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DESCRIPTION TRANSMITTER; RECEIVER MOBILE
COMMUNICATION SYSTEM AND SYNCHRONIZATION CHANNEL 5
TECHNICAL FIELD The pre ::ninvention relates to a transmitter, a
mobile communication system and a ch. nnel transmission method. 13
BACKGROUND ART In mu .;:i carrier transmission s themes such as
multi ceei COMA ;Miilt' ".;arr e.: Code D vl ,, :in Multi pie Access.
M,..-.CDMA) so eme and OFDM{OrbegunakFrequency 15 Division
Muitiplex:n ) modulation scheme, an information .al modulated w.th
m:sltiple abc srrie:.. :t wh transmitter side and "Huard intrv;, . sr; _..cC
TIRBNS Mishiift d sidgifal ilofder t; M@del aveform elet@h L AMiséd BY EM AND
multiasth delayed wave;23-An; mez ' detecting KA T timin.c, in the
multi c crier .. .......5missi.on scheme utr_iz...n.gthe CFD M
modulation _ he.m: me n: r.. c. of dete::c:ti: F FT tiring by correlating a g
T dmisvakparti Eried for each symbol is .. ;,. Also, a method o:: dec;
clrig FEL timing 22,, transmitiling the,same sitana timing defeefion. 8. -, 5
-anal twice rte pea e oly and corre.I.st nc two symbols at the receiver de '
Ij . known.transmitter fof multipTéXirytantt framsmitting ay'rf heordizat ion
sSn 1@ ar certaintimine 3,1 Kneewng ghamsex aen e rseg Latern .
document 1.) In this transmit....., the sy;cihronization signal is
transmitted throuq:”out all b ;rr irn a "first manner. In the transr it :. for
BAC KGkaU'iime BRa ;:angle scramble code pattern is synchronized with
transmitting,timing glthe synclironization.signal, the, synchranizafions my1« 1

signal might be transmitted twice during

c.riels CNDvA (Muiti o zrirle  Jode DLvY T on Mul Liplo
Access MC (.DMA) cueme and OFDM (., cthoygonal Fregueuc
Nivision Mi'ripgee vnn,) modulation cueme, an
informati n r1a.al modurated with m-ltiple
Capcircie ot th ot asmitter sid. and  auard int  rwv .
3 in-er-e. int .  t . emitted siaq ~1 Lo w.der t _dCe
waveform « t rti oo ti.ged 'y multinath elayed wave.

A. omnc meth .« detecting F'T timi~c in the multi
coL1ier 2 lasmiliio cheme uti.ii ‘ng the OFDM
n.odulat. ' . ~herw . maethod of de oo tin FFT t ning L,
correlatir., ¢ ar¢ interv _ part 1n-crted £ r ¢ach
symbol is . + Al o, am<thod " de- ctiny FFT timing

~ t.unsmitting -« ame _ignal . 1 timing dete~* an
.gnal tw ¢« r . “e L/ an . torr nitn twu symbols at
th rece.v v ~ide 1 'iow. .

Co2anan 1 tr nsmitter f¢ multi.leizing and
fransmittir - a ', ..rxon.-ation s1 ° 1 1t certain timing
. Imcwn. Far » "y e, see patent documeut 1.) In this
tL.nsm_rt  the v « 1ronis.tion tioral is transmitted
tfroughrut 1 T rmuie: i a uo~t maanner. In the
tr nsmit . terv -0 .m 1, 1if start time of a =ingle
.cramble cHra> patTte s 1s zvn:thron’ ed with transmitting
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" bel. :x, Different subcarri er signalz are added to an OFDM signal in a

30 'tét]npOraI ranjge.”Thus; it is required at a 2 transmission amplifier that
these signals be amplified an@ wirelessly.transmitted. Ifrthe yphas coues
Jansission, amplifier, howeyer, s hard tg amplity asional fp gz 7,4
Taform. ™h o~ v> . IT-18, pp. 5::i-53", Ja.. 197"
Nc -patint - ument : A. Milewus . , “Periodu.c:
15 Juence,c 1t optimal properties * r channel estimation
and rast - - t-up quali-ration”, IF4J.:r s. Develop., vol.

27, No. 5 ppo. 4 6 + 1., 1983

Non-pratent ~ocum nt : B. M. 'opovi-~, “C:nera_i..ed

¢ i.p-Liue nlyphise 'eque-ce with optimum correlation

) cpertie . LIEE T.uns. t.form. Theor vol. °8 D.
1406-140", wnaly 11392

Non »H .1 1t do ument °~ N. C.-hiir, and M. Hat*t..1,

T1oaualat oo ' h gonal sequences and the.r application

v SSMA . »m , IEEE Trans. Inform. Th. ry, vol. 34,

-5 pp. 9 -10 , van. 1998
Non-y ~ent «: ument 6: 3GPP T 5 .'! Spreading and
modul at . (FDD)

L.3CI0OSURE OF INVENTION
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Howe . - th .o —--mention.« pricr art has some
bl m: -~ o o -ub D bel
Diff-rent ub .rr_ r ignai: are added to an OFDM

ignal i a *'mp. 21l range Thu . it is required at a



some width linearly. In this case, average power may be 5 reduced, and
some processing such as clipping may be conducted to avoid
occurrence of distortion. However, such processing may lead to
deg‘gded data and worse detection accuracy of synchronization

ch

s seHIN18TR haditeh, Hedyidipssizatonahanhe Auaddsied
overhead ir e Bystely. leudemtptaredent naglugtien trdhesysision
effici llocation of all radig resqur o the nization
chagrq?rﬁeﬁ/sf;}gtlcdcc%%%én\fértha’? fs, b%lyﬁgsf)értl{o%n %@ﬂ ahd réb%ﬂ&, of
caspBaltatdt Lsneand ¥yncHdidR i asgnndly & dgecaswsai may be

5”??@8&@8&LW§M@“§6H6SMP@M@QBEH9O§DQHHQ§SBPEﬁﬁmﬁﬁamﬁy be
signal power?z]Jp lied to the synchronization hannel could be reduced
S e

acCHAMYSE hG Ao T8 SEATH ¢ oMt Yhtions. 20
The presenoireeatignss tliepded ¢s slimghatethbeadote-megtiankt data

pr%%@@é%%@@@i?ﬂ%?@?ﬁ@&/ i8¥‘“§?ﬂ€ H%Eﬂwﬁri’é(@?g% channels

transmitter, a receiver, a mobile communication system and

syr@%ﬁ?aﬂon channel transmission method that achieve improved 25
10 detection aecurdayi el synchlrionizyinoichanielst IMEANMAMEA induces

oro A Lo Lo Mol o I e ek o

an BgpRyaE emjediflart emaymuibhaeg Bhao ampllddeasigstrasaurces

Seﬂi&ﬁ"tq?eV@yﬁ é@{r@ﬂiliité(ﬂi @mmﬁla%wittq SYRS¥ 098@@9%&6#@Delthat

e R TR FERE AE AR Soatea

15 seduerideeyahysn GbrAacdardibyan thisaooméiguration, tid syneals@nizefion

chang ERAT SEHRNPBIIG BFNIIRCE PRNEF Ra% 4 €R6A R hifnel s 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 communication 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. The amplitude
adjustment unit multiplies a sequence value having a
periodic autocorrelation characteristic as the
amplitude adjustment sequence value.

35 According to this configuration, the
synchronization channel can be transmitted at higher

power than a data part.
3
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nronization channel plica'anpr.(;xinated by an'inteuger; and a correlation

5 unit det:"::?t between a received and t.n synchronization channel

replica an d?tectln;” a correlation value indicative of peak n timing

associated with the peak based on the ates: :? cr rre ;. 10 Acco~_d ng

to this canfiguead 08 rit i5. possikle t@ Fdohee gn amednt ofnvention, a

coo[npvutat.icinnre.l t.ing to corrgl/aﬁigﬁr%onelraztg)ns‘in thg Lc.ver. Ine 1ica

anotherTeature of fhe p went invention, a moi)ﬂe system |nc.udlé:;,p
ggatshitter anduls & reécelver, hoitr@nsmattenR compris: ng ah amplifuganel
. 2giustmeng unlit, multiplying;an, gmplifude, adiustment, g grquepsi-alues « i on

d':,UStIZJ- arqplut_ude with a synchronization channel t::ansmitte< from a
Ubade station fof B8tablishing syficH?EniS&ioR Hith £mobile statfoh, 20
randthed etver. c-:mprisinat asynch-onizatsponcsignahrep:ic3.gpra Xatiome 1
r.%%'thg“ae%;}k' = ?¥’%QW%+ -aiop channelye plic.>ppt 2ximate dby: oo ¢

integer; and a correlation ..t c:.et.ecting correlation between a signal and

th :Pnd@eéri zat'ion hafriTca arfisdetéd bitfa corrélafidievahga k based on
+ndicatL +vi, peak-and timiL ; ss:.iraced with the peak based on the

detected correl-ation., Acc%rding this conf_gura;.._on, the transmitter ble t

cyan trahsiit the Fnc tiroRi>atiof Bharther &t highet pover SWVAR&T a2 1S TV
reatzacpa tandtheureceivér ; conputtcorretation ' Aeratignsw: tholusts1 .t Lon

c:Qmoutafion, in the,went invent.T.e h."C" of transmitting a .

:chr,onizatl.on channel né.ludes multiz:_.yi an amplitudee. adjustment
sequa%% grotuaes Leatuse ~f vhe g =fent L._.ventiovu, 1
mobile  mm woction ystem incluue . *ransmitter and

a receive . *u - %t _-uan unitter complisiug an amplitude
.djustment wn.t miltiplying an amr ritude adjustment
“eauence vilue “T°r o ustin v amp. tud with a
synchroniration -h-nne 1l tronsmitte? £foom a bas.: i* 2tion

for establi hing y ' chroni-ation with - mubile station,

a ' the 1 eLv.r ¢ mprisin : a syuch_onization signal
ropl. a gowruti ounit generatis . ~rnchronication
clann- 1 roplica  vpo timat 1 by o 0 iateger; and a
correlatica un't ¢ =rect.ng corre .tion between a
Llcelved muLt. u.l e ign.l and th ynrhronization
r1ann L oo 1oL ad  stecing rrelation valu=
indicative -« 2da¢ ¢ ak and timi.o iss riated vith the

r-ak based n th Ad. -:cted chHrre . ti

Arcnrding t« ~his conf.guru. rn, the transm.tter
can transmit the . n nroni..tion h.unel at higher power
than cdut trult. w..w . hereceiver ¢ « conuuct correlation
«peratrirn  rooch 1 (omrnofation.

.n - "the f1 0 Ce " the -5vent invention, a
me hod rf traasmit*r'ng a . nchrn 1zation channel

arlunde s maltipey o an ampl_tuu adju~tment sequence
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value for adjusting an amplitude with a synchronization channel,

wherein the multiplying step comprises multiplying a sequence value
having a periodic autocorrelation characteristic as the amplitude 5
adjustment sequence value. According to this configuration, the _ i
synchloizEEnahbrAtickh 3B RaRhlitidd @u'dhe SHRGTHhaR bzddkd on
pathestking iwlirepeoied traame udetd pioniaccusaeypindbe pedeieer. 10
[ADVANTAGE OF THE INVENTIO ccordin the Iments of
themgr!ege'zﬁtp},n'vﬁe)%tign El? gup%]s%sﬁ)lgl\%]or%%vi(%é/ ?1 'ﬁ%n%nﬁt%;e?gd?&eiver,
a ncHirRcsum@lAkhaon ehateat &Ad ks SyiscrasnikagorbiRdridalde
traggfpissanenethasghahta aghipye improved detection accuracy on
synchronijiation r(ihannels. BRIEF DESCRIPTION OF DRAWINGS FIG.

lis ablo Co‘fé’df Wﬁ’lugt?atmb':?tr%?@ LN h%@ordmbeto one
embydizhatrof 2bd poesenh anvealioca G e2A maschdEbatc aladgragher

ilustsaing 3 Fepetiionayaveiarrt in admaeigs: FIC-i3R vy saherratie
diagram illustrating a sawtoothed waveform_ina frequency range; 25

FId eXRCE LoRe ASGRY ERGYark HIUERRRG CE&BREIary correspondence
betpyeRmsyNEBEOroFatiohE chaveEN TLonders and scramble code group

method o St B Eonon S THANNS 8 b nr e 4

is d Batedkdddiadant SlURRREREG ber- BT rayidevayckaimn seithey . a

fFOIFIeF@@iEU’éQQ agd _rﬁ@ﬁ‘i IiéV%@iﬁmﬂfi% H’f‘ﬂ@m%}ﬁéwﬁwﬁﬁﬂn '61':'(_3- 4_C

Vi A I R IS T e
achieve improved detection accuracy on synchronization
channels.

BRIEF DESCRIPTION OF DRAWINGS
FIG. 1 isablockdiagramillustrating a transmitter

according to one embodiment of the present invention;

FIG. 2A is a schematic diagram illustrating a
repetition waveform in a time range;

FIG. 2B 1s a schematic diagram illustrating a
sawtoothed waveform in a frequency range;

FIG. 3 is a schematic diagram i1llustrating
exemplary correspondence between synchronization
channel numbers and scramble code group numbers;

FIG. 4A 1s 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;



FIT Es. ;?. _.. a schematic diagram illustrating an e xempl a r y c. nfigu;

:atic;n of the synchronization c:hahnel; 4l.., B ,iz. a schematic diagram

i-.._u trating an exemplary configuration of the synchronization channel;

5 FIG. 5C is a schematic diagram illustrating an exemplary

wonfiguration of the synch O ization channel. FIG. is schematic diagram

illustrating an exemplary configuration of the syn hro ization channel, ,

FIG, Ak a .chematic diagramdiustratingian 10 exemplal¥t rating an

configuration of the synchronization_channel; FIG. 6B ...a .:thematic_ .

 iaBRa fisstratin 5h exemplany coRtibtiritdn of e SyhaoRBaiBA e
channéll FIC.. Bis.a schematiczueagram #,1 astxatingianlexemplary ng an

. :nf.gyratiog of the synchronization, sh.annel, 15 F1G, Si._a schematic,, 1,
diagram illustrating an -xem.plary : crfigu aticn of the synchr n i. ation
channél<FI- . 9 fs aschemati¢ 8fagrahtillGstPing Bn ‘exerplarp £ tng an

- waygforangf the synchrenization ehannes §1G..10A is a schematic dienn 1 .
cam illustrating an 20 exemplary arrangement of the sync :ronizatian
channgl;% OB aicﬁématic O;I?ilré%yr?aar\%ﬁllus rét?r%lanm exeﬁrflbllé%/rﬁa%vle%?man
formse: A0 is a'sthematic diagrani _ lluatray nnhan. FI1G zéxeoplatyamne 1 ;
Vit forgag fox usg in S-IC.H; 2i5 RIG: 117ids g gchematic diagramc i~ 4,
illustrating the type pf the syne:ttr nizaticn channel; FICA. ..n..a ‘
ERBRAGC diagrant Mdstrating ah ekehipfars ultigiéking-schéf of | 1nlie L’
SOH withS-S€El; FC.. 2 i.ereprhematiidia~r<tamillusiratingan SOian
xem;plary Configuration of the pz:::.mary synchronization :ha nnel FIG.
AT |é%!}a?r}% yllustf% |ﬁgqén ae&ém%laor%gé%%on‘ of the Ts%toln%%ry? hdnnel;
;aymﬂﬁéms&jomdu@fgphemat1c diags -1 110t sating an

exemplar, .nrigu.at.. n of the sy. o 1uiration channel;

(%4

1

(]

15 FI. 1 a ' .matic diagr .1 illustrating an
“emplary . Tigucat. mnoofthe syncar-iuniiat.on channel;
F.ooo. 9 1. a ...matic diagram illustrating an
exemplary wi.vefrrm f the ~ynchro _zation channel;
Fl.:.. ""A i a «(.ematic dic.am illustrating in
+  © emplary arrang ment of the sync .roni-'ation channel;
I¢G L0B a rnematic dic ram illustrat-_ng an
exemplary wavelorm I r u... in S- ' H;
'I.. 10C is a «nematic diinvam illustra*sna .n
empla.y w. vi 0o rm I . us¢ in S- 'H;
5 FI. ''A 1 a ‘hematic diarram illustrating the

Fype pf the syn Lr nization chanr 1;

FIG. 1.B . a +aemati. di.orum illustrating an
‘mplary m +tlp.:xi ¢ scneme o. ¢ TCH with S-SCH;
Fot, 17004 'nemati' dia ram illustrating an
cxemplacy o Lfip t..°n o the pr mury Jynchronization
cuinn L
I 1A LU L + romatic diacram tllustrating an
¢« «mplary - nfi-v +i1.n of the . .n~ndary

ynchroni a3 1on .n...el;
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6 FIG. 133 i a schematic diagram illustrating an exemn ary arrangement

of the secondary synchronization channel FIG. is a .. .;;nemat_c

diagram illustrating an 5 ezze.nplary .,.onfir;:urat of the _.e :ondary
synchronization - ' | FIG. _ >D i.'a schematic di ac arm illustrating an
exemplary .Y.rangement of the secondary syn c.b rO:: .l :::zanon channe’,

10 FIG. 1; schematic diagram 1.1 1."stratin;,_ n exemplary m _tip ...... .
scheme 0§ F- C"@nd S-SCH; FiGak3R, daay hen.atic diagkating an
Jillustrating an exemplar, arrangemeent of. the secondary , ,
SHBROREZat" T2 AL 1 FIG.C.3 18 b schEmatc Ao AVSHARR & ° 107
—examdry m :it ple .ing scheme of -SCH and S-S™:H; FIG. 1'$l is a

schemgar ds diagramillustrating, ag ex<'x.pk+ 1y culy: ;reheme o 3¢, 4y
and S-S."4 FIG. 14 is a _i “ematic dia;ram 1' 11,rctrating nreapo :0
> exXEMptay hetwedh Synchidrizatio fchaRfel-:2e Sfufibt 8nd C ' encths;
Fischkb1si.. sk'r.ematic diagram-illustrating <. ;ch. _ ~. exemplary

betwe nchropization_ channel. "d .umb+,scramble code numbers

and VP S8 loris. FIG. %0 SoHBERRE dlag A Lsfiata i SR 2
betweér iyrchronizaty ©ndrannelfce:d numbers: ahalz yambhcodaonization
_Rumbers;.FIB;:. 17A a c.nematic diagram 1lustrating an ~x'mpl ary of a
synch";>niz'at_on channel; F;. _.L"Bis a s, ematic die rain illustrating

an e xé?fip iaf AR "Jent of syh%ﬁfbﬁ?iétiorfiéiﬁhnél?‘ illustratin ..

exemplary muitird : 1. scheme of .- ¢ and S-SCH;

FIG. 1'F . a .hematic diig..m iilustrating an
exemp.ar, arrangemait ol tne secordary svnchronizat_on
P onne L.

Fla. o 0 1is hematic di - am illustrating an
< emplary m LFixl. ing scneme of .'-SCH and S-SCH

FIG. 1 H is a n.oma.ic dicc.am illustrating an

e mplary mult.cl.. n7 . ~heme cf '-St -+ .nd S-SCH

FIG. 14 . a .Jrematic dia-ram illu=trating
exemplary = rr rp~nd nce between yn .ronization
« rannel le number  nnd C. lengtnu

FI¢ 1~ is . rnemat.: diag:s.m illustrating
- gemplaryv . rr .., 1l n e retween iynr .roniza* .on
channel ¢ ' umi~ v sScramble ¢ le numiicrs and cvr
lengths;

FIo. 1. ~hematic diag.»m .llustrating
exempliry ¢ e ,» n aCe « twe n o ynchronization
_hannel « ¢ number and : ramb. cod: numbers;

FI. L/A . a ‘'vnematic diagram illustrating .n

.x~mplarc. wciatn~emerlt of o . ynch nnizution channel;
=T /B i. a ltemat.c dia vam i.lustrating an

SoMpe oot o xon fme Lt of .ynchroni<+ition channel;
. 1sa i L " tri.aram iTllustrating a receiver

a. «uas Jding *.© ne emr dimeot of the present invention;
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FIG 13A za blo c:\ dia dram illustratina a receiver acccor'ding ._o. one

em ;:dim.-eat of the present invention; 7 FIG. 18B is a block diagram
illustrating a receiver according one embodiment of the Present

invention; F114. 19A is a schematic diagram illustrating e mplary frame
timing detection: 5 FIG. 19B is a schematic diagram illustrating

e..emplary frame timing detection; FIG. 19_is a schematic diagram
illustrating exesplagy timing detestien;;Hfe. 207 4 sehematis gliagtadteiver

aillusﬁtra#jr] an 10 %xe@plzggy qgnfi gratiog{_)f a synthonlzear'%igrn grlJlaneng!i' on s
FiG. 2175 & schentatic di’agramJﬂ ustrfating an ‘e‘xem’ﬁlaril onficuration of 7
a subf¥ame; FIPR. 2Zi fblockidiagramdlisadtirara trhnsmittepting
~accrding to one gmbodiment of thequesent 15 invention; .1 G. is a
sc’hematirc. diagram illustrating an exemplary orre-anon computation
schemelFIG. 24K is & bbck drRGRAT MGstfatifig a TBceiviet Yatedringtd
earenembadiment=of4~,e preisent invention;i 20 F! 03. 2413 is a schematic
diagrag, jstrating exemp.ary sypdhvqnisatien in §8CHdetedtion in
receiver according to one embodiment of the present invention”, ,
= 2/EQnis laeseHernatic? eliagkam illistésting 25exemplary synch: o Nation.
detectipn ¢.< Clj detection in, g regeiver aecording to;ane gmbodiment -
of the Ere_s_ent invention; FIG. 24D schematic diagram illustrating o
ex&EParR sYnchr8 Inadion detectiortih SSEMHelEction 30'in 8Teleirn - +/
according to oneé embodiment efrthe preséntz ywent  oh.RIGt2%A dang an
ns'eehn?p é'rds';agramﬁ“iftd‘?‘t.'ﬂgi n of a2 subf am
FIu t L L oJicck diayram nlu.toating 3
transmitt.. a . nrcina o one emb (. .mert of the present
invention;
Flo. i, . s .emati diagrum illustrating an
yemplary «rr.lati n computation scheme

FIG. "4A is ab "~k diagramillustrating a re =iver

according 't tne m.odiment of t1 pres- nt inventi.n;
FI5. .1B i: a aemat.c dia ram illustrating

e emp.arv .ynchrrni ~t.on o tect. .1 in 7 SCH det-ction

na ~»cc. i ceroding to ne embo iment of the Hresent

nvent ior.

FIv~. -C i a «aemati diagram illustrating
exemplary vynrh ~ + 4tion etecti n OCH detection
in a recreiver accrvalr.g to rrn- emb iment of the pre.ent

invention;

FI. «D . choematic dicg.am illustrating
exemplar, ~nchr¢ .. .1ion ’'atecti n 1tn -SCH detection
ina racerr L wvrrndinn t ono emb: iment of the present
invent: 1

FIC BA L a «hemati diir.am illustrating

amplar . lat . . h.op” botween 'F: and detection
rr.oba.il.t r £~r ~rerages «f the ~condary



15

25

exemplar; relationships between . Ps and detection probability for
averages of the secondary synchronization channel; FIG. 2:53 is a
schematic diagram illustrating exemplar': relationships between SNRs
and detection probability for averages of the secondary 5
synchronization channel; FIG. in a block diagram illustrating a receiver
according to one embodiment of the present invention; FS:,. :1Aisa

schematic diag + amillusttating-an;exemplary configuration of a
synchronization channel and a commagn pilot channel FIG. 27B a

scheméatic-diagraf ifustrating 4 Exémplafy SCH Andmisdidh * 2 £ 109
esoinemiesrdor meliiple itransmissorbantersas actdrding talomeetection
pg'BRadiment of the, present U‘éfé‘go%' A5HE 27C-a gchematic diagram

illustrating an exemplary SCH transmission scheme for mulitiple
Strdrshiissioh antérittas acédtaing to one embodiment of this, present

inventien; &)G. "S is a flowchart ilustrgtingran exeraplaryt4Ggperatien 8f ver
a transmitter clgordin‘% to oqggmbodimen% o%he pr,.....s:nt n ention: fion:
*F1B° 2/ 8% flowchar iIIus’ratln%]Héennexeﬁwplary >0 e &tich of a TECeVer * 07/
according fo one Bmbodiment dfethetPreseht mventioni 23 EEG.t¥@ina an

Slowghar jllustrating an examplary, eneralign of a receiyer acerding 101 ong

one émbodiment of the present. inv,enti;;on; FIG.. 2 C is a schematic
adiagramafustrating exemplary*;'ell T'..: detection by a reference signal;

F_.. 2 Djic a schematic di ..., radmilusteatiog exemplaryicall 4G detection an
. 'ieaéerenceHsi%na ; FIG. 9c..is a f|0V\ﬁ:hal’t iIIustrating f@ﬁ)}«irgplary

by .. ‘
ec%%rpgnon a'receiver accélr?jWgstg one efmbodiment & ™

transmissicn ant¢onas according t 11e emwodiment of tne
present inv ntvi ..;

FIt . ~ /¢ 1+ « hematic diasram illustrating an
exemplary ' H t.an mission schemr for multiple
*ransmisslioun antennas according t + one embodiment of the
present inv ntion.

FIi "8 . a f. wchart illu.trating an exemplary

.veration . f a *ran mitter according to one embodiment

f the pr..‘“nt .o ition
FIG. YA s  -..wchart illu tratirn - an ¢ :emplary
sonration of a rv « Lver ar.ourding to one embodiment of

the prese.* inveunti 115
FIC ¢? -+ _ fl wchart illu trating an exemplary
perat_ovn of .: ver a: _ordin *+ one embodiment of

the pres n* inv~out. L.

