DESCRIPTION TRANSMITTER? RECEIVER, MOBILE TOWSWNICATION SYSTEM AND
SYNCHRONIZATION CHANNEL 5 TECHNICAL FIELD The p.rent invention relates to a
transmitter, a receiver, a Mobile communication system and a synohroniratich channel transmission
method. 10 BACKGROUND ART In multi carries transmission schemes such as multi terz*er CDMA
(Multi Carri/ef Code Division Multiple Access MT-CDMA) scheme and OFDM (Orthogonal Frequency
15 Division Moitiplaing) modulation schema, an information. signal is modulated with multiple
nubcatflers at the transmitterside, and agard iewRllis Mserted into a tranatittaCt signal in order to
bedizee. waveform. diatortion Ceased by multipeth delayed wave. 20Aa one methd of detecting EFT
titing in the multi terrier nnansmiasion schema utilizing the OF.DM Modulation ad:name, n Method of
detecting EFT HARMoyICorBlating @QHdald inteMAPAarEinsetéd’ fHE eAchIsyn oY BIawhNAlec, a
method of detecting FFT timing hS by, tfensmitting thersame-signat s a. timing detection atonal twice
rnpnatady and corrnlatihg two symbols at the receiver sida is known. Mean:wnile, a transmitter
fot Multimleking and tranamittino a synchronazation signal at certain timing CD is known, (For
example, saeTpatemt IdxcLmMEDNEL Pin this transmitter, the synchronization signal is transmitted

throughout all Sublarfiays i 2bULS! maeL i1 e rigdromatte, oy epmrple Jf e fipe of &

cingle sOrambln Code pattern is synehroni W|th tranaimittimg
receiver, a mobile communication system and a

synchronization channel transmission method.
10
BACKGROUND ART

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

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

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

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

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

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

scramble code pattern is synchronized with transmitting



timing of the synchronization signal, the synchronization signal might be transmitted twice during a
repetition ifltCtVCL 7 of the single scramble code pattern 5Patent document 1: Japan Laid Open
Patent Application No, .2003-152681 Non-patent document 1: R. L. Prank and S. A. 2adoiff,
"Phase shift pulse codes with goon] .oettodic correlation properties7, IRE Trans. Inform. Mabry, vol.
IT-8, pp. Ig 381.-3S2 1962 Non-patent document 2: D. C. Chu, "Polyphase cedes with good
periodic: correlation properties.”, IEEE Trans. Inform. Theory, Vol. IT-1B, pp. 531-552, July 1972
Non-patent /documest 3 A. Milewskin Beriodic 15 sequensee vath optimal properties for channel
estimation and fas%sgattalég{fualization", IRMO ' ecebDeveIopl.s vol %Zéé\lgw% QQ-§§6'451' 1983

Non-patemt Jocument 4: .JF%%&Vlloq n(.a:%nrgzrla ized cﬁir%]-:lﬁé p(r)%[,)chase sequence W?th%%timum

correlation 2@ properiee%ilEEE fMrarst rddrme Tleebry, tvel. 38 nabl 4466-1409%; Jaly d9B2
Nen-patent dogurpent;; N. Suehiro and M. Aatera, TMPdulatahle orthogonal sequences and their

application  -to SBMA eyeteltd’, IEEE Trans. Inform. Theory, vol. 34, 25 p}C 95-102, Jan. 1998
Non-patént nocUmerit 8- 36 PP AP AR Spréadifg &t ﬁﬁ&ﬁﬁatﬁﬁe(f—‘o% ent
Application No. 2003-152681

Non-patent document 1: R. L. Frank and S. A. Zadoff,
“Phase shift pulse codes with good periodic correlation
properties”, IRE Trans. Inform. Theory, vol. IT-8, pp.
10 381-382, 1962
Non-patent document 2: D. C. Chu, “Polyphase codes
with good periodic correlation properties”, IEEE Trans.
Inform. Theory, vol. IT-18, pp. 531-532, July 1972
Non-patent document 3: A. Milewski, “Periodic
15 seguences with optimal properties for channel estimation
and fast start-up equalization”, IBMJ. Res. Develop., vol.
27, No. 5, pp. 426-431, 1983
Non-patent document 4: B. M. Popovic, “Generalized
chirp-like polyphase sequence with optimum correlation
20 properties”, IEEE Trans. Inform. Theory, vol. 38, pp.
1406-1409, July 1992
Non-patent document 5: N. Suehiro and M. Hatori,
“Modulatable orthogonal sequences and their application

‘to SSMA systems”, IEEE Trans. Inform. Thecry, vol. 34,
25 pp. 93-100, Jan. 1998

Non-patent document 6: 3GPP TS25.213 Spreading and
modulation (FDD)

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

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

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



Dts.C.TOStIFIE OF INVENTION 20 [PROBLEM TO BE SOLVED BY THE INVENTION] However, the
above. mentioned prier art has some problems as described below. Different epPaerrier signals are
added to an OFDM signal in a t.i.tporal range'. Thus,. it is required at a transmission amplifier that these
signals be amphﬁ%d and erelessl}é transEmtIteide. ]Ifn ttdr%le?ﬁt;{ar%%rre]|SS|on .am%ylser, howeve ,.|E|iseh£rd to amplify

. Sm1§S10n am 1 se sign be a i .
a S|gnal of some wﬁﬁﬂmeaﬁyﬁn his C%SG, average power may pe gre uced, anan%ome processing

such as clipping niaycheésriiueteditt avbriPGétufreAce of distdrtien.t r anEBWEVEr? Buch processing may
lead to degraded datp andwarse detestien acauragysofsynghronizatipn chgnnels (SeHS). 4@In addition,

the synchronization channe&é:}g%ciarsleogglhead inas sitesnjc. ;!1% gr,der to prevent reduction mbthe system

efficiency, allocation of all radio resources to the synchronization cﬁgnneﬁ?sengf)gcecrepntlggle, that is, only a
portion of tim@ and fréqGéty canbeSallbratetIS o IheE SyricHbniZatich'cHamhBl Ifthis Efse, if
transmission powercofdhe syichtenizationchanneltds aotadjustable s signalipower supplied to the

synchronization channel ¢puld be reduced a go(ggigglyiglef%tglg inlonger cgll (?%%rgg Lime at mobile
stations. 20The present invention is intended to eliminate the above-mentioned problem, and the object of

the present inventfohiS O ptEvitie & franshittérCd Fécaiver. & hibbilé RBmhiinicatisn éystém aind a
synchronization cheartnes transmission method that achieve Improved 25 detection accuracy on

synchronizatjgn channels; [MEANSHQR SQIMING, THE RROBLEMI, - nln0order tooyercome the

above-mentioned problem, in ane featuretof the pIresentCilnvengion, a transrpittercgnclltjdes an amplitude
aﬂusﬂnentunhrnﬁﬁﬁ@ﬂﬁféhln a system. n order to prevent reduction in

the system efficiency, allocation of all radio resources
to the synchronization channel is not acceptable, that
is, only a portion of time and frequency can be allocated

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

20 The present invention is intended to eliminate the
above-mentioned problem, and the object of the present
invention is to provide a transmitter, a receiver, a
mobile 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.



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. 35According to this configuration, the
synchronization channel can be transmitted at higher power than a data part. In another feature of
the present invention, a receiver inciudds a synchronization signal replica generation Unit generating
a synchronization channel replica approximated by an integer; and a correlation 5 unit detecting
correlation between a received muticaeidr aigsalanddha syncheosizatiom ehanoelreplica and

getetting a cqrrelation value indiic‘t:%give of each Pe k arid tim£ Igo%ssociated ilf\/ith the_Lg%aé( based on

the detected correlation. 10Accor w?gstoathi%%on |gru?§t|loﬁf it'is posss%b?ent% adU&a an artount. of

computation BSatEga6 correlafivhroperations inithe récef/en c r gm adcthérdfaatareasiige present

invention, a M%@'ﬁi@ﬂ‘”&iﬂﬁiﬁ?éﬂé‘fm@%@&‘ igcludes a tansmitter anddl oA regeiver; thestiapsmitter
comprising an amplitude adjustment unit mug‘:gj)r/ing an amplitude adjustment sequence value for

