signal sent from the cell
0 of the handover destination to be detected without
detecting the timing of the scrambling code mask from
the connecting cell, and it thus becomes feasible to
detect the cell of the handover destination.
The second means may also be configured to

5 perform the synchronous detection, using as candidates

only an arbitrary number of second spreading codes

12



system and signals received by the receiver, but it is sufficient to
determ ne correlations with only the informed scranbling codes, which ca$
|argely. decrease the time necessary for identification, 5 Further, @HeSEP 2006
recei ver according to the present invention may conprise third neans for

detecting a second spreadi ng code group, using as capdidates only .groups

i ncl udi ng t he aerF?ﬁﬁ?gﬁhﬁbgPeo l§géoﬁﬁsesﬁF€g&PHg c aﬁgﬁyhfﬁiﬁﬁé Bg t he

first base statio (tgg,f second sgr%adin% c%des %ssi%negﬁfo t he r.espective

base stations | BE&tBAPLL BuREPEHBFRAFIP I8 L ERatPENF SR SPRiCE , the

second neans i s preferabl | gur ed perforn1the8ﬁynch%onous det ecti on,
d

f t
usi ng as candi daf® esoﬁfﬁzgﬁgga% iFF&PygﬁﬁﬁbéFaGFogeé t90P&58 ng codes 5

informed by the first base station, out, of the second preadi_ng caode
included in the %E%Bh?inépf%‘éa fd 8888“"‘1%‘32%@%686’“'gF%‘&psé(é‘tth‘t &?%3’% he

third neaps. The regson i anbl i ng code group

of the ndover€ %g%ﬁﬁéo%ggépggrFﬂgﬁE%%%OESg%éégePﬁﬁgrdetection of

St forent to derammnostarhe) BpFORLEH: Fhe: HeBDeo R SEBoRoREs B8 whi ch the
on Lhe. oceas, on SICPHBRTSRHEASt HESEs, BRSLeRG: 50 BF PHETRURGORE, Dace
dest narton cell 10 U, o e 0egd L SeLee 0, pncorsplal gy 1 o

need for detection of correlations between all the

L0 scrambling codes prepared in the mobile communication
system and signals received by the receiver, but it is
sufficient to determine correlations with only the
informed scrambling codes, which can largely.decrease
the time necessary for identification. |

'5 - Further, the receiver according to the present
invention may comprise third means for detecting a
second spreading code group, using as candidates only
groups including the arbitrary number of second
spreading codes informed by the first base station (the

0 -second spreading codes assigned to the respective base
stations located around the first base stationj. In
this case, the second means is_preferably configured to
perform the synchronous detection, using as candidates
only the arbitrary number of second spreading codes

5 informed by the first base station, out of the second

spreading codes included in the second spreading code

13



comuni cation system but it is sufficient to determne correlations with
only the informed scrambling codes, which can largely decrease the fi7rEP 2006
necessary for the L5 identification. After the synchronous detection of the
second spreading code by the first and second neans or by the first to
third neans is repeated either for a predetermned tine or a predeterm ned
nunber of timesgroOpaddtebtrdt hy theeithdad meiamg -of ThRersasknsy®odhaty om
the second base station is not detected, it is preferable to carry out the
detection of thgorrdetpetdont pii f§eoscrambidsiy Spdisolgriouemathehecond base
station, using received timngs of all the scranbling codes as 5 candi dates
W t hout exceptibanddnerr dastane§irhareldvetheire tilfe noeaeindedanl ni ng of the
scranbling code mask from 14 2 7 SEP 2006 -the connecting cell coincides
with the recei véetectiog. off cohzedaitanbisi Wdtbodd Inddle ofcramd lia waste
destination cell, the received timng of the scranbling code mask of the
handover5desti ngtoop EBl todaa betdétessegdudddciens ttousislesomde feasible to
detect the cell of the handover destination. The present invention wll be
nore fully undesstebationm wvhthdthai teauneddr icpdesn tgi Wi chhdhsi nbel ow and
t he acconpanyi ng drawi ngs, which are LO given by way of illustration only
and are not to beformedi seraubiaingi gperAgbelengr doeamaildventbomt 2urt her

scope of applicability of the present i
codes). In addition, on the occasion of identifying

the scrambling code of the handover destination cell,
L0 there is no need for detection of correlations with all
the scrambling codes prepared in the mobile
communication system, but it is sufficieﬂt to determine
correlations with only the informed scrambling codes,
which can largely decrease the time necessary for the
15 identification.
After the synchronous detection of the second
spreading code by the first and second means or by the
first to third means is repeated either for a
predetermined time or a predetermined number of times,
0 and when the received timing of the mask symbol from
the second base stétion is not deﬁected, it is
preferable to carry out the detection of the. received
timing of the mask symbol from the second base station,
using received timings of all the scrambling codes as
5 candidates withodt exception. The reason is that, even

if the received timing of the scrambling code mask from

14



I nvention wll beconme apparent fromthe detailed description given

herei nafter. However, it should be .5 understood that the detailed
description and specific exanples, while indicating preferred enbodiZgggngm
the invention, are given by way of illustration only, since various
changes and nodifications within the spirit and scope of the invention wll

b Tt Lk lLed i t : o of AT t,ad 14t .
be, 2pParent Lo LnsEofoBkLALEd il et 0B uadatdesriagon
assi gnment  of SBEegﬂg”chQﬂﬁiihg thgedaurh e @heah s Mﬂ%ésﬁwmous

system and Fig. 1 lagramto 5 show an exanpl e of assignnent o

spread] ng co0esclil | NenedPURLL DEAOk 13 n Xﬁ%f&g@g%‘&aﬁ%ﬁtﬁ@ Rie2 mh 3P 2006

Figs. 2A-to 2D are diagranms to show an transmtted signal in the

cel L search Usifg pRaknaAyghaLsqebiinalibn 291a0LAM0 AN RS ERRMI C

configuration of a nobiTe communication systemt the spreadi ng code

synchr ongzat | on, {15l hodcager eL00iboe LB RERRRNERLNKRNY! @ khedPPlied: Fo.

[
4 1is a |agran1¥o Show a Schematic configuration of ‘a nobile comunication
system wherein hé&@gvﬁPbaégtfﬁAEEBHDG is applied to the nobile station, as a
e of the nobi

speci fic exanpl e comuni cation system shown in Fig. 3; Fig. 5
I's a diagramto Smmehérﬁ?@%@ﬂﬁeﬂnééﬁﬁ?on will be more fully
understood from the detailed description given
'hereinbélow and the accompanying drawings, which are
L0 given by way of illustration only and are net to be
considered as limiting the present invention.

Further scope of applicability of the present
invention will become apparent from the detailed
description given hereinafter. However, it should be

5 understood that the detailed description and specific
examples, while indicating preferred embodiments of the
invention, are given by way of illustration only, sinée
various changes and modifications within the spirit and
scope of the invention will bé apparent to those

0 skilled in the art from this detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

4Fig. 1A is a diagram to show an example of
assignﬁent of spreading codes in the downlink of an
intercell synchronous system, and Fig. 1B a diagram to
5 show an example of assignment of spreading codes in fhe

downlink of an asynChronous system;

15



froma base station to a nobile station, as the first enbodi nent of the
spreadi ng code synchroni zati on met hod accordlng to the present |nveﬂﬂﬁﬁﬁ2mw
Fig. 6 is a flowhart for explaining the operation of the first enbodi nent
of the spreading code synchronization nethod according to the present 0

i nvention; Figs. 7A to_(D arﬁ di agr.ans for 48X | ai ni.ng exa | e

met hod of excepting th&® Eéce Ped°t P A ﬁénﬁh§P

connecting base station; i.agram.t.o show a transnttted frane 5
from a base statFBﬁnFBlgt 5P@“§ﬁa #%%nFQ%he%ﬁﬁﬁﬁﬂi diafght of the
spreadi ng code synchr nlzatlon method 16 2 7 SEP 2006 accordlng to the
present inventi of: S5/9 is a flowhart for explaining the oper ation of

t he second enbodlnent ﬁf thg greag 8 code s%nchronl ati met hod
according to the preseht9-5-i hveft TEfRgLo165Y & 1 for expl ai ni ng

the opergtion of the thlrd enmbaqdi nen f the spr.eadi,ng code
synchrgni atlon ﬁ@PﬁbﬂuﬁécéPﬂlﬁ foMPR ﬁré@@WFPHq%F%ﬁa(ﬁ¥SQ?WﬁRf whiigly 5

flowchart for | ai ni ng the ration,of the fourth enb dlnent of t he
spr eadi ng code §ﬁcﬁ?6gF§éPﬁoﬁ ﬁﬁtﬁQBCQEPBF&Pﬁd°Po cﬁfé§§ﬁF' a8 &R i on;

Fig._12 's a flOWEhaéée;gﬁt 1 L%h%&g% 19€ applied;

Fig. 4 is a diagram to show a schematic

configquration of a mobile communication system wherein

LO a mobile telephone is applied to the mobile station, as
a specific example of the mobile communication system
shown in Fig. 3;

Fig. 5 is a diagram to show a.transmitted frame
from a base station tc a mobile station, as the first

'5 embodiment of the spreading code synchronization method
according to the present invention;

Fig. 6 is a flowchart for explaining the
operation of the first embodiment of the spreading code
synchrcnization method according to the present .

0 invention:

Figs. 7A to 7D are diagrams for explaining an
example of a method of excepting the received timing of
the mask symbol from the connecting base station;

Fig. B is a diagram to show a transmitted frame

5 from a base station to a mobile station, as the second

embodiment of the spreading code synchronization method

16



5 operation of the fifth enbodi ment of the spreading code synchronizgtj 9fp 206
nmet hod according to the present invention; Fig. 13 is a diagramto show a
transmitted frane froma base station to a nobile station, as the sixth 3
enbodi ment of the spreading code synchroni zati on nmethod according to the
present invention;, Fig. 14 is a flowhart for explaining the operation of

the sixth enboqgéeggagﬁgt@@ @m@e@géggngoﬂﬁveﬁyﬂgﬂfonization nmet hod accordi ng
to the present invention; Fig. 15 is a flowhart for explaining the 17 2 7

SEP 2000 operation ofidhe siyentilemiedt terér odxd hei sprgadhag code
synchroni zation nethod according to the present ‘invention; Fig. 16 is a

flowchart for e itid dherre OPeEdhd osmebdihenei @bt bthembpderaahgof the
spreadi ng code 'synchronization nethod according to the present invention;

-Fig. 17 is a RleK dhdanitasion metkodf 186 2di0g 06 the presbnenbodi ment
of the receiver LO for inplenmenting the spreading code synchronization

met hod accordi ngdghdih present invention; Fig. 18 is a block diagramto
show a configuration of the second enbodi nrent of the receiver for

i npl enenting the spregd.nd cqde = WIdWHH ZatfON exp YRiADEg aggerding to the
present 1 nvention; -
operation of the third embodiment of the spreading code
synchronization method according to the present
invention;

0 Fig. 11 is a flowchart for explaining the
operation of the fourth embodiment of the spreading
code synchronization method according to the present
invention;

Fig. 12 is a flowchart for explaining the

5 operation of the fifth embodiment of the spreading code
synchronization method according to the present
invention;

Fig. 13 is a diagram tc show a transmitted frame
from a base station to a mobile station, as the sixth

0 " embodiment of the spreading code synchronization method
according to the present invention;

Fig. 14 is a flowchart for explaining the
operation of the sixth embodiment of the spreading code

synchronization method according to the present

invention;

“ru

Fig. 15 is a flowchart for explaining the
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Fig. 19 is a block diagramto show a configuration of the third enbodi nent
of the receiver for inplenenting the spreading code synchronizatiod]Fmﬁthp
according to the present invention; 0 Fig. 20 is a block diagramto show a
configuration of the fourth enbodi nent of the receiver for inplenenting the
spreadi ng code synchroni zati on nethod according to the present invention;
Fig. 21 is a blogeleatias af tthes hoywenth cenbbgimant opr ofthpasprebdifhg fifth
enbodi ment of the receiver (a scranbling code nask timng detection 18 2 7
SEP 2006 ci r cidoldeand i taedraidd t ivn anslehsécacyerding tig tieteptesantircuit)
for inplenmenting the spreading code synchronization nmethod according to the
present inventin®entidrig.. 22 is a block diagramto show a configuration
of part. of the fifth enbodi ment of the receiver (a scranbling code group
detection circuit angiga 9@ dwbla il waseartdefd féqeld ioniwd richie t) for

i npl enenting the spreadi ng code synchronization nethod LO according to the
present 5i nvent peerafiiedn ¥ ithe dilgickh dimigsdhmént sdibvtlie sonéadgimati on of
the sixth enbodi ment of the receiver for inplenenting the spreadi ng code
synchroni zat i oaodeeishetacedrzitne:t adtleodresentdinyemd ite Preseftg. 24 is
a block diagramto show a configuration of part of the seventh enbodi nent

of the invention;

‘Fig. 17 is a block dlagram to show 2
configuration of the first embodiment of the receiver

0 for implementing the spreading code synchronization
method according to the present invention;

Fig. 18 is a block diagram to show a
configuration of the second embodiment of the receiver
for implementing the spreading code synchfonization

5 method according to the present invention;

Fig. 19 is a block diagram to show a
configuration of the third embodiment of the receiver
for implementing the spreading code synchronization
method according to the present invehtion;

0 Fig. 20 is a block diagram to show a
configﬁration of the fourth embeodiment of the receiver
for implementing the spreading code synchronization
method according to the present invention;

Fig. 21 is a block diagram to show a

5 configuration of part of the fifth embodiment of . the

receiver (a scrambling code mask timing detection
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receiver (a scranbling code mask timng detection circuit and a scrqu%EEg ;
code received timng detection circuit) for inplenenting the spreadi @
0 synchroni zation nmethod according to the present invention; and Fig. 25 is
a block diagramto show a configuration of part of the seventh enbodi nent

of the receiver (a scranbling code group detection circguit and 5 a,
scranbl i ng codecimenitfandt RPoACERRBLLRY FBFE TRERANEAR: LAGTNe d§5e€4di9Ry code
synchroni zati.on method 19 2 7 SEP 2006 according to the present invention,
DETAI LED DESCRIFF Rt bF TRE PREFERREDLEWBERSNVERTS2AERGh CBF%enbodi nent s of
the spreadi ng code synchroni zation nethod and others according to the 5
present inventioYReRTPnpaabecrRBERCEeRERPRALRI Fof EREnPESEERFigs. 3 to 6,
7A to 7D, and 8 to 25, Throughout the description of the draw ngs the sane
portions and theegmele®hbers will be denoted by the sane reference synbols
and redundant description wil|] 10 be omtted. The spreadi ng code

synchrorft zati on net hdth g ackdrss iy BHP¢khed b2 EERRt TPNSBAYI Bn is carried out in
t he nobil e comuni cation system as shown jn FL%. 3, .including_a structure
for inplenenti RPHEsIeFathdR A5 PaRHoYEr theadiTER| pPbadéRpRh) Of r 6RRa
currently connecting base station 100a éconnecting cell) to., another base
station 100b (FIEFIVeKpertEEFBOI Y| Gpee group detection circuit and

a scrambling code identification circuit) for
implementing the spreading code synchronization method