FIG ~ - i a . hematic di .ram illustrating

ermplary Ll T et tion by a reference signal;

FI Lo . a o hema*lic di=~rram 1l.ustrat.ng

e .mplacy "t I« tecti 1 by . =2t:=zrence signal;
T 9 1. a .l r'¢cht ill trating an exemplary
.ration " a re~- v r a nzdinv to one embodiment of

the pr sent inventi..:
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the present. invention, 9 FIG. . '9F is a flowchart illustrating an
exemplary op:: ration of a receiver according to one ,,mbod'ment of the
fir: sen inven’ion: and FTG. :$0 is a _.,..lematic. diagram illustrating an 5
em.plary c rocti2..aticr: channel transmission scheme in each .-ctor. F.
Tr Cr RTFE: ENOE SYMBOL 10: transmitter 10 20. rec e v,er BE
MODE Fc'R Aur'Yl OUT THE INVENTION Embodiments of the present

inventiph will be, escribed with, fezgnee toithe accompany inQr{jré‘A@HI@ lary
15 Throughout: the drawings, components having the same functionality

Oha§ bt deloted a8 tHePsame teferdfie HAmRRaIS And the a@&RipadiER T ©f
tthereof mayinot he vepeated. A rachi? e . _m icati c.n system 8':c rding
to an 20.embogiment of pre.; eqtnvention wil bedesgribed. JatiTh .»
C%dim :”-t, the, mobile communication system ;:lodes a transmitt=er 10
Cafda t eeWer 20 NTheh: thiettratBmitfe? 10According I thiss 1on scheme
; embadiment will hie_ ri:=scribed with reference to FIG. 25 The nsmitter 10
transmits, a ynchroni_zation channel. The .. 1..'~: r. ?0 uses the
synchronization :;hannel t:o: ;ets::t symbol timing ,-.and frame timing.
T FurthermoREY Fe< EfiVer. . <0’ Y$esIthe synchronization channel to de
er::'.. cpptrolinformatipn on zcramble code::?, am:ole :.c <<: groups: a :d
others The raa:*:, :z 10 is, provided a 'base station “‘cr tranc:mit-:it n ..a
i...0 s igRd' sThé trahsfitter G includes multiple. d:.:a channel g :era.
;:ors 100._--100.x.

L™ M DE F R OCAR+ Tv OQUT THE IMT7ENTION

[l

Embodim nts o1 tune present 1 ventioan will be
described w +h -:rfercnce to the ac ompiny.ng drawings.
Throughk ut the draiwings, componer s hnoving the same

funct.ionality m y ¢ .2>noted as t. e same< reference

numerals, and tre d. ription the eof may not be
repeated.
A motile . Twow' itin system a ¢ -'rding t an
embodim- nt £ *le pr: nt inventica wii' be described.
Inthi* wbcdim nt, th mobil  rrmmuiiication "vstem

i1 (ruies a transr.tt r 10 and a o ceiver 70,

‘'her, th t . 2nsmitter 10 ar ~nrdiug to thi

embodiment .11 1, « ‘criled witn eferc.ace to FIG. 1.
The 1. i mitt. © 10 tr.unsmit a vy.achronization
+hzannel. The o ¢ i+ “u uses th synchronizacioua

hannel t . ucte t mbol Fiming .d frame timiug.

Furthermo .. ~r . o 1ver -0 use the .:.ynchroniza*ion
“Wannel to « ter - . trol informati n on or~ramble code
2rambl~  «Ad¢ g w» and « thers.

T, Franomit+ 10 .+ provi'w 31 t+ a base station

oY tooaroamitlbto o 11 . .1gnal. The transmitter 10

in . lude multiy. t ta channel g~ ra..ors 100.1-100.x.
tit each 4 ta hann.. gener.tor 100, a sequence of

10
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n each data channel generator 100, ,equence of transmitted data sups

led from a transmitted data generator " Q'l is encoded in a transmisaie:

n path encoder !C)2, and the resulting data are modulated in a data

dulat, ' 10 1n multiplexer 104, a pilot symbol is 5 multiplexed tC the

xi,dulat,ed data toequeence, and in a serial to parallel ..anversion unit

10?, the resulting data are ........ _aJ. to parallel converted into N'/SF
tinfofmatianc=yin af t..queroes ohadrefitency=axis. Mamyi it .dat a

ig%ogpgt{oprsyimbolioé tréenlv; éEd 1{) .onv%r%%d.. i,rglfosrrsn:z‘it'.l,n gv.th'ngolc der

sequences ...> copied e\_/e‘ry F sym%o?s equa?to the séquerﬁ:.eifengtlzl1 of
1short patied tHsredsiify .- e RAd grebesdig Mfodmatonesymbol a2 data
ms%ygaqeaageraligndect an ‘th%mﬁ%%eﬁt‘)% s’z!é;l% lia IS,WQPHG% 168, i'séﬁﬂe%tl is

period spreading code generated_ 15 by a short niod spreading code _ |
P enetatoF107 is muitiied th the N friforhatidh smb T s8quntes alighet® 2

on the freco neacy=dxis. b firstcitersnation wnit 100the symba resulting
J3aweness having Jhe sequeneslenalh N.and mulligled. 20 it} he.
“respective short period spréading codes supplied from tﬁe respective
1data ERgrnel. gensFators 10'-"areNif cach®f the NGAUSt Loy liésd-s141, In 2
_sorgmhle; -€s des suppl f :::m @ scramble gxde geney@dolo 1 tAre he N Su
multiplied with the multiplexed :abol sequence of the s >qu :c e Iengéh N
RS fréGuent™ In &dth othé NF ¥t ~+ .FRA18 theSsymbd §&g ¢ Ve
SFerscesH. Lisltip 4..ieC withithe. serambien< edés argtmultipliechwititaperiod
-gmalliude, aiustz gn - eguead valuegenerated anamplpds; o, 5 yrno1

adjustment unit 110, and the resulting symbol seauens e.s: 30 are
“suppletF®a secend ¢omib naticrhurit!B12E TKE ™ s Naond the Symbdl +
mAlac. €. 81. hayingthe sequencedepgthiN and multiphiedwith dkes areplisr _ted
b%agdgﬁgT¥“f§39@533§¥§§g@§2ecode ‘enerctor 107 is
mi.ti lied © -th t - N information ~vm'..1l sequences
1ligned «n the fre~-u u y a.is.

In first onmw nation unit 10f. the symbol

sequences having th-: seqguenc: len ;th N and mul-t.plied

with the rcezpective L .rt pe_.od spr: auling codes supplied

f om the re n-ctiv . data ¢« 'znnel yen - vators 10 a1«
m.ltiple:x «. 11 ach Hf th Nmuroolicer- 111, o0 camble
rodes s p li-. f--m  .cramble ¢« d generator . 0 are
multirl.ia w..h the rultipl=xed 1.bo_. . guence of the
“iJu. . ¢ 1L.ngtrh N i. the frequen -~ uir- tion. Tn .. h
. the Nmult .1 o< 1178, th usymbal sea.=2nc 2smulciiplie

with the st oombl.» "od " aremulti lied - 1th an amplitude
‘Justmen ~ el vilue generated an amplitud~

adju tment unit 11 , ..nd the resulting symbol seqgu - n

are _uppli:dl f¢ a tecond combina*ion u. w* 117 The
rvcond  opdLivWtion wnit 117 multiple.e. the symbol
agque..c>  n-vina tl "egu 7w -» lenagth n and multiplied

with th- ampli-uad> <« justment -e .ence value and the

crram-hle « des ity a cyn.un oniz~tion ~ignal generated

11
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scramble codes .,ith a s.ynchroniza:ion signal generated 1.1 by e

synchronization signal generator 120 in relevant .st:bcarr e;. ,,., onesi

N An :i:'tveLTe F ur -::r transform (IFFT) device 13:3 converts N symbols

.into an orthogonal multi carrier 5 slynal. c ix .c) addition unit 114 inserts

a CP selec d b- a OP seleCton unit 117 _nto the multi carrier ccq_,,,,.

".: r each Fourier targe,. time. Then, the transmitter 10 transmits the ,
;.malt-, cartiensignal z,:ef.ated in thenQP agdeytigin upit114'as aradi 1 evant
C);.J(gnal 10 1151 theﬂgrtgq:légh‘z'Ci-)M has pee.!": i] 1:_strativedy applied in

dbove-ms'ntioned Transmiitter, FDDI may be applied. In this.

_se,p3brt_ionvasseti.aterwith. spreading incther OFCE,Mare e v:icoved.3 -

Specificallythe. data channel 15 gepesaters 100,2-10Q,x1the copying ¢ »
unit 105, the short pe. niod spreading code generator 107, the multiplier

108 #C:. the  t CL1C pEh bt o, ink B9t &y oftfitte. £ £, KRSerts
dnf@madizon symbaol a are supphécfrom the seriat ta paralleteonveesion. . t 1
ur;_,ltr llOeS In ,othgr wo;d§ theiN hZ(Q,ipformatriog symg%Is ts‘quJied f%%rg.n
" the ‘serial to parallél conversion unit T0Fate multiglied in the multiplier
T 1E1 sAvi E?e:m.pl&ri Fatich for geReratisy ByAchrorfization srfirklsinaie
y"chroni<zation signal gengrator 120 wik;he describeds.25 A data sijna1
_generator 1' _ generate,. codes for _sync. ,:oni zation channels. For
l(‘e':::ﬁlkhﬁle‘,'thé'data generatox 1,21. may venerate a common code, such
as "1",pidE ;i ~h..clm M. maanks ¢he @ Vear caneasie detechtimingd in

lpdenindenty, . located gells by -5G7.el 8L+~ $10 21 5 B Ul s ca.

, the

ith. a time waveform'in a _ _

In th. «~+- - —tion asso _ate- witl: spre~ding
in the OFCDM "re 1 ~unove .. Specific:lly, the data « hannel
generatcr 100.. -100 ., the copyi.. unit 106, the suort
p riow spreiling  ode genesotor 10V, the multiplie. 108
nr' the ~omyinatio. unit 109 may e omitted. Then, N
informatic iy ='mb 1 r~ supplied from the serial to
parall 1 « uaversion unit 105, In other —ords, the N
inrormatirn vymb-1 npplied from the serial to parallel

« nversionunit 10F " remultiplied inthemultiplier 111.
An e emplar. ~ wrati n for - neraiting
-.ynchroni: 3 -1on  diea.1- in th= /v ichroi:r-3ation -igual
~enerat~rv 1 N will ¥ described.
A data agene..f« 1.1 generat- s ¢ | -~ for
vncoironization S hannels. For & mple. the data
generat~. . . ma. g lierate a comm 1 code, .uch as “1”,
i.all reLl . Tr, "hi mannft, the »ceiver 0 can easily
detect timing inrciep ndently £ 1 :ated cells by
orrelute vy v rc v ¢ Zignal with a time vaveform in a
¢.amon y cnr ' m .t n channel.
A 1la *trute- . Flo. "A, the :rvuchronization
nrnal g » ratro 1 0 ma. g-erat . . repetition waveform

in a temprral _zanc For etample, tTie data generator 121

12
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s<?:men sy”.chrc;niration channel. As Jtus t-ate: ._r., ICr, A, the

,ynchron_zat_on ....anal generator 1"'0 may generate a repetition

waveform in a temporal ran a. For e::ample, t:_e data generator 121 m.

y: rep eeate di y gen rate an arbitr _ry fundamental waveform. In this

case, a correlation value may be computed for a aortior: located at. the

distance of the repetition period in the receiver. In the timing where 5 the
riepeated wayefgrm is fransiitted, 4 similap waveforn js.transmited, |

resulting in a larger correlation value. in this case, the receiver does not
“h&Rto kRow . Wwaveform ¢f $CH: and BEfmines WhEthervonay be

separated pf.tizns are: ke same by cemputing the eoreelationvaklesf the

10 fO{ thte two secaret porfions. In this fashion. frequency of set . h
“Coprr?pe‘nsaLt?o% and ﬁr“nlnglaetect?orf Wit adtocorrelaticn are achieved af "<+ ©
ttirgingedetection tinge’infthe rec:s.ver by ATeans ofthe - arbittaryFepeated form

swayefopm For example, singe the;15 same signals trapsiitted s on value.
repeatedly, the receiver can measure and compare its phase. The
Iecéilertan ftilitatd the Frequents bifS&tShd the timing defedtid Witht e
wautecorrelatior of;the yeceivedd @tigrial based an phaser dlatwnskparated
faghion, cpmgutalziqnal 20 %omglexi%pu%ni%e r%duc%dotpgrougg%heon G alu
freunénCyoﬁset and thelﬂming detection with autocorrelation of e
freceité signal, eornpared do r@slics cormrdlation. As .i., u_. trat: din

FIG. 22 frequency ganversion pf the,tepegted;waveform inatemperal n ang
range results in a 25 Sawtoothed waveform in a frequency range. The
CYRehrdni2ation dignal géneratof £.20 A deheraté SaficdtrReRdaves 1 at
rarfin thisiequency rangemAlsa in thie fashion, itvis possibleda abtait the
aqrrb%davggtgge similartto tpejab\pé/ -&e&tiongg ne, s? Altf(r::nativ%l)é, the

‘ . &xa p the
Fet tit :n hamberof he r p-,-.ated w avef=:0_ms |n)%hén%mporasf. raﬁéee

safe/opthen -1 L2 tran-mitted repeat. ..y, the receiver can
I asure a.d ¢ mpace it- phase. T r ~eLver can
.. i1litat=the fr 3" ucy otfset an the timing detection
with auto ovrrel :ti: of the received .lLgnal based on
phase r.t .*ion I. "*1is 1.1shion. comput.tional
romplesi1ty an b r duced through the fregquency offset
and the t.minagdete« 1. nwithautocc.rel tion of received
cLrnal omparec. t. repli '« corr :lation.

A i1l-_s*rat «d in FIG. B, f. gquency conversion of

the repeat :d ~ av-=fo.m in a tempo:r 1 range result. in a

Tawt o otued waveld rm .. . freguent , ..nge. The
synchroni:: -“ic 1 111 generator 1.0 may genezr .t«
sawtoothe: wav . rm in tu. freuuen v range. Al:> in

this fa:h -1u, it 1 possitiie to obtain an advantage

.milir t the ab¢ve mentioned ue

Alterr ative *he r-netiti n number of the
v w.ted - vef rr.. in the *=mpor L r age and/or the
i terv.. ¢« v =»n e thof tr_ _awt thed waveform in the
L oeqgqutw o orany: 1°voow. gre ter t o an

Alt rmativ.: y, “he ' Tt . gen .ator 1.1 may generate

13
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intervu between teeth of the sawtoothed waveform in the frequency
range may be greater t . an terna3tive .y, the dat.t, generator 121 may
generate 13 synchronization channel. codes defined for respective
control ?nfcrnation, such as scramble cosies and scramble ode grcup;s.
In this case, as illostrated in FIG. 3, a synchronizaa4:ion channel is
defined for respective 5 control information such as a scramble code and

-3 sefiemble; groupokn atherwords, asypehrarization channel ,codg et 1 vé
number indicative of a synchronization channel ., ssooiated with the

cShtrol hfomation-&ich 4 a2 “Scrafblé EGdearttl & SEramifd Cods Tamp L e
gréapglnthis case;I 0 the.recever',2taa nddtecttheacentroln FIG. 3, a
sg)ﬁgéﬁlﬁgg%”i and frape umin,;, by cqmpyling coirelation b ‘é’%%%%”c ive

efined synchronization channel waveforms and received signhals,

reBlARg ik PFEdUEBR A telNseareh thie2 THUBaitis - possible pnedycecramble
~tower gensymed inthe raceivey; 3Q.4l5 A dataymodulation uat 122 hannel
gﬁgfgulates Sénghronj tion signal data, and serial to pe}jrallerl conversion _
NP5 peHorms Sertat toopgarﬁlleT Yo dérsidn on e M) cutiéd §ata ho
agenecate N symbiot 'seqiuences nh thelfrequencyaxis. &sach aniltiptier
126,20 ultiplies the gorrespending symiol seqyengg signal with;a .

synchronization signal spreading; code generated in & ynchronizat .on
tdigndl 3preabing code geReratdra28 ify tfe friequeney dirediiprRtgtion and
rgenesate N parallg) synehrenization ssigs3sisc 25 has examplg, dhel defined
Szync ronization .signal }s]preadlng codefgoeneratogl%i23 may ‘mUIE%fr)giagnals ,

SEMBIREHAE nefilded” Mthe %c‘r’qaarﬁ’tﬁe 2ode !group Admber ¢
spondingtg the. syrchronization chamrest code number in Aocosdance L v

pwith, £orespondence between the channel gade numhers andthes\, - o,
..crambl '.:ode. nroap number. as iescribed in _e erence

A dat' modulati n unit 122 modulate
o /nchron.n~"icn 1 nal data, and strial to parallel
(. suvers .on unixt 1.’ parforms serial t parallel
¢'wnver~iuun + 1 the m., ulated data "o nenerate N symbol
sequences o the £ ¢ uency axis. Each multiplier 126

multi-i.es the «rresponding symbr 1 sequence signal with

a ynihrci .at on s..4ncl spreadir code c..nerated in a
cyuchro~i-_*ion .1y . spreading de genarac r 1.7 in
*1e frequ n , d.v ~“tion to genera.e N » rall.l

synchroni--ti n ..u1 ls.

For c.ampl._, *.u ' synchroniza ion 1ignal spreading

nle generz*or 1. ma mult.o-ly a ramk '« code iu lucded

in th. 7 ranbl: ¢ . d |roup numbe. orr ponding to the

synchroni_.itiut hin 21 code numl r in accordance with

yrresponde et en the "hanne . « c«! numbers and the

cramhl- "1© Jro . uumbers as d criveu 1n Lelercrnce
v FIG.

Th nulti L1« 16 ~enerat N 2 .llel
vnchreni %1 .0 "2, 1s an supnl *hem toNmultipliers

11° Ea . vf *ue | multirliers 1. mu tiplies the

14
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FIG..c. The ;3E _tipl ers 122.6 <enerata N ynchro n a. ion signals and

sup,’ _ them to N multipliers 119. Each of the N multipliers 1r: multiplies

the 14 respective parallel aynchronilzatie:'n signal with an amplitude
adjustment sequence value incoming from an amplitude ustm,e :t unit:

116, and -uppi es the resulting signal to a second combination unit 11 5

Nex:, an exemplary operation in the. amplitude adjustment u..?is 11._
r@%%]ét'géhe tﬁ%‘jksﬂttﬁ.rﬂ'o %@@ngﬁ@z@"@ fmbog' L1 w ith an
willb,eedescribed in detail below. The amt: litud e adjustment units 1,1;,
aFRLETEHAGIIBIT JIDS%‘Cﬁani‘Zﬁﬁﬁhe-%ﬁﬁnn%Wiﬂw atampitide from an
aagjustmentssequenee Malve for.amplitikle ad tu;tment] Forsexarsptes shelting
,am?xlglide %dj%stmgnt unni;s Als gg% 11.-usea si%n lhaving

suffi:Jent..-ow péa‘lﬁi-cfo-average power ratio %BA R)inv_._terno;l

range tosendu:;: NsoPreEdieration Iferediong PAPRof tkenplitude
éﬂ‘ﬁ@ﬁ?ﬂi@ﬁf&on channel; In a transmis. gic;namplifier, data are sypplied o

to” a data channel r.andco.mly, resulting in the hig:her PAPR and a .
2fanddif Waletoint A< il @Brated BERIE WAl EIG. A€ Iheverfichiaxigietall
band-the Orl;_:0O tat- axis represent 20 transmission power at a base
station.and time, respective.,=. On the oth z hand, since the .
synchr%iﬁ%aﬁ(r)nn Ehﬁr?nél “jl%linecg‘] ?er}é%reun%]éatpattfelrpn, a §i§n%1ﬁgf Fcl)l\%v%etr:lp Ly
sYAPR:can 1,.3& selected byriete?mini"hf ad mppropridte 25padtdryu Fiment
slqdéw i the,amplifier has an upperachieyable poyerdeveeras example,
ing"lcated in a dotted line the be, k-off is set tr~ have:. a lava! lower than
YhE avBRLE Teverirt Ad 8™ i th - *F uttat oAt in'sighiaS 2 Sitgnal

having suffi 1ent. Low peak-to-a erzg: puwer ratio
(PAPR) in t: tem~. 1 range to ¢ i1du~t <ome opevztion
for r~Jdue ng PAPR of the synchron.zat _.on channel.

Tr a *ransmi: ..1 amplifier, data 'ire supplied to
a data (hanuel rana.mly, resulting in the high<rc PAPR
and a random wavzr rm as illustrat- [ in "I¢:. 4A. I  FIG.
47, the vr~r*ical 4l ' and the hori ontil -uis represent
transmissic.. powe. at a base station and time,

respective' .

On the oth ¢ hand, since th .ynchronizati o
h.nnel u: 1 . . . ference patt rn, .. "i1gna. cf lo rer
TAPR can v sel: teil by determiring an a.propriate
ratt_.rn
InF1... 4A, if *r amplifier h.s an upper arh.evauv.e
power lev 1 _s inui * d i1 a dott d lin¢. the ba x-off
is set t hav t 1.V lower tha the average level in
« nsideratfon * tlu tuation marrin o. signal-
Sup o uy Tu " 1 temrovral w v form oL PAPR equal
t _ero, Thit . .  timpoiil wa' form without a peak
.- 110g an L=y ici te« as a syr hronization hannel,
n outir. ..t ' 3u3al 1r at r than tn- average output over
data ctau~¢'. " ni - .un.mitted a ~ordingly. Thereby,

15
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15

r pc a tha: a temroral w vefform of PAPR equal to zero, that. ,
to=:mpo::a waveform without a peak ;ping, can bbe goner>tee as a
synchronization channel, an out p at 7nal .<r, a’.” r than the average
output. over data chhanne - d ac:cordi_ngly. Thereby, 15 it is pos ibl to
improve detection accuracy of the synchronization channels in the
receiver 20. The amplitude adjustment units 115 and 115 supply an
iampliuge adjugment-sequepcespduedethe multipliers camﬂal:t&incofd%e
to generate a wa.e arm \p/lthout tst. ndmg ?APR. The am lit %
o etk}stm%ﬁt sequé’ﬁlce VA& has sorfie E_I%laeraéteﬁs%%g 3 % OWs . (a}
sica 1 T itlee. amgplifudied adprstmerttsequence ivalué has eomstarnt 6 Suppl Y
aRiiticle inthe temporal rangg.and 10 4he keguency range, Jaru%xawi}elers

respective signal component:. ,:f a sequence are in the “arm of exp (j
\}\/hel‘%n% ah nﬁa@lﬂar“ i (0)] Tahegad]%ﬁarﬁ@nta Bgience Aludhagout
‘pertect p dodiggas eirorrelatron >aractetatde s. Rorubrexampledhgence
LitCC r elatlon hasei ept zero shift. Asaseq nce havmg these
aracterls?acs a CAZAC (Consjfan? mp?tu%ie ero utoéor ...latian)
sequed@e is Ftypical<Rdr exatple, 88¢ nér-patenedatuments 2eneldnence
wthi. fashion, uti :afi. 09 ,0f the,CAZAC gequencer.Y, (@A%éléfgqe)rfé"mge and

better auto-,=elation character-:;tic: , and thus timing based on replica c

RElaiT CarFE IfprévedS Bur _iBOrofe $BQudnce: - RaVIGC E1ve signal
. Chasagtenistics as presented;:lew inete the above-mentiorets 25 0 ) where
character itir. S ay used. (c) ,.Fen : fte:; the s-equenc: is mulzip- Iisd a,,.
an arbli}ary an aﬁumber equenc: the sequence stlill has ti;
abC? Tbmefftloned mhdratteristr. esl(a) and ) L THeesBge enc:evtiabu . ho -

ptimym Gl +:~.a/jurelgiol. orrelation uaractaristic. For
example, th:autc.ors lation has - 0 e:i.ept zero shift.
A, a = 1enrf nnaving these ch _actriist.ns a CAZAC

(Cunstant Amplitulde e~ro AutoCor. laticn) sequ:tnie 1is
typical. For example, see non-pat 1t document: 1,  _nd

In th. fashi n, uti...ation £ th= CAZAC sequenrc
(CAZAK code) fuliil better auto rrelation

« naracter. Ti¢. anc ~hus t.ming et¢ tinn ac ura v
'3'ed on .. plica  rre¢lation can = improved.

Fu.t. rmore, <equence . havi- 1 chkaracteri-* -z 4a_
presented + low in .."diticon to the ah ve-mentioned
character . *i1¢c. mav " ucoo.

(c) 'ren LEr . the s gquenc 1! mult.rlied a "
asbitrarcy rr. . n.mber :, guenc  th ~eguenc=s still

h-s the abevy-m nti1 .ed ~haracteristics (a) and (»H).

(d) Th. - g +. ~ has optim.m cr« srcorrelatio:..
g oexamp L. th © i.correlatio. (ab-olute value) is
omat d ot . ar *' secuenc . 'zngth N.
Y °
As . Yyu n-.~ "~ .ving the abc¢- :-mentioned

nara~teri. ico. a L ((hnerali.:d Chirp-Like)
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?)Fr.e.-,amp..., the . ,.: cc.ret:) (absolute vale}is mtedt,.crfese
uence engti N. V JIV As ,:>zuences having the abc e-mentioned a ;4L
(Generali .<,d Chirp-Like) 1,6 aequence (Cf. non-patent document 4)
and a Generalized Frank sequence non-patent do-_,ment 55) are
typical. Alternatively, Golay code (of. non-patent document z; may be
used. Since the Golay code fulfils 5 better aut. i?l:c: rel t.ion ,
- charagterdsticls thetiming, fdetection geelfacybasedondeplicie neralized
correlation can be improved in t e receiver. In addi t:"cn, its code
Esrdpérty R CorrelationPr8ce3_ 5. RG. igRals GRez > to&FF. Sppical.
,converihg Phh dficodes -generated aithin@d®CH bandwidth-patent
-frequency. range,intp ones in gmporal range ip, FFT may peused gy £51 s
Since such signals "ulfil better utocorrelat on: t ]:e tim'nc detection
~ adcufacy dased orf Fep- ic-$ edrrélatontcah®e impicved 75H thet iming
cregesyai~n 15 Furthyim re, any @f the ahoye-mentioped-threg:,s¥ef an r-
.>rm.s eta:; hbe ull ed as a fundamental waveform, and then i May be
PEHSRES fepeatedly. n i Thse; Féb@p%%ﬁ can Be simD XIPF RIHLETEY
the rexeiv.i*L.f Forcexample, theon :x<r dcmay inch € only one correl ator

wit cc: griespondiin £ 9 the,fundamental. waveform.and gombige ne.¢ | g py

outputs .::f the ..0_rrelator. Al' ,0; in cas € of a repeated :unda tenta
CRaRForfe Nnverfet odés fray™ if, IUGEH. Rithis cade Nthe laudochfre@ier v
rih gh@ragt?<ristigs can he improved vad 25:thys the timingn Heryvien used.

accurac be impro,v ~d isece~.lvfei. “le AI%so, it ma1yr)hce< selected in the

SelGE var based G the fuhdameéntaliVaveform trandmitledS -3+
reppeatediy,which - tn' ciminc detection ac uracy bes2d on

replic . correlatior in be improv .d i the re «iv

'urth rmore, any «f the above-mntioned three

yrvef rmsm v ¢ o :di1s a swndamentol waveform, ar? then
it may be transmitt ' repeatedly. In this cas
reception _10-~cso'n can e simpli 14 in the re z2iv-~-
For example, t.. . =~ Lv rmay incln e unly one correlator
orrespond.an t thue Tundamenta. raveform and combine
~ome outpuf f Fh., « "rre.ator.