:s0:lustifly amPlitdde \Fittt s SyritRronizafin eHarmed tahifitd from s 5astStation for establishing
synchronization WithcceMobiterstationn 20 arch the receivey comerisingza synchranizatieri signal

replica genergion ynitogneraling a Syndubgizalion ghanneleplica aaproXimaled by, an Jyeger:
and a correlation unit detecting correlation’between a reeeived .Multicarrier signal and the
synchronizatiof @5 dhanrfelFodliitaldnéddtetifg & icorrhtivn ValuehlieRivE of 8a@Ppedk and

timint, associated With thepeak bgsed-ansthe gletected correlation. According MO this
configuration, the transmitter can transmit theo%g)Fn roniration channel at hi%hergg\g/fir 0.5 than a
ohod ble to

data part, anche recéiver FafA tBFdIE cofrbfati oA Wit leohooriptaf

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

includes: multiplying an amplitude adjustment seguence



in another fa:att.:a of the orasent invention, a method of transmitting a synchronization channel inaludee;
Multiplying an amplitude adjustment sequence value for adjusting an amplitude with a synchronization
channel, wherein the multiplying step comprises multiplying a sequence value having a periodic
autocorrelation charalcterisftic as 'E]lpe argplitude 5 a(%ju\itmcenése uence value, Ac.cordin%to this
configuration, the Synchronization channel can bé transmitted at highér power than a tata part, resulting
in Improved framecdietéétiohr acebfacyin thereceivet 1ID[ADVANTAGE OFMHE MENTION]

According to the embodimertsof the presertinventionyit iseossible to previde @itransmitter, a receiver, a
mobile communic%tlilocnoscyostrerng flgg Posryngg%oggzggg@ SQ nnel gan%gissiorg rrileitgog that 15 achieve
Improved detection accuracy on synchronization channels. BRIEF DESCRIPTION"OF DRAWINGS FIG.
1 is a block diagrait illustratiya tPfERfitter20acedfding to one embodiment of the present invention;
FIG. 2A is a schematic diagranridlusieating arepetittamwavefern inoa fimerange; FIG. 2B is a
schematic diagram jlusirating 3 sawinethed waveform in a fregyency ranges 255G, 3 fp,a schematic

diagram illustrating _ o
power than a data part, resulting in improved frame

detection accuracy in the receiver.
10 [ADVANTAGE OF THE INVENTION]

According to the embodiments of the present
invention, it is possible to provide a transmitter, a
receiver, a mobile communication system and a
synchronization channel transmission method that

15 achieve improved detection accuracy on synchronization

channels.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is ablockdiagramillustrating a transmitter

20 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;

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

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

30 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

35 P-SCH signal generation in a base station;



exemplary correspondence between synchronization channel numbers and scramble code group
numbers; FIG. 4A is a schematic diagram illustrating an exemplary method of generating a
synchronization channel 30 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 35 P-SCH signal generation in a base station; FTC.5A s
a schematic diagram illustrating an exemplary configuration of the synchronization channel; TIG,

Sa. ,i3: :ir schematic giagran flusteating anexemplary configuration; Qfithe synchienisatign channel;
5FIG, 50. is 3 schematic diagram jllustrating an exemplary configuration of the sync:SA:togl:ration
channel;  GPIERD1 5 sEHHHE M MSStrAtig arY SRiar 2t OIS e

synchronization_ chgrﬁﬁé@ FIGBOAL'ES a :a:d:lh_maﬁ(t diag @i_:faidj_ursimtirig am. slﬁ_)r@cempd_arya gonfiguitatien
of the Sy”ChVQQ'éﬁ%%aCPf?”@SR £ 1 o F1G: BB % a-sehamatic diagram liusiyating ap exgmplary

confiparation of the synchronization channel; FIG, 7 is"a schematic diagram illustrating an
exemplaty confi.gumatiGin ofthe dynchrontZafiBi® EHanner 3 SFFE 51is aathématcdiagram

illustrating anexemplary configuration of the synchronization channel;
FIG. 5D 1is a schematic diagram illustrating an
exemplary configuration of the synchronization channel;
FIG. 6A is a schematic diagram illustrating an
10 exemplary configuration of the synchronization channel;
FIG. 6B is a schematic diagram illustrating an
exemplary configuration of the synchronization channel;
FIG. 7 is a schematic diagram illustrating an
exemplary configuration of the synchronization channel;
15 FIG. 8 is a schematic diagram illustrating an
exemplary configuration of the synchronization channel;
FIG. 9 1s a schematic diagram illustrating an
exemplary waveform of the synchronization channel;
FIG. 10A is a schematic diagram illustrating an
20 exemplary arrangement of the synchronization channel;
FIG. 10B is a schematic diagram i1llustrating an
exemplary waveform for use in S-SCH;
FIG. 10C is a schematic diagram illustrating an
exemplary waveform for use in S-SCH;
25 FIG. 11A is a schematic diagram illustrating the
type pf the synchronization channel;
FIG. 11B is a schematic diagram illustrating an
exemplary mﬁltiplexing scheme of P-SCH with S-SCH;
FIG. 12 is a schematic diagram illustrating an
30 exemplary configuration of the primary synchronization
channel;
FIG. 13A is a schematic diagram illustrating an
exemplary cecnfiguration of the secondary

synchronization channel;



exemplary configuration of the synchronisation channel; PDF. 9. is a sdhematic diagram illustrating
an exemplary waveform of the synchronization channel; FIG. 10A. is a schematic diagram illustrating

at 20 exemplary arrangement of the synchronization channel ;
illustrating an exemplary waveform for use in G-SCH,;

FIG.. 103 is a schematic diagram
FIG, 10C is a schematic diagram

illustratiog an exemplary waveform fox use in S-SCH; 25FIG- 'lA is a schematic diagram illustrating
the type pf the synotiotization channel; FIG... 1.1.8 is a ech:ematic diagram illustrating an exemplary

multiplexing scheme pf B-GGE gnithsS-SON; i@z 42 is. @ seberatici. diagam-ustraging an 30

exemplary confiotration of the primar% synchronization channel,
Wi 240 of

illustrating an%%%?p#a?& ¢o
is a schematicrdeagnam :filustrating an exemplary arrangement of the secondary synchronization

FIG. 43¢ Is a sehematic diagram llusttating an,5 gxemplary confighyagion of the

:secondary synchronization channel!

channel?
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FIG. illA is a schematic diagram

RFGUPALRREE the SeC aRGary SyRoIERiator GHARRE: 22 “ *FB_ 1313

configuration of the secondary

synchronization channel;

FIG.
exemplary
channel;

FIG.
exemplary

FIG.
exemplary
channel;

FIG.
exemplary

FIG.
exemplary

FIG.

exemplary

13D is a schematic diagram illustrating an

arrangement of the secondary synchronization

13E is a schematic diagram illustrating an
multiplexing scheme of P-SCH and S-SCH;
13F is a schematic diagram illustrating an

arrangement of the secondary synchronization

13G is a schematic diagram illustrating an
multiplexing scheme of P-SCH and S-SCH;
13H is a schematic diagram illustrating an
multiplexing scheme of P-SCH and S-SCH;
14 is a schematic diagram illustrating

correspondence between synchronization

channel code numbers and CP lengths;

FIG.

exemplary

channel code numbers,

lengths;
FIG.

exemplary

15 is a schematic diagram illustrating
correspondence between synchronization

scramble code numbers and CP

16 is a schematic diagram illustrating

correspondence between synchronization

channel code numbers and scramble code numbers:;

FIG.
exemplary
FIG.
exemplary
FI1G.

according

17A is a schematic diagram illustrating an
arrangement of a synchronization channel;
17B is a schematic diagram illustrating an
arrangement of a synchronization channel;
18A is a block diagram illustrating a receiver

to one embodiment of the present invention;



