;e3e) ""#TW&$) 62) T)s TI TLE OF THE | NVENTI ON MOBI LE COVMUNI CATI ON SYSTEM
CHANNEL SYNCHRONI ZATI ON ESTABLI SHI NG METHOD, AND MOBI LE STAT JW’IMMND
m 0

OF THE INVENTION 5 Field of the Invention The present invent
a nobile comuni cati on system a channel synchronization est
met hod, and a nobile station. Related Background Art 10 Recent]| y}!s%t%e

nobi | e conmuni i Y. i.l.Lzi.ng the code division systens such as
t he W CDVA (W-€ ﬁﬁgp%b§%52?§?é$tgéghltipIe Access) systemare in practica

use, in order to in i ' i clen of, frequency bands for
radi o connunication@&ﬁiﬁﬁ%égﬁMﬁgtkbé?éggﬁgﬁﬁ%Li%@%ﬁ%%L§§§F§ﬁQNI§X€59an
frequency band.(d | | of S d_it is thus difficult to
identify eachq%%ﬁpﬁaﬁ§$%ﬁﬁ§%$+géﬁq Re%?§?t£|%%§?£8§ by referring to the
frequency ban Ldent] cell, therefore, it is conmon
practice to nﬁﬁﬁéﬁﬂﬁﬁg@Qn§£+$ﬁ§eiﬁﬁ§¥§§§§ (hereinafter referred Lo as
"downl i pk channz{s})!bézagragﬁlinﬁ codes (spreading codes) different anong
"the cells. In } on systens, the cell search operation
descri bed bel ow has ,to be 9erfo med in order for_ 25 a npbile station Lo
communicate with a d@§%re8 BEERTst ARG ISeci FREaAFry, 9 mbbi Pe¥ideati on

first detects (M&gq%o'grane bogndary herejnafter referred to sinply as
a "frame boundda®PY T2t HE dowY T hE®chanfiel GPaPR&lbasEYREAFPBAZRE1RE

connected. The jle station detects scrapbling code used by the
base station. {?éégﬁpge%Rié?eﬁgﬁgﬁ R tﬁem8%2 eoFE?ﬂgoﬁrthogonal frequency -
and code divi si %’él@tletd @Ja@kg( G:q;%\/lAr t hogonal Frequency and Code Division
Mul ti pl ex) syst mul tipl ex systens using a plurality

f ' f d ' | t | | h i f d.by.
Chr oo 9 6p 10° proceclne 1 BEadoR s REmmnBTEe onde Piad BEdadh nmn,
th - st [ ' I d d ' f bound
et et ton. and Soranm hgt €678 YAFES SRR r ek Tnars BB eeteren

f theys ; : [ I .l t |y, . ted .
Operati on of Sonrar ha e e AskRalT Ry YeBlE b TE WaRRh ey 1o
h i naft - " L Ng. iy t
Scranbl i g Cote G, IS oser Ati aht PEnELe R REATET 81 EEPWAT Ny

codes as candiiples | fothe bbled Siamantdhaeby | nopeasgs l nopsgesd of

the third step (the detection 20 process of scranbling co is a

di agr are showi ngoramGIVAH b9 s tfdrdTe ALeRoBC EHEGuER Y S the (P syst em
is applied. In the conventional OFCDM base cell search,  as sHowh i°h ig. 1,

a plurality of cells and it is thus difficult to identify

each cell where mobile equipment is located, by referring
to the frequency band. In order to identify each cell,
therefore, it is common practice to multiply downward
20 channels (hereinafter referred to as "downlink channels")
by scrambling codes (spreading codes) different among the
cells.
In suchmobile communication systems, the cell search
operation described below has to be performed in order for
25 amobile station to communicate with a desired base station.

Specifically, themobile station first detects aradio frame
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processi ng descri bed bel ow was carried out in order to 25 performthe
detection of scranbling code group simultaneously with the frane boundary
detection in the 2 second step. Specifically, inorder to permt the
detection of frame boundary, the base station sent additional SCHs
(Synchroni zati on Channel s) 101, 102, 10:3 transmtted in the fornof a

speci al synbol sequence known tq the nopbile statiaon W {hout pultiplying
t he downl i nk Iy b§h?ﬁ%“§€%§ﬁ{5\].q R s,°aﬁ&*ﬁpﬁe¥ Bi 1% &Iﬁﬂngn

calculated the cross correl ati on between a receiv signal and,_the known
SCH synbol sedfHERLY Grfdgﬁ"et OHE&HF%‘ ‘f%@%‘?ﬁﬁ’f%ﬁ’&%@s&eﬁgﬁwﬁ P
scranbling code group with the detectjon of 10 fr Jboundary, .a plurality
of SCH synbol R&eqGeR8ESTtREre p b enepﬁ%‘@d %?'F&I”s%rzf%g%w cgﬁéeﬁﬂl&uptgﬁere
made correspondent to the respective S(ill—i nbol sequences. S U-ARY OF THE
| NVENTI ON The SSBAR® Iombreedsd ,usrﬁ‘%\et%ér‘? P Ihes 17 OB m descri bed 15 bel ow.
Nanel y, therewasalimttaotransm ssjonpowerwhich can be_aJ. | oca%gd to hhe
downl i fk channel s, 0% {1 rOBHIeE BBRAT ~ARc&tForessy Gfnkle aAGCRBAPPS
channeJ.s (CCHs; Control Channels), and co ni,cati orz %h glr_lel S éTCHs;
Traffic ChanndlZOIURRFY e Co&R dAvimue™ AY-LEtRilesd (P Ff§ ‘oPThpogonal
transm ssion power. For this reason, the snmaller the tran mssiog]ae{)o%er is
al l ocated to CGHRIUIMHEY RRAGPIL NSl T SHIF Jé{j:tdﬁ’ PYEER™0RCPF S& 84 to

T.CHs; it is thus, feasible to increase the numher af. nobile stations that
can be accommUd@R¥kR} AUlfdPLPL BHFTPIE USing ?ﬁué?(s)]&t%gfc%&?rsz?or -
capacity. In the conventional OF base cel] .search, howeyv 3__,the

addi ti onal Sﬁ%@%@h?nﬁgiaeﬁw%%ﬂf%?ﬂ%{? 188% r%%ggﬁ&’ﬁﬁa SE&Baci ty
was reduced by the de)%ee of t e%gansm’ si on

f SCHs.

Furt hethore, tHPRAFIEY o 9 r e%eerbté%gggrﬁ%zo‘i:ﬁgﬁeear%%t‘e $FSscHs
ith TCHs . 5 |t i ivable to d t | S . SCHs,
' order to avBIEPTHESE QAR Bt e getr Bab N RS SBBS R 1 he
det ecti f f d i i tep.
Ao o resul . (HETRR AT HETAN e ol Mo s it B Ry A BT ER AR5 “The
b bl hj ect t i j ' j !
communt cati on ByecaAr e aRiter ihen BLEREEC0S St e BEeR T .

bi | Cation. . b e . h
educt i on of cHiRger 8%, Gk eatsBRIVIb R aeq BPRTAT MR RF FEEETETRY e
transm gsion Oéhgc'él%rakn%ﬂgﬂ;ercc%@e oliye ot Nepbaye HEBngm(r?er’ElEiz{@cer
communi cati on System accordi'ng to the present invention is a nobile

cati . . . . . q

i uhi ch t he bavEeErata ot aere L o7 ot o SRl R T
the nobile Stalé:?Q’erl?nEh@o&@ bl S St atiBy opsirA@ 18nPkuaakebytRE Hididders
for downward channel's, and perTornscomruni cation with the nobile station

while nultipl ybpgsthenphangeksdby false GapiG \Haites SHTRIRS et d g sodesd every
synbol period, wherein the nobile 25 station conprises boundary detec~Li ng

rrﬁans for cal cghakbBy 1G{OSs 08 kBkadhedd alfl vé REitarsttephate dbidet esmee of

the 4

20 process of scrambling codes).

Fig. 1 is a diagram showing a conventional frame
architecture to which the OFCDM system is applied. 1In the
conventional OFCIM base cell search, as shown in Fig. 1,
processing described below was carried out in order to

25 perform the detection of scrambling code group

simultaneously with the frame boundary detection in the



scranbl i ng codes, between frequencyw se pil ot synbol sequences received
fromthe base station, th,ercby detecting a radio frane boundary. A channel
synchroni zati on establishing nmethod 5 according to the present invention is
a channel synchronization establishing nethod in a nobile conmunication
system whi ch conprises a base station and a nobile station and in which the

b k Lh

otat ihatlﬁ”threa%%n%ﬁ oBe Pt PORTERE g SRR P B t0r foals Rep 8ok gn
downwar d channe andper.fo i cati Qnw.t ht he b|| tati n mhlle
mul tiplying th F}% “brifiaﬁ%’q e e P& i:

nmbol d, h I ~ b h i ng:
2’ boundary 15 I]%xrice@fa””&sesgw?“” el Bloire T '”%ew%as g LZ'S”Q
| ati I f f f th bet
frequencyw s BT BPL& bRt Le0d sﬁe&ﬁ%cﬁ%%%éﬁnw%ﬁﬁ%ralgﬁgﬁie‘%aanre e
th by. det ect di b . t di t
the prédent e?&ﬂ%?%ﬁ%u;%&pﬁiﬁﬁge@@%‘%o%mﬂa@h L Goe %EF%%%EI#&? ’
sequence known_ to the statjo a base |ng
Cral y of At s TU GBEEPH eRanRERE PR o A TR o R GHOSS ¢
gngr?elggagloﬁ qh%€ forns 25aconnu |cgt|o Wit hh%;e base st?éfoﬁ,
usi ng the chaﬁ%%?%e %?%Iﬁﬁgwﬁﬁnf?eﬁﬁgﬁ&yﬁﬁsglgﬁﬁg epfa Flﬁ6°@8d§§ vezy
5 synbol e nmobil e st on onprlses undary det
or Ccal ot SPABERES o 1t | SREET] 6 METOE ol phasiTitEraRotse of -
pﬁgn:c?;ngﬁlﬁu codeé bet enr¥$ uenc se |Iot nig ¥ nc ° 0
received from %ﬁ? {%%r%%@ gxé é?ﬂ%é%ﬁ?nb8ﬁndary
A t t f th bi, | t at | cul at
the crbde correi % an aCIar ngt PErHE phats ”"' SPe ST S0 RS | ng
des, bet I f 10
PLGH ] IECI?SQDJ‘%romI%MbasegﬂIf{Lnﬁ%%bﬁ“’% %?%I$%§‘3?>ﬁges Py ane
boundary. Thqupegggt§e%%gcg§%g %;g gﬁbhouggaggﬁgg?rlesfronIPLCHB

time-division-nultiplex he SCHs, which were

i ndi spensabl e 4tiniiey CORV |g§g§ Hsearch Therefore, the transm ssion
15 power of t L RELO e allocated to the SCHs can be

al | ocated to PLCHS ofnlbbve BANIJCALE hkéweb@% Rl 9BPELaLI Y %g&%]%%é ate

the transnission power |arger than the 5CII's, becalse they are applied in

vari ouss uses il aidli nayafEANNethestiviR 4 0ImR t%a?z@sx@w@fé@ﬂo%rr&e%hw ng
TCHs. Since the transm ssion power |arger than before can be allocated to

such PLCHs, itcd:s $€asl Rd@atodred Send eowi Dhabi didonf s | N defeealdn of
frame boundary and scranbling code group . As a consequence it is feasible

to provide thecdmihEcsOIoHE B R, andlt ESht EHE AInRDIS ecalid} ihtad the
channel synchroni zation establishing nothod enabling the highly accurate
cell search 6 Channels) and communication channels (TCHs; Traffic
Channels) had to be sent within the limited range of
20 transmission power. For this reason, the smaller the
transmission power is allocated to CCHs, the larger the
Lransmission power can be allocated to TCHs; it is thus
feasible to increase the number of mobile stations that can
be accommodated in the system, i.e., to increase the channel

25 capacity.

