DESCRI PTI ON TRANSM TTER;, RECEI VER, MOBI LE COVMUNI CATI ON SYSTEM AND

SYNCHI RONI ZATI ON CHANNEL 5 TECHNI CAL FI ELD The present invention rel ates
to a transmtter, a receiver, a nobile comunication systemand a
synchronzati on channel transm ssion nethod. 10 BACKGROUND ART In nulti
carrier transm ssion such as multi carrier COVA (Multi Carrier Code
Division Multiple Access MC-CDVA) schene, and OFDM (Ot ho) gonal Frequency
15 Division Miulitiplexing) nodul ation_schene, an information signal

nodul ated with nultiple subcarrie?s3af el ¥ ansnmitter side and a guard
interval 1is inserted into a transmtted signal in order to reduce
waveform di stortion caused b%‘b’rrul ti:path del ayed wave. 23 As one net hod

det ecti ng PFINEMAHTNGE R n RABEMYIES - trér C6 SBIERNs cheneENt RNPzi ng

t he OFDM nodul ati on schenegvya det bed zafr 1de§ ectikRe i M ng by correlating a
guard interval part inserted for each synbol is known. Also, a nmethod of
detectPng FFT tinmng by transmtting the same signal timng detection
signal twigecRpeatiedtygand correlating two synbols at the receiver side
is known. Meanwhite, a transmtter for nultiplexing and transmtting a
synchroni zati cn e &treerna Anvian ngon3ge liast khowh. 2 (FoRNETENpt er s sée

pat ent docugrept vLo, 4 nmbfiss o tEaALLIAS, s Shessuncly ophgation signal is
transmtted throughout all subcarriers 1n a burst manner . In the
transmttesynfor ogManpt eoni fchstrare 1t k@ ngfmassiipgl enethod.

10
BACKGROUND ART

Inmulti carrier transmission schemes such as multi
carrier CDMA (Multi Carrier Code Division Multiple
Access: MC-CDMA) scheme and OFDM (Orthogonal Freguency

15 Division Multiplexing) modulation scheme, an
information signal is modulated with multiple
subcarriers at the transmitter side, and a guard interval
is inserted into a transmitted signal in order to reduce
waveform distortion caused by multipath delayed wave.

20 As one method of detecting FFT timing in the multi
carrier transmission scheme utilizing the OFDM
modulation scheme, a method of detecting FFT timing by
correlating a guard interval part inserted for each
symbol is known. Also, a method of detecting FFT timing

25 Dby transmitting the same signal as a timing detection
signal twice repeatedly and correlating two symbols at
the receiver side is known.

Meanwhile, a transmitter for multiplexing and
transmitting a synchronization signal at certain timing

30 is known. (For example, see patent document 1.) 1In this
transmitter, the synchronization signal is transmitted
throughout all subcarriers in a burst manner. In the
transmitter, for example, if start time of a single

scramble code pattern is synchronized with transmitting



scranbl e code pattern is synchronized with transmtting timng of the
synchroni zati on signal, the synchronization signal mght be transmtted
twice during a repetition interval of the single scranble code pattern.
Pat ent docunent 1: Japan Laid Open Patent Application No. 2003-152681
Non- patent document 1, R L. Frank and S. A Zadoff, "Phase shift pul se
codes with good periodic correlation properties”, IRE Trans. Inform
Theory, val. |T-8, 10 331-382, 1962 Non-treat mant docunent 2: D. C.
Chu, "Pol ypH& Js%gc&fpsth‘?m FH“&(E’O?P’E)%T’?E&P@ cot7BRari on*$roperties", |EEE

Trans. fCH'&mch-fB‘ﬁqrﬂaﬁ/PJ)n TgA81 MPgh33de .t BZn sl &l €3 iNog d@@i@@t do

cenent 3: .., "Periodic 15 sequences with optimal properties for
channel estihapPEeA tiand ¥a§?r§’taeﬂrtfu;§>%q@aﬁl Patioh® |, SFEANRss . cPégel op. ,
vol . 27, NO-+8rnpp. 4:.;6._411, 1983 Non-patent docunent B. M Popovi c,

" Gener al i zed chirp-1li ke pol yphase sequence with optimum correlation 20
proper Pi es", | EEE R ahs3OFNGIHy ThedAP2Wol2 138N 120671409, July 199

Non- patentAéjfggygg@t on N, Suehiv.o apdghl Hatozi, Modul atable orthogonal
sequences and their application to SSMA s stems | EEE Trans. Inform

Theory, vol. 34Nompsppeng3dpNumgait 11 §'-9 meapést@m Yodumemd Gf £ 3PP
[ PROBLEM TO B SCLVED BY T | NVERTIER] “HoRavor "ths BboveCheRt 6red™pr i o
art has sgmecpprobleens destrTbessbhellofiorm. Theory, vol. IT-8, pp.
10 381-382, 1962
Non-patent document 2: D. C. Chu, “Polyphase codes
with good periodic correlation properties”, IEEE Trans.
Inform. Theory, vol. IT-18, pp. 531-532, July 1972
Non-patent document 3: A. Milewski, “Periodic
15 sequences with optimal properties for channel estimation
and fast start-up equalization”, IBMJ. Res. Develop., vol.
27, No. 5, pp. 426-431, 1983
Non-patent document 4: B. M. Popovic, “Generalized
chirp-like polyphase sequence with optimum correlation
20 properties”, IEEE Trans. Inform. Theory, vol. 38, pp.
1406-1409, July 1992
Non-patent document 5: N. Suehiro and M. Hatori,
“Modulatable orthogonal sequences and their application
‘to SSMA systems”, IEEE Trans. Inform. Theory, vol. 34,
25 pp. 93-100, Jan. 1998
Non-patent document 6: 3GPP TS25.213 Spreading and
mocdulation (FDD)

DISCLOSURE OF INVENTION
30 [PROBLEM TO BE SOLVED BY THE INVENTION]

However, the above-mentioned prior art has some
problems as described below.
Different subcarrier signals are added to an OFDM

signal in a temporal range. Thus, it is required at a



Different subcarrierr signals are added to an OFDM signal in a tenporal
range. Thuit is required at a 2 transmssion anplifier that these signals
be anplified and wirelessly transmtted. In the transmssion anplifier,
however, it is hard to anplify a signal of sone width |inearly. In this
case; average power may be 5 reduced, and sone processing such as clipping
may be conducted to avoid occurrence of distortion. However, such
processing may |l ead to degraded data and worse detection accuracy of

synchr oni 7at3 oA RETel LTRSERIET 1073 h BEFE 61,9 hes sHRcRFEMiZat $On

channel indugesi reverhernd Lhaa systesd.in1erdefe torph@weNsfgduction in
the systemefficiency, allocation of all radio resources to the

synchr oni Zt? ohfeékanndtOV8VAdt acktepfabire,d that 2mPs,ifonl§ §igdrat odfof

time and fyequencytean;beallpcated divi sockbe sypehr0nd zalion chanpel . In
this case, if transm ssion power of the synchronizatlon channel "is not
adj ust abl &3P gAREIF Fover SSTUEPINET ¢ dSERE Sihehr 86 £dtinleHafm® 29ul d be

reduced accordipgleys &S bing ddr-10Rgelce COF | g$8a1Gh {ige . at nobile
stations. 20 The present invention is intended to elimnate the

above- ment i oned Horvobi @fy andht REost eTinefmeliel présént degmaard ghets to
provide a atr{&lm.%%%fet cEE6H XSEu.raacﬂgabﬁ'hlsg%@H%‘x‘x‘E%Em‘t‘l%é}é%ta‘?—mé‘f a
o thod that ac d 25

synchroni zati on annel transm ssi on I eve | nprove
det ecti on @tedeacy on synchronization channels. (MEANS MR SOLVI NG THE

CROELEN 0 o 8, Sy PYEERNS Ll shpusannlLgned-Probl el e fenture
unit multigptgrhgaanin a system. In order to prevent reduction in

the system efficiency, allocation of all radio resources

to the synchronization channel is not acceptable, that

is, only a portion of time and frequency can be allocated

15 to the synchronization channel. In this case, if
transmission power of the synchronization channel is not
adjustable, signal power supplied to the synchronization
channel could be reduced accordingly, resulting in longer
cell search time at mobile stations.

20 The present invention is intended to eliminate the
above-mentioned problem, and the object of the present
invention is to provide a transmitter, a receiver, a
mobile communicaticn system and a synchronization
channel transmission method that achieve improved

25 detection accuracy on synchronization channels.
[MEANS FOR SOLVING THE PROBLEM]

In order to overcome the above-mentioned problem,
in one feature of the present invention, a transmitter
includes an amplitude adjustment unit multiplying an

30 amplitude adjustment sequence value for adjusting
amplitude with a synchronization channel.

According to this configuration, the
synchreonization channel canbe transmitted at higer power

than a data part.



U~ anplitude: adjustnent sequence value for adjusting anplitude with
synchroni zati on channel. According to this configuration, the
synchroni zati on channel can be transmtted at higer power than a data
part. 3. In another feature of the present invention, a rece.sv. e:: inc
hi des a synchroni zati on signal replica generation unt genz:-rating a
synchroni zation channel replica a :l::roximated by an integ e.r; and a
correlation 5 unit detect in | co re ation between a recei ved

nmul ticarri-r cnalP &itPtRrL HiArthebhi OF tilon Eﬁﬁﬁﬁﬂt tREEICa Yhy @

tect:in a<oEfekatiionvalye isndi za&h\_f@anzathoﬁeélimltrlegmmc%
: =associ ated the peak based on the ci=te C .i:i::z :ra 10 Ar. "da. l ag

to this cHARTYur 99P~9P1Ft9@@%&%%?89eatéynC%HGBéQ%F%QPOGﬁ@Qﬁe%l onput

at. ion relaiingat Qgordel abicy by,ahawdﬂgbéﬂ t e E-L£acoWele 444 @not her
feature of the present invention, mobile onmm n is tlon system

i ncl udes; I{I?h%sﬁ?ttetcé?l%%dcofged-?%E@Pvé’e&w%e»’ﬁl £t & CORPEHi ng” an
anpl i t ude rﬁﬂw%g@&tléf ng ; |atl| Rl yd ngnan [ tyde zadj ust ment n £ uence

value _. - ustin amplitude with a _synchronization channe

transmtt ef>e@¥bﬁﬁaabés§et§t‘-‘aﬁ1%ﬁ afeprestatlian WagusyheRiozarfomfwi th
mobi | e statlon, ,29yand 4 he; i zGebyuel, CONPELSLNLS, & SYPERRoRZalh oy, si gnal

rep:.. o a ge. N esrati o on, unit generati. vnchron - ~aticn c ne |l r plica
apprOX|naﬂéuab§eiﬁK€g€i canded atcoprel ation ... .. t detecting correlation

betvegp a_ :hived dmld; ngor i ehisl g0ale A LoTon, 18Y0ENEYULALI QN Ghannel

and ~et ecng a correlatl O .
reduce an amount of computatlon relating to correlation

operations in the receiver.
In another feature of the present invention, a
mobile communication system includes a transmitter and
15 a receiver, the transmitter comprising an amplitude
adjustment unit multiplying an amplitude adjustment
sequence value for adjusting amplitude with a
synchronization channel transmitted from a base station
for establishing synchronization with a mobile station,
20 and the receiver comprising: a synchronization signal
replica generation unit generating a synchronization
channel replica approximated by an integer; and a
correlation unit detecting correlation between a
received multicarrier signal and the synchronization
25 channel replica and detecting a correlation value
indicative of each peak and timing associated with the
peak based on the detected correlation.
According to this configuration, the transmitter
can transmit the synchronization channel at higher power
30 than a data part, and the receiver can conduct correlation
cperations with less computation.
In another feature of the present invention, a
method of transmitting a synchronization channel

includes: multiplying an amplitude adjustment seguence



i ndi cative,; each peak and timn;; ass> :7? ated with the peak based c ..

the detected correiat' o. Ac:cording to this con: _gurat....on, the
transmt ter ..:[an transmt the ,,:r.o0l' :roniz lion c.haannel at higher
power a d<>: z::ur + v than , a.. d the receiver caa rt ¢ n r.dur*
orrelatior. ::z Brat on::: w :h conputation. in _.nvthe . feat..cre the
went inventi: -on me hod of transmitting a . ::ynchroni.zatl.on Channel
cludes: multip an anplitude adjustnent sequence 4 value for

adj uste_
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the synch; dHOmhati and ebapneli g theplsﬁocmbhltzraecml Ehuge adj u t ment
.sequence value wth a dai:a synbol :sequence. 5 Acc ,rc:ir.,; to this

conf i gur atiht 1 Phd aphetrt thitae a%léﬁéﬁlr‘?eladdé%ﬁ‘%fﬁﬁﬁé‘nﬁﬁﬂéﬁ%ﬁe W dhef
power tham@tgagad@aﬁ , l\ﬁﬁ%wltl 1h@nbgpr oved frane detection accuracy in

t he receive>. AADVA
embodi frent s of ﬁﬁé%@ééﬁt £q nvehfi 6N F1guIagiedsi hiPe to provide ..
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According to the embodiments of the present
invention, it is possible to provide a transmitter, a
receiver, a mobile communicatiocn system and a
synchronization channel transmission method that
achieve improved detection accuracy on synchronization

channels.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is ablockdiagramillustrating a transmitter
according to one embodiment of the present invention;

FIG. Z2A is a schematic diagram illustrating a
repetition waveform in a time range;

FIG. 2B is a schematic diagram illustrating a
sawtoothed waveform in a frequency range;

FIG. 3 is a schematic diagram illustrating
exemplary correspondence between synchronization
channel numbers and scramble code group numbers;

FIG. 4A is a schematic diagram illustrating an
exemplary method of generating a synchronization channel
waveform;

FIG. 4B is a schematic diagram illustrating a P-SCH
signal waveform resulting from repetition and code
inversion of a fundamental waveform;

FIG. 4C is a block diagram illustrating exemplary

P-SCH signal generation in a base station;



F1 2B is. a erratic diagram sawtocthed waveformin a ..iegllenc:: range;

FIG is ., schematic diagramillustrating 25 Exenplary . r r
correspondence } at we e n syn: _t?. -oni ati.on channel nunb, ers and
scranble r de grow nunbers, F... Aa hemati. :.. C.iac millustrating
an exenpl ar: nethod of generating a synchronization channel waveform $0
SI1 G. 4B ~.s a schematic diagramillustrat:.ng a.c"St!j ..ignha
waveformrs' “ulting fromx ;et- _tion and ode i.nver>ion of :Ravef 'rm

Fli VC a ?i.: cFK&H aghaisi El u%@?%@ﬁﬁ@ce@hfpgéﬁyl H%‘Pgﬁélatg}%r%\{ll onin a
rasa: statd, o, FLG, ?Boxs¥ i a%é.@au%aw thedbggramd | ustnat] 89 23 ¢ Axem p:
rxr3, ccnfigu: atl e synchroni zation c: hahnel; F.....

sch: emati:c di a@rléin|5Buéﬁr@t|3@h9ﬁaté©(céh®gréﬂy lll‘ﬂﬁtra&rla'tq <a1’ln of the
synchr oni @Iéx%lﬁ@?fnegln’fléffgtgo oG+l tﬁesggﬁ%tf&nf' agnam 'cthanl'f’iséiat' ng
an exenpl ar a*icn of the sync: anon charn .

schemabi c d| agr &mG+ St iat |m§memé%é@|@x§/g}:ﬁm .:L.Jfl@atnraa‘;tmm @ﬂ '> e
synchroni @érﬁ?lgkﬂ E%'nflc#&%@éo% 8%“@%% n@'h niz Ml éa’%é%é‘ﬂ, an 10
exenpl ary con gur tiron co e synchronization annel’; i a.. a
chemati <, di agr&hGJ | ust iat iangs @mexeng.d aiyaggamtlbhuetrtartelng an

synchroni Z&Ié%ﬁ%@?‘@%‘n’fl cfﬁrat—r? tﬁgcgﬁ@%&ﬁcﬁ‘l‘ Q‘ajc%%atc’ﬁ%%rgesﬂﬁ G

exenplary ¢ synchroni Zation ¢ panne-

>> .. a scherraif’iI&.dlé,gra,sna |4 usematiing cahagemen‘pllalg(stmgamam gnr , of
‘ne s .S, catl n._channel.; a
sche Xpl c ot &H lFinryl f:uéitfOl i %§lon 8>§e€rlﬁlea? wglve oF At %annei_

:synchroni zat i omIchan®Rl s Fal Gche@Atiis ad sehennt |Jclri1uagtramndcj usthrating
an exemplary configuration of the synchronization channel;
FIG. 7 i1s a schematic diagram illustrating ‘an
exemplary configuration of the synchronization channel;
15 FIG. 8 is a schematic diagram illustrating an
exemplary configuration of the synchronization channel;
FIG. 9 1is a schematic diagram illustrating an
exemplary waveform of the synchronization channel;
FIG. 10A is a schematic diagram illustrating an
20 exemplary arrangement of the synchronization channel;
FIG. 10B is a schematic diagram i1llustrating an
exemplary waveform for use in S-SCH;
FIG. 10C is a schematic diagram illustrating an
exemplary waveform for use in S-SCH;
25 FIG. 11A is a schematic diagram illustrating the
type pf the synchronization channel;
FIG. 11B is a schematic diagram illustrating an
exemplary mﬁltiplexing scheme of P-SCH with S-SCH;
FIG. 12 is a schematic diagram illustrating an
30 exemplary configuration of the primary synchronization
channel;
FIG. 13A is a schematic diagram illustrating an
exemplary configuration of the secondary

synchronization channel;



12 e..enplary arrangenent of the sync?:ronizaticr. channel; 1033 a

scnemat is di aramillustrating an exenplary waveformfor use=.: FIE:
10C is a schematic di ram _|lustrati.ng an exenplary waveformf "r u se
in SH r5FIG i 11 Ai a ..:thematic diagramillustrating the “ype pf
t he synchroni zation channel; FIG _..S ., a s thematic. diagram
illustrating an ex nplary multiplexing sc e me of .. . .. wth S SCH
FC. _::'. is. nac.hemati.c. diagramiustratin.g an 30 exenpl ary

c: onfi C111 ion &G hel pPi fdr 2 . SE8FRGIHIGHi FaBBER el LusEEatingaaps.
schematic éilé”zﬂﬂﬁé'f‘y ' 'ﬂ@éﬁﬁéh@ﬂta%f ecm@éhﬁnda_ﬂy Lo n rbhan of s ohe . -c

ndary zsync' nronis”..ion annel 13S is a’schematic di agram
|IIustratﬁﬂgaQnelexenplary arrangenent of t he secondary synchroni zation

channe FIG i SfEait P?@Hgarﬁ'éaﬁémaﬂ |&S&£2Pr%gn af'llés%raleél F?—ag)ll

confijuiaticn o e secon sy_n.chronizat .on c G 131) is
a scheﬁat|Q:X¢Ihpéélra/m<3¢mﬁsgluétatrﬂgalan0fe%ém)l aeyoardraarmgerrent of the

secondary i FIG 1311 its a schematic diagram
iIIustralii%?SEEﬁ%légg%%€grﬁ%ggﬁg%g of F- "CHand S-SCH, FIG 13? is a

schemati c di agr amG{ | usPrdts iy anhexerpl @ryiagrangenkht sof athien geeondary
Z%”Chroni ZalLOB1 JHNAINGE, | e dRnf! Gr 112 1Se SGNRTMRY) & sl 25 amylJd usgrating
channel;
10 FIG. 13E is a schematic diagram illustrating an
exemplary multiplexing scheme of P-SCH and S-SCH;

FIG. 13F is a schematic diagram illustrating an
exemplary arrangement of the secondary synchronization
channel;

15 FIG. 13G is a schematic diagram illustrating an
exemplary multiplexing scheme of P-SCH and S-SCH;

FIG. 13H is a schematic diagram illustrating an
exemplary multiplexing scheme of P-SCH and S-SCH;

FIG. 14 is a schematic diagram illustrating

20 exemplary correspondence between synchronization
channel code numbers and CP lengths;

FIG. 15 is a schematic diagram illustrating
exemplary correspondence between synchronization
channel code numbers, scramble cocde numbers and CP

25 lengths;

FIG. 16 is a schematic diagram illustrating
exemplary correspondence between synchronization
channel code numbers and scramble code numbers;

FIG. 17A is a schematic diagram illustrating an

30 exemplary arrangement of a synchronization channel;

FIG. 17B is a schematic diagram illustrating an
exemplary arrangement of a synchronization channel;

FIG. 18A is a block diagram illustrating a receiver

according to one embodiment of the present invention;



exenplary mltrplexing schene of '-SCH and S-SOH;, FIG 1:3H is a
schematic diagramillustrating an exenp...:.ry mul Q@ \' n,; schene of _5
and S-5." H FI(',. 14 i;, a _cbematzc diagramillustrating exenplary

_; rr >pc: deuce between synchronization 20 channel c..: e nunbe_.s and
Cengt ... Fli. 15 is a schematic: diagramit -lustrating exenplary
..rr,,:r;;ndence . etween synchronization channel .: ' \f b'e c-: nunbers
an : scram _ ;~:te .~ _and v'r_ 25 lengths. FIG 16. is .. schematic

di agram _. | Tust FaC ng 8Texénpllatyck diagganm gl wetracd nerweeeiver

. synchronizatd 88 nghamnebn g, emphd WaBHRDRIS and sekanhie cade Runbers;
FIG 17A Is schematic diagramillustrating an, Al exenplary arrangenent

of a synch synchréni ze?fonScRanterenpitiqgdiggpam ti klas§gRénatd ¢ di agram

illustratingn@na SXeMPIRE ¥ imind088€BLQfoa synchroni zation channel ;
FIG 18A a block diagramillustrating a receiver accordi ng one enb=odi nent

of the®present iFirenti dR; 157 sFiEheaBBLils LMpekadi dgr R tFiedsitt@ati ng a

recei ver Aaccordibng one eobedipment oL the jpresent invention; FIG 19Ais a
e _cnpl

schematic diagramillustrating ar y frame timng detection: 5 FIG

19B i s a schemafilé di a@Famsi 14 usthanphg ¢ exbaprary ¥ awetriakiid
timng deCact Bhe i G D001 & onotmty 6o Tt am 1 ustrating an 10
exenpl ary confi gurat i 06 ofF a syrcdémpdicOtiognani ildnhestrating an
10 exemplary configuration of a synchronization channel;
FIG. 21 is a schematic diagram illustrating an
exemplary configuration of a subframe;
FIG. 22 is a block diagram illustrating a
transmitter according to one embodiment of the present
15 invention;
FIG. 23 is a schematic diagram illustrating an
exemplary correlation computation scheme;
FIG. 24A is a block diagram illustrating a receiver
according to cne embodiment of the present invention;
20 FIG. 24B 1is a schematic diagram illustrating
exemplary synchronization detection in S-SCH detection
in a receiver according to one embodiment of the present
invention;
FIG. 24C is a schematic diagram illustrating
25 exemplary synchronization detection in S-SCH detection
in a receiver according to one embodiment of the present
invention;
FIG. 24D i1s a schematic diagram illustrating
exemplary synchronization detection in S-SCH detection
30 in a receiver according to one embodiment of the present
invention;
FIG. 25A is a schematic diagram illustrating
exemplary relationships between SNRs and detection

probability for averages of the secondary



FIG. 21 a schematic diagramillustrating an exenplary configuration of a
subf>ame; FIG. 22 is a block diagram.; lu>trating a transmtter
according to one enbodi nent of the present 15 invention; FIG 23 i _
schematic diagramillustrating an exenplary correlation conputation
schenme,; FIG :4A is a block diagramillustrating a receiver according to
one e.m odir.ent of present inventi non; 2 0O F!' 03. 241 is a schematic
diagramillustrating exenplary synchroni zation detect.-:::;: in c.-SCH

det ecti on SYRCAreadetafel cNact@™I MG/t 0 one enbodi ment of the present

nvent ior:; Fi GFde,A. Gbg a_L_sC7§n§E:-h%'madd-ia@rég]aig!rla%tffli_thr%lscfﬁ(%rrp! ary
synchroni zation detection’in .. CH detection in a receiver according to
one enbodieeANPoR Mher presaennshhwenbesive R GNR4D I deselvdrier® ¢ di agr am

illustrat ié}ﬂobgéﬁmﬂyféﬁé”%f&f‘%%_ [Rely tq.e,% eg%icgr;ldapr -SCH detection 39

in a recei'ver according to one e iment o e present invention, Fi G
2' >A ab. - themahironidiaercamdldnetating exenplary |:a t. ips between

SI M and detecti p % r,azer f r :
synchron zat on oranrar e Yea®] P ASE AR B A et o g
exenpl ar; zetatrddmships beeweerc SlRscand et ekti o e probabnivient fon;

averages of the ssecondany 5 syrighronic 72, 8t o chapnels FIGoLs.g bl ock
di agram | | lustrati ng a receilver accordli ng to-one enpodi n’El’ﬁ OI% tﬁe
present i nveanhpdmrry coAfiisgarschemabifca divacchramiizad Uushratanftedanand

10 a common pilot channel;

FIG. 27B is a schematic diagram illustrating an
exemplary SCH transmission scheme for multiple
transmission antennas according to one embodiment of the
present invention;

15 FIG. 27C is a schematic diagram illustrating an
exemplary SCH transmission scheme for multiple
transmission antennas according to one embodiment of the
present invention;

FIG. 28 is a flowchart illustrating an exemplary

20 operation of a transmitter according to one embodiment
of the present invention;

FIG. 29A is a flowchart illustrating an exemplary
operation of a receiver according to one embodiment of
the present invention;

25 FIG. 29B is a flowchart illustrating an exemplary
operation of a receiver according to one embodiment of
the present invention;

FIG. 29C is a schematic diagram illustrating
exemplary cell ID detection by a reference signal;

30 FIG. 29D i1s a schematic diagram illustrating
exemplary cell ID detection by a reference signal;

FIG. 29E is a flowchart illustrating an exemplary
operation of a receiver according to one embodiment of

the present invention;



exenplary c:nfigurati. in of a sync'nran :.aticn channel and a common
pil ot channel FI :73 a schematic diagramlustrating an exenplary CH
transm ssion schene:: for nultiple transm ssion antennas according to one

enbodi nent of the present invent irn; 15 FIG:27C i, schemati c di agram
illustrating an exenplary ..:h transni ssion scheme for multi pl e
transm ssi on antennas accor d| na to one enbodi nent of the present
invention FI '>8 is a flowchart illustrating an exenplary 20 operation of

alran:>mtter &36ordity to anklensbdimentllep tild iorg.an, egenp ianwenti on;
FIG 29A t i I r Iver a
cordi ng t(J)O%oeﬁ%a%Q d?’?ent ﬂ%é‘é%{ﬁgEP%é:scgﬂ%g%ﬁg\elé%t %gneraé ng%fme%trﬁgmhart
i |l ustratitige anr exempl azrlyveoperoata odndf a :.e<ce ver ac.ccrdin to one
embodi ment of _ghe, Pregent o i ie0h2:0 0N 12 FE GG iige B atghgmli ¢ di
ag.-amillustrating exenpl ary : detection by a f ef erence S|gnal

FIG 3 & . exdmm at ydis siramp r bhllusttae i nghexerpl at yacelmis$iondscéteaeeic. _
by referer}&e gégﬁa ectd B 2:7%a chat ..11:.... tratina an exenpl ary
erati.on a Teceiver ac | rdi.r,; to one enbodi ment of the present.

i nventi on, 9 FIG 297 is : flowhart illustrating an exenplary ration of
a receiver £CHE E%%i 190 n%YMBSC%) dnnerit of the present invent. ion; _
and FI G é@&—s—a—sﬁMl ustrating an 5 ... enplary

,, N,, hroni, ati onOchannehsmiansyd ssi on schene

10 20: receiver

BEST MODE FOR CARRYING OUT THE INVENTION

Embodiments of the present invention will be
described with reference to the accompanying drawings.
15 Throughout the drawings, components having the same
functionality may be denoted as the same reference
numerals, and the description thereof may not be
repeated.
A mobile communication system according to an
20 embodiment of the present invention will be described.
In this embodiment, the mobile communication system
includes a transmitter 10 and a receiver 20.
Then, the transmitter 10 according to this
embodiment will be described with reference to FIG. 1.
25 The transmitter 10 transmits a synchronization
channel. The receiver 20 uses the synchronization
channel to detect symbol timing and frame timing.
Furthermore, the receiver 20 uses the synchronization
channel to detect control information on scramble codes,
30 scramble code groups and others.
The transmitter 10 is provided to a base station
for transmitting radio signals. The transmitter 10
includes multiple data channel generators 100.1-100.x.