0 according to the present invention;

Fig. 23 is a block diagram to show a
configuration of the sixth embodiment of the receiver
for implementing the spreading code synchronization -
method according to the present invention;

5 " Fig. 24 is a block diagram to show a
configuration of part of the seventh embodiment of the
receiver (a scrambling ccde mask timing detection
circuit and a scrambling code received timing detection
circuit) for implementing the spreading code

0 synéhronization method according to the present
invention;. and

Fig. 25 15 a block diagram to show a
configuration of part of the seventh embodiment of the
receiver (a scrambling code group detection circuit and

5 a scrambling code identification circuit) for

implementing the spreading code synchronization method
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new comuni cations) while a nobile station 200a noves (a nobile station
200b corresponds to the nobile 10 station 200a had noved al ong the‘?TQM’m%
Fig. 3), For exanple, Fig. 4 is a diagramto show a schematic
configuration of a nobile communication systemwherein a nobile phone is
applied to the above nobile station. In general, the nobile comrunication

15 systemis prowudedid tPage Praldets kB til}b, 100c having their
respective fixed communication areas 300a, 20 2 7 SEP 2006 300b, 300c. In

a state in whi chgirhg UiDEs T REOF STHP Gertrerk vl I BMBOTEL MENTSING Cat i on
E n I'S

area 300a, the. I nke 0 € pbase Station 100a. Once

the | ocation of the nmeliche oFhen®od3the@GomEs tofd sp"zetama_r@omm cation area
300a to nove into the. conmunication area 300b, the nobile phone 250 needs

to establish neynedFyAlizGatiicdN methidy el kagt s aldrdielp td rone

comuni cations with the base station 100a in order to maintain the

communi cgtion spakeenthenveneadnneila eedeisuMaiyaNizAlgwvigt hod accordi ng
to the present invention is provided with a structure to enable fast cel

search on the oeg@isirencel thamdgeer 3oftd g Mabide Tmherry 25&d rzgn t he base
station 100a to the base station 100b. It is noted.here that the nobile

station L5 is nohrbughbet thet desaeiiplte ophete t20.drkwringpsamiles, saridie nobil e
stations include portable conputers, electronic notes, and, the

aut_ormbijl es, bigyetesns afdl gheyekas membiels waillPhangencRidoy eilts
S PPe . same reference symbols and redundant description will
10 - be omitted.
The spreading code synchronjzation method
‘according to the present invention is carried out in
the mobile communication system as shéwn in Fig. 3,
including a structure for implementing faster soft
15 handover (fast cell research) from a currently
connecting base station 100a (comnecting cell) to
another base station 100b (a cell expected to initiate
new communications) while a mobile station 200a moves
(a mobile station 200b corresponds to the mobile
20 station 200a had moved along the arrow in Fig. 3).
For exampie, Fig. 4 is a diagram to show a
schematic configuration of a mobile communication
system wherein a mobile phone is applied to the above
mobile station. In general, the mobile communication

25 system is provided with base stations 100a, 100b, 100¢

having their respective fixed communication areas 300a,
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wi th the communication nmeans. Fig. 5 is a diagramto show a signal fZ?@%
transmtted fromthe base station to the nobile station in the firs P 2006
enbodi ment of the spreading code synchronization nethod according to the
present invention. This signal frame includes a mask synbol Cl ~5 spread by
only a common short code being a first spreading code commopn to base
stations, and aA00R1 20¢CSEPEQOQ65tﬁﬁﬁoiﬁawhéﬁhdgh& Bphtide Bhossr @& by a
conbi nation of a scranbling code being a second spreadi ng code assigned to
each base stati 88 dngatkd vékheR $her compwaisahign @fed i30a sgead code
comon to the base stations, _and 5 the mask synbol C is inserted in every
period of the ®mebdkdl Phgneodsl Hisgligkesd Zof ithackase fsdatdan diMag the
operation of the first enbodi ment of the spreading code synchronization

met hod accordi ngnee the peessihen(9fi fhenmoddle phore RiSdsbesoped it t he
follomdng processes are successively perfornmed for the signal frame shown
in Fig. 8: detetheonomhuniecaties argangl8r tthemoyer RSO #ecode (5401); and
identification of the H.5 scranbling code. First, the correlation is

det ect ed bet weeReTNGN1caRHBA éﬁéﬁt388ée tag pekidedprhrassi2gfaneEdsc &oved

signal) received by the nobile station (e.g., equivalent to the nobile
phone 250 in Figstaplishepeyycommunications with the base station 100b

from communications with the base station 100a in order
to maintain the communication state. The spreading

10 code synchronization method according to the present
invention is prdvided with a structure to enable fast
cell search on the occasion of handover of the mobile
phone 250 from the base-station 100a to the base
étation iOOb. It is noted here that the mobile station

5 is pat limited to the mobile phone 250. For example,
the mobile stations include portable computers,
electronic notes, and, the automobiles, bicycles,.
motorcycles, trains, airplanes, ships, etc. equipped

"~ with the communication means.

10 | Fig. 5 is a diagram to show a signal frame
transmitted from the base station to the mobile station
in the first embodiment of the spreading code
synchronization method according te the present
inventidn. This signai frame includes a mask symbol C1

i spread by only a common short code being a first

spreading code common to base stations, and an
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O detecting the received timng of the scranbling code nask fromthe
handover destination cell (e.g., Ill equivalent to the base station Zob&ER 2006
Fig. 4). ($411). At this time, in order to avoid detection of the received
timng of the scranmbling code mask of the 5 connecting cell (e.g.,

equi valent to the base station 100a in Fig. 4), the received timng of the

mask symbol 22 %206onf HFLt REmERNNESt iSRG GRl hy & %ﬁ&%%&ifdrpra@ha

search range for e received timng of the Scranbling code mask of the

handover destinatipanGehhqg(8442) bekRot Be s88YLAPIsAGRadngl RS e GRisMethdd N ng
of the 5 scranmbling code of the handover destination céll thus detected, a

correlation betwegn.Lag fecei ¥edtishoaal aRe cgmﬁmes% theoReogeshof the

scranbling code and the common short code Is detected for each scranbling

code replica (Sigd)rif0d Lheeadr bl adnegfe 8l chilcpasechyad;dAss gpgy from

t he handover destination ce Is detected from nmagnitudes of correlation

val ues (S422). Rys. t Qyrfbb Br €1S¢Be Rk Hagga eWoang € |l e of
a nethodagf exc?%??ﬁngﬁe rece?vgé %in?ﬁgégFgat%g %35E9s§%bofafﬁgnfﬁ%g

connecting cel | @ccon iQytOoke.the present invention. Fig. 7A shows a
signal frane transmtted fromthe connecting cell and Fig. 7B a signal

frame transmtted fromidhe gejd Hfridgchareoyst «@gshinahyofheFig. 7Cis a
diagramto show a nethod of identifying the received timng of the mask
symbol of 10 thegomedi ngs ceht FIPHLT 8aBbYeAehtMbRIEHE! sPARAG1AG code
synchronization method according'to the present
L0 invention.
In the first embodiment the following processes
are successively performed for the Signal frame shown
in Fig. S: detection of recei&ed timing of the
scrambling code (S401); and identification of the
5 scrambling code.
First, the correlation is detected between the
common short code replica and the signal (received
signal) received by the mobile station (e.g.,
equivalent to the mobile phone 250 in Fig. 4), thereby
0 detecting the received timing of the scrambling code
mask from the handover destination cell (e.g.,
equivalent to the base station 100b in Fig. 4) (S411).
At this time, in order to avoid detection of the
‘received timing of the scrambling code mask of the

5 connecting cell (e.g., equivalent to the bhase station

100a in Fig. 4), the received timing of the mask symbol
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the connecting cell used in a rake receiver and excepting it fron1t%f
search range for the received timng of the scranbling code nask of %éEszﬁ
handover destination cell, and Fig. 7D a diagramto show a 15 net hod of
excepting a range Rof A chip fromthe received timngs of the paths of

t he connecting cell 23 2 7 SEP 2006 wused in the rake receiver, In Figs. 7C
and 7D, Ti indi cites the cemmeokihgioehy b$ ekeestednbiomgacederchromt he
connecting cell to be excepted, and T2 the received timng of the

scranbl i ng code mEngdefdmnthw erecasivedttipinronofethe $ecpgamBlingacdidegramto
show a signal frame transmtted fromthe base station to the nobile station
in the second emzsk nefhtthd haredopreadl sigimatiton syakhr 6BEZ2at i on net hod
according to the present LO invention. This signal franme includes a mask
synbol Cl1 spread by dm ycheheeedmporeshorat dive, rereivddrinating oflathesynbol
C3 spread by a scranbling code timng indication code, and an information
data synifol C2 ssprasdd ing acastanin hatheorhaidever cdesinashibonr celk thdsl5 the
scranbling code. N mask synbols C are inserted in every scranbling code
period, and the detfemrtemt,i en catzelaimolbad3vean fihe herce itsed t 2lignal oader to

i ndicate the position of the head of each scranbling code: In the second

enbodi ment, thea moglenatfil dha@rodiatheif O-reimerpmnting ¢ode sk tyabol C
masked over the scranbling code, i.e., spread by only the conmon short
common short code is detected for each scrambling code

replica (S421), and the scrambling code of the received
10 signal from the handover destination cell is deteéted
from magnitudes of correlation values (5422).

Figs. 7A to 7D are schematic diagrams to show an
example of a method of excepting the received timing ¢f
the mask symbol from the connecting cell according to

5 thempresent invention. Fig. 7A shows a sighal frame
transmitted from the connecting cell and Fig. 7B a
signal frame transmitted from the cell of the handover
destination. Fig. 7C is a diagram to show a method of
identifying the received timing of the mask symbol of

0 the connecting cell from received timings of paths of
the connecting cell used in a rake receiver.and
excepting it from the search range for the received
timing of the scrambling code mask of the handover
destination cell, and Fig. 7D a diagram to show a

\5 method of excepting a range R of £ A chip from the

received timings of the paths of the connecting cell
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code, is the information data synbol C3 spread by the scranbling code
timng indication code. Used as the scranbling code timng indication codes

are different 15 spreading codes c#O to c#n-1 according to the nugbpsﬂmm
masks over the scranbling code fromthe head position 24 27SEP2006  of Pme
scranbling code. Fig. 9 is a flowhart for explaining the operation of the

second enmbodi MeiileDfi of RGeS RIBRI NG o GACE, SYRC QY Z3ld ehgretdjodraccording to
the present 5 invention. In the second enbodi nent, the foll ow ng processes

are carried outi gl der ther Adi S} i IR T SHUUMK &4 D ks eCt i on of

received timng of mask synbol (5701); detection of received timng of

scranbling codera/QRe Rphddantd fdgat i 1 dL&Haplddy Todend 5703) .

First, the correlation is detected between the comon short code replica

and the signal (Leesieed thninghe fMaitd & a0 $ods o€ HHE IRl Qi &pl ues in
respective (1/n) scranbling code periods are averaged .5 (5712), and the

recei veg tim ngeakitRe{gar a@hhi.ng code mask of the handover destination
cell is detected based thereon (5713). This detection of the received

timng is carried oghqglngajstataigrafi ¢b Shew ecalivedlt ifdaae of the mask
symbol fromthe connec?ing cell is excepted O fromthe search range for the
recei ved tinm ngrghshheresCrashl ithe ¢ode MSitifdromd daplaver gestigmation

cell, in order to avoid reception of the signal transmtted
in the second embodiment of the spreading code
synchronization method according to the presenﬁ
0 invention. This signal frame includes a mask symbol C1
spread by only the common short code, an information
‘data symbol C3 spread by a scrambling code timing
indication code, and an information data symbol C2
spread by a combination of the common short code and
5 the'écrambling code. N mask symbols Cl are inserted in
every scrambling code period, and the information data
symbol C3 is further inserted in order to indicate the
position of the head of each scrambling code. In the
second embodiment, the information data symbol
0 subsequent to the mask symbol Cl masked over the
scrambling code, i.e., spread by only the common short
code, 1is the information data symbol C3 spread by the
scrambling code timing indication c¢ode. Used as the
scrambling code timing indication codes are different
5 spreading codes c#0 to c#n-1 according to the numberfof

masks over the scrambling code from the head position
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fromthe connecting cell. The nethod of exception can be the sane nethod as
shown in Figs. 7Ato 7D. Then the received timng of the information data
synmbol C3 spread by the scranbling code timng 25 27SEP2006 i ndi cgt? SiF mggde
of the handover destination cell is determ ned fromthe received timng of
the scranbling code mask of the handover destination cell detected. The
correl ati on between the received signal and the 5 scranbling code timng

i ndi cation code# efld GrismbURiedsdk at the detected received timng of the
information data synmbol C3 of the handover destination cell thus determ ned

($721). The detectiorigf, ary & atlicwtHireadtr cde Hinof® $is c#n-1 shown in
Fig. .0 8 is carried out at the received timngs of continuous n

i nformation datgheRatids B.tHorsdbal repdd Dilenty ad fleShe asEPdd@imgi on sumis
determ ned using the known transm ssion pattern of the scranbling code

timng indicaldge a8RHrPRYat iHiehdtihd ecatoedidd Mot phedder
scranbling code of the handover destination cell is detected fromthe

timng Wth muinventder.el ahi @RessBohd7 3dbodimeniter that fidla clatgct ed
received timng of the scranbling code of the handover destination cell O

detected, the egikelsaleisoneimeddoutede Wdiet ot thand idita xopleaé the
product of the scranbling code and the common short code is detected for
each scranbl i nghog@denr grlg.c® :( Ie¥e)ct i dihe s ar itignicafe Oindde
symbol (S701); detection of received timing Sf
scrambling code (5702); and identification of
Lo scrambling code (S5703}.
First, the correlation is detected between the
common short code replica and the signal received by
the mobile station (5711), correlation values in
respective (1/n) scrambling code periods are averaged
5 (§712), .and the received timing of the scrambling code
mask of the handover destination c¢ell is detected based
thereon (S713). This detection of the received timing
is carried out in a state in which the received timing
of the mask symbol from the connecting cell is excepted
0 from the search range for the received timing of the
scrambling code mask from the handover destination cell,
in order to avoid reception of the signal transmitted
from the connecting cell. -The method of exception can
be the same method as shown in Figs. 7A to 7D. |

5 » Then the received timing of the information data

symbol C3 spread by the scrambling code timing
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signal fromthe handover destination cell is detected 5 froninagnitudes of
correl ation values (5732). The second enbodi ment permits the received & $&A 18
26 2 7 SEP 2006 of the scranbling code nask of the signal transmtted from
t he handover destination cell to be detected w thout detecting the received
timng of the scranblin, code nmask fromthe connecting cell, which enables
the 5 detecti on igfditdaticwl |casie tdfe tHandrrdo s tdestiratiomexelEigs 10 is a
flowchart for explaining the operation of the third embodi nent of the
spreadi ng code detexmiofd finan the marelctet diiming ahethr esermblimgnt i on.
In the third enbodi ment, the follow ng 10 processes are carried out for the
signal frame showds mask g Shajdaddwmr ofe sieow Vah téed hdeteaeednbl i ng
code (S801); and identification of scranmbling code (5802). First, the
correlation is déteecradt attien beferassc dihaedrectigied sighaheandrmivdm short
code replica (5811) and the 15 received timng of the scranbling code mask
of the Bandoverscdaabiliag @ deeHimisig ditabitcat jsas etbdeheraapiicg 5832) . At this
time, in order to avoid reception of the signal transmtted fromthe
connecting cel | detlestededdi &g detiesFest ndneimesk tymitng of dtha he connecting
cell is excepted fromthe search range for the received timng of the
scranbl i ng codelndokmaitione dadrdSYabold&sk iofatihen hagidovage desthimation
detected received timng of the scranbling code of the handover destination
cel | : cell thus determined (S$721). The detection of
correlation by each code of c#0 to c#n-1 shown in Fig.
0 8 is carried out at the received timings of continuous
n information data symbols C3. For n correlation
values, a correlation sum is determined usiﬁg the known
transmission pattern of the scrambling code timing
indication code ($722). Then the received timing of
5 the scrambling code of the handover destination cell is
detected from the timing with maximum correlation sum
(5723} .
Further, at the detected received timing of the
scrambling code of the handover destination cell
0 detected, the correlation between the received signal
and the code of the product of the scrambling code and
the common short code is detected for each scrambling
code replica (5731), and the scrambling cbde of the
signal from the handover destination cell is detected
5 from magnitudes of correlation wvalues (S732).