FIG. ?SID is a: schematic diagram illustrating an ?exemplary arrangement of the secondary
synchronization channel? 10FIG, ILE is a schematic diagram illustrating an exemplary multiplexing
scheme of 13-1ICH and S-SCH; FIG. I:5F is a schematic diagram illustrating an exemplary
arrangement of the secondary synchronization channel; 15FIG. 13G is a schematic diagram
illustrating an exemplary multiplexing scneme of 111-SCH and S-SCHU FIG. 1,3h1 is a schematic
diagram illustrating an :exemplary multiplexing scheme of P-SCH and S-SCH; FIG. 14 is a schematic

diagraM illustrating 20 exemmayyieorepperadedcebetween Synarenizating -shaanal codernumbers
and Cl lengths! CfIG 15isa scheénmegggllé}gram |Ilu§tratt n exemglar}ljz_correspontdeggq between:

synchronizatﬁ)%%%énr%erf%o e’ a:um ers, scram leenc%dg humbersand Sf‘errllngﬁg! TOREIG. 1011

ia a schematic diagran flustt@ngiexemplapeoreespondehed between syschrarization channel
cede numbers,and scramble-cade.numbers! FIG 1A is sachematic diagram illustrating an ao

exemplary arrangement of a synchronization channel; FIG, 173 is a_ schematic diagram

illustratifg an exempfatfierranGeméhtdf 4 SyRBKGriSatdhthaAfelt 1 lustrating

exemplary frame timing detection:
FIG. 19C is a schematic diagram illustrating
exemplary frame timing detection;
FIG. 20 is a schematic diagram illustrating an
10 exemplary configuration of a synchronization channel;
FIG. 21 is a schematic diagram illustrating an
exemplary configuration of a subframe;
FIG. 22 is a block diagram illustrating a
transmitter according to one embodiment of the present
15 invention;
FIG. 23 is a schematic diagram illustrating an
exemplary correlation computation scheme;
FIG. 24A is a block diagram illustrating a receiver
according to cne embodiment of the present invention;
20 FIG. 24B 1s a schematic diagram illustrating
exemplary synchronization detection in S-SCH detection
in a recelver according to one embodiment of the present
invention;
FIG. 24C is a schematic diagram illustrating
25 exemplary synchronization detection in S-SCH detection
in a receiver according to one embodiment of the present
invention;
FIG. 24D 1s a schematic diagram illustrating
exemplary synchronization detection in S~SCH detection
30 in a receiver according to one embodiment of the present
invention;
FIG. 25A is a schematic diagram illustrating
exemplary relationships between SNRs and detection

probability for averages of the secondary



FIG. 1224 is block diagram, illustrating a receiver according : Co one embodiment of the: present
invention; FIG. 183 is a block diagram illustrating a receiver according to one embodiment of
the present invention; FIG. 19A.. is a schematic diagram illustrating exemplary frame timing
detection; 5FIG. 193 is a schematic diagram illustrating exemplary frame timing detection; FIG,
19.C. is a schematic diagram illustrating exemplary frame timing detection; FIG. 20 ig g schematic
diagram illustrating an 10 exemplary configuration of a synchtbnisatioli channel; FIG, 21 is a

achematin diagrag-iustrating-an,exemplay configuration of a subftame; FIG. 22 is e block
diagram illustrating a transmitter according to one embodiment of the present 15 invention; FIG.

22 is: a schematic didgram ilfudftatingy &h SXERTPIEY ConBhA6T e8mputatiohschémB?  FIG.
2.4ais a block diagrahailystrating a tecesver pecdrding teoneséiRlsodimentad theqarésent invention;

20FIG. 243 iqu_ggheglafigggaggagg illggtéqtglg eeéelggla{%%ynglargggggWetection in S-SCH

detection an a receiver according to one embodiment of the present invention; FIG. 24C is a
schemattt: diagrafiil@strafing ton channel;

FIG. 26 is a block diagram illustrating a receiver
according to one embodiment of the present invention;
FIG. 27A 1s a schematic diagram illustrating an
exemplary configuration of a synchrenization channel and

10 a common pilot channel;

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

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

FIG. 28 is a flowchart illustrating an exemplary

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

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

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

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

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

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

the present invention;



25 exemplary synchronization detection an S-SCH detection in a receiver according to one
embodiment of the present invention; FIG, 24D 1.g a schematic diagram illustrating exemplary
synchranatatiop detection in S-SCH detection 20 in a receiver according to cne embodiment of the
present invention.; FIG. 25A is a Schematic diatrm illustrating exemplary relationships between
5SPs and detection ptobability for averages of the secondary synchronization channel; FIG a
253 is a schematic diagram illustratina exemplary relationships between SNRS and detection
probability for averages®f theygecondary:3 syncheenicarion ¢hannel s ng RG. 26458 bloek diagram
illustrating a receiver according to one embodiment of the present invention; FIGo 27A'is a
schematic di2graAfiffdtatAg af ex&mphRRbn gLt ot & syRchBAiZETChERAE and 10 a
common pilot tkanmek s e n EIG-1278nis & schematié diagram illustrating an exemplary 8CH
transmission schem%gpé fnu%)leitgargngscsliio gnnag f_ag%qgiﬂg %ci Qﬁesgrpgc&diig\ngntaq{ the present

invention; 15FiG 2.7C I1s a schematic diagram Iillustrating an'exemplary S.GH transmission scheme:
for multiple tralhsMB3ivA BnfERR&S Ao iding tooheEhivdiertt bR theTbrSsehPRvertiohRe  FIG,
26 is a flowchayt ilystrating an €xemplary 20 operation of a transmitter according to one embodiment
of the present invention; FIG. 2911 is a flowchart illustrating an exemplary operation of a receiver
according to one embodiment of the present. invention;

LIST OF REFERENCE SYMBOLS

10: transmitter

10 20: receiver

BEST MODE FOR CARRYING OUT THE INVENTION

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

In each data channel generator 100, a segquence of

10



25FIG. 268 is a flowchart illustrating an exemplary Operation of a receiver according to one
embodiment of the present invention; FIG, 29C is a schematic diagram illustrating exemplary Cell ID
detection by a reference signal; 90 FIGis a schematic diagram illustrating exemplary cell ID detection
by a reference signal; FIG. 26'8 Is a flowchart illustrating an exemplary Operation bf a receiver
according to one embodiment of the present invention; FIG. 29F is a florchart illustrating an
exemplary oberation of a receiver according to One embodiment of the eatir invention and FIG. $0 is
a schematib diagrasmillisiradingian 5 exemplatesynchronizationrchaanel traasmission scheme ot
REFERENC%&%@@ator 1&9:?gngggggégmﬁ$wf%ransmission path encoder
102, and the resulting data are modulated in a data
modulator 103, In a multiplexer 104, a pilot symbol is
5 multiplexed to the modulated data sequence, and in a
serial to parallel conversion unit 105, the resulting
data are serial to parallel converted into N/SF
information symbol seguences on a frequency axis. In a
copying unit 106, each information symbol of the N/SF
10 converted information symbol sequences is copied every
SF symbols equal to the sequence length of short period
spreading codes, and the resulting information symbol
sequences are aligned on the frequency axis. In a
multiplier 108, a short period spreading code generated
15 by a short period spreading code generator 107 is
multiplied with the N information symbol sequences
aligned on the frequency axis.
In a first combination unit 108, the symbol
sequences having the sequence length N and multiplied
20 with the respective short period spreading codes supplied
from the respective data channel generators 100 are
multiplexed. 1In each of the Nmultipliers 111, scramble
codes supplied from a scramble code generator 110 are
multiplied with the multiplexed symbol sequences of the
25 segquence length N in the frequency direction. 1In each
of the Nmultipliers 118, the symbol sequences multiplied
with the scramble codes are multiplied with an amplitude
adjustment seguence value generated an amplitude
adjustment unit 115, and the resulting symbol sequences
30 are supplied to a second combination unit 112. The
second combination unit 112 multiplexes the symbol
sequences having the sequence length N and multiplied
with the amplitude adjustment sequence value and the

scramble codes with a synchronization signal generated

11



c¢'m MODE FOR CARL1IG OUT THEINVENTION Embodimentsthe present invention will be
described with reference to the accompanying drawings. 15 Throughout the drawings, components
having the same functionality may ba denoted as the same reference numerals, and the description
thereof may not be repeated. A mori la octimunicetien system according to an embodiment of the
present invention will be described. In thiaambodimati., the mobile communication system
includes a transmitter 10 and a receiver Then, the transmitter 10 according to this embodiment
will he described with yefeteneeril@a t.{the trangmaiter;2G sansiits aisynchranizatiosGhannel. The
receiver 20 u es the s;ﬂmg@roni%ation Channel to detect symbol timing end frame timing. Furthermore
tfle receiver 20" Gses the syn%Hro%Fz%ﬁ&ne&sahnel to dete4-rol informaticn on scramble codear SO
scramble coda groupsethersy e r sSEheftranainitter 10ds provided {d & Base stationcfer tkansmitting

radio signals . The tansmitter J0ncludea multiple;Retg channal genergtors;100.1:100:x.,Ln each
data channel generator 100, a sequence of ' iy , '

5 signal. A cyclic prefix (CP) addition unit 114 inserts
a CP selected by a CP selection unit 117 into the multi
carrier signal for each Fourier target time. Then, the
transmitter 10 transmits the multi carrier signal
generated in the CP addition unit 114 as a radio signal

10 in the air.