Al-, in '1 e ot a rer ated ~undam¢ntal .aveform,
Luvesteu 7oA mu .+ 1inciruaded. .2 tol ca3se, the
autocorrel.*. n «1ai:ict ristic. ~an o improve 1, and
thus tue timing 2t (tion .ccurar:. .. he improved .

. 1ecedved .
Al~. .t mav L. elect d in t e *er¢ _ver, based on

the f.n ame. i, 1L 3v Torm trunsmit..ed renveatedly, which

of the aut ¢ r.:lation based app:  .ch nd the replic.
culrel "t Lotz v 3rin.cen hould re v ced for the *iming
detec* . T . mr L. 1f high — thronghput is given
higyherni.o .t *t» ', 1 fthepr. e sing amount should
ne reduc ¢ th tim. + detection (- ciarried out based
on the aut»-».-~rrelat.on. ¢« . the <cher hand, if higher
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f* the aut :cr.:ra.=.al.at:ion based approach and the replica ..~ ~.orrel:,
t.,. ont _d utnoach s=hould be .used for the timing det er:*.i;a:a; ex mp
e,. if hi ghee: throughput is given higher priority,. t::*. a... the pr;:ce sing
amount should me reduce ci, the tim:in':g detection Carried out based
on the aitoc rre ati r.. the ::ther hand, I' f higher detection accuracy is
higher priority, the timing ,cetect .On i s carried i ut based on the replica
de oEelatioe n-of lamp e., the ugdanental wave-forr-having:hettef 2 timing
autocorrel tion c_:haracteristigs ma,,. :; inverted, and the inverted and
“repeated waveform mirt,, 56 us’_‘éj.ﬁd.%ls Exantble, & fundaihent&®
« wavefdmthaving the _ nth ctg zal to _.INifthe symbo.._length L of 1
OFDMgsymbol_d. In thiscas somescade-haying better 10 autacorpraton. « o ,

char a_cter stics such as ._ Go,~'lay c: ode, a Gold code: and an
2 5rivogORAICHId 6de N used a8 Hie fitidfent | wavySért As and the

iWustratediin RIG. 45 odes. haviag betermautocorrglatien characteristics
even ir} the whole S'Enal cantbg gde§nerat d %/ rr::>ea}_in%the 15 inverted

fundamént ;1 wavet ?rm Ntimés. “Sh EiG. 4 thévﬁc:rlz&n?aﬁl‘é%igg the
-representsitimeé (ty. Forexdntple; veked fundaniental wavefompMAS ymbo 1

-may e repeated Nimesy, 4n F_....48, the jpxerted fundamental pe+1x,

waveform is represented as -A". Some component may arise out of the
25i§R& BRAG ifaigie'ftnas' it PRuS; & P €HFsigifal wavefofd is-.. SNalfy « vde
afrmed tiyex ghpassage a dgsiied aagnal Jandwidil fikery Fas ednz ;- the
¢iet the tansmer 15 described with 2o Lroference o FIG. 8. 45 oges

Syhchronization Signal spreading’ @ gene or is .,oneng |.areg o°ric 4d- a

fundarmemaltwavefcrmgenerater- B1 -a-m.petittonaddcode thverting vinn -1

chegelyln, Toutpyts signalfram the fupdamental ;waygform ; and bagd + 1
limiting filter 1-1z .. receiving_output a.-:'-als from ne rep 't iti on and code
inverted * indament .l waveform N times T FIG. 4B, the
he iz.ntal o 1epr vents time (t). F r example,
:nverted fundamental w.vefo.om "A” m.y be r:neated N times.
In FIt. 4B, the inv:rt 1 fundamental vaveform is
represent.:  as “-A

.ome "~ . mponent may arise out f the signal sand if
“t is left as it - Thus a P-~ H i3l wavef rm is
"1ally formed th.s 1 11 pas.age in ¢ 1 aesired tignal
I, *ndwidth filter.

For mr L . £ the transmit =2r 1. descrik=d wi*h
r ference - FIi. 1 . sync.urcnizat.on signal spr-ading

+ le gene~ *torl .1 -~onfig red t« irclud- a fundamenual

wavetovrmgen vatc- /. -1, a . petit.on andcode inverting
wnit 1707 L cz2ivinn o tput signals from the fundamental
v veform 1"--., nld . band limiti.ig .ilier 173-
.zrelving o ot . mils from tu- reptition and code
fverting cuaxt 17

“het  ame k 1T wavef:« -mgene ate. 173-1 generates

a ~undament:.l wav [ rm .aving the ~~de length L/N. The

epet.tica nd cv .= invert.r 1 . . reneats and
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,nvertinca unit The i..,:".d am. e:'ata wavef lam generator ._;:.3-I
generates a fundamental waveform having the code length L/N. The r
epetition and ccsi . invert:,:tr 1 O 2 repeats and 18 code-inv.rt~,: the
fundamental waveform having the code length LiN. For ;:xam>le, the
repetition and code inverter 121-2 repeats and code-inverts the
fundamental waveform having the code length :.SIN N times, resulting
cB iethe €97 lengtheBing Fhe bandlimiting filter 423 rprovides fike-the code
P-SCH signal waveform bypassing the resulting waveform through a_ .
1 0éSked signal baridiidth FiTeh, K& subh & dBSie Sighdl BAndA RS
.cases ey 10 beLonceived as dolldwso ¢ -Albandwidthprevidechfbemental
wIVIGR mavheused. in, this case, it ispossible tg eliminate fluence, ; ¢ ;g
toward other channels out of the SCH band. (2) A system bandwidth
imay Be used! In thid’&sR, 115 altRodgh there is slight influence toward
other charnels out.afrihe $4&1handethel3CH signahwavefermias less- -y
distortion resulting i%hi%t;er oetecti%r}\lqccuracy, in, a mobile >ftation.tlg N
“thé hiobife station” & Cor :(5331aﬁt?rlcr%)?res|o‘onrcf|ensgL 20 thefindamental -~ °1%¢
awasefarneig peeipared] ahd itsiwatpath isfcode4nverted and combined. in
this fashion, replicg correlation withJgh defectiopagewracy gan be 5., may
_achieved under a smaller amount of computation. An exemplary
"operation if #e cofrbidation ulit 112 25 in the transmitter 10 according
to the gmbodimentavilk described«n detailthetow. A iHustsategdniHdGed. 1In
2A the combination unit 112 inserts a ssync:hreDnization.channel at.a

rame %aerslct)\d. Ih “case of frame perlodcl)c safion of thelélclfﬂanneerll,c, ?OFoward
« éxagple; teercombinatioh «+ the SCH par i.
("7 A ~y_tem o nlwidth may t*e used. In thi > 32,

althoug: ther 1is sii ht influence toward other channels
1t of th. . u band, the SCH sign 1 waveform has less
‘. stortion, resultin~ in higher 'tection accuracy in
a mobile tation.

In the mo 1le station, a cor :1lat .. corresponding
*  the funi..men*~1 w veform is pre . red, and its output
is code-i1nverted anc « rmbined. 1In this fashion, r plic
.orreidtai s rith Fith detectivun aci ui:t v can be a hi ved

vwler 1+ mr=2ll . mount of comput "ion.

An ¢ mi L~y o e tion in th. combliation unit 112
in the tr i "mitt.r 10 accourding . the 'mbodiment will

des ribeu 1u Jdetiil be (w.

A: 1:. 1 trat«d in FIG. A, tht ombination unit 112
inserts a . y. hrec o+ :*ion ch-nnr' t a frame pericd. 1In
ti. ocz2re £ frame o ci0di inserti n of the

ynchitoose iti 1w ¢koantl, 1 r exam.,le. the combination
unnit 112 w_o - tim. mult.. 1-..1the syuchron. ation channel,
*nat i, Yoo aue t: o mit the sy. hronization channel
inan DM yvmbc L+ £ _me "l0ot. In .1 -~ se, for example,

: frame m. v L ¢ . .urfiguied to have an integer multiple
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unit 112 may time-multiples; the syr:e:hron .z:ation channel, that is,

store and transmit the synchronization channel in an OF:JM -symbol of

some slot. In this case, for example, a frame may be configured to have

an integer multiple 19 of the shat length. One frame may be configured

to 41 r.cl u de m tiple ots suc; as and in turn, one slot may be configured

to inc:~lade multiple OFDM symbols such as 7 OFDM symbols. 5 In this
ogonfiguragion,slote Aawing. the sasy';icheera/amaon ghanpelcandered to

. co_rgro#gd under clo.fed Flooptcontrol, as restra.gsmisEion without 4 in ¢

awareness" hthe Farsmitter 1. i otHeriwords, the DURE trf‘ipntlméL %ayurn !
obe uachanhged: ¥n the receier 20re ch the othrer '10chandpreteption OFDM
siming of the synnchroni natienchanggl, ¢an be iden |fi Yy correlating

received signal and synchroniz.atic._ channel replica: in a temporal

range,’ dnd-Ruzs, Symbol Bming EhdTraniettiting C& bé detebted at the
:same time. Alternattvely, the: receiver? bray db tdentify the receptior losed
ltiming of thce synchronization chatnnel bsy correlating the rgcei\éed signa’

O{%D con rﬁli TJd..Tas ri rain mlS?lOI’l wlthou axﬁ reness

with thé™ synchronization ¢ ann.I replica in a frequency range.” In this
- casel} the reseiveri20would Ose alconmidregilot «chdnnel sbfecteding trip
+§%ém|§~0@fﬂn9ﬁ%€i€tﬁ€éﬁe 20 sgramble,d.By proyidingyonly onew o ot h¢ -

frame. with the synchronization channel, if a synchronization channel. is
hg&dte(-LEthE frame boundar) €af Alsb b di¥ectedf 1A dddifiore™  han el
ccamparedde theicase f.ppvidin@Qrmaltiplei 2 frames withthel signal and

synchranization channel, highet, cpszagssi powsrforthe ooy oange

syn’c%ronlzaﬂon channel is 'acr}ueved, 785U .irtgin |mprové3dod:eatlect|on !
aacturhcy- (AR A& 08iytthe yectiven : iagriusetaforndonpilobehamiel cted
atu b&e}p_tedstgﬁcramm% coding te.detectihe 1.y scramble . esafterdframe nay
_detection and__.cr amble code L _ _
identify the roecenH-tron timing of the synchronization
channel b rnrrel ¢ing the received signal with the
synchronization raann.l repriica in a freaquency range.
In this -1..., the rer=2iver 0 would us:* a ommen piloc
channel s "ect:d * . crami.e cHd.ug te detect the
scrambl «.ud

By ¢t «viding «riy one framc .1th tue

i.nchronti:...tivon "nannel, if a syn nrop..zation crn.ouael
is detecrt. ., the ‘rame boundary « n 1 be detected.

In additi n, ~~mp red to th case f providing multiple

frame witt ‘le (ynchroni .tion ¢ unnel, high r
insmissi o ] w . I r the _ynch.i nization chaur1l is
achieved, 1. uaictin~ "1 imp:r-ved « tection accurar

Alt .r tively, th: r ~ iver 'u may use a common
 L1lot ~hanr L subje t+ 1t Lrrambl  coeding to det. ct the
. "ramkbi= - 1o art.. foome detecti oy and scramble _ode

(4 cup deft tio1.

(¢ vuv. 1.l frr o tample Lccording to W-CDMA,
tr. ynchre 1.ot n cnnn=. is i ert=d for each slot
pe.tod, th ot 1. r 2 ch L.ot. s a result, symbol
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group det_ ec:t.i; a . for : \ample, _ccording to W-COMA, hc.. ync:hrcn

zat t on chaznn is inserted for each slot period, that is, for each slot As a

result, symbol 20 timing is first detected, and then frame timing is

detected. in other words, the frame timing is detected through the two

steps. According to this scheme, although slot timing can be detected

through the 5 synchronization channel, it is not ?0s si .le to identify the
t§$§99i§teg Portiopof the frame. éﬂ_ﬁ‘%, the, acsggc.iat.ggl pRdion antbﬁg is

frame Is detected after the detection of the slot timing. According to this
d&mBStifEant, whn thé synchrdrization thanhéie detedd16 the e - cted
+framea ghd the symibol timings:can bBe identifiedy As ca restils, the symiag|

timi the .frame timing can_be dete at the et n thi
a&%@()gﬁr%gnt, théeinsge%t![gh 0 thga%yﬁc%rc?r%ez%tidn Erﬁi%}éfiﬁ?? éjlnlf})%e
SPoHIG S Fiame 18 HunitBeriod)) has bekf de3erib&E Howedek, thé dentify
tsy@chrgpigation-channel may: be ipsertegddntomudtiple portiens of the

frame unit or ‘period. in other gorﬂi, t%e s%\nchr,onizatign channel oglg/ th
3536 b Misertdd Ttg Ht 165t SHE PTG Sf the frime unit Sperft 20 % the
dedgrexample, ag illustrated. mtFIG 15, tkie  syhchromidation chanrnel inay
ipgarad-in such.amanper thattwe perads;can be configured far: ¢ ¢+ eq,

each frame. Also, _ilust..stsd in FIGS 5G, the ynchr:_liz Lion | an el may
“He WaF@®d in 3uch & marmérat fout Perdds camh Zg%elcﬁﬁﬁﬁdféé%jr- As
aeachdrame. Fhedeceiver-20 identifies reeeption tining@ktheiming can be
dsglgchroni atiotn ctl‘ﬁmnel b%(.:oycrelating the received signal with the s

ync%%cﬁai uetion ::c:é?nn‘el‘replical.Ilnne this case: correlations between

multiple frates areemoaveragedt Fortexamiph skthere are 11 0+ 060

s%@ﬂﬁﬁﬁwﬁ_ t.en - nann-1 into onl mne »n -tion «* frame
unit (peri 'w) has Dbien described. Howv-~ r, th-
ynchroni *i1on channel may be i ert d into multiple
- srtions of the 1-ame unit _r per.od. In other word-
the synchrnization '.annel only h s t- be innerto s 2ot
at least oue porti n of the fram unit 'r pe_-.

For € ample, a: .llustrated .n FIC. 5B, the

.ynchroni ati n¢ a4 11 L may be in:rte. in such a manner
*1at two periods .in « (onfigured . r eiach frame. Al_u,

- illust +.d i FT+.. " the =s,nrhraaiz . tion haaaol
may be in-* rtid in wu.h a manner that fo1 r period an

e configured for ~:i'n frame.
The recei17e . 'u identifies r- "eptin. timing of the

~ynchroni :ti n hann 1 b correl.ting the rec-1v=1l

cignal wi.1th the - -~hroni:.ition Tannel replica. In
tuis rase (ovrrel t1.ns Letween multiyle frames ar
ver-ged. < ¢ ¢ mpd . oL thir 4re 10,000 camples

vethinwa:in + f£.°me, .orr :lat.on are computed for the

9,000 ¢ »m~* ., an. *fr. ., mple I ving the maximum
. rrelaticn is £ n In fa15 cac 'y, 1if multiple frames
“re averay:t . a memiry ha tc¢ o prepared for storing
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within a single frame, correlations are computed for the 103, 000 and tt
..sample having the maximum correlation is found. in this case, if
multiple frames are averaged, a memory has to be prepared for storing
the 10,000 :orrelatThn values temporarily. Then, correlation values are
computed for 10,000 samples in the next frame, and the correlation
values of the respective samples, are added for improved S/N. Thus, a
tharger memas-y haste bgprovidegs insthe casenpfgpultinle ,. Then,
sync:?:ronicsition channels_being provided, jf t.'e abgve -m’.ent.,.ned. =,
ifiBRTarres. 3 dBraged ing FREHS dniy fas 16 '@ Ao sl ©5 17
t capacityk tFor extaenplerifda twoeperiod chaariel isused foreeach i0the
rlrame.the memary capacity canbe reduged ta; 1/22. ita fourperiodry , - 4
channel is used for each frame, the memory capacity can be reduced to
- HAIRTAdBRBA, -as Mere synchBr:R& G2 8thnnels are provided for
each frame; the memorycapacitycanlne 39 furthec refuc gilorthe gasen . s
ogfmuliple channels being provided, the channels may be aranged ¢ . ¢
equa<ﬁy. in other wofds, “the synchronization Kann'.:? are equeﬁf?/ space
ain aaframe period,tih ¢his~arrangerreny, tesaverayinge28mopédation :lfpac .ty .
~myltiple frames canb easily,carfied out., Alternatively, inthecase 8 - cach

multiple channels being provided, the annels may be arranged 'une'q",
L2IRMSn thi8 & MEAYement the framé bGuhdafy Eaitite éd:sily detected 1t 2
£ cw th-adglitiondin-the aase.of the inserion®f the multiple: synchronizatiemory
channel;g, into a frame, a time dic\{ersity fE%Ct can be obtained by
cupaclii g e’'redl: 2d to . . 2
cd3mb|n|ng corfélation outputs between the multiple synchronization
channels indhe feceiver. As &resaltsivispossiblete fmprove Enthe ;~ are
p'%!ﬂ?% &.-dV. # o&CCULACY. AlSQr as illustrated ip FIG. SDpin the-cast-of pe
the
further .. Aiced.
In th. cas multiple chamel. »eing provided,

the channels may r. arranged equ.lly. In ther words,

the synchronization wann-.- ar equally spaced .n a
frame period. In thi. arrangement, th¢ averaging
operation of mult.plc frame. can . . easil carried out.

Alt. waat .vovy, in the case £ multiple (liannels

| ing previil d, t'e rnanne.. may b arranqged un.jual.y.
In thi+ a.rannem nt, the f-ame boundar :an ve - @ ly
detected.

In aduirt1i n, .2 the .se of i.he iasertion of the
multiple " ,nchr niz.t.on c..annel .'nt o frame, . time

ulversity fi. t .n» obtiinedbyrcombiningcorr::latiou

utput: l.etw=>n the mu.tirse sym .rrui-~tion :nannels
in the re¢ 1vers. A »resul. it 1 possikle to improve
“he timii- .:te o 0 arcuaracy.
Al,. . 1illwu¢ - ited in FIG. N 1in the cas of the
sCho .o "1 uwnaclbeiratim o oulti lexedina frame
»viod, " ¢« mbi ation urit 11. miy provide an

inacpendent .lot arn'i inse.t the svuchroniration channel
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synchi i._ar_nn channel being time, multiplexed in a frame ?eriod, ..ie;:
combination unit 112 may provide an independent slot and insert the
synchronization channel 22 therein. In this case, such a frame may be
configured to have (an integer multiple of the slot length -+ the
synchronization channel length) in length. in this configuration, the
configuration within slots can be made 5 uniform over all the slots,

t‘??ék"gﬁ!gl iD a ﬂmm%@dioa@E FOQfLEgU{a@_nf %,%Behwgidﬁethsonf igured
transmission and, reception cn he more:: simplified. An éxemplary

Ccortigliatidrt 8f 4 SyntRfonizRtion" tRikfind Wil bé described mdktan * the
‘belel 140 in WeCDMA; las ilustrated ingil) 6A,;ithe csynehronizationt hi s
cghapnelis S‘%%Om”,‘ogﬁ‘t?edc%%t@% C%:S%% gfi 8'8%%”&'5‘@"?’1“%”&0 € e made
Sy'ncl%r%nlzatlon channe, data annel Is acco.mmol ated. |n other '
URérEs riReC Bynichenizatioh chamihél afd e otierhannel aremsler radio

rcade-puitiplexed and iransmittek: inethis; cenfigurationc the VMLl ssion and
channel, can be onfigured without ..ogai?eratgon of the synchronization

L EHERREL Bt only aPortdh T2f totdl frans KES? power can he allocated
to the gymchronizatianrchannrlfAgaresultp?0 the receiver 2Bxaust zat ion

cgnqlﬁctlav‘grLa_giLngb!;opgra:tioQSLfS)é £ lopgey fime, iP og%e% to detect 1-.he
.an

“synchronization _channel. In F......, 6A, the vertica orizontal axes
represert the tratSmissich powet 6 d8é&)3evel and fiffe, PRsp LE&E;

syMexh AGI0'dIRG tonth’ embediments as dlistiated it kl&. :6B.Hake head of
example, an GFDM symbol .s aIIocate?bto the synchropizatign channel

for aCettailt’ réﬁoﬁl.ykslg tesUIE the {btaltrahsmisRidh poweP Bafr BER e L+
aalleated ctodhe isynchmnizatiometrashagle m.this.configurationy dhelsst et he

s Betra BrAN-LOMplete (ace ptioon OReJatioNs iNay e hannel are
ode-multiplexed and transmitted. In this
configur-~t.oin, . otluer channel -~un be ¢nnfigur«d
without (. "i1derat'on of the synt ronization .nannel,
but only a ¢ rtion . ftoutal transmission power an be
allocated - 1ae ,n vronization 'iann-.. As a result,
the receive . .0 must conduct aver .ging rperations for
a longer +*ime in - vder to detect 'ne synchroni:ation
ctbann. 1. In F. 6A, the verticu' and horizontal axes
repre ent the transmission rower ( nd«) level and time,
respective.., .
A.:, ding tv thi. embodiment, .+ .llu.trated in FIG.

6B, L.r «:zample. an OFDM vymbol . all cated to the
ynchroni- «tion « tannel fcuv a cevrfuain duration. As a
re_ult, the *c* 1 +.ansmics ion p w~er ¢un be allocated
to the syn . on.. .t . . vhannel. 7I. this (onfiguration,
th recer7: 20 1 ~mplete rece_tion operationc in a
hort-r «dur “iLcu mdw tect the symp 1l d frame timings.
oroe lom 1 oM  vmbol is alle ~ut~ad to the

vucht nigation «uznne.. In FIG. 6B, the vertical and

ho1 cnte’ a es rerresent trunomrission power (code)
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shorter duration and detect the symbol and frame timings. Frex:emle,
i OFIIM symbol is allocated to the synchronization channel. in FIG. 6B,
the vertical and hr7Y.iz nta' axes represent transmission power. (code)
23 level and time. respectively. In W_CDMA, the synchronization signal
cannot be detected based on only one slot, and thus the
synchronization channel having a longer duration is used 5 Like a

1 kequengy, multiplex types, WLW-QRMA; thultiple ;:Lots are used and
correlated to detect the synchren: zatlon z ignal, In other worts, the

detectibR Jf the*Syhchroniz tio¥ SifhaFRydife: Ja feaSorfbfet nGABBL T Pe
deftsantple],. whichdnay-eachtb a bitiec ernreceptiond Oduration aad

larger amount of commutation.in ..;e_receiver-.::0. Accord _ng.this_ .
| ‘e’lrrr%egér%re?r&lltféﬁéegﬁe ff)tga %?a%&r%‘s’éor?p%v&éré n euaglff)g%tig té%lélsed
- syfehes:: 8 X< @ o chafinel inithé eansiier 10 MHigher Bowereaiiprle

he allocated. As adesitgthe syrchranization, anneak ean be transmitted

for a shorter time of ceriod. Fqr example,, while the transmission o the
Sé’%%ﬂr%ﬂ&ét’i&tcﬁa%neﬁﬂ&fﬁequiré%b 'St ihe fihe “periodDfoRe’ - Fion
offamé e,. W-CDMA ritmay requoires only aboute 20: 1%en the ,reasonab.e
~mbadmep... Algg n the - Lgiser 5. frama goyrelation can e cltalgd ; o

in a sho: ter period 'of time, resulting in mallet. :amount of the
depmputat...2 Iitadditicht Sinc tRe"syiibo O d fr APi-e-tintih I8 chf be ©
r@etected by mgans 25 of nl. o 1 syn :t:rcr,..>:rtion channel, is possible to

laces the requi:ced bqﬁerin%amoun angnithe consum powerﬁﬁlso in thel

of the %Sﬁr‘o‘nizgﬁon chahfiei>b&RG P égﬁ:gﬁfple.'%éccas iiustrated i€
tEl&h Fpthe -1+ powe n pe wllocat (I F- tue

synchr rn.... "1 nannel in the transmitter 1¢. higher
power ~ns.- llor*ted. As aresult th ' rnchronization
«i_anni:l an . transmitted i1or a sh rter time of , ericd.

Fur example whi.- the transmissi n . the
synchroni -~tion cnranr :1 may r:quir. about 10+ of the time

period of ocne frame .. W-CDMA, it may require only about

1% in thi- mbodimer"

Al:;'- i, the + +1ver 0, frame correlation .'in be
1 -cilitat . in a sh .fer peried . tim result tng in
i malle:: 'mou>* (I the computatic- .noadaition son o«
the symbo' ud 1.1 timin s ran »e dete ted by means
o .nly »1u  syn lLroni ¢*1.,. chann L, . 1s possibl: to
- 2uLc the requi: < Yutfer 'ng am "int aal the concoum «
power.

Alse ‘n *he « 4 f the syn nroni'ution channel

being t m.-mil* ., leac i as .llustratea o FIG. 7, 1tae

¢ vmbrnat oo unaet 117 may =zltloc=t +he .ynchronicacion
nannel o+ or oul rrier s of 1 UrDM  ymbol. For
wampl.  tx - oonl L tion tiit 12 may allocate the
'uchroni it n hLen ot <ume nabrurriers of 1 OFDM
ymbol at even int .vals. Alsc. 'ne synchronization
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" hERBRizAtion Efanfel Sart

. ombinat on; unit 112 may allocate the synchronization :.la onel u®; ,~?i:
Acrri er’~ of 1 OFDM ;symbol. For ::asmp.Le the ¢ cmt rnatian ....pit 1~..,.
may allocate -.:he nchr Gn ~:alin"'.C1: . to:".+ome . ubcarriers of 1
..=DM symbol at even intervals. Also. the synchronization 24 channel

may be allocated at uneven intervals in order to improve the detection
accuracy in replica correlation. In E'IG. 7, the vertical and horizontal _
caxesiehresent frequgncy andidime, sespegtively,, 5 CUROMsthe, o rqe

number of suklc}iarriers and the OFDM symbol length are increased to .
CehhaRe TV Cerant ot Multipath. HsCa r 8Sit: F dnekeHoté GphF elation.
Isyntbtis allo sated to; atsynchrorinationsighal, this inay fcseasepresent

rvéarhueé%ag. 1Q this ¢.. ., the q_pgsbiréagiggygg 112 allocates the synchi:
n :%at ion Xhannel to score eu cgrrlers and 5nother channel to the
remaining chaRiel paf. 1REarEIRG tethi S Bll6ca¥idn, etfosaiisle tre OFDM

sreducel theeover he gr £2; synchrgpizatianchannelnl5 AISOi ¢ pdhe ¢+~
case of fixed total. transmission power, the taa.r;sm.is:a on power of the |

& acicdted B - “Hag e flarkitRon 1 -
power dlledation zatig rhetweenithe syrohrenizatioh,chanhelaady ncrcuse
( rpul 'Blgx 'channel. Furthermor , the transmission 20 power of channel
can be adjusted. The transmi si n ;:wer r; f' the synchronization channel
can adé$sed'by an ct :rator difing eBiPdésigning! fotnéxanmple g elocates
tiie -5y i@ gemkK inadien unit 112 may use at 25 {gast a pedier ok rs and
aIIoc%ted fre uenc¥ alloQzte the synchronjzation channel discretely

a(?,:?ﬁw 85na°r' iuftipfes: ¢ ei:t‘)i/l;léglﬂﬁ%ﬁét%ain El@%fAC(%?d’iﬁg' to
thisatld.itign,a frequency: dx\fera ttycef ect can be dos: ible to reduce

the overh - n t - ~ynchronization channel.