The second embodiment permits the received timing
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05 detected, the correlation between the received signal and the code of
the product of the scranbling code and 27 2 7 SEP 2006 the common sh®SEP 2005
code is detected for each scranbling code candi date (5821), and the
scranbling code of the signal transmitted fromthe handover destination
cell is detected fromnagnitudes of correlation values 5 (S822). After the
processes of theoflethet sonadblisgeicode meisk 9f Ghescigmalli fgagwdel (8bl) and
the identification of scrambling code (5802) are repeated N tines and when
there is no surréundi ijecbrndgeescieginndigat eetlilotoobel Getipstisstei ved
timng of the scranbling code mask of the handover destination cel
thereafter is cavitbdubudetestiggakhet neceaveryadming ods the sardinddties f or
the received timng of the scranbling code mask fromthe handover
destination cel | ceggimgsk| SrpexftheFpgnnestisgaceldwc Whdchf @naddsisaitiieng t he
operation_of the fourth enbodi nent of the spreading code synchronization
net hod ac®or di ngdebechioprefehhe FR¥énePfohbhel hapdevesudestanasdioment, the
followng processes are carried out in order for the signal frame !0 shown
in Fig. 5. detection dfe¥ecBigedl?i #fny blowakprshbfpAgesBdainisgothe and

i dentification of scranbling code (5902). First, the correlation is

det ect ed bet weerPR#®ati@Rep§ebngi GhaFdapRbeAinenknsfs Sher sPEsadingprres 5

(S911) and the received timng of the scranbling code
synchronization method according to the present

invention. In the third embodiment, the following

10 processes are carried out for the Signal frame shown ir
Fig. 5; detection of received timing of scrambling code
(S801); and identification of scrambling code (S802).
First, the correlation is detected between the received
signal and the common short code replica (5811) and the

15 recéived timing of the scrambling code mask of the
handover destination cell is detected based thereon
(5812). At this time, in order to avoid reception of
the signal transmitted from the connecting cell, the
received timing of the mask symbol from the connecting

20 cell is excepted from the search range for the received
timing of the scrambling code mask of the handover
destination cell.

Next, at the detected received timing of the

scrambling code of the handover destination cell

5] '~ detected, the correlation between the received signai

and the code of the product of the scrambling code and
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mask fromthe handover destination cell is determned 28 2 7 SEP 2006

based thereon (5912). At this tinme, in order to avoid reception of thq% SEP 2006
signal transmtted fromthe connectinc <cell, the received timng of t Z

mask synbol fromthe connecting cell is excepted fromthe search range for
5 the received timng of the scranbling code mask from the handover
destination cel | thrhetpmman tshoHeteededi s cdetoetedi fongeafht Aeraski4Rfl i ng
code of the handover destination cell detected, the correlation between the
received signal FodadandldrRIutIsdE) + RN ckbabi¢rrpkebied afede hef cEhfion
short code is detected for each scranbling code replica (5921), and_the
scranbl i ng code @ﬂQﬂﬂisﬁqﬁﬂﬂmktiﬁﬁ\ﬁipmfékﬁnQﬁ@dmﬁﬁﬁd@%$tﬁ%%¥¥%%tF@hlcel

is detected from magnitudes of correlation values (5922). 15 After the
processes of t he igetdediscsiebfinait diagnl tudes mf ororre bablomgvabaes (5901) and
the identification of scranbling code (5902) are repeated plural tinmes and
when theré i s no (§822dundi ng cell even after a |apse of T sec, the
detection of the received tinmng of the O scranbling code mask fromthe
handover destination c@ffter Fbeepmosessescat itde slatasiinp A1 e iwi ved
timngs as candidates for the received timng of the scranbling code nmask
from the handovetiadsg oft isaradliing swen (P 0e and rdhantPeRidihcation

enbodi nents permt the received tininq)of t he scranbliq? code mask fromthe
of scrambling code (5802) are repeated N times and when

there is no surrounding cell detected, the detection of
10 the received timing of the scrambling code mask of the
handover destination cell thereafter is carried out
using all the received timings as candidates for the
received timing of the scramblinj code mask from the
handover destination cell (S812).
L5 " Next, Fig. 11 is a flowchart for”explaining the
operation of the fourth embodiment of the spreading
" code synchronization method according to the present
invention. In the fourth embodiment, the following:
processes are carried out in order for the signal frame
0 | shown in Fig. 5: detection of received timing of
scrambling code (S901); and identification of
scrambling code (S3502).
First, the correlation is detected between the
received signal and the common short code replica
5 (S911) and the received timing of the scrambling code

mask from the handover destination cell is determined
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29 2 7 SEP 2006 ‘handover destination cell to be determned even if tHESEP 2006
received timng of the scranbling code mask fromthe connecting cell
coincides with the received timng of the scranbling code mask fromthe
handover destination 5 cell; thus the fourth enbodi nent enables the

d ~of th |1 Ne 12
detection of Lhe,geul Berng: ! eaDapiouer, €62k PRl onp ek L iR ke @

di d h hod d h t 10
Thventon. I'n RESFFPERSBRBbarNEnE bR FORMOILAG o %5§@Er 55 Feanaatind out

' der: t d f nbl d [1s t
be searched, T rSRFEhCEEBNASEELRESCERTIPg18 1f%°sﬁ%s ol e gt ' © 1O
detection of received gi scranblin dl% 5100ﬁ) and
enti T oatt on’ croREsahienaelh 28" HRbnata  2rp8 Ent peaE kD, P iy for

t f th d de 51001 th | at
{?Mﬁéﬁ%ﬁ%mhwwﬂﬁﬁﬁ%m%m%r“m”

replica (S1021) and the,recei he scranbling code mask of the
handover destina%FBﬁha%%9Y9¥sg F%?%%hgﬂ %id thereon ($1022) At this time

In order to avoid reception of gnnecti ng

h
cell, the received tin «ﬁaﬁrﬁ?§1§%£E§%%@ﬂ€€$g$¢% Yﬁ%l gnﬁchﬁﬁg cell is
excepted from t*@}ﬁ%ﬁi{ﬁaféeg §erehbenLRSELYRatLOLRG . 8hn" 08110

detected, the correlation between the received signal

10 and the product of the scrambling code and the common
short code is detected for each scrambling code replica
(8921), and the scrambling code of-the signal received
from the handover destination cell is detected from
magnitudes of correlation values (S5822).

5 " After the processes of the detection of received
timing of scrambling code (S801) and the identificétion
of scrambling code (5902) are repeated plurai times and
when there is no surrounding cell even after a lapse of
T sec, the detection of the received timing ¢f the

0 scrambling code mask from the handover destination cell
thareafter is carried out using all the received
timings as candidates for the received timing of the
scrambling code mask from the handover destination cell
(8912) .

5 The third and fourth embodiments permit the

received timing of the scrambling code mask from the
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2 7 SEP 2006 scranbling code nmask of the handover destination cell. SEP 7005
Further, at the detected received timng of the scranbling code of tﬁg
handover destination. cell detected, the correlation between the received
signal 5 and the product of the scranbling code and the conmon short code

is detected for each scranbling code replica &§é031), and the scranbling
code of the signahandeveredestigatipe weddodr Rfeddstemiged ayen sl ficiket ed
from magnitudes of correlation values (S1032) on the 10 occasjion of

i denti fying the s&earblVedygtdddedortt fde Sicgaiblinghsade arTY FRameMandover
destination cell, the identification is carried out using as candi dates
only the scranbl i fgnE88EINSs SEdheFoincine sswitbuidiengecadvas tidmda g &l ched,
whi ch were informed of-by the L5 connecting cell (51031). In the fifth
enbodi ment, thereths Herambdingr codet BasknilFgN F&ec oataroftestdmadiion he
scranbling codes prepared in the nobile communication systemon the
occasi on of ident¢eyingthHe SBeakpLirish eBbeddmente engiEsdder dedsatdam on
cell, but it is sufficient_to determine the correlations for only the
inforned scranbl?hgtkedeslinbrihpl heabandoyercdgssinaidiosh can |argely
decrease the tinme necessary for the identification. 5 Next, Fig. 13 is a
drawi ng to show a signéNe$¥an§19trhﬁshﬁt?eglPWGHﬁFﬁefﬁﬁséxﬁgaﬁpéﬁgtGhﬁhe

nobil e station 31 27SEP2006 ) ] ]
operation of the fifth embodiment of the spreading cod:

synchronization method according to the presenf

10 invention. In the fifth embodiment, the following
processes are carried out in order: reception of
.indexes of scrambling codes of surrounding cells to be
searched, from the connecting cell (51001); subsequent
thereto, detection of received timing of scrambling

15 code (S1002); and identification of scrambling code
(SlOOB) .

First, subsequent to the reception of the indexes
of the scrambling codes (S1001), the correlation is
detected between the received signal and the common

20 short code replica (S1021) and the received Fiming of
the scrambling code mask of the handover destination
cell is determined based thereon (§1022). At this time
in order to avoid reception of_the signal transmitted
from the connecting cell, the received timing of the

5 mask symbol from the connecting cell is excepted froﬁ

the search range for the received timing cf the
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Il in the sixth enbodi nent of the spreading code synchronization nethod
according to the present invention. This signal franme includes a mask7 SEP 2006
synbol Cl1 spread by only the comon short code, an information 5 data

synbol C2 spread by a conbination of the common short code and the
scranbling code, an information data synbol C3 spread by the scranbling

code timing indication code, and an information data synbol C4 spread by a

scranbling code géerdmib Dig@deoddl nask 40 skebbhhnd&ear @ebhdaateédnaktegqual
intervals in every scranbling code period, and the information data synbol

C3 is inserted in orderrixthauwl cat etlidedposttednrofeived bemdnof ofhehe
scranbling code. In the sixth enbodinent, the infornmation data synbol

subsequent to thescwahbl ingyabdd ofskke bartovrbe destihbthgncedel i.e.,
spread by only the common short code, is the information data synbol C3

spread by the scrdwtddigd cotlee tedt gl a £ hohh Cloé tweesotite Foetheed shenal
I nformati on data ,synbol subsequent to the infornmation data synbol C3 is the

;0 informeion daird sHOPrdduspreddihy $beanisl bl coge andetBeoupmhbncode.
Next, Fig. 14 is a flowhart for explaining the operation of the sixth
enbodi ment of theigprteatidy Ioddetaynedr ot zestlons aeitiplliagcosde ngepdithe
present 5 invention. In the sixth enbodinent, the followng processes are
carried out in orid0¥lor, tared signascfamnein@2c@ISHPP00Be signal receivec
from the handover destination cell is detected from
magnitudes of correlation vélues (51032). On the
10 occasion of identifying the scrambling code of the
signal transmitted from the handover destination cell,
the identification is carried out using as candidates
only the scrambling codes assigned to the surrounding
cells to be searched, which were informed of. by the
15 connecting cell (S1031).

In the fifth embodiment, there is no need for
determining the correlations for all the scrambling
codes prepared in the mobile communication system on
the occasion of identifying the scrambling coede of the

0 handover destination cell, but it is sufficient to
determine the correlations for only the informed
scrambling codes (ndrmally, about 20 codes), which can
largely decrease the time necessary for the
identification.

5 Next, Fig. 13 is a drawing to show a signal frame

transmitted from the base station to the mobile station
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shown in Fig. 13: reception of indexes of scranbling codes of surrounding
cells to be searched, fromthe connecting cell (51201); subsequent t?§ﬁﬁ58
detection .of received timng of nmask synbol (51202); detection of &5 00
received timng of scranbling code replica (51203); detection of scranbling
code group (S1204); and identification of scranbling code (51205). First,
subsequent to the reception of the indexes of the scranbling codes (51201),

the correl ation jins +tiH@ dgbagt eshHRiweat tde diRcaiprethsimatodad the conmmon
short code replica (51221), correlation values in respective (1/n)

scranmbling code spaichaen ¥t idee mRRtbd (i anh e reEeiswed tining of

the scranbling code mask fromthe handover destination céll is determn ned

115 based ther eqavie$ta23).. Bhikhksghhlesrafeorden ube sawoind sikdetyatidlorr of the
received timng of the scranbling code nask of the connecting cell, the

received tim ngspireblie byMBak v5 WHROIcInim@N b reOoRtd, | nth Gl forinsa e pt ed
from the search range for the received timng of the O scranbling code mask
from t heshandovggtdes i o2 Geldeadltn of RRmAGRItRMA td MMt dordth
information data synbol C3 spread by the scranmbling code timng indication

code from the handevekodesndathen selamblingleicele] red ifffyprdte drecitved
timng of the scranbling 5 code nask fromthe handover destination cel

detected. At thgmBetectegpiead ¥§d thiemseganbllibgy iddoer mHEmiony data 33 2 7
SEP 2006 synbol C3 of the handover destination cell obtained,
indication code, and an information data symbol C4
spread by a scrambling code group ID code. N mask
10 symbols Cl are inserted at equal intervals in every
scrambling code period, and the information data symbol
C3 is inserted in order to indicate thé posiFion of the
head of the scrambling code. In the sixth embodiment,
the information data symbol subsequent to the mask
5 symbol masked over the scrambling code, i.e., spread by
only the common short code, is the information data
symbol C3 spread by the scrambling code timing |
indication code. Further, the information data symbol
subsegquent to the information data symbol C3 is the
10 information data symbol C4 spread by the scrambling
code group ID code.
Next, Fig. 14 is a flowchart for explaining the
operation of the sixth embodiment of the spreading code
synchronization method according to the present

5 invention. In the sixth embodiment, the following

processes are carried out in order for the signal frame
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the correlation is detected between the received signal and the Scr?quﬂﬂﬂMS
code timng indication code replica (51231). The correl ati on detection"by
each code of c#0 5 to c#n-1 shown in Fig. 13 (51231) is carried out at the
received timngs of continuous n information data synbols. For n
correlation values, a correlation sum is detected using the known,

transni ssion pathgtn 9h Fig. Lo:arldapd ieede ft iiFdesdnNd £ ald Rmeodey (51232) .