In each data channel generator 100, a segquence of
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in each ;enlctoDr. T 'r OF REEPZENC STh BAO" 10: 10 20: rec::ver e.'E

T MODE OUT THE | NVENTI ON Enbodi nents of the present invention will be

described with reference to the acconpanying drawi ngs. 15 Throughout the

drawi ngs, conponents having the sane functionality may be. denoted as the

sane reference nunerals, and the description thereof may not be

repeated. A nthile system accordi ng to an 20 enbodinent :{ the pr. sent
ribed. 1In od| mnt, the nobi | e conmmuni cati on

i nvention wll es
system ;: If%l’é§métttreéﬁsﬁjrﬂ:taersuﬁ? had i vef L3¢ 5TAThad,

transm tt edOrageor diong it ér{wde@n‘@aderremanlsnbﬁs deser bhed, Widvdeterence
to FIG 25 The .:r. ....... =mtten 10 transmts a_;ynchroni _zat ion

channel . T2 ceRngo & @sT BRE Syrithr BAZatd h meREhTEl €€ ot Befed2 S mbol .

timng @ nebdhaedd Moy, Furd heaeren Q0 Hsesst hg lsynw@y@@élonsannel
to cacao'. ....... trot information on scranble coaee s; a:. . ri m
tt z 18 i MulpiBvicd&s at Obade é‘i%@‘iléﬁtefdord%?épéﬁlqﬂencer aélné1 ﬁ%n%

The transr@éfs@él_% E}j‘éffé@@'e midhpeesidat a;ghannels g' neer @esGIﬁtﬂQ@
_ Q0 x. ..11 each ta channreel gener ator 100, |equence of transnitted

deta supplci%*élaflaém £3F ARSIt R BALAC l[gEifr BE6F S8 )2t psNESE - oded in a

trans m SsionoPRkl e ey 0102e Ahibe 6851 +eqlrla) & A€, Modyl gted in
a data dulatt r i ?in | tiplexer 104, a pilot synbol
copying unit 106 each information symbol of the N/SF

10 converted information symbol sequences is copied every
SF symbols equal to the sequence length of short period
spreading codes, and the resulting information symbol
sequences are aligned on the frequency axis. In a
multiplier 108, a short period spreading code generated

15 by a short period spreading code generator 107 is
multiplied with the N information symbol sequences
aligned on the frequency axis.

In a first combination unit 109, the symbol
sequences having the sequence length N and multiplied

20 with the respective short period spreading codes supplied
from the respective data channel generators 100 are
multiplexed. In each of the Nmultipliers 111, scramble
codes supplied from a scramble code generator 110 are
multiplied with the multiplexed symbol sequences of the

25 sequence length N in the frequency direction. In each
of the Nmultipliers 118, the symbol sequences multiplied
with the scramble codes are multiplied with an amplitude
adjustment seguence value generated an amplitude
adjustment unit 115, and the resulting symbol sequences

30 are supplied to a second combination unit 112. The
second combination unit 112 multiplexes the symbol
sequences having the sequence length N and multiplied
with the amplitude adjustment sequence value and the

scramble codes with a synchronization signal generated

11



5 multiplexes to the nodul ated data equence, and in a :eria_to pax all:
conversion unit 105; the resulting data are i.al to parallel co-nve:rated

into NNSF information synbol .. ~ ueP,ces on a .:regu c"_ncy axis. In a
;?y a .._. 0Os ec-t information sym:, o of the NNSF 10 c, converted
inf.,rmatio,n synbol sequences ...,. copied every SF synbol s equal to

t he sequence length of short period ,preadin® ::ode<s, and the

resultiri:s information synbaol sequences are allgneed on the freeuency'
axi s. IarﬁNt@pFV@FhﬂﬁPléa§H&q pefidd @ﬁﬂ%ﬁ?ﬁ@ ICode” geRer&tléd’an5 by a

short .riqhspreadiyng codergenerator 107 is nultlied th the N |nfornat|on
synbol sequences aligned on the freec._ueency anis. in first

nation unit 1009n tiHeve5§RbAICUBEHLeRdEs! havfRg ﬂﬁe?%EqGéﬁéémtehéﬁh N and

mﬂt'p"e%oﬁﬁ%%&%“ﬁfgyﬁﬁé@%cwﬁ%%sgﬁrbﬂ%ﬂé@gnﬁﬁ“%%ﬂﬁg EQQ%%é%WD"ed
cam t he respective data oaannel ?enerators 10; are nu .. 3

fI eacﬁ(ﬁs%qqa -a N pyelic-nrefis (§F1, |@9kﬁ%ﬁ@n@nléué§4sGmSQﬁF$
-om a %Cr@é“é&écteddb%ﬁ%er@e We10c858n Mt 1Y"'thkﬂntt|aetthe°|nﬁ3<?91

2vi nbo’ sequences of the “sequence length Nin the frequent- di--- In
each of tdwerN aul sigicer sfquaea@heFeyﬁb@Ir SRIENS: teslenrul Tireeh, Vi i d the

sc il G, oodes cale mte i wht bran AL tude ¢ ;o fUSLIBLL © uence

val ue generated an anplltu e adj ustnent u , and the ting
synbol se'aprearagsd iar ¢ suppt.dddotioca seciond ténbenat Fedium-=igridR. . The
uni t % . .&u{ I q%_synbol ague :e a:. having the sequenoe |length A and
mit p d %% %he anpl i tude adjustnent .M. e;uence val ue and the
scranbl e codes AltHragkynehiDMimaz wteoni siligndlr geneeatyedppll iledyim
Sy”ChrO”i%téOQb%VQF%e§€ESE%t t§§9s59t¥%§wa8%DM may be applied.
In this case, portions associated with spreading

in the OFCDM are removed. Specifically, the data channel

15 generators 100.2-100.x%, the copying unit 106, the short
period spreading code generator 107, the multipliexr 108
and the combination unit 109 may be omitted. Then, N
information symbols are supplied from the serial to
parallel conversion unit 105. In other words, the N

20 information symbols supplied from the serial to parallel
conversion unit 105 aremultiplied in the multiplier 111.

An exemplary operation for generating
synchronization signals in the synchronization signal
generator 120 will be described.

25 A data generator 121 generates codes for
synchronization channels. For example, the data
generator 121 may generate a common code, such as “17,
in all cells. 1In this manner, the receiver 20 can easily
detect timing independently of located cells by

30 correlating received signals with a time waveform in a
common synchronization channel.

As illustrated in FIG. 2A, the synchronization
signal generator 120 may generate a repetition waveform

in a temporal range. For example, the data generator 121
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ones of N .stubcarrie:..,.. An :invarTe F ouri:eer transform (IFFT) device
133 converts N synbols .into an orthogonal nulti carrier 5 signal. A
cyclic ire ix addition unit 114 ,inserts a CP selected b;.' a P se le
cation unit 117 nto the nu..ti carrier Yo.,,,,. . r eh Fourier t;arge,.
time. Then, the transmtter 10 transmts the molt,. c.:, :Tier signa
aerated in that; OP add iti r:n unit 114 as a radio signal 10 in the

Al t h<unh k' CuM has beer il.":.,strati.veiy api,l::.sd in the

above- nentnopedepratsni l venertg =DM may erlappkred. fumdehes.t alssoc. at ed

W th spreadln the v CIfI I the dat channe
15 generatorsg£8 %EBC%hlfhéﬁ%%%yr%ggﬁﬁﬁggi ghé¥§ OF t Héﬁiod
spreamru;@@ﬂpu@@@ﬂﬁmnral@brﬁimmnmbbqfedeat 1&&rﬁmstheaanﬂfnahé an
-it 109 ted. Th i nformation sy :.sup |ed from
the seri altTBSEHarA &1 EonGer 81 BRoURRE TOS P T n BEnERS: cartied THe R 0

i nf or mét i onhe yrboe asapphiaed foomi 4 hermmattte@i ,par alllnella:cwa}m/ﬂdssinor .
unit 10f .ar.e plied in e mu. ti An _ee e;
Sraticon o8 St anRBktR e Sad bAnT gh Lot et hrpr bAoA Va fu gl
synchroni zeti enis coHal t%@‘leﬂ’@ct@livé.rlQiMMnBQ deses i bed.kn_o% #hdata

genel to . 1 ener at es_cod- - Lot :n c. ronization channels

:anpl e, %8633 a %’gn@th'orarid 2% e friy e e Sie¥ 4£E 4 TohfiBn S@(ﬁferagﬁgh as
X 1" in abbr¥nons areone £amtehlﬁyzco?ﬁﬁut‘iei@rthC@-BrQ@SJaIWJ_oﬁQieBDﬁeEl m ng
|ndependently of located cells QX s correlating rec.. ived s gnal
with &'t|h%oﬁagéﬁbﬁﬁY?nsﬁpééﬁﬁﬁ% SHACAAGISs ti _n channel. As l...u
trate ._e.: . O .12An the SyReBronEzaliRmcy o £ abak Qompyerré'e?fﬁﬁoﬂilagg nmay

generate a repetltlon wavef orm
timing detection with autocorrelation are achieved at

timing detection time in the receiver by means of the
arbitrary repeated waveform. For example, since the

15 same signal is transmitted repeatedly, the receiver can
measure and compare its phase. The receiver can
facilitate the frequency offset and the timing detection
with autocorrelation of the received signal based on
phase rotation. In this fashion, computational

20 complexity can be reduced through the frequency offset
and the timing detectionwith autocorrelation of received
signals compared to replica correlation.

As illustrated in FIG. 2B, frequency conversion of
the repeated waveform in a temporal range results in a

25 sawtoothed waveform in a frequency range. The
synchronization signal generator 120 may generate the
sawtoothed waveform in this freguency range. Also in
this fashion, it is possible to obtain an advantage
similar to the above-mentioned one.

30 Alternatively, the repetition number of the
repeated waveforms in the temporal range and/or the
interval between teeth of the sawtoothed waveform in the
frequency range may be greater than 2.

Alternatively, the data generator 121 may generate

13



in a tenporal ranc e, For es:anple, the data generator 121 may repeatedly
generate an arbitrary fundanental wzavaffooorm in this case, a

correl zticn value may be onouted for a portion |located ai. the distance
of the repetition period in the receiver. In the timng where 5 the
reoeated waveformis transmtted, a simlar waveform in transmtted,
resulting in a larger correlation value. in this case, the receiver does
not have to know ..he waveformof SCH, : nd determ nes whether two

separ at ed syoehirons zatel ehecsamn by corpwt idryf thedcdrael aeppratal ves 10

for the Lo, 5epanal frorn HOILHODSCr! Ol BLS SASIL Qo LLegUeNcy Ofys1 set

conpensation and  timing detection w th audocorrelaticn are achieved at
timng detecd®oprobpes -i n thetreeetyer, by smidrs vt rehed arbit@y y3 r epeat ed

wavef or m égﬁrﬁc%%m'z%tféﬂc%h N dP $3ME S | gx{‘c%% 3 A r,ans Ett%ef dly, the

receiver c re and conpare 1ts phase e recei ve can acilitate
t he fréquenoyt gbﬂsemfamdlatmeom isnd vy a@ea amr@lnb L @hdauaamduar selratrilohe of t he

recei ved signal g%f?)edor}n P grrﬁgqtd '{,%Ifléﬁ@ QEFBW %:hh(}[}?él

conpl exi ty can uced rou the 'f re
det ection rvwmlheauummrcmt iwat iodn aofsyecéur\nedlzebmpanr enhamneﬂepls .

correl ati on SI c n Fllgi t%z freguenc;gL C nver |on of flhe reapeat ed

wavef orm if & ?érarﬁoeraIer%nge results i a vvtlo& “'8d 'waveformin _

frequency sangeblehe csyncomn zﬁrambshegrawdege;’nemapor 120 tieys genesat e
oot hed wavef in_t fre o_in_.this fashion,

frea _
TR R R e e LR N S o s T PR S S ARV BT il
so Altni nattaekys ihhegrepetdnpwni ngnber refl atthieon between all defined

synchronization channel waveforms and received signals,
resulting in reduced cell search time. Thus, it is
possible to reduce power consumed in the receiver 20.

15 A data modulation unit 122 modulates
synchronization signal data, and a serial to parallel
conversion unit 125 performs serial to parallel
conversion on the modulated data to generate N symbol
sequences on the freguency axis. Each multiplier 126

20 multiplies the corresponding symbol sequence signal with
a synchronization signal spreading code generated in a
synchronization signal spreading code generator 123 in
the frequency direction to generate N parallel
synchronization signals.

25 For example, the synchronization signal spreading
code generator 123 may multiply a scramble code included
in the scramble code group number corresponding to the
synchronization channel code number in accordance with
correspondence between the channel code numbers and the

30 scramble code group numbers as described in reference
to FIG. 3.

The multipliers 126 generate N parallel
synchronization signals and supply them to Nmultipliers
119. Each of the N multipliers 119 multiplies the

14



repeated avef:. .., in the tenporal. range and/or the 1i:cterval beowes n
teeth of the sawtoothed waveformin the frequency range z*.aay greater

t.,, an tern:atively, the data generator 121 nay generate A.. 13
synchroni zati on channel codes defined for respective control information
such as scranble codes and scranble code group::. In this case, as

1l..ustrated in FIG 3, a synchronization channel is defined for
respective 5 control information such as a scranble code and a scranbl e
code groupce$peothere woz ds l l& Isymgheomiozats @nichasneina husbém iawi cati ve

of a synchropizatian chanoel .. seclatecle Wiih the control imfgrmetion
such as a ,“ranble code and a scra e code 7Soup. in Risca s e; 10
t he recei venp20tcare détjiecttidmet cont t dll 6 nkordratiperl iang dfhrame stulni hing by

comput i ng cocr ehat on, betueen, all, detined , sypehr onization channel
wavef or ms and received sirgnal’s, resuFting i n'reduced cell search ;:inp.
Thus, Bt is posssbt g ta ecedhrgel powerpconsuired iim tteer ea@ilvieru?e0. 15 A

ser al 10 B&1 SPFBER CoR04re: o Unf P18 et of RE S8 b E6 par A0 ol
conver si ore ®acthe mpdul ateds datrodimegenetatiebN syshalibsequentesa Ob t he
fzecuency axis. Each multiplier 126 2,0, nultiplies the correspondi ng
symbol sedﬁ%LE@'signal with a synchronization signal spreading code c;
erneratedin a ymeheeQoN zatie. 98] sisghiadn s pireads Mgl ©oded genematiorid2y _n
(e fuency dliection Lo sensrale. N parcl el sy gnzaion 5. 1o
may multipdyqaenecart eusoderi aglldedide adjustment. For example,

the amplitude adjustment units 115 and 116 use a signal

having sufficiently low peak-to-average power ratio

(PAPR) in the temporal range to conduct some operation

15 for reducing PAPR of the synchronization channel.
In a transmission amplifier, data are supplied to

a data channel randomly, resulting in the higher PAPR

and a random waveform as illustrated in FIG. 4A. In FIG.

47, the vertical axis and the horizontal axis represent

20 transmission power at a base station and time,
respecfively.

On the other hand, since the synchronization
channel has a fixed reference pattern, a signal of lower
PAPR can be selected by determining an appropriate

25 pattern.

In FIG. 4A, if the amplifier has an upper achievable
power level as indicated in a dotted line, the back-off
is set to have a level lower than the average level in
consideration cof fluctuation margin of signals.

30 Supposing that a temporal waveform of PAPR equal
to zero, that is, a temporal waveform without a peak
rising, can be generated as a synchronization channel,
an output signal greater than the average output over

data channels can be transmitted accordingly. Thereby,
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in the scranbl e code group nunber; corresponding to the synchronization
cbsnnel code nunber in accordance with correspondence between the channel

code nunbers and the .\. scranble cGd::. c ocp nunbers as r P. in ...:et
renc> FIG 1. The nmultipliers, 126 <enerat. N pa.a.a_lel avnchronl..
ation signals and supp-. ::hemto Nnultipliers 119. Each of the N

multipliers 11.: nmultiplies the 14 respective parallel synchronization

signal. with an anplitude adjustnment sequence val ue |ncon1n%,fron1an
anpl i t ude idd"} BSPABAUM €| L0 ITRIANE @G esORhe CekidEYngt sitghal to a

second CO@}I{]@-ﬁkeﬂl%ttl&IJr"ch%ﬂW@i(s’ 181 +eXENPL ALY vperagion in the
anplitude "adjustnment . sits |,. and 116 in ,. e tr.nsmtter 10

according to t hiT& e rFlf heHE ewidldd wet @esér Hbdd 9 rl Het anp 16@I@NPH¥%
anpl i tude aargja ?l%dé@éfukkmer?@ge%%@%’é tiplYe tjootﬁ%%u%'léa}

channels wth I tude adj ustment ~ sequence val ue |tude
adj u; sﬁlrkﬂ%tanﬁmik&aW@I@r@ﬂﬁa%@pgﬁﬂﬁééﬁﬁn@swmmﬁfQWmtSlIEQQﬂm 111",

use 2 si gnal: s habng SuLbi] ontle | Peakuko-Avsn aghBaner aLhad PAPR)

in temu n2 to co sone operation I uc. ng PAPR
of the synoank@ﬁi hatsi GrPichanhelradter Astimmsm s, foildcarmplifier, data are

supplied to a data shapneh ity andg. by, resubilngs. /it dbe.hoghero FAER and

a rand , mwaveform as i strat € ver |ca axi s
and theiunalmethhsamqaammmeSempliﬂhdeamsnt99|ammnmealata@gﬁﬁzn@tation

and ti respgctb%% th% other Jang a%.Qfe tpgsggn%pr gl%% an
channe flxed erence pattern,” a S|gnaF f
components ofa.sequencearezj1theforﬂlofexp(jﬂ) where
j is an imaginary unit.
(b) The amplitude adjustment segquence value has
perfect periodic autocorrelation characteristics. For
15 example, the autocorrelation has zero except zero shift.
As a seqguence having these characteristics, a CAZAC
(Constant Amplitude Zero AutoCorrelation) seguence 1is
typical. For example, see non-patent documents 1, 2 and
3. In this fashion, utilization of the CAZAC sequence
20 (CAZAK code) fulfils better autocorrelation
characteristics, and thus timing detection accuracy
based on replica correlation can be improved.
Furthermore, sequences having characteristics as
presented below in addition to the above-mentioned
25 characteristics may be used.
(c) Even after the sequence is multiplied as an
arbitrary complex number sequence, the sequence still
has the above-mentioned characteristics (a) and (b).
(d) The sequence has optimum crosscorrelation.

30 For example, the crosscorrelation (absolute value) 1is

limited to )<bi for the sequence length N.

As sequences having the above-mentioned

characteristics, a GCL (Generalized Chirp-Like)
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PAPR can b;: sel ;::ted by determ ning an appropriate 25ratter n. "n 4A
if the anplifier has an upper achievable power level as indicated in a
dotted lines; the ba :k-off is set Lr hai ---. a level. lower than the
average level in c::onsiderat:".on .f fluccuat _or, mar,- zn oi'.
signal:. 3i. Supposing th. . a tenporal w=n ve. irrmof PAPR equal t'.o
sero, that. i. .:: tenporxl waveformw thout a peak ..casing; can be
generated as a synchroni zation ::hannel, in output al than the average
out put. ovegquangeC.(df airongpatent degugent? 4y andrglPegenal *zredeby,

g hit i i ' e ectli fcth r,.C

oni 2. .t R e DRSS Sy T {He  ca Ve IO RRS Shpl i S Lst ment
unit._ 115 and RIS suppky vedny anpl Floddeadf agene;cint sequeped azat ue t he

mul tiplier dJd1?2 i der.to0 @ e vef or i;t.h andi ng
PAF . .. ThQ:O%?r%F?l{%u e) a{nd%gsfgréregtsesog'qu?l}g%@&vg Sﬁoglsé)%gkn}gdtghg;&alcft%%sti cs
as fol bowsee{hadr. autsicartelzttien anpkirtaudes r adfastnent hseguerices val ue
has constanf, 2 ..t d%é&&é@g Fennoy %nrﬁgg%i%%d KO- 1 he frequency %%”ge-
For exanple, réspective signal ~ . conponenfsS. "of a sequence are 1n e form
of exp (j Mpwheeed insthaa nameinmar~, 'Igzadditi(dx), Thes anple pude adf ust ment

sequence vcgall ueshias lip@rfgg'grr%l.gt . ggl. tr%-coersréallgti on ::.;iaracteristics,
For 15 exar‘rp?e, e ‘aut ac orre.” at? of has zeroge'7.-ept zero shift. As a
e ,. : ence havirigdheseiGR v aG ggst 1es geam <CAZAED © Consharir Anpyi PNde

2010 A O%hass; p AN RORETEE, 18 LB ER SRUDL o o0 Jon paten
range into ones in a temporal range in IFFT may be used.
Since such signals fulfil better autocorrelation
characteristics, the timing detection accuracy based on
replica correlation can be improved in the receiver.

15 Furthermore, any of the above-mentioned three
waveforms may be used as a fundamental waveform, and then
it may be transmitted repeatedly. In this case,
reception processing can be simplified in the receiver.
For example, the receiver may include only one correlator

20 corresponding to the fundamental waveform and combine
some outputs of the correlator.

Also, in case of a repeated fundamental waveform,
inverted codes may be included. In this case, the
autocorrelation characteristics can be improved, and

25 thus the timing detection accuracy can be improved in
the receiver.

Also, it may be selected in the receiver, based on
the fundamental waveform transmitted repeatedly, which
of the autocorrelation based approach and the replica

30 correlation based approach should be used for the timing
detection. For example, i1f higher throughput is given
higher priority, that is, if the processing amount should
be reduced, the timing detection is carried out based

on the autocorrelation. On the other hand, if higher
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20 (CAZAK code) fulfils better autol-;:rrelaticn characteristic , and
thus timng ietecrtion accuracy based on ..replica correlation can e.
i mproved. Furt_ ernore, sequences having characteri tics as presented .i
ow in. ddition to the above-nentioned 25 characteristic : may be used. (c)

Even : ftee=r_ the e,=quenc a is nultiplied a: an arbitrary ,. s:. pl...
nunber s<.equencs the sequence still has he.. abov nentioned
characteristics (a) and (,n)'. (d} The 94 q e. ii. has -opti mum
Crti::..sETeTRiPENaCIOIRCY, L e: XARB el LoRe DL 5abof Ve. t&te 61(Herg| -Ue

val ue) 'Sdeﬂegt%ttleq.st catriled NsusePURCE o epgLh N AS-3> ue>nc.
.laving the abco:e-nentioned hara™ er__tics; a con (Generallze .

Chlrp Li keoraegatggence (cf. non-patent “docunent 4) and a Ceneralized
Frank sequeence £Goe <agfl Al Al dAIERL, B2) LG clued eratively,
a Golay code ;o0 F‘ n%ﬁ ggtent ggcunent nan %e use Srncgvﬁ#g%% code
fulfil8 5 abettoeertrlelatlw cmaeap@r@rclrmtraeseray b 1trttbertet1heat1¢irﬁtr@
detection jnsZrteld Ynd | LUplSed PryabERLIGA fay CBE usedllcn can be
i mpr oved i“'n The recei ver | di N, its coge property o2 0f
correl ation pr oE@gsrevgamAﬂEo rmtfueldyamefnml swgerdratredhbviynonvert i ng PN
10 codes ge a u

BRI AR M R o R S e et s o KR
better " utma:;orbel atsreath C. Irarabtts>rqaeita, spmte a;odér htarvc,ngjebettlecm a
. curagy b%sedoon ca co re%lacetéc tn i g H’éprov d.i Ctohqe
re:c:e_ve. 95 CﬁFfﬁ ? ny of “thé lbcve frent foned ?ﬁ}ég vetorms 2 ,
be used as &duddacent ahd\/\&\tefcm'mtwgndatlherold scdliy eyt nansindd erhe

repeat ed| yfulgattngln a%.asweaveform. As illustrated in FIG. 4B, codes

fulfi

having better autocorrelation characteristics even in
the whole signal can be generated by repeating the

15 inverted fundamental waveform N times. In FIG. 4B, the
horizcntal axis represents time (t). For example,
inverted fundamental waveform “"A” may be repeated N times.
In FIG. 4B, the inverted fundamental waveform is
represented as “-A".

20 Some component may arise out of the signal band if
it is left as it is. Thus, a P-SCH signal waveform is
finally formed through passage into a desired signal
bandwidth filter.

For example, for the transmitter 10 described with

25 reference to FIG. 1, a synchronization signal spreading
code generator 123 is configured to include a fundamental
waveformgenerator 123-1, a repetition and code inverting
unit 123-2 receiving output signals from the fundamental
waveform 123-1, and a band limiting filter 123-3

30 receiving output signals from the repetition and code
inverting unit 123-2.