In the conventional OFCDM base cell search, however,



whi | e decreasing the reduction of channel capacity and the interference
wth TCl~s due to the transm ssion of SCHs. Preferably, the noba.le
comuni cation system according to the present invention is configured so
that the base 5 station conprises: control information transmtting neans
for sending a plurality of pilot synbol sequences in one radio frane and

difreronce of XpaRdr E9hE EERTThG i By GAte Rt Rk oy S o
oLl ot Pyrbol 10,5eauansen Loyl L PLLE BLRLE A Yend Megree o tne
L SR i e
the phase diffgfel SSfeg}ﬂﬂ%lfr%FFWSSfOé&P&%&iﬁ&%&d‘éﬁﬁ%%iﬁ T
(i sagr crent a8 oS CHACRRESE 8 T TEreT Brgrt: & G h e eE s
[neludi ng o phage il ecence seqsnee) baean, | 6. base lallon ofog
Shnver sely,  coPFaPRPTOR HelkE P8 LSREaPURE FTY° RHOR PR YA AT B B rent
her of ore, "t heCBaSeTEPEP: R Cah Trath 1o PR LCRRPRbE T FRBI TRt RC Yo (e
nobi | e stati onbfu§hggﬁt6lﬁ %t%%srechdiifsf %‘rom%eéd_l n the nobile conmunication

system accordi ng Lot Ae presenti hvention, morepreferably, the

controljignformation 5;is;,8 %rfaﬁ%ia'%vi%gﬁ?%%igﬂp éﬁgg'@étﬁéﬁgﬁ%&%m'

1n the channel synchronizati'onesta met hod "accor e present

| nvent i on,  Tor SxBLAESEADLY, cbhEBRRkEOL hobotERLbBRubScar2chaTpLLEY, cpde

group used by Se station: nely, a plurality erences

; ation. By “phase drr ef
The base St at | DA Ehe Hh Pa 2 S o by Des Or e ek T PoRORerS and

R SR SRR R
phase decreasing the reduction of channel capaclty and the
15 interference with TCHs due to the transmission of SCHs.
In order to solve the above problem, a mobile
communication system according to the present invention is
amobile communication systemwhich comprises abase station
and a mobile station and in which the base station transmits
20 a pilot symbol sequence known to the mobile station, to the
mobile station, using a plurality of carriers for downward
channels, andperforms communicationwiththemobile station
while multiplying the channels by fregquencywise same
scrambling codes every symbol period, wherein the mobile

25 station comprises boundary detecting means for calculating

cross correlabtion allowing for a phase difference of the



di fferences corresponding to thescranbling code groupsused in the base
station, and selects a phase difference Wth whi ch a correl ati on peak

bet ween synbol s beconES maxi m-un, By perform ng the detection of scranbling
code group 20 sinultaneous7.y with the detection of frame boundary in this
way, it is feasible to decrease the nunber of candidatEs of scranbling
codes as detection targets in the second step of the cell search. As a
result, it is $eRaTDIENE0 Grie Ve befteeras fragdencyviace midtart isgmbafl
scranbling codes in the 25 third step. In the nobile comunication system
according to tFRAGENCHF aegftivan, Enondime base slasd o, f tkepdce dettecting
frequency interval basis, is a value falling within a scope of a coherent
bandwi dt h. | n @ headhanheameyhetindaryati on establishing nethod 5 according
to the present invention, the phase difference, on a frequency interval
basis, is a value f&|i®grmhehi nsgnsboprinétaonohestnablhahdwiydt ke theepr di ng
to these aspects of the invention, the phase difference of the scranbling
codes by whi chreePerdingal toy theof midssntsynbwrestiprences ane rhiahinglli ed,
on a frequency interval basis, is the value falling within the scope of the
coherent bandw¥RERrImi zabileguatestabldetriouses molthouat innofa  mobile
propagat a. onpaths within the range of carriers in the nunber equal to the
phase diff er eI i oyl Sy s s ivhiich teapirblsest e paseesita gt adat izon of
correlation detection characteristics. In the nobile communication system
according to thPptestrmtionemdoin wieh dite dlasenfsdrartsicino it Hamansitist t ng
meanstransm tsthe controlinrormation, using plural types 20 of pilot synbol
sequences. | n RherkefimRal Samisrors apwontesthsl hei by stetthiosh adeorttieng t o
the present invention, the control information transmtting step is to
transm{ the dAR}EE StaftdQTet V6ANIUS TGS it ofypesrbérpifaxt deymimalrd
sequences. 25 Nanely if there is disagreenent as to the tgpes of pilot
synbol . sequerfc¥ bt SeaRIMRE Trs ompReicat lanwighdihemoblle station

while multiplying the channels by frequencywise same
scrambling codes every symbol period, the channel
synchronjzation establishing method comprising: a boundary

15 detecting step wherein the mobile station calculates cross
correlationallowing foraphasedifference of thescrambling
codes, between frequencywise pilot symbol sequences
recelved from the base station, thereby detecting a radio
frame boundary.

20 A mobile station according to the present invention
is a mobile station which receives a pilot symbol sequence
known to the mobile station, from a base station, using a
plurality of carriers for downward channels from the base
station to the mobile station, and which performs

25 communication with the base station, using the channels

multiplied by frequencywise same scrambling codes every



9 sender and the nobile station of a receiver, no correlation peak

bet ween synbols will be observed i.n timng of pilot synbol sequences.
Conversely, correlation peaks are observed only when there is agreenent as
to the i ~ypes of 5 pilot synmbol sequences between the sender and tre
receiver: therefore, it becones feasible to transmt the contro
information fromthe base station to the nobile station by use of the types
of pilot symbofYBegliemadiodn the webile cHiaititatPBRrE§esembmsysiaiing t o
the 10 present inventa.on, the pilot synbol sequences are pseudo-random
sequences. | n ffbechanaarecayhErronr ko] @ﬁl@@p@:@l%mngeh@tgm addeotidiqg to
the present invention, the pilot synbol. sequences are pseudo-random
sequences. 15 KameRyPhppesdiffesenser ofatthenvairaairdtinmge eidefser dret wrdrot
synbol sequences is large on the occasion of transmtting the control

i nformati on byfasgusncinésginklat sypbsloepianstesyapeiveddramcthe base

t heprobabi | i tyof erroneous reception. of information wll increase.

. A ccor 8li ng t oSthbienpothepebys detechdnigneesridde, frnmepbouddarandom
sequences, wha.ch are sequences providing small cross correlation val ues,
are used as the pil Ace9rdonysed-iesrespeahsrdithe hevert borotibemedeipte on of
~.nformati on can be reduced. In the nobile comrunication system accordi ng
to the 25 presehetianeprlenlatas Bomtansss catrsedatiion ailawsngabdt itige code
group used by the base station. 10 In the channel synchronization

est abl a. shi ng Feafed déédeaenget o othe theessmrambliow | spdeshe dmitwesn -
information is_a scranbling code group used by the base station. Nanely,
plural types ofrpRRBECY¥VABS| PLbetetiieko hsemepcasarl sumbalt veawerass ot of
transmtting the control information fromthe base station to the nobile
stati ohby useFbFigherprrovedyfben thg-bave cstatairnsdimanhnhdatwit gtoups
are nmade correspondent tq these types of ﬁi?.ot synbol sequences. ' Then.

t he mobi | e staFﬁ%nrig??o Ralepoundary. his permlits the detection of

frame boundaries from PLCHs time-division-multiplexed with
TCHs, without using the SCHs, which were indispensable in
the conventional cell search. Therefore, the transmission

15 power of the base station used to be allocéted to the SCHs
can be allocated to PLCHs or TCHs.

Particularly, the PLCHs generally necessitate the
transmission power larger than the SCHs, because they are
applied in various uses including channel estimation on the

20 occasion of receiving TCHs. Since the transmission power
larger than before can be allocated to such PLCHs, it is
feasible to raise the probability of the detection of frame
boundary and scrambling code group. As a consequence, it
is feasible to provide the mobile communication system, the

25 mobile station, and the channel synchronization

establishingmethod enablingthe highly accuratecell search



10 correlation detection using the pilot synmbol sequences corresponding to
the scranbling code groups used in the base station, and selects a pilot
synbol sequence with which a correl ati on peak between synbols becones

maxi num By detecting~rhe scranbling code group sinultaneously with the 15
frame boundary in this way, it becones feasible to decrease the nunber of.
candi dates of scranbling codes as detection targets in the second step of
the cell searchWhihe deerriqueide, redutgievflea’%id%la@med gehpevbytdrnd ftist and
accurate detection of scranbling codes in the third step. 20 preferably,

t he nobil e conbuheécierenceywishm E€Her diagtoothhetprosnissinventi 86Hss
configured so that the boundary detecting neans of the nobile station

cal cul at es the crossProferilalyohhbekkide domyucicyisespsten asyording
sequences received f.r_omthe base station and detects the radio frame 25
boundary, usingwathespresenti agvensacnoisaciondiigonedf sor d&e tcbheelbatsicon

val ues by reception powers of. the pilot synbol 11 sequences. Preferably,
t he chahnel syngha bhorardmpr s aipldositineg fptfhvdassedridfamsn bt t iy preegent
invention is configured so that in the boundary detecting step the nobile
station 5 cal chbatesndhrgce asburakityaef @i et viseb d ¥ expmrRn0e s drpidnet
synbol sequences recea.ved fromthe base station and detects the radio
frame boundar yradsefirams esd Faslirensgititdmoneemegol Zatfioamadiiotr behe
correlation values by reception powers of the pilot synbol sequences. 10
Preferably, theohbbeletatienronsicrdrdiengheset defpecsnae ¢hvemlivoaliity
configured so that the boundary detecta.ng nmeans cal cul ates the cross
correl ation be?hergra M@ebm vhichyim P laaldide s freblke v sdmaadm t he
base sta~Lion and detects the radi o franme boundary, using values 15

resul ttBg fronfRGRABFESatFenmYLtéPddgdeorrel ati on val ues by reception
powers of the pilot synbol sequences. Accorda.ng to these aspects of the

i nvention, the peak BetEe¥abhYi $hefhamnprbaynGErARLERE lepestakdddliqtd on
val ues nornmalized by the recepti on powers of the pil ot S\t/rrbol 20 sequences,
i nstead of di rReFRYIRGIRFIIRY Epdde EEFF@FEHW’%&%@F BgEIrnEel sather Eby
it becones feasible to performthe correlation detection with higher

accuracy and vA.FPRFEQS LRFQFMakbrR pFaR&PLBFIRTt FECROMTESERRAIRERS on

system 2~ accordi to th resent _invention is configured so that
y S aggon sen spa piurality o% pJI.]lot symbolgsequences fn one

15 radio frame and transmits control information to the mobile
station, using the phase difference of a plurality of
scrambling codes by which the plurality of pilot symbol
sequences are multiplied.