Although OFCDM has been illustratively applied in
the above-mentioned transmitter, OFDM may be applied.
In this case, portions associated with spreading
in the OFCDM are removed. Specifically, the data channel

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

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

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

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

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

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

in a temporal range. For example, the data generator 121

12



transmitted data supplied from a transmitted data generator 101 is encoded in a transmission path
eneoder 102, and the resulting data are modulated in a data modulator 103. In a multiplexer 104, a
pilot symbol is 5 multiplexed to the modulated data sequence, and in a Serial to parallel conversion
unit 105, the resulting data are serial to parallel converted into N/SF infetmatieu symbol sequences
on a frequency axis. In a Sopying unit 100, each information symbol of the NISP 10 contentect
information symbol sequences is copdee every SF symbols equal to the sequence length of short

period spreading, cqdgs. and.ie ge%‘é@?&f%f%“aﬂ?” Symbel,seayences are.aligped on the

frequency akis. In a multiplier 108, a Short period spreading code generated 15 by a snort PC nod
spreading cotlé Y&reradr 107 & Mitiglicdwith thé NGRfoRRatiohsymbBEsegBefcet afi§ned can the

frequency &elss ipa firscamhkinationdnit 109, the symbael sequences having thesegdencedength N
and multiplied 20 w{th the respective éhort pterr‘iod spreadin code§ sug lied _from the reés,gectiVe data
channel generrgt%res 100"are Lﬁﬁﬁleoxedl.ﬂ? each of the NMélfieliena e,Stc%énrﬁﬁg co esréeupplied

from e sérambleccadergenerator 2 1V@ dreViultiplied svith the inaliplexedisyimbot sequences of the 25

sequence length N.in the-frequency direction; in,epgh-ofthe 11 multipliers 115 the symbal

sequences multiplied with the scramble codes are multi's:tied with an amplitude adjustment

sequence valtiB gbReratedaftampifie Rfustmédt uhit 210 and thé Fesultifg $Pmbol seguences:
50 are supplied to=a second £optination dnit ¢ t@Eheisesendvecmbinationwanit 442 Mudtiplexes the
symbol sequences Paving tQ% SB quence Iertlgfh V and multiilieg with the a{naplcitlugg %d'lisl}glgnt

ram y

(@) s>a e same COom ting . the.corre
Sequence vaiue and the sc e codes eiitt a syn%Hronlz tion S|gnali generated b

synchrdiizatién sighBlegeheratcrelR 1k feteVantaries ot fl-subcarriers.  An inverse Fourier

transform (IFFT) devieg 13,3 corvests N, symbols inte ap prihogenal multi carien? signak Ascyclic
prefix (OP) addition unit 114 inserts , . :
timing detection with autocorrelation are achieved at

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

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

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

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

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

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

Alternatively, the data generator 121 may generate

13



CP selectee by a OP selection unit 117 into the multi carrier sionel for each Fourier target time. Then,
the transmitter 10 transmits the multi carrier signal deneratcd in the OP addition unit 114 as a radio
signal 10in the air. Although OFCDM has been illustratively applied in rha above-mentioned
transmitter, CF2M may be applied. In this dasa, partigns associated with spreeding in the
OFCDMisre removed. Specifically, the data channel. 15generators- 100,2-100,x, the copying unit
106, the short period spreading code generator 107, the multiplier 108 snd the coMoination unit 109

may be omitteqd.nthep, N information sympals are-suppled;rem the;serial-topacgllelganyersion unit
10.5. In other words, the N 20 informatiop symbols supplied fram the serial to parallel .conversion

unit 105 Aire Tdltpliad it e thilidiier £11.2C 2 Afexémpian eparation Yof géheratiig™> L ©
synchronization gignatsoin ghe. syrichrarization signal generaton $2G Wilkke desa@ibed. 25A data

generator 121 gﬁ nerates cedes for synebrgnization, C*&aé‘f‘?}%?é JOF 8%5"'{%%@8 datp.generator 121

may generate a common code, such as "1", in all cells. In this manner, ceiver 20 can easily
detect tiing iRdepERde At SFIBCEEPEe RS IR DT RtiAT FectiFetPsighald withcd 6Hie wWaveform

in a commonsynehrgrigation channek h e As;Hustrafed inskif3: aRAcHhe syrchsenization signal
generator 120 m genere:ée a r%getition \gaveform in.a tamporal. range. For example, the data

generator 1271 W& fepeafdtfyyendfatean arbfirsahy fhdAménrtar\ialvefdim® Mhis case, a
correlation values may de ¢aMpuitelfortan portioniocatediat fle distanoe ofsthe hepetitien period in the

'ecewe“'”t@%@gﬁgﬂ@“%%de and a scramble code group. In this case,
10 the receiver 20 can detect the control information and
frame timing by computing correlation between all defined
synchronization channel waveforms and received signals,
resulting in reduced cell search time. Thus, it is
possible to reduce power consumed in the receiver 20.

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

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

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

30 scramble code group numbers as described in reference
o FIG. B

The multipliers 126 generate N parallel
synchronization signals and supply them to Nmultipliers
119. Each of the N multipliers 119 multiplies the
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5 the repeated waveform-is transmittal, a similar waveform is transmitted., resulting in a larger
correlation value. In this case, the receiver does not have to know the waveform of scH, and
determines whether two separated rtions are the same by computing the correlation values for the
two sepaated portions.  In this feishlec, frequency offset compensation and timing detection With
autocorrelation are achieved at timing detection time in the receiver by means of the arbitrary
repetted waveform. For example, since the 15 same signal is transmitted repeatedly, the receiver can

measure and.compare its, phase. The receiver can.fagilitate the frequengy offset apd the timing

detection with autoectrelatith of the received signal based on |fhase rofation. In this fashion,

computationat B8rmpleXif\Fcahbe 28 BceuthotgH BieFeqlidheifoffsBEARILIRAE tifmiiydetétticn with
autocorrelaticimgf reeeives signiitcoipated #a teplica cerrelatiomp 1 1 As HibStratechint1G g23,
frequency cogversﬁigq ogtge are%eaéeodn\gavegcg{g\iin gtt?_@gorghrlaggﬁi ults in a 25 samttotted
waveform in a %rgquency range. The syncﬁronlzaﬁon signal generator 120 may generate the
sawtootHed waveforri @kthis festueASMBRAGE. YAlstoif Bisi$ fashiohnit istpossible 1é btam an

advantage similanfg {he.ahove:mentiongdsong, 30Akernatively, the epetition pumber of the repeated
waveforms in the temporal range and/or the interval between teeth of the samtctthed waveform in the

frequanty rang€ ARy b Greaterthars 2 AREMATVEN: the detPGe & afor 15F ayyéifdra

synchronizatioe thannel codes defined for respective control infcrmatihn such as scramble codes

and scramble code grqups. _In tors case illostrated in FIG. 3,.a Synchronization-channel is
defined for respective %)o%%r}n grlrlncg%oangﬁ:%f%és'éneeggc%alr%}%f(e%go&g§n§%ac{s?:i:gr§tﬁ\él cl:Codlep ;lrgup. In
other wb¥ds, & gch¥oniZatiaf thanrel ammnBdrindiédtive afa sirchidnization éharmhelnis associated

with the contrgLi EEEE‘@@OQr%QQE‘@Sf%%C@H?@L?i ﬁ‘a@?ea%dj% §@r@m@}@tqodeggf9ug->4aﬁﬁsl tase, 10 the
receiver 20 can detect the control information and frame timingdomputing correlationbetweenall

defined synchTBAiZATEH ¢anA&l REVEIsHHTEShT raBeived signaR estting iR feduSeldeti-search

timh. Thus, itispassiblestofsedudesphvier consunpechii theoregeivernz: 16Awata madulation unit 122

modulates (PAPR) in the temporal range to conduct some operation

15 for reducing PAPR of the synchronization channel.

In a transmission amplifier, data are supplied to
a data channel randomly, resulting in the higher PAPR
and a random waveform as illustrated in FIG. 4A. In FIG.
47, the vertical axis and the horizontal axis represent

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

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

25 pattern.