The fundamental waveform generator 123-1 generates
a fundamental waveform having the code length L/N. The

repetition and code inverter 123-2 repeats and
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reception prc.rcessing can be sinplified in the receive::.. For exanple,
the receiver may inclu d e only one cone" ator LIZ orresponding to the
fundanmental :,waveform and conbine si;;me outputs. .: f the . _c-relator.
Also, in Case o' f a repeated undane nt.al waveform inverted may
included. In .-hanms.. case, the autocorrel,atl-'"n ar ac teristics can be
i nproved, and 25 thus the timng he t.ec:tion accurac'. ae inprov ~d n
~rece> tier. Also it may ie sel acted int e seen ver, based on the f;i
ndame i:. @odeal nWEFor FREr sM PR NEDEE Ir eprae 68K, WHT ERS fha heoaat

: 001 Z=i atléﬁgtgaggq] apw&ﬁchéﬂﬁaﬂ@e el 'rfeapetﬁ%he'arﬁa”eed%h S 0a

~.. 'inoac h “shoul'd 2~ used for t he tIm rig deier n. if hig
throughmﬂlmgegtﬁénl2@1ﬁuﬂeﬁﬁ$6ﬁs@yd @ﬁé?ﬂﬁnﬁﬁétﬁrbbésépﬁ@&mﬁﬂﬁmlshould

be reduc: w&y &Jhiergq'qaﬁfeﬂngte%ﬁ%t e d&%%hﬁghoﬂtﬂ\peﬂﬁ%rﬁgst N@esultin

aut ocorrel‘at | on _ han i gher detection accuracy J gi ven
hi gher Sprijori thy, QQﬂﬁtlﬁhggh(hﬁlagt :on i carried out based on the

renlica cerrelabie o 0f 19,06 |8 'ciple, the updarenial paye, for g having

better 5 autocorre acteristics m,,:be inverte
i nverted andgnepeatediwavebgrme spavngbehe.zesdl tEorg maazrﬁﬂcex;ma;lfmldahent al

wavef orm Q %%Qgrgge %ggg}t%%?g%iagh 10 eer! 4 of the synbol .I..engt 1

of 1 OFDM sy case. sone _ode having better 10
aut ocor ze atlonAeruahcaedesmnEﬁ i dnas GQMdnadtbdetwaadaﬂebomda and
‘n o tBog nal _Gol d qp ge as the fundament;! wavy form As
|IIustrate i A°EICGT na better autoo: orrelatlcn
characteri stl CS (Eveml b@ndvk]fdﬂ\h@ﬁov&ld@mlfmm—tm:‘lgenmyab@d;:b@'drepeati ng
the this case, it is possible to eliminate influence toward
other channels out of the SCH band.

(2) A system bandwidth may be used. 1In this case,

15 although there is slight influence toward other channels
out of the SCH band, the SCH signal waveform has less
distortion, resulting in higher detection accuracy in
a mobile station.

In the mobile station, a correlator corresponding

20 to the fundamental waveform is prepared, and its output
is code-inverted and combined. 1In this fashion, replica
correlation with high detection accuracy can be achieved
under a smaller amount of computation.

An exemplary operation in the combination unit 112

25 1in the transmitter 10 according to the embodiment will
be described in detail below.

As illustrated in FIG. 5A, the combination unit 112
inserts a synchronization channel at a frame pericd. 1In
the case of frame periodic insertion of the

30 synchronization channel, for example, the combination
unit 112 may time-multiplex the synchronization channel,
that is, store and transmit the synchronization channel

in an OFDM symbol of some slot. Inthis case, for example,

a frame may be configured to have an integer multiple
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15 inverted fundanmental waveform N tines. In FIG 4B, the horizontal as.
is repreesents tine (t). For exanple, inverted fundanental waveform"A"
may be repeated Ntines. in FIG 4d, tie inverted fundanental waveformis
representec as ,. Sone conponent may arise out :.f the signal :and if is
left as it Thus, a P-'"H .:iga:al wavef:':rmis ....:rally formed through
passage into desired sr.gnal bandwdth filter. For A am7 =, for the
transmtter 10 described with 25 r Terence FIG ~, a sync ironizat:ion

si gnal sprdadihg sédte yemerator OBe FramgoRfigut edcrs firfti bee &°
fundament al, - Wayef ermgeneratar, t123s lenhaepet i ki en sand; gode i nverting
unit 12 -'? re,-eivin, output signals fromthe fund anme:nntal waveform1
i, and barfd4i$deing ¥y |ker cenizgersy focding hgdeurputtirleeldiB fromthe
repetition and, CedeoHidsver e Uditiplils .. .. The fundanental wavef ,rm
generati'r "_23-1 generates a fundanental waveform having the code | ength
L/N. The repetiifi dmandcesde IwveELon,r slhet2 hayeats ahe 18

code- i “Verstysncﬁrégei Aundagent al, \ay f of %QS&‘EHQJJ& é:&)dﬁndle%n%tlrbﬁ%l' For

the repetition and code inverter 121-2 repeats and code-inverts
f undanent dloomavefhidrmhaviing e rodeahengtss VWN Nittihmst pesgarnags 5 in

the code Iy géﬁ‘ebn?'k%smeu?égdl'oi.m tﬂn”%«!ﬂéiego}%%? t}%o%ﬂ%ad fﬂ{@% P- SCH
si gnal waveform by passing the resulting waveformthrough™ "a desire
si gnal bardwelttafib¢terchAscath andeigetesegralr Bandwirdtthe tah €ases

my 10 b, sonoeiyed as, fol o Wg (1) Adhand dhboRrov ded, ! or, §.SOH may

can be identified by correlating a received signal and
a synchronization channel replica in a temporal range,
and thus, symbol timing and frame timing can be detected
at the same time. Alternatively, the receiver 20 may

15 identify the reception timing of the synchronization
channel by correlating the received signal with the
synchronization channel replica in a fregquency range.
In this case, the receiver 20 would use a common pilot
channel subjected to scramble coding to detect the

20 scramble code.

By providing only one frame with the
synchronization channel, if a synchronization channel
is detected, the frame boundary can also be detected.
In addition, compared to the case of providing multiple

25 frames with the synchronization channel, higher
transmission power for the synchronization channel 1is
achieved, resulting in improved detection accuracy.

Alternatively, the receiver 20 may use a common
pilot channel subjected to scramble coding to detect the

30 scramble code after frame detection and scramble code
group detection.

Conventionally, for example, according to W-CDMA,
the synchronization channel is inserted for each slot

period, that is, for each slot. As a result, symbol
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this case, it is possible to elimnate influence toward other channels
out of the SCH band. (2) A system bandwi dth may be used. In this case, 15
al though there is sight influence toward other channels out of this SIR
band, the SCH signal waveformhas less distortion, resultin.”:, in higher
o, etection accuracy in a nobile station. In the nobile station, a oor
relato r corresponding 20 to the funds.=inenr.al waveformis prep :red,
and its output is code-inverted and conbined. in this fashion, replica a
correl ati oniMiE Hisght Hesécdedit Geedr agy Tam ®e dcles edimiiveders a smal | er

amount of i on. n,. y I stk [ ' nit
o sl (FORRE R On i b ko B2 AR &2 fle POl D0e
descri bed ihrdegai Ithhe' tew sAssnid | uskeareding FI G t8As theheorbi nati on

unit 112 Inseolesd SYSCNEORZALi obchannal. alea f rare, pERI gde I N he
case frane periodic insertion of the synchroni ?attics, “channel, for
exanpl &, thencbmiviniatd ohonuahenhE2l eyt tieicnp e phex & he sywn tht by
.i.iratio annel , .. i.S,..Store_and .t it th ch i zation
channel ﬁlﬁgngggﬁu%ﬁgg g%rstzlrrcgﬁsibgt%qe{laﬁi%géasgh %’r %ﬁgml e, .a
frame may desconfitgur epotd llvaveo Anthet égemerui ti ple et edot fither stoe

I ength. On ra may_be nfigured.t i nclude Ltiple ;lots such as _.:
slots, an ?%eﬁgﬁﬁ,n %‘ﬁetgfgotﬂgn%%/ émggr?f'i gqurce%o nglln clUde r%ﬁlsti ple O -DM
synbol s sldmicbpdiasnt QDM rsymeokyndhtanihes iconfihginrrat L ang ddltaict ddyi ng

Lhe JUohLgn! g2bian Ehamnel eale CHLLAL: i, undor chesed cdoobe;
10. In otherresglrdsthtcheymwad timpng and the frame timing can be
detected at the same time.

In this embodiment, the insertion of the
synchronization channel into only one portion of frame

15 unit (period) has been described. However, the
synchronization channel may be inserted into multiple
portions of the frame unit or period. In other words,
the synchronization channel only has to be inserted into
at least one portion of the frame unit or period.

20 For example, as illustrated in FIG. 5B, the
synchronization channel may be inserted in such a manner
that two periods can be configured for each frame. Also,
as illustrated in FIG. 5C, the synchronization channel
may be inserted in such a manner that four periods can

25 be configured for each frame.

The receiver 20 identifies reception timing of the
synchronization channel by correlating the received
signal with the synchronization channel replica. 1In
this case, correlations between multiple frames are

30 averaged. For example, 1f there are 10,000 samples
within a single frame, correlations are computed for the
10,000 samples, and the sample having the maximum
correlaticon is found. In this case, if multiple frames

are averaged, a memory has to be prepared for storing
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time may be Unchanged. in the receiver 20, the other 10 hand, reception
timng of the synchronization channel can be ide'.n .if Yy <7 rreldt]..n
re~' =:eived signal and synchronizatio._channel replica in a tenpora
range, and h,,-is, synbol timng and frame timng can be detected at the
sae:: tinme. Alternatively, the receiver 20 may 15 identify the reception
timng of the synchronization channel b _orrelat.ing the received signal
with the synchronization channel replica in a frequency range. In this
case, the theeet Ve 020 Ul alade & : VohHBS fidBPOreRdnnel sUbfeeted to

scranmbl e codi pg: 5@ 1def e&él&@% %r_oe S&éﬁB’@'tPed odi, 1 1BY R ®VEdhBg «anl yn one
frame. with the synchroni : ta. tr, s::hannel, if a synchronization

channel i) @lexeséctieamet hanid drhee b@Qﬁéj@rlw‘th@lnaIV@d%S defeéted. In
addi ti on, rﬁa%ﬂ@c@&% ts%hn‘i;ﬁ‘fe%@ﬁl g%dﬁe,d )f‘Hld'ﬂ}@pPH’yE'dp'S?N Z5 ng@gres with

t:he ,sync zafi on channe nsnil ‘ssi on or the
synchr@nl AT ORTCAEMaY DS AchilevedroFresadt . ir’ g i.n inproved detection

accuracy. Altengind cyeky.od he, 1 EeBhuers 20 HBY USE @& GAMMAL-dd o

channel subjecte to scranble coding to detec e code
cattar framlidetecvivameahd SErahbl eboode mgrdapndat mol ¢t ipCenysaowe s

iLiror. | y ~dar %&g@{jb’t}%%ﬁéﬂapg Sr?l%g%\/%ohhggeac 0GRrG: Qaiv%tdl%% It

chann.. i nser r eac pe’ i ol Slot".
synbol 2(Fctr nergmips. f i r 5 dettest ede rand td’:mmﬁearrestlme]g fser detert ed.

A!:go(raglﬁﬁgr; #%érg%fég%hene %I %gClsc d%t %}Ctm%gr%:gﬁgg%h helc} ed t#}fg%gh t he
5 synchr oni@at+pe rdhahnetanht li s.snoisepcdnsﬁo;eeta@h derdméy the memory
capacity can be reduced to 1/4.
In addition, as more synchronization channels are
provided for each frame, the memory capacity can be

15 further reduced.

In the case of multiple channels being provided,
the channels may be arranged equally. In other words,
the synchronization channels are equally spaced in a
frame period. In this arrangement, the averaging

20 operation of multiple frames can be easily carried out.

Alternatively, in the case of multiple channels
being provided, the channels may be arranged unequally.
In this arrangement, the frame boundary can be easily
detected.

25 In addition, in the case of the insertion of the
multiple synchronization channels into a frame, a time
diversityeffect canbe obtained by combining correlation
outputs between the multiple synchronization channels
in the receiver. As a result, it is possible to improve

30 the timing detection accuracy.

Also, as illustrated in FIG. 5D, in the case of the
synchreonization channel being timemultiplexedina frame
period, the combination unit 112 may provide an

independent slot and insert the synchronization channel
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t he associ ated potion of the frame. Thus, the associated portion of the
frame is detected after the detection of the slot timng. Ac..rordingt.o
this enbodi nent, when the synchronization channel is detected, 10 -the
frame: and the synbol timngs can be identified. As a result, the synfo
timng and the franme timng can be detected at the same tine. In this
enbodi nent, the insertion of the synchronization channel into only one po
rti an o : frame 15 unit (period) has been descri bed. However, the

synchr oni Zdt¢ paishanAel thays beasrserstueth | it Hrawiet sl e Pporphdng wiedhe

frame unit oy peci adsy | 1 OLYRI, VAL IS, o1Lhe, SYpLhr Qigzat| opgehannel , only

has to be |nserted into |'east one portlon 0 rane-un
period. .. SQ@CFoDnexawpien asdnnest tangdhin FrGles3ith he Isyhehroni zati on

h I 'y

channel MYRPE BISSLSR, o0 MUKy ,0006T, (UL 4 WO R LSS AL DE |
Manrt eb naylﬁermnseeuedlﬂntgwchLpﬁﬁuwmﬁsuhannhoum.pesum@damnraQﬁobe
confi gured, for. qf‘fg MR Thezﬁecﬁkil,’%rng?dltsde@ﬁ'f£§§m %9%18{1‘ éﬂ{iﬂhng of

t he synchronlza “Channel corfelatin h ecer vad
synchr oni zaat € ph iomanmeh bephaxf smmpﬂmﬁieﬁwe correlatlons bet ween
multiple frames are 30 a e ar.e 10,000

Tl s i e i S Rer R Rt o n g vuia T RO BT, . ronc Bg R 4 heS
113, 0130 :cimnned, wandl bbedssaipl eeHaivi mpthelndxilmum correlation is

[ound, i {1 S Savey L RuIUUELE, (LaTes . ate averaged.g oy has 1o be
Then, co_ dyetaton ivad tiesSnace aeeiputes £o6tokbho DPe8ampl €%d head of
a slot, and in addition to the synchronization channel,
a data channel is accommodated. In other words, the
synchronization channel and the other channel are

15 code-multiplexed and transmitted. In this
configuration, the other channel can be configured
without consideration of the synchronization channel,
but only a portion of total transmission power can be
allocated to the synchronization channel. As a result,

20 the receiver 20 must conduct averaging operations for
a longer time in order to detect the synchronization
channel. 1In FIG. 6A, the vertical and horizontal axes
represent the transmission power (code) level and time,
respectively.

25 According to this embodiment, as illustrated in FIG.
6B, for example, an OFDM symbol is allocated to the
synchronization channel for a certain duration. As a
result, the total transmission power can be allocated
to the synchronization channel. 1In this configuration,

30 the receiver 20 can complete reception operations in a
shorter duration and detect the symbol and frame timings.
For example, 1 OFDM symbol is allccated to the
synchronization channel. In FIG. 6B, the vertical and

horizontal axes represent transmission power (code)
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the next frame, and the correlation values of the respective sanples are
added for inproved S/IN. Thus, a larger neno :y ha:e to be provided. in
the case of multiple channels being pro" den, if tie above -nm.entxc; ned
mul tiple frames are averaged, the nmenoo,ry only has to have snaller
capaci _ty. For e::ample; if a two-period channel is used for each 10
frame, the nenory capacity can be reduced to 1/2. if a four-period
channel is used for e ch frame, the nenory capacity can be reduced to

1/ 4. In additéonanad timgorgeprhievailyzati n channels are provided for

each frame, the 'BEVVPOCDMAcaF’carPété’%g ge em%%t‘l% 29“%%gméé‘ phe case

o::: multiple channel s ::bBeing pr anne S may be arranged
equal ly. ideotherdworalssd the ogykicheori zdtdton ghdnridlss arbeequal |y spaced

i f I t., t tf
mul 1 pl o Toanee - oht 4 Lh T SRR e B PRl A O B o
mul ti pbe dwmmehsftbiﬂ@ngramkﬁimlehetypéannbn‘W mQMRMammiangd¢

une ' Bar. o [0LE aptangenpns . Lhe frage Boyndary can b: be easi |y

det ect ed. on he ‘case he insertion of the nultiple
synchronimﬂmonrOMwﬁEﬁsonnsmqmdkanﬂxumtham wmndssltyeoﬁet@ﬂtrmm be
obt ai ned b ogblnln correlatlon qv bet ween the_nul Sﬁ

syncnr c: ni tF é%ﬁ%néz H%Q%esﬁgg ﬁeqﬁérgﬁf%u??asopﬁ %OSS|bIe
to inprovenuﬂﬂekheftsmmgiakﬂe@hLOh ae@umyad tAb s0,1 @sgelrl uetcreatteidonn Fl G

th f th ch t | tir | tipl exed
'n' o Pand SHRT 0, THE SONBIELT oM BRPE £2 WS CHRGA T&° an ndibendent

sl ot and imsestvehe ynchroni zati on channel
According to this embodiment, since the total
transmission power can be allocated to the
synchronization channel in the transmitter 10, higher
15 power canbe allocated. As aresult, the synchronization
channel can be transmitted for a shorter time of pericd.
For example, while the transmission of the
synchronization channel may require about 10% of the time
period of one frame in W-CDMA, it may require only about
20 1% in this embodiment.
Also in the receiver 20, frame correlation can be
facilitated in a shorter pericd of time, resulting in
a smaller amount of the computation. In addition, since
the symbol and frame timings can be detected by means
25 of only one synchronization channel, it is possible to
reduce the required buffering amount and the consumed
power.
Also in the case of the synchronization channel
being time-multiplexed as illustrated in FIG. 7, the
30 combination unit 112 may allocate the synchronization
channel to some subcarriers of 1 OFDM symbol. For
example, the combination unit 112 may allocate the
synchronization channel to some subcarriers of 1 OFDM

symbol at even intervals. Also, the synchronization
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22 therein. In this case, such a frane may be configured to have (an
integer multiple of the. slot length + the synchronization channel

length) in length. inthis configuration, the configuration within slots
can be made 5 uniformover all the slots, resulting in sinpler radio OF
configuration. In other words, the transm ssion and reception can be
nmore: sinplified. An configuration of a synchronization ..u nnel wll be
described in detail belc.w, 10 to W1DVA, as illustrated in .1:G 6A, the
synchr oni zait 8 pnedharaiel bis addcommbdat ed dtnehenhdad @f vasisotin andden
addition t : [ 1 on. nnel i G Q{qr? at ed.

I n ot her \A\gcr)égr?pﬁs%gghé@%c roémg{z]é'?lgﬁgg gﬁne}{jggﬁﬁggﬁér&%tﬁg?%h%nne gére 15
c; -ode-nulInpFéged andtheansritied!l iemd Hisrigonfiguraxde: mentes other
channel - ¢ [ ed. with NSl deratton of the synchronization
channel , %?Qgﬁ?ﬂ%{% %ggrit ?é’ﬁn\@o’f f%%glecttrlgaésgﬁési on power can he a'

| ocated to. t e Lryn@FDHNronilzathnonbelrarmel sullsaa miesubt an20 the @EQCH ver 20
must conduct_averagin perati.o I on ti i n,order_to dete=ct

t he synchrso%linggﬁi glgengﬁgn%é% Jlglnégl.ég.s.e.aé 46%, gﬁhgnvcg%até%%lefggncae h%ér;i zont al
axes represént ptahe t r ansnissiesu popet £( code)whevel CainMt spepol is
respecti vel Y1 A% or itnog to th'il. ‘5 enbogi.rrent . as zittf,g.trat ed.in FIG 6
for exarrplae, gn ;s?n%gpci At veared f%:g&atjﬁe Jy%ghar%ﬁiricaﬁ?%ﬁe
channel fosvaraerstcai n duration. As a rEeesu :, the total transm ssion
power can be allocated to the synchronizatjon channel._ in this

Ponti dlrat i on 30 THolP GEINF ot SR it Sre oteot PR GadiSRTRE, in a
shorter dutiaéi eyrattk@nitaeiton hehayrka twhdsbmname dbdkipgsers and

another channel to the remaining channel part.
According to this allocation, it is possible to reduce
the overhead con the synchronization channel.

15 Also in the case of fixed total transmission power,
the transmission power of the synchronization channel
can be adjusted by changing a transmission power
allocation ratio between the synchronization channel and
a multiplexed channel. Furthermore, the transmission

20 power of the multiplexed channel can be adjusted. The
transmission power of the synchronization channel can
be adjusted by an operator during cell designing, for
example.

In addition, the combination unit 112 may use at

25 least a portion of allocated frequency to allocate the
synchronization channel discretely (orthogonal
multiplex type FDM) as illustrated in FIG. 8. According
to this allocation, a frequency diversity effect can be
obtained.

30 In addition, the combination unit 112 may allocate
the synchronization channel in such a manner that time
division multiplexing can be facilitated by
superimposing it on at least one portion of a data channel

(non-orthogonal multiplex type TDM) as illustrated in
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For exanple, 1 O'lIJMsynbol is al'.ooat ed to the synchronization
channel. in FIG 6B, the vertical and hr:; Y.1l:Z nta]. axes represent
transm ssion power. (code) 23 level and tine,, respectively. In 6-COVA, th
synchroni zati on signal cannot be detected based on only one slot, and
thus the ssynchroni nation . hannel having a 10> ger duration is used 5
like a frequency multiplex type. In WODMA, multiple Slots are. used and
c~orrelated t.o C etect the synchroni.:zaticn signal. In other wor s, the
detection FIof. t Be synchtons zeeEen Silghabyneduiaret zatiedsonabhee ndrtber _ of
sanpl e: =s, I : e liea. 5 i 0 ration and | arger
anount of tc%{aéﬁ%nd i%qt gcq‘r eacnei %g%gk cegr(r[:%?% ngﬂta%tl sggng%di ment, >itlt:e
the total surerhgpiosdd powert leant be rabtbtatedft an PAOMIsamiedliandhe

transmtteg%ﬁg,dggq@yb?lgu@@%?%é&ednbe aal l ocated. As a result, the
B .

synchroni zation ~; "annel can ransmtted for a sh ?rder tine of
o.eriod. For examplkdeliwhdohe the tpamsmassion ohithélgynelhr edilzatd ba

chanty :| require_about. 10% of _t t.i_me riod of _gne fr
Wocow, | g e S A 1 SR R0 Sl R PR S Ll AR e
in the c eitvets20upferaimepceedelcat ioh tamsbke ohéet abed daon ackioat eratperi od

R SETHRRAT B LT Ao DO RO B Ly Ty BB on, S

-] ' one synohronbzatdieah Channeirthsgpoasi biel toplthe ol Fed)bufd ering

amount jand the colns pmc. power. Alsi, 1o the of, the synchroni zation
the frequency diversity effect can be obtained.

In addition, the combination unit 112 may allocate
the synchronization channel in such a manner that it can
be code division multiplexed with at least one portion

15 of a data channel (non-orthogcnal multiplex type CDM)
as illustrated in FIG. 8.

As a result, as shown in FIG. 9, synchronization
channel codes px(l), px(2), ", px{(2n) (k=1, 2, " ,Kgrp)
belonging to a scramble code group are allocated to

20 subcarriers. The synchronization channel codes
allocated to the subcarriers are supplied to the inverse
Fourier transform (IFFT) unit 113. Then, the
synchronization channel codes are converted into an
orthogonal multi carrier signal, and the converted signal

25 i1s supplied to the CP addition unit 114. The CP addition
unit 114 inserts a CP (Cyclic Prefix) selected by the
CP selectionunit 117 intoamulti carrier signal supplied
for each Fourier target time. Then, the transmitter 10
transmits a multi carrier signal supplied from the CP

30 addition unit 114, that is, the SCH time waveform, into
the air as a radio signal. The SCH time waveform is
provided by defining a number of SCH time waveforms
corresponding to the number of groups.

Also, a sequence of synchronization channels may
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being i.memz1 | %ex :-eY as illustrated in FIG 7, the 10 C nbination

unit 11" may |locat=-. the .vnchrc.n,zat _on i hannel sone ,.ui..... , roer._
of 1 OFDM synbol. For exanp i.e trhei cot to:matron unit Il.,. T.ay alio
Cate e s vnc,hroni:F. at: S ::nc::1, nnto sone .,ilboarriers of 1 ;;FDM
synbol at even Inte ..is a. Also,, the synchronization': 24 channel may be
all ocated at uneven intervals in order to inprove the detection accuracy
inreplica corre | ationi. In FIG 7, th.e vertical and horizontal axes

represent béregagncedndyt ire,f sespeérilvelncodsnpn BGURDM Rt he nunber of
suboarri er DM synbol I ength are increased to enhance tol erance
to multi %ﬁegi\yla Ig:esu It, i.f one whole O DM synbol is allocated to-
a svn: nr onl zat IZgn @mmaseh|shﬂayep@meiememea@e s@quemce.08: > the

conbi nati o é‘y}é'lghk ané%elé’ﬁaé*‘?ﬁg e*l% mg%‘}ta’hf% gﬁgs%hé%‘%‘eéeox})?(g”e

subcarriers r - char remal nin annel “part ccordi ng
to this. alhbdbcamedn,on ttpossidi eiebaye@twcre:elhelovlerbmweant he

synchroni zatﬁggr% rlt?sel 15 Al S, ;I the rase of fixed tota transm ssion
power , t he; ~tFansm ion 1la; i of the synchronization channel can
: adj usted byn thet caglmgfadtrarmsmnsiitdmbba\et i$rd Af swboeatdonrsati o
rbet' ween thghS)é?)chroni z t| on channel _and _a rrultl Ie%ed c.hs

Furt her mor e Fe T¥ARSA Esioh- - 20 Sg\ﬁéle%?et hé ef).ei -2 E}iée%ng

.l annel tancbeazadjwsted. aTHe dqaasmys dajge ; [ frewguemcy thdective
Synohngn zatyen shannel oo, 20 pebed.by a0.0,0 ot duga el oy
use at 25 heastad porties Gfreaimh@ﬁayedﬁﬂﬁquency to allocate the

By using a phase difference between subcarriers
(differential encoding) tomultiply the synchronization
channel seqguence, even if fading fluctuation occurs in

15 the frequency range, in-phase addition can be fulfilled
for the small fading fluctuation between adjacent
subcarriers by extracting the phase difference between
subcarriers in delay detection type correlation. As a
result, even if the fading fluctuation occurs, high

20 detection accuracy can be achieved.

Also, since correlation in a long segquence can be
used, a large number of sequences can be provided. 1In
other words, the synchronization channel can be used to
transmit a large amount of information.

25 In this case, as illustrated in FIG. 10A, the
placement of the synchronization channel sequence is not
limited to the placement between adjacent subcarriers,
and the synchronization channel can be provided every
two subcarriers. Also, a larger amount of control

30 information can be transmitted by providing two types
of sequences and configuring them in two layers.