Al in the«as of fixed tota® transmission power,
th frzrsmi : ion po .« of the sy . hronization channel
c.n r adjusted by 1inging a tr .smission power
allocation 3tio et ven the synchiynization channel and
1+ multipl-»x d cheane... Furthermo .2, the transmission

power of the muitip.. ed caannel an be ~djusted. The

trinsmic=1c.r ower 1 the .ynchr uizatio. channel can
= a2d u:rted .y _-u ¢ rator during cell (esigning, for
cample.
In « itior, t i1e combrinati 1 unit 11" may use at
least a portic v a_-rocat d freqg eni\v * . alloc~te the
ynchrenizat v n « hanwee 1 discret: 1 ( rthogonal

multiples fyp_- FDM) a illu-trated in FIG. 8. Accorling

to this 211 ¢ .t .on, a frequency d.serity effect can be
ovain .

Lt oA JaFion too compioation mat 112 may allo rit-
he vy h cpiozat o nannel in 210 a manner that time
divi - . multi I :ing can e fa-ilitated by

wpoerimp ~sing it - nx. 1 .:stone > .ti-10f adata channel

(non-o:r~hoyural ~ult.iplex type T_.¥) -~s illustrated in
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io e combin ationnt unit 111 may ai locate the %; c.bro liza aon ::flannel
in st ud-; a manner that time division multi leexina can be fa,- tat,d by :
uperir.p<00__ng it on at ..east one, or:tic | cf a data channel ip~ex type
TA'1) 8 .a illustrated in Fli . 8., In this a?se, the synchronization channel
is transmitted in such an arrangement that it is s-uperimpo :ed on at
least a portion 0"f an GFDM symbol and time division m_:lti plexed. 5 in
raddition, the combjrationunit 11;:may allocate theisyne hrciai.zatigne1 i
channel in such an _rrangement that it is sup:rinnos~d on at least one
L pGriG ofd data *Chafirelat elerfihtetvaISard frequficy dilisioR
snpkiplexed (nod-o:rth gonalaoutialax typei eDM) szl illgsitategitbol and
FIG,.,. According to this figuratign, the frequency divers :t.y effect
t(:Larlnne,é bé o %ain‘eg{l_éédtﬁggn?ﬁégc%}nbination unit 112 may allocate the
synchréhization: cHehel infsticS R ander Heat iteaht bé todealivigibhocate
t multiplexed with at -east one partigr 15:0f asdata channelrangement that
,gon-ortho onal multiplex type CDM) aas il-a,trat:~d in FiG, 8. As a
lesdlt, asds%wo%ﬁ’i‘n"r—”le‘f.b,’s;'}n&ﬁo iZ4tioh HAnn&X6EF, 88 PRE (11,22 T2
n.,Karp)l belonging to d s*:: ‘andlescodedrduparesatocated toi2di on
mubcariess. The synchropizatiop.channg) cedes allocajed fg the,sub g
errs are p:pli.ed to the inverse Fduri <r tr.- ansf:;,rm (IFFT) unit | I....
1¥Hers fea SynthrBnization chanfi€1codes-areé tonvetied intdnt guration,
t@(rf;og@eafdawlth §ignﬁlvgr1d t.gg @oa.\teft@gtsigna_ll\ii‘m S@lg%l'gegrlt@ the 153?
addition un_~ 14, The CF addition :pit 14 ....alerts a 0.~ clic Prefix
selectévbnb%{%b‘ aeie&i}Bh Jnft{nr!ffflﬁolzg h&ﬁ&&rriﬁ?éi SVs&pﬁS ate
t heachyRaurier toet rime o7h~+mj thresttansmitter hOatrapsmitsa A ti..t -an
bl anal supplied fram.the, R, 3 agdi of unit: 114 that- dthe 4id,+ -y,
time. waveform, into
~f a data *rann:l (.. n-orthogonal multi,lex type CDM)
- . 1illustrat<ld 1n rIG. 8.

As a result, as :hown in FI& 9, synchronization
\

‘k( )r 14 Pk(“n) (k=lr 2, .”rKgrp)
belonging t¢« a s .imo.e coile group are allocated to

caanne L - ¢ s Pyl

subcarrierc  Tre svw~rhronization hannel codes
alloc:t_ 31t the it irri=r are o ,plied to the inve_s«
F urer r toe wuct rm (IFFT) unit I1° Th.n, the

—ynchroni ~*. 1 uaannecl cedes are "onverted into an

orthogonal mu.*. rvi rsignal, anr'the ornverted signal
i czuppli- .t the Ci auddition unit 114. The CP addition
it 114 cemts a o (Cyolic Pr fi ) selected by the
¢t Psel ctiviunit 1.7 sut>amulti rrier signal supplied

Fay

£-~r each Fuur.. r *a2. 1 t toime. Th 1, the transmitter 10

tronsmits 0 murt .« ccrier ignal supplied from the CP
alait*ron 0 .. 1le th=* 1. . the i time waveform, into
the na_r . Lola. .gna. The .+''H time waveform is
cuvid o wy aeflia oo number of "CH time waveforms
CIrXe f.oudang o "It numb r of 1 vups
Al-, a s (uenc +f svnchrrnizaticn channels may
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the ...;?r a-_ aradio signal. "'The CH tirr,e waveform is ;:rovi ed ay

dezin-n number of '.CH time waveforms :a.rre=p:,;'c ng t. ,.he number of

groups Also, a sequence of ;'nchronizat c:n channels may 26 be

provided by differential encoding between sub carriera in this case, the

receiver detects the sequence of -nchronization channels by extracting

phase difference 5 information throuch delay orrel tion between
paURCaEL; - Sl th ..acerg:of direct multiphic fionof sulc:@uiers with

the synchronization sequence, if there is fading fluctuation. in a ;
SP&ftRAEY fahge re aency selective 10 fadingg) , no in-ph se :addition

can belfu fitlad # a tong intenal rertheveegueac\:axis: Byhusing gprasee of

d@%ﬁ?%%‘i“zt‘é’%%%% ubcarriets, (different.i %‘%‘H guto mulliplythe s oo

synchroniazation channel sequence, even if fading f ¢tuation occurs in

i1 ;meeéguen|, - fahge, TR-phaseadditiohcan be fulfilldd” for gfisnail
sfading fluctuation between adjacent subcarriers by extracting the phase

difference .hetween subcarrier's in de'la’y’. detection type correlation. As,,

a es it Vel if tté‘faaingfi‘lbdtﬁgtlroth Blcurs Figh 26 tietdctiorateuraty * S S
wdanhbecachieved. A s ¢ since. torvelationdn arnong, :sequence can bes t ~ding
sused. @ large. numper of sequenges: ¢an be provided. In, gierwa, o ; v

the synchronization :.:;;annei can be used to “transmit large amount o
finfdtmdtion. 25 this asiifstratePint 1\ PG the .. .Ateme¥tedhén a2 long

iSynehrppization ehaanel segquenceys agtilimited t: the Placement
between adjacent subcarriers, and%he channel ::an :e provide eveéy iers

two subdarXiersaZARo, a larger A bnt6t &Gntrol nfirma o &F
(1Smkted by prov' cing twoitgpes cofrsefuennic anck corfiguring threm wt —on

A%@Aﬂgﬁss:quence, v n 1f fading ‘luctuation oc urs in
the freguen_y . nge 1in-phase addi 1on ¢.n be fulfilled
1tor the s~ 11 fad .aj fluctuation ~etwer.. adjacent
‘avwcarriers by extr .ting the pha' = difference between
subcarrier- in . lit oot ction ty e correlation. As a
~esult, ¢ve:r 1f ti.: fading fluctuv.tion occurs, high
detection ac~ura-y ' an be achiev ..

Als  sin-e « ~rielation in . long "eguence can be
used, a large numte . of sequence «(an . Provided. Iu
ther wo:. >, the yu~-nronization a1anne.] can be used to
transr.t large am unt of informati .

T, thas v+ . ., a illustrate« in F < 10A, the
.1cement of the s 'nchronization L .nnel sequence is not

limiteu £t .t - p lacement between '1jacent subcarriers,

and tn *ud. w0l oiti.on channel un ¢ provided ever.
{70 subcarr.er. . Al , a larger mcunt ~f control
tnformati e o w0 toersmitted kv proviaing two typecs
f seq_e « 4 and ¢« . Lguring them in two layers.

_« .  ~mple, i the *w# type of sequences include
1 patt-rpu. 510 (= 1n 16) types « f information can be

t.ansmi*te 4 Lo 7. case the s arnronization channel
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the two types of sequences include |: patti_rn, ,: E} (= :16X1.6) types of
_nformat ion can be _;ansmi ::te"e.. -,... hi., case, the synchronization
channel c:: n be used to Iran ;tit information such as i6 cell IDa, 2 frame
timings, two sector structures, two MIMO antenna structures and two
lengths. In this c:ase, the two .sequences may be arranged alternat ;: y
as sequene . 1 and 5 ,.eequence 2, for example. In addi :on, a GCL

_Sefyence s Yyalsh sequence and;ofhers can be applied, FL example,; 1ps,

i_n, the case of the GCL :sequence, GCL_: sequence 1 consists 0:ill
{rirem - ESByhS €127 Editsists ST~ UTR,E Y, B4 5} (1) MBMAstagerna
sthGlt cade angnWalsh code; any emthogonahcogdei?) ;uasiwithege two
.onal code or Li) code having good autos {rraalation and cross orrelation
chart™ T5ér. Nice . a?reﬁueﬁcy range may%e uséd a3 a sgcondary
‘symeRron aation Elkannekeodeldescribed alddietow.n:?penGly, agquen =,
warthogonalGode whasephase . yotatesataconstant Lofat anal ;sipgedpi e,
~on the frequency axis may be used. According to suc a cod.:e, it is _
1Hoddisie to generhté D %Wth(ﬁ@dh%i“far ark51gffa‘ry"of’thé’ﬁi:’é1 feRgth aAG 1S°ts
olfnprovel .):ueetect accuracyyat the secen st0.y begn asdit_ths--nsists
%bo%/e-'r{} enti?rie r; .<s:~aema scrambled on the frequency axis in
Cacc ‘r‘danezé with & mannet pr’édefined if-} the system. In tins case, a
commam25-scrambling stheme Baused for'thfferentesdls ratha@thapt (1)
odifferepiscrambling, schemes. Indhe abavermentioped code, the phasecoqe
rotates on the frequency axis. ata constanto ;:at.rnl;geed. Asar~e

Dt e EGtehad Bh' implise Viavefoim33tttie,. tif& akis JSr¢t ™1 on

ctesirable W fromihesv: ewcaint efficiarey-of trranstoe ss .on amps fe€ts.as a
s LSy the code [3sorgmbled o MG requeney.) | cde . described
below.

pe Liivz 1, _u orthogonal code whose phase
..ntates at a cunstent rotational speed n the freguency

axis may be used.

A-c-rding t suc:. :cod , it 1 possi.le to generate
an orthogouna. .31 = r arbiLtr-ry .equence length and
improve t i d.fec "1 . ac-uracy at the second st n.

In additiovr., th above-mentioned «.dJe may be

.r'rambled on the fregyuenc' axis '.1 accecrdance with a

manner predefined i:. the s, tem. 7Ta tu. (uos, a common
rrambling scheme inu_ed f vdiff ~ atc¢ 11 rath.. t.an
ifferent . rr.mb. _ng schemes. 1. the Lkove-mentlioned
~rde, the pla e rotates on the if.,zgquer -~ axis at a
constant o atinor o1 veed. As a :» sult the code has an
impul.ie wa7eferm ot time axiz=. 1c.wis not desirable
Tr.m tna _~eworout 1L efflciency «f tiansmission
amplifier . Thii., tuw ..deis sczr~mbled »n the freguency
-1s for - udomi_.«ti o in ivder t liminate the problem
" th ran'm scicn m lifiz. efficiency Since a mobile
statin zuowr- th .. mb! code 'n advance, the
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axis for ridcmi:_:~ti r, in order ti. eliminate the Problem w.th :ransm;
ssion mplifier effr;;c.iencZ Since a mobile station the .. .....: mbl.e code
in advance, the correlation detection can be easily achieved by
deescrarbl:ng and correlating the -ode prior to correlating the secondary
synchronization channel Here the .c-hronization ch:"nnel ;:odes zp (1), ()
, sa ('n belon ing +to a sc,.: -rable code croup may be divided into r
_odes fordetecting <frame timing and codes, for detecting coptrol 1,
information such as the scramble code grc+ u" F'-',,. example, the sync
dhroRE.2BPibn!:chahiél forfFame 3mingds b8&d as 4 primary°r to
syneboaization 48 ehanneh tpdimeayy-=Jaldhrandithe syarichrenization .
channgl foge gr?jgpl‘deteggipq Lii's grsleolZ as a gecgnrclialr,}/n 8 ncggogiezgtion 1)
channél Secon ary-SON). Here, iDrimary-gOH in used as awavef%}‘rﬁ ’
- camimpn to,all -Is. Secondary+'g CH has aawavefombdefinedder gaohup may
£ SCEample; 15 code group.Rrimary-RGH apd 3gcendant-SCH &€ and codes
combined with a data symbagl sequence:. in other ,gards reception
£ 1 fiRcitfeteciédl 1 Prirhary-SEMH AP rétBptidiFflaR& ange S ramble
informatianu relatirg to:o sctamhle codésare wetectednn Secandary-fCthnel
_O For eaxaénp,le, %ymbol ltimirglg FCIfT timigg) iS reported isn F;lrci:r?larrg-nAlIs.ﬁoa,tj n
the fraFnenhmi:cg can be reported in Primar -ébl\?g)ysett\{.ng the ~~
cingertient intervalrof Winary wWh asi® % EheneySinde el syariblomimingnnel
and the fragedi-i [e-Car. he detegteddn Ryimary-SGH, dheframe. 25
timing does n iav to be reportte,d in Secondary-SCH. Ale-, 'r a scrawl
' g’rBEig i3y betietected i etbrdaty-SSER A7 Bd>d .16, scratfigig
P.odes in-the scramhle cadesjroup wmay dé durther detectedt The Lurtherl L s.
sdeteqtion of scramble qodes engbles demodulation; 1. 9 - 6o 8 211
out: :immedia ly. For example, some code may be defined as ;a
cetdndayBhann&lr Afk differeSht edde SRCOT férfas mafl bera :a68P ined
wated With &2 €S Gty M8 s¢ragblgien.

In other - rd- reception t min .. detecrtad in
Primary-3CH, and a ~ rept.. n fran . and informati»-n
relatingt -~ -ramble . _des aredete fred L.1 Secondary-3;CH.
For example ymk 1 timing (FFT timing) i1s reported in
Primary-'(+. A_. -je frame timi .g can be reponrt-d in

Piimary-SCH by .eti =g th: insert.on interval .f
simary-! A a1~ ¢re fi-me. .(ince the symto>l timing and

the frame tin. nc ainhie detected in t'wimarv- CH, t.e frum:

timing do + n ° hav tu be report.d in ‘econdary-SCH.
A._, 1+ r  ample, a scramt . od¢ group may be
"etected in ¢ «¢nda. -SCH. 1In acd.tivn, scrambl¢ : ~des

in the seriax le :ode 1vuup may be 7 rther detected. The

.urther det cti nof . ramble codec enatiles demodulation

0ooC carry o4 ot gmmedlat~ly. 7.1 example, some code
myy be 1:fined a: - . ondar chann ., anddifferent code

tttor.ume oo w s clated with tro espective Lrramble
a. up: - For o oomol tor Tt cof code groups, 64

t/pes of -~cle 1ail* rns ma, be pr. Lded. For 512 types
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P; g-c:up.: For exam a, for types of (::ode groups,. 64 types of ¢ :de
patterns may be provided. For 5r2 types 29 of scramble codes, 512
‘yces 0:: code patterns are provided. In this fashion, correlation with the
synchronization channel carried out,. Conventionally, a pilot channel is
used to detect a _..ramble code from a scramble ,-.<de 5 roue, Also,
information reported the secondary synchronization channel may ,
olRclude only scramblescode ., cusinfermal 10:1 Acerding tolthis 6k ged .
f... gu ration, it is po ;sible to r: duece the workload of rr:ception 10 .
I&pe%&t?o% andSMpRRe deRERGT-adcufity YAISG: iffofn SHdFRdiRatve3 t1on
c of anscegamble cader graup may becrepored-thraugh ke pattetn effachannel
;comugn Rilot channel CETCH? The feparing.ofdbe GRICCH afier. . 4.
allows "hysi'cal channel to r, port a scramble 15 code groi:.., that is, the
IdecéRdary synchronization channel be :::mes unnecessary. Also,
information indigative ofa sysiem bapdwidthy maybe repcde,¥dn theryzf
und:ry syn ;hrcr;izat4 on chanrej If the transmissct bandwidth of the
sé%ﬁ%rb%ﬁéﬁc?ﬁ?(%haﬁ@ﬁ?f# Rift1z 5 MY & mdBitestifidridoes® code
-nat draventd knowihe sY.staAarbandwidthtat the tell searth gtagetton, it
;addition, g dic resourcer alo- algdlo fhg yelyaniz:ation ecannglmay
increase overhead, it Is desirable to ue. as few radio resources as
OpsEble: BTAISGETH !, AAE cff fhditahiees? bl e banéwide of -a
broadcasting Channel may: be, reporedicthe seeongary, >yrchge piiat 0OBode
h,? :'t;,. e. 1-, Yor exam,- _Le, the bandwidth of the broadcasting
S AARGTEN te def cled TG SEECRIRRc: Gl (HeTbE piof SER™"O"
vy wsing: B8 mdiffer :Y.Clsecd, 1dar symehmagation.channél signalsfaril CH

§§%¥%¥ﬁr%%¥aqmgChawyﬂP@%%Mgggnnel to r ,vrt a scramble
code gru.-, th2t 1> the secondar ' synchronization
« hannel be¢ .10:8 uUnne.essary.

Also inturmat a indicative .f a system bandwidth
may br reported inth ' econd ry syn hronization channel.

If th transmis: .- siandwiuth of the synchronization

channel 1i: ' " M £ B uH-, a mobile station does not
I .ve to kn v the v 1. mbandwidth at the rell sear~n stuge.
L. additi ua, e . .dio resource allccated t¢ the

-ynchroni ntion ha~nel may incr se overhead, it is
desirable t u a ' few radio r«: .urces as pos ‘lb.
Also, dinu _m3a*. . n indicativ: of tre bandwiuth of
roadca«t_ng  hunu 1 may be rer ».ted . the secondary
ynchreni. ation « aannel. rfur exam 'e, the bandwidth of
the broad =3:ting«hi.1el (an be detccted in the secondary
rnchror.: ati » . : 1el in the r« epticn side by using
di<fer nt  « mdur i vnihron naticn chhaunel signals for
different voc.u-esuiug (hannel ¥ .iuwldths.
Al o, in.ormat..n irdicative of th number of
cansmio_ito . 1Y " may e repr ted in the secondary

mchrci. 1 .oy v harw 1. F r « xample, the maximum
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Als:,0, information inorcative of the number of ,ans c,i s' >on nn.: : may

be reported in the secondary snchroi. :. at::.-c:;p C":anne.l, Fo example,

the maximum a;w number of the synchronization channels and CPICH

may be tto be w, In this configuration, L he number of transmission

antennas does not have to be known at the cell search stage..., 5 Also,

information related to call structure such as the number of sectors may _
nhgcERperted in the secondary -synghronizationchannel. Fonexaeple, e, ve

cell structure can be :3 tected in the secondary synch: onizetion channel
- @thé recBption sidé By tiS§ing RPdiffer8HtEondary Synehronizafign ©f
tehampelisignaten depensting=ch the sismbet ohisectors in @ eelknAlse, at the
Cig&oImgtéoanrrelgtin% ghfgknumber of antennas in a base stag t on may

bye: reported in the secondary channe. For mple., the 15 number of

transmission antéhhag Toah berdetectad Sifithe' secohdaryt ructurc such
a:sypslyanizatian-changel at thegreceptig sids, by ysingidifferedtse ~ondary

secondary syn:.roni7:ation channel signals depending on the number of

" BFSRREIO A HNMENNaS RS Siformatioh refeRg the C' TehgtMay be
s2(0rreportectin the secondary synehionizationeharnsl.rkbs rexample.

.CP > ~.can be detected in .the ondar zhronizatj :
Sg}%%%eléjartpﬁ% r%éeén&io(n s?(?glbﬁ ur;altr?g %?f%er%%?see fn%%%ﬁy el by usin.
dsyhéRreRization-channel signalkrdependiag 8t the'CF lenbth. 25 As@nal
d%%%%ldi&‘ﬁjor_?hﬁrltu%] '&%ﬁﬂ% J‘:_Or@i(a@hel@t SQdQSi_h@VE'Q\QQ@Q o |

...2r'osscorrelati In characteristics at the same timing may r.e used. in
S-c,,cantrdl inforMation™stch a8 cgl?aﬂDaﬁrbﬁﬁs may BeSrepoitety ©*
~tnaresmitting differentecdes. iin this <30 @ase, borrelatomtietweem the
diferentoages such as Godes 2ayino 0 (A fs 8¢ ITB.AUON. g e, the

characteristics may be use
number of transmission antennas n be detected in the

secondary "yn hrounization ¢hannel at the reception side
by using different secondary syn- .rori-ation channel
signals depending on the number of ¥+ _ insmissin antennas.
Als information rel ting t the C. length may be
renorted 11 the s¢>5nuary  ynchrown.zation cwnannel. For
example. the P 1 ng- can be detected in the conda1y

synchroni_stion “4hann«l at the recepticn :1de Hy us.ng

different -~ « nuavy synchronizatiun ~hannel signals
d-pending » tu CP length.
As a sigral " ~ve*orm £fi r use Ln - 'H, for example
ndes hav nn, guod « .wusscorrelati. 1 «~iracteristic at

* ie same *_m.ng may € used.

In"-Sunm o trul informati. . "ucha' cell ID groups
may o rep telbyt-ansmittingdit <¢rent odes. 1In thi.
cage, corre lation vetiteen urfferent codes such as codes

uv.ng go d rosse o_r= ation . har ‘ter.stics may be used

orecusvi i ntifi Lo of differr t o ntoe L information.
I S-SCH, « a.s ar: rrangedon th fr ~auency axis unlike
W- .DMA. Tiu- « _1aft on the fi1+ uency axis has to be
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.reasyl.derttifirgn of fe runt c ontrol information. In S-SOH, des are
arranged on the frequency axis unlike iti .: PIA. ~hu ...a .:)"; ft on the
frecuency axis has to be 31 taken into :consideration, and any code
having good ssc:orr laden characteristics at the same timing, that is,
un"dem conditions where there in no shift in the frequency direction, can
be used. From this viewpoint, 5 the above-m:ntioned Walsh code and

+GRZAC cpde aresuitable becausg, they are,orthoggnal ah the-sameg o 0.4
timing. For example if code 1 (cl, _.2, c3, c4, 5, ... on-l, cn) having’
" gootroeso bfrettibn ERdractefstics afthe Same fimhg 2Rt @ode 211G
t(@4+:d2,.U, d4,-d5¢.. sed,. dn)@are 10nsed astHltustrated inFIEn 163, in the
fi{]form{%\tion A a{lgleBccCan ]Tti)e r(e%c}{t%devig trel%_ou%srl ra&nd 2i rses‘;})gctvi\,vetlyin +
inFIGT TOB, the Tiz ... ‘Xis represents frequency. Also, for exampler ’
- Some Bsdeshaving oot sgutécokr@hsticA &R dor EroSScoi.elfdEs are
seharadteristics alsg inclydipg timingshiftmay he isgd asthessifg timing.
:waveform in S-SCH. For example, different timings may be generated
FtnFodgreshitting o thé frEjukne§ axis. i sofme coder h&\}i{lng goodcn—1, cn)
autacaogrelation and/or 20:crosscotrelationacharacteristics:@lsat the same
.including timing shift is used in addition to the crossoorrelation
ér;%lrgc?er?&és, i‘nfb?maticgsn gén %g} ’rebiorfeép BE;/ tirﬁ?n@ sh’_ﬂ%lu_c% as e, =

UGRI@ ptaselin additien tokodest AS -a tébilt, alarge™ afmbant 8f édrfirdt  =n

piaferaation can pe% tansmitted. £of eam.pls thetransmittediamount r1c.
of_Information can be inc 'ea sec. corresponding to (the number of

1{0Hes Xhe nufmbér:' phade shiftd). AS theSdTEs havihG sd&ifoY -
eexamAples Gold code andnprilkkggosak@old cert.: arevapplicaiter &or

S%2ple. /0= (6], Gl g ... 61 on) having gogd , re.ssco i
iracteristics at the same timing and
chara ter.. tir: 1lso 'ncluding timing shift may be used
« the zi~u L ravet imin .- CH. £ r e..c.mple, different
timings ma, be nenerated through shifting on the
frequen~y a L..