Namely, 1f there is disagreement as to the phase

20 differenceof scramblingcodes (includingaphasedifference
sequence) between the base stationof a sender and the mobile
station of a receiver, no correlation peak between symbols
will be observed in timing of the pilot symbol sequences.
Conversely, correlation peaks are observed only when there

25 is agreement as to the phase difference between the sender

and the receiver; therefore, the base station can transmit



t he boundary detecting neans cal cul ates the crass 1? correl ati on between
a pilot Synbol sequence separated by FFT processing and a pilot synbol
sequence resulting fromnrultiplication by scranbling codes with a delay of
a phase difference of one synbol per od with respect to the pilot 5 synbol
sequence separated by FFT processing, thereby detecting the radio frane
boundary. More referabl&,_the channel synchroni zation establishing nmethod
according to th8SpFERERPL ARERFTBRLIPE EBNFRGUTRRL LD THARIGTH tHelBBurhRry
detec~~ing step the mphile 10 station cal culates the cross correlation

bet ween a pilogh§§ﬁb§Pf§§&G@ﬁ@e separated by F F'.t' processing and a pil ot
synbol sequence resulting frompnultiplication by scranbling codes with a

del ay of a phase diffBrEke il gheosympdicasdorogYRteR respedingoteeri| ot
synbol sequence separated by FFT 15 processing, thereby detecting the radio
frame boundar yPrREEE eI BT, Meke Prsfigrabdivat Fom caaggpénlﬁgfqmm@n
present _invention is configured so that the boundary detecting neans

cal cul aPes t helér 8s§CEaMPALRG sodeeTroERr &SEC Y SFRbbRSSe i®orsepar at ed
by FFT processing and a 20 pilot synbol sequence resulting from

nul tiplication by scfanbhenghepres synrehzerfialieon esiphlskshiingarered of
one synbol period with respect to the pilot synbol sequence separated by
FFT processi ng2CFREFIDY Get EBLi REeERRL r dRvertiare MUMRFSLeDEP Mecofeng to
t hese aspects of the_ inpvention, it, beconmes feasible to inplenment highly
accurate det ecEPBRYEE $PERERISIONKHFIEFFBEPLEPIf FRtRIT RS LY the

whi chpi | ot synpol sequences of two synbols are nmultiplexed in tinme division
at the head anB828€ £h&8%RZ- as wel| as frames in each of which a pil ot
synbol ,sequence of one synbol is l.tiplexed in time 5 division.

Furt heftﬁor e, the rmbN?@eigmﬁlﬁﬂEﬁgybﬁiys‘iféi’éﬁﬁﬁc@o’lr%ﬁ]??d“ﬁ%? £R& DreRaRed
invention is confiqgured so th the boupdary . detecting . means calculates the
Cross correlatPBﬁﬂ%%?ﬁEQﬁlgnﬁﬁ%B¥ag?mbgg*gg&ﬁﬁh%%ngﬁ%gﬁgggﬁmﬁFHQ9$¥9m
processi ng and

il nbo| . | ti f | tiplli i b
scranbl i ng codgggmﬁg%ﬁgé{f%fs&gf UOSEF eszrig?'#é %ﬁgﬁéég;ggu“ﬁfe:agélt ggtﬁ: ﬁlgﬁséynbol

iod with t to the pilot synb ted by FFT
b ocossing, 1 hEREBTABEEEL| RS he o AGRBLEN e WoAmALgyo R S04 naadfe 15

Corr oapondi ng. EBEREERRARE tur P EHOTICBas P L RET B B5 1 hd T g Rop1 18" °UPS
espondi ng t8"¢HEBAS ' | fig| TOBELE
26 contPgur cd S5 TRAR Tor ERE BaUiaary Aarorrng bt o Chaily B¢ Rhe e, ©

cal cul ates they¢reas aRelH L AL AR MES R0 L& anbling code groups used
in the base station, and selects a phase difference with
which a correlation peak between symbols becomes maximum,
By performing the detection of scrambling code group
20 simultaneously with the detection of frame boundary in this
way, 1t is feasible to decrease the number of candidates
of scrambling codes as detection targets in the second step
of the cell search. As a result, it is feasible to achieve
the fast and accurate detection of scrambling codes in the
25 third step.

In the mobile communication system according to the



synbol sequence separated by FFT processing andpil ot synbol
sequencesresulting fromnultiplication byscranbling codes with delays oL
phase differences of a predeterm ned synbol 25 period with respect to the
pil ot synbol sequence separated by FFT processing, thereby detecting the
radio frane 14 boundary, and so that in the control information
transmtting ste

g base gtatlog traﬂsnlhé ?e scranblin %ode r oups
correspondi ng ¥b°?Hé phﬁggn tPPer EREeRDARG F% eﬁeﬁFﬁraPth

differences arge d 5 on the n_of fransmttin

" or mat on | rEREEREShEgs 18¢ A DAL ae o e RGP LA EBRTERE phase
dif,fercnces, and th& gcranbllng code groups are nmade correspondent to

t hese phase di PFRP%hdE Then the nobile st~.Lion perfornms Lhe correl ation

detection using the e 1Q diff.erences carrespondin he scr mbl_i.n
code groups usgd in frhgtsrbeafgi@%ﬁ]l S cg‘rﬁ?nslé c?ltoo§1 555%5’;&5 @é’dwit
whi ch a, correl ati on_ peak between s ls be ones etecting the
o bl e, b G DA b e RSP i RRORRLORT o wgfﬂﬁfa% %ﬁ HARSE may .
it becones feasible_ to reduce, 15 the nunber of candldates scranbllng
codes as detec?}oh TEFPEFRCY ntRHer @Rt ep DR iUl |al§éé}gc

consequence, it becones_feasible t chlevg #he fast and accurate detectlon
of scranbling SotePFnCfnd FA Paeg angpidbiesent invention will become

and ¢ E:' aLconpanyi nd Gt HEE CRn i ’ de%?'spa%séfpsf@ﬁaﬁiﬂvﬁe?x SRS ER AT onl .
Furt her " scope §1° é%mls% ki %ff%%@%éﬁ@%%sﬁ YT dt -i“%@ﬁa@h §
be. undi? st boa “E et 145 SHERGE it Pe et it SiEei T S Farngls
M ey e oot hg REGLETESEENPOLL MBIL SoLL e AYENAON a{heug'efnt{clyoﬁahe

illustration onl'y;” since varfous anges an ‘'ons™w
spirit and SCOEﬁeOfcéﬂgréﬂﬁenﬁgnaﬂldth. This adequately decreases

fluctuationofpropagationpathswithintherangeofcarriers

in the number equal to the phase difference. Accordingly,
15 it is feasible to prevent degradation of correlation
detection characteristics.

In the mobile communication system according to the
present invention, the control information transmitting
means transmits the control information, using plural types

20 of pilot symbol sequences.

In the channel synchronization establishing method
according to the present invention, the control information
transmitting step is to transmit the control information,
using plural types of pilot symbol sequences.

25 Namely, if there is disagreement as to the types of

pilot symbol sequences between the base station of a signal



5 wll becone apparent to those skilled in the art Sromthis detailed
description. BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a diagram show ng
the frame architecture of the received signal Lransmitted and received
t hrough the 10 use of the OFCDM systemin the prior art. Fig. 2 is a block
di agram showi ng the functional configuration of the nobile
communi cationsystenmn the First enbodinment. Fig. 3 is a diagramshow ng the
frame architecfeprdetzmngt thaanokbks wéd@ tdiogr 0812 reansHert atb and nedadiived
through the use of the OFCDM systemin the present invention. Fig . 4 is a
di agr am showi ngeakphatecen as@iodls crihblbaphoiosedyimtilohingnof fidmd i s
mul tiplied, and an out put exanple of cross correl ation val ues between pil ot
synbol sequenceymPoli rsaduerdast erfoodienssly, Fi gorbelstaohl quédakis agiram
showi ng the functional configuration of the nobile comunication systemin
'the second entbgervad. oFly. wiseh stiaeté als aag ety s pladthestiatpesofo £
scranbling 25 codes by which each frame is nmultiplied, and an out put
exanpl eSof crasslebravB@latl saquahoes Mretweesn thel stndgmbold Skeueredsred i n
t he second enbodi nent. DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Fi r st
Enbodi nent Theth¢rsforaboditmbeicoglest Heamilile tontmansaitotth® systternl
according to the present invention will be described

information from the base station to the mobile station by

use of the types of pilot symbol sequences.

In the mobile communication system according to the

10 present invention, the pilot symbol sequences are
pseudo-random sequences.

In the channel synchronization establishing method
according to the present invention, the pilot symbol
sequences are pseudo-random sequences.

15 Namely, if acrosscorrelationvaluebetweendifferent
pilot symbol sequences 1is large on the occasion of
transmitting the control information by use of the plural
typesofpilot symbol sequences, theprobabilityof erroneous
reception of informationwill increase. According to these

20 aspectsof the invention, the pseudo-randomsequences, which
are sequences providing small cross correlation values, are
used as the pilot symbol segquences, whereby the erroneous
reception of information can be reduced.

In the mobile communication system according to the

25 present invention, the control information is a scrambling

code group used by the base station.