For example, if the two types of sequences include
16 patterns, 256 (= 16X16) types of information can be

transmitted. 1In this case, the synchronization channel
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synchroni zat::-on channel discretely (orthogonal nultiplex: type' FDV as
illustrated in FIG 8. According to this a:.lo.rzat> on, a frequency d

ver. t > effect can be >i:ainsad. 5~ In addi.t: i ornt. ie conb .n
atlon ?_init I 12 may allocate: the .;n::h onizat:ion :hannel in such a
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having good autocorrelation and crosscorrelation

characteristics in a frequency range may be used as a

secondary synchronization channel code as described
15 below.

Specifically, an orthogonal code whose phase
rotates at a constant rotational speed on the freguency
axis may be used.

According to such a code, it is possible to generate

20 an orthogonal code for arbitrary seguence length and
improve the detection accuracy at the second step.

In addition, the above-mentioned code may be
scrambled on the fregquency axis in accordance with a
manner predefined in the system. In this case, a common

25 scrambling scheme is used for different cells rather than
different scrambling schemes. In the above-mentioned
code, the phase rotates on the frequency axis at a
constant rotational speed. As a result, the code has an
impulse waveform on the time axis, which is not desirable

30 from the viewpoint of efficiency of transmission
amplifiers. Thus, the code is scrambled on the freguency
axis for randomization in crder to eliminate the problem
with transmission amplifier efficiency. Since a mobile

station knows the scramble code in advance, the
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orthogonal multi ,. e _:rri sr signal, and the converted signal _14. The CP
addition lit supplied to the OP addltlon unit t 114 a C (Cy=clic Prefix)
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for group detection is used as a secondary
synchronization channel (Seccndary-SCH). Here,
Primary~SCH is used as a waveform common to all cells.
Secondary-SCH has a waveform defined for each scramble

15 code group. Primary-SCH and Secondary-SCH are combined
with a data symbol sequence.

In other words, reception timing is detected in
Primary-SCH, and a reception frame and information
relating to scramble codes are detected in Secondary-SCH.

20 For example, symbol timing (FFT timing) is reported in
Primary-SCH. Also, the frame timing can be reported in
Primary-SCH by setting the insertion interval cof
Primary-SCH as one frame. Since the symbol timing and
the frame timing can be detected in Primary-SCH, the frame

25 timing does not have to be reported in Secondary-SCH.

Also, for example, a scramble code group may be
detected in Secondary-SCH. 1In addition, scramble codes
in the scramble code group may be further detected. The
further detection of scramble codes enables demodulation

30 to be carried out immediately. For example, some code
may be defined as a secondary channel, and different code
patterns may be associated with the respective scramble
groups. For example, for 64 types of code groups, 64

types of code patterns may be provided. For 512 types
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w.., detection 8C:'I+ .ra'V can be aCn.lev@i. Al so::; since correlation
in ,a, long sequence can be wused, a | arge nunber of se ;uencess can be
provided. In other words, the s:y ' r_hronization channel can be used to
transmt |arge amount of information. 25 th i s a 1. 1, aillustrated in
_, GA, the placenent of the synchronization channel sequence is not [|im
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Also, information indicative of a scramble code
group may be reported through the pattern of a common
pilot channel (CPICH). The reporting of the CPICH
pattern allows a physical channel to report a scramble

15 code group, that is, the secondary synchronization
channel becomes unnecessary.

Also, information indicative of a system bandwidth
may be reported in the secondary synchronization channel.
If the transmission bandwidth of the synchronization

20 channel is 1.25 MHz or 5 MHz, a mobile station does not
have to know the system bandwidth at the cell search stage.
In addition, since radic resources allocated to the
synchronization channel may increase overhead, it is
desirable to use as few radio resources as possible.

25 Also, information indicative of the bandwidth of
a broadcasting channel may be reported in the secondary
synchronization channel. For example, the bandwidth of
the broadcasting channel can be detected in the secondary
synchronization channel in the reception side by using

30 different secondary synchronization channel signals for
different broadcasting channel bandwidths.

Also, information indicative of the number of
transmission antennas may be reported in the secondary

synchronization channel. For example, the maximum
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pes:: '..c.ally, an orthogonal code whose phase rotates at a constant
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antennas in a base station may be reported in the
secondary synchronization channel. For example, the

15 number of transmission antennas can be detected in the
secondary synchronization channel at the reception side
by using different secondary synchronization channel
signals depending on the number of transmission antennas.

Also, information relating to the CP length may be

20 reported in the secondary synchronization channel. For
example, the CP length can be detected in the secondary
synchronization channel at the reception side by using
different secondary synchronization channel signals
depending on the CP length.

25 As a signal waveform for use i1n S-SCH, for example,
codes having good crosscorrelation characteristics at
the same timing may be used.

In S-SCH, control information such as cell ID groups
may be reported by transmittingdifferent codes. 1In this

30 case, correlation between different codes such as codes
having good crosscorrelation characteristics may be used
for easy identification of different control information.
In S-SCH, codes are arranged on the frequency axis unlike

W-CDMA. Thus, no shift on the fregquency axis has to be
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Seecondar v' - SCH has a waveform defined for each scranble 15 code group.
Primary- SCH and Secondary-S'H are conbined wth a data synbol sequenc: ee.
In other ords, reception t-mn detected in Primary-SCH and a reception
frame and information relatingt::oscranble codes are detected in
Secondary-SCH 0 For exanple, synb:=l timng (FFT timng} is reported in
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10B, the horizontal axis represents frequency.
Also, for example, some code having good
autocorrelation and/or crosscorrelation
15 characteristics also including timing shift may be used
as the signal waveform in S-SCH. For example, different
timings may be generated through shifting on the
frequency axis.
If some code having good autocorrelation and/or
20 cross correlation characteristics also including timing
shift is used in addition to the crosscorrelation
characteristics, information can be reported by timing
shift such as the code phase in addition to codes. As
a result, a larger amount of control information can be
25 transmitted. For example, the transmitted amount of
information can be increased corresponding to (the number
of codes X the number of phase shifts). As the codes
having such characteristics, for example, Gold code and
orthogonal Gold code are applicable. For example, if
30 code 1 (cl, c2, c3, c4, c5, =, cn-1, cn) having good
crosscorrelation characteristics at the same timing and
code 1 (phase shift 1) (c2, c3, c4, ¢c5, c6, ', cn-2, cn-1)
resulting fromcode 1 being shifted by a predefined amount

of phase, such as the amount of phase shift egqual to 1,
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Alsc intor.ntion indicative of a scranble code group nmay be reported

t hrough the pattern of a coormon pilot channe.'. . The reporting of the
CPICH pattern al'.o:::,ws phy:?ical channel to r epCort a scranble 15
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Alternatively, Primary-SCH and Secondary-SCH may
be allocated to different slots and transmitted. Also,

15 as illustrated in FIG. 8, Primary-SCH and Secondary-SCH
may be discretely allcoccated by using at least a portion
of allocated frequency (orthogonal multiplex type FDM).
According to this allocation, a frequency diversity
effect can be obtained.

20 Also, Primary-SCH and Secondary-SCH may be
allocated in such a manner that they are superimposed
on at least a portion of a data channel and time division
multiplexed (non-orthogonal multiplex type TDM). In
this case, Primary-SCH and Secondary-SCH are

25 superimposed on at least a portion of an OFDM symbol and
time division multiplexed. The resulting Primary-SCH
and Secondary-SCH are transmitted.

Also, Primary-SCH and Secondary-SCH may be
allocated in such a manner that they are superimposed

30 at even intervals on at least a portion of a data channel
and frequency division multiplexed (non-orthogonal
multiplex type FDM). According to this allocation,
frequency diversity effect can be obtained.

Also, Primary-SCH and Secondary-SCH may be
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synchroni zation ,..nannee.| at the reception ..i_de by usin: 10 different
secondary synchroni zati on channel signal depending on the nunber of
sectors in a -ell.. Also information relating to the nunber of antennas
in a base tat?ton nay be reported in the secondary nCr .Ti .."..3tion
channel . For exanmp e., the 15 nunber of transm ssion antennas c n be
detected in the secondary ;synchronization channel at the reception side
by using different secondary synchroni zati on channel signals dependi ng on
t he nunbera bfoepanrshniigsivhcantenpasie Alswati Aherm@i®nceekadtivig ite C

ength may, be 1 20 SLeRPT e6lnl B e seeondyar syprheaniZajhon chamely For
exanpl e, the engt. can be detected i t%e ... _r..ondaxy

synchr oni z@téono rthargeta at mHe Fetept owe .Cldé) by using different
eec-ndary synchranizat i gg.channel - 5tgnal s depeading enythe Oz dength. 25
As a signs' Y ve orm fc'r use in for exanple, -odes having good c
osscor Pel d&tidrnsohartact etnsbi ¢y iataryhS€Hsamed t Parngdrayy-ECE ,uséte I n

-So_congrols o pratkacd, sush 25 Gelh ol Bospups - JIRY-bys, deporLed by

transmtting différent codes. case, correldtion b
di fferent Sodesdasyctt@$ todestmvt ng goothmb lesscorsr @tanorl based
characteristifge A be us [ eagy id<"nti-"i .: _..on of different cc

d....0 _
ntro_ i nf orrati on. q%F%S@Cﬁ;%&%MIGS ar’s arranged on the frequency axis

unlike W---DVAn Tthis gonfiogshattoon tdelyr ogquencypaxbs has to be 31
taken.into :r gonsi.der@tionb and any cod? havi.n ggodbcrr'sscr'~ér éation
char adfer i BYTCRIS1 et Qe COPMG. W3 hat OF L I'e° n° o8l Eivars? viher e
there is noimwbi pbiint tde theequency dimecid ok tean ibker usedatFricm this

viewpoint, 5 Lhe ghoveymniioned. Yalsh cods and H5A5. 8298 A Rignal
only has to be computed herein. In addition, after the
frame timing is detected, the synchronization channel
15 waveformonly has to be computed at the frame timing based
on Secondary-SCH and the received signal herein. As a
result, a computational amount in the receiver 20 can
be reduced compared to the configuration where different
types of synchronization channel waveforms of all pages
20 are defined corresponding to the number of code groups.
Also, when information indicative of scramble code
groups is reported in S-SCH, different types of waveforms
are defined corresponding to the number of groups in
advance, and these types of waveforms may be used for
26 reporting. According to this configuration, it is
possible to reduce the workload of reception operations
and improve the detection accuracy for a small number
of groups.
Also, when information indicative of scramble code
30 groups is reported in S-SCH, the information may be
reported in the form cof control bits resulting from
application of channel encoding. In this configuration,
particularly if there are a large number of groups or

if control information other than information indicative
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sui tabl e bec: au.se they are orthogonal at the sane timng. For exanple,

if coode 1 (cl, ..2, ¢c3, c4, c¢': on-!, on) having good visa swarre laticn
charac:t-eristics at the sane timng and code 2 (01, d2, U, d4, d5, "',
dn-1, on) are 10 used as illustrated in FIG 103, information A and B can
be reported via the codes 1 and 2, respectively. In FIG 10B, the ..
orize,,n-.al axis represents frequency. Al so, for exanple, sone code
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of OFDM symbols, for example, in a temporally distributed
manner. As a result, a greater time diversity effect can
15 be obtained.
Also, since S-S5CH and P-SCH are located in the same
OFDM symbol, the synchronization detection can be
facilitated at the S-SCH detection by using P-SCH as
reference. Since channel estimation can be carried out
20 at the same time as S5-SCH reception timing, effective
synchronization can be detected.
There are two FDM schemes of P-SCH and S-SCH as
follows.
(1) As a regular arrangement every other one
25 subcarrier, P-SCH and S-SCH are arranged alternately.
In this arrangement, greater frequency diversity effect
can be obtained.
At the synchronization detection of S-SCH, P-SCHs
are always arranged at both sides evenly on the frequency
30 axis for any S5-SCH subcarriers. Thus, channel
estimation can be carried out with high accuracy by using
-SCH as reference. For FDM, no interference occurs
between P-SCH and S-SCH.
(2) P-SCH and S-SCH are irregularly alternated on
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respectively. in FIG _OC the h': i:antal axis represents frequency, 5

Pri mazv- SCH and Secondary-SC,-'. are multiplexed and transmtted.
exanple, as illustrated in FIG 7, Primary-;?:a nmay be allocated to sone
subcarriers of _ OFDM synbol, and Secondary-S :H may be allocated the
remai ni ng subcarriers, in this case, as illustrated in 10 FIG _". A r
.mary.,SCH(' ?(k)) (k=l, , n-1) and 'Sr .e~cos ary-: Hc.,. ,=a] ) (k=2
4,- .., 2<',) may be allocated to ..,:onme subcarriers of : OFD M synbol ..

Al ternatively, freimanycy SCHiand S&cortat y© SEH, My 1 he2 BF RoGETEN & o1 S
di ffere”tqﬁé ﬂgeg”%oﬁ i mA SQccotyi3fy 1 Lbughnat e_'gfl p-Et& .1 8,
an econ y- e

Primary- dar may be discretely al l'ocat by using at
| east a porrrangedf egklracatéd f peguendy (ot t hogonalh anfins il excyygrel FDV)

Accordin | Ssrpes N f Lver.si f e
obt ai ned.g EEZ%‘%LS%%mﬁrrl%ﬁ%gg§%§nan§J§ecoﬁﬂg%%g§égsn%§ytb%g gaﬁ%cr;dfrg%lgi n such
_. manper Ahat rebey tar e egper | mposet arare at desdte aipond de tefctal @at a

h I ' i.vi sj lLti -ort I [ tipl T
channe! e LTend ka0 JULLLBLEXod (D00-0r) hogonal, n L) e dype oM
| east a pordioneoftoarr OFOM ymdol emndP -tSiOke idi virsi eonu alrtliyplaexeth g dhe

.resul ti n%_{lfgjcgaer y- SCH. _and Secondary-<C are transmtted. Also::,

Primary-0 SéFcroen %?i}-cy<:a:}i-]r Sr’ﬁay be allocated in suchaaz nmanner that

they are superi riposeckamp 1| eF-0Cat aevef -Satewales aonr drepstt i parthen of a

data, ghannel 8% Ehaenck di! oL op ULl elexesh (ntsart ooyl
frame. Such arrangement can lead to a time diversity
effect.

In the case of P-SCH and S-SCH being arranged in
2 OFDM symbols or 4 OFDM symbols, supposing that the

15 overhead of SCH in W-CDMA is the transmission power rate
of 10%, for example, the SCH overhead can be limited below
about 1%. For example, if SCH of 1.25 MHz is transmitted
in the system having bandwidth greater than 5 MHz, the
SCH overhead can be reduced.

20 Also, since SCHs can be arranged in a temporally
burst manner, faster cell search can be fulfilled at
smaller SCH overhead than W-CDMA.

Exemplary transmission and reception operations of
a primary synchronization channel will be described with

25 reference to FIG. 12.

The transmitter 10 may transmit a primary
synchronization channel in discrete subcarriers. For
example, the primary synchronization channel may be
transmitted every other subcarrier. For example, the

30 primary synchronization channel may be transmitted in
the 1st, 3rd, 5th and 7th subframes from a certain
subcarrier in a PN-like pattern common to all cells. 1In
this case, the transmitted primary synchronization

channel is common to all subframes. As a result, a
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frequency diversity flea t can be. ::btained. Al so, Primary-.,CH and
Secondary-SCH may be 33 allocated in such a manner that they are code
division nultiplexed with | east a portion of a data channel
(non-orthogonal mltiplex type CM If the synchronization channe...
divided and 5 transmtted into =rinmary-SCH and ec ndai.y-SCH, the
receiver 20 dete t:5 frame timng in Pr.imar.y-SCH and uses Secondary- .;
,.Ed to detect a scranble code channel based on th : detected frane
timng. irampereenfiiginali becaomy enssreipet obn1G igmehr oni zat i on
channel ; i e. I m

d. tectl\gﬁyoeéﬁ%tgbilag?hbf???. %atﬁgtﬁb%mtgg%%?%argg %H%% lt’nen:fgrtlacel ved
Si gnal oryh das woa dre, c@np@mmmitéVnSladdlaropatafetm ihere@aﬁetetqim ng

Comoe eq{\?g?’léhfnsgﬂc %%@ gndgpgng@(i‘g(:!)cgL V}?‘Vef%{ﬁﬁg grjl he r ecel Vb

conputed a rane timng based ed
si gnal Sheri ma Ay saynchrcsrmzataon ohpotnatl 1sohrahsam¢sd|em¢hg Teceive r

20 be reduced. gommaned Y. . e sontlousali on, vhete iffeent o ypeg of

synchroni zati on  channel wave r s 0 are define
correspond:l-ngeeotuhtemunheanofeﬂ:@detgveupisata@d soratiwhren ihf oomakiron

i ndi cative ofdscranble C % ugs | s he orted i.n SCY‘I{| dlfferent types
of wavef or'is"“are &eefr} ne cgr -mat Sgﬁ’&l ?lz%floﬁle LHBEF of groups .n
adVdP. C<9;t mads hpeasel tty:peswﬁ‘ amyet@mhmemgseﬂuBGErrLeﬁé the

i epor ation ossi bl e reduce the

f
wor ki (L)léldng"’far?%céﬁtgln(?gl ontc-}r 5felp gd;%gdl %pr:abl?/ IPI'LBﬁ a?ic curacy for a snall

nunber of group.ccording to this configuration, a mobile station
(receiver) can fulfill frequency synchronization by
comparing the repeatedly transmitted primary
synchronization channel and computing an amount of phase
15 rotation during the period.

The receiver detects crosscorrelation between
received signals in the time range. In this case, it is
advantageous that the synchronization channel be
arranged to have an interval more than or equal to one

20 carrier. 1In this case, the amount of frequency drift can
be found from the amount of phase rotation of a
correlation value.

In addition, correlation between the received
signal and the primary synchronization channel in the

25 time range is detected. 1In this case, the amount of
frequency drift can be found based on the amount of phase
rotation of partial correlation within an OFDM symbol.

Exemplary transmission and reception operations of
a secondary synchronization channel will be described

30 with reference to FIGS. 13A and 13B.

Ifmultiple secondary synchronization channels are
arranged in a frame, different secondary synchronization
channels may be arranged. 1In other words, different code

patterns are used for different synchronization channels
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Al'l,. when information indicative of scranble codes S 0", ,-:-ups. in

S-SCii, the information may be reported in the form::  control bits . _:s
culting from application of ¢ anise: 3. enco in In thJ a configuration,
particularly if the_.. are a la-. nunber of groups or if control

information other than information indicative 34 of scranble (,odes
reported in S"SCH, it is possible to reduce the workload of recepti.:n
operations and inprove the detection accuracy. In addition, since CRC is
appl i cabl €n iat firsmpossi bbe Mam@dra)v@liméerehitamoldq-’yatsonf pehlg edetent i on.

f[A\Ihzosama I&'—JlﬁL\j/lsl‘rlggg ﬁ #)%nldj%gléﬁ éats"l%ha(gﬁe verg[;kl ca an Irltlnggn il

axes repr @srﬁhtsubrfe@my and time, respectively. 10 In thi s
configuration, may & lexin he n e f. s ol s
>iehep eg&j%%{:g % pgé JE:E E’l %nc}g@ [n9% cyar%b

all ocated to S :an be al’l ocated to a
| arge Aunberll olbesde*sl%[)!\zllsydbol s, for exarrpl e, in a |s nr ar a:

distri buted rmanner a. resul a eater ti di verS|t effe t. can 15
he obtai ned. Al §6, dgtneccetl%ﬁ Sﬁhe e%—cl’ ar ee?%Bgtgéé’ |Sr¥ri%% Ccdlfifﬁ\/l
synbol , th@aymehsomtztm:r@rarlet éekicare rcan b&ngfe&blpie!ztﬁtﬁdnaéntd‘le:l&e SCH
det ecti on usin CH as reference. Si nce channel estimtion can be

carried out ea?gteﬁ@ LM8 time as S-SCH reception timng, effective
synchroni zat i onIganthe ﬂﬁéquteed:y Theneearos d Mot FPM, schenes] ok tR-25GH and

S octhes i CHl e ) 2803 (oGl an arrangersnt every other gne 25
synchronization channel, and thus the locatlon subjected
to FFT operation is found. Thus, the frequency range
operation is carried ocut after the FFT operation. If the
absolute phase is used, correlation between received

15 signals and the secondary synchronization channel is
detected. In this case, some characteristics may be
degraded due to phase rotation caused by fading. If the
absolute phase to adjacent primary synchronization
channel is used, the phase rotation caused by fading is

20 followed. 1In other words, the primary synchronization
channel is considered to be a pileoct, and the phase of
the secondary synchronization channel is restored.
After that, the correlation value is computed.

The time range operation is conducted before FFT

25 to detect correlation between a received signal and the
secondary synchronization channel. 1In this case, if the
secondary synchronization channel is spaced by more than
or egual to two carriers, crosscorelation may arise
between received signals.

30 Also, the primary synchronization channel and the
secondary synchronization channel are arranged at the
same symbol as illustrated in FIG. 13B. According to
this arrangement, it is possible to reduce influence of

fading in the case of channel estimation in the primary
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In this arrangenent, greater frequency diversity effect can be obtained.
At the synchroni zation detection of S-SCM P-SCHs are always arranged at
both sides evenly on the frequency ax for any S-SC ? ..uboar r iers.
Thus, channel estimation can be carried out with high accuracy by using
CH as reference. For FDM no interference occurs between SC and (2)
P-SCH and S-SCH are irr :cularly alternated on 35 the frequency a x i s
. nthis case, this arrangenent is defined by the system According to
(1), if P-SOrchgorgrFanged channely dihercxrersabcanrike opseneh¢requency
axis, a twost rz%nr{getgghe@uv@ﬂfﬁgwoqpp&%ﬁnw thes AR NGS5 4s 2
result, several peaks appear at the timng detection, which nay ... cause
c egraded gierebtricorizatlicorakynnen arged r reg an@rdons L1 se pr oy ripp 1P- SCH
is rrecul .arr.an . e ayLs.....For_e | -. ; CH
and 5- SCH gégggrl ?)a{{l%egglgﬁtg%a%%h&%g’o%éalq%’fcﬁ/% %E—&.ll\?l{lyén%oﬁ,ggp oh%legG:DM
ynbc, | 9 withéatan Gmmactrdrginluche s trangementt canfbeadxearal ¢i nehe
diversity _effect. in the case tof P—Sg:H an({[ S-5" _'H hei ng__arranged idn 2
OFCM symbof ¥ - ™5F Y4 CFBM E§RE&1%, * FUpposiag t Hat tHe S8 over Fd4d oF ;"] CH
in W'DM tksethectnsinsm ssirorhrpower riate dfadfeg £6k, exartpl e, 2'hes, SCH
overhead can be, [imt 1. For exa 1. 5 Mz is

transnitted ’ ih "I"Hézs%‘ ggnl %W\?'Caﬁborﬁé n:ﬁ)e nHER B
ySt avirtg BANAWSatE Jeat® RfRah 3 W, 1fhé  scH
over head canbreducesk Alsbder)ncerS' ks reanyde atr angeterana tsgmposal |y
23;?},]91 dn? éﬁa%ViSt &l : C:Tkré—p%elamracrhy ' ggn%%rfouAIIzélcggnatcha-nnglell' F?‘Lrs SCH
common to all cells, and the secondary synchronization
channel includes a code control bit (scramble code)
indicative of a scramble code.
Also, P-SCH and S-SCH may not be multiplexed with
15 the same OFDM symbol, that is, P-SCH and S-SCH may not
be alternately arranged as illustrated in FIG. 13B.
Rather, P-SCH and S-SCH may be consecutively arranged
as illustrated in FIG. 13C. Also, as illustrated in FIG.
13D, P-SCH and S-SCH may be multiplexed with the same
20 OFDM in accordance with CDM, that 1is, P-SCH and S-SCH
may be superimposed on each other.
If P-SCH and S-SCH are code multiplexed on the same
OFDM symbol as illustrated in FIG. 13E, P-SCH is
consecutively arranged on the frequency axis compared
25 to the case of multiplexing in accordance with FDM. As
a result, there may arise no problem of degraded timing
detection accuracy caused by arranging P-SCH every other
subcarrier.
Also, since the number of subcarriers for S-SCH,
30 that is, the code length on the frequency axis can be
increased, a larger amount of control information such
as a cell ID group can be transmitted.
At synchronization detection of S-SCH, P-SCH is

multiplexed on the same subcarriers as S-SCH on the



Ex :ma:. a.r,a transmasicmand re :eption operations cf a primary

channel will :<e described w h 2 5 r efeerence to ....,.. 12. The
transmtter 10 may transmt a primary synchronisation charm!| in discrete
subcarrierz.. Foy ‘exanple, the pr: many synchronization channel my be
transmtted c ae.: , other u !carri _:re For exanple, the SO arima.ry :y
5, cf'. hnnel rd:ly be transmtted in the ..s*.', srd, ::th and 7t':
“aubfram:.,. froma certainist ."?Carrier in a PN-lie e pattern comon

to all celiseqrAnchhiesics; asndhehusrahasngli &g Anpeilwar Y ssyreohfZat i on
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becones a repetition signa corresponding to the length of the carrier
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in an effectiyv ﬁﬁ{ LO | M I i : i '}th i zation
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't erval Do ueeRT Ubcar FEire e S0-ase o gha 2's Fepeatad
Bran<:ritte , Adcordheagctee S BoACHgWrat i S+ACHabmolnd eastratniged at
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arranged te®o baweipdne ) nt €r valy nof elt han My z egeak rtah et ted in the

system having bandwidth greater than 5 MHz, the SCH

overhead can be reduced. Since SCH can be arranged in

a temporally burst manner, fast cell search can be

15 achieved at less SCH overhead than W-CDMA.

Also, as 1llustrated in FIG. 13F, P-SCH and S-SCH
may be multiplexed at different OFDM symbols in
accordance with TDM.

For example, P-SCH and S-SCH may be multiplexed at

20 different OFDM symbols in accordance with TDM as
illustrated in FIG. 13G. 1In this configuration, P-SCH
is consecutively arranged on the frequency axis compared
to the case of multiplexing in accordance with FDM. As
a result, there may arise no problem of degraded timing

25 detection accuracy caused by arranging P-SCH every other
subcarrier.

Also, since the number of subcarriers for S-SCH can
be increased, that is, the ccde length on the fregquency
axis can be increased, a larger amount of control

30 information such as a cell ID group can be transmitted.

There are two types of arrangement of P-SCH and
S-SCH as follows.