If ~om ode r 71ng good autocorrelation and/or
1 ross corresation ~h racteristic. also including timing

shift 1 used 1In addition to th¢ ~rosscorrelatinn

character?tics, iny rmat. ~ can e reported by timing

hift suct 1s *h_ « « phase in a dition to codes. As
a result, a 1~~~ . am.ant I cont. 1l information an be
transmitt d. = r ampl:, the *r.nsmitted amc.nt of

ruformation inkb  in. ‘eased corr.  ~onding to (the number

f cod..: - tue numb-:+ £ phase :» ifts). As the codes

having such ¢z t o stic | for < :ample Gold code and
rthogonal vould ¢ v are applicarlLe. For example, 1f

code T, o e ¢ =1 «<u; having nood
wres.c rr=10t e v n=accterastics t the . .ume timing and
iel (e shift 1) (2, .. ~4, N, oo, , cn- , cn-1)

sultiug f.rmeoc:=1% 1ng. nifted y apredefined amount

«f phase -~u h as tle amount of rhase shift equal to 1,
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code _ (phase shift ) (c,;, c 4, c5, at, ", cn-. on.-_) esuiting f :or code 1

being shifted by a predefined amount of phase; such as the amount of

phase shift equal to 1, 32 are used as illustrated in FIG. 10C,

information A and C can be reported by code _ and code. 2 (phase shift

I) respectively in FIG. _OC, the ? .. 'i al axis represents frequency, 5

Primary-SCH an Secondary-SC,-'. are multiplexed and transmitted.
aexamprleasillustiaiedin FIG, /4 PrmarsJ'Hmay be allocatedde semg ang

subcarriers of _ COFDM :ymbo 1 and ...._c. ?ndary-SCH may be .
C alfécatef te™ Féhidifiiig SUbcarfibrs: it this Gasd, as ilfRTaRa if1dFrel) -
r_-ApPrimary: S H(P(KXKS1.G, 2n-0) @nd Se<condary-SCHi. ,11) 3 k=2, a

™, 2n) e allocated ta . ,one ubca.rriers of 1 OFD'M symbol
rAté?:r%gt;lgv%e yg, P%gn‘a@%gé%‘and Secondary-SCH may be allocated to

differeRtsi6s arid fafsmitted. Als6 45 AE IRISFarklSn FIG.tgplexed and
+ Pemary:it-ang Secondary-SEh may bedJiscretely allaeated ynusingsat 7,
_least a portion of allocated frequency (qrthogonal multiplex type FDM
£ ACCHIRG to thi “20Hi et AfrRGAENC d"rx?ersit?“&ffe%%eﬁgbe iers of 1
¢ abtdinedm20 AlsoaRrim ry: -:CHlang Secthdan/~-SEH may be atlecateédd the
riD:seh manner, that t2.ey are superimppsed on at least a;portianofa. o4,

data channel and time division multiplexed (:io."..-.;)rthogonal multiple z
Fiype TDMY/In thistease) Pzimar, ( 'SCH &md Secondary ... arelps and

,superigpesed o at least a portion qf an-CFDM symbgl ard dimescated to
division multiplexed. The .,.esulting Primary-SCH and Secondary-SC.

att tranSMitted. AISS,° .t a.jy zapiMan éjc%hdary-sz..H may be
al.locateldtie suehtaazemanner that ¢hey-&f€ Superinpbsed n0 atevedCh may

pioteryals anat least a poption of adata ghamngl - +ransmitted. also,

as illust: **>d in FIG; 8, Primary- H and Secondary-SCH

may b~ dis: «*tely all cated by using at least a portion
of allocated fregquen~ ' (ortunogonal multiplex type FDM).
According t« thi . .loc=2tin, a 1. .equenry diversity
effect can !« uit 1ned.

Also. Pvim r,- CH and Secon ury-~CH may be
ariocateu in “u.v. manner that t ey ar: superimposed
on i1 least . pu tion f a data char ¢1 and time division
meltipr:a 1 (1orn- ril 'gonal multi le: type TDM). In
this case "sima:r r-"»'H and Secon« ry-- 'H are
“~uperimpo.;c:«l on at 1+ st a portion ~f an OFDM symbol and
time ivin i multipl :xed. The rsulting Primary-SCH

and Sec .nu~ry- (an ar transmitted.

Als . '.ima.y-~'H and Seconuary-" H may be
allocated in u. . manner that =~ .y ar superimposed
d* even i1 vl on -t least a pe:tia of a4 data channel
anc frequ -~ y wiavi . 1 multiplex 1 (ncn-orthogonal
multip_. . .o ul-). Accr dong t. this allocation,
_teguency Jiv vcvsit.s fiecr ¢in b« bDtained.

Al:'. Fruimary CH and Zc¢conitary-SCH may be
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and frequncy division multiplexed (non-orthogonal multipl x type: ?P")
Accord'. ng to this allocation, frequency cl v is it affect ..an bee:
;obtained. Als Primary'. CH and Secondary-SCH may be 33 allocated in
such a manner that they are code division multiplexed with least _
portion of a data channel (non-orthogonal multiplex type * M) If the
:synchronization channel divided and 5 transmitted into .:rimary SOH
aand;3eq adaiy-9CH, the seceiver ste tframe timing ig Primadys SGRision
and yses Secondary- C 1t n detect a scramble :?de channe| 'based the
M§dt&ctBd e tiftirtg. in this confi guratoht &ty Bn:atype 6fflp? channel
(symchronizatigyoehannel wavefarm:has @ dewamputed at time point. of
the frame tiriag dejecriop. inatis.  gazrelatan befwe en Prigane SCH g
and the recelved signal y has to n e computed herse:in. addition, af' the
Tteit NSdMie fimifig Hed'::.c’ ellithésyAchtoriZation hanfei 15 waveformthe
rorxLy hazy topomputed at the frame timingpased enpeegndarys'S@QH uses
and thgereceived,sigrnal herein. As a .,3sult a ..omputati nal %\r%ount in .

Stha Y8&EVeY 20 cdn "be r%ﬁﬁcpeﬂtco?np%?erdatﬁé tonfigurdtion Wheks - 2sed

différent ¢ypes of syhclimaies:tiomth?nnel waveforms of all pages 20
are defined gorresponding Ig the number of ¢ode; groups. Alsg-F. en

i.e>Y rmation indicativee of scramble -ode r:jroups is reported in SCH,
sHifeRACHpes T avTomis? Afe delinz2d@® EGFdspo;dingto thE ntRbeHSE 1 at
tareepsh: . e types of wavefermssmay he vsed:for agldRCE;randtt.. 25

reporting. According to this ¢:>nfiguration, it I.. ::ssible reduce the .
'\‘/voﬁ(%g% ot ‘ré%epﬁgﬁ” r..p%r%tﬁf:l?;%é:ﬁd i%cp?éo@;es tie't¥tTon atcira Lygnal
for & smaadl nuenber obgroups. Allxe when Informatahlndicative afL1“ e~ the

f%%?n’%ﬁ'@ &ede:S 0., Liupsis? gr>carlii-i§.SG,B. the 1 nfok paliot anne1

waveform ..l 7hi to * (omputedat tne fr.me timing based
on Secondazt 41 aud the r  ceived signal herein. As a
sult, omputat:' .nal amcunt in the receiver .« can
be redu ed . ompared " : the - nfigur .tion where different
types of synchron . tuirn channel w.veforms of al. pages
are defined (orre pording to the mber ~f code groups.
Alz_ vhe¢ 1.1 rmation indic.tiv of scramble .ode

(Grouups 1s c=zrorted 1. . -oCH, differ nt tyres of rav £ rm-
are defii 1 ¢nrr '5»w ding ¢ the numk r of groury .n
advance . aund th e *ype: f waver rms may be used for
tepurting. Acv rui ot this ct .i.lgurarion, it is

- ssible t' reuuc . tue worklicad of reception coperaticoa:

and impro, t ~ | 1. t.on accura.s frr a small number
£ grou r.

Al hen L.otormativn indic tive of scramble oA«
CUOUE T 1 renmest .41u 9-30. the nfcruaawtion may oe
.eported o fue v oom  f cintrel it - csulting from
top_1c it a7 . ' encedine Inthis configuration,
carticucard, 1f Foo atz > lar/q number of groups or

if (owtrzol o format.. nothe. than information indicative
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reported in the form of control _ts resulting from ?plic s'i of enc< ding In

this coni iguration, artieu:'ar..y if thaat are a lare number of groups or if

c ntr | information other than information indicative 34 of scramble codes

in reported in ?--SCH, it is possible to reduce the workload of reception

operations and improve the detection accuracy. In addition, since CRC

is applicable, it is possible to improve the reliability 5 of the detection.
oRlsocas llustratedinddG. 11'6R cCHAand; 1SCH-may bermyltiplgxed i b1 e

on the ;same OFIDM9 symbol in FDM. In FIG. 113, the vertical and
CRorofitht aa:68 repfése 1l freﬂuéﬁ:y%ﬁﬂ?%‘é re%pé&i%@lﬁltf(? MAihidnd
icgnfigurationecarapared o TiDMemultiplexi.',g, Iihthednuimbies of symbale CRC

1 @\aeadto 3O s e 2amg. oI E 9 andacly canbe Aloeaed 9 s oy

e num er of GFDM’s mbols for example;in a tempo a;.

Oélsﬁ%@teaerﬁanﬁe?’ ‘As a result. a greater time diversity effect can 15 be

obtain@,q ALso since SGH and, P=3CH arelocatedin the.same; GRRMs-scH
symbol, t ynch{onlza ion detection can b?{é‘ cilitated at the ;3-c.CH

Mdete t?o sing 5>§CH 45 réfefence™SsiREd chanhdtestinttion chir 1™
FB& cartied® put 20 attieersame: fimerad ShSCH zeceptidn timing, effgetiesent

f§y&% ronizatioh can.he detected. T@g{:el@rglt\gy 0 FDM schemes of

Hand S-,CH as folloos, (1) As a relul.ar arrangement every other
one 25stibcafrieP, P ACM an, 08¢ A& BRENged QIERMABRNL T this=2 11 3/

i @rangementgreaterfrequency diversity effect - candesobtaingd.wAtdhe ame ,

chronizatjon detention of S-SCM, P-SCHS are Iways arranged both
sﬂngs éven@gon g;afrequeglcy ax%;eforiacri]yg ubccarIrle number
o¢hamiyll symeo.Lls ¢ xample, Lneatembo ¥= dLStLLbUth

manner. 2 aresu t agreater time diversity effect can

be obtained.

Alsy si ce - UHand P-SCH a'» lo.2ated in the same
OFDM symb_l, th: 'yn nronization .=tecticn c-.n be
facilitated at t. ‘'= CH detectin hy u 1ng P-SCH as
referenc Sinc= «¢n.nn 1 stimat.on _.an be carried out

at the same time as .-SCH reception timing, effective
vnchroni *ion (an ' . det :cted.

The¢re re t> FDM sch=mes «+f P-TCH and S--CH as
tullavs.

(1) » a rerl r arrangement ever, cther one
. ubcarrier. P i H an .-vCH are arrangc. alternately.
In this ar.i1gement, ~r «ter fr g. ncy diversity effect
©an be obt i 1.

“t tue 'r houwn.-ation dete '.on o. ~-SCH, P-'CHs
11v alwiys arr n-e . . bith sides enly ¢.. the frequency
11> oo oany - 'Y Jbcariiers., chuc, .aannel
stir *ion  n*¥:=: arr edc twith. Lgh accuracy by using
.= !TZH refcoe Fcr FDM, no int rf« rence oc.urs
sotween T T L oand . 0H,

{Zz, "-SCH ard =-:CH a ¢ irr:. ularly alternated on
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stiir,at-ion can be carried out with high accuracy by using .. SCH as
reference. For FDM, no interference occurs between 5-- S .- and
S-SCH. (2) P-SCH and S-SCH are irregularly alternated on 35 the
frequency a x i s . : n this case,, this, arrangement is defined by the
sy3tem. According to (I); if P-SCH is arranged every other one
subcarrier on the frequency axis, a two-time repetition waveform
r appears.ipthe time fange, 5 A g aggsusit,several peaks appeanay dhent is
timing detection, which may ..cruse craned detection, a::curacy. in order
IR VRO .his Pfobfem, BBCH f5C TREAAF y Afanged ontthe Fr G 15
aencyraxisd For exgnaple,cand 5-SEHare arrarged i eithef 160 @uemwt? axis,
aCE 9!%"—?;3/1%%‘3 r&%é OcFiDc!\é %}@]\PQFO‘%%' JeOrIlg _‘f_rgng% eS Y ﬂée range.
arrangement can Ieadlto a time diversity effect in the ..,se of P-SCH
Agnd. S5OH beingeatfahgedii “-OFON YAkBA o4 OFDMisymssis ection,
witippasig {hat the 15 overhgad @f 46+ dWi'cMA isthe tragsmissionorder
power rate of 109/% for example, the SOH overhead can be limited
S8 “aboht 1% £or BXAmpI&it S M of 1% 15 WiFFig ‘Eriﬁ&ﬁi%’teﬁ%ang ed
ohe system having baydwidth<g ha.. 5 MHz; the SCH overhead can
h_e.redyced,is’y Also, since SC.ts.can he-aranged a temparally purst .
manner, f:?,. er col search can be fulfilled at _m.all.er SCM 0verhead
Othgn W-CDMA. Bk, n¥,Tér¢ tranSrhis$ioR &Y re “éptibn dprafidrisiofial 0 ms
fRrimary 1y.Lual_ isatien shannehwill esdescabed with 25 fefeenge e rsity
. 12. Then transmitter 110 may transmit a primary synchronisation
ecfh%?ﬁ:é in discrete sub arriers. For example the pr many synchronization
channel mayrbe tansmt od evers 6ther uhica®ri:ire Fobexample,tienged in

; 3changel 1oy B -.ranpit My MNP suppe ing that the
overhead of 5Cll 1. W-ODMA is the t nsmi. .ion power rate

«.f£10%, for ¢ 'implc. th. SCH overhead can be limited below

wout 1%.  Fo, example, if _cHof 1 S MPF. is transmitted
in the »,-t m having ' >ndwidth g. .*«r than 5 MHz, the
SCH overhead can »: ‘educed.

Also + nce S' Hs can be arranged in a temporally
burct m- nne1 t> *¢. 21, earch ~an » fulfilled at

smaller SC overlhiead than W-CDMA.

Ex-m; r tceansmi s5i..u and re eptiin operations of
a primary 'yu.hr .. tion chiannel will <« ¢l.scribed with
refer rice o Fio. 1o

Th t~unsmitt.r 1. may tran mit a primary

ynchroun: ativn ha 1.l in discr *te sutcarrier . For
example tr.. pr mar., _inchroniz.* on channel may .e
tansmitt>d rve = otlhier ‘ubcarri r. For example, the
vrimary v, ~hho o7 ticn crennel miy be transmittcay in
nw 1ot ., th a:d 7th ubfram from a cert .in
ntcarrs _ in a PN-li..e pat’ ~>rn coirmon to all cells. 1In
this ca:n Yy tihn mittew primar. synchronization
hanne? i comm 0 * ali subfram:... A_. a result, a
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strd, :qtr. a d 7t:h subfram=:.,. from a certain aLu oarr.ier in a PN-like
pattern common to all cells In this tram-miitt.e,d primary synchronization
:_hannel is common all subframe:s.. As a result, a $ temporal signal
becomes a repetition signal corresponding to the length of the carrier
interval: In other words, a temporally similar pattern is repeated twice in
an effective data durat_=on. Similarly, if the 5 primary ; yn.:h.ronox:ation

t%‘?@;ﬁ"@?'lj?e trangmiged BVRLY s SHb%B%ftSi a teppy Q_'@A-ﬁeim”ar
pattern is repeated three times in an effective data duration. in ether

CRER SRASThE Privtay Sy ncRfOAZALRA cHaRnelis Harsnitéf o' iave 12

oarm mterval betweea_ stlbﬁqmers,lth_gz 18 mmﬁgr@hiswepﬁatadsan_de peated

tdw@cr:]%'t:t;fl'aéxc%of%@% fo,1his configuration, a mobile stafion £@E§/‘,’e@2 f the
can fuIﬁJH requency syncfﬁronlzatlon by comparing the repeated

P arshiitfed PRmarP BynchiortZatioh’chafirell 4ndl E8mplitingtaafioanty two

sofiphase 15 rotation dusing thesperipd. The regeiverdetects, is r-peated
rosscorrelation hbetween r%ceived,si nals in the time range. in this

COdse®it is* B§vantdyedls fhaf the syRchroriization thamie? Be arfahgeld™ s
wiorave anhintervahmoreztharearvequahtoraner?20 catriesrin tis case] thies

t%@ﬁ%@&fﬂe%e”%qr@zf@aq he found from the %TB%UBE%QQ?%%@:, e

rotation of a correlation value. In addition, correlation between
SREEived Fighal arfdl the PrimaryisyhBRroRizafion chahfiel in the 25 time

range igsleteeted- In this ease, thecameunt ehfrequency drift.ean 8estat .on
found based on the a oun%(/ﬁ{fhr?se rotation partial correlatjon within

(&F B%bmesr))mol. ‘Bx rﬁﬁlé SMESEdHand r‘é%é&i%'ﬁ%bén%?i&ﬁéloib Y
casecondary synehromizatimhetianmel wilhizendgstebled 80mdthy e e.pc..

st)Qrpéi’x@o]rgf‘.aﬁgi!éﬁ'channel and comput 'ug an amount of phase
rotation Juiling the period.

The .. <lver detects crossrrrrelation between
received ~.gnals in *1e time range. In this case, it is
advantageou tha the ynchronization channel be
arranged t have an interval more than or equal to one
carrier. In this =3<¢ . the .mount . frequencydrift can
lhe found fi1rm th am unt of phas' rotation of a
. rrelati, u v. Lu .

In 3 ldetion, >rrelation bet'rzen the received
cignal and the ' vima.y synchroni .tion channe' in the
time rang is Jetecr d. In this .asc, the amo.nt of
Lt gquency 0 1ft ¢cin te found based 'n th mount . f phase
rotat_uvn «f prrt 1 ¢onrrelation w thin an OFDM ym ol.

Exempr' 1"y t. n mi-<ion and r« eption operations of

- sec nda:s v : yhouroaizaticn chanm 1 will be described

with rcire rc. to FTOL 13A and 1°B.
liri:ip be o0 v Ly synchrr .ization channels are
irrang- 3 ina fram , .1ferent secordiry ynchronization
wannel-ma, l,e arvrandd. Inothe. ''nrds, different code

Jitterns .- used Tor Aaiff<«r nt syncaronization channels
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if multiple secondary synchronization channels are arranged in a frame,
different secondary ;ync’hronizat_on channels may he ar_'ang d. in
other words, different code patterns ....re used for different
synchronization channels 37 in a frame. For example, different
modulation patterns are used daa:pending on location of acramble code
groups and subframes. An exemplary reception operation under this

1 6ase Swillbe desgribed. Asd -, tlonsehengs ' 5ecPNIYon patterns

synchronization :: annels, there are frequency range operation and time
aFaﬁg%%“pEe%t%%ﬁ.dlh%.i Fﬁedlféﬂéﬁ Fa‘?@e%f)er EibATRfustRtE 46°uPs
atnd-Ietsymbeldiming is found in the primary syr=r_hroni z:a :ion

. chann({ghl, and thu§ :a‘te location s%b ect.ed to ,.'E'[é)ge@ti n fo‘:ﬁlg'is case

Thus, e fFe}({]ﬁgrﬁ)cy rgﬁ/ger%?gPa |<l)r?ri..:oga$ﬁead out aftér the F
wopédration. {fehe abseéldte ohase is used, correlation between received
15 signals apd the-seggndany syachrorization chagnel is \detected { Bation
this: case, some characteristics may be degraded due to phase rotation
" 840588 by fadiny. Tth& TdbsbitE pirdse o Bl hoent pimary -7 and time
synghronizatiart channel is: used, the phase rotation cau =ed by fading
s 20 fqllowed. | #15g:. wds he primany gynghronization, ghamelis . o o
considered to be, a pilot, and the phase of the secondary
18ynichfonizatidn chariel is réstaréd IARer thartheé clbrrélagorPvalieis Y

s¢ermputed, The time; 2 ange-operas an is senductedibefore Edry £bd9ected
detect correlation between a received signal and the is :c: o ndar

" hroriZatidR Sharine!’ ‘In: this ta3E fthe Y E&§nchrdnizatiofi SBESHT¥ryF 219 ¢€

ogynchrohization channelisispaced by enorerthan *0r equat 4 +=wp,. It tne

a ¥ LIS s-repsc;les;alien may arisg Jetween received §igRals » . ceiveq
signals and the s.(.2uary synchr mization channel 1is
dete.ted. In thi: «13e, some cha acterl 'tics may be
dergraded due to phcse rotation cau =2d by £ ding. If the

absolut« ~hase to a?j-cent prima. synchronization

channel i wused, th: pnase rotati 1| caused by fading is
followed. Tn « the> v,rds, *he primary synchronization
channel i: ¢« .nsiunr«e 1 t> b a pileot, and the phase of

the second.ry syncu naization channel is restored.
After that, fth vrrelation value is computed.

The time¢ - inge ..perat’on is ondu ted before FFT
to detect orz.lation between a r ¢~-ived signal and the
.-¢ondary yacarenication channel. I this case 1if the
secondary s/nchroniation «nannel s 'vaced by more than
or egual to tvy dr_iers, rosscr. e¢lation may acise
betwe n . -~ 1ved siqgrals.

Alsc *ne oriMiry synhchroni- tion « hannel and the

~conda.y ~.rvhooais. dion hann.ol i1: arranged at the
me symi» . . illu.trated in FI'. 1,B. According to
~tis arran' meut 1t i- p.~rible * reduce influence of
fading ir th «as « «<hann L estimation in the primary
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30 Also, the :rimaary sync hr,oniz ,tion channel and the s:econdasy rc
hr~onizat~ian channel a,re arranged at the me sym, .ar_:l ._.: illustrated
in FIG. I:3B, According to ,.-.is array meet, ii t -J s possible to du e -2 of
uer.ce of fading the case ct' channel estimation in the primary 38
synchronization channel. For exam pie, in the case where the primary
synchronization channel and the secondary synchronization channel are
sayranged at different,symbelnlogations padicylarly, dading vafiationdeayhere
have 5 greater impart during fast movement. For example, the primary.
Y MCROmEAE Ton ChERAGITP2 ! %> PN ard B s8corfify the secondary
ssymchronizationtchanneh '@k, Né2 (k. i aa, v r aambkle ecodel grofip ngex andnbo 1
N i3 syipoarrier pumper) ate arranged af difereptymioh 10,y nave
locations, The primary synchroni ation channel is common to all cye11e~,
“andthe SeddtdarytsyheRroRizafict ehBmiet clubles afcole THAFFS bitr the
(seramble cade) indicative of a scramble,code.. Also, F-SCH and -‘%‘%ﬁ and
may not be multiplexed with 15 the same C)FiM symbol; that is, P-:SCH
d 85 My nGtY& -diterrately artaiyed adilGstrated in'Fié. 138, 37
Father, PxSCH and S-SCH mayriiel eonsecitdivelyamanged <as ibustratedi s a
InFIG13C, Also, g jllustrated in FIG, 13D P-SCi and SCH.MAY & 101
multiplexed with the same 20 CFDM in accordance with, CDM, that is,
lpsTH & S-SEH Ay BESdperifposéd ©-n eadh sther. #HEBTRLande
corfatd are-eodeimultiplexed on the sanee FRM symbolsasiltustratedzat ion
FIG, 1:E, P-SCH is, consecutively arrange-,d on the frequentcy axis
‘ cbar‘ﬁﬁp%ild 75 tothe ESseof mlﬁ%lecxcfrr]lg@iﬁdaqccdrd%nc ?ﬁ'ﬁ%ﬁ%@éAg wie)
iredult; et may arise Ao probiehe ofcdedpaded timing detection
accuragy cused by &rangiag P-Jet eyary alher BUOGAIEIfNS%eq witn
;zinc:,; tine number of rubcarriers for S-SCH,
the same OFDM crymbo. that is, P- CH and S-SCH may not
I ~lternat. 'y arranied a 1illu:* :ated in FIG. 13B.
_~thi.r, P-SCH and S-{CH may be - .asecutively arranged
as illustrated .~ FI. 1°'C. Also, illustrated in FIG.
13D, P-SM1 and .- CH may e multiplexed with the same

OFDM in act¢ovrdan: > wit't CDM, that 15, P-SCH and S-SCH

may be superimp se« «n each other
If P-wdand . » H are code m. .1.1i1.1exed on the same
OFDM syrt a 1llu trated in F~ . 1.k P-SCH is

~onsecutiv.l* ar.-ng d on the frequen: v axis compared
¢ the va . of mu tinlexing in ac.s rdanc with FDM. As
. result, *Pu:r:miy a 1sen probl m [ 4 graded timing
detection .« ura.y «used by arran ing P 1'H eve.y other

i

ntbcarrier .

Al-«¢ . i *! > number of bcarriers for S-SCH,

“hat 1L tx - «c¢?1 Trngth .1 the r.eguency axis ran be

11 r-=_ed, a 1. mount of contiol Lnformation such
s a «ce..l ID gruur 1 be transmitted.

At . yn-lrcniz tion detecti« of 5 SCH, P-SCH 1is

multiple ¢ed =7 t.z ame s bcarri¢rs as S-SCH on the
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30 that is, the code? length the frequency axis can be in .ceased, a
larger amount of control information such as a ce_|iD group can be.
transmitted. At synchronization detection of SSCH, .-SCH is multiplexed
an the same subcarriers as S-SCH on the 39 frequency <3 is, and thus
channel _ ".timation us-ng ~-S H as reference can fulfilled. For example,
P--?CH and S-SCH may be arranged at one OFDM symbols and 4

f@EQ%%YWQ'SWEUi”a%%O nﬁ\f@reﬁ-aé_ﬁré&hi@a{rﬂﬂg%@%@i fo_i%%"b— SCH
and". CH within a 10 ms frame: a time diversity effect c,abey obtained.

2 S fhe {c88e BF & SERand S-SEH being Srranged at 2 cr.4 CFDM
symboBo suppasinglihat the avarheas oF-SCH ndW/-CBMA isiheged at one
transmissipn pow- at.: of 10%, f.r. tiir' ut:-1.cvnl.rth C
i.El:it:ite e o'-sv%gb%%f '1%%8Fgr%E?r%p#eyﬁ%%hsoﬁagﬁh%Hg?}%ms frame.
transmitfedCifi the aystentiRaVingt a&R3wWidthJfeatefthan .CRHzIthein a 10
.-3CH -oveshead canbe rgduced-Singe SGH can bg arangedifzaned.
tem.por ai y burst manner, fast cell Search cyan be 15 achieved at less

SC; ovethehd tharAW-COMA. A5 “Eo Afistrated iff FIG T3E, PFE&ERISS 2t

- and S4SCHDmay jpetmultiplexetbat aifferentt®REDMtSymbois= abeordance SCH
1Wit;FOr gyample, R1CH and S.SGH may be multiplexed at 2Q.different ,
OFOM :symbols in accordance with TOM as strafed in FIG. 1:?G. Sn
"thsTddhf g fat'r” SC H_C¥ cohserbtivéarr @ 1:Eried of the LPguemolyr 1%.
raxis eqmpared , to the case -f multin)lexingiin ac: ,, fdance Mith FOM.AS the
a result there may arise r%o ﬂ;:lr blem of degradeg timing Z%d;teCtiﬁ:% g
Sa’&ﬁﬁa{%y aUsedby artangi é) ISEHVER bther Fhcarr Ao, sire8 thre

omgmiber oft subrerricer_sdor S-SCH can-nce h «<in pe arranged in

a tempor 17 . l,urst manner, fast « 11 earch can be
achieved at lzss ‘5 'l overhead tha W-:DMA.
Also, « 21lust .ted 'n FIG. 13F, E SCH and S-SCH

may be multirlexed at different OFDM ymbols in
accordaun-e wi"h Ton

For example, ¥ 'CH an' S-SCH may be multiplexed at
different OFPM ymbils in accordance with TDM as
illustrated tn FIG. 1 <. In this « »nfiguration. E SCH
L. onse utivel, arraivg ¢ on the fr gquency axis compa.e<d
tu the ca~r _* multi,lexing in ac- rdanrr~ with FDM. As
a resul*. Lucs ' may arise no proki:m »f uegrade timing
wtection + cur~cy cau edtb rarran ing t- 3CH evel . ol uer

locarr. o

Al-. inve “he . amber of sub' rri rs for S-SCH can
“e in rea .¢«, that . the ode 1¢ 3th on the freguanc.
T ¢an e incu o (i, a larger mount of control
iniormat .on ~uch > 2 ¢cell ID grcd  can be transmitted.