10



below with reference to the acconpanying drawings. Fig. 2 is a block

di agram showi ng the functional configuration of the nobile comunication
systemin the present enbodinment . As shown in Fig. 2, the nobii,e

comuni cation system7. is 10 conprised of at 7.east nobile station 10 and
base station 30. The nobile commun~.cation system1 is configv.red to

i npl Ement transm ssion and reception of signals by use of the OFCDM

(Ot hogonal Fr equencianti®dhamng ksissmaananigaddons estted ] iahiicly methodypi cal
exanpl e of the frequency and code 15 division nultiplex systens using a
plurality of cacepsdingdar thepnesdy) inveetwren thisecombré b isifatirarr it and
the base station 30. The nobile station 10 has the follow ng configuration
in order to catsyaostrahblidngectdengprupessedfbfr the begrdatwt2oni.n t he
second step of the cell search. Nanely) the nobile station 10 is provided
with a synbol boundaigmelkyecpbarall, tyre S/df gorhvdy tsombkd, sEqUEEE oFaste
Fouri.er Transform processor 13, a frane del ay device 14, a phase

di fferehce detprepareg, an ctheelmtamsitg, afd taapesal tddingrt the 1 2on2xolhe
synbol boundary detector 11 detects synbol boundaries of _ received signal
40a transnittetnfeomathenbisyn therbasst atdbho(io The BHPLtomieat byn by
perfornms serial-to-parallel conversion of the received signal 40a after Lhe
detection of syadolf Heephdars e dlysehessyeadoknidaerkmyl ey sodegrblipsThe
FFT processor 13 acquires the 5 received signal 40a after converted into
paral | el signapsebjadie Srresunnder 10 fhessegammescofaph lptamymberlni ng
the received signal 40a, into synmbol sequences. The frane delay device 14
out puts frequedegWeBeesynbol Theequbheesmabihea g&p&jonf oexforamee Wwiheh
respect to each 10 frane separated into synbol sequences by the I~ FT
process®r 13, €errfbaphabe dgiterédenc Asiqiecilks nbldbssymbed Iselmenchwe
phase difference detector 15 detects a phase difference of scranbling codes
bet ween a franBo5EpaPaRddNPitO RS MsoIamtlbgincheedesir aurs rEFdpitvEhed®msa13 and
a franme del ayed by 15 one frame by the frane del ay device 14. The

correl ator 16 §5¥gﬁP5te§n@.%#%ﬁﬁﬁ%xﬁwﬂ&%%ﬁ gympalusegreBaenyltbrvhieh phase
di fference detected_ by the phase difference detector 15, between the above
separat ed f ranﬁoﬁﬁﬁlﬁ\ﬁléof"r AR PaleaeBy SYHR OolSarke cComRs pBak 1Blect &Y 17 20

di to t boynd d ti det ect f .bound f
he rocei ved SHBRAFCCREAHS SRFARBIOF SHbBroUE QUM ASor T oL Rk
cor ol BE1 on vaF GBEC R A bdDyRL A A b1 R OPep Teas161< 0 Hedf oS

the number of candidates of scrambling codes as detection

targets in the second step of the cell search. As a
consequence, it is feasible to achieve the fast and accurate
detection of scrambling codes in the third step.

20 Preferably, themobilecommunicationsystemaccording
to the present invention is configured so that the boundary
detecting means of the mobile station calculates the cross
correlation between frequencywise pilot symbol sequences
received from the base station and detects the radio frame

25 boundary, usingvalues resulting fromnormalizationof cross

correlation values by receplion powers of the pilot symbol

11



25 Fig. 3 is a diagramshow ng the frame architecture of the received
signal 40a transmtted and received using i~ the OFCDM system In Fig. 3,
the tine is defined along the t-axis direction, the frequency al ong the
f-axis direction, and the transm ssion power along the p-axis direction .
As shown in Fig. 3, the received signal 40a consists of hCHs S (Traffic
Channel s) and PLCHs (Pilot Channels) nultiplexed in time division. The
recei ved si gnated@andess not include any SCH (Synchroni. zation Channel) as
a constituent, different fromthe frame architecture described in Prior
Art. 10 The procedurkrdbsrihby mbheldchstradl spndbrovi dat ot es thabdishiewndar y
of the received signal 40a will be described below with reference to Fig.
9. Fig. 4 is andthgdancsihmiimg te phagersiaite iofventd onict anddn hipgwose sy
whi ch the franes having the architecture shown in Fig. 3 are nmultipJ.ied,
and 15 an out pthaexanpleeoboomeesrcaisted@tion yhépeshbenobdi epidmatt igynbo
sequences. As shown in Fig. 4, one frane consists of Mcarriers having N
synbol s5per uncalchhaktby, thee docane consésdasiof beMvegnbdreguentiWise
present enbodi nent, a PLCH of one synbol 20 is placed in each carrier at
t he head of eaphlétasgufel .sagquendds écelived Exom thedpese yai el ay ndimel
sequence is nmultiplied by a scranbling code sequence [cl= [cn, cl, c2, . .

, CtM 1~ 1 idethetsanke fradientyamnk resindar s tdiatg ofalites sywshdlt iseguence
. It is assuned in the present enbodi nent that the 25 phase of the
scranbl i ng codésomscenadli dat ioreoy quersodoofetathoswdiole shyusuapt ith
Under the above circunstances, a frequencyw se received synbol rl~ at tine
i and in the jpbwernsro€rths pliptesymbobysEquebrelselow ", 1 ' ~( ) 5 1In
t he above equation, sib denotes a frequencyw se transmtted synbol at tine
i and 16 the jth carPreferaplyfi ghe pophbat istatpanh asotodimg tonglie and
i,nthe j th carrier

present invention is configured so that the boundary

detecting means calculates the cross correlation between
frequencywise pilot symbol sequences received from the base
station and detects the radio frame boundary, using values
15 resulting from normalization of cross correlation values
by reception powers of the pilot symbol sequences.
According to these aspects of the invention, the peak
detection is cafried out using the cross correlation values
normalized by the reception powers of the pilot symbol
20 sequences, instead of directly using the cross correlation
value at each time, whereby it becomes feasible to perform
the correlationdetectionwithhigher accuracyandwith less
error.
More preferably, the mobile communication system
25 according to the present invention is configured so that

the boundary detecting means calculates the cross

12



The background noi se conponent will be ignored. The nobile station 10
detects the synbol boundaries ZO through the use of guard intervals or the
like :in the first step o~ the cell search, and thereafter cal cul ates the
cross correlation between a received synbol sequence [rii]=[rio. xil, r~a,
. . r;, rMm] at each time i and a received synbol sequence (rri-N>>
}=(rri-rr)o. rrs.- i._rci-hgz. e, rr.~-N fM1) o' ne 15 frane
precedi ng to tRRrrerakeonneatRPRE thel dlecwimkal SpMncs sghaFadest byach
tinme i. The cross correlation value yi at tinme i is represented by Eq (2)
bel ow. M -1 Y~-FET Rrocessimng gnd a ppjol' symbpi seguege rjasw iinaNfzah r' |
~=n When the tenporal fluctuation of propagation paths 20 can be assuned to
be sufficient| Justiplierhippdy samatfliamkcrdas Yathe ded agf ofl & phisaiss) |
the following re J.atian holds: fl~f* ri_N-~=~fig |' . Since c)c*3=1, Eq
(2) can be rewdifferensehcl qrpy syabed pegrodswith. respeci 4o the pileot(i N)|
w( 3 ) ~=0 Since signhals transmtted by TCHs are those subjected to

a. nformati on nByaPali sredirnee pseparetgdofbXhifiTel Brages #ingi pltdeadost her e
is no correlation between a transmtted 5 synbol sequence {sly}={slog s~,,
s;,2, ..., si~®fptertingtkhe radind Aremanbabbdedysynmbol sequence {s~i- N>j
}=ls~~ Ny~,, s~;, Nv, sli-N)~r . r S[i-N) IM~~ ? one frane preceding to

the frane includi ng Xowe=t r RASHerebd vsyniidle seghanselat symehronizatd arhus vyi
must take a sufficiently small value. In contrast 10 to it, since the same
synbol sequencestabiiahinRptpethed maprdinedontheaneessntsinyeniNontisn t he

case of PLCH. Accordingly, we obtain the foll ow ng equation. gf:~~f~~a
confiqured’so that in the boundary detecting step the mobile

10 station calculates the cr&ss correlation between a pilot
symbol sequence separated by FFT processing and a pilot
symbol sequence resulting frommultiplicationby scrambling
codes with a delay of a phase difference of one symbol period
with respect to the pilot symbol sequence separated by FFT

15 processing, thereby detecting the radio frame boundary.

More preferably, the mobile station according to the
present invention 1s configured so that the boundary
detecting means calculates the cross correlation between
a pilot symbol sequence separated by FFT processing and a

20 pilot symbol sequence resulting from multiplication by
scrambling codes with a delay of a phase difference of one
symbol period with respect to the pilot symbol segquence
separated by FFT processing, thereby detecting the radio
frame boundary.

25 According to these aspectsof the invention, itbecomes

feasible to implement highly accurate detection of frame

13



Nanely, the real part of yl takes amaxi mum (correlation 15 peak) at the
time of each PLCH (t(i-N+1) in Fig. 4), and thus a franme boundary can be
detected by determning the tine i when the real part of y,, becones

maxi mum In the nobile communication system 1l of the first enbodi ment, as
descri bed above, the nobile station 10 detects 20 the radio

f rameboundar yhycal cul ati ngt hecross.correl ation al |.aw.ng f.or,the phase

di ff erence of %@%?Ehﬁ%%%fvﬁ%@%%ﬁﬁ?f&’aﬁwgﬁﬁﬁ@ ost,g%}?é\;eéﬁqflﬁgces
frequencyw se piplot s ol. sequences. (.synmbpl. seguences of PL recei ved
fromthe base % Mooﬁ¥g‘89lfh? eﬁ@ﬁ%ltpé%?éioaﬁt%%?? %V&Flfpaﬁjéq%ﬁﬁ 21
fromthe PLCHs Itiﬁ__lexed'ntirreﬂivis'on wWth T , ﬁ/ith.ot usi.ﬁgtthe
SCHs i ndi spens®f &5 FhEnGEntFLhaS SHAMS e Al AR brift gt ¥ Pt

transm ssion power of the base station used to.be allacated jo.the.SCHs can
be all ocat ed t%ﬁ%%fPlf‘ﬁ%le@rceT@é. CB&r tsl%@?"allt' I, HHE e"f;ehlér%lr'g?
necessigate th(?. I arger transm ssi on power than the SCHs, because they are
appl i ed”in varfbUsSt88s including the channel estimation on the occasion of

receiving the TCHs. Since the larg 10 transm ssion _power.Lhan before can
be al l ocated to suc ﬁ%?ﬁ?m?fel s %«i}‘eﬁsi fiP L raFgﬂmPﬁécﬁﬁbB%bi Y5t t he
detection of frame boundary, and the robabilité/ of the detectjon tk}

scranbl i ng cod2“grd br.‘gAgoat]g%ri%’éﬁﬁ% e PYTRE O} 2% H Jt%m:ﬁdo\ﬁodg_’ Be

bi | [ [ 5.ch I h ' ' | i shi
Tothod, and. mobt o SPALRGR endBEEAY TR AEGRTY AECqeE ol Lo a i e _

o o the 17 SreFATHERSarboLNES SEESE MRTIE AU SRR, 1
R e R R e
Sho b dsent orbebt PR cERALEONGALATnBL s1° RIS i UG e |
system 2 is CO&PE%&EQnQLs%&f'aefzosgecfgﬂééﬂnanseé atkext 20-20d bese stgldan 30.

The nobi |l e conmuni cation 2
to the pilot symbol sequence separated by FFT processing,

thereby detecting the radio frame boundary, and so that the

15 control information transmitting means transmits the

scrambling c¢ode groups corresponding to the phase
differences.