(1) As illustrated in FIG. 13G, P-SCH and S-SCH are

spaced by a predefined number of frames. According to
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20 carrier. In this case, the anount of frequency drift can be found from
t he anobunt of phase. rotation of a correlation value. In addition,
correlation between the received signal and the :primary synchroni zation
channel in the 25 tine range is detected. In this case, the amount of
frequency drift can be found based on the anobunt of phase rotation

partial correlation within an OFDM <ynbol. Exenplary tr:::n sion and

recepti on operations of a secondary aynchroni zati on channel wll be
descri bed tIBBSWAEK T @381 L 0. Tt t 2XFIP-Le 13l aRad SEB.2RE RulSGplere

secondary synebBrOR|, zakiON tehanpel s &f £g AfANgad d B & blapen rdidfesgnt
secondary synchroni zation channels may he arrange d. in other words,

di ff erent ‘codeavgattthet n828Fe SUs@dCFBFSdi f f erent synchroni zati on channel s

37 in a frame. Ror) exanple;sdibkerent, gwdul ation ppaidernsy Argcyseds
dependi ng an |l ocation of ,cranble code groups and subfranes. An exenplary

r ecept Pon ®peragicch vheer livhite cadeh Sthidy de tée?:temppedl AXdetection

... ~home s, segendafy synehraniZati 98en fi'lacn,neh?e Lhers, b R:brequency range
operation and tinme ~ range operai:ion. I'n the frequency range ooer action,

as illustréeedction mFlG. P-BA sgnbelfaieing icanf dumdcienrtilsed prihary
synchroni @ QB+iicts @Nge! o_@hd thus the lo:;cation subjected to FFT
operation s f ound. us, the frequency range operation _.. oarria:ad out
after the EFT ofaratidncallfl t heP-&abBsolaute Phase imeused, acorraeat i oh

hee: BEN §RERRYGA% ShUTaL o LDR SRRy By GnhgaE e 13
In this arrangement of P-SCH and S-SCH within a 10
ms frame, a time diversity effect can be obtained.
In the case of P-SCH and S-SCH being arranged at
2 or 4 OFDM symbols, supposing that the overhead of SCH

15 in W-CDMA is the transmission power rate of 10%, for
example, the SCH overhead can be limited below about 1%.
For example, if SCH of 1.25 MHz is transmitted in the
system having bandwidth greater than 5 MHz, the SCH
overhead can be reduced.

20 In addition, since SCH can be arranged in a
temporally burst manner, fast cell search can be
fulfilled at less SCH overhead than W-CDMA.

An exemplary operation of the CP addition unit 114
in the transmitter 10 according to this embodiment will

25 Dbe described in detail below.

The CP addition unit 114 inserts a CP selected by
CP selection unit 117 into a multi carrier signal at each
Fourier target time.

The CP (Cyclic Prefix) is provided for absorbing

30 influence on signal processing even if signals arrive
via delay waves at different timings. 1In fact, systems
measure multipaths and determine the CP based on the
measurements. In this case, since delay of a signal from

a single base station can be found, the CP is determined
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degraded due to phase rotation caused by if the absolute -phase to
aclisoent primary synchroni zation channel is used, the ,;:,base rotation
caus=ed by fading is 20 followed. in other wrds, the primary

synchroni zation channel is considered to be a pilot, and the phase of

t he secondary synchroni zation channel is restored. After that, the
correlation value is conputed. The time range operat icon is conducted

before Ii'FT 25 to detect correlation between a re_c eived signal and the
secondary Byhefr omi Zdi¢ oReéhannel . | this case, if the secondary
synchroni zati on .hannel i gy’ +sRAGSL DY, FOfer Ehan o Or, eaal o1t0 d

cer'riers, : rossccrre atien nmay arise between received signals. ec.

the o:r msaxg@raéysnd}n@mzzatlrtorple hampei sarik thes aeconda?byneldannel are a

ranged at éP&nsﬁ%’E"s S d&f&gsmglyebtl l:lé%tsr%%it;}l\glfrah ffﬁ d&ﬁ”&”{ ng to

.is array , or_e uence 0
case of cmuwmblssmnnm|mnlmnnlﬁepasﬂas¢aﬁ§bsyn©Mawdqatspmaaﬂmm@l For

exanpie. Ifgthe gase hene., e prismry Ssynehqni zetban channel, and, the

secondary sync ni-zation nne are arr ferent” sy
Iocationsw¢mMBLCMMHI@iffamanpwabeHWE@mlnmahameéixp@adeﬂayqxns durlng

st IYoBiL . oFOLXARLE, HIe S BLLIRLY UBNLONL Tt Lon, clamel. Bl B2,
k, P/2 |k bs anscrand® codeagreaiipcbndex aukd bs ahesubecearricer mﬂnber)
are arranged at different_s nbol | ocations,
cynchiiBni 2at7 oA ERar eI 3 SORABR £3 51| CCBFIE™ and A" SbpanaRIgPnt
synchronlZﬁfl@6la@hanﬂethenmdﬂkﬁcaschﬂgrQﬂnffék Fitor seoanblre code)
IndlCa“‘“%éﬁm%ni%ﬁ%?%ﬁscg%%h as unicast.
Thus, according to this embodiment, several types
of radio frames, for example, two types of radio frames
15 are provided. Specifically, several types of CPs having
different CP lengths, for example, two types of CPs are
provided. One type of CP having a relatively larger CP
length is used in multicast, and the other type of CP
having a relatively smaller CP length is used in unicast.
200 In the unicast, if a CP having a relatively larger CP
length 1is used, transmission efficiency may decline.
Thus, the longer CP is used in multicast.
As illustrated in FIG. 14, the CP selection unit
117 may associate the synchronization channel code number
25 with the CP length for storage. The CP selection unit
117 selects the CP length based on the association.
Also, as i1llustrated in FIG. 15, the CP selection
unit 117 may associate the synchronization channel code
number with the scramble code group number and the CP
30 length and store the asscociation. FIG. 15 illustrates
two types of the CP length.
Also, the CP selection unit 117 may associate the
synchronization channel number with the scramble code

group number for storage as illustrated in FIG. 16, for
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Alec:. P-SCH and H.'-SCH may not be nultiplexed with 15 the same C) FDM
synbci that is, P-SCH and S-SCH nmay not b; alternately arranged a;
illustrated in FIG 13B. :_;aheer, P-SCH and S-SCH may be consecutively
arranged as illustrated in FIG 13C. Also, as illustrated in FIG 13D,
P- SCM and NCH may be nultiplexed with the sane 20 COMWM i n accordance with
CDM that is, P-SCH and S-SCH nmay be superinposed on each other, if P-
;C.Hand ;C H are code nultiplexed on the same OF 01 synbol as
illustratetkampEEG | E,. P-SCH is consecutively arranged on the frequent
axi s conpared 2% to the ca

e' . of Itiplexing in cordance wth FDM As
a result, there r?ayt }‘?sgm%bOdpjr%%ﬁgm owodeﬁygagd otaﬁcng?%ﬁ p1(§<=Ytlélcc-7ti on
accuracy chuSedrby tardmngengtP-<SGH. eVeby atderridehicarrier. Al so, since
t he nunber of sybcarriers fo - SCH, 0 that i , t<h cc de |ength on the
frequency axis Lci‘ﬁn %eentf‘ﬁ&e.oi eaié%&?’atir?mﬂn?n%?rcgrtﬁ rot ‘ilﬁ{egrﬁﬁ’titg%esuch
s a eebl zDgeiop wabtheadt ansst &t €tmiAk rsygAchrons zat eonrdetedtioandof S
SCH, .-SCH is multiplexed on the sanme subcarriers as S—SCP‘Il-L on the 39
frequency =@e0™i BU g thuB2ERaret L e8P S mat 1 & UsF hgop- a3 reference
can he fulddéhfedurkari expanplke,i P-poSEHbanrd & SCHseay ber ansanged & one 2
OFDM synbol s. and 4 G:DI\/IsygboIs wthin a 10 ns frane. 5 1In this
arr angenmerft® of Y PLSET ande SPRES wi tAFACEST0 ns frame, a tine diversity

effect can b: obtrad nedhrtart he caseinid. i n SEhmanth & SCHoBeI NG ad 1 apged at
2 or 4 OFDM synbol, supposing that: the overhead of SCH in WCDVA is the

transissiOht pBRtr dt’e°bf t10% F'ot t162&kanpl e, the SCH overhead can be
limted bel ow ahoit dzaddition unit 114 adds a CP selected by the

CP selection unit 117 to a multicarrier signal supplied
from IFFT.
For example, as illustrated in FIGS. 17A and 17B,
15 the CP addition unit 114 adds a CP in such a manner that
a synchronization channel can be added to the head or
end of a frame. FIG. 17A illustrates an example of a
shorter CP, that is, the case where a frame includes a
relatively large number of OFDM symbols. On the other
20 hand, FIG. 17B illustrates an example of a longer CP,
that is, the case where a frame includes a relatively
small number of OFDM symbols. 1In the case of different
CP lengths being used in the same system, if the interval
between subcarriers is kept constant, a frame could
25 include a different number of OFDM symbols, and thus the
positionof the synchronization channel relative to frame
boundary may fluctuate. Since the CP is added in such
a manner that the synchronization channel can be arranged
at the head or end of the frame according to this
30 embodiment, the position of the frame boundary relative
to the position of the synchronization channel can be
fixed independently of the CP length. As a result, the
frame boundary (frame timing) can be easily fulfilled

in the receiver 20.
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For exanple, if SCH of 1.2 MHz is transmtted in the system having
bandwi dth greater than 5 WHz, the SCH overhead can be reduced. Since .SCH
can be arranged in a tenporally r,urst manner, fast cell search --an, be
15 achieved at | ess ACM overhead than W,"DVA. Also, illustrated in FIG
.3F, E- SCH and S-SCH may be nul ti pI exed at different OFDM synbol s
accordance with TOM For exanple, P. :OH and S-SCH may be multipl exed at
20 different OFOM synbols in accordance with TDMas illustrated in FIG
13G in this codfn eranpdm B .reSeRvel SZQ:O:EISGOlJthEC_l! tn &ﬂlriamged on the

[requency gl saCamia, 1o pth L0 Lo, case of quitiple qcor dagge with

F DM As are may arise no em of §e raded

detection accur d@dye caersedvteyr aro aag|cra>g:d3.‘rrS£I-rtev¢rry1$)té|mbodslmtmatr i n..
Al's : since t?e nurrber A % aé‘ol‘é TsécfeortlSC”%CIEIl(I:nainn bge ner. r a ed t hat
is, the code” %ﬁgth on ﬁe Zequancy ~azis can be’incr asea arger

, anmount ofc tontital 23M i nformati on such a cell 1D group can he transmtted.
There are two ;,apes of _a ange nt o SCH and _C I follows. (1) As
T ot ated i n B s Cee AR -Ean i a Yt S5 iR i nen

nunber of diasest Azcz:o@)rfleﬁgltvces ati"rlLlSt&J’d’aaﬂ‘lQEﬁ’EnTSlgnal froexample, if

P-:CH and S-SCH are ere uItln ms uni,ts can b
bont ] gar o Tt 6P RAy BN IS echE Bemantls CEoF R ri bt e e 143
P- - SCH anobrstarlmelrreg 5 arranged cl osely to soh ot her on the tenporal

axis. __Accordin o this arrangenment, ti zynchroni zat _..on_ detection
using'ds ree:fe ‘elEéFal}ech'ar?P%ds&ftambie code receptfon timing

detection circuit 200 supplies the received multicarrier
signal to a correlator 201. On the other hand, a
synchronization signal replica generator 202 generates
a predefined synchronization signal replica and supplies
15 it to the correlator 201 sequentially. The correlator
201 detects correlation between the received
multicarrier signal and the synchronization signal
replica, and the detected correlatiocn value indicative
of each peak and the associated timing are stored in a
20 memory 203. A timing detection circuit 204 selects the
maximum correlation value and the associated timing from
correlation values and the associated timings stored in
the memory 203, and stores themas scramble code reception
timing in a memory 205. The timing detection circuit 204
25 further computes FFT timing based on the scramble code
reception timing and stores it in the memory 205. The
FFT timing is supplied from the memory 205 to a CP removal
circuit, and the scramble code reception timing is
supplied to a scramble code identification circuit and
30 a demodulation circuit.
For example, if a waveform generated by code
inverting and repeating a fundamental waveform having
good autocorrelation characteristics is used as the P-SCH

signal waveform, the receiver 20 is configured as
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at detection of S SCH. .. SCH and S-.5,..H may be arranged at 10 either

of 2 or 4 OFDM synbc: . 1s wt,in a O ns frane. |In this arrangenent of
P-SCH and S-SOH within " 10 ns frame, a tine diversity effect can be
obtained. in the case o' ,f P-SCH and S-SOH b:: n arranged at 2 or 4 OFOM
synbol s, supposing that the (overhead of SOH 15 in, WCDMA is the

transm ssion power rate of 10% for exanple, the SCH overhead can be
limted bel ow about 1% For exanple, if ;SCH of 1.21MHz is transmitted in
the systemhavrngtisahdivmdERCgredd®r than 5 MHz, the SCH overhead can be

r euced. 20 In di ti.0 i SCH _c g inesa,.te al i r_burst
mai n: er, fast cgﬁ otstélagr]%hﬁégﬁghe%feu??i%%e%%?gl gg% 8I§| B\}/}tgr %%?flt %ﬁ W -
CDVA. An \enpesrc'ry-beapevatiomredfethrc€? taddiIFon 1@ t1id1donifi gureed

transmtt or di i hodi Wil | e i I n
,letail, gccracf %‘\%.‘?#ﬁaec ad%llgtt%%ﬁgﬁr? %f}e?%lsee%ctu;n.d%é%ggsagl gggegfedlbﬂy}’ CcP
sel ect bon auiné¢délZniveot armdlltli- Tavheee signabltatiteachgn&ourcifertitar - et

time. The ;' 1. Prefi.: i.s .pravjded. far or bj Oinfljﬂl_c si gna
pr ocessi ngd%¥/3é%fla °si gﬁ))a sfalrsr isvuéjp\gllégdeggé éa‘%/%grae:i:atdﬁfer en? fl o1
"S. In fadn systens ayeasuséct wrere igpstoukpxtarsd ghed $r mf. né & heo € oased

on neasurenents, In js,case,_ since delay of a signal from a single
: base statﬁ%%eﬁgﬁrbg[%u%d,lst ﬁeu@ffggdet erm ned based o;n the del ay.

However , in themmpfenwﬂomaso}Me@eztcﬁéter eptr r sl gnabhs bfertor eml ti pl e
base JheL P PoSRIInet L ansioston del . mmy be,caused by the |

this embodiment, the code length is set to be L/N. The

code inverter 201-2 inverts an output of the correlator

201-1. The correlator 201-3 detects correlation between

an output of the code inverter 201-2 and an upper layer

15 code, and supplies a P-SCH correlationvalue to the memory

203. In this embodiment, the code length is set to be

N. According to these settings, a long correlation value

for the code length L can be omitted.

An exemplary operation of the correlator 201 will

20 be described with reference to FIGS. 1%A, 19B, 18C and
20.

The correlator 201 detects correlation between a
synchronization channel replica having the minimum CP
length and a received signal. 1In this manner, frame

25 timing can be detected through a single type of search
scheme.

For example, as illustrated in FIG. 19A, the
correlator 201 establishes a synchronization channel
replica including effective symbols S1, S2, S3 and S4

30 with S4 serving as CP as the synchronization channel used
in the receiver 20 for computing correlation. For
example, SCH having a smaller CP length is used. 1In other
words, the S4 portion is copied as CP. The

synchronization channel replica includes the CP having
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of re: epti':*.,. timng due to a sinple nu' .tipath. In other words, the
di fference between transm ssion delays is added, and thus the spreading
of reception timng may he. increasedi conpared to the case: of the
reception of 10 a signal froma single base station. T :ups, the anpount

of delay inther 1. t:.i.s ast may direr fromcomon comunications suC
as un.oast. Thus, according to this enbodi nent, several types of radio:
frames, cr exanple, two types of radio frames 15 are provide;:!

Speci ficaltlye smévamaimtypedesfotkPs having differ nt Clengths, for

exanple, two t ype&s Vi pey
relatively |arger C@t‘ ?P%H}lﬁgglmgégd %ﬁgnﬁﬁgg tntaIci %c%uﬁ?gﬁ ?ype of rP
haV|ngzarkmaungebyrsmmﬂmyety bmagﬂhCEsl@@@immuﬂntrassmxﬂré@ fhos

uni cast, if, a .CP havi. ati.vel th i us
T o e TP RRI & TR SN o FLRRE T DO B M e cren

mul ti cast.atAsthkl asﬂtrpaiaerdlon F(IFGG .1419Bb1e Canalkei:tcv‘onemnlhtandL,lhﬁay as; so
ate the> sygegsonzstian, sepiel 604, QUIbSh 25 4 U L0e, o Lepath for
associ ati ohs tAksemiasdd.fubhrahedtrankhGtidy 10¢ €Resebectdlontionit 117
Y - SeEiy LS LheSuacuop zal o chanel code | puber, ufh the
associ ation. FIGn lélea%trr atres chwe toyﬂJetSh@f stiher 0> | epgtlii Ay sohet he P
selectjo:t, unit associ ate 't synchronj zati on channel nunber
with tfle stPanbre Eéag ébﬁ%nHHM&§E$2ﬁr%T0?%§et5§n m%EE?Fafbdan FI G
16, for 4Znexample.of the signal including the longer CP being
transmitted fromthe transmitter 10, the correlation peak
is detected at the S4 portion. Since the signal length
of the synchronization channel replica is known, the end
15 of an OFDM symbol can be found, and thus detection timing
of the correlation can be also found.
Also, 1f the synchronization channel is arranged
at the end of a frame, the frame boundary can be easily
detected.
20 Alternatively, in multiple subframes resulting
from division of a single frame, the synchronization
channel may be arranged at the end of a subframe, that
is, at the last OFDM symbol of the subframe as illustrated
in FIG. 20. An OFDM symbol and a guard interval are
25 provided within a subframe. The guard interval (cyclic
prefix) having different lengths such as two different
lengths is defined. The length may be different for the
respective subframes. For example, the length of the
guard interval may be determined depending on a
30 transmission scheme such as unicast or multicast.
In this case, two types of subframes can exist in
terms of the number of symbols. For example, one is a
multicast subframe and the other is a unicast subframe.

In other words, the number of symbols within the
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in this enbc>dinent, two types of CPs having different OP lengths wll be
descrbed. As nentioned above, the longer CP is used in the 5 case of

mul tcast where simlar signals are transnitted frommnultiple base
stations. According to this configuration, it.i possible to absorb
transm ssion delay frc:mthe base stations. The shorter c.P 15 used in
communi cations, such as 10 unicast, other than multicast. The CP
addition:, unit 114 adds a CP selected by the C; ? selection unit 117 to a
mul ti airimrspeghalvesuppbfedmefs om WFPe Forr iexlahpl-e, Tas i¢flstratved in

FIG'. 17 ﬂHg 7 t ddit] Lt 1 i a
manner th'z}t aojsl'ygtl:eﬁlrgf)tﬁ]x z%??igﬁhghglr}?ﬁeﬁ@cﬁégg %g‘&geﬁ%ft eeheg?i“qrggr}l' end of
a frane. FIG 17Ad blristaayesyanhexanyd &t bbnachshorglerd sCErtdragedsatt he

case where .a fra Lncl ud relatijv |arge. f _OEDM. synbols. On
t he ot her ¥ h%rﬁ(g?o I!EI %—:\ g&sgr%ﬁedsta?’% ecgé%ﬁegfanlp?%r%&gglegngaersyé,’oPt hat
is: thé ; as ttherer anérane yinndl wdes za trielratahat ye 1 shakli nmurbemaaf 1 €£FDM

synbols. In the case_of different CP.lengths bein sed.in _the.s

System i 18 He T FAEGPUA & T5etwWeths® UBC ar (1S - R OP S SRept Condiants a
frame coulgk 2t bonncl ade teh s f tement 1wnbey afa GFDME synivd samad tthus t he
position af the synchronization channel | ative to trans=.s _bqundary may
PP bct uare LA AEE LB AeaB it AT T hISichT Qeirbr thar CoRge 1At Ten
synchroni zataenichamsiread he a rangedg aird hedhead taie esddofot henérane
accordi.ng enbodi nent, the_position of the S.r_ne' boundary

to this 3 t
rel ative %Lbb%ﬁémﬁogmiwmeo ef’f?ét}%yﬂéh?:gﬁ AR BATInaniet 2T e8n 45 1 F 11 ed
i ndependentd yn 0k 1t hevGh ¢ engkhsmAs 1o f estl L entghey . f ramec baurdargr 4 ame
tim ng) Catnhgetoet?gllllyezflgt];llcljlfetdhe effective data symbol length plus
the relatively small CP length is uniform for a subframe
including the shorter CP and for a subframe including

15 the longer CP, and thus, a terminal can detect carrier
frequency and synchronization timing without
consideration of the CP length. Thus, since
transmission timing (position) of the synchronization
channel is unchanged, a mobile station can compute

20 correlation values evenwithout the CP length information,
search for the synchronization channel and identify frame
timing without consideration of the CP length for use
in the subframe, that is, independently of the CP length.
Also, averaging of correlation values between frames can

25 be fulfilled without consideration of the CP length.
Also, the transmission timing (position) of the
synchronization channel remains unchanged in averaging
over multiple subframes, which may facilitate the
averaging.

30 Alternately, if the synchronization channel is not
arranged at the end of a subframe, the correlation may
be detected by envisaging timing corresponding to the
larger CP length and timing corresponding to the smaller
CP length.
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in the receiver SC. 43 An exenplary receiver 20 according to this

enbodi mrent wll be described with reference FIG 18A. The receiver 20
according to this enbodi nment includes a scranble code reception tin ng
detection 5 circuit 200. The sc enb.: code reception timng detection
circuit 200 receives: a nulticarrier signal froman antenna and detects
Aranbl e code reception timng and FFT timng. 10 Specifically, the
scranbl e code reception timng detection circuit 200 supplies the-
received nulticadrser i$i ghal fynahcomnrelat bon2@bar@el hésomher hand, a

synchroni zaticn signer .replic ner at or. 202 gener S. _a predefined sync;
i sroni zat iaornr%?aﬁéjl & eﬁlqegfna%dggu%p }lggr S et[n%e ?ég %SPr e hatmoary %?L
sequenti aldgpoFhedcor relmtaxtam@0® ,dethectGP chenelcat ircny bet weer ctinel a@cei ved

mul ticarriger_signal .and the synchroni zation signal replica,. and t.he
det ect ed c%?rr e?gFﬁoér\%ﬁ%e”i’ n%ggﬁtnic\/ee' 0 n@%ﬁﬁgﬁé«aﬁ? a gi?ﬁgda%soocti}é? ed
timngsareBstbeedthnod 2 nendrys203n AHd 8 ngcHebedti ohi chr chiatn 204
selects the maximum correlation value and the associated timng from

correl ati 81 VaPGes "aff €he associated timngs stored in the memory 203,
and stores themsasnisca anpl, e acattemteaeptiilat ha Bbg iansr aegedy a205xhdhe

timng detec ioE circuyit 204 25 further conputes 'F. timng based on the
scranbl e OrefepttdntE"ffi'ng and stores it in the menory 205. The FFT

timng is suppl inedsdy orethe imerays 208ek0da fGR d@emyal sgkkew t s the

scrambl e code reception timng is supplied to a scranble code

i dent ilPi cat$ on"8i FediStt atiel ZB™& /¢ Frbdit BEYSn Useqd ¥R, uricast. In
other words, the first subframe is not used in multicast.

Since subframes for multicast include a scramble
code common to different cells for enabling
soft-combining, a common pilot for subframes for

15 multicast cannot be used for scramble code detection in
cell search.

For this reason, the first subframe is always used
for unicast (multiplied with a cell specific scramble
code) in order to overcome the above-mentioned problem,

20 and thus, the common pilot can be used to detect the
scramble code in the cell search.

Also, since cell specific system information is
broadcast in BCH and 1s transmitted in unicast, radio
frames can be efficiently configured by arranging to have

25 the first subframe dedicated to the unicast.

An example where two synchronization channels are
transmitted for each 10 ms radio frame will be described
with reference to FIG. 21. The first subframe is always
used for unicast, and a pilot multiplied with a cell

30 specific scramble code is used. Subsequent subframes
can be used for unicast or MBMS. A pilot multiplied with
a cell specific scramble code and a short CP are applied
in the unicast, whereas a pilot multiplied with a cell

common scramble code and a long CP are applied in the
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For exanple, if a waveform generated by code invertinci and repeating a
fundanent al waveform having good autoourre.lation characteristics is used
as the P-SOH :signal waveform the recover 20 is configured as 44
illustrated. in FIG 183. In otter word.:s, the correlat;"';? of the
receiver 20 described with reference to F:. 18A is conflgured to have a
c.orrelat(or 201-1 for the fundanental waveform 5 a code 201-" where an
output Signal of the oc rrel ator -1 is supplie. d., and Corre ator 201-3
for an upﬂ@¢lﬂlca§§¥ code mhere an output signal of the code !verte.

[0 210s 5. uxy) dhe; & wins, 2l of 01 Lodatect s, fgrbel atd qn ot ween

10 a nultica. rrler s cn and th anent a mave orm
enbodi nent3 £ the It@@gts’rwqchm@tlztﬁetmrxl cThrexncbde Thuer,telmmé@lazellmerts

an outr)ut, f%éPm%995£§h%tgEaéqﬁﬁjuigyet 8r£ EQEQQH%b%igég%tggg%nel

correl ation an “out put e co verter an ‘upper
| ayer 5 mﬁﬂecanduc€SQ£lL”36£thoomh§zQOmleaEa@uxpmheanem@pﬁive

t hembodi ment ? Bt&-? cqde:; 4%@%@3 1e§§tt$m§htpo c dneﬁ?‘fggr dkﬂ% £Q LD8SE

settings, ng torrelation val'ue ~for e co engt can be omitced.
An ex: en1<pﬁatyeoﬁﬁnﬂa|on Of the correlator '0Oi will 2 be described with
reference to Flgﬁ 19A 193 19C andll 9 r 207 .detects

exXanmpl Jhaé%érel referenc
- =el ati on betweén & sync PO 2 CFon chanh rep?? a %éwlﬁg e AT ni mum
t:n Ienmﬂn@mdlahmv1fgvédfﬁqyﬁﬂt ] <} ﬂMngﬁmmneniﬁrﬁm@déédﬁund@ can be

deteSEOd througq f%rgﬂexa%BEeOfaS%%r%enlmay gg?lne the CP length
cf a certain subframe.

For example, it may be stipulated that the first

subframe in a frame always uses a long CP or a short CP.

In cell search, the reference signal for this subframe

15 1s used to detect cell IDs. Also, the reference signal
may be used to detect other information such as sector
IDs as well as the cell IDs.

In this case, the CP length for each subframe within
a frame is reported in S-SCH. For example, the CP length

20 for all subframes may be reported. In this configuration,
although a larger amount of information is reported in
S-SCH, references for all subframes can be used in the
cell search, resulting in faster detection of the cell
IDs.

25 In addition, the CP length for only some subframes
may be reported in S-SCH. Since so many subframes do not
have to be used in cell search, only an essential amount
of information is reported in S-SCH. A mobile station
uses only a reference signal for reported subframes.