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

30 Supposing that a temporal waveform of PAPR equal
to zero, that 1is, a temporal waveform without a peak
rising, can be generated as a synchronization channel,
an output signal greater than the average output over

data channels can be transmitted accordingly. Thereby,

15



synchronization signal data, and s serial to parallel conversion unit 12.5 performs serial to parallel
conversion en the modulated data no generate N symbol sequences on the frequency axis. Each
multiplier 126 20 multiplies the corresponding symbol sequence signal with a synchronization signal
spreading code generated in a Synchronization signal spreading code generator 123 in the frequency
direction to generate N parallel synchronization signals_ 25For example, the synchronization signal
spreading Cads generator 129 may multiply a scramble. code included. in the scraMble code group

number corresponding tstbe syrchrenizatipn ehannekeadednumpes hcacearsanes With e
correspondence b(ﬁween the channeCIT[F(])de numbers and the 00 scr,amblez de grout numbers as
I

described in FfSIBACS I FIBE2°R e i?)li&rrs1 15! ege%%?a?ﬁf(lep%r I'synchrdoisaaion
signals and supplyth&mto Nopultiglierd=1 £9d Faclt nkthe Numuitipliérs 1 19maulfifliesshe négpective

parallel synchronization signal with an.amplitude adjugtment sequepceMalue Incoming;from an

amplitude adéustment unit 116, and supplies the resulting signal to a second combination unit 112.
5Next, an exermplaifépetationift tietdrfdlitide I fehelmts2 1%3N8 4360 the transiitter 10

according to thisembedimest will be deseribeddrm getad belows Ehe:amplifude adiystaestunits 115
and 116 mult\lpl 10 synchronization %haarnne:ﬁ with ?.amplltudef%djﬂsément sequence value for

amplitude adju% |t%ﬁt, %Fefa?ﬁnpﬁe,%he ar‘_ﬁﬁ Gde & j&sctrsneﬁfgunlts Rd 116 use a signal paving

sufficient!ypeak-to-av(eatégeB@m/\ier:i_éth(PAPRG) irnthie térhporal @mAge fotoohdbctsomesopegation 15
fOHEduungBéﬁ%éﬁﬁg%$€@9@@gﬁ@mhﬂﬁmfgbde in the temporal range and

10 the frequency range. For example, respective signal
components of a sequence are in the form of exp(j 0 ) where
j is an imaginary unit.
(b) The amplitude adjustment sequence value has
perfect periodic autocorrelation characteristics. For
15 example, the autocorrelation has zeroc except zero shift.
As a seguence having these characteristics, a CAZAC
(Constant Amplitude Zero AutoCorrelation) seguence 1is
typical. For example, see non-patent documents 1, 2 and
3. In this fashion, utilization of the CAZAC sequence
20 (CAZAK code) fulfils better autocorrelation
characteristics, and thus timing detection accuracy
based on replica correlation can be improved.
Furthermore, sequences having characteristics as
presented below in addition to the above-mentioned
26 characteristics may be used.
(c) Even after the sequence is multiplied as an
arbitrary complex number sequence, the sequence still
has the above-mentioned characteristics (a) and (b).
(d) The sequence has optimum crosscorrelation.

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

limited to )<bi for the sequence length N.

As seqguences having the above-mentioned

characteristics, a GCL (Generalized Chirp-Like)
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In a transmission amplifier, data Are supplied to a data Channel_ randomly, resulting in the higher
PAPR and a random wavefrrstas illustrated it FIG. 4A. In FIG. 4A, the vertical axis and the horizontal
axis represent transmission power at a base station and time, respectively. On the other hand,
since the synchronization channel has a fixed reference pattern, a signal of lower PAPR can be
selected by determining an appropriate 25 pattern. In FIG, 4A, if the amplifier has an upper
achievable power level as indicated, in a dotted line, the back-off iS Set tP have a leVal lower than

the average leve}.ir: gonsideration-of dlugiyation:margin.ef &:a0Sup-aerie thate temnoral wayeform of
PAPR equal to zero,a temporal waveform without a peak rising , can be cg:ne:rated as a

SynchronizationiehanfiEl2 ERbtout dhta DREAR Yrédtér hah tEaVerdde dafut $0eran be
transmitted accordingly.tlhensby; 15 1ivis possibledg improee detéctioncacewracy aftthe

synchronizatiggggﬁréqﬂs ig)th%g%?eg/grag.ed- Since the Golay code fulfils
5 Dbetter autocorrelation characteristics, the timing
detection accuracy based on replica correlation can be
improved in the receiver. 1In addition, its code property
can simplify correlation processing.

Alternatively, signals generated by converting PN

10 codes generated within a SCH bandwidth in a frequency
range into ones in a temporal range in IFFT may be used.
Since such signals fulfil better autocorrelation
characteristics, the timing detection accuracy based on
replica correlation can be improved in the receiver.

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

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

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

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

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

30 correlation based approach should be used for the timing
detection. For example, 1f higher throughput is given
higher priority, that is, if the processing amount should
be reduced, the timing detection is carried out based

on the autocorrelation. On the other hand, if higher
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The amplitude adjustment units 115 and 115 supply an amplitude adjustment sequence valuethe
multipliers 110 and 119 in order to generate a waveform without outstanding. ?APR. The amplitude
adjustment sequence value has some characteristics as follows. (a) Besloally, the amplitude
adjustment sequence value has constant. amplitude in the temporal range and 10 the frequency
range_ For example, respective signal components of a sequence are in the form of exp(j 0 ) where |
IS an imaginarun (b.) The amplitude adjustment sequence Value has perfect periodic

autoCerrelatign £haragteristics: fernlbexamgley e autecosrelgtiondas tars exgept-zerq shjft.
Asa sequence having these characteristi AZAC (Constant AmplitLhc]le Zero AutoCorrelation) sequence
Is typical. Fo @)?aﬁﬁpgé,osléeﬁﬁn%%tt%ﬁSgcu%%tsbfsfﬁaoﬁ Itk fhfs faSH i, Wilization of the

CACA_C Sequence2Dé AZAK cod_e) fulfils be_tter autoce;treLation acteristics, and thus timing
detection accuracy based onrgplica carelation,can-e. improyed, Furtagrmore; Seayences haviag

characteristics as presented below in addition to the above-mentioned a .characteristics mayused.
(c1 Even aftet {ive® Seduchta fsLmbitiphéd as &R HrbitrafTanplerndmBers&ere i Sequence
still has the a_p@v%-me@&or}ﬁdd:ha@g&@iggeﬁ (a)salgdf@j;(d)nﬁhﬁ spgueRee; has optimum
Ioerrfgf’hcoNr_re'a“oug ) Fprexamnle, the crogecpirelation. (absolyte value) 18 liited tkl-g gequence
length equal to 1/N of the symbol length L of 1 OFDM symbol
may be used. In this case, some code having better
10 autocorrelation characteristics such as a Golay code,
a Gold code and an orthogonal Gold code may used as the
fundamental waveform. As illustrated in FIG. 4B, codes
having better autocorrelation characteristics even in
the whole signal can be generated by repeating the
15 inverted fundamental waveform N times. In FIG. 4B, the
horizontal axis represents time (t). For example,
inverted fundamental waveform “"A” may be repeated N times.
In FIG. 4B, the inverted fundamental waveform is
represented as “-A".
20 Some component may arise out of the signal band if
it is left as it is. Thus, a P-SCH signal waveform is
finally formed through passage into a desired signal
bandwidth filter.
For example, for the transmitter 10 described with
25 reference to FIG. 1, a synchronization signal spreading
code generator 123 is configured to include a fundamental
waveformgenerator 123-1, a repetition and code inverting
unit 123-2 receiving output signals from the fundamental
waveform 123-1, and a band limiting filter 123-3
30 receiving output signals from the repetition and code
iriverting unit 123-2.
The fundamental waveform generator 123-1 generates
a fundamental waveform having the code length L/N. The

repetition and code inverter 123-2 repeats and
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sequence ":f. non-patent document 4) and a Generalized Frank sequence (cf. non-patent document
5) are typical. Alternatively, a Splay code (cf. non-patent document 6) may be used. Since the. Golay
code fulfils 5 better autocarrelation characteristics, the timing detection accuracy based on replica
correlation can be improvedintne receiver. In additihn, its Code property cso simplify Correlation
processing. Alternatively, signals generated by' converting PN 10 codes generated within a ECH
bandwidth in a frequency range into omen in a temporal range in IFFT may be used. Since such

signals fulfil hettee eutgcarrelatiabpasragterstican the timing,detectipnagquracy basedondeplica
correlation F:Ti: be improVed is the receiver, 5Furt?§rmore, an)é of the above-mntigjgeed three

waveforms may b2 Used a¥ a fuh@dmEtarRaveform. and TR ity Be Ga%snTiftsErepeatedly. In
this case, receptiarprecesdsing-cant be sanplified in thedreceivere Earsexamyplé uthe aeceives inay

include only one coprelajor,SQ carresponding 4a the. tugdamentyl wavefgrm.and cambing sgme

outputs of the rorrelator. Also, in case of a repeated fundamental waveform, inverted. codes may he
included® In thi& caS& the diitocatretation ‘eRarattefistics can be improved, and 25 thus the timing

detection .accuracy cahde impioyvee intthe segeaivere r 14le6 Jtmaybeselected inthereceiver,
based on the fbndamental w%veform transmitted r%%eatedlg/ hich of the auIIocorr%iﬁ\tion b%sed
%% o rm T

approach and' th 1'lrapli‘é’é-’1 ESrreIAtDR K1BTed sotd oech shoutdbedded tot Ve timing Simtecticsn. Thr

example, if higherethioughput igygieen bRghEwprittity4thattis if the processing amount should be
reduced, the timihg dgtectign s tarried.ouf based; an, the autogorisiation. On the ocherhand, if higher
detection accuracy is given hlgh%rspnggti/igsstltmng detectibn is carried out based on the replica
correlatidn. Pe conceive

(1) A bandwidth provided for S-SCH may be used. In
this case, it is possible to eliminate influence toward
other channels out of the SCH band.