Furthermore, the channel synchronization

establishing method according to the present invention is

20 configured so that in the boundary detecting step the mobile

station calculates the cross correlation between a pilot

symbol sequence separated by FFT processing andpilot symbol

sequences resulting frommultiplicationby scrambling codes

with delays of phase differences of a predeterminad symbol

25 period with respect to the pilot symbol sequence separated

by FFT processing, thereby detecting the radio frame

14



system 2 is confa.gured to perfoxmtransm ssion and reception of signals by
use of the OFCDM system between the nobile station 20 and the base station
30 . The nobile comunication system2 is different fromthe nobile
comuni cation system5 1 in the first enbodinment in that it is configured
on the assunption that PLCHs are multiplexed in tinme division one synbol
each at the head apnd at the end in each frane,.i_. e. , a total  of ,two
symbol s are mAQHFHEELIRPA <6 The ki DELPGRTIET SathEd PELon b7 Fhiamibbing
station 20 has the fol] owi ng configuratiaon in order to carry out the
detection proc<®P 509 Pafe PRRHAR \FLaRSTHE SSERENIC B! 1R I pslecgEPUBEar ch. .
As shown in Fig. 5, the pobile station 20 is_provided with a synbol
boundary det ecEFrEERORF Y Lo o rpersodifferecpfocessor 23, a 15 pil ot
synbol sequence nultj.plier 28, a franme delay device 24, a phase difference
detector 25, a corré‘{aé"t%ry'ZB,P]éﬁbP]altﬁéaﬁ Rigts féLffoyentRs aymBErPPBSGAdar y
detector 21 detects the synbol boundaries of received signal 40b
transmitted frIhtRREIeRss Ppositaansidt i nheheconisptet Rt knk £50/s
serial-to-parallel conversion of the received signal 40b after the
detection of syHbHESodhdaioss thythe Rk STHEIary Vet &k dhepPhathe FF f
processor 23 acgquires the received signal 4Qb after converted into parallel
signals 25 by $HeE P eRFwerPer §3° aAFr3BALRGe sCRAR h IFPHRE &% Rgdehe
recei ved signal 40b, into synbo| sequences. The pilot 23 synbol . sequence
mul tiplier 28 SRAXSIRIRECRLG? EPRBSIPRARRSHEL L& eSt-ed TR tHEe ppplle
processor 23, by a conplex conjugate of the pilat synbol sequence_ and
out puts each r¥ Lileé‘blpﬁrﬁ;&"lmsstﬁge?ﬂr%rq]@?h@fd%%@nak}sﬂégi% PRaS{d 5 to
the coy,.relator, 26. The frane del ay,.devi ce 24 outpyts a received synbo

fo" o th & fsgr b

sequente wth OFS GRELSFREEALBE SO H iSEFaTPedBITOIRITAAP S HS& ed

nmbol df 1th i | [ tiplier, ,
zﬁe Bhaizqﬁfg?% Stﬁiez%ﬁéﬁe%ﬁa%%”%%;»gﬁ@e%%ﬁf r%:@efpi%%%?ﬁé%%g% i«%g%incé"
25 .di i .
Cre ot ooq SN 4 B8 r B MRt E BERE S Sheb gt B Haithets Cek st
[tipli 28 h . i d . del d nmbal i od
by E'hIE f rame O%F%e‘tgic#%?é%.% a%ﬁfarr"*i%‘?ileis?r §aje§é’§ro§ea J‘Q‘ﬁ%ﬁt?aar?egogust hwﬁ,thpi“ °
t . . t ecit t
8??&?;382 SZ*%%%F%FE%%&%@%%%%%%%%'lrééé.@%%%a"%ﬁ%‘ﬁta%?éaase r:tohl
o Dot S e ot a3 o34t REENCE M I hORe SR Sa DM
means) det ect stfr%?%gihowrgeeénah%_t%g;gneayeéhai qnaly 499%&?.mt § B 7.0t

symbol sequence a tame when a naxi (correl ationpea S observed,
Wi th referencedpsdffett5Si €%t | £l ¥ A1 HESo Gl AL O DYeddie and

correl ator 26.
accurate detection of scrambling codes in the third step.

The present invention will become more fully

20 understood from the detailed description given herein below

and the accompanying drawings which are given by way of

illustration only, and thus are not to be considered as
limiting the present invention.

Further scope of applicability of the present

25 inventionwillbecome apparent fromthedetaileddescription

given hereinafter. However, it should be understood that

15



25 The base station 30 is provided with a control information t,r.ansmtter
31. The control information 24 transmtter 31 (corresponding to the
control information transmitting nmeans) transmits the received signal 40b
to the nobile station 20. Mrre particularly, the control information
transmtter 31 sends a plurality of pilot synbol. 5 sequences in one frano,
using the received signal 40h, and transmts the control information to the
nobi | e stati ont}é@, gt §hedpRSEeP AL PR erBRc SRAC K Uir akPRD 166 - sdthEs a. ng
codes by whi ch,tge plurality of pilot synbol sequences are nultiplied. 10
The procedure FBRIEREIREMNGT HLRT ALOBIRSN ERPEcthnl nYemEl PRuAYSIGL M t he
received signal ~ICo will be descrjbed belowwth reference to Fig. 6. Fig.
6 is a di agranP¥h¥@vn@fa bhasstsi ki #nkir afbhragvasdeyshyhamioss e
frame is mul ~tipl~. ed, and an, output exanpl eof cross correlationval ues 15
between pil ot B9ABEECeE4aBACEsEh IR WioRRirdtRard ssormelfthednamntiian of M
carriers each including N synbols per unit. Nanely, one franme consists of
NXM synBol s. | HithePpreBe RPRAERY: onthopecrkl bk ed dmy hgearbntreyiduls each
at the head of each_franme (e.g., 20t (z-N-~1) ) and at the end o.C each
frame (e.g., t9gFaifey dgs&vdPfFiearrier. Each fx:equencyw se synbol

sequence is nultiplied by scranbli n% codes &c' } (¢’ ~+kM=c~ (k=0, t1, 2, .
.. ) ) in themwlj&\ﬂlﬁéﬁ of the symbol sequence, and
with the phase differing e~rery synbol period. 25 It is assunmed in the
present enbodi nent tRa¥ -t hel prasdizurarn et o fthe £ zamen mdnig- ewiere -
sequences is L Eyé{%(zls 25 bet ween each set of adjacent synbol seckg_(lances,
for conveni enc® ESGr IS ShAMR o ihr 205det teseaRB R doivd Fhrengh the

recei ~'rL§d synbol r' i hat %i,rre i and in the jth carrier is expressed by Eq
(4) belfdw, r .use of )% § PFEPM system ip Ehe prior arfhe npbile station 30
detects the synbol. houndgri.es tk~yrough.,the use of guard intervals or_the
like ~.n the First SPE%p f hé &i?&geﬁ%%f%dsgﬁ@g@% %@é’r msional

I tipli he_r LV n h, ti. [ | ex
multiplies t ecoﬁ%‘fgu%gtigt@o tl?eeﬂgglggc%%tm%%clcaf‘tlrcr:%sysb‘é’erﬁ:tl.]relt Oe ir65t

embodiment.
Fig. 3 is a diagram showing the frame architecture
15 of the received signal transmitted and received through the
use of the OFCDM system in the present invention.

Fig. 4 is a diagram showing a phase state of scrambling
codesbywhicheach frame ismultiplied, and anoutput example
of cross correlation values between pilot symbol sequences

20 in the first embodiment.

Fig. 5 is a block diagram showing the functional
configuration of the mobile communication system in the
second embodiment.

Fig. 6 is a diagram showing a phase state of scrambling

25 codesbywhicheach frame ismultiplied, and anocutput example

of cross correlation values between pilot symbol sequences

16



10 conjugate of the pilot synbol sequence {p* }={p*o, p*i. p*r, . . .,

p*~M 1~ } . Supposing the result is {xii)={xio~ xin, xI9r - - ~ x~cM> >}
~ Xij is zepresented by Eq (5) below r =.f. Then the nobile station

calcul ates the cross 15 correl ati on between each synbol sequence {x;,~ }
and a synbol sequence obtained by shifting the synbol sequence (x~i-1 } one
synbol peri odprec d|n eto %g L synbols . The cross correl ation val ue
y' i at this tﬁWmF %@ By ( 6) below. Y i = Irxrdx Goiwl) 20
Mp ..... (6) ~f f 1)~J LsSrds C~-t)~J-)G ~ 1 ~~)C ~J-~)~~JP(J L) O
Wien it can b @ﬁPRLFm%B%EnE%é%PEEEEE§uation of propagation
paths is sufficiently slomare7,at|ve to one syi((bol period and that the
fluctuation of)F S paths is suffic~ entIy snall in the range
of L carriers, t he follomrn relation holds : fi~f* ~ (:,+¥L)=1 f~~ 1"
. Since c'~c'*1=1, g% B@bP@%WFPFeﬁQﬁﬁﬁﬁrTQ§1%%I6ﬂmmunicat}°n -
~~f~JI 2 Skis (~-I i - )p Since_the signals
transmited bySYrHRm éFé’oFﬁﬂégéJ E‘Ert}]hé‘cPéﬂs?nb %W%‘r’%ﬂq il hReubabrshbadd a

p7.urality of _chan nels are rruItrpI exed, there is no cor.relati.on_between

{si} and {p}, rafezgnce Waihe M%H@M%éir&“ﬁé’ést-o BEg-1n
contrast to it supp)e:ip géhe same sequence is 10 transnitted in each
synbol . period ¢ BL cdipgranishowing tha fugctprnad. CARELAHFASAPD we

obtain the fol ation. Y~r = ~Lf~ 4 2z ,. Since the rea
part of y' i afgﬁ%a%ﬁgzﬁﬂaﬁﬁwwmeﬁP&ﬁtﬁ@a%va%er%nt REbPRAPRRTOr | -
PLCHs (t (i-N+ % nd t(J- in Fi 4L%frane boundary can be detected
by det erni ni nd* Ct"frhe“t TN ér%%b cogpupicatyoa, fystem 1 is

10 comprised of at least mobile station 10 and base station
30. The mobile communication system 1 is configured to
implement transmission and reception of signals by use of
the OFCDM (Orthogonal Frequency andCode DivisionMultiplex)
system, which is a typlcal example of the frequency and code

15 division multiplex systems using a plurality of carriers
(carrier waves), between the mobile station 10 and the base
station 30.

The mobile station 10 has the following configuration
in order to carry out the detectionprocess of frame boundary

20 in the second step of the cell search. Namely, the mobile
station 10 is provided with a symbol boundary detector 11,
an S/P converter 12, an FFT (Fast Fourier Transform)
processor 13, a frame delay device 14, a phase difference
detector 15, a correlator 16, and a peak detector 17.