Then .0 the received timng of the scranbling code of the handover

destination cel kohgsdgireghiegdobhdinghedlilE /e ba tde a3 JHRH, MEBEOIHIR ati on sum
($1233). In the process of the detection of the scranbling code group of

the handover desbhRatk9RgCekh1(55204)L) ; Subldieeiient EHeretd ,0Wettfditlod he
detection of the received timng of the scranbling code, the correl ation

is first detectgg betueendt hemhageioretaskdsghband (@ach2)scifldtit <L asde
group ID code replica at the received timng of the information data synbol

C4 of thg O haﬂﬂ@&@ivéasthﬂthOBfCQbkaﬁbuﬁhqi&%ﬁef&@?ﬂ&&% reqeiossd timng
of the scranbling code nask of the handover destination cell detected

(S1241). At thigetbBRiohhef gerhfbatingncbaedgiegbedsuiony ;asngandi dates only
the scranbling code group I D codes of scranbling code 5 groups including

the scrambling teegsieichbeonsuEr eundinbyiagl kedko (Be29gar.ched, infornmed of
by the 34 2 7 SEP 2006 connecting cell. For resultant correlation val ues,
a correlation sumis pieteet esuiséggehbetdNEME reception of the indexes
of the scrambling codes (S1201), the correlation is
10 detected between the received signal and the common
short code replica ($1221), correlation values in
respective (l/n) scrambling code periods are  averaged
(81222), and the received timing of the scrambling code
mask frem the handover destination cell is determined
L5 based thereon (51223). At this time, in order to avoid
detection of the received timing of the scrambling code
mask of the connecting cell, the received timing of the
mask symbol from the connectingrcell is excepted from
the searéh range for the received timing of the
0 scramb;ing code mask from the handover destination cell
Then the received timing of the information data
symbol C3 spread by the scrambling code timing
indication code from the handover destination cell is
determined from the received timing of the scrambling

5 code mask from the handover destination cell detected.

. At the detected received timing of the information data
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transm ssion pattern of the scranbling code group ID code (51242).

scranbl i ng code group including the 5 scranbling code of the handover
destination cell, is determned fromthe transnm ssion pattern yielding a
maxi mum correl ati on sum (S1243). Further, in the identification of the

scranbl i ng

the scranbling 1

code 3129&53), the caorrelation between the received LO signal

il tihe dandaeer deshipakienmer Hat@Rtahngdt he

i nformed scranbling codes out of the scranbling codes included in the

detected scrarfbei §§r&@de tgradup § SetEntedrfe begebthareericved sigeadi gna

transmtted fromthe handover destination 5 cell

ZZ\SEP 2006

and

I s detected from magni tudes

of correl ati onapgl fbe sgerERldng Feo)tining hedicath anmisertPli®ere is

no need for

group | D codes (§A28Ré -octhsi 6ATER1eELPRI AGTEGLiCRe Py @achcCrse

determ ning the correlations with all the scranblig% code

1D

scranbl i ng code group of the handover _ destination cell but it is sufficient
to detePm ne t ke CH#BrielBOWENd ALY t HS s&dil)i i it Bleddes

whi ch the informed scrambling codes belong (normally,

addi tion, on tK&cBa¥adi $ATdNGS O CPnigraRUls He ifeimatich idwtaf the
scranbli ng code of the handover destination_cell, it is sufficient to

7 SEP 2006 deE¥FRPAE -t hECEORr EPEFROAEIANt KadHRY /t Be CPRFSLABACBRCFHADI i ng

codes, w thout detecting the correlations between the received siqyal and
the scranmbifngetected using the known transmission pattern of the

al |

scrambling code timing indication code (S51232). Then
the received timing of the scrambling code of the
handover destination cell is detected from the timing
with a maximum correlation sum ($1233).

In the process of the detection of the scrambling
code group of the handover destination cell (S1204),
which is carried out after the detection of the

received timing of the scrambling code, the correlatioen

" is first detected between the received signal and each

scrambling code group ID codé replica at the received
timing of the information data symbol C4 of the
handover destination cell determined from the received
timing of the scrambling code mask of the handover
destination cell detected (S1241). At this time, the
correlation is detected using as candidates only the
scramblipg code group ID codes of scrambling .code
groups including the scrambling codes of the

surrounding cells to be searched, informed of by the

34
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codes prepared in the mobile comunication system 5 which can |argd §SEP 2006
decrease the tinme necessary for the identification. Fig. 15 is a flowhart
for explaining the operation of the seventh enbodi nent of the spreading
code synchroni zati on net hod according to the present 10 invention. In the
sevent h enbodi nent, the following processes are carried out in order!
reception of idwexestigseehbrbl iFuyr coseslinfnts Wt thigprcerd bud ®, be
searched, fromthe connecting cell (S1301); subsequent thereto, detection
of received ti nmoxralatsosrandhm ns 1etedeedepsing €154 30BRdwnand i dentification
of scranbl-ing code (S1303). First, subsequent to the reception of indexes
of scranbling taratesn i3 )patbersos f et | serambith@ectede edweedDt he

recei ved signal and the common short code !0 (51321) and the received timng
of the scranbl idwiecodl24msk B gordrdlhandacete dashiphaiidnudiald tise
‘determ ned based thereon (S1322). At this tinme, in order to avoid

recepti & of thersirgialng reodamidf echd riomddnes € afeecindigiosetdl 1] hesrecei ved

timng of the mask synbol fromthe 5 connecting cell is excepted fromthe
search range f afetedreneet einced ther tpmémi hel qerpatbteng goekdimgkafrom 36 2
7 SEP 2006 the handover destination cell. Further, at the received timng

of the scranbl imagimmde cafrale: fvandower ($EBS43)nati on cel | detected, the
correlation between the received signhal and the code of

Further, in the ident;fication of the scrambling’
code ($1205), the correlation between the received

L0 signal.and the scrambling code replica is detected
using as candidates only the informed scrambling codes
out of the scrambling'codes included in the detected ;
scrambling code group {(51251). The scrambling code of
the signal transmitted from the handover destination

5 cell is detected ffom magnitudes.of correlation values
detected (S1252).

In the sixth embodiment, there is no need for
determining the correlations with all the scrambling
code group ID codes on the occasion of carrying out the

0 | detection of the scrambling code group of the handover
destination cell but it is sufficient to determine the

correlations with the scrambling code group ID codes to

which the informed scrambling codes belong (normally,

about 20 codes). In addition, on the occasion of
3 carrying out the identification of the scrambling code

of the handover destination cell, it is sufficient to
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5 the product of the scranbling code and the conmmon short code is 1 tSEC 12808
for each scranbling code candidate (S1331), and the scranbling code of the
signal transmitted fromthe handover destination cell is ‘detected from
magni t udes of correlation values (S1332). 0 on the occasion of carrying out
the identification of the scranbling code of the signal transmtted from
the handover disterminenthel torreébatiensi witht cnhyi shei ipfenpaded using as
candi dates only the scranbling codes of the surrounding cells to be
sear ched, i nf orswerhnb bingpycedes conntlsoithgdebett{Bg381s . catretathendet ecti on
of received timng of scranbling code (S1302) and the identification of
scranbl i ng codegtSi3a8)the erecperaedds Nna heandnat hi-she wagramill ishgn t here is
no surrounding cell detected, the O detection of the received timng of the
scranbl i ng codeodess ko femaredeimhaieuerb kst comtinicaeidnt beseahter is
carried out using all the received timngs as candidates for the received
timng & the stiamibldan lzugkel heddciease ttie hbimeveecessatnatoontel |
(S1322). 5 Next, Fig. 16 is a flowhart for explaining the operation of the
ei ght h enbodi mégterdfi fillgatsimreadi ng 37 2 7 SEP 2006 code synchroni zation
met hod according to the present invention. In the eighth enbodi nent, the
foll owing processesfdige ddr lise¢ dltowahagrddior rempd@irdmdfthe ndexes of
scranbling codes of surrounding cells to be 5 searched, fromthe connecting
cel | (S1401); eopssediom of the seventh embodiment of the spreading
code synchronization method accdrding to the present
10 invention. In the seventh embodiment, the following
processes are carried out in order: reception of
‘indexes of scrambling codes of surrounding cells to be
searched, from the connecting cell (S1301); subsequent
thereto, detection of received timing of scrambling
15 code replica (51302); and identification of scrambling
code (S51303).

First, subsequent to the reception of indexes of
scrambling codes (S1301), the correlation is detected
between the received signal and the common short code

0 (51321) and the received timing of the scrambling code
mask from the handover destination cell is determineﬂ
based thereon (S51322). At this time, in order to avoid
reception of the signal transmitted from the connecting
cell, the received timing of the mask symbol from the

5 connecting cell is excepted from the search range for

the received timing of the scrambling code mask from
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thereto, detection of received timng of mask synbol (S1402); det ectzi %EE%MB
received timng of scranbling code (S1403); detection of scranbling code
group (51404); and identification of scranmbling code (51405). 10 First,
subsequent to the reception of indexes of scranbling codes (S1401), the

correlatiop,is et Cﬂﬁg bet en.tg . recei q signal_and t he common shprt
code replica 0%%%3%5, %%ﬁ?e#é&?%ﬁ gh?ﬁe§e¥ﬁ respective (1/n) scranbling
code perl ods are aveTAGG LS AL LN LS Leerkuede LI G plobitne
ranam tted 11 aRIhE S R ATIPYEr TS RE] Gehtr RREREDER: RS Tack”
Feceived tIm SN L EHTTT DO TRERY R oRLPRRT haRA0GAF CHBS: PRt i on
G of the handdis RIS Hr s Sertny [LAZ, Ehap nendr P SRemPBceRogs
VNS ok the Searld, pRcote ek of e dandoyec desti nalhanegell o8
ool yof S A0Vl SS3 okl 6 o084 S e o g por el ot o 1
ndi cati on codg LRl LSRR + L ARISAL A QL AE P81 0011 1 each code
detected from magnitudes of correlation wvalues (S1332).
0 On the occasion of carrying out the identification of
the scrambling cecde of the signal transmitted from the
handover destination cell, the identification is
inplemented using as candidates only the scrambling
codes of the surrounding cells to be searched, informed
5 of by the connecting cell (S1331).
After the detection of received timing of
scrambling code (S1302) and the identificatidﬁ of
scrambling code (S1303) are repeated N times in this
way and when there is no surrounding cell detected, the
0 detection of the received timing of the scrambling code
mask from the handover destination cell thereafter is
carried out using all the received timings as
candidates for the received timing of the scrambling

code mask from the handover déstination cell (s1322).

Next, Fig. 16 is a flowchart for explaining the

(¥ 1)

operation of the eighth embodiment of the spreading
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13 is carried out at received timngs of continuous n information data
synbols C3. For n correlation values, a correlation sumis detect&d] SE M
the known .0 transm ssion pattern of the scranbling code timng indication
code (S1432). Then the received timng of the scranbling code of the

handover destination cell is detected fromthe timng wth a maxi num
correlation sum 451433 5 1n the detection of scranbling code group
($1404), the GRIR|BHON Poidpbhor HeekRedi 36805 yRgI tanan8aPReS&BEanDl i ng

code group |ID code repllca is detected at _the detected recelved timng of
i nformati on datidESHBRN - CATOfE h%@#ﬁ?ﬂb\ﬁé‘f‘b%%qw it P} 1e4RY ni ned from

the O received tined of the scranbli code mask fromthe handover
destination ceHIQﬁﬁiﬁﬁ%mP{%IﬂﬂHSle¢¢°¥F|%n PTHQr: tFecepkieraffon is
detected using as_candidates anly the scranbling code group |D codes of
scranbling cod@dfXRHLE FARNLRReCeerandf | Fier coerding €abls sarbsundi ng
cells to be searched, infornmed of by the connecting cell. For resultant

correl ai on valSfeFched 3 zomy mec%btpg eFatt oSEifd ) 5 sebeegedntsi ng
t he known transn1SS|cw1 ikgern of the scranbling code group I D code

(51442) . Then &h$& Iy rHupF ¢ FRITRA gt e QEBRdKi fYeede of the
it S e 8 S e e e e
IdentlflcatlOnc%%etheli&ﬁﬁnmdég%ctlon of scrambling code group
(51404); and identification ¢f scrambling code (S1405).
10 First, subsequent to the receptien of indexes of
scrambling codes (S1401), the correlation is detected
between the received signal and the common short code
replica (S1421), correlation values in respective (1/n)
scrambling code periods are averaged (S1422), and the
L5 recéived timing of the scrambling code mask of the
handover destination cell is determined based thereon -
(81423). At this time, in order to avoid reception of
the signal transmitted from the connecting cell, the
received timingrof the mask symbol from the connecting
0 cell is excepted from the search range for the received
timing of the scrambling code mask from the ﬂandover
destination cell.
In the next place, the received fiming of the
information data symbol C3 of the handover destination

5 cell is determined from the received timing of the

scrambling code mask of the handover destination cell
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code of the handover destination cell (51405), the correlation bet §EP5&€
recei ved signal and the (0 scranbling code replica is detected using7
candidates only the informed scranbling codes out of the scranbling codes
included in the detected scranbling code group (51451).. The scranbling code

of the signal transmitte omthe h over destination cell is 5 detected
from magni t ude§eée ép%ctgﬁ gB?r@FEFFgﬁgvﬁﬁﬁééve?SEﬁgéfg Rt &P he

operations fromthe detection of

f | d 51402
to the identifPEREPGHLEP QéFérrﬁlyF“rt?é’ cS: e°ft5fg|§5?‘ 2 scragq "St)‘?er%g and )

when there is no.surr undln cel |l detect t he det ection t he received
tining-of the seiinge ﬁgmle%& kCPFE iﬁﬁéoﬁa&&oﬁs %ﬁ%ﬁq ﬁ%ﬁﬁ%e||

t hereafter- arrled out, usi ng.all recei timn as, candi dates for
the received tFﬁFn@eSFIYﬁQ s¢PR IFH& c&&éawgg%nﬁfG élﬁgﬁﬁbver

dest L1 ,(51423 A d nmbod , th i ved
40 175P2006 1P o { FRtBCPRRbREAy S0da TmokIRs oRPERE ABRBYEr
dest t N .be d d f th
Serambii ng codieFARLPRONLEReSEBRNEBEANGE C4PI "BoF BT JeShi P 1ind decei ved
timng of the ﬁascranblln codg ngsk fr on1th$ handover, desti.nation cell and
thus the eight ehﬁoﬂ?ﬁﬁﬁ deRibl 85 FRESAYLELIBAREF Ofnh&ORELRUSHS ng t he

handover destipation. . f19 adda' SyRnBi8cksd AHIAM L& 30N B on values,

a correlation sum is detected using the known

.0 transmission pattern of the scrambling code timing
indication code (S1432). Then the received timing of
the scrambling code of the handover destination cell is
detected from the timing with a maximum correlation sum
(51433).