30 Also, the CP length for each subframe for use in
a system may have an arbitrary value, and thus a mobile
station may detect the CP length blindly. 1In this case,
the mobile station detects a reference signal

corresponding to both CP lengths and uses the larger
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For exanple, as illustrated in Fl:-. 19A the correlator 01 ....""'.af%:

i she: : a synchronisation channel >li:a inc uding effective synbols 3T,
32, Sand 54 Sse. vt gas Cs t:he synch::0 nn.zation ohunn=el used in
the receive,'-' "omtuting ;-orrc,.ation. For exanple , SOH having a

smal ler CP length is used. In other words, the ;34 nc;rtion is copied CP.
The “:ynohr. i. ;.i:>n channel replica .includes the CP having 45 the

m nimum CP length, In this enbodinent, if a signal including a CP having
a TeiativerayremakhcﬁP-vemgeh IS transnitted from the transmtter 10, the

correlation pea e etec at the portion (FIG, 19 t he
other hand, if ely)b af - Fhcl :?&rh " é&é ﬁgw ng f%%?%éﬁvéllwa? d"eqtq}if

| ength is:éraes&uﬁﬂﬁﬂafron1the transnltter 10 the correl ation peak is
al so detected a p |G 19 : e t he
signal nc_ di ng%tlhtg" Bh %&5{ e]rs Fanssn t??aﬁ?mat {}g]d’(? ﬁn"ﬁ% &n
transnbttert 10. 05 M}h@ case ofartdwei gtgnalf |méud|erf@rtélecéoeg@rna@ bei ng
transmitter fromthe tr nsnl 10, he correl ati pe tected at
Lhe 4 port? brha Reet (HES i Gnol ST hGEnS 6B erhe Sy ERTom 23t font chamne
replica isr&newsnddes £gbald nefy ane OEBMeOtdcam he donrde and thus

detection timng of the correlation ¢ n be also found. Also, if the
synchr oni Zat ¢8R CIFghie?LP¥-arranged at the end of a frame, the franme

boundary can be gasiine deti@cigdn 20 Aderdathvel ¥i ginh Muld irRls stubfr anes
resultlng fromdivision of single frame, the synchronization channel may

be ar lAngeh at~ $ 8 - endCoro % 5B F anel IEhaP Lilg U ne LLRE /| astt T EIR s§bol  of
the aubframe-asaislddsifabed of information is reported in S-SCH,

the overall bandwidth of the reference signal can be used,
which may achieve fast cell search.
(2) A reference signal of the same bandwidth as the
15 BCH bandwidth reported in S-SCH is used. In the case of
the BCH bandwidth being reported in S-SCH, since the
reference signal is transmitted in a bandwidth at least
greater than or equal to the BCH bandwidth, the reference
signal of the same bandwidth as BCH is used in cell search.
20 According to this configuration, the reference signal
of a wider bandwidth can be used without increase in the
amount of information reported in S-SCH.
An exemplary configuration of the transmitter 10
in the case of a common pilot being arranged at the end
25 of a subframe will be described. As illustrated in FIG.
22, the transmitter 10 includes a pilot signal generator
130 coupled to the combination unit 109 as illustrated
in FIG. 22.
In FIG. 22, in the case of OFDM being applied, a
30 portion relating to spreading of OFCDM is removed.
Specifically, the data channel generators 100.2-100.x%,
the copying unit 106, the short period spreading code
generator 107, the multiplier 108 and the combination

unit 109 are omitted. Also, N information symbols are
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in FIG 20. An GFOM synbol and a guard interval are 25 provided within a
suhfranme. The _ arr interval (cyclic prefix) having different |engths
such as two different |lengths in defined. The |l ength nay be different for
the respective sn5franees. For exanple, the length of the determ ned
depending on a ?ward interval may be 30 transm ssio_i schene such unicaa. .
or ;aulticast. In this case two types of subfranme s can exist in terns of
t he nunber of synbols. For exanple, one is a nmuiticest ubfrarr and the

other in swmbcasd Subfrape.serpadt herraraldel chevirunbepnofn 8§ rfdd s
wWithin th espect.i bfr. NS s rialjgmi ti ve- ol

| ength an?% he s‘%%r%{géégr'd tiq'fr%é\f\/la %?Iga\ég%% %Dgr?%?’?le& £ YA
synchr oni Zat¢ ore thahried piasr @k t ahgedn ae r stiven enmd ofl 0D 2 rebhparre,p ahed
correl ati qQn Jbet ol of .t prj r; 4 ni zati on channel
havi ng a g{r&a erge%%%eﬁ%gg, Ca?r%% r{e%e?ggd Idsl{%%gﬁlxgq;olﬁlphf ed in a nobile
statioh. At thi&ltsoe, wvhernamheasgnoh rsubfzamesnf grhahaederi <CP | engt h and

smal l er CR h, .t e i K iS_obserye t ti.m ecedi ng
the end of 1RECHG Y rane Byt he  FERGEIT 517 Cha PO mAey” Syicnioni 24t i on
channel hawifiormehe csnmatéért@R [temgthe et wHdieedworRds,enghe totsal bengt h

of the effectig at a Oyrnbé))li IIneri th Iusirl he recl.ati vely sn%lrl igngth
i s uniformTor gegubf are |%0Pu%|’n € s%%rrfné?r ‘CP'and fof sutb‘?%:)ane
i ncl udi ng dlGotrterd bngernre 1P, andt hhescaaet erveniat f camadetectr edartré er
| eaugtey 2Ny ohr ) 2311 8% LLTLIG LGN consl derall.on of e
synchr oni zatta @hechanmele iconbebangehn e ohk ke bst atd Ohgaar econputehe 20
Correlaﬂ(¥ggg£%g%(?6H£$j22%¥ing attachment of a longer CP in
advance.
Also, the transmitter 10 may report information
15 related to the attached CP length in the control channel
for the previous frame. Alternatively, the information
may be recognized in the receiver 20 by detecting
correlation in a lower layer.
Also, although the receiver 20 computes correlation
20 between a received signal and a synchronization timing
replica in order to compute the correlation, real number
(complex number) based computation is basically
required.
In this case, the correlator 201 approximates the
25 synchronization channel replica to some integers such
as T 1 as illustrated in FIG. 23. According to this
configuration, the receiver 20 can fulfill this
correlation operation through addition and/or
subtraction of received sample signals. Also, the
30 correlator 201 envisages the correlation operation and
renders a temporal waveform of a synchronization channel
signal approximated to some integers such as = 1. For
example, a receiver of a mobile station computes

correlation between this signal and a received signal.
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.. the .::P length information, search for the synchronization channel
and identify franme timng wthout consideration of tie CP length for use
in the subframe, that is, independent!,, of the CP length. Al so,
averagi ng of correlation values between franes can 2% be fulfilled w thout
consideration of the CP length. Also, the transm ssion timng (position)
of the synchronization channel remains unchanged in averagi ng over

mul tiple su:franes, which nay facilitate the averaging. 30 Alternately.

i f the synchrohiizatdaore ch@heelcd sraott iamr angedudt tien andnofoea

subfram re .ecte ny. ng
correspond‘ﬁépg %ﬁeéfﬁkger ?%%g?%%gh q??%?% é%ggéggoggng to the
smal | er Uangohdlmb'Absbhlsfcohéigynnhwbahzaitans@h&nneblestmmﬁed@meanged

at the end of_ a sy fr lengt h may_ be rted. For . exa t he
CP length nayl% g ?fl%ﬁpuggﬁﬁéach ?a%% |n°58va§ cofhf%ﬁ%%ﬂ?%ﬁgFelated
to theb5 GHxIEhgthamd}héorzﬁse in the synchronization channel my be

stored. Simlarly, a co | ot e be arran ed a and. of _sub rane.
Al so. certai n- st rEveSBTan et TR iy SBHE, et AE RN YT e
subframe, faregakways rasesrk Wi Uhiasie sdnibetthet twotrds e dtdrecéi t St s@bf r ane
is not us in nmulticast. i.ce subfranes for nmulticast: include a scranble
rode co “tc di f e.rent cells rcr enablinc sof t - conbi ni ng, a comon
pilot for subframes=detviy mdtigastideannot rbe wseid: f ©02sceraandl €1 ggde

deteCtbonigbu%aglgna{Ch a demultiplexer 304 coupled to the FFT
unit 302, a channel estimation unit 306 coupled to the
demultiplexer 304, a demodulation unit 308 coupled to
the demultiplexer 304 and the channel estimation unit
306, a secondary synchronization channel correlation
15 unit 310 coupled to the demodulation unit 308, and a peak
detection unit 312 coupled to the secondary channel
correlation unit 310.

The FFT unit 302 receives FFT timing detected by

a FFT timing detection unit in a primary synchronization
20 channel.

The FFT unit 302 performs some FFT operations and
supplies the operational result tothe demultiplexer 304.

The demultiplexer 304 distributes the multiplexed
signal in a primary synchronization channel (P-SCH) and

25 a secondary synchronization channel (S-SCH).

For example, if P-SCH and S-SCH are multiplexed in
accordance with FDM, the channel estimation unit 306
conducts channel estimation by using N P-SCHs located
in both sides of a S-SCH subcarrier detected in S-SCH

30 synchronization detection as a reference (pilot). 1In
this case, a code of P-SCH is known.

The greater Nis, the greater the suppressioneffect
on noilse interference is. However, 1f N is set to have

too great a value, some influence of fregquency selective
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For this reason, the first subfrane is always used for unicast
(multiplied with a cell specific scranble code) in order to overcone the
above-nenti oned problem 20 and thus, the common pilot can be used to
detect the scranble cods:. in the cell search. Al so, since call specific;
systeminformation is broadcast in BCH and is transmtted in unicast,
radio frane. can be efficiently configured by arranging to have 25 the
first subfranme dedicated to t'he unicast. An exanple wh ;.e. two sync on;
.zation cHaathehg BRE 2td&@fsm t1edsf of RaghPe0sAs radre fraid svuande

de—scrite%eﬂ\&égnrffﬂ@@? tZng gaglt;hgr@iéjcﬁﬁkesﬁ'l}fo&@%ei aeﬁle Sd used

for unicast, and a pilot multiplied wth a ce specific scramble code is
used. Subsetents Subtrakes 1c6anrpetesedafvra bhrcaselian tMBVB. DA i 94 bt

mltiplied Wthedt edldnsPecifihqocramie cedeoand 2 sharl: (fo a1 @ppl | ed
i... the unicast ereas a pilot nultiplied wth a ce common scranbl e
cods: ; Sand @aalnehy 3CPe srlee apFys d [ficedchantrirel 48 Wudticast . InARSELI BGHI S
arranged i certAai t i er .the_sy i j el .
Thue, Ut mmith B0 £ E e O R B e AR R e P hanne
5 tconducteselihasearch, Rhenribis eiesimbion,cah FecE veréheeSthir Ene" t

ta,-eis le i Fy ko et; e recepti f . e a
cell IDIi SC%?d%%égﬁe%%itnl%aFé ér té:r?céﬂe; naalf gv?ﬁglgﬁ‘%(ggegggﬁélnue%t%? will
be describedcAZA0 lkvddi Soex& & . a system may define the CP length of a

Cor{ A SUOT Ao 0T BTl § ok e St pULal o0 Lhat U Tir
multiplexed in accordance with TDM, the channel
estimation unit 306 may conduct the channel estimation
by using N P-SCHs located on the same subcarrier as and
in both sides of a detected S-SCH as a reference (pilot).

15 In this case, the code of P-SCH is known.

The greater Nis, the greater the suppressioneffect
on noise interference is. However, i1f N is set to have
a too great value, some influence of frequency selective
fading may arise. Thus, N may be set to be in the range

20 between 1 and 6. Also, as the distance from the detected
S-SCH subcarrier is greater, a small weight may be
multiplied.

For example, if s4 is detected as illustrated in
FIG. 24C, p4 is used for channel estimation. Also, p3

25 and p5 may be additionally used for the channel
estimation.

Also, for example, 1f P-SCH and S-SCH are
multiplexed in accordance with CDM, the channel
estimation unit 306 may conduct channel estimation by

30 wusing N P-SCHs located on the same subcarrier as and in
both sides of a detected S-SCH as a reference (pilot).

In this case, the code of P-SCH is known.
The greater N is, the greater the suppressioneffect

on noise interference is. However, 1f N is set to have
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In cell se:arc:h, the r::ference signal for this subfrane 15 is used to
detect cell IDs. Also, the reference signal may be used to detect other
information such as sector 1IDs as well as the cell IDs In this case, the
CP length for each subfrane within a frame is reported in-'in For
exanple, the CP length 20 for all subfranes may be reported. In this
configuration, although a |arger anmount of information is reported in CH,
references for all subfranes can be used in the ell search, resultin, -n
faster detteectidneat aheaktekl spme 15 lueneeidiiforequhacoPskdfithiver only

Some subf r Alres grﬁ)é}b%ff %"és’”ef’hbg N r)t}ag pel J6e $Q %%”Kr?%tﬂcé a::‘%?ggo not

have to be use n essenti al - anoun
i nformati dretsceeporaed 6 n R5so, I—BSAthmbdiietsm:ta éromusés: dmtyecateﬁéf r

nc: e signal_fer L&RA &%dléybiéaqgﬁ?éatég ABSQ ahhe &3 %he{ ’?rgén% k{%ru§@&h

subframe for use In's an‘arbit rary val us a nobile
stati o may det émrtez{emmel,en:gf hsBl imdldet¢ntthi s aseust rahtes drobnl e

station deEtfé:ts 1;§De4r enge Egn%lor ggegnglsncglﬁ%gggw g ﬁxlenoq;hSB and

uses the largeér rrelation value. " 'An exenpl ar
reference asmgnpls \maly bdaeadeisd:mneﬂjly Aistehbugbrselﬂe scheansemtted in a
fixed bandvmg t5 of ;5 ME'"', the bandwi dth of the reference signal is
not known At “thé §eeﬁch stage The bandwi dth of the reference signal nmay
be determned i mree Wry%yneﬁ&mrﬁdzéﬂ.)o'ﬁheﬁammi mquhieafeasence
signal;as feportednd? L0: 3P o A00R1Y NG L0 LS (0T LgELaly.on, although
synchronization channel is supplied to the demodulation
unit 308.

The channel estimation unit 306 conducts the
channel estimation, and the operation result is supplied

15 to the demodulation unit 308.

The demodulation unit 308 conducts some
demodulation operations. 1In this embodiment, phase and
amplitude compensations are carried out. For example,
the demodulation unit 308 may conduct democdulation by

20 using the primary synchronization channel for
subcarriers adjacent in both sides to a subcarrier for
the demodulated secondary synchronization channel
within a range where fading may have sight influence.

The secondary synchronization channel correlation

25 unit 310 detects correlation of the secondary
synchronization channel.

The peak detection unit 312 detects control
information such as scramble codes and frame timing for
peak detection.

30 An exemplary averaging operation of the primary
synchronization channel in the frequency direction in
correlation of the secondary synchronization channel
will be described.

FIG. 25A shows exemplary relationships between SNR
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i ncreased anmount of information ~... reported in S-SCH, the overall

bandwi dt h of the reference signal can be used, which may achi eve | ast

cell search. (;;) A reference signal of the same bandwi dth as the 15 BCH

bandwi dth reported in S SCH its used. In the case of the SCH ban idth

being ?reported in i-S H since the reference signal is transmtted in a

bandwi dth. at |east greater than or equal to the BCH bandw dth, the

reference >ignal of the sane bandwidth as I1C is used in cell search. 20

Accor di ng &7 t AE§ eESnRfAYuP APPER, L theYr éferMentlel 8P gRRICSDf a wi der

bandwi dth can be juseds W bRaut 4iergase ddndhe Lapound, of cLnf rymgicin

reported in S-SCH An exenpl'ar configuration of the transmtter 10 in the

case of aIcom®ASpItl 68 FoeinTy %@tgﬁgé@natprtqféabhéilt% ofegpsabirvaay wi | | be

descr i bedyAse i1 dpsLeatied kb FhGnddie de odatcieals 10 LRG ydag A pi | of

signa.. generator 130 coupled to the conbination unit 109 as illustrtated

in FI G ZEYHQhFPGlZZBQti@ntﬁéaéﬁsfelc GcDI\/I be ng applied, a 80 p rtio
fit: L7t ea ng £Qf. ( )M eno i ca

I .|y,. the data &anﬁgﬁe %jg%érgtgor stt %e%oﬁi. ng ItSJenft 1% gndtlﬁ% S %rt

peri od spreedditigscodes lgenecatmoridry, Nthé md tinpliicat 408 drd- It lsei des

combi nati on re e L ntor i ols e lied from

t he seri al t%y%grggl%ﬂzﬁlaco%vgr gql oeni;\lunl tES i@lgﬁéértﬁ)\erb V\%Edsﬂif.g%e

i nformat i culsyabolisrsupplied from the aerial to parallel conver SI on unit

105ar rrultlplled W th a scra C |ntherrult| I|er|||. SO
ﬁe hr &% 22 zakﬁ%nvgﬁlannelnmg ? an f\le

when t sync sni ttedFromthe” transm?
to the receivesar2@erd M oenmatiea) rthat dedeatide attoactiedl CEyl eérgt h nust
be reported For exarﬁpl t he |nformat|on S re%orted in

ed dver, & greater number of subcarriers

are used, fading may have greater influence.

FIG. 25B shows an exemplary relationship between

15 SNR and detection probability in drive speed of an
automobile.

In FIG. 25B, the horizontal and vertical axes
represent SNR and detection probability, respectively.
Nref represents the number of subcarriers in the primary

20 synchronization channel.

In FIG. 25B, for fD = 5.55 Hz, Nref = 2 indicates
a both sides 1 subcarrier, Nref = 4 indicates a both sides
2 subcarrier, and Nref = 6 indicates a both sides 3
subcarrier.

25 As observed in FIG. 25B, as a greater number of
subcarriers are used, the detection probability is
improved. However, as a greater number of subcarriers
are used, fading may have greater influence.

An exemplary receiver 20 for detecting timing based

30 on autocorrelation and compensating frequency offset
will be described with reference to FIG. 26.

The receiver 20 according to this embodiment
includes a scramble code reception timing detection

circuit 200.
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a control chnnel. in this case, the information related 10 to the attached
CP length nust be rs:;:ported to the control channel. The control channel
may be. recognized by the receiver 20 by setting attachnment of a | onger
CP in advance. Also, the transmtter 10 may report information 15
related to the attached CP length in the control channel for the previous
frame. Alternatively, the information my be recognized in the receiver
20 by detecting correlation in a lower layer. Also, although the receiver
20 conput es cor ridlaat $6RamE0 het Ween r& el 08d tdimyivag dRd e tion

synchroni Z@M?Hitti B Leplsl K Bh‘i%?iéé’rf?%?“?s%#x?&lc?%% ation, real
nunber (conplex nu erf based conputation is basically required. in this
c s e, theacoenelkat om0k tappr ox AHEED thec 0 DS ByAChILGMirz atlirohn ¢ handel
replica toF§?rrg-imqtne9g_ers such as 1 as illustrated in FIG 23, According

to this con ig&ratlon, the rece vs. 20 can fulfill this correlation

oper at ibon t hr ougir@addfticer land/ ohe sebtardet ¢ onode rexedvedosanplreisggnal s.
Al so, the %Qt&%ri%'nat@i' cudQl Ay éé@%fyst h@h%%ﬁ‘i‘t'tﬁ?éé)f' operaty qorpa and
enp y Si gna

renders a oral  waveformof a synchroni zati on channe
appr oxi materanstd tsom® & ht egeepesuchi as pEario®exXanpl e, aa epedevez bf a

robi e 41O BAIRULEP SRLLCLA o Uy NEGT LU el nd e eEmhed,
t hrough addhéidnl apdbce igubtlr act tar. unAecdrydimg rwl t hics reond+ gurg@t & dn, it
s DoSRible,to-reduce. oy amount cof; cotRut atlan AN gp afRUNL Of; copgumed
signal in terms of the repetition time T in an integrator
208, and supplies the resulting signal to the peak
detection unit 209. The peak detection unit 209 detects
timing based on the supplied signal. According to this

15 configuration, it is possible to compensate for frequency
offset and detect timing based on autocorrelation.

In addition, the transmitter 10 may transmit the
synchronization channel (SCH) by applying transmission
diversity.

20 For example, the synchronization channel may be
transmitted by using transmit diversity suitable for SCH
based cell search. Since a control loop between a base
station and a mobile station has not been established
unlike transmission and reception of normal data channels,

25 open-loop type transmit diversity is used in the cell
search. Also, since the receiver 20 detects correlation
in the cell search, switched type transmit diversity or
delay diversity may be suitable. For example, any of
TSTD (Time Switched Transmit Diversity), FSTD (Frequency

30 Switched Transmit Diversity) and CDD (Cyclic Delay
Diversity) is applicable as the transmit diversity.

Also, the synchronization channel may be
transmitted from a certain cne of multiple antennas in

MIMO transmission. Also, the synchronization channel
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An exenpl ary receiver for sone operation in a frequency range will be
described with reference to FIG 4. Aive .30 includes a FFT unit 30:,
receiving 10 input signals, a denultiplexer 3C4 coupled to the FFT unit
302, a channel estinmation unit 30% coupled to the denultiplexer 304, a
denodul ation unit 308 coupled to the demuitilL | exer 304 and the channel
estimation unit 306, a secondary ssyrchroniration chann:i correlation 15
unit 310 coupled to the denodul ation unit 309, and a peak detection unit
312 coupl eth ¥ ¢ hersesenidar ydchanAeiTD corkesat i 6h euritn G10pnThe HRIN uni t

302 recei vg e EET t4m tectjo i a
primary syﬁi gggﬁza QE%DQ %ggkgﬁ%g te hgygfﬁﬂﬂﬁﬁguggﬁg %%r§5§%§I§%%1FFT
operati onsakamilnsdppllauesiIWQrepenatl Givat ¢:esmptl et,0 thes denahtimpltexer 304.

The cerl u] o} | Lxero 904 o SLLLRU g5, 1he, Tl d Lploxed, 51903l 10 8 prigmry

synchroni zati1on°c annel ¢on ary sync r'oni zation
channeb (%&ﬂi¢¢ tEemenianpld ,f1dm aSCHUthfbuNCHnHmsmnbqummed in
accordance th 1uNl t he channel egglna%bgg ynl con cts channel

esti mat i orf by UFRg N P Sols” Yotat & SO of "a"CA S fcaT i er

detected|Uhé}§ﬁhc&&dn¢mhtl@m|channel|mxycb@ettamnmmtaedeb&rence
(pilot) in t he

gr eat er tﬁjel}sgﬁf)?él sF5ﬁn§Tr?Je%flOBntﬁ8|l§legﬁ nt eIrI? @Eﬁ%ec?%gl%w&romf Nis

set to hawgredoergipeath advakue,itspnefifelltuence ot bragiieney sel ectéve 52
fadinq may arise. Thus, N may be set to be in the range between 1 and
Al'S: 01%as iHeS #V Efance from the detect ed

Also, if multiple antennas are provided, SCH and
CPICH may be transmitted via only two antennas.
Alternatively, SCH may be transmitted via all the
antennas whereas CPICH may be transmitted via only two

15 antennas.

If CPICH is transmitted via four antennas, for
example, CPICH may be transmitted in such a manner that
it can be orthogonal on the frequency axis. In the
receiver, channel estimation is conducted based on a

20 transmitted common pilot signal, and a control channel
is demodulated. In the case of CPICH being transmitted
via four antennas, the common pilot signal for a portion
distant on the frequency axis must be used, and the
channel estimation accuracy may be degraded. Thus, it

25 1is desirable that the interval between the pilots be
smaller on the frequency axis. To do so, CPICH may be
transmitted from two antennas. According to this
configuration, since only two CPICHs have to be
orthogonally multiplexed, higher orthogonality can be

30 achieved. As a result, it is possible to improve
accuracy of the channel estimation and cthers using CPICH
and enhance reception quality of L1/L2 control channels
and others.

In this case, a mobile station may conduct some
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S-SCH slab c::rrL.er is greater, a snaller weight may be used. For
exanple, in :detection of as illustrated 24B, 5 p:2 and p3 nay be used °
or channel est mat'ion. In addition, pl and p4 may be lased t geth-_-r
with , and p3 for channel estimation. Fromthis viewpoint, it is
desirable for the channel estimation to use a |ow aa.;ulitude code such
as a CAZAC code for P 110 Also, f o exans de, is P-SCH? and S-.SCH are
mul ti pl exed in accordance with :F4, the channel estimation :;Tit 306 may
conduct theehanaeln esthhatd opuby tusimghm tPC8CHS! heabedt ve nsmilie sdne

suhcarri er i 0 i of ,a_det.e; . cte - ef nce
(pilot) na@ﬂ%g gwg)sta?ltts%]rgﬁ%? Eysﬁgﬁﬁl@l%{rﬁo}\‘/\ﬁ.(’%‘ﬁg&%}aﬁeﬁ' Nez:[K eg
greater Urmessuppressiion pbbectolontnossapint eyt ehencceceéstidowever: if i-

is set hav r e, i nfl. C f.requency se';'ect.:ve
f adi ng nayoepa%%ggo%hﬁa?, "\i(lgrhrgy %%oﬂs%kgt 5%&?%9{:%57 ange 20 between 1 and
6. Al sb, as theidiGtanctd Ehomd hen dekeotpedhr B- SCHIfsSWhraariesr dfs wgreat er,

a smal |l wejght, may .be ti i .- _Fo e: le, if.s4.is.,detected as
 Tuatr at ey TRA LS BHLLRR LB, L % KRon bi 30 RAASEEL ofh S
and p5 mayibe. addet icdhaf byrusedrfani theé ochanmetnneast . imttlons Al so, fo

exanple, if, F-S nd 3- SCH are [tiplexed .'n _accordance with “..N, the
Channel elsjtf%gggﬁllﬁﬂ’t g:llﬁ$ sﬁﬁi/crﬁgﬁ%ggta)% Hhnel 2815 hat Fon by 30 using N
F' .:C Hs 43 cahitaeah firhen sare fsubcarmAesmassanth anterhoi §, sditlesciod a

detected 5- CH as a.reference (pil ot in, this case, the. code_of P-SCH
1L CkiBwn SFRECBrBALBE P et riR SR @ D dgTosst b APt The
transmission antennas.

An exemplary combination of two antennas for
transmitting SCH and CPICH in the case of four
transmission antennas will be described.

15 The two antennas for transmitting SCH and CPICH may
be fixed. For example, if transmission antennas #1-#4
are provided as illustrated in FIG. 27B, the antennas
#1 and #2 always serve to transmit SCH and CPICH. 1In FIG.
27B, the vertical and horizontal axes represent the

20 transmission antennas and time, respectively.

Also, the two antennas for transmitting SCH and
CPICH may be defined in advance in the system. In this
case, it is possible to simplify the transmission and
reception operation.

25 Also, the combination of two antennas for
transmitting SCH and CPICH may be variable over time.
In other words, a number of combinations of two antennas
for transmitting SCH and CPICH may be predefined, and
then the combinations may be switched over time.