25 The symbol boundary detector 11 detects symbol

boundaries of received signal 40a transunitted from the base
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maxi mum The phase difference L should be determ ned, as 2o descri bed
,above, on the assunption that the fluctuat~.on of propagation paths is

sufficiently small in the range oi: L carriers. The reason is that |arge
fluctuation of propagation paths will degrade the correlation detection
characteristics . In order to avoid it, the phase da.fference 27 L should

be so set that the.phase.dif ference ?~ a frequency interval basis falls
within a scopesgﬁiﬁgBr, ?ﬂan t he er ettt baﬁﬂﬂéth%%IGWﬁid RATHENS | s]
is a delay spread,o r opagati o aths). .5 Referring to, Eq (7) , the

correl ata. on péSE%a&FEP'EG?aEéeEbE@PV@ SFHntﬂé ?@?ﬁé&F?ﬁV¢41§%SQEHlégglthere
is agreenent as_to th% phase difference L (anluding,the phase difference
sequenced bet wB&hefh&PBadet @ iioth @b syMBCshaurdaniesnbYndhiel s8Rl on 20
of a receiver. Cbnverselg c%rrelition 10_peaks are observed only when
there is agreefBRRIELYLE tRe BRadé - di TAer Bt PUC RIS 3 RECBHFRT Rl the
receiver: it is therefore feasible to transmt the control information from
the bas8 stati®RS86VET FheNanrt (2 afitan 6RNY6TEPusBterParRl bahsd ahdker ence
L. 15 For exangle a gluralit of phase differences are prepared on the
occasion of tr3¥shietPAE FPRVEBREF of 2| FOrFRRITAEST AR T e Hymdngh 30

to the nobile g ation 20byuseofthephasedi fferences, andscranblingcodegroups
are made corre bSnH@ﬁFlVSdtﬁégpéépéeFVvénﬁﬁa§§1 SCENERSeS 20 Then the

nobi | e station 20perfor the, correl ati on detection using the phase

di f f er ences corregpoﬁﬁ?ﬁgaﬂﬁq %g?gﬁﬁﬁﬂﬁf?ﬁﬁﬁﬁﬁ256ﬁ8e8§851?%%Mﬁp%bse -
station 30, and sel ects a.ﬁgase difference L_with whi.ch the

correl at i onpeaRBEESRES Rt Mint FHe2¥obfF | 8RSt S 70h Wkt SRR ffumach

o e perat| BRARREEP T T 14 GeT 8YRE O CaRE RS e RES RN EER BT RFOCSSRRR dat es

Search As a cunsentente Piis et tEEEPRRSe B tetrEl ot eI R P bty at e

detect | o0 O SEERTLLO0AGdss b LS S §8 o2 B LISLIN e L LD case

case of code ol LR ML O BB Al K (o0 TCHa cLDEPLRRS Afley onces

e ST oosSbBREREES G2 EndOrkE BrboBBsbEe1BNERE 41 HSENsE 2FENRFe 2N
15 one frame by the frame delay device 14.

The correlator 16 calculatesacrosscorrelationvalue
allowing for the phase difference detected by the phase
difference detector 15, between the above separated frame
and the frame delayed by one frame. The peak detector 17

20 (corresponding to the boundary detecting means) detects a
frame boundary of the received signal 40a froma pilot symbol
sequence at a time when a maximum (correlation peak) is
observed, with reference to the cross correlation values
calculated by the correlator 16.

25 Fig. 3 is a diagram showing the frame architecture

of the received signal 40a transmitted and received using
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to increase the anbunt of information that can be transmtted. As apparent
fromEq ('7) , the correlation peaks will not be observed in the timng of
PLCHs unless there is 15 agreenent as to the type of the pilot synbol
sequences {p? between the base station 30 of a sender and the nobile
station 20 of a rece~.ver. By preparing plural types of pilot synbol

oequences, et Pl LSHIES ASHHI U LB AR T BRI e
PLatton 90, 1PN Bse AA! SR Lkt ARSI B0 g L
PO STl seusnces e bie BLONLLAY £ IRASPUSL SCRRLINSL g
cequences b o ig 0 5y L o8l LeRYELUCS: B8 SR o bieE il ol
eross cart e atlon, yol s ahtgn (<G P le Tes, Gt lan L hese gl 4/
seauence, he Laudet, LG, bouer o (NS Loty s, scsbence Lo d oo

fxanme architecture inrig. .3, ,if Lh ower, . of "1'CHs is greater than
that of PLCHs,3T¥l aiagmﬂ I’C“rz(?sts"od'brfe“ggﬁf‘ie&ﬁ vat ues \ﬂ°lr‘15tglté1§“§:e

cal cul ated at | Ime ther, .10 than those .of the frane .houndaries and the
probabil ity ofég’g#%% gd%f%%t?%% MBrd c?l.éjt‘?eo%tlbreea e\/ﬁqﬁl%xféplld\/vgrréﬁr -
Therefore, th bile station 20 perforns the peak detection using val ues
resulting fromnoirmalization of the cross correlation values by reception

power s, f the receiv nbol nce i;nstead, of _directly .using the
Cross %:gr relation vaﬁg%s% Oé;ea%‘?‘né? f%&uihﬁlﬁlsbbégébgggt%ﬁ% j(‘:é)r %I(};‘ﬁeo%t e
detection w t hehi i : r t i nvention thus
described) it gmp%l[?Qg{eO ogv#ro‘\ﬁgsft%g% %%qé}rﬁ)e%s)gﬁﬁé%?s%o%:&?gg kib%\#éan clljt}r?eﬁgy be
varied in many, 20 Ways: " aki re fqt 4,0 .
departure from tg% sp]i rrf :tréa%geglg%pggg? 'hg‘i pﬁf/h%'ti &n%ganggg#%ﬁ%&a:q}&g
modi fi cati ons Aok & e ORI @nieS k2086 i3l bbads! Py iR & el ddHnded
for inclusion within the scope of the follow ng
having the architecture shown in Fig. 3 aremultiplied, and
15 an output example of cross correlation values between pilot
symbol sequences.
As shown in Fig. 4, one frame consists of M carriers

having N symbols per unit. Namely, one frame consists of

NxM symbols. Inthepresent embodiment, a PLCHof one symbol

20 i1s placed in each carrier at the head of each frame (e.g.,
t(i-N+1)). Each frequencywise symbol sequence is
multipliedbyascrambling code sequence [cl=[Cu, C1, C2/ - .,

Ci-1y] in the same frequency direction as that of the symbol
sequence. It is assumed in the present embodiment that the
25 phase of the scrawmbling codes is equal in every period of

each symbol sequence.
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claims. 25 30 WHT IS CLAIMED IS 1. A nobile co~ununication system which
conprises a base station and a nobile station and in which the base station
transmts a pilot synbol sequence known to the nobile 5 station, to the
nobile station, using a plurality of carriers for dowward channels, and
perfornms communi cation with the nobile station while nultiplying the

channel s by frequencyw s~ sane scranbl ing codes every_ syuho er.]
wherein the nobile g‘f*‘é@For‘F%nﬁ%"é’@s 565&8%? aRHget et i%%‘?‘e%#ﬁgsre
calculating cross correlatign allowing for a ahase ?li ff, (rl}ence af the
scranbl i ng codeseiBetnwsaRPrledaendywF S8 pi| 8RSy b esé% eféés Ho&ceiXed
fromthe base station, thereby detecting a radio frame boundary. 2_ The
mobi | e conmunBERERERESy SVeFdadddr it 0 15 Caim 1, wherein the base
station conprises: control information transmtting neans for sending a
plurality of piJ.ot %s§nholy Gequencés)in one .radio frame and for

transm-.tting control information to Lhe nobile station,_ using the phase
di fferénce of a plufdl £he¢ 8pPoYs %PéﬁﬁPF‘mgsebdg%“ Wﬁ%ﬁ*beq}ﬁwla%ty of

pi |l ot synmbol sequences are multiplied. 3. Thﬁ r.rDb';Pe camuni cat i on_system
according to Grapsrdttpdessibpodaird EoRer &l 2P berrlé Foht CH ST ant M hg code

group used by the base station. 25 4. The, nogbil e cqnmmupj cation system
accordi ng to GaPmrPPaderdt RaERi P GHRtsRt Fitfieet é‘ﬁge]‘,n gfﬂeéﬁgch%%ﬁ%h%lg/' : 31

interval basis, is a_ value falljing within scape .of a coherent bandw dt h.
The %ackground hoisd componenat WOPE B8 Fynored!

The mobile station 10 detects the symbol boundaries

10 through the use of guard intervals or the like in the first
step of the cell search, and thereafter calculates the ¢ross
correlation between a received symbol sequence [riy]=[rio,

Yi1, Yizs .-+, Yiu-1) at each time i and a received symbol
sequence {r(i-m}={ri-nor IT(i-Mlr T(H-Nj2r =<7 Ty1-v) M-1) } one

15 frame preceding to the frame including the received symbol

sequence at each time i. The cross correlation value yj

at time i is represented by Eg (2) below.

M-l

®
Yi = Zrur G Ny

0
M-

. ~(2)
= ;fu’f o 0555 G-y SiC g
When the temporal fluctuation of propagation paths
20 can be assumed to be sufficiently slow relative to one frame
time (a period of W symbols), the following relation holds:

fljf*u_N,1=|fijl’. Since c;c*;=1, Eq (2) can be rewritten as

Eq (3) below.
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5. The nobil e commun; _cation system according to C aim 2, whereinsaid
controlinformation transmtting neans 5 transmts the control information,
using plural types of pilot synbol sequences. 6. The nobile coitununication
system according to Claimb5, wherein said pilot synbol sequences are
pseudo- z~andom sequences. 10 7. The nobil e comuni cati on system accordi ng
to daimb5, wherein sai %Sontrol information is a scranbling code group
used by the base station Jhe snobi |l e conmuni cati on system according to
Claim1, wherein theybﬁuza&ry Geteanj ng means (8t the nobile 25 station

cal cul ates the cross corf<l ation between frequencyw se

pi | ot synbol sequencesrecei ved fromthe base station and detects the radio
frame boundary, usi ngtRE8ISIENFESFanagLiEEemhiot fl asathesestubdanted
correl ation val ues g reception powers of the pilot synmbol sequences. 20 9.
The nobi |l e confvini® %’F’Bﬁtﬂ%t%?ﬁi‘é%%?ﬁ%ﬁlrﬁ'LQG HrmlitywaEreianmal 8 oundary
detecting nmeans cal cul ates the cross correlation between a pilot synbol
sequence separ 3H&§1ByeERR pEaeE. disnpoFRE e IR T IAn Spfwsiense duransamirtdad ti ng
frommultiplication_by scranmbling codes with a 25 delay of a phase
differerce of BHEPSYNBEHVUEBLEd Swi Tl SrespBor Bzt hrer pisiot-1 sy ifol tigesyuence
separated by ~' xT processin 32 J thereby detecting the radio frane
boundary. 10. FRE #obr2esBikhad swhbeh SSEHR acordl N t@ ai @ 3w wher ei n
sai d boundary detecting neans cal cul ates the cross correlat,i.on between a
pil ot synbol = sBtuwrice -5/ separated hyoRFTLpRBR e &HIRFHMY phe ot hey riname