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

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

In the mobile station, a correlator corresponding

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

An exemplary operation in the combination unit 112

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

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

30 synchronization channel, for example, the combination
unit 112 may time-multiplex the synchronization channel,
that is, store and transmit the synchronization channel
in an OFDM symbol cf some slot. Inthis case, for example,

a frame may be configured to have an integer multiple
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For example, the fundamental Waveform having better 5 aptocorrelaticri characteristics maybe
inverted, and the inverted and repeated waveform may be used. For example, a fundamental
waveform having the length equal to 2. /N of the symbol length L of 1 OFDM symbol tav he used. In
this ease, some code having better 10 autocorretation characteristics such as a Gclay code, a Gold
code and an orthogonal Gold cede may used as the fundamental waveform. As illustrated in FIG. 48,
bodes having better autoccrrelation characteristics even in the whole signal can be generated by

repeating the¥5 innertedifundanaerdalwavefbien Nrdess ImBls. 43, the herizpntal aria gepresents
time (U. For example, Inver%ggurldamsefg I Wavefogp A rg%y bse_Lre eated N times. In FTG- 48, the

. nc e m S, Su as S a in .tur
inverted fundaiental waVeforn i r%presen &8d 8§~ OmecT pdnen{l%ay Arise bl 'of the

signal band itk s left as itiss Thos, aR-SCHsigrat waveforne isifihallynfoimeg thipubF Passage into a

deSired Signa yidth filter. Eqr ejampigfo thedransmitter 10 described with 2:5 reference to
FIG_ 1, a synchronization signal spreading code generator 122 is configured to include a

fundaméhtal waveforh® géheratof 7551 S reptititirant Kol é invaing Yinit 223-2 receiving output

signals from therfuRdamental wayveformak23l] anda handdmiting-filtee 32.:3-@.¢ 30 Fecedwnrp output

signals from hoeorgp%tigiog lggde cg%ecirrf\v%rgingfgr%itr 1%3-%,. < Ige fuvpd% 8@t@l vg%\ée;%rrrp generator
123-1 generates a fundamental wavetorm having fhe badé ?engfh LN THe repetition and ebbe

inverter 123-2 repdats anch kode-vents the fundamertabwaveformhehavinyethe eodedlehgthrl IN. For

example, theyrepelition and.code-invertes 423-2rrepeats and-codeanverts thefundameptak waveform
having the code length'L/N N times, resulting 5 in_ the Uode length being L. :Thebeadlimiting filter

1,23-2 povides Hiflal B-SERPSigRal watBfbohH bY bas Sing THe' felltifgwavefdtitiradgh s desired
signal bandwidih fiker, 1 de ntAS such adesired signathangwidthetweicases say A8 heagoficeived
as follows_ élf)rkA }tl)andwidtg\tprovideqlfgr F-SCFE: m?l/. téeaused. In this %aos](_gaiiis I%ogsiglle to

.. : a \ cnronlz on Y AR
eliminate infldence toward thher cﬁanneﬁs outo e§8 and.

and thus, symbol timing and frame timing can be detected
at the same time. Alternatively, the receiver 20 may

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

20 scramble code.

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

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

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

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

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

period, that is, for each slot. As a result, symbol
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(2) A system bandwidth may be used. In this case, 15 although there is slight influence toward other
channels out of the SIR band, the SOH signal waveform has less distortion, resultinp in higher
detection accuracy in a mobile station. In the mobilp station, a corielator corresponding 20 to the
fundamental waveform is prepared, and its output is code-inverted and combined. in this fashion,
replica correlation with high detection accuracy can be achieved under a smaller amount of
computation. An exemplary- operation in the combination unit 112 25 in the transmitter 10

according to therembodinent wilkhe descrbedin defailbelaven, £ Ashllustrated inyFIGs SA, the
combination unit 112 inserts a synchronization channel at a frame gerio,d. In the case of frame

periodic inseftiGh 9Fthe Synchforidation cRSAET, icF S pia e tofbindtion (i tected
112Maytimp-multiplaidgthe: synchronisatie@pehanmet; that dsi, mtcres anc trarssnitthe sgnchronization
channel in ané)fglf’%%)émb%l of some slot. &ntgrﬂqsgee forexample; aframe may be configured to
have an integer multiple of the slot length” One frame may be configured to Include multiple slots
such as 25 sIBt&h ahd mtdirh2 6A€ SloE iy el configutéd TihcRelé fititigle OFDM &YinbéIE such as

7 OTOM symbpls. 8ladhis carfiguration slets having the sypehrenization.ghanpglcan be controlled

under closed loo contrgl SUch as retransrgis%%n without awarengs% im the %ran%mitter 10. In other
+nzubds, thé FoUnd 1Ap fifle Ry e Uhchénged®In'thé Féeateb 21 - thethet 1b%Hand Feception
timing of the s\gichzaniiatiorocdhanhel cam be idetttified).ay éprretatidg agedeivedtsignal and a

synchronizatign shannel teplica,ina t@H‘é’Osr?Jr{ ange, And thus, symhgliming,and;frare fiming can

be detected at the same time. Alternatively, the receiver 21 may 15 identify the reception timing of
the synéRronizafiorf &fdihed By coirdlafinghthe tedeifed Sgnal Withtie SYRchrdriZetidn chAfinel

replica in a frequensy range: hethis ease theireeeivera20iweuld use aeommen piptchannel

subjected to s r%mble C ding t% getect tpne 2 fcrgmble code, By providing only one frame with
the synchroni Stion-cra nél’if a sflnc Tohization channel is detected, the frame boundary can also

be detected. In additidn, comiparednio ke sasetof pravidingmeltiplec2s frames with the
synchronizatign channel, higher ransmigsign powarfor e synghronization; chanpel is aghigved,
resultln?gn Ir?lprll’c:)Lvted(%eé%Citlgg )ac%uargcybeen described. However, the
synchronization channel may be inserted into multiple
portions of the frame unit or period. In other words,
the synchronization channel only has to be inserted into
at least one portion of the frame unit or period.

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

25 be configured for each frame.

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

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

are averaged, a memory has to be prepared for storing
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Alternatively, the receiver :10 may use a common pilot channel subjeeted to scramble coding to
detect the ao scramble code after frame detection and scramble code group. detection.
Conventionally for example, according to W-CDMA, the synchronization channel is inserted for each
slot period, that is, for each slot_ As a result, symbol 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 detested through the 5 synchronization Channel, it is not
pOseible to identify the asgociated-partien efthe freMes Thusytherassecigted poktian of the frame is

detected after the detection of the slot timing. According to thj diment, wh .
cynchronizaion <P ARl RdutGEtca: 10 176 Farh ARA B syl TGS Gart B8 RibR e As a

result, _the Symm)_l timbqg ahdahefrarae dmﬁigecandmercdele_acnedaat the Mme_ time. theln this _
embcdiment, the insedion of the,synchronizatign ghannel intg pply ope portin of frames15 unit

(period) has been described. However, the Synchronization channel may be inserted into multiple
portions bf theFa@feruritest Periodt 37 ofhier WBbdE el Symehronization channel only has to be

inserted into at least one parion ok thedmme.uniti@n persl.n 20Foneeample; msdliustrated sn FIG.
53, the syncq)ronlzatlon changelgayb%gsérted in such amanner that z%"i gerloldg, canre configured

for each frame?%%%, 8 MUstrated in' &, ﬁweoéfy?nc?ronizét?onnec annel n%gy e insened in such a

manner that foue pevieds gard25 theecoriigarey for eadhaframe.ha v Tisenretéiver 20ndentifies.
reception timing,of the-sygehronization chagnel by correlating, the reelved signakwith the
Synchronization Channel replica. in this case, correlations between multiple frames are 30 veraged.
For exafipleif fffe afd*f0,B6@ Saniples Mithin- sigfe frEmE Scotrekitions ate’ éompditedor the
10,000 eann feay arg theisampte: haning thes maxisalnd correlaton Sfsesad, nHeiseaires,; yf multiple
frames are ayeraged, g memory,nas (o be, prepared for sforing
In addition, as more synchronization channels are
provided for each frame, the memory capacity can be
15 further reduced.
In the case of multiple channels being provided,
the channels may be arranged equally. In other words,
the synchronization channels are equally spaced in a
frame period. In this arrangement, the averaging
20 operation of multiple frames can be easily carried out.
Alternatively, in the case of multiple channels
being provided, the channels may be arranged unequally.
In this arrangement, the frame boundary can be easily

detected.

b2
14

In addition, in the case of the insertion of the
multiple synchronization channels into a frame, a time
diversityeffect canbe obtainedby combining correlation
outputs between the multiple synchronization channels
in the receiver. As a result, it is possible to improve
30 the timing detection accuracy.