30 For example, if the transmission antennas #1-#4 are
provided as illustrated in FIG. 27C, the antennas #1 and
#2 are used at the time point 4n (n is a natural number),
the antennas #2 and #3 are used at the time point 4n+1,

the antennas #3 and #4 are used at the time point 4n-+2,
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on noise interference is, However', if Nis set to have J.. too great a
val ue, sone influence of frequency selective fading nay arise. Thus, N
may be set to be in the range between | and 6. Al so, as the distance from
the detected S SCH subcarrier is greater, a small weight may be used. 5
For exanple, if s4 is detected as illustrated in FIG 240, p4 is used for
channel estimation. Also, p3 and p5 nay be additionally used for the
channel estimation.. The primary synchroni zati on channel is supplied to
10 the chamel test ematdronaanittd 306] #@hdatise weedndar yheyhéheomzatt on

channel i uppl i .the dukation i nel . estimation
unit 06 cg%ghgts ?ﬁekgéﬁgﬁﬁggggsgfﬁit$%ﬁ?ggngugggpggggéﬁ?g% géguﬁf IS
suppl i ed skbLtohthieedeppdalnattonn wdtt808.. THer dérodulcat f bouunritti @08

conduct s | ati . N . i odj . nd
I ude ooPRAgar F e D aF PR oo Fot DRt o, (U E e S ABaa 2F i on
unit 308 ey tbhdbctl ydenomplattagre by a20ivsimgitheegriemtry
sy:n.chroqiag%égn.%g nne, fgrns%ggaégggi&ﬁﬁjadjacent: in both sides to a
subcarri er $or°°tné de dbla?ed secondary synchroni zati on channel wthin
a range where fadistg mayahawve sighterrsfituencey Fhs Hecondai ew SCH

lation 25 unit 310 detects correlation of

f%?Ph;ggg gééﬁgmggﬁgﬁfg%f§£: “Chatinef " Tive pé%%3%ﬁgé89io"u%P%5312 detects
control iaf®rrakitamouch aslscriandl encedess anditrane daé e nyg1fort o peak
det ec&bon'sipfnnpfi(%gptlk?é tarvaerrlsz%gis%%.oo %rn irgge%ctitohr? o%reie:.[rgir:Xon aswell
as radio interfaces and thus obtain merits of transmit
diversity. In this case, any of TSTD, FSTD and CDD 1is
applicable as the transmit diversity method for SCH. On
the other hand, either FDM or CDM is applicable as the
15 +transmit diversity method for CPICH. Furthermore, the
transmit diversity method for SCH may be combined with
the transmit diversity method for CPICH.

An exemplary operation of the transmitter 10

according to this embodiment will be described with
20 reference to FIG. 28.

The transmitter 10 uses the synchronization signal
data generator 121 to select a synchronization channel
code number based on the scramble code and the
transmission scheme, such as unicast or multicast, of

25 the synchronization channel (step S1602).

Then, the transmitter 10 multiplies the
synchronization signal symbol with the scramble code in
the scramble code group number corresponding to the
synchronization channel code (step S1604).

30 The transmitter 10 multiplies the synchronization
signal with an amplitude adjustment sequence value (step
S1606) .

Finally, the transmitter 10 adds a CP corresponding

to the synchronization channel code number to the
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6 110 ;yrac rani atlon channel in the frequency direction in relation of
the aet:onda y syncWen - anon channel w1l be described, FIG 25A shows
exenpl ary rel ati onshi ps between SNR 54 and detection probability in

wal | ing speed. In FIG 25A, the horizontal and vertical axes represent
SNR. and detection probability; respectively. Nref represents the nunber
of subcarrier">in the primary 5 synchronization channel. in FIG 25A
for fD =5.55 HZ,. Nref = 2 indicates a both sides 1 subcarrier, Nref = 4
i ndi cat es ra1bot bl igidlesynsbbearivd @t loand iMed 1 6 Rndi c@@ssals',th? ttlmesi des

subcaairi er gQrA%lgpastte%ggd :ad}}ﬂ% %%Atbrﬁ—f ?ngr %%teeg auph

g
subcarri ers are use e det 1'on probabi y i's |rrprove§ However as
a greater nunbetThle sabearrlieryg careassednsf adi rtgwmyehav.eyegrrea@er

o aence-o SL5y o330 Shovenan xgUphanLotel i onsll ol ¥esas 1 SNkand.

detection pro y in r|ve spee an autormbl

hor i zoht alcandsvehte oal t}agescrraembsemodSNFl andldetselcfu@d probadi [ ity,
respectivel Nref C{1epresents t he nunber of subcarrl ers in the primary
20 synchronlz annel . In FIG 256, for fD = .55 Hz:,. Nref =_ 2
indicates a botEhzsstdesthesuimaerwhetre Nrieé scéaimndi catesea thothosi des 2
subcarr.er,, and

observed |CF11‘?—'fEl w&g]a%g %%{ esrag e‘f’libdggg:%crae%%‘?%aéél r Gug%fﬁ?t he
det ecti on probabﬁk;twmlng'detectlon circuit 204 detects the symbol

10 and frame timing for the synchronization channel (step
S1702) .

The timing detection circuit 204 detects the
scramble code (or cell ID) for the common pilot (step
S1704).

15 Then, the case where the scramble code is classified
will be described with reference to FIG. 29B.

The timing detection circuit 204 detects the symbol
and frame timing for the synchronization channel (step
S1706).

20 The timing detection circuit 204 detects the
scramble code group (or cell ID group) for the
synchronization channel (step S1708).

The timing detection circuit 204 detects the
scramble code for the common pilot (step S1710).

25 For example, the timing detection circuit 204
detects correlation between reference signals by
conducting integraticon of the phase difference between
the reference signals. Since the interval between
subcarriers of the reference signals is large, the

30 scramble code is detected by conducting integration on
the phase difference between the subcarriers.

Also, integration may be performed on the phase
difference code inverted depending on a predetermined

scramble code pattern. In this case, when the scramble
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i nproved. However, as a greater ;unber of subcarriers are used, fading
may have greater influence. An exenplary receiver 20 for detecting timng
based .\. On autocurrel.atior: and conpensating frequency offset wll be
da :riibe.. with reference to FIG 26. The receiver 20 according t,,.,,
this enbodi ment includes a scranble code reception timng detection
circuit 200. 55 The scranble code reception timng detection circuit 200
receives a multicarrier signal froman antenna, and detects scranbl e code
reception ¥PAPNGadih e FFTat iIIRTRIEE Sﬁé&ﬂ@éw? “heugcramblxe c: : de
reception tjiping.detection circuit 00 delays the nulticarrier si gnal
transmtted at a repetition period T via an antenna by an anount of tine
Tin a delay addit eernmi e, 206 cdds s trhec der ayed &3 ghctetdol n e ¥®der | yi ng

mul tioarrigfysignah 104 m agFfi\qgegulZQQspgrflo 'E'%:t!d‘%egx‘.%'cc&’hoé‘ thee

resulting signal in terns of the repetitrion tinme Tin an integrator 208,
and suf®: pl@}éﬁvﬁh@a’fé@id@t’li?ﬂg cosi ghak tion Iecpeak l@ette?e:@doﬁoanltthQOQ The
peak detec égg nit, 209 detects timng based on the supplied signal.
Accordi ng tﬁ I5 confi guration, A is possible to conpensate for
frequency ffsﬂest iahdudétredted i mn@IEasééPCon tehh ¢ ozorrekdtds amdémay

addi tion, e t S chron ti channel
(SCH) by a%%l 9%ng Stigaélsg é on dMLF11 mntégg E?ré?lex%ﬁpjfﬁg %na Q _
synchroni zat fﬁar@hmméietrmgebesubcams*mazt@drbyhtﬁssagmet sarbs&mamell veEsity

sul{se 1 g5 S based ool Reaely Snaet epnirely |eon ietygep:g base
code may be detected by performing the phase difference
between subcarriers in different subframes.
Also, in the case where a inter-sector orthogonal
pilot is applied, for example, if a 3 sector structure
15 is detected as a result of detection of the cell structure
in S-SCH, an orthogonal pattern is configured in three
adjacent subcarriers. Thus, the reference signal for a
supposed sector 1is extracted by performing coherent
addition depending on an orthogonal pilot pattern in the

20 three adjacent subcarriers as illustrated in FIG. 29D.

As a result, cl, c2, c3, " can be extracted as reference
signals.
Then, for the reference signals cl, c2, c3, =, the

scramble code is detected by performing integration on
25 the phase difference between adjacent blocks depending
on the scramble code pattern.

As illustrated in FIG. 29D, the reference signal
for a supposed sector may be extracted by performing the
coherent addition in three adjacent subcarriers in the

30 same subframe depending on an orthogonal pilot pattern.
Alternatively, as illustrated in dotted lines, the
reference signal for the supposed sector may be extracted
by performing the coherent addition in three adjacent

subcarriers in different frames depending on an
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unli ke transm ssion and reception of normal data channe-_els 25 open-I|oop
type transmt diversity is used in the cell ea rc'h. A so, since the
receiver 20 detects correlation in the cell search, switched type
transmt diversity or delay diversity nmay be suitable. For exanple, any
of TSTD (Tine Switched Transmt Diversity) , FSTD (Frequency 30 Sw tched
Transmt Diversity) and CDD (Cyclic Delay Diversity) is applicable as the
transmt diversity. Al Soe the synchronization .:h.annel my be

transmtt e frefraaderiaiatodetdfemttiple antennas in M MO transni ssi on.

Al'so, the SynChrA‘?ln'eZ)@éIhB@a“r@a%‘l%ceé@r@Yf@P teansndd edyi g sESTR, Al so,

the synchronization channel” may be transmtted synchronously in order to
obtai n del®gsarveest tiitiForeéearpies P & kGandhftter having fcur

antennas is used,, the. synehrani zation g r}}a}xmgj: §rré%ggc%r ansyjtted from

all the four transm ssion antennas at t power level of 11.1. Also in
this case,conhecspdchriont2ntiiom chanhal ey decetansim thedcannadiféer ent

transmi ssian.{i gL ngsy oy LY 8,6000i00 Al oM of AL RaL A diversidy, gf fect

can be :obtai ned in the recei ver. , e antennas are
provi ded ﬁg:cl—laan@llcmmj—bﬁaycobmuaﬁslmatrteediatac@moy two ant ennas.

Al ternatively, mRy e Lf f&‘htéﬁ% bacahlsg @ﬁé‘@}?'&”é@eﬁh%eﬁ%ﬁﬂ i

be transmitted via onIy nnas. istrans
four antennaserier . exandeer CRICH miyibeg deaasmudm@qcmsalcy @f nemaer
t hat ht can ﬁg or.t hogonal an e fre quenc axi_s, .in the receiver

L ¥
CC: hanne es?]r FF36r 1 s 'tohduet vbearseaa}(')% & mfé’ﬁ ansit t'ed co‘mm%npl | ot

signal, argdd&icantr,oltichannelrier fregquency cannot be detected in
the guard interval accurately and synchronously. A
large correlation value may be detected in misaligned
frequency. For this reason, it is desirable to detect

15 timing in the synchronization channel.

The timing detection circuit 204 detects the
carrier frequency (step S2502).

The timing detection circuit 204 detects the
reception timing (symbol level) (step S2504).

20 Here, the steps 52502 and S2504 may be carried out
at the same time. 1In this case, the primary
synchronization channel may be used. Also, since an FFT
operation has large complexity in a freguency range,
temporal operations may be desirable. Also, the amount

25 of operations can be reduced through preliminary
detection based on correlation detection by the guard
interval.

The timing detection circuit 204 detects reception
frame timing (step S52506). For example, 1f the

30 synchronization channel is arranged in a single portion
in each frame, not only the reception timing but also
a received frame is detected.

On the other hand, if the synchronization channel

is arranged in several portions in each frame, the

62



is denodul ated. in the case of CPICH being transmtted via four antennas,
the comon pilot signal for a portion distant on the frequency axis nust
be used, and the <channel estimat.. n accuracy may |ay degraded. Thus?, it
25 is desirable that the interval between the pilots be snaller o~ the
frequency axis. To do so, CPICH may he transmtted fromtwo antennas.
According to this configuration, :,,ince only two CPIC Hs have to be
orthogonal Iy nul ti pl exed, higher _:rthogonality can be "0 achieved. As a
resul t, itr$%epussi Blan® Taprove aicar ey of taie ThaAAREL st et ?®n and

others usif@c%k%n %?HBQ”CE_h{e - £PLHAA QMal § L ¥h Qb GO £ pbnchannel s

and others in this case,. a nobile station may conduct sone 57 operation
on the assunptien Mt P B2 delyo béetegitsni k€ ede cfriohg dnEy 2o ant ennas

|0 meximmin cee SEARENg AR feck el cddcheePORY abArslmd fynthe
reception operation as well as radio interfaces. 5 FIG 27A shows an
exenpl ry scopdingdeatdohe o rohi®  syhehr 6@iZEt ) on channel and the common

pil ot channel in e e f.our, ct } SSi npas,..l.n this
illustration, tﬁeegsé;’nc\ﬁ}?%n?ggpisoﬁzéhcggﬁr%zfa?Sziggﬁﬁégi tBt%egIaff;}oln%'1 he  Four
transm ssiaon @nt epaas, tame t helrlGlcosmoaspi | off ¢chanmeinthansdizatedofir om

only two o t 1SS i nas enpl.ary. c i i of
Do’ ant et 1oe L FRaRERTY s h R el e P AR A o o P8
t ransm ssitimantgenrrds: wi L bnberadesice r unnedg.e 452 The t A8 sant enmas f or

transrp'otti ng Srgél and %PA(%/I m%é hﬁe. fixeg. For, exa | e, |sfe tr.%ns&qiéssi on
ant ennas #1SFATCAre ProvT asd ad 11 Ust FAE8E S HY . 02735 SFhé tant'thnas
operations. Also, the cperations may be carried out in
a frequency range or in a time range.
Then, the scramble code is identified (step $2510).
As the procedure of the cell search, as illustrated

15 in FIG. 29F, the frequency synchronization and the symbol
timing may be detected, and then the frame timing, the
cell ID group (scramble code group), a sector, the number
of transmission antennas, the BCH transmission bandwidth
and the CP length may be detected. Subsequently, the

20 cell ID (scramble code group) and the sector may be
detected.

In these operations, the common pilot channel may
be used. Also, the operations may be carried out in a
frequency range or in a time range.

25 An exemplary mapping of the synchronization channel
between different sectors will be described with
reference to FIG. 30.

For example, if a cell to cover a single base station
consists of three sectors, the frame timing may be made

30 uniform between the sectors.

In W-CDMA, the timing is not uniform over the
sectors, and the scramble code may differ for the
different sectors. Thus, the secondary synchronization

channel may alsc not be transmitted uniformly over the

63



#1 and #2 always serve to transmt SCH and CPICH. in FIG 273, the
vertical and horizontal axes represent the 20 transm ssion antennas and
time, respectively. Also, ..hs two antennas for transmtting S' CH and

CPI CH may be defined in advance in the system In this case, it possible
to sinplify the transm ssion and reception operation. 25 Al so:., the
conbi nation of two antennas for anamttin SCH and. CPICH nay be vari abl e
over time. |In other words, a nunber of conbinations of two antennas for
transmttismfFlicFsand C. PICH may be predefined, and then the conbinations

may be sw tched-qv i S e le,.i .55 .Qn. ant ennas
#104 are provi 3gldetg}s£%’l ﬁlgtordzﬁ%%gi{h é?‘g é%égfy;%%égﬁ%%igfoghgﬂ 02 are
used at thehanmelpodatudhiprm §ramratdmalnqurer )di £ fehendnsemta s # and

i e poi e s, 5 Rl CHa Bt erie MO bk 1 ar 8 et (he 11 He. poi nt

time point n+e2,
4n-3. dn tthisicaseantihe sySeemimeyl praseécnechewttrouswitthrifleeence

conbi nati g ttern, _in this.configutation | t e transn ssion and
reception og‘cp r%e?t?(r)ﬁrsnar ySyélcbher%{’ligﬁttﬁfnc8%ﬁln?lceafguéfgbg%gievrﬁgictscyo et fect
(random zat . o:; Al scan be obhtia nedbocAlisentt r ansm tsedioved sty nmay he appli ed

to SCH transmitted fromt antennas. ,Accordjn:t to.this a.j.catjia... to
only two AnUANMASE IR hed i TR enPE T 10 OF ApPEry LPh8e Frans metd th e
reception qaperat i onhas ,Welhle sasng atiambleetoeices sad itrhus sdbigl ¢

merits of transmt_ .diversity, in case, an f TSTD, FSTD and i S
Bopl | 0l SER0 T RES g 170 SRS FEY ar HOATPOF SCH S oA StRe 16t Hor® hand,
ei ther FDMd#n€DMiies appl kcphlie@ tasodbeern. Thus, the secondary

synchronization channel also has uniform frame timing
over different sectors.
This international patent application is based on
15 Japanese Priority Applications No. 2005-174391 filed on
June 14, 2005, No. 2005-241901 filed on August 23, 2005,
No. 2006-010500 filed on January 18, 2006, and No.
2006-077821 filed on March 20, 2006, the entire contents
of which are hereby incorporated by reference.
20
Industrial Applicability

A transmitter, a receiver, a mobile communication
system and a synchronization channel transmission method
according to the present invention are applicable to

25 radio communication systems.
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15 transmt diversity nmethod for CFi CH Furthernore, the t ensmt
diversity nmethod for SCH may be conbined with the transmt diversity

met hod for OPi CH An exenplary operation of the transmtter 10 according
to this enbodinment will be described with 20 reference to FIG The t.-
nsmt. er 10 uses the synchronization signal data generator 121 select a
synchroni zati on channel code nunb based on the scranble code and the
transm ssion .,.heme such unicast or_nu_ticast, of 25 the synchronization
channel (step 51602) . Then, the transt¥fer 10 multiplies the
synchroni zati on signal synbol with the scranble code in the s:  ranbl _
code group nunber .responding to the ?ynchroni>. aticn channel code (stem
51604). The. transrit t EBRRET T 8 F pl COFRMeS$PAchr oni zation signal with an

anpl i tude adj ustarfprﬁmﬁ%%%e ¥@h U8 tbsl:ep u§1§0®uﬁ ngak.ing the
transm tter 10 adds a CP corresponding to the synchronlzatlon channel

cede n@nber™PdifKeSRFULELPIETED SYAERNGH st ibh ighad dI8ad T ts the

SynChron'%ﬁﬁ?@@t%HQﬂQ$thtQ tQﬁuﬁ?x&ﬁ&%&tﬁ&@QSEhanThﬁpitﬂén%%ﬁj?ﬁ&d
operations of the receiver 20  according to this enbodi nent w

descri bed fpomgobasecases iiefe 1t he tedrlandt engoen £5 rendssa iL@d \mthot
classifie.gi,, E& §;,s%] gse where the scranble code is not «classified
will be descri & erence to FIG 29A. The timng detection
circuit 204 detects the synbol 10 and franme timng for the synchronization
channgly (step S170F)

2. The transmitter as claimed in claim 1, wherein
the amplitude adjustment unit multiplies a sequence value
15 having a periodic autocorrelation characteristic as the

amplitude adjustment sequence value.

20
3. The transmitter as claimed in claim 1, wherein
the amplitude adjustment unit multiplies a sequence value
having certain amplitude in a time range and in a
fregquency range, the segquence value having a periodic
25 autocorrelation characteristic as the amplitude

adjustment seqguence value.

30
4, The transmitter as claimed in claim 3, wherein
the amplitude adjustment unit, in multiplication as a
sequence of arbitrary complex numbers, multiplies a

sequence value having a certain amplitude in a time range
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The timng detection circuit 204 detects the scranble code (or c¢c .1 ID)
for the common pilot (step 51704). 15 Then, the case where the scranble
code is classified wll be described with reference to FIG 298. The
timng detection circuit 204 detects the synbol and frane timng for the
synchroni zati on channel (step 51706). 20 The tim ng detection circuit 204
detects the scranble code group (or cell 1D group) for the
synchroni zati on channel (step S17)8) The timng detection circuit 204

det ects tNdsépambliere@dentor iHedeomid® pi ¢ et elsSttep’ B17E0N.2V IXEg Far
exanpl e, tﬂ?lign?@ql £EL LAY LILLULE 20% DeLpgla LY 2L At an, hef yeen
ref erence sign conducting Integration of the phase difference

bet ween t&mpleﬁ@ﬁ@nc%dBuE@ﬁanﬁi Spacendte Yateeval between subcarrier:s

of t e reference s.ignals is large, the = ;d =anble code detected by
conductlng integration on the phase difference between the subcarriers.
Ai.,.02 integration may be perforned on the phase difference code

i nvert ed depending on a predetermined scranble code pattern. In this
case, when the scranble 60 rode matches, a greater correlation val ue can
be obtained. For exanple, _h- e cell structure is detected in S-SCH, and
if the cell structune |s an = qhor sLryuct nmﬂjtq§ f above- ntloned
correlation schene i's use% £Or et ectio ASTiTTD F?aﬂe& im FrG 29C,
t he scranhirees m@eln‘aydeb@dgietsemteedt loyn :ptemﬁldrtrn‘.l myi & ategreaiu @mc env 4 hee phase

10 having a crosscorelation characteristic as the amplitude

adjustment sequence value.

15
6. The transmitter as claimed in claim 1, further
comprising:
a combination unit combining the synchronization
channel multiplied with the amplitude adjustment

20 sequence value with a data symbol segquence.

25 7. The transmitter as claimed in claim 6, wherein
the combination unit inserts the synchronization channel

at a frame period.
30
8. The transmitter as claimed in claim 6, wherein
the combination unit inserts the synchronization channel

several times at a frame period.
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di fference between; suhearri.ers in the same subframe. In 10 addition, as
illustrated in dotted lines, the scranble -ode may be de tec:ted by
perform n;; the phase difference between subc:arr.ers in different
<z..ubframes. Also, inthe (,,as where a inter-sector orthogonal pilot
is applied, for exanple, if 3 sector structure 15 is detected as a result
of detection of the cell structure in S-SCH, an orthogonal pattern is
configured in three adjacent subcar _ri.ers, Thus, the saran:::. signal
for a supposed sector is extracted by perform ng coherent addition
depending ¢ n an orthogonal pilot pattern in the 20 three adjacent
subctarriers as ill.sstrated in FIG 29D. As aresult, cl, . _3, can be
extracted as reference signals. Then, fn the reference signals c2, c.,
..-, the scranble code is detected by performng integration on 25 the
phase difference between adjacent bl ocks depending on the scranble
patterf. As ill dstrdtedtranEnGtt2 9D st héarafet dntec signalf, fWwhferein
supposed -:to- tcact % erform - .C I dition
in three Ztglj&%cce%x?b%ﬂ gg?érrlpgrn?%l r%éait%k(l%dE é%ﬁé@&ﬂ%gg elpoﬁglhﬁa{y%%gan

ort hogonalapi &ot epatrt ermtexivtzadr gt i sefyames peérustr.ated in dotted |ines,
the reference signal for the supposed sector nmay be extracted by
perform ngc the :,.oh.erant addi "i.i on in three adjacent s'abcarriers in
different frames depending on an orthogonal ,pilot pattern. An exenplary
procedyre for :call search will be described with reference to FIG 29E
in thecell search, carrier frequency to be 5 connected, reception timng
of a tell to be connected

10. The transmitter as claimed in claim 7, wherein
the combination unit arranges the synchronization

channel at an end of a subframe.
15

11. The transmitter as claimed in claim 7, wherein
20 the combination unit time-multiplexes and transmits the

synchronization channel.

25
12. The transmitter as claimed in claim 7, wherein
the combination unit assigns the synchronization channel
to at least some subcarriers of an OFDM symbol.
30

13. The transmitter as claimed in claim 12, wherein

the combination unit assigns the synchronization channel
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such as FFT timng and frane timng,, and a scranble code for a cell to
be connected are detected. The reception timng can be d:s:acted even in a
guard interval. However, the tim ng detection accuracy of the 10; cel
sear ? in a h_andover target may becone worse. In addition, the carrier
frequency cannot n detected in the guard interval :accurately and
synchronously. A large correlation value may be detected in m saligned
frequency. For this reason, it is desirable to detect 15 timng in the
synchr oni 7 iadn letvehihed oML § A G edet ect iadn CHOM Fiympo4 aetaetsvehe
carrier frigguepcy (step S2502). The tim ng detection circuit 204 detects
the reception timng (synbol level) (step :2504). 20 Here, the steps
52502 and 52504 nay be carried out at the sane tinme. in this case, the
primary synchroni zation channel may be used. Al so, since an FFT

operation has large conplexity in a frequency range, tenporal coerations
may beSdesirable. Al so, the amobunt 25 of operations can be reduced through
prelimnary ietection based on rrelation detection: by the guard
interval. The timng detection circuit 204 detects reception franme timng
(step 52506). Fard.eXampltearidmiheed gyncheomiezatinonlehianiel, Wwhearaamged in
a single rtion .i.n each fr , only the ceptign timng .but also a
:c:eived gﬁ%%sg QPéEFE?_QEnuﬁgg'6&§%Flﬁéﬁ',Si?£§h§3§§%h ?%ﬁf?gffﬁh

; channel disamneanged iy sepérale poiffemenae eachwkrranesubberG2 arcei ved
franme gust: he detected after detection of the re=.cepti:on timng. The
secon& ry synchroni zation

15. The transmitter as claimed in claim 6, wherein
15 the combination unit uses at least a portion of an
assigned frequency band to assign the synchronization

channel discretely.

20

16. The transmitter as claimed in claim 6, wherein
the combination unit assigns the synchronization channel
in such a manner that the synchronization channel is

25 superimposed on at least some data channels and time

division multiplexed.