sequences . . . .
including the transmitted symbol sequence at time i, and

thus y; must take a sufficiently small value. In contrast
10 to it, since the same symbol sequence is transmitted in PLCH
in each frame, si;s*(1-w ;=1 in the case of PLCH. Accordingly,
we obtain the following equation.
M-
Yi= Zlfu‘ :
j=0
Namely, therealpartofy, takes amaximum (correlation
15 peak) at the time of each PLCH (t(i-N+1) in Fig. 4), and
thus a frame boundary can be detected by determining the
time i when the real part of y, becomes maximumn.
In the mobile communication system 1 of the first
embodiment, asdescribedabove, themobilestationl0detects
20 theradio frameboundarybycalculatingthecrosscorrelation
allowing for the phase difference of the frequencywise same
scrambling codes, between the frequencywise pilot symbol
sequences (symbol sequences of PLCHs) received from the base

station 30. This permits the detection of frame boundary
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resulting frommultiplication by scranbling codes with del ays of phase
differences of a predeterm ned synbol period with respect to the pil ot
synbol sequence separated by FFT processing, thereby detecting the radio
frame boundary, and 1o wherein said control information transmtting neans
transm tsscranbl i ng codegroupscorresponding to said phase differences. 11,
A channel syncgroniégtion establishing nmethod in a pobile communication
syst em whi ch cohpFi $68 FU5ESe MY Gke%ad oy BLronetBisiani ¥athnd GHs mhi ch
t he base station frapsmits a pilot synbol sequence known to the nobile
station, to thelhPBRFeUSiRgi e inglndirangahle dm Eher conyendd adadnwar d
channel s, and performs comuni cation with the nobile station while

mul tiplyi ng t heSthafpershby Aecerdn@hey i trarsmiasda inryeodds tdeery
synmbol period, said channel synchronization establishing nmethod conprising:
a boundary det®R%fFfafion %%‘%@Prb? ablaspied torthe §RHs canbe allocated

cal cul atescrosscorrelation allow ng for_a phase difference 25 of the
scranbl?ng codE%,tB@tﬁégﬁsfPéqﬁﬁﬁéymﬁse pil ot synbol sequences received
fromthe base station, thereby detecting 33 a radio frame boundary. 12.
The channel synchron?%%ﬁ%%ﬁl%E%HblFgﬂiﬁgcﬂﬁtEGHeﬁéééVdPﬁgeﬁél@&ﬁemthﬁ
further conprising a control informationtransmtting step wherein thebasc
stationsends 51 PRErBFFRFMHFS HPP ROWSHITAN2Ts EGGeRCES i eomese ddhay fakere and
transmts control,information to the nobile s~Lation, using the phase
difference of ZPPBLLPYI +RyVRFLQLF BT iR THHEN Gy BRI SistriaatiproL
pil ot synmbol sequences are, nultiplied, 10 13. "The channel synchronization
est abl i shi ng n¥EhbASaRECRELAY PH TREEAYADY TR rEFES saiSdont liasrgsm it i on

is a sgranbling code,group used by the base station.
f& 9ransm1g51og power %han be%ore can %e allocated to such

PLCHs, it is feasible to raise the probability of the
detection of frame boundary and the probability of the
detection of scrambling code group. As a consequence, it
is feasible to provide the mobile communication system,
15 channel synchronization establishing method, and mobile
station enabling the highly accurate cell search while
decreasing the reduction of channel capacity and +the
interference with TCHs due to the transmission of SCHs.

Second Embodiment

20 The following will describe the mobile communication
system in the second embodiment, which is a2 modification
of the first embodiment. Fig. 5 is a block diagram showing
the functional configuration of the mobile communication
system in the present embodiment. As shown in Fig. 5, the

25 mobile communicationsystem2 is comprisedof at least mobile

station 20 and base station 30. The mobile communication
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14. The channel synchronization establishing 15 nmethod according to C aim
11, wherein said phase difference, on a ~xequency interval basis, is a
va7.ue falling within a scope of a coherent bandw dth. 15. The channel
synchroni zati on establishing nethod according to Claim1l.2, wherein said
control 2~ information transmtting step is to transmt the control
information, using plural types of pilot synmbol sequences. 16) The channel
synchr oni zat i oﬁyég?lat% 1 S KPR LFBTREE QB esF aF g na g shopandmecept ism-. d
pi |l ot synbol sequences_are pseudo--random sequences. 25 17. The channel
synchroni zat i o?f e3i @i sHPRJIsRINDERR ARG IS @ iahwEsn Winer oiolpida d
control 34 information is a scranbling code group used by the base
station. 18. Theathanrélandhenbasestidoipredf abl Thhmohyl esphodndcedridimg t o
Claim 11, wherein in said boundary 5 detecting step the nobile station

cal cul at es t heS¥$5B38 Za5r @i ﬁf%ﬁnéeﬁmﬁm@agehemr@@rpimqnicgywatem
sequences recejved fromthe base station and detects the radio frane
boundary, usi ngl Vit Jde et ieagorismends dm Eati bk 19 wrndiiguned emtthen

val ues by reception powers o.C the pilot synbol 10 sequences. 19. The
channel synchr%ﬁ‘%&’ﬁbﬁne@ﬁa%lﬂ@ﬂﬁsngrmlhb@mb@wﬁii@gtime@U&V'J‘rﬁilqr) omiger ei n
in said boundary detecting step the nobile station calculates the cross
correl ati on bet¥ieepl 23rh @t §)averad ensbntethe mrditiadeayh 145, [r.acessi ng
and a pilot symbol sequence resulting fromnultiplication by scranbling
codes with a del'®Eak of pHasevapelerarr avditimexembol tee ididrid tdn raspect _
to the pilot synmbol sequence separated by FFT processing, thereby detecting

the radio fran®@®duhB&RY: 20 20. The channel synchronizat~. on establishing

10 The mobile station 20 has the following configuration
inorder to carry out the detectionprocess of frame boundary
in the second step of the cell search. As shown in Fig.
5, the mobile station 20 is provided with a symbol boundary
detector 21, an S/P converter 22, an FFT processor 23, a

15 pilot symbol sequence multiplier 28, a frame delay device
24, a phase difference detector 25, a correlator 26, and
a peak detector 27.

The symbol boundary detector 21 detects the symbol
boundaries of received signal 40b transmitted from the base

20 station 30. The S/p converter 22 performs
serial-to-parallel conversion of the received signal 40b
after the detection of symbol boundaries by the symbol
boundary detector 21. The FFT processor 23 acquires the
received signal 40b after converted into parallel signals

25 by the S/P converter 22 and separates each frame forming

the received signal 40b, into symbol sequences. The pilot
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met hod according to G aim 13~ wherein in said boundary detecting step the
nobi |l e station cal cul ates the cross correl ati on between a pil ot synbol
sequence separated by FFT processing and pil ot synbol sequences resulting
from25 nultiplication by scranbling codes with del ays of phase differences
of a predeterm ned synbol period wth respect 35 to the pilot synbol

sequence separated py FFT processing,.thereby detecting the radio frane
boundary, and ‘éfn Sieﬁl”s%% c@H#EgPl?ﬁForzr%t}“Bﬁitﬂ'P;ﬁgﬁi 13351y SYBPOthe
base station transmts scranb ingbcoci%]géoups 5 cprres%;)ndi ng to said phase
differences. 239YERTHiFEPIFALEAPHNT FCARREE S T 10t SYnBoCoBd@ence
known to the nobi|le station, froma base station, using a plurality of
carriers for dOHRIHCENS nEb?spg}lBFn BHEPBASECTHEPLEN2flE PHEPRESI Fa@ch
station, and which, perfor 1o conmuni cat i gn with the base station, using

the channel s MRTFHYRRE FP?t SREHRBLA &€ ShRelsePanBriay It dhedpsynbol

period, _said npbile statio onpri.ses: boundary detecting neans fox
cal cul afi ng crt®stedrref5e Bﬁo’él £8wi ng for aphase diLference of the

scranbling 15 codes,__between frequencyw se_pil ot synmbol sequences received
fromthe base statiome tﬁm%r“éeoﬁeggtyegﬁxﬁﬁeazga%l‘?@? 2 7] S sypdol e
nobi |l e station according, to Caim21,, wherein_said, boundary detecting
means cal cul at 3RIYFRCE MH FodedA¥eP hiqith Syt RdeReFLogUsER iaP &R T SO

synbol sequencgs recei,ved fromjihe base station and detects, the radiq frame
LSl

boundary, usi ng?%EPTES VFEST TR Py SPABRRGE R TR 1toFFeFadlon
Stati on accor HHHOTRER BHE 5L RRP B R TP BRI Y HAtat i Geeator
ceparalBd by FHT RRSEESBRG SHP pi BF SPAs LB OBFeRRE £
T et orabe L R, UGS ML L0 S I S0l LTSS,
the received symbol sequence outputted from the pilot symbol
sequence multiplier 28 and the received symbol sequence
delayed by one symbol period by the frame delay device 24.

15 The correlator 26 calculates the cross correlation
value allowing for the phase difference detectedby the phase
difference detector 25, between the above received symbol
sequence thus outputted, and the received symbol sequence
with the delay of one symbol period. The peak detector 27

20 (corresponding to the boundary detecling means) detects a
frame boundary of the received signal 40b from the pilot
symbol sequence at the time when a maximum (correlation peak)
is observed, with reference to the cross correlaltion values
calculated by the correlator 26.

25 The base station 30 is provided with a control

information transmitter 31. The control information
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5 synbol sequence separated by FFT processing, thereby detecting the radio
frame boundary. 37
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between each set of adjacent symbol sequences, for
convenience' sake of explanation.
Under the above conditions, a received symbol r'yy at
time i and in the jth carrier is expressed by Eq (4) belaow,
Py = S S5 € (guin o (4)

The mobile station 30 detects the symbol boundaries

(&7

through the use of guard intervals or the like in the first

step of the cell secarch and thereafter first multiplies the

received symbol sequence at each time i by the complex
10 conjugate of the pilot symbol sequence {p*}={p*s, P*i,

P*2r«.-r P¥m-1)}. Supposing the result is {xy1}={Xio, %11,

Xirp.+-s Xim-1)}, Xi3 1S represented by Eq (5) below.

Xy =1y P
= fy$5€ oy Py

Then the mobile station calculates the cross

= (5)

15 correlation between each symbol sequence {X;;} and a symbol
sequence obtained by shifting the symbol sequence {X(i-1);}
one symbol periodpreceding thereto, byLsymbols. Thecross
correlation value y's at this time is represented by Eq (6)

below.

M-l

1 —- L )
Y= x,x G-0-L)

J=0
M-1

_ - . ) Ve .