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

independent slot and insert the synchronization channel
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the 10,000 correlation values temporarily. Then, cc.rrelation values a -e 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 larger memory has to be provided. In the .(1.'s.e of multiple
synchronization channels being provided, if the above-mentioned multiple frames are averaged, the
memory only has tt nave smaller capacity. For example it a two-period channel is used for each 10
frame, the memory capacity can be reduced to 1/2. if a four-period channel for each frame, the

memory capagity £an he redyceddo 1/4. 5 5o, 13 adelit. jons Aagymorg synelwo é%h%‘i%%&?'s are
provided for each frame, the memo,y capacity can be 15 further re.duced. In the case of multiple

channels beifi§ pfb¥itRd, ( 28 charneRShay be Ar&nged¥qualif infdtRdr wéias, the yrichfonization
channels are=egualhrspated inisofame pencdl :Brethistarjangemeet, thetaveraging r)japeration of
multiple frames, 631 i, 6331y SAITIEd UL o £ 1 o1 -2 £ VSl D408 ga38 Ofmuliple chanpels being
provided, the channels may be afrange uhequ%ﬁy. In this arrangement the frame oungary can be
easily detected PERraIdioHthe Easé Bethelirsettiod BFthe hidlthlé ByAchfoRizatén Thaarkels, into a

frail-Le, a time diversity-effect can be qbtained by, compiningscorrelation- gutputs betwaen the multiple
synchronization channgels in the receiver. As a reLsrﬂi , It is possible to improve the t tming detection

t
accuracy. AlSoiififstratedlin BiG: 515 if{RE TaSe Bfthe throtizaanel being time multiplexed in a
frame period, the corhphinationmumitld 2 mAynprayde an inckeperfdeat slotartdrinseitzthe i on
synchronizatigH gg %rhel V}I}%ﬁinbl‘g this §g§e_u§g8h a frame, Qyib%gqhngiggred to have (an integer
multiple of the slot length 4 the aynchrrniration channel length) in length. In this configuration, the
configutdtion within sidts Earrhélfhedés illustrated in FIG. 6A, the

synchronization channel is accommodated at the head of
a slot, and in addition to the synchronization channel,
a data channel is accommodated. In other words, the
synchronization channel and the other channel are

15 code-multiplexed and transmitted. 1In this
configuration, the other channel can be configured
without consideration of the synchronization channel,
but only a portion of total transmission power can be
allocated to the synchronization channel. As a result,

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

respectively.

b2
(s

According to this embodiment, as illustrated in FIG.
6B, for example, an OFDM symbol is allocated to the
synchronization channel for a certain duration. As a
result, the total transmission power can be allocated
to the synchronization channel. In this configuration,
30 the receiver 20 can complete reception operations in a
shorter duration and detect the symbol and frame timings.
For example, 1 OFDM symbol is allocated to the
synchronization channel. In FIG. 6B, the vertical and

horizontal axes represent transmission power (code)
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5 uniform over all the slots, resulting in a. simpler radio I/Fconfigurarien. In other words, the
transmission and reception can he more simplified. An exsmplary configuration Of a
synchronization channel will be described in detail_ below, 10W-C.DMA, as illustrated in FIG. 6A, the
synchronisation channel is accommodated at the head of a slot, and in addition to the
synchronization channel, A data channel is accommodated. in Other words, the synchronization
channel and the other channel are 15 Code-multiplexed and transmitted. In this configuration, the

other channej can.be gopdigured withputconsideration, of the synchronization channel, but only a
portion of total transmission power can be allocated to the sgn_chronization channel, As a result, 20

the receiver 20 must tBndlict AEtagind BperificsTord bagertineih Brder 15 8BRethe e
synchronizatioa channrel. b EHE HA; theovelticabard Bdrizontahaxestrepreseri ¢he transmission

power (bode)_level.and time, respectively, C cording to-this: embadiment, as illustrated,in FIG.
-LB, for exarnSpTa %}ﬁrgéé glas%/%n %I (fs a%/ o%gsltie?(ﬁ %‘?é%%sr%cl%r%ﬁi gtjfor% % gn%%?%rlascéﬁggi duration.
As a resBlt, the total #raAsrhigsien pawercahibe @b cat¥® fo- thelsyndhreR¥Ratioch FHahRele In this

configurationsQQ the receiver 20 Lancomplate Laception eperationsdtathe
anOrterduratierfasdestect.thesymbdi and frame timings._For Fix‘%?a‘?‘%l OFIDM s%/mbol is allocated to
et

the synchronfz8R&H EHARMER i, BBIR Vertical'ald R és Fepfesent frasniiSsion
power (code) evelhandsiyme; respedtivetyl on  BiiWsGDMAe the ieyachranizatins signal. eannot be

detected based gp oy, ane. gt 2ad thug,the pynetonizationchiagnel higying 3 longgrdusgtion is

used 5 like a"'frequency multiplex type. In W-DDMA, multiple slots are use correlated to detect
the synthronfiatiehtsighial. 3 6ther werkls Sthe d8ReRicn 6fthé Syiithionizafidn dignadl Péte.ibee a
reasonable nyebenr efssamptes., which may lead to a longer reception 10 duration and e larger
amount of computatign in the receiver 20. Acc rdizgfgto this embodiment, since the total

transmission power cbéﬁ%%raqib&crfe& to tﬁg jsﬁnc%lp {7atioR Shannet e ﬁgﬁsrﬁiﬁgral , higher

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

symbol at even intervals. Also, the synchronization
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15 tower conbealloceted. As a. result, the synchronization channel can be transmitted for a shorter
time of teriod. For example., while the transmission of the synchronization channel may require about
1.0% of the time period of one frame in W.-C.:DMA, it may require only about 20 1% in this
embodiment. Also in the zereiver 20, frame correlation can he ratilitated in a. shorter period of
time, resulting in a. smaller amount of the computatiob, in addition, the symbol and frame timings can
be detected by means 25 of only one synchronization channel, it is possible to reduce the required.

buffering amquny ﬁ%&he&%oswedaqua@éa ag the,case of thesypehygnization chagns! being

time-maltipixed as illustrated in FIG. 7, the .30 combination unit 11? may allocate the synchronization
nhantel to aché SUBRER&E SREGEDN SYmBa). Fof BX&fplel Thé TBMbMateR obft 4123 hRF -allocate
the syhohronizaMicha@hannel thheome subcarriers afdl EEDMzsyntbol ateves intervals sAlsa, the

synchronization echggrﬁel mag/nbfle %Ilo ated g%%neélg?il (%rggls in order to improve the detection
accuracy in repﬁicg correclgtion. n Fl .?,’the: veﬁztlca an rizontal axes represent frequency and

time, respectively, 517 DEPNPNhe fdraber oRbEBtetiers afd-the :OFDM symBol 1aRytl areMncreased

to enhance tolgranee toawipath. AsaA reaulk danedvhole OFPMsymhbolb i s allacated to a
synchronization signal, this maé%lcrease ovrirhead. OIn this gﬁase, the combina%igjn nit, 112
& fh

allocates the Lychrdiizatie-h Etfanfiel ABme seBtarts atd &rothet chEnrel rémaining
channel part. Actordingdd this. allogationy ib isipossiblertosreducelthecdviesheadyonthereas e

aynchronizatigg &lg%rénae& ;

10 In this case, the combination unit 112 allocates
the synchronization channel to some subcarriers and
another channel to the remaining channel part.
According to this allocation, it is possible to reduce
the overhead on the synchronization channel.