30
17. The transmitter as claimed in claim 6, wherein
the combination unit assigns the synchronization channel
in such a manner that the synchronization channel is

superimposed on at least some data channels and frequency
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channel may be used t: detect the received franme. The timng detection
circuit 204 identifies the 5 scranble code group (step S2508).. Here, the
s tep:s 32506 and 52508 may he carried out at the same tine. In this
case, if th synchronization channel transm ssion period is a frane
period., the frame timng detection may be unnecessary. Alsso, the 10
secondary synchroni zation channel ray be used ita these operations. Al so;
the operations may be carried out in a frequency ranee in a tine range.
Then, the™StrahBLE*Este is identified (step S'1510) As the procedure of

t he ceII search, a:. 1 __.ustrated 15 in FIG 29F, the frequency

synchroni zati on and the synbol timng may > detect d, and then the frane
timng, the cell 1D group (scranble code group) , a sector, the nunber

of transm ssion antennas, the BCH transm ssion bandwi dth and the CP

| ength_may be detected. Subsequently, the 20 cell 1D (sranmbl code group)
and the sector may be detected. in these the conmon Pilot channel. may

he used. Al:, operatifons My, be; cakri §d QUL ikl a4 f FBQUENGY Cq%&f‘eir@ a
time rang:. 25 An exenplar,; mapping of the synchronlzatlon channel

bet ween ditffecamnd seetors WL ABSdesd ChedsWnah r et eREACS chapn@ 0. For
sanple, if;r's;gell méﬂn“eoe’%atat%'en%ggle&ﬁ?&n§E§tc'l% c%%éislé’%édé hree

se c:tors, the frame timng may Izni form™s:tween

_ctors. div Ve iopvaulitheo Laikad WS trivta uni ¢asm owere tdmtarehlaem@dd% may
diffeﬁ for_ the different sectors. Thus, the secondary synchronization
channel may al so not be transmtted uniformy over the 63

19. The transmitter as claimed in claim 6, wherein
15 the combination unit divides the synchronization channel
into a primary synchrcnization channel for detecting
frame timing and a secondary synchronization channel for
detecting a group, and combines the synchronization
channel with the data symbol seguence.
20

20. The transmitter as claimed in claim 19, wherein
25 the combination unit combines the secondary
synchronization channel as a channel encoding-applied

control bit with the data symbol sequence.
30
21. The transmitter as claimed in claim 6, wherein

the combination unit divides the synchronization channel

into a primary synchronization channel for detecting
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ctors. In this enbodinent, the primary synchronization channel has
uniformfranme timng over different sectors. Since the frame timng is
common to the sectors, the frane 5 tinning can be effectively detected
wi thout interference of the primary synchroni zation channel for other
sectors. Also, in this enbodi nent, the. secondary nc: ror.izat Lon
channel is defined in each scranble code group. Thus, the sane scranble
code in used in a single .10 base station, an' the sane scranbl ode
group i's ol ST derfbr PledFin & $r P BRCRAL AT AHUS 2 2EHe R GCHaT § L0
synchroni zad 4 @9t ehgnneinakse NRast dh b en i rafreat saidigno DY et odicf fer eat
sectors. This international patent application is based on 15 Japanese

Priority Appl3Ratronsd No. 926051 74391°PMPed On “JGne IHCh500 1 240~ 1 o0

2005- 24100 £hhed on gust 23t 200pmbolNo.s 20060020500 filed on January
18, 2006, and No. o,ntd~nts 2006-0~ 7782:1 filed on March 'i 2006, ~ the

trentiPe wti_re contents of which are hereby incorporated by reference.
23 Industrial Applicability Atransmtter, a receiver, a nobile

comuni cation system and a synchroni zati on channel transm ssion nethod
according to the prevent invention are applicable to 25 radio

communi cation :systens. 64 CLAIMS 1. Atransmtter, conprising: an
anplitude adjustment unit nultiplying an 5 anplitude adjustnent sequence
val ue for adjustizngTa® tamglstudécw &R alsyAGH émi %atiloh léhamhelrein

transqptt e secondary synchronization channel includes at least
one of frame timing information, scramble code
information, scramble code group information, cell
configuration information, BCH transmission bandwidth
information, information indicative of the number of
15 transmission antennas, CP length and a reference signal

bandwidth.

23. The transmitter as claimed in claim 19, wherein
the combination unit arranges the primary
synchronization channel and the secondary
synchronizatiocn channel by one of multiplexing with the

25 same OFDM symbol in FDM, multiplexing with the same OFDM
symbol in CDM and multiplexing with a different OFDM
symbol in TDM.

30
24. The transmitter as claimed in claim 23, wherein

if the primary synchronization channel and the secondary

synchronization channel are multiplexed with the same
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froma base station for establishing synchronization with a nobile
Station. 10 The transmtter as clainmed in claiml1l, wherein the anplitude
atsjuitnmcent unit multiplies sequence value 15 having a
periodi c  aut ?correlation characteristic as the anplitude adjustnent
sequence value. 1, The transmtter as clainmed :.n e::.i>ar:m1, wherein
the anplitude adjur:tr it unit nmultiplies a sequen:c-_~ value having
ce.~tain anplitude in a tine range and in a frequency <range, the
sequence\Q£B¥ REWYy: all: petfodi Bei 5o8R ‘oedk i éFRa.Ubht cREAFEEIERT st as

the anpli tyden ag) USIABAL oSBAUBNLEN Y BIUG: n é1 TRE J RANSMEEEBH As- ¢l ai med in
claim3, wherein™ the anplitude adjustnent unit, in multiplication as a

sequenc ootYAFBircrEr3e EbRpl ©Caumber $rAdE @Flli-es a sequence val ue
having a certain anplitude in a tinme range A and in a frequency range,

t he sequence value having a fully periodic autocorrelation
chaaracéteristic as the anplitude>. :tijustmr;;nt sequence value. The
transmitter as clained in claim3. wherein the anplitude adjustnment unit
mul tiplies a sequence value 10 having a crc.,scc at .or. charac.e tic as
t he anplitude adjustnent sequar,”.._ value. 15 6. The transmtter as

;?laimed in claiba 1, rt - risi.ng: inati it Lhing the
synchroni zati on ﬁchérn%éejlt;ﬁﬁ%ﬁn%?;{%dg \%vist %ltaﬁgpé;&wfg]rpg&fgﬂ%ggu’stﬁ%é 5218
sequence vaf ugiaitthimadat aysyiboin segtencech2fnz ]l Bred thensmddreda ay

CIainﬁ%irEfkékTJ%ig@@ﬁ%kﬂchannel.arelnultiplexediditha.different
OFDM symbol in TDM, the combination unit arranges the
primary synchronization channel and the secondary
synchronization channel in such a manner that the primary
synchronization channel and the secondary

15 synchronization channel are spaced apart by a predefined

number of OFDM symbols.

20
26. The transmitter as claimed in claim 25, wherein
the combination unit arranges the primary
synchronization channel and the secondary
synchronization channel in such a manner that the primary
25 synchronization channel and the secondary
synchronization channel are closely located on a time

axis.

30
27. The transmitter as claimed in claim 23, wherein
the combination unit arranges the primary

synchronization channel and the secondary
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the conbination unit inserts the synchronization channel at a frane
period. 8 The tr: _.nsmoter as clainmed in claim®6, wherein the

conmbi nation unio inserts the nchronization channel several tines at a
frame neriod. 66 5 The transmtter as clainmed in claim8, wherein the
conbination unit inserts the sync hron:izaticn :.h.annel at an even
interval at a frame period, 10 10. The transmtter as claimn in claim?7,
wherein the conbination unit arranges the synchronization channel at an
end of a sibiearenivmiconTheanRgdsAt fer 85 T¢] &ivAEP 1 h @F &9y, OWh¥r ei n

20 the co ﬂ@%hgﬂdﬁgﬁlﬁlgﬁéﬂﬂgéﬁéexes and transmts the

synchroni zation cnannel. 25 1. . The transmtter as clained in claim?7,
wherein the conbination unit assigns the synchronlzatlon channel to at

| east sone subcarriers of an OFDM synbol. 1S. The t.i:iansmt..er as
niai7::::ct in claim112, wherein the conbination unit assigns the
synchr 8ni zati on channel 67 to at |east some >subcarriers of an ?FDM
synbol at an even interval. 5 14. The transmitter as clained in claim 12,
wherein the conmbination unit nultiplies the synchronization channel

usi ng a phas. e difff dilencer betmesrt ssubcaralieised 10 ¢5a1inThe whanswmibter as

ClaiWEdir%&éaggh%iﬁg¥qghnunit unicasts a portion of a frame.

10

29. The transmitter as claimed in claim 28, wherein
the combination unit arranges a broadcast channel in a

15 portion of a subframe dedicated to unicast.

20 30. The transmitter as claimed in claim 23, wherein
if bandwidth of the broadcast channel is reported in a
secondary synchronization channel, the combination unit
uses a reference signal having the same bandwidth as the
broadcast channel.

25

31. The transmitter as claimed in claim 1, further

30 comprising:
a CP addition unit adding a CP having variable CP
length depending on whether broadcast communication is

carried out.
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15 the conbination unit uses at |least a portion of an assigned frequency
band to assign the synchronization channel discretely. 20 16. The
transmitter as clained in claim®6, wherein the conbination unit assigns

t he synchroni zati on channel in such a manner that the synchro-nizati,::r,
channel is 25 perinpo ed on at |east sone data channels and tine division
17. The transmitter as clained in claim6, wherein the conbination unit
assigns the synchroni zati on channel n such a manner that the
synchroni zati on channel is supe?.npo ed on at |east sone data channels and
frequency 68 nultiplexed. 5 18. Tho transmitter as claim_d in claim 6,
wherein the conbination unit assigns the synchronization channel in such
a manner that the synchronization channel is code division nultiplexed
with at |east sone dafa channel s¢10519: 2 The d napsmiditersias (glaiaed in
claim6, wherein 15 the combination unit divides the synchroni; stion
channeP ith® %Ppﬁﬂﬁmﬁﬁ%Vnéﬁﬁém%ﬁﬁﬁdﬁh@hgﬁnanf%#C@e@e@ﬁpmfrf?%ﬂﬁ
timng and, %.ﬁ@ﬁ%%%fty r§1¥£'ﬁ %Q“'lzsata!f)ﬂaﬁﬁela“% - fory ?t 8Gt iang e%@rg?p’ and
conmbi nes synchroni zati on annel wth the data syn%o sequence

The transrd tfeamas clalned in claim19, wherein 25 the conbination unit
conbi nes the secondary sync_hronizatior- channel as a channel

encodi ng-applied control bit with the data synbol sequence.

10

33. The transmitter as claimed in claim 1, further
comprising:
a pilot signal generation unit generating a pilot
15 signal,
wherein the combination unit arranges the pilot

signal at an end of a subframe.

20
34, The transmitter as claimed in claim 1, further
comprising:
multiple antennas;
25 a transmission unit conducting transmission at
different transmission timings in themultiple antennas.
30

35. The transmitter as claimed in claim 34, wherein
the transmission unit transmits a synchronization

channel by applying transmit diversity.

73



21. The transmtter as clained in claim6, wherein the conbination unit

di vides the synchroni zati on channel into a primary synchronization
channel for detecting 69 frame timng and a a.e cndary synchroni zati on
channel for detecting control information of a scranble code or a
sccranbl e de, group, and conbi nes the synchronization channel with the
data synbol sequence. 5 22. The transmtter as clainmed in claim 19,
wherein 10 the secondary synchroni zati on channel includes at |east one
of frame timng information, r'nble code information, scranble code group
information, cell :configuration information, i;CH t_snsm ssion bandw dth
information, information indicative of the nunber of 15 transm ssion
antennas, CF length and a reference signal bandwi dth,. 20 23. The

transmitter as clainpd in ol ahm 19, wherein L fe gombi nation ynit arranges
the primary synchtonization Channel “and the seconéﬁry synthronlzapion
channel5 byt oaet pénpulitds pl exivmgiwthathei2s sane oM syntiednna lFOVpm

mul ti pl exin ith.the same OFDM s ol_in CDM and tiplexi ith a
£ ehent TEFBRR Sy noor oINS 345 G (FaEnT ferl 55 EPEASRE] e Bl m
23, whereifivoi Bntthenmpakmary synchroni zati on channel an the secondary
synchroni zati on channel are multiplexed with the same 70 OKDM synbol in

FDM the conbination unit arranges the primary synchroni zation channel
and the secondary synchronization channel irregularly.

10

37. The transmitter as claimed in claim 34, wherein
the transmission unit transmits a broadcast channel at
a certain period of time after the synchronization

15 channel.

20 38. A base station, comprising:
multiple transmitters, each of the transmitters
comprising an amplitude adjustment unit multiplying an
amplitude adjustment sequence value for adjusting
amplitude with a synchronization channel transmitted
25 from the base station for establishing synchronization
with a mobile station,
wherein the transmitters have frame timing common

to different sectors.
30
39. A receiver, comprising:
a synchronization signal replica generation unit
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5 25. The transmtter as clainme in claim23, wherein. if the primry
synchroni zati on channel and the secondary 10 synchronization channel are
mul tiplexed with a different OFDM synbol in TDM the conbination unit
arranges the primary synchroni zation channel and the secondary
synchroni zati on cannel in such a manner that the primary synchronization
channel and the secondary 15 synchronization channel are spaced apart by
predefined nunber of !OFDM synbols. 26. The transnmitter as Zlaino in

cl ai m 25, qmé@éaﬁlnt%ea coObCAatdvhz Al Crardadges 1t ke ki aary
synchron|4ﬂ$ cwel g d the secopdary , synchroni zati csn channel in
such am anne ﬁat t mary 25 sgnchronl zatic..n channel and the
secondary sync@wﬂﬂza@ﬂéﬁ1Ghanwe1tadéuﬁQE%m9 Ferrelaedoonbetiaen axis
27, The transmbtehAgplal Jed i Claign 28 2phereln o Jiney eorhinatign unit
arranges then primary synchronization c annel secondary 71
synchr 8ni zdtéonedharrgel ica ewsl GROMEsyAbd 2 oquffas@rlaC!Fm gpAtyd s within

one frane. trans t i L. ,

conbi nat i oné%%??t-ggﬁeecas]?g g] %ok(retalngdri tofﬁaﬁ(rjaaérrg?g %écrga?mw{}?ansma‘% er as
clained i rba:dsadmozS,tMedercadtrm conbredtatonomni t arranges a broadcast
channel in a 15 portion of a subfranme dedicated to unicast. 20 30. The
transmitter as clained in claim?23, wherein if bandw dth of the broadcast
channel is reported in a secondary synchroni zati on channel, the
conbiqation uni t

40. The receiver as claimed in claim 39, wherein
the correlation unit uses a waveform close to £1 as a
time waveform of a synchronization channel.

15

41. The receiver as claimed in claim 39, wherein
20 the correlation unit detects timing based on multiple
CP lengths.

25
42. The receiver as claimed in claim 39, wherein
the correlation unit detects a CP length based on a
detection result of a reference signal.
30

43. The receiver as claimed in claim 39, wherein

the correlation unit detects a cell ID based on multiple
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uses a reference signal having the same bandw dth as the broadcast
,channe |. 25 31. The transmtter as clained in claiml1, further 'i
onpriair, g a addition unit adding a :,P having variable CP length
dependi ng on whet her broadcast ,conmunication is carried out. 72 32. The
transmtter as clained in claim31, wherein 5 the C? addition unit adds
the CP in such a manner that a broadcast channel. is arranged a he:d or an
end of a frane. 1 The transmitter as claimed in claim1l1, further

conpri si ngEP alphlasth s si gnal generation unit generating a pilot 15 signal
where3i the conbination unit arranges the pilot signal at an end cof a
subfranme. gig 34. The transmtter as clained in claim 1, further

conprisin3: nultiple ant::nnas; 25 a t:n.=.;m:ss:on :nit conducting
transm ssion at ifferent transmssion timngs in he nmultiple antennas.
35. ..i;e transmitter as claim i:i in claim34, wherein the transm ssion

unit tmlMansmts a synchroni zation channel applying transmt di:e:eersity.

73 A The transitep,gs olaifip. n.glaig 3g. wher eifh: R bRe LhANSIgsi on

unit transmts a roa cast Cc annel
the correlation unit detects a cell ID based on a phase

difference between reference signals.

10

45. The receiver as claimed in claim 39, wherein
if an inter-sector orthogonal pilot is applied, the

15 correlation unit extracts a reference signal of a sector
by a coherent addition in three adjacent subcarriers

depending on an orthogonal pilot pattern.

20
46. A receiver, comprising:
a FFT timing detection unit detecting FFT timing
based on a primary synchronization channel;
25 a FFT unit performing a FFT operation on a received
signal based on the FFT timing;
a demultiplexer distributing the FFT processed
signal into the primary synchronization channel and a
secondary synchronization channel;
30 a channel estimation unit performing channel

estimation based on the primary synchronization channel;
and
a demcdulation unit demodulating the secondary

synchronization channel based on the channel estimation.
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at | east two antennas and a common pil ot channel from tw antennas. 10
37. The transmtter as clainmed in claim34, wherein the transm ssion unit
transmts a broadcast channel at a certain per's: Y of tinme after the
synchroni zation 1.5 channel. 20 38. A base stat.icn, conprising: nultiple
t.r.ansmtter , each of the transmtters conprising an anplitude
adj ustnent unit multiplying an anplitude adjustnment sequence val ue for
adjusting anplitude ,,:.th a synchronization channel transmtted 25 from
the base station for establishing synchronization wth a nobile station,
wherein the transmtters have frane timng cormon to different. sectors. 3
A receive.. , oonpr sing a siqg,nal rzepl'yca generation unit 74
generating a synch-rni zation channel replica approximated by an integer;
and a correlation unit detecting correlation between a received
nmul ticarrier signal and the synchronization 5 channel replica and
detectbng a cor #él.atTlon vab&éﬁaﬂiaatb&eﬂﬂed peabkaﬁmtﬂﬁingmﬁﬁﬁmmated

with the s ak }paseglon e tegtggl orre%%gﬁg1 §§E§Ql es%lre ei ver as
claimed inclai rﬁ%@ mﬁereln corre?aflon uni uses haver oi ¥ cl ose
to -:1 askgy utsumag w&vefmﬁemfen&e s: ynehednirzad |rmmbena1rme;he primary

synchronization channels located in both sides of the
secondary synchronization channel.
10

48. The receiver as claimed in claim 46, wherein
15 the channel estimation unit performs channel estimation
by using a predefined number of the primary
synchronization channels located at the same subcarrier
as and in both sides of the secondary synchronization
channel.
20

49. A mobile communication system including a
25 transmitter and a receiver,
the transmitter comprising an amplitude adjustment
unit multiplying an amplitude adjustment sequence value
for adjusting amplitude with a synchronization channel
transmitted from a base station for establishing
30 synchronization with a mobile station, and
the receiver comprising: a synchronization signal
replica generation unit generating a synchronization
channel replica approximated by an integer; and a

correlation unit detecting correlation between a
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41. The receiver as clainmed in claim39, wherein 20 the correlation unit
detects timng based on nultiple !:"P length=:. 25 42. The receiver as
claimed in claim39, wherein the correlation unit detects a CP length
based on a detection result of a reference signal. 43. The receiver as

claimed in claim39, wherein the correlation unit detects a cell |D based
on multiple 75 CF lengths. 5 44, The receiver as clainmed in claim 39,
wherein the correlation unit detects a cell |ID based on a phase

di ff er ence vet e maf bt eAeE wSighaf 59081 Fedr 686 VN @BrenaiZzaddi A clai m
39, whereidy jfean idileg€eng O&E%E@%Qfaé Bb&%telratléf?pkzlaqduethe 15

correlation unit extracts a reference S|gna of a sector by a coherent
addi tion |Jmcﬁh¢éélva ot 2epe asulbedt tilgrisn g dependilmg oh wnt brihegodmak pil ot

attern. \Y i d,timng detection unit
p %%E% tlnlng % gége%ﬂﬂﬂi éb?gef%€¥:ﬂ g

det ecti ng ased on a ::rimac synchronization c::hanne ; : 25
a FFT @nit p: ~ rffornming :., FFT op-ration on a received S|gnal based on
the FFT timng;, a de.Multip :xer distributing the FFT processed signal
into the primary synchroni zati on channea and a secondary,
nc':h:rcn.nation channel; estimation :,unit perform ng channel " =;
,timatior:: hared n primary synchroni zati on channel ;
50. A method of transmitting a synchronization
10 channel, comprising:
multiplying an amplitude adjustment sequence value
for adjusting amplitude with a synchronization channel;
and
combining the synchronization channel multiplied
15 with the amplitude adjustment sequence value with a data

symbol seguence.

20
51. The method as claimed in claim 50, wherein the
multiplying step comprises multiplying a sequence value
having a fully periodic autocorrelation characteristic
as the amplitude adjustment seguence value.
25

52. The method as claimed in claim 50, wherein the
30 multiplying step comprises multiplying a sequence value
having a certain amplitude in a time range and a frequency
range, the sequence value having a fully periodic
autocorrelation characteristic as the amplitude

adjustment sequence value.
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r nc. a denodul ation unit denodul ating the secondary synchronization

: 1 hhanne' based or, t e channel estimation. $ 5 47. The receiver as
claimed to claima46, wherein the channel estimation unit perfornms channel
estimation by using as a reference a predefined nunber of the primary
synchroni zation channels located ".n both sides of the secondary
synchroni zati on channel.. 10 48. The receive: as clained in claim46,
wherein 15 the channel estinmation unit perforns channel estinmation by
using a predefined nunber of the primary synchronization channels | ocated
at the same subcarrier as and in both side. of the secondary
synchroni zati on channel. 20 49. A nobile conmunication systemincluding
as 25 transmitter and a receiver, the transmtter conprising an anplitude
adjustnment wunit multiplying an anplitude adjustnment sequence value for
adjusting anplitude with a synchronization channel transmtted froma
base sfation establ i BRENgStedyAchcam Zog oAt BB birl € w8k fén, and
the recei V&l Gy 9RRM S N5+ SWENEQRLZALTON ShANalyn L8PLLER ot £N8r; Lo
unit g::nerating a synchronization c-ii nnel repliica ;ap, >imat:d by an
i nteger; amianedomelatPéAsghivi det ebte rignrebi Ealdat i oh] betweat a 77

recei ved icarrl i. gnal: t y b zatl annel plica and
detectingr%é %%?gﬁas%%%ugaﬁdéﬂpﬁ%d?ggginggggipggéﬂgﬂaggfning associ at ed
wi th the peak

10

54, The method as claimed in claim 53, wherein the
combining step comprises inserting the synchronization

15 channel at a frame period.

20 55. The method as claimed in claim 53, wherein the
combining step comprises inserting the synchronization

channel multiple times at a frame period.

25
56. The method as claimed in claim 55, wherein the
combining step comprises inserting the synchronization
channel at a frame period at an even interval.
30

57. The method as claimed in claim 53, wherein the
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based on ,the detected correlation. 5 50. A nethod of transmtting a
synchroni zation 10 ::hanniel, conprising: nmult:ipl ing an anpl-'rude

adj ust mrent sequence value for adjusting anplitude with a synchronization
channel ; and conbining the synchroni zation channel multiplied 15 with

t he anplitude adjustnent sequence value with a data synbol sequence. 20
The nmethod as clainmed in claimb50, wherein the nultiplying step conprises

mul ti plying sequence value having a 'full ee.-iodic_autcgcorrel ation
char act er (TR D48 & Re SHfl SERA S5d GOTnE - BEquEiee Wit Beo 3% &t The

nmet hod as clahhed ik Sh whareim 4 heubdQamd. Ipiy_:, g. ;z .::onp rises
mnt, plying a se quence value having a cs: r :ain anplitude in a tine
range and a frequency range, the se u::.n;ee ,. lue having a fully
periodic au L oco rrelation characteristic as, the anp-'it'ude adjustnent
sequence value. "S 5 55. ..he nethod as clainmed in claimb550, further
;:CcoirPpris ng .., step of conbining the synchronization channel
multiplied with the anplitude:-. adjustnent sequence value with a data

synbol sequence. 54. The nmethod as clainmed in claim wherein the
conbi ni ng step &&nprlilsedngneft #A; CLAE ™St oht 2abi 84, ¥hedfahelnat a

frame periQgyy, 268n30stHe JBhPedsas ¢l nedi hy ¢hal mpdnwhensit {hg
-.conmbining step conprises inserting the synchronizat’i on
channel to at least some subcarriers of an OFDM symbol

10 at an even interval.

15 59. The method as claimed in claim 53, wherein the
combining step comprises dividing the synchronization
channel intec a primary synchronization channel for
detecting frame timing and a secondary synchronization
channel for detecting a group and combining the

20 synchronization channel with the data symbol seguence.

25 60. The method as claimed in claim 59, wherein the
combining step comprises combining the secondary
synchronization channel as a channel encoding-applied

contrcol bit with the data symbol seguence.
30
61. The method as claimed in claim 53, wherein the
combining step comprises dividing the synchronization
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channel nmultiple tinmes at a frame period. 25 56. The nmethod as clained in
ai m55, wherein the conbining step conprises inserting the
synchroni zati on channel at a frame period at an even interval. 30 57 .
The nethod as clainmed in claimb53, wherein the 79 conbining step
conprises arranging the syncnrcni zation channel at an end of a subfrane.
5 58. The nethod as clained in claim93, wherein the conbining stop
conpri ses ssignhn t he synchronizationh channel .to a%}leas some
suboarri ers'df"a sYnBOFTeL0Y af Y Rt "VEhT FACEATalS 48789, Hfife net hod
as cl ai nedidteetanmg HIHmaheigindg Rend condd abndastyen Codhrbnses i yhdi ng
the synchrani zati o channel jnto a primary nchrgoni zatji on channel for
det ect i ng F+aPReti APAg&TE T seeohdl %C’g&é‘rﬁ%ﬁ@iéﬂi%ho%ﬁaﬁﬁéﬂa”%}e
detecting @b @E0UR ands €o8hbnieng:dde 20 osycd @nkzaldion ehannel with the
data synbol sequence. 250. The nethod as clainmed in claimb59: wherein the
conbi nPng SERPEBRPra FesCRoRBAAINTY t'he" SetBRIARY 2 SYHERP onFZ&NTH 2annel
as a channel encoding-applied control bit with the data synbol .sequence.
<;v 61. The neth;:: claimed in claim53, wherein the conbining stop
conprises dividing the synchronization 8 011 channel into a primary
synchroni zati on channel for detecting franme timng and a secondary

synchroni zation channel for detectinc control info;-.,ration of a
scranbl e
10 ©2. The method as claimed in claim 53, wherein the

secondary synchronization channel includes at least one
of information indicative of system bandwidth and
information indicative of the number of transmission
antennas.

15

63. The method as claimed in claim 59, wherein the
20 combining step comprises arranging the primary
synchronization channel and the secondary

synchronization channel at the same symbol.

25

64. The method as claimed in claim 50, further
comprising:
adding a CP having a variable CP length depending

30 on whether broadcast communication is carried out.
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code or a scranble code group and conbining the 5 synchronization channel
with the data synbol sequence. 10 62. The nethod as clained in claimb53,
wherein the secondary syn :hroni:z:ation channel includes at |east one
of information indicative of system bandw dth and information indicative
of the nunmber of transm ssion antennas. 15 63. The nethod an clained in
claim 59, wherein the 20 combining step conprises arranging the primary
synchroni zation ¢l i nel t he econd nchr opj zat channel at
The same symbol 2225 €18 TRS L hOA. S8 S o™ A Hl nPBo. SR re

conpri si ngomsldi 8g nay :CP haV|ng a variable C, Iength dependlng 30 on

whet her broadcast co n' cati s carried out. 81. 55. The nteth~cd -s
claimed in clai %0 "¢ FPﬁeF Ri%%FI&H%F Yenerating a pilot signal,

wherei n the : onkihd Ngi St €Pe COPDHE BES AN I heses pmlr@tngﬂxg@aﬂheat an

n f fr
end o a %Ublognglgn% at an end of a subframe.
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