=2 S nu-055S G-00-0C ¢ 2y € - Py 1y
10

20 - (6)
When it can be assumed herein that the temporal
fluctuation of propagation paths is sufficiently slow

relative to one symbol period and that the fluctuation of
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S Since the signals transmitted by TCHs are those
subjected Lo information modulation and a plurality of
channels are multiplexed, there is no coxrelation between
{s.} and {p}, and y'; must take a small value (a value close
to 0). In contrast to it, supposing the same sequence is

10 transmitted in each symbol period of PLCH, sijp*;=1 in the

case of PLCHs. Accordingly, we obtain the following

equation,
;‘Olf,,!
Namely, since the real part of y'; takes a maximum
15 correlation peak value in the timing of PLCHs (t (i-N+1) and
€(i-1) in Fig. 6), the frame boundary can be detected by
determining the time i where the real part of y'i becomes
maximum.
The phase difference L should be determined, as
20 described above, on the assumption that the fluctuation of
propagation paths is sufficiently small in the range of I
carriers. The reason 1is that large fluctuation of
propaéation paths will degrade the correlation detection

characteristics. Inordertoavoidit, the phasedifference
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%ge phase difference L (including the phase difference
Ssequence) between the base station 30 of a sender and the
mobile station 20 of a receiver. Conversely, correlation

10 peaks are observed only when Lhere is agreement as to the
phase difference L between the sender and the receiver; it
is therefore feasible to transmit the control information
from the base station 30 to the mobile station 20 by use
of the phase difference I.

15 For example, a plurality of phase differences are
prepared on the occasion of transmitting the control
information from the base station 30 to the mobile station
20byuse of thephase differences, andscrambling code groups
are made correspondent to the respective phase differences.

20 Thenthemobilestation 20performs thecorrelationdetection
using the phase differences corresponding to the scrambling
code groups used in the base station 30, and selects a phase
difference Lwithwhichthe correlationpeakbecomesmaximum.
The mobile stalion detects the frame boundary and the

25 scrambling code group simultaneously in this way. This

operation makes it feasible to reduce the number of
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division multiplexing of PLCHs and TCHs, the phase
differencesof scrambling codesbetween PLCHs canbeprovided
as a sequence. In this case, the control information can
10 beputonthephasedifferencesequenceanditisthuspossible
to increase the amount of information that can be
transmitted.
As apparent from Eq (7), the correlation peaks will
not be observed in the timing of PLCHs unless there is
15 agreement as to the type of the pilot symbol sequences {(p}
between thebase station 30 of a sender and themobile station
20 éf a receiver. Bypreparingplural types of pilot symbol
sequences, therefore, it becomes feasible to transmit the
control information of scrambling code groups or the like
20 used in the base station 30, from the base station 30 to
the mobile station 20, using them. In this case, if the
cross corxelation value 1s large between different pilot
symbol sequences, the probability of erroneous reception
of information will increase. For this reason, it is
25 preferable to use sequences providing cross correlation

values as small as possible, for example, pseudo-random
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TCHs is greater than that of PLCHs, relatively large cross
correlationvalueswill alsobecalculated at the times other
10 than those of the frame boundaries and the probability of
correct detection of correlation peak will be lowered.
Therefore, themobile station 20 performs the peak detection
using values resulting from normalization of the cross
correlationvaluesbyreceptionpowersof the received symbol
15 Ssequences, instead of directly using the cross correlation
value at each time. This enables the correlation detection
with higher accuracy and with less error.
From the invention thus described, it will be obvious
that the embodiments of the invention may be varied in many
20 ways. ©Such variations are not to be regarded as a departure
from the spirit and scope of the invention, and all such
modifications as would be obvious to one skilled in the art
are intended for inclusion within the scope of the following

claims.
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1. A mobile communication system which comprises

a base station and a mobile station and in which the base
stationtransmits apilot symbol sequence known to themobile
5 station, tothemobile station, usingapluralityof carriers
for downward channels, and performs communication with the
mobile station while multiplying the channels by
frequencywise same scrambling codes every symbol period,
wherein the mobile station comprises boundary
10 detecting means for calculating cross correlation allowing
for a phase difference of the scrambling codes, between
frequencywise pilot symbol sequences received from the base
station, thereby detecting a radio frame boundary.
2. The mobile communication system according to
15 Claim 1, wherein the base station comprises:
control information transmitting means for sending
a plurality of pilot symbol sequences in one radio frame
and for transmitting control information to Ethe mobile
station, using the phase difference of a plurality of
20 scrambling codes by which the plurality of pilot symbol
sequences are multiplied.
3. The mobile communication system according to
Claim 2, wherein said control information is a scrambling
code group used by the base station.
25 4. The mobile communication system according to

Claim 1, wherein said phase difference, on a frequency
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Claim 5, wherein said pilot symbol sequences are
pseudo-random sequences,

10 7. The mobile communication system according to
Claim 5, wherein said control information is a scrambling
code group used by the base station.

8. The mobile communication system according to
Claim 1, wherein the boundary detecting means of the mobile

15 station calculates the cross correlation between
frequencywise pilot symbol sequences received from the base
station and detects the radio frame boundary, using values
resulting from normalization of cross correlation values
by reception powers of the pilot symbol sequences.

20 g. The mobile communication system according to
Claim 1, wherein said boundary detecting means calculates
the cross correlation between a pilot symbol sequence
separated by FFT processing and a pilot symbol sequence
resulting from multiplication by scrambling codes with a

25 delayof aphase difference of one symbol period with respect

to the pilot symbol sequence separated by FFT processing,
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Claim 3, wherein said boundary detecting means calculates

& ()-" 310%

the cross correlation between a pilot symbol sequence
5 separated by FFT processing and pilot symbol sequences
resulting from multiplication by scrambling codes with
delays of phase differences of apredetermined symbol period
with respect to the pilot symbol sequence separated by FFT
processing, thereby detecting the radio frame boundary, and
10 wherein said control information transmitting means
transmits scrambling code groups corresponding to said phase

differences.
11, A channel synchronization establishing method
in a mobile communication system which comprises a base
15 station and a mobile station and in which the base station
transmits a pilot symbol sequence known to the mobile
station, to themobile station, usingapluralityof carriers
for downward channels, and performs céommunication with the
mobile station while multiplying the channels by
20 frequencywise same scrambling codes every symbol period,
said channel synchronization establishing method

comprising:

a boundary detecting step wherein the mobile station
calculatescrosscorrelationallowing fora phaée difference

25 of the scrambling codes, between frequencywise pilot symbol

sequences received from the base station, thereby detecting



U& ()-y#10% U& ()-!'L 109 ()- hrlu~_ —bC"'-#lO%U u& ()-" +10%

U& ()-!vh"#1000U& ()- X th"#10%& ()-X, z10% U& ()-7° L10%

U& ()-QxmbCl 1! F1098& ()- 10 U 10 U 10 U9<10% U& ()-5mL0% U& () - 3mL0%
)-5110%

(
U& () - 3mdEnbCl 1! 31098& () -1 31098& () - sf F109B& () - #1098B& () - "10%& () - #1098

& ()-2dEnbCl ! !, 541098 10 +#109B&' () - S&SYL09B&' () - 3" #109B& () - SS
105%23&' () - ’?tva%kf%%' &E{ié 3@%{3@&' ()-3109B& ()- 10B 10B 10BL<

%gg?f") 0 #Zg&g?&' ()- 1?3a°bc'tr'ﬂe' HLO%B B&'rﬁéﬁfc%ﬁf‘z@@f@r'?&'e 2510 %BE ) - @10
| F1098&' () - GIED ql 71008& () f 54109 TS %+#10%3& ?n(t%tz 098 (
) - %Z109B& () - @‘%@1 JL%(%: ohic=t s f flsF%Oi‘Gé 10B
10B 10B<

1nformatlontransm1tt1ngstepwherelnthebasestatlonsends

5 a plurality of pilot symbol sequences in one radie frame

and transmits control information to the mobile station,

using the phasedifferenceof apluralityof scramblingcodes

by which the plurality of pilot symbol sequences are
multiplied.

10 13. The channel synchronization establishing

method according to Clazim 12, wherein said c¢ontrol

information is a scrambling code group used by the base

station.
14. The channel synchronization establishing
15 method according toClaimll, wherein saidphase difference,

on a frequency interval basis, is a value falling within
a scope of a coherent bandwidth.
15. The channel synchronization establishing
method according to Claim 12, wherein said control
20 information transmitting step is to transmit the control
information, using plural types of pilot symbol sequences.
le. The channel synchronization establishing
method according to Claim 15, wherein said pilot symbol
sequences are pseudo~random sequences.
25 17, The channel synchronization establishing

method according Lo Claim 15, wherein said conkrol
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18. The channel synchronization establishing
method according to Claim 11, wherein in said boundary
5 detecting step the mobile station calculates the cross
correlation between frequencywise pilot symbol sequences
received from the base station and detects the radio frame
boundary, usingvalues resulting fromnormalizationofcross
correlation values by reception powers of the pilot symbol

10 sedguences,

19. The channel synchronization establishing
method according to Claim 11, wherein in said boundary
detecting step the mobile station calculates the cross
correlation between a pilot symbol sequence separated by

15 FFT processing and a pilot symbol sequence resulting from
multiplication by scrambling codes with a delay of a phase
difference of one symbol period with respect to the pilot
symbol sequence separated by FFT processing, thereby
detecting the radio frame boundary.

20 20. The channel synchronization establishing
method according to Claim 13, wherein in said boundary
detecting step the mobile station calculates the cross
correlation between a pilot symbol sequence separated by
FFT processing and pilot symbol sequences resulting from

25 multiplication by scrambling codes with delays of phase

differences of a predetermined symbol period with respect
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h& ()-X[\]dE:/ 10 h 10 h9< 10% h& ()-7GL0% h&' () - 5#10% hé&' () -s- 10%

h& () - +#10% h&Seyuenredmae (to Fhe[mabilga®tation, from a base station,

hs" 109&' () - 1098&. ()- T109B& ()-s310%B& ()- 109B& ()- 109B& ()- 10 h>yKr?:/
10 using a plurality of carriers for downward channels from -
h, &@LOYB&' ()-! F"#10%B~B& ()-!>" F10¥BB& -(f -1 109B& () - #109B&' () - SF1098&' () -
6%/ aB:/ 10 the base station to the mobile station, and which performs
h3z109B& () - 1Z109B& () -/ mOoYB& () - ! w+#109BB& () - *Z10%B& () - (109B& ()-/ bC
10 hf-#40%& ()<coM@uREpyionoBith’ the base station, using the channels

multiplied by frequencywise same scrambling codes every
symbol period, said mobile station comprises:
boundary detecting means for calculating cross
correlationallowing for aphasedifferenceof the scrambling
15 codes, between frequencywise pilot symbol sequences
received from the base station, thereby detecting a radio
frame boundary.
22. The mobile station according to Claim 21,
wherein said boundary detecting means calculates the cross
20 correlation between frequencywise pilot symbol sequences
received from the base station and detects the radio frame
boundary, usingvalues resulting fromnormalizationof cfoss
correlation values by reception powers of the pilot symbol
sequences.
25 23. The mobile station according to Claim 21,

wherein said boundary detecting means calculates the cross
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multiplication by scrambling codes with a delay of a phase

difference of one symbol period with respect to the pilot

(82}

symbol sequence separated by FFT processing, thereby

detecting the radio frame boundary.
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