T e ar * . ~vpes ¢ % arra..gement of P-SCH and
- "CH .s .11 7.

(1) A ilt . t.. + din FIG. 1 «.. ¥r-SCH and S-SCH are
v 2ced YWy a prec r..=ed numl e,r of L -ame: According to
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he increased, that ir, the code length on the frequen:. axi s can b,e

increased, a larger amount of control 30 information such a cell D group

can he transmitted. Th re are ".yes of arrangement of P-SCH and 5CH

as ~: ? low_.. 1) A>illust::sat:ed in FIG. 1-3,C3, P-SCH and S-SCH are

,Spaced by a pre6;-,.fined number of frames. According to 4 this rrang

meat, ...:;;r example, if ?-SCH and S-SCH are spaced by :1 ms, the
tresulting-% ms units gan be cenfigurets tahaveth™e-same strgte. 21 are
_As illustrated in FIG, ,SH, P-- and S-SCH are 5 arranged closely to
gfc%eo%%?' on tha ’te%lﬁ)%riarlE ax@li&c%gr in%stoutﬁ %stasrrénagrér%gnf %1%1 gured
tsynchroaization deteetion“usimtR-SE.H as eferen-:e can he carried out

detection of RSCH; §Req . - fly, i3 $¢H and § -1mayche anangedaty 5.,

10 either of 2 or 4 OFDM aymbla within ._ 0 ma frame. In this ,
-GrFayRfint of P-SEW dndl S-SEM WithiT To AR fidife, BYMRCdiersif* *
neffesteamby stabtained. Int.exasenkRnand GH ndSyn. XheyiGzati n

arranged at 2 or 4 OF symbols, suppasing that the ' ethead of :SCH
T e COMA 1o ThL Banamisdion poves Tacs of 108710r oxGble. o °F
“SCH®verheac garebe limitedibelow about 1%. For example, if SON of

1. MHzis fransmitted in the system hawngsbandwigth Qr%'ﬂéeraiﬁ}%%ge 4 at

MHz, the SCH overhead <:an be re;u~, ed. 20 In addition, since SCH
edaneFarrdnged fF témporatty W& Rarmel Fast tell searth &h he 2™
fulfilledrat lessi5C Oraverhead éhan WL IC-DWIA. Andexergtalywpetatian . 10

of the Ci” addition unit 114 in the transmitter 10 according to_this_ .
TRt vl D5 be cosried 1 Lt Below. The Cp st

114 insefts & CP séle :.te by 'CP &dlectiofl Uit 117 ifto amultpearAeg d at
sigpalateash - ymp 1 upposing th.t the overhead ~f [ JH

in W-CDMA i th:' tiun'missircrn pouwer rate of 10%, fur
¢ tample, *1 .CH overhead .n be limitc- 1 selow about 1%.
Fr. exampl«, if CH £ 1.2° MHz i tran-mitted in the
system having ban/iwi th gr ate- than 5 MHz, the !'TH
overhiad ~.n be . v =1.

In addit.on, inc>» SCH can be arrar yed in =
* mporall burst ma. .or, f_ost cell sea_ch can be
rilfilled .t le<« "9 overhead t an W « DMA.

An & =2mr Lr  oneration of th . addition unit 1l
in the transmitter 10 according *+ hi embodiment w_1ll
be descri.ed in et il below.

The . adaitdiri. wnit 114 in.-=rt: « CP sele tel hv
CP selectic unit 1.7 into a multi ¢.r._.e: cignal at ea-h
Fourier tar~et t mo

The '© (C,c 1 Prefix) is .. vide  for absorbing
safluenc on s519nLal1 nrocessing ev=n 1f cignals arrive
sra do lay rav v a dificerent timeu 5. I fact, systems
S 2asu. w ..yt vd detorm.nc “he CP ased on the
me 1surement In th.  _.ase =sinc~ elay f a signal from

a single F.se ta 1inn can b found, the CP is determined
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Fourier target time. The CP (*_;cl . Prefi:<.) is .ovide for absorbing 1 o
SO ix " fence , n signal processing even ~ if signals arrive via de ay
waves a: different ti ings. To fact, systems neasur:: nu.?.t pati.:: 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 41 based on the delay. However, in the case of multicast

pwherg different s agnais from multiple base stations are Combined, t
ansmiss on d,-,lay may be caused by the transmission of 5 signals fom
multiplé DY stationsbédides Sit€ading "of técephSit tifihgdueto af € rent
simple.m:"tipath. Inoihet mierd$ dke diferendce betweer transthissient ,

delauss added, and fhus the sargading,of fegeption fiming ray 16 or, o
ins;crea:el compared to the case of the reception of 10 a signal from a
sihgledbase 5tabitn M T kel ambaricofdeddylif tHe Mgl 14%Sast hiagading
o@ﬁgégﬁ_@@*@metmﬁbprél_r@t@ip@ti@esa[-%qqh;@Sfuamd@a?ti-me%. In other
accqrding to this empodiment, several types of radix frames, for _
el %?Me,g?b@o‘ types bf radidFrarés” 18 afe frovideMI specifitafy 12y - 1 °
severh] types ot kRs havirg differcrtd Prengtis, fereexamplentwoitypesy may
of Chs.arg provided, frle,ype LCP haing aselafively large; CPlength, o ¢
is used In mult_cast:, and t.h". type of OP having a relatively sm§ er CP
2 SaRgeRH istse® it uniedst. 20 MARE ufitast, if 2 CP Ravihg a Feldiveyount
olargee €Py lengthds wsed, transmission gvf. ¢ 1.iercyrmay decline mbhuys,
the longer CP is used in multicast. As illustrated in FIG, 14, the CP
" BI85 GAit 1 May as S(‘)t:i:%tsthlé%ﬁcah%ﬁization channel code
numbeF rbswith:thedGR tength fo stbrage: TheoCRrselettiorsenietE/l tyr e =

o%@%té&he 'Pf‘%é’é,sedmﬁ @%{S&EB&'OQ two vypes of radio frames

are provided. Soicifically, sever 1l types of CPs having
diffe~>nt ¢ ' lenguuw:, for example two types of CI's .re
provided. ue tvve 1 CP having a relatively larger CP
length is used in multicast, and 'h “ther type f C7

having a relatively smaller CP len~rh is used in unicast.
In th. unicist, if a CP having a relatively larger CP
length is 1 =d, t:r usmission efficiency may decline. .
Thus, the longer CP is used in multicast.

As illustrated in FI+ 14, *t.1e CP selection unit

117mayas i iat *th ',nchronization channel code number

with *n .7 lingt' tur storage. The CP «_.lecti n unit

117 selects *he . 1 ngth based on the associatin.
Alsu, s 1" ustriatcd in FI¢ 1., the CP selection

unit 117 may i1 o 1.t the ynchr 1.ation channel code

numb-~r 'ith th - mble (.de gr .p number and the CP
Longth auu ~toure th, associaticn. FIC. 12 illustrates

ito type. .1 he " length
Al . th=z P '22cti~r unit 17 may a.sociate the

'mnchroni . ;at.ron  han.lel number with tiie scramble code

tudp numbe: for torage a illusv ated in FIG. 16, for
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Also, aas it ustrated in FIG.. 15, the CP selection unit 117 may

as.sos:iat : the ;ynchr:; ._.zat_on channel code number with ,the ...... .

.nble code group number and the CP 30 length and tore th association.

FIG, _. llustrates .:wo types ot_':he :i length. Also, the GP select; n unit

..17 may associate the ynchroni,a,:ion channel number with the

scramble code .soup number for storage as illustrated in FIG. 16, for 42
e?‘ﬂ{{%"_‘% ' in this embodiment, two type,., of CPs having different (.P

engths will be described. As mentioned above, the longer CP is used in

the 5 édse ot molt¥BEt iHere Bifnilar SigndlF Bre trahsriF #Ed TR NI
amekipledase statiors, Ace@rding 1a thiss caafiguratieait in possible to

absorb_transmission_delay from the base stations. The sa,ortez c.P in

e I orhmmeATTS, SRREE 10 (fcad . Gnd mifoad g™ the

GPadditioint unit 144 adds a:GP seledted bysthe S sekectortuainstZtted
stpgmuliticarriesr signalsunplied fronMFT, For example, as illustrated

FIGS. 17A and 173, 15 the CP addition unit 114 adds a CF in sucha
“MRAASHIRE Ca SYhchronizatio® BfshhelGanise adied ¥Pthetagse ssion
dend.qf afframe. 6. 175sillustradesiamexample of a shorter C:?, that is,

the case where a frame includes a_relatively large numbe{ of OFDM h

symbols. On'the ther 20 and, FIGS 7érfllu%(t?ﬁ%%%ﬁce§(ar%%fésdf atch @s
ulphgersGh, thahi.5g thé -ascwhdré admme includes a relatively small

numbe oEOFBM,symhols. in thecase of diffesent CPJeagths being by the

used in the same system, if the interval between subcarrie.ra is kept .
Ceoristart, & frame'tould 3 irfclude 2 differert iimbe? bf SEPRMRdymb&B Ll ed

fandrthog the. position of the synchronization channel relative to frame:

For « xamp.e, a illustrated . FIG!. 17A and 17B,
the CP addi ..rn vi.t 114 adds a CP _n su-h a manner that
a synchroniration hannel can be added to the head or
«nd of a frame FIt.. 17A illustr..tes an example of a
norter ¢« +. that is, the case wh.re a frame includes a
r.lativels larg« nuaober of OFDM :.ymbols. On the other
hand, FIG. 17B illustrates an example cf a longer CP,
*'.ut 1 . the as: where a frame . .cludes a relative.y
small numb. - of OLDM ymbol::. In the  _se of ditterent
CP longti Laoing w-ed in the same system, 1f the interval
- etween Libcurric ;. is ert const.nt i« frame cou’l.d
in lude a dif.erent number £ OFDM .ymb .- and thu: the
positir 10f "he svniaonizat.onch. nel re_ative to tiame
boundar ma fl. tu.te. Sin.e th CP i¢ added in such

a manner thut the syn .roni:ation ¢ annel can be arranged

at the he 1 . enw f th= frame iccording to this

embod.m nt th posits-n ot the 1r me boundary relative
tv the pr 17.-m ¢ t1e synchroni_ution c¢hannel (an be
f. ed ir . ».nd.nt.+  Hf the CP len . h. A_ a result, the
fr.r Dbounc.ry (. .me timing) Aa be easily fulfilled

in th: r.r~ +Lver . .

43



10

15

20

25

boundary may fluctuate. Since thy:'. CP is added in such a manner that
the synchronization channel can be arranged at the hi'-ad or en: of the
frame according to this ,90 embodiment, the position of the frame '
boundary relative to the position of, the synchronization channel can be
fl;:ed independently of the OP length. As a result, the frame boundary
(frame tim.i-ng) ;:a,,, be easily fulfilled in the receiver I'D 43 An
exemplaty (ecelyer 20.accprding, todhis ,emhodiment will be desgribed
with reference FIG. 18A. The receiver 20 according to this embodiment
SREInAEd S Béraimblelcotle ré@pfidh fifihg tetettionr 5echetit sork, The 182-
sc ambie eode:reeeption tining:deiecti®nNnereyit 200 fecedwdadiment
; Mubicarrier signal from,an, antenna and detects sorample code reception
iming and FF1stiming. Speci |caﬁy, the scramblé code Peceptlon
tirniag idetedtion circuit 200 supplies the received multica.rrier signal to
a cojrefaier 201, Qpihe other, hand, @ gynchronization,gigral replica o,
generator 202 generates a predefined cync:_rcnization Signal replica
ard*Supplies’15 it f&5thé Eorreltol 301 s&iftentialy S TR BorrdidtoP -1
_207~detects cdrrelatien between thereceivedi enulcarte< ssignal anchg .nd
Ftpg s¥q%1{(l)lni‘zation signal replica, and the detected correl':t on value
indicative™ of each peak and the associated timing are stored in a 20
memor§203: A timing detection cireuie2idlselectsithermagimuien timing
qcarelation yvalue angithe agsagciated tining frem couelation yalves. @ndr i er
the associated timings stored in the memaory and stores them as
 Serdfible ©8dé reception® fithing in & memBR 205° TR g tietsttioR
. Giteait 264 25 fitrthen computes Fiebliming lpsed,ractbe serainbjecedeites

2'gGeRtiQan timing gnd stores itin, the Memory, 545, e s c2 and supplies

it to t e «¢orrrela*or 01 sequentially. The correlator
201 cdetect . orre..ation between t .e rer ived
multi arrie. signal nd the syncr.oni ation signal

reyli.a, and th det-cted ¢ nrrel tion value indicative
cf each peak -nd *he ''ssociated timing are stored in a
memory 0.. A timing dete(*ion circuit - 04 selects the
maximum «. rrecati . n value and the associated timing from
~orrelation valu  a:i .l the associated timings stored in
themem .- ( , and stures themas scrs mble coder ception
t.ming in - msr.cry 7. The timing detection circuit "G4

further ¢ mputes FT timing base- n the scramble :ode

eception -“:ming and sture~ it in the memory ' 05. The
FFT timing i+ supr.: d from :hemem vy .05 to a CP removal
ircuit and -he s ~umkle « >de . reption timing is
upplierr + =+ . v~r.m 1e cod iden*itication circuit and
a remduratoioHn i a1t
Forr —amp. if a /aveform ener-~ted by code
invertii, a.d -2 ecting a fundameuntal waveform having
gn-dautoccrre__t .« «hara ter.-"tic s isusedas the P-SCH
“r.gnal wavef rm, t: receiver 20 is configured as
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FFT timing is supplied from the memory 205 to a CP removal ,.irculit,
and the scramble code reception timing is _;i pplied to a scramble code
identification circuit and 80 a demodulation circuit. For example,, if a
waveform generated by code inaert'.Ln and repeating a fundamental
waveform having good autoccrre.".ation characteristics is used as the
P-SCI-I ..ignal waveform, the receiver 20 is configured as 44 illustrated
1INRIG+ 183 In;o-18;=.f woerdsithe correlate : of the receiver 20 described
with reference to FIG. 18A is configured to have a octrelator -201-1 for.

the fumt@nfental walRform; 5 B dEAVEFG201.7 Whefdn Sdxfur eceiver
- igaai of the ectrelatam? 1-'Ifis seppliedtande.L corre @tor 20'-3 tot fangured

upper l..er c..~ae where an oytput-signal of the code, nverter Is 'uppl_ed,
tThg = fraelator 250611-_a get}éctg.} oﬁe%atl%r?c éee'twtaé% dl%n a Fﬁ%?ﬁégp%ﬁ? or
ar, afd the'fafidaniental waveformin rthissembodiRertt, the odellendth e

-sgt beldN okhe cicie inverter ;Z201-2dnvertsman outont phthe coweladar-3 ror
201-1. The c:orrelator 201-3 detectscorr;lationbetween an outpu. of the

= CodERRerter 201 2 aridtan ipperiayet £5thie, antiSappliesn The code
1'PvSriH correlation Vviatuetodhe memory 203. in tha embod3_ment, the

codes length is set to b~ N. Ageording ta these seitings, 2JoN9%,, 1 - yecn

correlation value r the co e length 1 came omitc<d. An exemplary o
a:gxati b lof fHercoprelater 201 wilin2=0 be desedseriith refereiceierm- In

+ 79513831 H0and & Thegq el SrRPrdetects gorrelatiop between a the
synch;, oniz"tion c:hamr el replica having the minimumgP length and

réé8ivet Bighal. m this. rfann@y, Frahie 25 tifiirg chn ber dbtatt § AhdTg ©°*

_asingle typeefsearckLat. »~ 01-3 detect corr.lat.onpetween
an output vt the (vde inverter 201 - and an upper layer
code, and uppliesa - THcorrelati.nvalue to the memory
. In th. emb)diment, the cod. length is set *> b

N. A ¢ rding to these settings, al ngcrnrrelation value
fcz the (ouue length L can .e omit-od.

An ereomplar, ¢ rati n of th corr:rator "0. will
be descris =d with referenc to FI*s. 19A, 19B, 19C and
20.

Tu= « . rel~*»>r "01 detects . .rrelation betw: n a

synch oni-~*.on ‘'h-uuel revlica having the minimum o

length and : +: «iv.d signal. I.. *thi manner, frame
timing  an ve def «* + through a  Lngl type of search
‘hem

For example, as illustrated in FLi1. . 19A, the
crnrrelator 01 =taza-~lishes a syndcironi ation channel
21l a incluuing ffective symbcls o1, .2, S. and S4
“th sw gerv iy 2n . -~ the synchir 1izat.oil hannel wscoud
it th re =2iv. . _°  “¢: _omrwuting orre«:lation. For
szampl , >CHhaviiga m™:1lle. CP length is used. 1In other
words, th 4 o, rte . is (o>pied + CP. The

~ynchr ...-ati o h->nnel revlica ~cludes the CP having
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For example, as illustrated in FI'. 19A, the correlator "101 ishe:_: a
synch.-onization channel re7li a 1P.(::udinil effective symbols and 54 4 '
V"™ng as i as the synch::oniz a ti on hannel u S;ed in receiver om atinc
;0.orreiation. For exampl , SCx having a ..m sller CP length is used. In
other words, the 34 portion is copied ns' CP. The .".:.yn CE: ":::'_. tion
C:h:? nel replica ..nc'ludes the CP having 45 the minimum CP length, in

tthis. gmhedimgniz B a;signal including a CP having a relatively small CP
length is transmitted from the transmitter 10, the correlation peak may
be detdcted 5 at tif"SLporfor TG 1EOB) . Dnthé bther Randi #23 2 CFP
hsigniat @ GPhaviag av. elativendy largee CP-lgpgth isdransaittedifrofe thef rom
1Lt!ranscmitter 10, 1]éhte cor!i%atic()nrl %)eak is al Q gete_cted at the S4 osr(%jc-e::{]ec ted

( [} f&(?)slﬁ either tne chse of the gilg:]ﬁa |nchud|Jn8 fhe 10 shorter T
eind@ansmiited frdmthel Fansmiftér210-or e ¢dse of thessigisend, if a

singluding the longerOP:beipg fransmitterfrom thedz.;psmitter d0; the engeh
correlation peak is detected at the S4 Port ion. Since this signal length

16% thé Prichidn”. z&tidn cHanmefrepligd Bknbwh, the%end TS of 4T BEDRF + -7

psymboti ean he foudd, tandithus detection timing okthé carrelatian. candae) .

also found.éAI if the synchronizatj nel is arranged _at the end
a frame',r%he f%?hné ouf]&c/?ary (:iasn%begg]ag%rlli?gde“te%gdg. 0 Aft%?n%%%éig ir?'fhe
smultiple r s, ubftarriesIesulting Mokt didisfoncdt sintfe framestétter 10 oo

+8¥chEanizatien onanigelynay be arranged:at theen af asubframe, that n g
is, at the last O'QM symbol of the subframe as illustrated in FIG. 20. An

"OEOM yni5ol andPL guBfd e arare 98 proliddd \Fitha Subfffamé& Peak

‘Thelguard intervak(cyelie '3 .ortion. Since the signal length

of the syn«. =~ ~ati n channel rey'ica is known, the end
of an OFDM _ mno.r van be found, and "hus detection timing
~f .he orr ‘atin .n be also f-rund.

Also, 1f th s,nchronizati.n channel is arranged
a* the en- «*f a frame, the frame r.undary can be easily
c2tected

Alternatively, in multiple . ubframes resulting
from divi_. «n f single frame, the “ynchroni.ation

nannel may be =2~Triny d at the en . »f a Jbframe, that

in, at*h 1l-ust« DM rvmbol of the 1 bframeas illustrated
in FIS. (. An FDM rymbol and a guard interval ar
provided v ~"1in a suhframe. The . r  -~nterval (¢, Lur
v ...fi17) hoving difierent lengths uch a two different
length 1i:- el _ned. The length ma be uiiferent for the
respecrtive suafram- For exampl . th' length of the

uard int=rval n e determine. .epending on a

z

transmis ol 2 ouemns urh "~ unico t oor aulticast.

In to.  us tv, tynes of ubframe can exist in
terms o:.. the unumber Lf symbols. "r example, one 1is a
m.iticist ~ubfrar~ ud the other i a un.cast subframe.
In other '+ ..ds, th_. numbe. of . vmbol. within the
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prefix) having different lengths such azz, two different lengths is defined.

The length may be different for the respective subframe zs. For

example, the length of the guard interval may be determined depending

on a transmis ‘iion schema or multicast. In this case, two types of

scbframess can exist in terms o': the number of symbols. 'F r example,

one is a multicast subframe and the other in a unicast subframe. In
ratbgrea ds, thes pumberof symbolsyithin.the respectiver subfiames. « s ve

m&é be variable. The effective symbol length and the short guard
Sh

ot atE EGRMoRA RFhe P fns

IyncHEMS tioh 'ChafiTel isdrfarfgR@mon -

at theend of a.anbirgmey and eorrelationihetween alsymbot Zefitheged at
tgrémgggsygghrc. nization channg}lgavmgfagTalhler CP]!.equ_thé gnd a orbol

receive

S|gna?is compu?énd ih & mobilé station. At this time, in gn;?cSrYe

oéf sUlfrapie: fer? |arget COR lengfpdndosmale COR Idngiht figea smaller

ceorelatipn, pgakiis ohserved:al @ timing precedingdhe grdaf the 10 mopile
subframe in the length of the primary synchronization channel havii,, the

S&Rdlfer T lerfyth. Totherwdis, tHe wBa¥iehdth of the etfebiveid e fo-
1syiafzot l@r@th plustheaelatively Shalt "®pPlehgthgs hniformefotarrelation

subframe_inclyding the srorter COP:and gt subligme nduding 15 the .
etect carrier

f
'a

bI'c')nger CS:P,r'ah’deﬂr"lus, a terminal can

requency _n

ssymERRRzation tirhifg Withedthconsidehation of thelGOP Iekgiht Thdg <tion
sines, ransmyigsign timing (pesition),of ¢he swchronization chamnekis o rds,
unchanged, a. mobile station can_compute 20 correlation values even
"Rithbitthe (- PABRGtSndration: $&kreh fotthe syntifoRizatiohd th PLus
ttlmmnel and identify frame! tining avithout aconsiderdtionmofhe GCOBub L = ume
r.yse. in the su , that is, ind den f I v s
LAI%%EH?:é/quag;ing béf coﬁé%%rﬁaﬁs%e?wggﬁré?mg’?%afnt?%é} r{% gﬁﬁ%gél ding
tWithdut _ersideratiorR&ithé TOP leRgtht YAISE #He frafsniissiGrfimpgrrier

f(pesiien©fthe. . - ..chr 1ization timing without

¢consideration of th
transmission timi.g

channel is unrhaige

e CP length.

Thu. ince

(hosition) of the synchronization

i, moki1le stition - un compute

¢ rrelativ.valuesev nwithout th

.Plength information,

s~urch fort'w. syn hroni->tLonchann 1 and identify frame

timing without - us:

in the ~ahfr-me, tu .t .

Als , ave .~i: ~of
he fuliiileu Witlivu

Also, the *ctznsmi s

ynchroni:zeil>n 13n:

“ver multiple ~ali.
"veraging.
Alteroal 2o/,
.~ .anged a : the 1d
ta detecteu vy - vi
rarger UL T:rath and

r lcugth.

.erati n of

. independ

*.e CP length for use
atly of the CP length.

srrelat.onva'!.l s between frames can

t considerati

L. of *the CP 1 .acti.

ivn timing (v sition) of the

2]l remalins u..hang .l in averaging

imes, which may facilitate the

vf a ~ubfram:-

‘Y *he synchroni.ativon ~hunnel is not

th: correlation may

l\ying timing corresponding to the

t.ming « orio
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synchronization channel remains unchanged in averaging over multiple

su frames, which m y facilitate the averaging. ~0. Alternat 'y, if the

synchronization channel is not 3 arranged at the end of a subframe, the

correlation may be detected by timing corresponding to the larger C?

length and timing corresponding to the smaller length. 47 Also, If the

;synchronization channel is not arranged at the end of a subframe, the

Cr length may be: reported. Fox exampl, the GR length, may be specified

for each frame in advance. Information related to the 5 CP length o: CP
afof 88¢ Mdha syRéorizaichicRarhieP Fiadfsert reBeSimilatigreg th may be
rcgiamee gilot may-be aganged,atihe: dof aaubramenAlsopeardpiemsied
- S defined in fs%/stem.,.such le as the firjcftn'%ubframte, are alw%stus dtin fh
“Unicdtan ot Srmv%or%jrsl, 2 Hirst'Subframé'is fiot used i mutticast inc%, ©
CsubframEsifoomuliias’. incluge aistrarhkle scudercormioratt L@t redtannel
m&8}Is & enab%ing< soft-combinin™, a common pilot for subframes for 15

multicast cannot be used for scramble code detect jon in. search. For

this reZsoR th Fitst suBfrar8R’awaysiised™r uRigast haligiRd iith the

a gelt specific serapite code) in order to overcome the

above-mentioned problem, 20 and thus, th mmagn pilot can be used

to dete%r}t?ﬂloe’ sc'rgr%ble‘ Cod’e#n?ﬁrea(%ﬁ Sseger%%(?litlsg, f?nce' cell Ssef)ggllﬁc
asystam irffornstion i £ heoericasttie BCHantsiswa@Smittedumdnigast, In

oadior frames.can be effic; gntly 66 pligure cf By-araNGINGIto RaYe 1t 1 cast .

such

inc _ubframes for multicas inrLude a scramble
code ¢ommon * i dis_.rent cells £ enatl.ng
soft-crombininag, a common pilot f£. subframes for

multicast caainot be u ed for scramble - nde detection in
cell .rearch.

For thi- reason, the first su..frame is always used
for unicast (multo.plied with a (<1l spe 1fic scramble
cnde) 1n ordexr t ~7er cme the above-mentioned problem,
and th.s, the _ommouuir pilot can be used tc¢ detect the
vcramble co.: 11 the ¢ell search.