5 "In the detection of scrambling code group (S1404),
the correlation between the received signal and each
scrambling code group ID code replica is detected at
the detectéd received timing of information datz symbol
C4 of the handover destination cell determined from the

0 received timed of the scrambling code mask from the
handover destination cell detected (S1441). At this
time, the correlation is detected using as candidates
only the scrambling codé group ID codes of scrambling
code groups including the scrambling codes of the

5 surrounding cells to be searched, informed of by the

connecting cell. For resultant correlation values, a
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configuration of the first enbodi nrent of the receiver .0 (the receiver
according to the present invention) for inplenenting the spreading gg&@
synchroni zati on nethod according to the present invention. This re gwﬁis
i ncluded in the comuni cation neans of the nobile station such as the
nmobi | e phone or the like as 5 described above. This receiver according to
the first enmbodioreretlatcdersits iof detasted|usigeddes nksdwi | mi ng det ecti on
circuit 1501 for detecting the scranbling code mask timng, a threshold
setting circuittrEsGhifseladetpattienme i the eshoinb Malgiecabs reespondIbg to a
maxi mum correl ation value fromthe scranmbling code mask timng detection
circuit 1501, aodea (SArdd#il.i nGheode sicadembilingatiode giroap Gnt3Q3iner
identifying the scranbling code, based on the scranbling code mask tining
from t he scrantthiengccathd lisgk code mf déteRaramiover dasttinEB0bmncklheis
threshol d value fromthe threshold 41 27SEP20Q0 determining circuit 1502.
In the Becei vedetkrmbiack fgome dheditnamsmitssd ons gradrdsixion ¢ ieddid mpsihd i mi ng
detection circuit 1501 receives a spread nodul ation signal and feeds it
into a 5 mat chedxfimumecorselatdont isaroti$dd 43dnd, a common short code
replica generator 1512 generapes a spreading code replica being the short
code of the scranbliFgrebas, inskbe pdenitddd cesimpnofo thiee sicaembitian ons and
outputs it to the matched filter 1511. The matched filter 1511
code of the handover destination cell (S1405), the
correlation between the received signal and the
L0 scrambling code replica is detected using as candidates
only the informed scrambling codes out of the
scrambling codes included in the detected scrambling
code group (51451)., The scrambling code of the signal
transmitted from the handover destination cell is
5 detected from magnitudes of detected correlation values
(S1452) .
After the operations from the detection of
received timing of scrambling code (S1402) to the
identification of scrambling code (S1405) are repeated
) N times and when there is no surrounding cell detected,
the detection of the received timing of the scrambling
code mask from the handover destination cell thereafter
is carried out using all the received timings as
candidates for the received timing of the scrambling
i - code mask from the handover destination cell (S1423).

According to the eighth embodiment, the received
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0 detects the correlation between the received spread nodulation siggngp A
the spreading code replica over N .scranbling code periods and a nenory
1513 stores correlation values and tim ngs of respective peaks obtained by
the correlation detection. 5 . Receiving the information about positions of

rake fingers of the connecting cell in a denodul ator-rake conbiner, a mask
synbol recei vedimimiong fitsor i sdmreb bing ctodaina 6 1fr of sthé hamdeser he
received timng of the -mask synbol of the connecting cell. A timng

candi date 0 setddsiynaicon tcelfl 5 asx deptde tdrenirendiareah tifi e of echbvedask
synbol fromthe mask synbol received timng discrimnation circuit 1514,
from candi dat e¢imima o thec sicrarhiliimcasie mes kreftoms Vo | carinedieimandover
destination cell. 5 A maxi mum correl ation output selection circuit 1516
sel ects a nmaxi m@hlc sedaicddesn Widhudehmdradeafiveg WUMRRSR 006 t her eof from
stored values i'n the menory 1513 at the timng set by the tining candidate
settingdcircui screrbling £ogsndas kl Fromsttdve fandaierTdss tinat emoegl 1517
outputs the scranbling code mask timng. 5 In the scrambling code :
i denti ficationabdr ¢hus thsozichitd smbsdlisfendc eaailiasy Wodalatmsitiiom geher at or
1531 is set to the synchronous phase obtained fromthe scranbling code mask
ti m ng. Then abhentedlabeAgg direphegdoiviesuidestsdativmegr at es a product
signal of the 10 scranbling code fromthe scranbling code replica
Fig. 17 is a block diagram to show a
configuration of the first embodiment of the receiver
.0 (the receiver according to the present invention) for
implementing the spreading code synchronization method
according to the present invention. This receiver is
included in the communication means of the mobile
station such as the mobiie phone or the like as
5 described above.
This receiver according to the first embodiment
consists of a scrambling code mask timing detection
circuit 1501 for detecting the scrambling code mask
timing, a threshold setting circuit 1502 for
J determining a threshold value corresponding to a
maximum correlation value from the scrambling code mask
timing detection circuit 1501, and a scrambling code
identification circuit 1503 for identifying the
scrambling code, based on the scrambling code mask
) timing from the scrambling code mask timing detection

circuit 1501 and the threshold wvalue from the threshold
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generator 1531 and the received spread nodul ati on signal and thereai?nggmﬁ
square-|l aw detector 1533 perforns the square-|aw detection of the -
integration result. .5 A conparator 1534 conpares the resultant val ue of

t he square-law detection with the threshold value supplied fromthe
threshol d determning circuit 1502 to nake a judgnent.w th the threshold.
When t he resul tdeftermining aebr Fait db8@2ti on exceeds the threshold, the D
conparator 1534 judges that synchronization is established, and then
informs the well-known WenoRAsRE rekdhonbiies grbedtnentgrEAt. Wen the
resultant is below the threshold on the other hand, the- conparator 1534
outputs a j udgreramdilgind cedeHange tHelngclekdrihencedechitt heldcranbling
code replica generator 1531. 43 2 7 SEP 2006, Fig. 18 is a block diagramto
show a conf i gurrededrvesf arﬁp@%@bmp@n&ﬁkﬁqﬁwﬁlqnafh@néeéée@érltfénto a

I mpl enenting the spreadi ng code synchroni zati on nethod according to

t he- present i nwarfidbed &Hltar rktkl veOhoftheh @ tdhegodknshb ddligammo osle?sts o a
scranbling code mask timng detection circuit 1601 for detecting the
scranbl i ng codeodses kabiliigry geperatee Ho 2 diene M wen R cipEerdingogotsr
determning a threshold val ue corresponding to a maxi mum correlation 10

val ue from t he repld@e hefnbdeaehiort marp df delte ofcrappting dede, a

scranbling code received timng .
masked portions common to the base stations and outputs

it to the matched filter 1511. The matched filter 1511

.0 detects the correlation between the received spread
modulation signal and the spreading code replica over N
.scrambling code periods and a memory 1513 stores .
correlation values and timings of respective peaks
obtained by the correlation detection.

5 " Receiving the information about positions of rake
fingers of the ¢onnecting cell in a demodulator-rake
combiner, a mask symbol received timing discrimination

- circuit 1514 discriminates the received timing of the
mask symbol of the connecting cell. A timing candidate

0 setting circuit 1515 excepts the received timing of the
mask symbeol from the mask symbol recei&ed timing

~discrimination circuit 1514, from candidates for the
received timing of the mask symbol of the handover
destination cell.

5 | A maximum correlation output selection cirecuit

1516 selects a maximum correlation value and timing
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detection circuit 1604 for detecting the received timng of the sclléﬁfﬂ%%
code fromthe scranbling code mnmask timng fed fromthe scranbling code mask
timng 15 detection circuit 1601, and a scranbling code identification
circuit 1603 for identifying the scranbling code, based on the received
timng of the scranbling code fromthe scranbling code received timng

det ection CircwHerke( fand tdetdd eshblels vl ughe Gnémany t hel 3 haeshhéd
determning circuit 1602. In the receiver of the second enbodi nent, the
scranbl i ng codeimEsly tset ny ddiectimingicandidd6d1set ey vesrehbtspsead
nodul ation signal and feeds it into a matched filter 1611. On the other

hand, a conmpnahndsmomeneade €l iSomEnertadnor THER ddvier atea oy JBFIEAdI Ng
code replica being the short code of the scranbling 44 27SEP2006 code

masked porti onsuteuien the tsoer dwddld ref atddenanaagid fimeidsyit into the nat ched
filter 1611. The matched filter 1611 detects the correlation of the
spreadi 5g code repl Inathet bcrbebileng \oedies drdead infiidaltdtarorr istqgniad 5 over N
scranbl i ng code periods and a nenory 1613 stores correlation val ues and
timngs of respéoBivéheeahsseoifaismadnl iy aaty edeptliiora dedreatd o
Receiving the informati on about rake finger positions of the connecting
cell in the detbdll dsosetltor dhe cymuhremoves pasdses o imeat ef neaml #her ng
discrimnation circuit 1614 discrimnates the received timng of the mask
synbol of the somembling celde mAsk timing. Then an integrating-
dumping circuit ;532 integrates a product signal of the
10 scrambling code from the scrambling code replica |
generator 1531 and the received spread modulation
sigﬁal and thereafter a square-law detector 1533
performs the square-law detection of the integration
result.
5 "~ A comparator 1534 compares the resultant value of
the square-law detection with the threshold value
supplied from the threshold determining circuit 1502 to
make a judgment.with the threshold. When the resultant
of square-law detection exceeds the threshold, the
0 comparater 1534 judges that synchronization is
established, and then informs the well-known
demodulator-rake combiner of the judgment. When the
resultant is below the threshold on the other hand, the.
comparator 1534 outputs z judgment signal to change the
! scrambiing code of the scrambling code replica

generator 1531.
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timng candidate setting circuit 1615 excepts the received timng gﬂfﬁﬁg%ﬁ
mask synbol fed fromthe mask 15 synbol received timng discrimnation
circuit 1614, fromcandidates for the received timng of the mask synbol

of the handover destination cell. A maxinmum correlation output selection
circuit 1616 selects_a imum carrelation value and timng ?0 from stored
val ues in the nenory Eﬁqgagé %ﬁea?P ﬁg digarap gﬁesFPHiﬁg‘candidate setting
circuit 1615, and a. nmenpry 1617 _stores them . Then this ry 1617 outputs
The scr anbl + no COREL FAERTL PR R, CRA FRECE: SUBPRRGSEEARE EE8 &8 ing
detection ;5 circujt 604h scragﬁling code tiniag indication code replica
generators 16415°% otHRAARENGENE, BiE PEERCINTeCO45 SYRCRERP3EEE L8  anbl i ng

code timng indication codg&, baged on the sc anbling_code mask tim ng
detected by thé"® %ﬁb??ﬂ%r th¥e ﬂaEﬂefPﬁ?ﬁﬁngeEEEFB 19B01. Correlations are

det ect ed, between the received. sprea dul ation signal 5 and the scranbling
code ti (rjﬁ ng i ndi cat i &Pecotbee%ela‘fé)r r‘?—:-‘%er(r\’[/)%ds??‘?ﬁ‘ﬁge@g?l‘g?lﬂ%ﬁﬁsc%?séﬁﬁﬁol:’s
spread by the scranbl.i code tim i ndi cati,on codes. The detected

correl ation si gana?%raé?léﬁrg’hq ST PR CHIBIRY dREeShHBBI Cl’ﬁ‘éP?‘Bdlgél

integrating-dunping,circuits 16411 to .1642" 10.,and thereafter square-I|aw
detectors 1643%R1 qﬁ tl?ﬁwé@ﬁrﬁ??ﬁ@% 7 £P9% BRt c%?%ﬁn%f #ntegral

eSS, A AR e oA 2662TRLL %6008 AL AL
threshold value corresponding to a maximum correlation
10 value from the scrambling code mask timing detection
circuit 1601, a scrambling code received timing
detection circuit 1604 for detecting the received
timing of the scrambling code ffom the scrambling code
mask timing fed from the scrambling code mask timing
15 detection circuit 1601, and a scrambling code
identification circuit 1603 for identifying the
scrambling code, based on the received timing of the
scrambling code from the scrambling code received
timing detection circuit 1604 and the threshold value
30 from the threshold determining circuit 1602.
In the receiver of the second embodiment, the
scrambling code mask timing detection circuit 1601
receives the spread modulation signal and feeds it into
a matched filter 1611. On the other hand, a common
5 short code replica generator 1612 generates a spreading

code'replica being the short code of the scrambling
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and correlation detection times. A detection circuit 15 1645 detect$gSEP J006
correl ation value suns according to the transm ssion pattern of the
scranbling code timng indication codes at the different correl ation
detection tines, for the resultant correlation values. A selection circuit

iode sel ects 2 cautebatian dBLRSLLan: DotV 2 EBUD Sgrf f i or
A et B T
8 i, LStk B e
o s e ol ebdrarte i Wipitt o
;gggiv:?fzr;gaﬁovnggﬁlaf?gﬁ£3|gﬁai anﬁp%g?ngf?e[ a gaﬁgFé-Eé&/dggngﬁlrator
1634 Gonpar os 1R Tokar Fobr YeREeForlPhiRls b2 BRPEREFBLbbRKS, hr ctho ¢

o Lot e b BLERYR g Seker SBL DR SELLABME b ke 3 udrent i
threshold, the compargiOfiving the information about rake finger
positions of the connecting cell in the demodulator-
10 rake combiner, a mask symbol received timing
discrimination circuit 1614 discriminates the received
timing of the mask symbol of the connecting cell. A
timing candidate setting circuit 1615 excepts the
received'timing of the mask symbol fed from the mask
15 symbol received timing discrimination ecircuit 1614,
from candidates for the received timing of the mask
symbol of the handover destination cell.
A maximum correlation output selection circuit
1616 selects z maximum correlation value and timing
20 from stored values in the memory 1613 at the timing set
by the timing candidate setting circuit 1615, and a
memory 1617 stores them. Then this memory 1617 outputs
the scrambling code mask timing.
In the scrambling code received timing detection

'5 circuit 1604, scrambling code timing indication code

replica genefators 1641, to 1641, generate respective
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O S S S —
N

determ nes that synchronization is established, and 5 then inforns tpgsghgmg
denodul at or -rake conbi ner of the judgnent. VMen the result is belowthe
threshold, the conparator 1634 outputs a judgnment signal to change the
scranbling code in the scranbling code replica generator 1631. 3 Fig. 19 is
a bl ock dlagran1to show a configuration of the third enbodlnent of the
recei ver for i rifteimm 1%@ FPee g%%%ﬂgnbnébﬂé LipRcrednFzabPPSRY ABt KbE
according to the present i nve t|on The recei,ver of the third enbodi nent
consists of a SY%AMPIHRF C H%%%kch$h@gd€FE€FF%ﬁ By EQFt Sevamblipg
detecting the scranblln%ccode mask timng, a 47 2 7 SEP 2006 threshold
setting circuit SPRR & (ﬁ&%&?ﬁrﬁ?ﬁeﬁt?ﬁrégﬂ%rdQRﬂqﬂi%ﬁﬁQ%%dﬁﬁﬂlng to a
maxi mum correlatjon valuye fromthe scranpling code mask fimng detection
circuit 1701, aftPtEdGhms TMRER deee |H%‘Fi?’r’f’?‘éaﬂ”6%a% pedulpiiqnosigpal
|dent|fy2£g t he scranblln cqQde, base on fhe scranbling code mask tim ng
from t he Scr anbldy 0% %ie‘?’é&’c?%nl%‘il%%'ﬁo’i?@‘i ahd2the

t hreshol d val ue fron1the t hresho Circuit 1701 In e recelver of
the third enbodT#&Hivach %ﬂ?%ﬂnﬁ%ﬁﬁ%%@ DR nEERO+Fri YT R % Yobhg 701

&?iilvg; EES Ofg&&gd dulatlﬁn S%ﬂﬁ% ék@seﬂ%bhé q%gngﬁgﬁgﬁyed f||ter
generates a spreading, Gode _eplicq being the, short, gode of Lhe gﬁagﬂb' ng
period by integrating-dumping circuits 1641; to 1642,
10 and thereafter square-law detectors 16431.to 1643,
perform the sgquare-law detection of integral results.
A memory 1644 stores the resultant scraﬁbling
code timing indication code numbers, correlation values
and correlation detection times. A detection circuit
15 1645 detects correlation value sums according to the
transmission pattern of the scrambliﬁg code timing
indication codes at the different correlation detection
times, for the resultant cofrelation values. A
selection éircuit 1646 selects a correlation detection
0 time yielding a maximum correlation value sum. From
the correlation detection time selected by the
selection circuit-1646, a scrambling code timing
detection circuit 1647 detects the received timing of
the scrambling code.

5 - In the scrambling code identification circuit

1603, the phase of sc¢rambling code replica generator
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.5 masked portions comon to the base stations and feeds .it into zﬁ%
mat ched filter 1711. The matched filter 1711 detects the correlati ngmﬁe
replica with the received spread nodul ati on signal over N scranbling code
periods and a nenory 1713 stores correlation O values and tim ngs of
respective peaks obtained by the  correlation detection. Receiving the
i nformati on abdi3lr die Sethder theoSinensondus Hehasamktainpdefromrivmet he
denodul at or- rake conbiner, a mask synbol received timng i discrimnation
circuit 1714 diregeilfathttdgimte aleddia et ranbd ing ofodte Masikthey widlemf t he
connecting cell. A 48 2 7 SEP 2006 timing candidate setting circuit 1715
excepts the rebainded ami dinvte grfa by 1dhuie igybwl r ¢t fY@IR tintegmktes yarbol
received timng discrimnation circuit 1714, from candi dates for the
recei ved ti m ngproducte sigdicl oFf dhebdcrEmh oty dfiraesi¢ramblomgel |. A
maxi mum correl ation output selection circuit 1716 selects a maxi rum
correl abi on vakedeafériigangenerghothd &lorase iiaiszedei ket spraed 1713 at
the timng set by the timng candidate setting circuit 1715, and .0 stores
themin a nenoRpdBlaLioThédgnRils apshdherEREen d FARALeTd &t e atey code
mask timng. In the scranbling code identification circuit 1703, the phase
of scranbling é6dé8 pepkrEmSyher sAvRreriay idetaation e Wimmdmt@®m®! phase
obtained fromthe 5 scranbling code nask timng. An integrating-dunping
result.
A comparator 1634 compares the result of the
10 square-law detection with the threshold wvalue from the
threshold determining circuit 1602 t¢ make a judgment
with the threshold value. When the result of sqﬁare—
law detection exceeds the threshold, the comparateor
aetermines that synchronization is established, and
5 then informs the known demodulator-rake combiner of the
judgment. When the result is below the thresheld, the
comparator 1634 outputs a judgment signal to éhange the
scrambling code in the scrambling code replica
generator 1631.
i) Fig. 19 is a block diagram to show a
configuration of the third embodiment of the receiver
for implementing the spreading code synchronization
method according to the present invention.

The receiver of the third embodiment consists of
3 a scrambling code mask timing detection circuit 1701

for detecting the scrambling code mask timing, a
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circuit 1732 integrates a product signal of the scranbling code fr gg@m%
scranbling code replica generator 1731 and the received spread nodul ation
signal and thereafter a square-law detector 1733 0 perforns the square-|aw
detection of the integration result. A conparator 1734 conpares the

resul tant value of the square-|law detection with the threshold value from
the threshol d sehteshotdr sattingo2itountkad 782 fdgneet erBining &he t hreshol d
val ue. When the result is below the threshold, the conparator 1734 outputs
a judgment 49 27isteghobd vayweal coorehrrgdinge toc rambiilmymc coe ried athion
scranbling code replica generator 1731. Wen the result exceeds the

t hreshol d on theale¢hérohahbe shranbipagatedenseski Edmangpdeddictgotode 5
synchroni zation confirmation circuit 1704 of the fact. The spreadi ng code
synchroni zati orcioefiit nk¥Pbn ghdcai scrapbidiangacndeonflientd fiketésnabl i shnent
of synchroni zation; when the establishnment of synchronization is
confirmed, the circuit 1703 foriidestibdying Rhewscdembduhgt opdeak basarbi ner
of the fact; on the other hand, when the establishnment of synchronization
is not confirme) the strazmplingododetkéskstinéngi itoy thandedambldett i ng
circuit 1715 of information indicating failure in detection of the

scranbl i ng codesodd Snagk at buing d¢teprtioni agrecudt $yhthandi zheion, the
timng candidate setting circuit 1715 sets a candi date

threshold value from the threshold setting circuit 1702
In the receiver of the third embodiment,-the

10 scrambling code mask timing detector 1701 receives the
spread modulation signal and feeds it into a matched
filter 171l. On the other hand, a common short code
replica generator 1712 generates a spreading. code
replica being the short code of the scrambling code

5 masked portions common to the base stations and feeds
it into the matched filter 1711. The matched filter
1711 detects the correlation of the replica with the
received spread modulation signal over NAscrambling
code periods and a memory 1713 stores correlation

0 values and timings of respective peaks obtained by the
correlation detection. R

| Receiving the information about rake finger

positions of the connecting cell from the demodulator-

rake combiner, a mask symbol received timing -

L]

diserimination circuit 1714 discriminates the received

timing of the mask symbol of the connecting cell. A

48



for the scranbling code nmask tim ng of the handover destination ceﬁthszs
excepting the scranbling code mask timng of the connecting cell, in the
scranbling code ?0 nask tinming detector 1701. After the processes fromthe
detection of scranbling code mask timng to the identification of

et oot ed even SR PERtEtaPe AL b TE PR 1 BT 5B ENEREY by the
2 770 o 2000 CReEH oot e o Bt e FePh S Eat PRt e
Connecti ng cel 1SS e 6% o glRe g SEPar R e S bR a5 EORFL BAf4ti on of the
Synchr onf 24t ort - AROITRTSEER T (6% HES B CLet: £ TREBR P EnCATHRAFEcel ver of
Circuit o1501  FORR 0tk A M T SR T bORe Rk timing, the
cor espondi ng 10°a maHRHER) SOERTI L ol IR S S TS0 ode. mask
Circurt 1808 1 QT HGERTISHNG CHRCRRE T TE Coe: VHOkD B CHECREr ambl | ng
code mask 1M M W WALLTINE SO Wddy" P SA LN Sy
set by the timing candidate setting circuit 1715, and
.0 stores them in a memory 1717. Then this memory 1717
outputs the scrambling code mask timing,.
In the scrambling code identification circuit
1703, the phase of scrambling code replica generator
1731 is set to the synchronous phase obtained from the
5 scrambling code mask timing. An integrating-dumping
¢circuit 1732 integrates a product signal of the
scrambling code from the scrambling code replica
generator 1731 and the received spread modulation
signal and thereafter a square-law detector 1733
0 performs the square-law detection of the integration
result. |
A comparator 1734 compares the resultant value of
the square-law detection with the threshold wvalue from
the threshold setting circuit 1702 to make a.judgment
5 with the threshold value. When the result is below the

threshold, the comparator 1734 outputs a judgment
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t hreshold value fromthe threshold setting circuit 1502, In the receiver of
the fourth enbodi ment, when a 0 scranbling code candidate setting &i%&ui 0§
1835 receives the indexes of scranbling codes of surrounding cells to be
searched, which were received fromthe connecting cell and denodul at ed,
from the denodul ator-rake conbiner, the scranbling code candi date setting
circuit i 1835 sets a scranbling code candidate and the scranbling code in
a scranbling codégnepl tcacgengeattbe sEiafibl 1SEP 206 inl &3 issrahmmigedy
according thereto. In the-scranbling code identification circuit 1803, the
phase of scranbtedg repéicrepietargéner af/éd - 1831 is set to the synchronous
phase obtained fromthe 5 scranbling code mask timng. An
i ntegrating-dunpi ng W¥henuthel1882uihteycaeds &hpr 6Huesheilgnah &het he
scranbling code fromthe scranbling code replica generator 1531 and the
recei ved spreadotibeul hehdn thegrampandtbhienedfiféresaasgnaradiag dedect or 1833
10 perforns the square-law detection of the integration result. A
conpar at Br 1834sy¥ynapaordzéhéonesahfanmatabnecafcutiiel13§dacé- thw detéct i on
with the threshold value from the threshold setting circuit 1502 to nmake a
judgnent L5 wi tThe hspreéadihgl dodel aynchenizhtivesaebnfexmetdsnt kérculiteshol d
val ue, the conparator 1834 judges that synchronization is established, and
then notifies thed4 kmpanndeonfirms othe aketebibshmentdf ofhe j udgnent. Wen
synchronization; when the establishment of
synchronization is confirmed, the circuit 1704 notifies
10 the known demodulator-rake combiner of the fact: on the
other hand, when the establishment of synchronization
is not confirmed, the circuit 1704 notifies the timing
candidate setting circuit 1715 of information
indicating failure in detection of the scrambling code.
15 " At a start of spreading code synchronization, the
timing candidate setting circuit 1715 sets a candidate
for the scrambling code mask timing of the handover
destination cell, excepting the scrambling code mask
timing of the connecting cell, in the scrambling code
20 mask timing detector 1701.
After the.processes from the detection of
scrambling code mask timing to the identification of
scrambling code are repeated plural times and when no
scrambling code is detected even after a lapse of a
5 time preliminarily designated by the receiver, the

setting of the timing candidate setting circuit 1715 is

S50



the result is below the threshold value, the conparator 0 1834 out plt/ssta 2006
judgnent signal to change the scranbling code in the scranbling code
replica generator 1831. Further, Fig. 21 is a block diagramto show part of
a configuration of the fifth enbodi mrent of the receiver for inplenenting

t he spreading code 5 synchronkéation t@gd according to.the present,
i nvention (a scTa@bYERgSRoUE hRsReEi AtngthBt EEFRFEd551BFRER28G6 E 1B ML i t

and a scranbling code received timng detectjoi circuit ig. 22 is a block
di agram to shoWSi%é%d%ﬁest%%tgﬁﬁFiﬁﬁgﬁPEiﬂgth?hﬁakaFﬁ%@ﬂgogﬁﬁéﬁyeéf t he
receiver for inplenentipg the spreading co 5 synchroni zati on met hod

Ht CHAEIRPBRC HAT SEF bt

according to theprds Revg ling code group detection

circuit and a scranbling code identification circuit). The receiver of the
fifth enbodi ment condiids & 1% %%&Mﬁ@f% t¥mi ng detection

Chr esholf set t ARSI FEALL RO 1 ORe GERF i rFRROGL R oah ot e COPFEABBAI ng (o
cireuit 1601, Aot SBLARAN AR GRS FRETYERY | T3 YOHOLTBHEAE G cur 1604
cr anbl i ng. codBSTRSE HARTIELAGAT r OHF (PR ST ST TR Kte sk i m ng
detection” clrout 160% BAYABIUIGA0%E SR IUEUIY S 404 1"
the scrambling code mask timing detection circuit 1501
10 for detecting the scrambling code mask timing,'the
threshold setting circuit 1502 for determining a
threshold value corresponding to a maximum correlation
value from the scrambling code mask timing detection
circuit 1501, and a scrambling code identification
5 circuit 1803 for identifying the scrambling code, based
on the scrambling code mask timing from the scrambling
code mask timing detection circuit 1301 and the
threshold wvalue from the threshold setting circuit 1502,
In the receiver of the fourth embodiment, when a
0 scrambling code candidate setting circuit 1835 receives
the indexeé of scrambling codes of surrounding cells to
be searched, which were received from the connecting
cell and demepdulated, from the demodulator-rake

combiner, the scrambling code candidate setting circuit

1835 sets a scrambling code candidate and the

w1

scramblihg code in a scrambling code replica generator

51



0 scrambling code identification circuit 1903 for identifying the
scranbl i ng code, based on the received timng of the scranbling codd JhFals
the scranbling code received timng detection circuit 1604, the threshold
value fromthe threshold setting circuit 1602, and the 5 scranbling code
group fromthe scranbling code group detection circuit 1904. 53 2 7 SEP

2006 In the scranbllng code group detectlon circuit 1904 in the receiver of
the fifth enbodi®sents &haﬂﬂ%ﬁﬁﬁ Qandi date setting circuit

1948. receives the indexes of scranblln cqdes of surroundinc 5 cells to be
sear ched, whi ch mereIPeggﬁvéGrPFP%#Pﬁeco nHEERtAS ica i omh ¢ id&Yddul at ed,
fromthe denndulator- rake conbi ner. The scranbllng code group candi date
setting circuit89948ther ®haseqdus TAMRLIRG SOGR y 4PHd CagieREE AT Tahi ch t he
i nput scranmblin g codes of the 10 surrounding cells belon Based on the
scranbl i ng codéB3teddi $84 onithg & *é’ﬂlob‘f sﬁ%lg‘ﬁﬁl thecei ved

timng detection ciy ult 1604, cqde Ilca generators 1941, to 1941"
gener at 8 r espeEEFeRED @P@uﬁoéﬁdggﬁgp%13&§g ‘| gFﬁFFHﬁaHbﬁﬁlﬁBmEﬁPEU|ts 1941,