Also, i.n ¢ c 11 specific ¢, tem i1nformation is

hitoad-a-t in BCH and is transmit™ d in uaicast, radin

frame canb efiic itentlyceifigur. .byarranging to h.ve

the first _.uframe uedicated to t e un.-ast.
An example wu>.. two cynchroen: zatinn channel ire
transmitted for ~.ch 10 ms radio £ .me wi..1 be 2s¢. ihed

wlth referr. " £t FIG. 21. The fi. it subframe is always

used for unicas 211 a pilot mult.plied with a cell
p cifi ~crambl=s ~nde ic used. .ubsegquent subframes
an o ued c-runioust or MBMS. A ilot multipl.ed with
cell o ~ilic v ramble «nhue and  short CP are applied
"1 the ur.ca t. nereas a 1.0t multiplied with a cell
r.ommon scramble « ¢ -nd a long CF are applied in the

48



10

15

20

25

25 the first subframe dedicated to the unicast. An example w two sync
on.zation channels; are transmitted for each 10 ms radio f:. _me will be
de_sc'li,,ed with reference ti; FIG. 21. The fir st subframe is always
used for una and a pilot multiplied with a cell pecific sor3mble. code is
used. Subsequent subf; lames can be used _ar unicast or MBMS. A
:clot multiplied with a cell sac "i: is ,...ramble ¢ de and short CP are
nafhplied Ja.the ,unic:a st, where as a ,plot multiplied wa cell common
scramble code: and a long CP are applied in the 48 uiticast. Also, BCH
is arrafigetin & ehairamdmdE Sine afkr the'dydeAtoRRalgh- °f time
achannelt Hidus yvimmerkately afteo a mdozre station Usesthe syhediately

aPrnZation chapgel,

receive the SCH, ari

cif' it ta,-e; less time to c" 7x

condyct cell search, the mehil: statjon car, pannel

Zeta the reception o

Ethe BOH.YGT Zexam"3..: A% Here 428l PR ide t & RHIRA rerPerce eive
t rignatiaving different CD length:s will he described, HX-In thiasSreception
examtalee, a system ma,;,’ define the CP length of a c:ertain subfram .,
Eordk@mpie. it may be stipulated that the first 11 ubirame in frame
alwaysAusesca tong rBvor ershertc@R.] NDcelbSietrelr, tleedréferenceference
signal forthis s?ybframe, 15 isuisedt io. detectell DS Als theye e, eq.
reference signal may be used to detect othér information such as sector
IDs as Welltdsithe' el 3D%.-1h thid ca¥é tR& CPRlengthforeadhiss:bffarh8 gt h
owithin aframe s repeyted.in .S-SCH. For example, the CP length 20 for

all subf.ras.esmay he reported. In this configuration, although a larger _.,
amoun€8irin?o¥r%§t?oleh i5 ré‘ptorfga In %Eof,tr%%feﬁniég r%ﬁ%ﬁbf?é%&efslr“
cantheausediin the felbseares, wesattin'se § sterdetertiof of theicelh iDs . CE .

In cell s_¢. th,

tne » ference signal for this subframe

is used t. .ctect  el1ll IDs. Also,

may be use'd t« det

IDs as well as

the .11 ID. .

the reference signal

't other information such as sector

In th» case, th: CP length for each 'ubframe within

a frame is rep r

for all sub*rame

ted in <-SCH. For example, the CP length

s may be reported.

Inthi- configuration,

tlthough a .arger amount of inform.tion is reported in

HwCH, ret .c<cnc
.11 seaii. re
IDs.

‘n .duituo
n.yb rep xt-d
Five to be u-ed

f informatim:
uses ouly 1 r I

Alsu o

. System may © _ve an

.tatzon mav dete

thh . mobie - =t t

orrespor ling * .

es t . all subfram:

3 r.an be used 1n the

~ultin 1in f ster detection of the rell

n, t. ' CP length f r only some subframes

inJ 7 'H. tiLnce so
in ~<1l sea.~h, on.
.8 rep rted in S- ¢

1 ne - signal for

V't 1 ngth fnr eacr.
For CP L=ngth bl
Lo n :t..ct a refe

S th CP length.

49

many subframes don t
, an essential amount
‘H. A mobile station
reported subframes.

subframe for u<> in

chitrary valu., and thus a mroile

"ndly. In this c.se,
rence signal

and uses the larger



10

15

HO

25

25 In d:iiti,on, the CP length for only some subframes my b’: rep; .reed
inv ...;:9. Since so many subframes do not have to be used in cell
seal:-h, only an essential amount of information, is reported in S-;'I'H. A
mobile station uses only a r::for= nc:: signal for reported subframes.
Also; Ot length for each subframe for use in _ system may have an
arbitrary value, and thus a mobile station may detec-. the CP 'length

ckg}lg@%lx. Ja d&hé%cq;glhd .;e mobile >tast:on .fettects a reference signal

corresponding to ,::;.h CP lengths, and uses the larger 49 correlation .
value. AR ex&fmpRbEBahdviah bi 8 Féfefence Sigiaf WiNBE deddibed, will
pAlthaugh SCH ig transmitted in a fixed bandwidth 5 of 1.25 "E-, the

bandwidth of the reference signal is not known at the ;ell search stage. .

The bANIKRR GFing Geforandb MRE 4 55 6e détermhed fia SHEE-AED
ods .bresénwd bolot.bel) th @andi{ttidthcgﬁ atreferencé e;itg@alds repogted L 1is
n1Q i35G Accpyding to thig g%r}_f'&Hf%“Pé‘ﬁ@'t.hOUﬂH@@.A%%%S&’@h of the

amount of information ~.. reported in S-SCH, the overall bandwidth. of
T'thé efeFehte SiyARIThnR uskd, WRieR Ty achiev® i 3t ESPERRch?
- ;) &skereaee signal of t'n a same bandwidth as the 15 BCH bandwidth

reported.in $-SCH is used. In the case of _the SCH band idth bein
epor i SECH HbCTHe Tehench Shar & vhramidi g *eporeed
1parsdvAdih at léast gredterthan drlei;!aat:t@rtlfé _B_@Habah_dwwtla,lthéloug h an
ireference. signalofithe same handwidthasBGi is ysedJn celksear’ 20scy,
According to this conf guration, the reference signal of a wider
thahawiathicah Bé ised withoutinchéasEihthé Tanfodntt fofiAatieR used,

wiiepertedna o a9GH eAxia exenaplarye1anfigeieation of the transmitter 10

In the erase gf 2 common.pilot being arranged atthe end. » qwidth as the
BCH bandwidth rep.rteu in S-SCH 1. used. In the case of
the BCH bau ..odth olng 1¢ported in »-ICH, since the
reference signal is transmitted in a bandyridth at least
greater thz2n or equal to the BCH bandwidth, the reference
,ognal of * e same handwidth as BCH isusci1in cell search.
According to thi: ¢-nt.guration, the re_erence signal
of a wider =zndwiath an be used without increase in the
amount of infourmat... reported in S-SCH.

An ¢s>-~mpl- - (onfiguration ¢ f the transmitter 10
in the 1 ase of a ommon pilot bein~ arranged at the end
f a subfram: 111 b’ described. As illu.trated in FIG.

, the t ansmi*t- - 1" includes a r.lot .1gnal generator
130 coupled t. the: ¢ mbination un.t 109 as illustrated
in FIG.

In FIG >°, iu the c¢:.:se of « FDM being applied, a
] >rtion r-lating to ~pre>wuing of OFCDM is removed.
-necificully, th waira channel generators .00. -100.x,
tro. o copyine unit 100 the hort " eriod spreading code
s~ herato - 177, t:.. multiplier 1ty and the combination

unit 109 are mi:-t . Al:. , N information symbols are
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25 of a subframr wi | bdescribed. As ill.i-strated in FIG. ,..;, the

transmi.tte.. 101 includes a p. lot signal generator 130 coupled to the

combination unit 109 as illustrated n FIG. _.2.in _IG. "in the case of

C:FDM being applied, a 2 .ortio T on ng t sprt ai ing of OFCDM is

removed. ;..necifical ly,. thee: data channel gez"erators 100_2-100.x,

the , copying unit |0 , the .short period spreading code generator 107,
sthemuliplier 103 %r}sﬂethe»czomn@w al%rﬁtl]iogla@dﬂ%f\éi{‘g}mﬁi% 105.

symbols are 50 supplied from the serial to parallel conversion unit 105.
L 6thér ' rifs, TRE N informiitioR SHmBAIS SQPhIRETR/T the 4t fo=d from
t parallek-comvetsionamit 105 are multiptied omth ascramble.caderinitheplied

wultiplier jii, 5 Al%ol when %e ﬁyrgclgrgglz%%optchapg%l is HdaLnsmitted

flom the transmltter 10 to the receiver 20, information r:lat<d to the

attachéd-€P lergiiemustte Féﬁbﬁéé.qzb? exarhple, the datorfation is
trepaded int a Contrekchannet rinthis cases the infergation related; 1te 20,

th attached CP length must be reported to the contrgl_channel. The

S OO GHanRBl ay 5 redodiized By e 1eCaisat 207y leRig? Tust be
Lattachimedt of IBnger<GRmp advancecAlso,the transmitter. B0 may cepostd in

informafion 15 related to thealtashed CEdenoiin e coRYQl LhanDEh o ¢ e

for the previous frame. Alternatively, the information” may be recognized
tin thePedéiver J0-bl dEteking Corfeldtibrif & loweF e§er.fAlsbe control

calthongh the receiver 2(:campuies eereelationy 20 betweengyeceivedy the

| and tion ti li der t te th
o latoh. rodl FUmts (oo BleR hAADEN BhsechompuldibRds. C? 17
abasicatly .

Also, the tran mitter 10 ma. rerort information
related to the attach d CP length i- the control channel
for the prev - us frame. Alternatively, the information
may be recognized in the receiver 20 by detecting
correlatii 1 in a lowv r layer.

Als., although 1 . rec 1ver . 0 omputes correlation
between a r ceived irignal .nd a sy ichronization timing
epli a2 in rder to ¢ mpute the cor. e~lation, real number
(¢cmplex wumber) ba .d computati-a1 is basically
required.

In thi - the correlator 01 approximates the

yiichroni-ation « hannel replica t » some integers such

as * 1 a. illu trated in FIG. ¥ Ac-~i1ding to this
« nfiguration, *uLe receiver 20 « . fulfill this

yrre _at. ¢ op+eciti o through aa . tion and/or
~ubtra-tin of 1:¢¢. Lved sample signals. Also, the
cocrerats - 01 rvi ares the cor.e Lalion operation and

r=nders a “empt +21 w .veform of a sv..chroni .ation channel

i nal "vpo Timited t., som. inten rs sur. as T 1. For
.ample, .. rec Lver of a mobile station computes

orrelati on between tnis J1gnal a..d a received signal.

51
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required. in this case . the correlator 201 approximates the 25
synchronization channel replica to some integers such as 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 correlate. 201. envisages the
cor, elation operation and renders a temporal waveform of a

rynehropization.chappel signalappreximated 4g somg {nfegers. sychias
For_example, a receiver of a mobile station computes correlation :
1Fatwasitthis Slgridh and 8 PeceRrét Sighal. 3519in this 248 et 1o
aAcafietation gamputatien.ean beginpdemertied thraugh additiomand/s reduce
%u%tragg%r% (Agcgrdin}g; 1o éhcis 8%nfi%u(§ation, itmigiﬁ)g%sipllg to reduce an

a T O a n;.a consum ower
amount o:>f compuf};‘l ion andlan amoun? of consumed power g In ﬁ1e P

irecéier 20 Ani@&@mpldly receiver for some operation in a frequency

range will be,degeribed with.refergnee tg FIG. 514w A fiver 30iincludes;a, 5
FFT unit 30:: receiving 10 input signals, a demultlglexer 3C4 coupled to

£hE FET" Gt 302 HcHannel 3Stifafor aMESO13 coupisd fRece o FIG-

d<emultip!ex':r 304" a demodulation unit 308 coupled to the demu

tiplexer 13 04 and the channel estimation unit. 306, a secciidar . .
.synch%ni;ationlc%aﬁnelq(ﬁ)rlrglaﬁo%gles unit %ult%ﬁ:oﬂrﬁlle% tog'ﬁ?zea Yec ving
1gemiddulation it 309, abeaigeakrdétEéion Hnit 312 édupied foahéh  FET

usecendary channel jgosrelation unit 31 Jhe - unity : :CH?QEW%%IFEE the
timinﬁ detected by a FFT timing detection unit in a prima

. r
IsyRehronRatich® 20 channef ThB R UMt 302 helBrits é(/)%e Eeppled to

toperations and suppkes the operational. kesult t0.the Hemwitiplexerild4. unit
306, a seccuuary 'vynrnroni.ation har.a=! correlation
unit 510 upled t~>tn demodulati- unit '08, and a peak
devectiovw uult L7 ¢ upled to th- se ondary channel
«orrela*ion unit 1N

The FFT uni® . (' receives FFT timing detected by
a FFT timing detr-tlon unit in a p.imary -~ynchronization
channel.

Th* FFT unit -t performs som:- FFT operations and
-upplies *heoper=>t.i nal result tothedemultiplexer 304.

Th emultirl:x r 304 distriputes the mul*iplexed
signal in .. primarv :ynchronizati  rhancel (P- . 1) and
a se onda.'y synchre ization channel ('-Z7TH).

For 2--~mpl  if -SCH and S- P a-.. multiple :ed in

arzcordan e with :DM, the channel estimation unit 306

conducts «hzannn. 1 e {1 mation by using N P-SCHs located
in beth  d¢- of a '+ SCH subcarr er uetected in S-SCH
synchrery o *Lon <te tion al o reference (pilot). In
this ase f r Scil .s knoowi.

Th= wLeiter ' the 7reater the suppressioneffect
"1 noilse ‘itz ta:r m-a is Howev~ , 1f N is set to have
t .o great a v lu . stme 1influence £ frequency selective
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The cemultiplex er 304 distributes the multiplexed signal in a primary

synchronization channel (P-SON) and 25 a secondary synchronization

channel (S- SCI) . For er_amp_I, if ..-SCH and S-SOH a multiple .ed in

accordance with 'PDM, the channel estimation unit 306 conducts

channel estimation by using N P-SCRs located in both sides, of a 'SON

subcarrier detected in S-SCN 30 synchrcr_i n e ,::tion as a refer enc:e _
£@ilon) in b5 ‘as>1a 3¢ e ofR: SCW iskpowa.. The ic Bate, dis. #ee range
. greater the suppression effect on noise interference is. However, if N is
- &ett6 filvd BioGreat avaliig, sBhe influéict ot treguehQlstiBivs 53cted
“fading may arise. fldus; N gnayecBeett;she inlthe range; toetweegnbke used.

and Aly.0; as the distance from fhe detegted (S-SCH.syhciarteris . o4 243,

greater, a smaller'weight may be used. For example, in detection of S as
Fillastrated ABY 5 9: Yarft 3 nfay Bé vBé&d férschafifdl st matidt adaition,
. addifienp 1apd p4-may be gsed ¢ gther withiand p3 for.chapsekor channel

es({imation. From Lgliuis(yie}év oint,vitt. IS desiratble for the channel 1e for th
©&s i]r‘r?a%i%ﬁ W'use {ovbna-plﬁtﬁde ©6dé€ suchds “a CfLAsZRE‘Cba:af%r p-t&% the
ch@Alse lf @séxangts, iffP-Sr "uamd-sSAl are multiptexed irode such as

agcprdance with . LM, the chgnnel estimation ":nit 306 may conduct

the. channel estimation by using N SCHSs c ted or.. the same s uhcarri'er

as andP ihoth Sides ofEdsted.ted S-STH a8 a référence Gilod 15 In
mihistasse ethe gode,ofz:R-SCH.is kaewr:. {Ttie greater N the greatenthe

S Pression effect, gnyo'gse interferenge is. However: if N is set tc, have, |,
egg)matlon uiil [} mﬁ% cq? uct tt ' ¢ an?e estimation
a too great value, soma: influernce of frequency selective fading may

-arises Thgs. AN may Besset to hé frtherrahge 20 betveent 1 antr6.sAfs@,» and
1asdhe-distance from the detected, g <SG Subsarrieer M. Grealer & 1ot ) |
I%n%%ggg?tmgxb%ggw“mgd'of P-SCH i known.

The greater N i+ . the greater + e suppressioneffect
on noise interrer.n¢ is. Howeve. 1f N is set ¢ have
~ too great value, .»nn tnfluence rf frequency selective
fading may arise. TLu., N may be .t to .e in the range
between 1 nd 6 Alsc , as the dist uce from the detected
““-*CH sub arr. r . ~r..ter, a small weight may be

multipliec.

Fcr »y=2mpl if s4 i detect .d as .llustrated in

FIG. 74C, 4 i u d ror channel estimatirn. Al.o.,
and p ma, o dJdiitionally used for the channel
(. ‘imaticu

Also, ftur e zmyle, 1f P-SCH and -“ZH are
multiplex ' 'n . (co.dance with CDv, ths rnannel

r¢imation unit U may conduct 1annel estimatic 1 by

u~ting N &  _Hls Loyrat: on the sum¢ .ubcarrier a. and n
F th e f a . te ted .- CH as . reference (pilot).
In this « ~0 , ¢ e of +=-5CH i: known.

The 1 ‘iter . i , tnegre2atert e suppressioneffect

cit nNoise .nt.rfer u.. is Howeve, 1f N is set to have
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For etZx:mple, if s4 is detected as illustrated in FIG. 24C, 4 is used for
channel estimation. Also, p3 25 and p5 ma( b;e additionally used for the
channel estimation. Also, for example, if P-SCH and -'CH are m, uitip"
ex:ed n :accordar':.ca with C DM, the., channel estimation unit 30$ may
conduct c::5annel estimation by :3v sing N F :.:N on the same subcarrier
as and in b: th s,.des, of a :. etec.,ted 5S-=CH as = reference (pilot) In

tthis gases the,codea akh-Shh is known. Jhe greater Nohg greajesligccrive

suppression effect on noise int..r'fe_ence 1s. However, if Nissetto
Lhave . 188 Yrédt s\ atue, Soe infludite &Sretfubnty seective Fadingande
bay akse.1Thus] N mayrliesset ta 4otim thel tasnge nhetweend amk6dAlsected

s@%_‘&‘ﬁf distance from the de Eéeéjﬁ&sc'é_Sskl(fgi“fi%si%rﬁ?%t%a spall; seq.
weight may be used. 5 For eéxample, if s4 is detected as lustrated in .
FIG 249 p4 isi@sed¥or.channél estimafici: Ao, B3 ahdipsiigisated in

radditionally used fosthe chanrpe) restimation.; The piimalion. Also, p3
synchronization channel is supplied to 10 the channel estimation unit

a:%%, Bd T secGndity' Syrchtanization Thinrel fs supplisttd e -

edemadutation .unit 308. The channel estimation unit 306 conducts the

channel estimatign, and the operafion tesylf is supplied 15tothe 154 +
demodufgtiogr?un%%oé. Tf?e demodulation unit 308 conducts somé>p e °

tdeamodidation eperatiéns. Tn-this etRbddinérft; phesé ahl amigifgdedary

sGampensations are, garried out, For exampie, (the degedulationisw 308+ i on
may conduct demodulation by 20 using the primary, synchronization

4 %mg’m‘ r'subcarrisrs adjacent in both sides to a subcarrier for the
demodilatedcsecondaty synchronization chhannel! 0o « onducts the

cnann L e t.mati v, and the operat.on result is supplied
to the demodulation unit 308.

The lericdulation unit 308 condur.ts some
demodulation operati ns. 1In this 'mbodiment, phas= and
amplitude compensat*i1 ns ar : carri d out. For example,
the demodulation unit 308 may conuiuct demodulation by
using the prima:r, sv chronization channel for

ubiarric s adjacer itn both .ide: tr a subcarrier f.r
the demodul ted ¢ « ndary synchr i.ati n channel
within a range where fading may .ve sicht influence

Th- «« onda 7 nchronization channel correlati n
unit .10 detircts correlation of t" econdary

ynchroni_.:t. 1 «uannel.

The " ei1k detectlon unit 31 detect control
informati.n -~ucil as . ramble code and frame timing for
pt ak det-c*.on.

An ¢ emnl~.v ~7rraglug operation ~f the primary
yuch. nicatior 1 uel in the f1.:guency direction in
Tre_ati: (. tue . ecwndavy syr nron.-wation channel

v11l be de cribe.

FIG. .."*A shiws raempla.y re.ationships between SNR
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wit.-in a range where fading may Nave sight influence, The seo~.ondary
synchronization channel correlation 25 unit 310 deteects correlation of t.
secondary synchronization channel. The peak detection. unit 312
detects control information such as scramble codes and frame timing for
peak detection. 3 110 An t emp _v averaging operation of the primary
synchronization channel in the frequency direction in correlation of the

aserondary syngwonizatienchanne) wikhbe descringd. S 2bA shows
:exemplary relationships between SNR 54 and detecti.or:é‘)robab'lity in.

Walkinégpgeoq’ In FIG, 25,&,1‘tﬁe hBfzontal “ahd veftitala Ell%ﬁ seft =

r SpR and detetiién probabdiitye rEspectivetyo Nref.riepresentsehe aambere 1y .

nglshcagiers infhe pemany S eaehronization changel. inHG 254 {9 ry
fD = 3.55 Hz; Nr f = 2 indicates a both sides 1 subcarrier, Nref = 4

- if diicAfeatalBcth sites X'&bkarfier, and Nref 6 indicates a h:oth sides
subcarrigr. 10ASs olEserved iin HG. 25A,.asa greatarmumber of indic - tes

a%g%%r{'serisdaere Li?%iféﬁ‘ed%%tﬁ%t?” Rrogaoility is Improved. HoWevey, as, 4. s

a greater number: Of Stbcafriers are uSéd, fad.n may have greater
influércerEIG: 53 shows dm efermplaryiz:elaticnskip betweehhl5 SNR »

sand.detection probability in drive speed of an automobile. In FIG. 25B,

the horizontal and vertical axes represent S%R and detection

probatfiity, ORespeEtively. Nreff@presefits tiie numBer? Stibcaridie it ©f
sie psimarye 29 synehronizationtchannet.de £1G. 263ptos iR 51:155tH: i s
i r'\'nreg—sévezd'i‘d‘cﬁtg% & bgth sides 1 subcatrier, NiZels 4 ndicatgg aboth, .
are used, I .a1n  mJdy nhave greater 1inilwucnce.

FIG 5B hows an exemplary relationship between
SNR and d 'tection pir.rability in drive  peed of an
automobi .

In FIG. 25B, the horizontal .nd vertical axes
represent . R and doi« “tion probah.lit -, respectively.
Nref repre ents tune umber of subca riers in the primary
synchronization channel.

In F.G. 5B, t~r fD = 5.55 H ., Nref = 2 indicates
a both sides 1 subca.r.er, Nr« f = 4 indicates a both side.

subcarrr r, and M f = 6 indicates a both side:
subcarrie.

As ¢ 'served .n FIG. 5B, as a gr«ater number of
ubcarriers are used, the detect. n iy robability
improved. uaowever, a: a greater umbe. of subc.rriers
are used, tiding ma' have greate influence.

An e.er-la.vr _erver 0 for & tecting timing based
~moautocurrolate 0 ind compensatiag fregquaoency offset
willl be d_-~.v bel. with reference to FIG. 26.

T .« Lver " according to this embodiment
i cludes cramb .e code reception timing detectiosn

¢« cccuit 100.
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2 subcarriar, and N ref = 6 indicates a both sides 3 subcarrier. 25 As
observed in as a greater number of =.subcarriers are used, the
detection probability its improved. However, as a greater .;umber of
subcarriers are used, fading may have greater influence. An exemplary
receiver 20 for detecting timing based 30 os autocorrelat: on and
compensating f*_:e quency offset will be described with reference to

FIG. 26 Jde regeives 20 according dhis gmbediment, inchides serampls,

code recep,gion timing deter: t_on circuit 200. 55 The scramble code
SreE&ptibh tiniy détéctioh “circit 380 récefes ATfulfica?iet Sighalfori ™
aart anteapaaand deteets seramble cbderecepton dmingtandnFEIming and
Etﬁing.i%§%§c_fi_cally, the scramble c:: de reception timing detection

circuit 200 délays the multicarrier signal transmitted at a repetition

period Wit art anteAdaby AR anfothtBRtihte T irlg déRg aBditienurit ming

d206; adds the delayedsignabtodbe urderlying muwlticatrier signaklGingnal
an adder 207,(£)rerfgrms ingegﬁr tion,on the resultingT signal in terms of the b
repEIdn tite T tarfintégrator 268 aft supplies thé t8siitting’ BigRAM 2 Y
ato thepeakt detectiamenif209 Thedoedk detectiartumit20dete@9 6, adds
difangdhased gn the supplied signay Arcorelg this S conliguaion; gn.a )
‘A.Is possible to compensate for frequency offset and detect timing .
ipased chctftocorrelatiohi ~ In 2@@/ien 1hé GaRsmitteR1® maytrandmit the- 1 ng

ssygelronization.ehannel (SCH) by apalying fransmission . divarsityc2ratox
2l:ooE!',exam le, the s nchronlﬁatlon ch%qncel may be tra SEtéecH% usin

trasmit ¢ vefs‘it[y*js.uijtgble for SCH based 88l sehfdh® Since as Eontrot x
detmbétweenumnbase: "¥. The peax detertion .uit 209 detects

timing based on the supplied signa. Ac crding to this
configuration, it is possible to compensat: for freguency
offset and detect timing based on autocorrelation.

In addition, the tran.mitte 10 may transmit the
synchronization channel (£ H) by r»plying transmission
diversity.