.5 to 1942" |nte rat uct _si | s of the respective _group code replicas
and the recei vEd EB?gageggdﬁpﬁFg%ﬁ%e§lﬁnEFOQHE aén £s | period, and

detecti on of RE-FRP boPH: FBRS S8 § 1otsﬁrﬁg‘??§rl§191r§f2%re?f-{?%§§ e Tesul £ of
the square- generator 1831 and the received spread modulation
signal and thereafter a square-law detector 1833
10 performs the square-law detection of the integration
result. |
A comparator 1834 compares the resultant value of
the sgquare-law detection with the threshold value from
the threshold setting circuit 1502 to make a judgment
L5 with the threshold value. When the result exXceeds the
threshold value, the comparator 1834 judges that
 synchronization is established, and then notifies the
known demodulator-rake combiner of the judgment. When
the result is below the threshold value, the comparator
‘0 1834 outputs 2 judgment signal to change the scrambling
‘code in the scrambling code replica generator 1831.
Further, Fig. 21 is a block diagram to show part
of a configuration of the fifth embodiment of the
receiver for implementing the spreading code

5 synchronization method according to the present

invention (a scrambling code mask timing detection
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| aw detection of the correlation integration values for the respecti.y
group codes. This operation is carried out for received signals sp Jégpd@ﬁa
plurality of group codes and the results are stored in the nenory 1944. 5
After conpletion of the correlation detection, a detection circuit 1945

cal culates a sumof correlati.on 54 27SEP2006 val ues according to the

transm ssion pattern of each groquiode candidate, using the results of the
square- | aw det@EFOHE AN he E6FFBPALNEnCPRecERSELBRVEITERTi AeteRE 1Rdnber

equal to the nunber of group codes X the 5 nunper. of correl ation de%ections,
e

obt ai ned from tHeE Cherbor y FESH4 24a 1512 RIWFK GFETF I [ SRINRIES ¢

resultant suns of correlation valges i n_the nunper. of transm ssion
patterns of grdulf Gt kR BRR oL sEhecfaftd %m%%@%@?ﬂtyPglﬂg%g a maxi mum
correlation value sum and outputs itf. A scranbling code _group detection
circuit 1947 mEsgiKar (irr piR BPChetnd bRt PRTGRAERY 6Rdecircuit 1946 and
detects the scranbling code group . including the scranbling code spreading
the recd ved | 5B RARACR iRFFRIYNAFCOF ARGt e cERRPTRTeEBde
identification circuit 1903, a scranbling code candjdate setting circuit
1935 recei ves iEeatidek el TCTANRMMY nEPLDIRSOW kPO tHIR ngLIE8EFs to be
searched, which were receiived fromthe connecti&% cell and denodul at ed,

0 cf ]
fromthe denod@R& Gr SGTATPGhiTRite TRkt sGbt ChEeUthhdi date setting

The receiver of the fifth emboediment consists of

the scrambling code mask timing detection circuit 1601

L0 for detecting the scrambling code mask timing, the
threshold setting circuit 1602 for determining a
threshold corresponding to a maximum correlation value
from the scrambling code mask timing detection circuit
1601, the scrambling code received timing detection

B circuit 1604 for generating the redeived timing of the
scrambling code from the scrambling code mask timing
‘fed from the scrambling code mask timing detection
circuit 1601, a scrambling code group detection circuit
1904 for detecting -.a scrambling code group, and a

0 scrambling céde identification cireuit 1903 for
identifying the scrambling code, based on the received
timing of the scrambling code from the scrambling code
received timing detection circuit 1604, the threshold

value from the threshold setting circuit 1602, and the

(W1

scrambling code group from the scrambling code group~

detection circuit 1904.
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circuit 1935 sets as scranbling code candidates only the scranbli

I ncl uded in the scranbling code group detected by the scranbling code group
detection 5 circuit 1904, out of the input scranbling codes. The
identification of scranbling code is carried 55 2 7 SEP 2006 out for the
scranbl i ng code candi dates set in the scranbling code candi date setting
circuit 1935. The it Iphdse of crsamiahing npdoderswpl| debegeien atDrcdd81 i s set
to the synchronous phase-obtained fromthe received 5 timng of the
scranbl i ng coddad20An imtithp atemgidempefigthei fLith dfi3@diméeyrates a product
signal of the scranbling code fromthe scranbling code replica generator
1931 and the r eceiantd ispy essHeroghth @t | cend sdginal sepditdecbadttt BO4guare- | aw
detector 1933 10 perforns the square-|law detection of the integration
result. A conpateatediveld3he airpdaess tdik sasantbirig vaddies obf  siner spudi ge | aw
detection with the threshold value from the threshold setting circuit 1602
t o nmake s j udgreitl sL T onikeh ddexr tiedshdiich ateure Mol téd fresulthef the
square-|l aw detection exceeds the threshold value, the conparator 1934
judges that sycohneditzadg aelils anestddnaddhled edyd frdn files ddmoduniaor-
denodul ator-rake conbi ner of the judgnent. Wien the result is belowthe ;0
t hreshol d val ueakeheocobrimarat ofh&934rambping acdedgmrenp cmingiialattso change

the scranbling code in the scranbling code replica generator 1931
setting circuit 1948 sets as group candidates only the
groups to which the input scrambling codes of éhe

10 surrounding cells belong. Based on the scrambling code
received timing detected by the scrambling code
.received timing detection circuit 1604, group code
.repliCa generators 1941; to 1941, generate respective
group code replicas, 1ntegrat1ng—dump1ng circuits 1941,

‘5 to 1942n integrate product 51gnals of the respective
group code replicas and the received spread modulation
signal eachrover one symbol period, and thersafter
square-law defectors 1943; to 1943, perform the square-
law detection of the integration results.

0 A memory 1944 stores the results of the square-
law detection of the correlation integration values for
the respective group codes. This operation is carried
out for received signals spread by a plurality of group
codes and the results are stored in the memory 1944.

5 After completion of the correlation detection, a

detection circuit 1945 calculates a sum of Correlation
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Fig. 23 is a block diagramto show a configuration of the sixth embb@SERAi06
of the receiver 5 for inplenenting the spreading code synchronization

met hod according to the present invention. 56 2 7 SEP 2006 The receiver of
t he sixth enbodi ment consists of the scranbling code mask timng detection
circuit 1701 for detecting the scranbling code mask timng, the threshold
setting circui tvaltesd famcodetigrgrito nthea Branwmeisdwmil ah wad teexwreseacdi ng to a
maxi mum correlation value fromthe scranbling code mask tim ng detection
circuit 1701, gmdup socenidamiidsdcs iwemg filoatiesul ts reli th@OFudoe -
identifying the scranbling code, basec on the scranbling code mask timng
fromthe scranikwnget@atdsm meskhe manyalettsicin dmiodgratior] Al wasl the
threshold value fromthe threshold setting circuit 1702 1In the receiver of
t he sixth enmbodheenumbars el ity ttedenodredi deff eyizalg | agdas rXuthe2035

receives the indexes of scranbling codes of surrounding cells to 15 be
sear ched, whi chumbee odc eioras: fatdon e tarhieots, nghds ineh o mhemotche at ed, from
t he denodul at or-rake conbiner. The scranbling code .in scranbling code
replica generamemo2@31944 .changed according to a scranbling code candi date
set by the scranbling code j O candidate setting circuit 2035, In the
scranbl i ng code i denhi 6etatkdpncecicautit 208F, cohgaglessdhef reseldmranbl i ng
code replica generator 2031 is set to the synchronous phase obtai ned
sums of correlation values in the number of
transmission patterns of group code candidates, selects
10 a pattern yielding a maximum correlation value sum, and
outputs it. A scrambling coede group detection circuit
1947 receives the pattern fed from the selection
circuit 1946 and detects the scrambling cecde g?cup
including the scrambling code spreading the received
L5 spread modulation signal.
In the scrambling code identification circuit
1903, a scrambling code candidate setting circuit 1935
receives the indexes of scrambling cedes of surrounding
cells to be searched, which were received from the
0 connecting cell and demodulated, from the demodulator-
rake combiner. The scrambling code candidate setting
circuit 1935 sets as scrambling ¢ode candidates only
the scrambling codes included in the scrambling code
group detected by the scrambling code group detection
5 circuit 1904, out of the input scrambling codes.

The identification of scrambling code is carried
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fromthe scranbling code mask tinming. An integrating 5 dunping circuit? 2082 2006
I ntegrates a product signal of the scranbling code fromthe scranbling code
replica 57 ~'|I 27SEP2006 generator 2031 and the received spread nodul ation
signal and thereafter a square-law detector 2033 perforns the square-|aw
detection of the integration result. A conparator 2034 conpares the

resul tant val ue ouwf fde thraserimbl dbgecodencandhdahest Rebshol dheal ue from
the threshold setting circuit 1702 to make a judgnent with the threshold

val ue. Wien the rssAnbling bedadey cardidabshsetit ingueirehet cbBpar at The 2034
outputs a judgnent signal to change the scranbling code in the 10
scranbl i ng code @S Hamraniing3godeheeri beargsneratatetdslit he set
threshol d value on the other hand, the conparator 2034 notifies the
spreadi ng code syaw Hitenisaatdhorereatd iphaseopbtainedt framothef rebaivédct . The
spreadi ng code synchroni zation L5 confirmation circuit 1704 again confirns
the estalll i shnemindingyaf Hiheniscramml ivherodde 2AostialdgtatEngviumping
synchroni zation is confirned, the confirmation circuit 1704 notifies the

. known denpdul at eiacaks JERAA rigrtegrates 4 aprodwpensidral eftbibei shnent of
| synchroni zation is not confirned, the confirmation circuit 1704 notifies

the tining candi émramdddmg mpdd rfman Hya sseranhraeeodm Yewllie@ing failure

in detection of the scranbling code. X
generator 1931 and the received spread modulation

signal and thereafter a square-law detector 1933
10 performs the square-law detection of the integration
result. |
A comparator 1934 compares the resultant value of
the square-law detection with the threshold value from
the threshold setting circuit 1602 to make a judgment
L5 with the threshold value. When the result of the
square-law detection exceeds the threshold value, the
comparator 1234 judges that synchronization és
established and notifies the known demodulator-rake
combiner of the judgment. When the result is below the
0 threshold value, the comparator 1934 outputs a judgment
signal to change the scrambling code in the scrambling
code replica generator 1931.
Fig. 23 is a block diagram to show a
configuration of the sixth embodiment of the receiver
5 for implementing the spreading code synchronization .

method according to the present invention.
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At a start of the spreading code synchronization, 5 the timing candidaSEP 2006
setting circuit 1715 sets candidates for the scranbling code mask tim ng of
the 58 2 7 SEP 2006 handover destination cell, excepting the scranbling
code nmask timng of the connecting cell in the scranbling code mask tim ng

detection circuit 170y, Aler e ROGSSSSS 0 e ARLAC O O 2 of

scranbling code nask timng to the i Scranbl 1 ng "code are

epeated plura s ANdnel Mg ARl M fOMR ISP aven Fl el 2

| apse of a tine prelimnari gnat ed by receiver, se

the timng candi %&e ﬁ?%?gﬁggcbﬁﬁﬁiécﬁ%%ﬁ %ﬁ%ﬁgﬁ@%ﬁ% g%l_yése all the

timngs as timng “can out ‘exce ng of the

mask symbol of thg CoRNSE! 119gsq8ld o Fidhs 24962 %l QR Al Lo _Show part

of a configuration of the seventh I ment € recerver

ol erentgng the cspreadingcade SISNANLLALIOnA hadaeelng e dhe

present invention (a scranbling ©Co mng de oh circu

scranbl i ng codevggﬁgi %gtgﬁ‘teit%n%&%‘%cltiin (?fc"ic{eﬁé“t Ecijgf"%g’é,%g%ti |.ock

di agramto show part o configurati o seven ent  of t he

recei ver for inpleppatingshhe  Sar %a%iﬂﬁQ%f%%gg@eﬁ%Eiﬂ% 1ifoed

according to the present inventiron (a scCra e group detection

circuit and a scrapBlsi R92608€ rhdeRtehitGFy19Yy Hriet WickhmpIHAy 20ReY ehaed he
sevent h enbodi ment consists .
on the scrambling cede mask timing from the scrambling
10 code mask timing detection circuit 1701 and the
threshold value from the threshold setting circuit 1702
In the receiver of the sixth embodiment, a
scrambling code candidate setting circuit 2035 receives
the indexes of scrambling codas of surrounding cells to
L5 be searched, which were received from the connecting
cell and demodulated, from the demodulator-rake
combiner. The scrambling code in scrambling code
replica generator 2031 is changed according to a
scrambling code candidate set by the sc¢rambling code
0 candidate setting circuit 2035, |
In the scrambling code identification circuit
2003, the phase of the scrambling code replica
generator 2031 is set to the synchronous phase obtained
from the scrambling c¢ode mask timing. An integrating-

5 dumping circuit 2032 inteégrates a product signal of Ehe

scrambling code from the scrambling code replica
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5 of the scranbling code mask timing detection circuit 1701 for detec7 Shiy20b
the scranbling code nask timng, the 59 2 7 SEP 2006 threshold setting
circuit 1702 for determning a threshold val ue corresponding to a maxi num
correlation value fromthe scranbling code mask timng detection <circuit
1701, the, scranmbling code received timng 6 detection circuit 1604 for
generating the repsmiaxatori2®hy afdt ke sceanbredgspodadf redLiAEiesr anbl i ng
code mask timng fed fromthe scranbling code nmask timng detection
circuit 1701, thesksmahbindgthereafietpd setacerbawcdetartor19883Bor
detecting a scranbling code .0 group, and the scranbling code identification
circuit 2003 forpexonns vilng sqwaxerbawl detecoien bfisthleobntagratéosi ved
timng of the scranbling code. fromthe scranbling code received timng
detection circuitre8gd;. Rheampresaioin 204 e dmpane shettteh reshul thrslet valge
circuit 5 1702; and the scranbling code group fromthe scranbling code
group detéction ciff ihia skfOire+tiaw hieteckl omrwbiht blee sehveasho bdbvdluent , the
scranbling code mask timng circuit 1701, the scranbling code received
timng detection fziomdilte 1Bozeste kdhes alehamd ¢ hrcebel TPDURe detket&on circuit
1904, and the scranbling code identification circuit 2003 perform the
series of operat ijtidgmenst sy i ) Borahokhavahiee . ofdvem itdves nefawlt tie
judgment with the threshold in the scranbling code identification circuit

2003 are 5 subst ®fdioa |the Hhuasholds Yt iHhe Heonrater 2§34 eutputs
' a judgment signal to change the scrambling code in the

10 scrambling code replica generator 2031.

When the result exceeds the threshold value on
the other hand, the comparator 2034 notifies the
spreading code synchronization confirmation circuit
1704 of that fact. The spreading code synchronization

L5 confirmation circuit 1704 again confirms the
establishment of synchronization, When the

establishment of synchronization is confirmed, the

confirmation circuit 1704 noﬁifies the known
demodulator-rake combiner of that fact. -When the

0 establishment of synchronization is not confirmed, the
confirmation circuit 1704 notifies the timing candidate
setting circuit 1715 of information indicating failure
in detection of the scrambling ccde.

At a start of fhe spreading code synchronization,

5 the timing candidate setting circuit 1715 sets -

candidates for the scrambling code mask timing of the
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si xth embodi nent shown in Fig. 23.. 60 2 7 SEP 2006 As descri bed aboyﬁ§gwm%6
present invention enable; the cell search to be perfornmed faster and e
accurately where the initial acquisition nethod to masl the scranbling
codes is -applied to the surrounding cel: 5 search on the occasion of entry
of the nobile station into the soft handover node in the intercel
asynchronous systamioVFenndesibinavioni oalihuexdeptingethei scubiblheyg obvi ous
that the enbodi ments of the invention may be 10 varied in nmany ways. Such
vari ati ons are notde ondek reyaimedofisthedepaneaténfiroelihénspheit and scope
of the invention, and all such nodifications as would be obvious to one
skilled in the sscrameling contdel hask thpingi datecthom theceibpd7ol.t he
following clainms. L6 61 27SEP2006 C ains: 1. A spreading code
synchroni zati on nmet hodrfitrera thebip e cmsemi £oom othe systentideref duri ng
handover of a nobile station (250) fromat |least one first base station
(100a) urder coraAREEstinhscadme masd k ht ining ste obhie bbdenti Al cani¢a006)
expected to initiate new conmuni cations, synchronous detection is carried
out to detect SAENLNDreRdl AFeoRPebegrpbural t himeecund Wase Boati on,
out of received signals which are received each by the nobile station and
each of which c&aFaFREsngrads drredderciied seesmbot teice s fsaread by a
conbi nation of a first spreading code and a second spreadi ng code, and a
mask synbol (O ‘tife exelfpinarily designated by the receiver, the
setting of the timing candidate setting circuit 1715 is
10 changed so as to use all the timings as timing
candidates without excepting the received timing of the
mask symbol of the connecting cell.
Fig. 24 is a block diagram to show part of a
configuration of the seventh embodiment of the receiver
L5 ‘for implementing the spreading code synchronization
-method according to the present invention (a scrambling
ccode mask timing detection circuit and a scrambling
code received timing detection circuit). Fig. 25 is a
block diagram to show part of the configuration of the
0 seventh embodiment of the receiver for implementing the
spreading code synchronization methed according to the
present invention (a scrambling code group detection
circuit and a scrambling code identification circuit).
The receiver of the seventh embodiment consists
5 of the scrambling code mask timing detection circuit

1701 for detecting the scrambling code mask timing, the
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only the first spreading code, said spreadi ng code synchroni zation neg?ggpzmﬁ
conprising: a first step (5401; S801) of detecting a received timng of a
mask synbol of said second base station; and a second step (5402; 5802) of
carrying out the synchronous detection of the second spr.eadi ng code
assigned to the.second base station characterized ipn that: said first step
is carried out ithrgs&cdde sietbific IF i PHedet &3 30 4SR5 RgHRd 2 ncl uding a
received timng of said nask synbol fromsaid first base station is.

except ed from atdersheds Malusy eorospAnding Lo @ S IR Fretation
synchroni zati on nmethod according to claim1, wherein  after_said first and
second steps ar ¥2l8geiren ihe SERMWYRG gosie MaFede™i fFasHeeR or a
predeterm ned nunber of tinmes and when the recejved tinmng of the mask
synbol (O) of Eh&ECE¥EE0AdOBas&Ehst HGTERLlaNoiCodid é&%qu%e‘—ld@t%ti on of the
recei ved tining of the mask synbol of said second base station is carried
out using recei defectiapngd renid 1104 £a9 9sgesddeRhEhe AR vEd wi t hout
exception. 3. A spreading code synchronizatjon nethod according to claimal,
wherein in sai 818éB8nafstBg F54EPP 4R cofe Lyveh oo SSEdddfiDFade
carried out using as  candi dates only_ second spreadi ng codes which are an
arbitrary nunbefagk E&RARE f§Erg&&ﬂnéh@0§§§aFPBéPﬂbGQQﬁ Brsdaitd Min%t base

station and which are assigned to._hase stations_l.qcated around the first

base station. 49eBeShieBdFhECEde 1dPHehiofi SSERTR IARh G GFCHg to claim
3, wherein after sajid first an nd steps are repeated l-east geither
for a predeternffBact AR CBFCngrZgége%HanﬁiﬁEﬁB@ﬁ &fﬁﬁﬁﬁﬁgi%%?\ﬁﬂﬁ?the

received timng of the t he se%gﬁd %&se station.is not
c

detected® the d%f%%?foﬁggféPﬁzggggépéghé ELHPnQdGP RS FAEGULS  sai d
second base St 0B 3y SRiEhE] itheLEhaLsEoeRh e LoHkNIR. 0l SHATI 1 19
received timing of the scrambling code from the
scrambling cocde received timing detection circuit 1604,
the threshold wvalue from the threshold setting circuit
5 1702, and the scrambling code group from the scrambling
code group detection circuit 1504.
In the receiver of the seventh embodiment, the
secrambling cede mask timing cireuit 1701, the
scrambling code received timing detection eircuit 1604,
D ~ the scrambling code group detection circuit 1304, and
the scrambling code identification circuit 2003 perfdrm
the series of operations, as described above, and the
operations after the judgment with the threshold in the
scrambling code identification ¢ircuit 2003 are

substantially the same as those in the receiver of the

W

sixth emboediment shown in Fig. 23.
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5. A spreadi ng code synchroni zation nethod according to claim1, furf%gﬁEszﬁ
conprising a third step executed between said first and second steps, said
third step being a step of detecting a second spreadi ng code group, using
as candi dates only groups including second spreadi ng codes which are an
arbitrary nunber of s n i des, Lnfor o] ] LLek base
station and which areeggsgaﬁéggﬁgg a%ggétg¥%oﬁge$§ggte%gé?gﬁgg %hgﬁéffst
base station; wh in_i L e S y o] d tion is
carried out usingﬂgage%gn%?%g?%sﬁggﬁ§ Egggggggﬁt?%?%ggugggrﬁ%?gsecond
spreadi ng codes ] f t fl . bas k o] Seco
spreadi ng codes %%%?%%E%l?nwﬁ%gesgg%n%ﬁ§gﬁ?ga Fﬁgﬁ%%ggogrgégﬂégtggtg%%]n
said third step. i ng n LZaLjo i to
ciaim S, wher o e fef BREPERPTCGREF ¥ DROTLATLLORIPLAEE,BRARKE) Ch
either f a pre ' ' ps, ed 1 ped . 0f L nd when
t he receﬁ%ed tiﬁ§%%§§?]€ﬁgt%%2§c§§s 6? 6gfg%ﬁéggggoﬁgggggélg%a%FgEEPg not

detected, the defﬁ@éi%%ﬁ@}%ﬁﬁé{f%w ng g%etbgteg@éf%'synbol of said

second base station is carrie using received timngs of all scranbling

codes as candi daat éﬁ‘#}é@éﬂs ceﬁﬁgpérhon. 7. Areceiver in a nmobhile
m wher e, I n

conmuni cati on syst g handover from at |east one first base

station (100a) under GAIERINHALIHRAS LR SHEONEe a8 5! i ap; {100D)

expected to initiate new conmuni cations, synchronous detection is carried

out o detect a REONfk SHAANND &Rfles ARsh 08 o8  tnd Nensgerrvh sy peal! on.

out of received signals Ich-are recelived each by the apparatus and each of

whi ch  o@pri ses, A% dd i Ml walpd 2 ok LG4t iGhs @ SRitCad be 2

combi nation of a first spreading code and a second spreading code, and a
nmask symbol (O rejiradh d Papditaurdd rstom Prieadidir O tend Setsb& egei ver
conprising: first means for detecting a received timng of a mask synbol of
said second basgestiaiveditich,d HiBtA1 Nsudh afodi P edet@idi ededu @ Bange
including a received timng of said mask synbol fromsaid first base

station i's exceptrd duPme iR Iskisaad hin afite seeo gk eTeiatserfdsd csxr yi ng out
t he synchronous detection of said second '
inclusion within the scope of the following claims.

LB

61



spreadi ng code assigned to said second base station. 8. A receiver acczqgiglnmﬁ
to claim7, wherein after the synchronous detection of said second

spreadi ng code by said first and second neans is repeated at |east either
for a predetermned tinme or a predeterm ned nunber of tinmes and when the
received timng of the mask synmbol of said second base station is not
detected, the detection of the received timng of the mask, synbol of said
second ba€mistsati on is carried out using received timngs of all scranbling
codes as candi dat es vvithout exception. 63 2 7 SEP 2006 9. A receiver
according to cl rein said second means_perforns the synchronous

det ection, usi ng ;% 1E}§t eﬂ%%@&éﬁ@%ﬁ@gfiﬂ& 2 sl %?%W’U@F@"%Fh

ar bi t r ar ysysterhevhere, d&mmgd\amimd iof @ 1moblile stationr (260) frbnbyt Rabstome firdt basse
station agduhi bo%r GnaSP BRaHuhia gﬁ?@ &Je?évlrﬂﬂsto' chég%ﬂd%é’é@gta%?hgdoﬁ

base station recel ver accor
synchr onofPec B?:ﬂliu@ﬁt%ﬂe&"ai:mé@ﬁ@tl%lb? éﬁ&?@@@@é@%?cw ds panrigd gryto

second nedetect s seaprbsmdadily tadshs eh:bfo iy serond dshee @ta[ﬁd’tf;d)dtldf&e@éivé’d
oredet of e YRR 1 LLES A0 o' {ﬂ%‘ffe SEEEPLAE P Bl o gﬁegfﬁ

symbol  of ] seco base |on

recei ved mtiam %sﬂé’fﬁ 4 speesdld bybaseombipation iof & Fed
out usi ngspsxeﬁei cbdd ﬁhdi%s@j‘onallé ﬁadﬂr{gobd»dtg amﬁe&na& sgaibdl dat psp wati
exception e o) ng

means foron% tectﬁ%% seco ‘Es(gareéa 18 g%&!&e@%g (t'&{ S’:'né?%g%%é\ Ehs only

groups i neQroBrisige: second spreadl ng codes whi ch are an arbitrary nunber of
second spreadi ngfiestdrep ($4UIQISBB @ffd@nécﬁ Q fecéived Ragms bhkiapsiappmbbl eh are

assi gned %gd%gcso&ds% Fﬁ%i% around the first base station;” wherein

said seco he synchronous detection, using as

candi dat es onl ya séaengl BEp &4@/2 REABEef edrrgingorit t%prsefmhnym@déetecm@pfrﬂde of
by said {dcbhll spAsRling abORssiphéd & tHeekepAd baseadting codes included in the

second spreadi N, . cterized in that:
said first step is carried out in a state in which a predetermined time range
including a received timing of said mask symbol from said first base station is
excepted from a cell search (5412; 5812).

2. A spreading code synchronization method according to claim 1, wherein
after said first and second steps are repeated at least either for a predetermined time
or a predetermined number of times and when the received timing of the mask
symbol (C1) of the second base station is not detected, the detection of the received
timing of the mask symbol of said second base station is carried out using received
timings of all scrambling codes as candidates without exception.

3. A spreading code synchronization method according to claim 1, wherein
in said second step (S402; 802) the synchronous detection is carried out using as
candidates only second spreading codes which are an arbitrary number of second
spreading codes informed of by said first base station and which are assigned to
base stations located around the first base station.

4. A spreading code synchronization method according to claim 3, wherein
after said first and second steps are repeated at least either for a predetermined time
or a predetermined number of times and when the received timing of the mask
symbol (C1) of the second base station is not detected, the detection of the received
timing of the mask symbol of said second base station is carried out using received
timings of all scrambling codes as candidates without exception.
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7.SEP 2006

code group detected by said third neans. 12. A receiver according to 2I aim
11, wherein after the synchronous detection of said second spreadi ng code
by said first and second neans is repeated at l|least either for a
predetermned tine or a predeterm ned nunber of tinmes and when the received
timng of the mask synbol of said second base station is not detected, the
detection of the received timng of the nask symbol of said second base
station is carr¥ed\spreadinggodesgnolxpizatiorgmethodiatcardingrix claimch dusthas
candi dat e@orﬂpfilbmgta hif Blepikechibd VetiRRh!saibHt ol 2eaRd istipadsdilehir8Geépy €'
accordi ngbeti1o1gca &'e{)n o7f'detgé]’cing 4 second spreading code group, using as candidates only

groups including second spreading codes which are an arbitrary number of second

spreading codes informed of by said first base station and which are assigned to

base stations located around the first base station;

wherein in said second step the synchronous detection is carried out using
as candidates only said arbitrary number of second spreading codes informed of by
the first base station, out of second spreading codes included in the second

spreading code group detected in said third step.

6. A spreading code synchronization method according to claim 5, wherein
after said first to third steps are repeated at least either for a predetermined time or a
predetermined number of times and when the received timing of the mask symbol
of the second base station is not detected, the detection of the received timing of the
mask symbol of said second base station is carried out using received timings of all
scrambling codes as candidates without exception.

_ 7. A receiver in a mobile communication system where, during handover
from at least one first base station (100a) under communications to a second base
station (100b) expected to initiate new communications, synchronous detection is
carried out to detect a second spreading code assigned to the second base station,
out of received signals which are received each by the apparatus and each of which
comprises an information data symbol (C2; C3; C4) spread by a combination of a
first spreading code and a second spreading code, and a mask symbol (C1) spread
by only the first spreading code, said receiver comprising:

first means for detecting a received timing of a mask symbol of said second
base station in a state in which a predetermined time range including a received
timing of said mask symbol from said first base station is excepted from a cell
search; and

second means for carrying out the synchronous detection of said second
spreading code assigned to said second base station.

8. A receiver according to claim 7, wherein after the synchronous detection
of said second spreading code by said first and second means is repeated at least
either for a predetermined time or a predetermined number of times and when the
received timing of the mask symbol of said second base station is not detected, the
detection of the received timing of the mask symbol of said second base station is
carried out using received timings of all scrambling codes as candidates without
exception.
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9. A receiver according to claim 7, wherein said second means performs
the synchronous detection, using as candidates only second spreading codes which
are an arbitrary number of second spreading codes informed of by said first base
station and which are assigned to base stations located around the first base station.

10. A receiver according to claim 9, wherein after the synchronous
detection of said second spreading code by said first and second means is repeated
at least either for a predetermined time or a predetermined number of times and
when the received timing of the mask symbol of said second base station is not
detected, the detection of the received timing of the mask symbol of said second
base station is carried out using received timings of all scrambling codes as
candidates without exception.

11. A receiver according to claim 7, further comprising third means for
detecting a second spreading code group, using as candidates only groups including
second spreading codes which are an arbitrary number of second spreading codes
informed of by said first base station and which are assigned to base stations located
around the first base station;

wherein said second means carries out the synchronous detection, using as
candidates only the arbitrary number of second spreading codes informed of by said
first base station, out of second spreading codes included in the second spreading
code group detected by said third means.

12. A receiver according to claim 11, wherein after the synchronous
detection of said second spreading code by said first and second means is repeated
at least either for a predetermined time or a predetermined number of times and
when the received timing of the mask symbol of said second base station is not
detected, the detection of the received timing of the mask symbol of said second
base station is carried out using received timings of all scrambling codes as
candidates without exception.

13. A mobile station comprising the receiver according to claim 7.
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