For example, the synchronization channel may be
transmitte« ry usine transmit diversity tuitable for SCH
based cell <«arcn. ‘,1nce :* control locop between a base
station a ¢ a mol.. station has not been establi=hed
unl.ke transmi sirnandrec~tionof normal data chann-1l.,
open-loop *ype ti nsmit diversit, is used in the cell

earch. Al:u, si ce the receiver :rdetentl correlation
i1 the cell s¢arc, switched type transmit diversity or
delay dui7e~.iity n~> be suitable. For example, any of
TSTD (Time . witche .7.insmit Diversity), FSTD (Frequency

7 tched Tinomit [Lversity) and DD (fyclic Delay

Diversity) i . :vf .. 'ible as the transmit diversity.
Al ¢ . the +n-~ .onization .runn.l may be
transmitt ‘u from a . rtain 'nme o multiple antennas in

MIMO trarn mission. Also, fne syn-hronization channel
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station and a mobile station has not been established unlike
transmis=sion and reception of normal data channe-_=is 25 open-loop
type transmit diversity is used in the cell s earc~h. 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 Sc) "witched
mLkANSAItDiversity) apd ODD, (Gyofig Delay, Diversity) isazpzricalle 88« i on
the transmit diversity. Al";0, the synchronization uhanne ” may be t ‘
CPmBRfttc fidm a8 rtaffdhebHt gl BftehndSih “MiLot order to
otsansimissien]. Ajsaj ithessynchrpnization ckannet 56 mayrbe: trarsmitted tter
in TSTD.Also, the synchronization channel may be transmitted
RS T BALtS Sobaib LRy TS, Fol S g™ channel
mEranStter: Havimgi fourahtéms i dsedt e synghiroRizativhrchasie 5
amay bg drangmittedfrom all the foyetransmission antennas;af the pawek se,
level of Il.I._Also in this case, the synchronization channel ma¥ be
i gnstiiftéd atC ditféreht frahsiiidsiohttimifigs) this corfiiyurdtion, Tfistef ©
dpdt fediversity effecircan be ohtainediinde 10receilver. Alsafitguration,
mulgipre aptenngs gre.proyded, xNCH and, CRICHMALIE, oq 15 tne
transmitted via only two antennas. Alternatively, "CH may he transmitte
I'@aall e antennas whereas CPICH may be transmitted via only two 15
antenngs <ik CPIC.ii is transmittedavia: tonk anteanas, for exaqwle, scH and
CPICH may be transmitted jn such a manner that it can be orthogonal
CoH {tié dtiency axis® Ththe TreE&iver: ehamidNestithatidn s Cehdteted
Abhasedromtai 20-transmittet conymore pitot sigeal;. anc d conteol ehdnneh és
-dsmodylated; g e gase.of CPT, Gl Beingtansmjlied: Y3 o4 on1y cwo
antennas, the common pilot signal for a portion
antennas.

If cPIvd 1s tiinsmitted via four antennas, for
example, CPICH may b. transmitted  n such a manner that
it can be orthua na:r on the frequency axis. In the
receiver, hanne ~ntimation is « nducted based on a
transmitted .ommnu silot signal, 'nd a control channel
is demodulatceu. In *lhe case of CI'CH bt tng transmitted
via four autennas, ti.e common pil t sign1l for a portion
distant + the f1reagu-ncy aals must be used, and the
channel est_mati-n accuracy may !». degraded. Thus, it

is desira le that the interval b/ . .ween the pilots be

smaller ¢« the freqg cucy a-is. T« do so, CPICH may be
transmitte« from ft « antennas. 2 «ording to this
confirmu.uti 1, -r'nc only two CPI Hs have to be

orthogomall, mulf ipexed, higher rthogonality can be

achieve-. A< =4 r 1t 1t 1" po-.ilble Lo .mprove
a «arac,of th «i1unuel _stimation .dothers using (C2ICH
and enhan¢ s re ertior quality of | . 'L. control ch anels
"1~ other

In turs ¢ise . mubilie stati n may conduct some
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distant the frequency axis must be used, and the channel estimation
accuracy may a degraded. Thu:?, it 25 is desirable that the interval
between the pilots be smaller on the frequency axis. To do so, CPICH
may he transmitted from two antennas. According to this configuration,
.,;inc.e only two CPI.C:'Hs have to be orthogonally multiplexed, higher
c,rthogonali*-y can be 30 achieved. As a re suit, it is possible to improve
ofd® LEa; oy Of x‘?h@kcba&‘ﬂ%hﬁ%l%‘ﬁ%?ﬁﬂ@g others using MICH t@gn_smitt ed
enhance receptio quality of L._ control channels 3nd otherss:. in this .
LEag, M ibUile© sttibA ity cohduBesbhie B7 dpefation ohife c - As a
rassumption that 651&.smay be transmsiite Iftofm only ava-anteprasdn
maximum in cell search. As a result, it is,possile to simplify the
oPe%géTtllco%Oonpe?astioH %§%v§ﬂ %s Iﬁgé% ?ntelr g%%g%ﬁéﬁ? 27A shows an
exemplar§ configliratio R BEthesyreRFoRizatioh chahfélcaheakd on of the
scemmen pilot channel in, the caseseffountcansmission anteppasHathis 1 in
lllustration, the synchronization channel is transmitted from the four,
L an<riSSorPdntériss, afdtha"loTdmRortpliot CHihhel tranisniitted®
ifram only two of thet transmissctrranténzasi An exémaplaryicombination
cgbmaantenngsor fansgiiog S¢.. and RICHIR e case.ofdour, g che
transmission antennas will be described. 15 The two antennas for
CRAFPAltting ICH ahd T REGH maf Hhelfi@dd tror @xarffe dhtkahsimissioh the
ranterpasdl-#4, are\previded as illustrated in FIG, 278, the antennas #1
and #.,-, always serve to transmit OCH and CPICH. In FIG. 273, the
vertical AncFROBAEF axe- réHresEht tha 20 fansihissih ahtetmas afd
t time,smespeciivaly. Alsd, two antéifds fontrarismitting SCH.antlo051CH

P2y b Aefinedin adyancg inthe systegy Ingtois 5, 4

The tv1~ antennas for transmit+.ng ~CH and CPICH may
l» fixed. F . example, if transmi 'sion antennas #1-#4
are proviuca as illustrated in FI 7B, the antennas

#1 and ¥ aliviays serve to transmit H and CPICH. 1In FIG.
27B, the vertical and horizontal axe' w.epresent the
transmissi n antennas and time, r spectively.

Alsc, ~h. tvo antennas for t.ainsmitting L_+Hd and
C . ICH may “:e defined in advance . ., the system. In this
cise, it -~ pr -s:ble to simplifyv -he transmicvs<ion and
reception p=zratsy u.

Als the .~ .mkination of tw. antenna fo
“ ansmittin  SCH and CPICII may be variable over t ime.
In other woirds, a number of combinations of two ante nas
for tramcmitting "7H an¢ (PICH m., be predefined, and
then the ombinat i~ may be swit ‘hed over time.

For ¢ ample, .* *1~ transmiss on antennas #1-#4 ure
n_onvided a. _1llust_at d in FIG. 27, the antennas #1 and
# ar=v d 1t the time po.nt 4n (n is a natural numbe.),
*ne antrnua: #.. *uu -° are used at the time point 41+1.

the ant nua. #3 oo #4 «re sed at the time point 4n+2,
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case, it possible to simplify the transmission and reception operation. 25
Als the combination of two antennas for t anamittino SCH and. CPICFFI
may be variable over time. In other words, a number of combinations of
two antennas for transmitting 7CP and C'PICH 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. 270, the
a ftennas Qland, 02 areusegd:al theitime point Any(nds apatiral i e point
number) , the antennas #; and 3 are used at the time point 4n4 |, the
4 Briténnas #3 AAd #4 are’fsed Bf the T SOintUW% 2P 58 QR ks how to
antenmnas #4 and#l afie. usechapthe timerpointT 4ntB.ii8 this caseytheat ion,
- Disiem mavhredefinenow g swiieh (he compinalin patisrs 1 s o 1z
configuration, although the trans=mission and reception operations may
b5 pe Llightly comphéaRdd: @ dhatsityeflééVandomizat' 6 cas be

(ohtained.;Alsq, trapsmit diversity may herppplied to SCH transmitted
from twq antennas. Accordin:., to this a%)plication to only two antennas, it

possibfetd A0 smhFIRY the transmhBliSoh-ahdradeption BpEratiGitas Reff <
+ as raghol nerade S andnthtis obtamtraents of traAsmit diversity tin th'hdss

agase, any of TSTD, FID AN DR appicable a the Wapsilt 1o+
iversity method for SCH."on the other hand, either FDM or CDM Is
s applicabley &SR 1% fr&Fsmit divérsity tnefod for CFICH. FiRthédiors well

atherkansmit diversitzmethodHor SGH snayphe.combiped with dhe t ransmit
transmit diversity method for OPICH. An exemplary operation of thg

e Xishiittér o atorting to this Embs&itheRtwill beHesérived ittt 26°° *9
argferénceotod-IGs & h &l Herteransm tits £ @ usestthersynohronizatioBCH. On

+ §ignal; data generator 121 fo selechia synchrogization ghannel n1 e a5 the
transmit diversity method for CPICH. Furthermore, the
transmit dive:cslit, method for SCH may be combined with
the transmit divers;i.*y method for CPICH.

An e_emplary or 'r tin of th: trunsmitter 10
a “ording *. this embodime.t will be described with
referenc t¢ FIG.

T™h. tx:nsmitt . 10 usee the ¢ nchronization signal

data generator 1.1 t. sele..t a syn 'hroniation channel

code numi: . 1 =2Stu it the scramble code and the
transmis~1 ° . hem~ such . ¢ uni- st or multicast, of
the syn hr nizatiow liannel (ste. CLl607)).

Then. tt.. t :2nsmitter 10 multiplies the

synchroni atior si¢iral symbyhol wit 1t he "cramble code in
tt» s~rambl  Jode gir up number  ‘'responding to the
cyichroni ati.n channel code (st _» S1604).

T ¢ v vau~m tter L0 multipaaie th ' svnchrenization

gqnal  1th _n =m} 1i*.ude adjustmernt sequence value (step
Ls06)
F.nil>v. the t:. insmitter 10 a.ds a CP corresponding

t+ the -y~ hroni..ation channel cc.le number to the

59



10

15

20

25

aNn

code n'um. based on the scramble code and the transmission schemer
such linica?st or multicast, of the synchronization :channel (ste;;:
S1632). Thene the transmitter 10 multiplies the synchronization signal
symbol with the scramble code in the scramble code group number ca
.-responding to the ,synchronization channel code (ster 51604). 30 The.
transmitter _! multip ee the synchronization signal with an amplitude
nadjustment sequencevalue; (step; 31606) Figally, thedransmitter 10 s the
adds a CP corresponding to the synchronjzation channel code number.
SPAtRE 59 Muttiplie=d syhrcArdAisatfon Sigridh and trahSmidthel 698 -
synchromizatjon signapwith the Gie fsiep S42608). . Thene exemplayer 20
operations of the receiver 20  according.to this embadiment will b :
“eScTbad 17 w5 cases Whare the Saramble code Is classied oot 8 £
CRBSR dIFRSt, theCast WIRFEthe sefth®lé Bode' i3 Pot classifisdrwiliot
che descebed with reference to FIG. 29A. The timing de e tio,n circuit
204 detects the symbol 10 and frame timing for 1e synchronization
channdi {8 's15762.)° FRE tithilg detection Srdit20a Yefeetsthe S "ot
cscxamblé cedevOur Lcele"D).for thetcomman pilot-(Stepeb4)~15 Then2 9A .
the casg eeberg the.sgramble.gode is dlassified will be describedwith .y, ¢
reference to FIG. 2&8. The timing detection circuit 204 detects the
ag\inbicT 2arrl fraire tdiing for the syRaYBRiZ&tivhZhaAne! (stBF B1706)( Step
5207 Hhe timing detection c rcuit 204 detects the scramble code grout. (or
Ce””)gﬁyppf%fgg lete 'tion circuit 04 detects th-
s ramble rcde (o <+ L ID) 1or tu common pilot (step
S1704) .
Then, "1 case here the scram l1le coor is classified
will be des ribed witnh reference to FIG. 29B.
The timing detection circuit ! v4 detects the symbol
and frame timing for the synchror.zation channel (step
S1706).

The timing 2+ « tion circuit .04 detects the

scrambl- (cde gruuy (or cell ID naroup) for the
-~ynchroni_=z 1. a - nnel ( *tep S17u8).

The : ming ie*~ction « Lrcuit 204 < tects the
scramb_.e o f . r tr . common pil." (ster S1710).

For ¢ .ampl:, tue timing det¢.ti'n circuit 204

#tects ¢« r-.elat . u bhetween refe-.nc signals by
.onducting intearati "1 of the pha =2 d.fference between
tlie refer-n = ni~~al1.', slince tr '@ interval between

ub-ar-iers ol t1 . ference signals is large, the

cramble « bue 1+ urt ' "*ed vy cond ..tilng integration on
the rrase ¢ fizr=1.. brtween the subcarriers.

Al o, intervat.on may be p:.Ttormed on the phase
diff_ren = ¢ yuw. i1u7.rtcd w2pendins on a predetermined

~cramble « de p.t*z.n. In this 4s5¢, when the scramble
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synchronization channel (si:ep 51708 he timing detection c rcuit 204

detects the scramble for the common pilot (step 51710) 25 For ample,

the timing detection circuit 04 ;;'E3t ects correlation between referent

signals by conducting integration of the phase difference between the

refer=: is e >.i.. na Since the interval between uboarriers of the r ference
signals is large, the :0 scramble c:nue detected by condlluucting

iptegration on cthe phaserts S elrenrhatween thg syLariers: Asspe
inteq:rat.ir is may be per formed or. the phase differenc Goode "averted
dep2ndir Y on a predetermined scramble de p't.e ne In this case, when

the sétamlde eogelmatches, a gréater corelatien valdes tarhieed in S-SCH,

~Qptained. rox example the, £t 11, strupturg isdetected in S-SGH. anddf e

the call structure is a 1 sector structure, the 5 above-mentioned

"CORrERTIR SEREPRETR USed for Hie- defectich: 2B Tllustrated MPFIE2 2oche
dbe serambie. code may be detected by performing integration on the

phase (difference bEetw en subc ;atri.ers.in the slim subframe. In 10
addition,sasliﬁus‘frsé et i% %gtté& Iir?egs(? theérécgr:am eecosferr%rély & dCOde may
tec: tetp/qierfdriming teer flrase differénceeletweerwsu Crarfrieea iphase
differentss; ubfram.es Also,in the casewhere a inter-ser-tarerihogpnal 1
pilot is applied, for example, if 3 sector structure 15 is detected as a
st ofdetecion bt the cel strGRurelinREER an bRAGgonalFatferh fnP 1 e
cconfghred ip threetadjacent sybeart] 6% Thusthe Terence sigaf fofence
& ts%gp%se(szl Eggto& IS e‘>=<tl[%cted b)éE rgoerg:nén coheg}e& aadgliéion

d’epen&ing on an brtﬁOgOnaI piiPot pattern in the 20 three argljacént

subc_rAérs @s it-castrated in F=-. 20D Asaa kgsult rot scantberextrattedgonal
ﬁ#ﬂ@@”?@*ﬁpplied, for example, if a 3 sector structure
is detected as a result of detectionof th (ell structure
in S-SCH, an ortnogonal pattern i « nfigured in three
adjacent subcarri.r: Thus, the . _eren e signal for a
supposed sector is e tracted by ,~rf rming coherent
addition dependin~ .1 an orthogona. pilot pattern in the

three adjacent subc rriers as ill :istrated in FIG. 29D.

As a result, cl, o’ Yy can be  tr.icted as reference
signals.

Theu, fv th . r ferenc signa.s :1, c2, ¢, **, the
scramble «de 1. .cotected hy perf rming integration on

ithe phase difr rewn e betwe .1 adju ent blocks depending
n the scr mb'e ~u: pattern.
As illu.*rat d in FIr,. »9D, the reference signal
f,r a supp. :d se.t . may be extrart«d by performing the
oherent anuit.»~a2 .. three adjaceut subcarriers in the
gdame subf. me d¢] niling «n un ortli gonal pilot pattern.
altern t.o7 1/, a illustrated in dotted lines, the
1 feren. : 1gnal -« the surpnsed - "~tar may be extracted
'y, performian~ th w.erent addi*..'n in three adjacent

runcarrier . in dift.ient frames (epending on an
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C 2. signals. Then, for the reference signals i, 02, c', ™, the scramble
code is detected by performing integration on 2a the phase d_i.ffs:ren:_e
between adjacent blocks depending on the scramble i::0 de pattern. As
illustrated in FIG. 2:9D, the reference signal for a supposed sector may
be extracted by performing the coherent additionin three adjacent
subcarriers in the 3i? same subfr me depending on an orthogonal pilot

pattesns oriltern attvaiv, as dliustrated in dotted _ines, the r, ference signal
f r the supposed :e_ter may be extracted bb,y performinc- the coherent.
it SR PO AT Conp SRR i et Hare2 dehonting b

uars omhdgfe)dalvpii_lbhpattefre Aerexemplary pocedur for cell sear(_:h will
be desqribed with teference (o FIG. 29E. Indhe: cell search, garrier

frequency to be 5 connected, reception timing of a tell'to be connected
CEEEREE PRI timing @Rd frame titdiig @nd & stransold cdde R acenigcted

be-sonnectet ate detactedn Ehe receptien Himing cambe detestetheyes code

ina %uard iriterval. However, the timcin dete%tiop accuracy oaf the ..0
& cel. o be onhec%e re derfccted. o
cell searcin’in a i:._and ver target may become worse. In‘addition, the

carrier fregueacy MOt*b‘eidetemeq #m the guare mteevhb.aecy rately guard
s and.synghronoysly A darge-correlation valye may:bedetected i oy « £ the

misaligned frequency. For this reason, it'is desirable to detect 15 timing
i the Sfchfohizafioft ch&mifel. The tinfiRg Bétetich ARG D4 tetetts 1D
athe iearder,freguencyystep 52Sid2y diberdiming-detgetion circdie2@4-ted in
gl[etects the . reception tirE\Ling (sryLrlnrbé)JCIe el) gsljtle 52504% 20 Here,.the

&4 8p§ 5 %582 and 52502 may be Carmied Sut” arthé $dme {ir%ré?ilrl]s[’%ig' A
leasectheprimahgt1 'n valur may be dvacted in misaligned
frequency. F.v th.. eason, it 1 desi.3ble to detect
timing in tne syn-hronization chunnel.

The timing det.~tion circui 204 detects the
varrier frequenc, (.tep £2:02).

The timing det rtion circu.* 204 detects the
reception timing ( 'mbol level) (.tep ¢ _-504).

Here the¢ st pe< 2502 and S2504 may be carried out
at the same time 1. this case, he Jr_mary
synchroni ation . hannel may be us«: . Al o, since an FFT
operation has laine complexity i: a fre yuency range,
temporal operatl . may be desiran'e. Also, the amount
wf operati. ., can b¢ reduced thr .gh preliminary
netection sniseu 1« rrelation detection by the guard
interval

The timing d«tertion 1rcuit 04 detects reception

frame timing '+ p . 506). For ¢ ample 1f the
~vnchroni-wticn “hennel is arrangew i a Zingle portion
in eavh tizme, «t . 1ly the recertion timing but also
a s zive o fFram 10 (letect d.

On t - oth: "r nd, Lf the svirhronication  hannel

is arranged in several portions 'u each frame, the
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synchronization channel may be used.. Also, since an FFT operation

has large complexity in a frequency range, temporal cperatio's may be

desirable. Also, the amount 25 of operations can be reduced through

preliminary detection based can correlation detect ion by the guard

interval, The timing detection circuit 204 detects reception frame timing

step 52506). For example, if the .V:nchronl anon channel is arranged in _

ra singleortion: ieeach. frame; not erly theregeption tiing butialso &f the

....ceive frame.is detected. On the other hand, if the synchronizatjon

I HarRel shrrahfed i severat pSfichS idakh fraftie tha 6278civel
ctrame eusst. he detected @&fter" detectartoftthe rreegeptitre timihga flee.
seconag(y, synchronizagian channgl may be used dgtectthg ﬁetf?%’fg s the

frame. The timing detection circuit 204 identifies, the 5 scramble group
S GtpE2508)="Here dthe “Pep<S52506%hd 521.508 may he carried out

at the sgmetimenthis case, if thessymchranization schanpebtkapsiissied out

eriqd is a frame period, the frame timing detection may be upnecessa | .
2 LS00 celondary syhe S BTH chanr e ey b eq e 22 Lo
cthese opetasors 2.1 Ais’ the eperationsniay be varried oUbit, ath . frame
£{BAUSHCIHEANG= O+ dn atime range, Then.dhe scramble,gode is idept .f:-

52 . ec: (step ~., 10i As the procedure of the cell search, a; i__ustrated
5f§f?ﬂﬂé?2’993{@ﬁé“f¥€dhjencféﬁ%hr6h%ﬂ8&aﬁéirhebéynﬁlb%?ﬁnﬂhg these
omay be detecteedpandthen; the dramestiming, she aGelldD greupied Lut in
a(s%rraerznb&%e que rou(p) : qr:segtgr,ghecriumb(elr_lof t{eansmission

anténnas, the BCH transmission'bandwidth and A& cp length may be

detectdth Subsegenty; #ec20ecelb B3 (sctantble code grdupparabthe’ ' 10, .

sector may. e procdure of the cell s. arch, a.; illustrated
in FIG. ’*F, the freguency synchronization and the symbol
timing may ~ det: ¢t d, and then the frame timing, the
cell Iugroup (scr.mrl:» ode group), a sector, the number
of transmission antennas, 'he BCHt ansmission bandwidth
and the CP .ength na. be d tecteld Subsequently, the

cell ID (s :rambl cirde group) and the sector may be

detected.

In thse 3, "ati ns, the common pLlot channel may
be used. A] , t.. operations ma. be c.rried ocut in a
fregquency . nge + 1 . a time rang .

An exemplar marping of the s, (nrontitzation caannel

[ >*ween difierent sectors will 1+ described with
reference +. FIG 0
For :w~-mple, if 'cell tocove a single base .tation

. .nsists f three s¢: tors, the frame timing may be made
uuiform !y *w=cu the o -“tore

1110 W (DMA, "nhe *timing is nct uniform over the

tor . o . th ¢ ~am"le ode may differ for the
different sector. T us, th:@seco dary synchronization
channel m v al:o not be trarsmitt 4d uniformly over the
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range, 25 An exemplarmapping of the s nc:hron zation channel
..,e :ween different sectors will ha described with reference t FIG. 20.
For example, if a cell to cover a single base station consists of three
secs:tors, the frame timing may be made 30 uniform tween th~-e s
s &dors i i'4"--(1.DMA, the timing is not uniform over the :.tor , arid the s ¢
amble code may differ for__ the different sectors. Thus, the secondary |
synchrbRization® cRIEMRFmMES BiSo nbtfe Ranshitied uniformiy dverapé 1o
« 63 sectars, Jn thisiehahadimhentn éhe prmary synehroniZation €hanselctors.

;233 uniform frame, “%‘E“I%Jio"ser different Sectors., YSnI%Cseet ¢ frame iming: .
I_S c_ommon to the sectors, E[‘h %rame tlnnlng can' ee ectl\(eﬁy
t gereetedamithcut iméféreice’6f e Prifaf L §MAhidnization Ehamief forence

o@ther seatarsa Alse.Jn this-embediment, the.ssecandary So¥ RGHOBIE @t or s .
ion channel is definei in each scramble code group. Thus, the same

scrambie $8de inusel n a §HGR 18 BAde statibn, SFFIHRSAME
scramblen i aLgroop is alsondentifiedde Aipilletpatiere Titus,dhemble code

gSecondarysypghropjzation ghannel alsg has uniforn vff%mee@“é\r}g PV€ingie
differennt sectors. This international patent application is based on 15
b3graneseé Piiority Applicatibns R®M2005-1A4891 filed-on JdAe 1P, Zopsalso

1 Nen20061243901 filed on August23; 2005, No:.2006-01050Q tiled QRary
Jan a}r_y 18, 2006, and No. 20'06AO\ifiIed 7782'3..fon March 2006;, the .
’éﬁé&~9ﬂﬁﬁ%xﬁﬁ%0 Qﬁﬁ§_l also Ias uniform frame timing

over ulitfer nt sect - .s.

This .nternat. nal patent ary.ication is based on
Japanese F:i0rity Arplications No. 200 -174391 filed on
oune 14, o No.o (0Y~=.431901 filed on August 23, 2005,
Ne . 006-010500 f..ed on January 18, 006, and No.
_006-0778"1 filed on i..xrch - v, 2006, the entire (ntents

of which are hereny .ncorp:rated by relerence.

Industrial Applicability

A transmitt . a rec :iver, a mobile communic:tion
systemand a nchroni.ation chann ' tran:missi- ' method
according t the onre<ent inventir . are .pplicable to

radio cummunication ystems.
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synchronization channel transmission method according to the present
invention are applicable to 25 radio communication systems. 64
CLAIMS 1. A transmitter comprising: a generation unit generating a
frame including a plurality of OFDM symbols; and a transmission unit
transmitting the generated frame C|wih&®in the generation unit arranges
a primary synchronization channel for detecting a symbol timing at an
end OFDM symbol of the frame and a secondary synchronization
channel for detecting a reception frame at an OFDM symbol preceding
the endAOEDMSYrititel andphnesgergeration unit further applies any of

speCIfleQ &&@m iaﬁhamflzgé%gﬁ\@.%aaaﬁm cyklig weﬂc}s 3 each

oflthe l;gl/llt 095%) nPols The transmitter as claimed in claim
\% the' gene a?x ?ap%\qgs a longer cyclic prefix length for a

multlcaét GrNTFRBENHEH forta rseHARD NS raBBERYRd frame,
transmiwmg‘mhod comprising: generating a frame including a plurality

of OFDI, %af‘i%"&l??ﬁ"ém Piﬁ%.fgﬁ chPSﬁqi?athon
step of ene atin Comprlses arran a rl ary SynC ronization
aﬁm o PR A g, A TR PR AR SO bbryTiR OF

ftamémmtaaed(mﬁdacyldwfmyndawmu chdnoel cfmrdmécfmgdaetectu ng
r£¢RRERR fEHE-ahar PaPdisyInbpIgsesied iRg arddakobAEYRBbI ,
gt

the generation unit further applies any of specified
different cyclic prefix lengths to arrange a cyclic prefix at
each of the plurality of OFDM symbols.

2. The transmitter as claimed in claim 1, wherein the
generation unit applies a longer cyclic prefix length for a
multicast OFDM symbol than for a unicast OFDM symbol.

3. A transmitting method comprising:

generating a frame including a plurality of OFDM symbols;
and

transmitting the generated frame,

wherein

the step of generating comprises arranging a primary
synchronization channel for detecting a symbol timing at an end
OFDM symbol of the frame and a secondary synchronization channel
for detecting a reception frame at an OFDM symbol preceding the
end OFDM symbol, and

the step of generating further comprises applying any of
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plurality of OFDM symbc?ls. 4. The trarnsmittling method as claimed in
claim 3, wherein the step of generating comprises applying a longer

cyclic prefix length for a multicast OFDM symbol than for a unicast
OFDM symbol. 66

specified different cyclic prefix lengths to arrange a cyclic
prefix at each of the plurality of OFDM symbols.

4. The transmitting method as claimed in claim 3, wherein
the step of generating comprises applying a longer cyclic prefix
length for a multicast OFDM symbol than for a unicast OFDM
symbol.
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