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

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

In addition, the combination unit 112 may use at

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

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

(non-orthogonal multiplex type TDM) as illustrated in
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15Also in the case of fixed total transmission power, the trapsthissen p(Wer of the synchronization
channel. can he adjusted by changing a transmission power allocation ratio between the
synchronization channel and a multiplexed channel. Furthermore, the transmission 20 power of the
multiplexed channel can be adjusted_ The transMisaien cower of the synchronization channel can te
adjusted by an operator during cell designing, for example. In addition, the combination. unit 112 may
use at 25 least a portion of allocated frequency to allocate the synchronization channel discretely

(Qrthqgonal myltipley pre.[_EDWa a3 illggtgaée;d iE‘rFéGs%ré(}?Q;EQiﬂgzt_Q{@% allocation, &fregyency
diversity effect can be obtained, L:ain addItiOn the com'ziihatiOh unit 11:2 may allocate the
synchronizatfoh 2&Rh&lGA Sudia MaRRertRattifBidigBA Multplkingdanb? facilitated by
superimposingipef atlpast @deqportian bta dataachannel (mon=arthaoganabmulipiexdypea A1) as
illustrated in tFiTrQe Sd'gqf I_;Lhési ease, hftsygﬁhégi%i@tion channel is transmitted in suc_:h an
arrangement that it is superimposed on at least a portion of an OFDM symbol and time division
multiplexXed. In additAdthe tembinatidnMiALR fiaycdllocatethé sSynelrpnizatior élichnel in

such an arrargemeRithalitds suparimposed oAk leash ope Portien gk-a datg channel @t gven
intervals and fregUency division multiplexed (7:on-orthogéonal multiplex type FDM) as 10 illustrated in

FIG. 9, Accordingtd thi§ R5fitliRtion Ih& Fredlency Afversit) 8fER Eah e dbtaifled® * 2 In
addition, the camhinatioreunitsld@rmayndllocate tlse synthnizatiemechandeéhin sucima manner that it

can be code divisi ltiplexed with at rti ta,chann -qrthogonal
multiplex typelq !().{‘,%JCIS/I asléll%ll%s';afatg{lj\%rg] F?)Gé.e%ar.%ggzlsgg re%%l%,%agsgig%nﬁ; é:%}e%@?lc rgc])nization

channel €odeslpkBt PR £8 dpkr) k=122, - KDY bEIBAGINgto-d Sctafbie ésiergiduPare

allocated to 20nsuheargigise & B syncheonizatign ehanbel-cogdes allecatashta thesschearriers are
gepplied to the inverse Fe%fie.t transform (IFFT§II§§H 112. Then, the S)érggronizatio channel codes
i [

are converted into art Brthdgorat it Eatfier SRaI" AT (R convéred &ighar 2tiocate

the synchronization channel in such a manner that it can
be code division multiplexed with at least one portion

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

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

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

25 1s supplied to the CP addition unit 114. The CP addition
unit 114 inserts a CP (Cyclic Prefix) selected by the
CP selectionunit 117 intoamulti carrier signal supplied
for each Fourier target time. Then, the transmitter 10
transmits a multi carrier signal supplied from the CP

30 addition unit 114, that is, the SCH time waveform, into
the air as a radio signal. The SCH time waveform 1is
provided by defining a number of SCH time waveforms
corresponding to the number of groups.

Also, a sequence of synchronization channels may
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. za is supplied to the OP addition unit 114. The OP addition unit 114 inserts a OP (Cyclic Prefix)
selected by the C.P selectibn unit. 117 into amulti cattier signal supplied for ea.c:h.Fburier tar'get
time. Then, the transmitter 10 transmits a. multi carrier signal supplied from the OP 20 additimin unit
114, that i8e the SCH. time waveform, into the. air. as a rat.c, slgnal. The S.C9 time waveform is
provided. by defining a number of .8CM time waveforms corresponding to the number of groups,
Also, a sequence of synchtonizaticn channels may be provided by differential encoding between

subcarri.e tu o  INthisiCase, the receiverdetaets the sequence0f syrchrenization channels by
extracting :chase difference information through delay correlation between subcarriens, in the

case of direcCIRpFEEiBIGFstibcarriers with the synchronization sequence, if there is fading
fluctuation in a frequancytrange ¢fsegeiency seleetivei M=fadig),enotin-phiase additiem can bé fulfilled

in a long interval o he fregquenc axi§1. j e differen tw rriers
(differential eﬁgc? ng t%nrﬁu tglgflit % Syn"i‘: Po%%zgai%? &%El%e cs%gﬁlgnége?} %géen‘?fﬁfn%‘%g %&c%ueation
occurs irP 15 the freglieitcyTrande irplidseEeldRitn ear be fuifllled Forkleé srmeMfading fluctuaticn

between adjaggnt-sub:cagriers by extracting the phase difference between Subcarriers it: delay
detection type correlation. As a result, }EV@n if the fadiE% ﬂucituation occurs, high ction accuracy can

be achieved.  Allsklsing& dofrefatih fid Bfig guand canbeh=Rd A BRI bET b
sequences can lhéx proviled yin Othemuords, the syrehronization éhanhelecan besuséd 4a trgnsmit a

large amountof infarmation. n fhjs case, ag [luglraled NHIG, 1688 ency selective

10 fading), no in-phase addition can be fulfilled in a long
interval on the frequency axis.

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

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

20 detection accuracy can be achieved.

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

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

30 information can be transmitted by providing two types

of sequences and configuring them in two layers.

For example, if the two types of sequences include
16 patterns, 256 (= 16X16) types of information can be
transmitted. 1In this case, the synchronization channel
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of the synchronization channel sequence is not placement between adjacent subcarriers,
synchronization channel can be provided every two sutearrie eAlso, a larger amount of control 30:
information can be transmitted by providing two types of Sequences and configuring them in two
layers. For' example if the two types of sequences include 1i patterns, 2F6: 16x1.6) types of
information can be transmitted. In this cases the synchronization channel can be used to transmit
information such as 16 cell IDs, 2 frame timings, two sector structures, two MIMO antenna structures

and two CP lengths.In this £asg, theJwo sequences may:he-aranged aliernglely.as sgguence 1 and

5 sequence 2, for example. In addition, a 0-CL sequence, Walsh sequence and others. can be
applied. For exampSin“thB £7836F thé GO E &réennié, ‘Grafsegtincé 1 TIhsHEE 6RGATN20-1g2),
GH51, end G£, sequence2 congistswof 0s2(1)l &2¢)h62:D5h 10kstead £ £0R gede anrd Walsh
code, any of gl% orth% ongl cobe }%) gure}__si-rcl)rtg%g%n_ﬁ{%c%dr?aqcr Q) c%dse g%viqlge%oog %utae%%rrelation
and crosscorrelation charaCtenstios in'a f'?eq%ency range may be’uSéd as' & secocndary
synchrorisation ¢hamet cdde d> describad 18belown adgpdaltically, ancsihogenal €dde whose

phase rotateg;gta ponstantrotational sneed ondhe freqyencyaxs may besused. Aggarding to
suchapede, it le possible to generate 20 an orthogonal code for arbitrary Sequence length and

improve the deteétin G8dtaty atthe SEcbndS®pS™ C e m Bdditi6R IHE RS etnfenfisiedtt Bode may
be scrambled>an the frequency axis inzaccerdance, witha Manneg prggdetined in the systerp sin this

case,acommi c2 (1), G2(2), G2(3),

10 Instead cf GCL code and Walsh code, any of (1)
orthogonal code, (2) guasi-orthogonal code or (3) code
having good autocorrelation and crosscorrelation
characteristics in a frequency range may be used as a
secondary synchronization channel code as described

15 below.

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

According to such a code, it is possible to generate

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

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

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

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

station knows the scramble code in advance, the
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25 scrambling scheme it used for different calls rather than different scrambling schemes. In the
above-mentioned cede, the phase rotates on the frequency axis at a constant rotational steed. As a
result, the code has an impulse weVeformen the tiMeaXiS, :shich is not desirable ae; from the
viewpoint pf efficiency' of transmission amplifiers- Thus, thcode isscrambledon the frequency axis for
randomization in order to eliminate the problem wrth transMissibe amplifier efficiency: Since a mobile
station ktoWs the assemble code in aOvance, the correlation detection can be easily achieved by

desctamblingc%rkdrc&irg{a{i ng tt’@ecggg prigrto Correlating g@eﬁ%;:oggq{x éy,%c@rcg@zation ctannel.

Here, the synchronization channel codes 5 0(2),pkL2n, belonging to a scramble code group may be
divided Into CHBES foR DRtk fRdtAe fingahd cods fof Beteetity dohtr6lknfofmation such as the
scramble codecgrewd, S0t exanple, the syichronisation ehanneli for framea timngnis 4sed as a
primary synchronizatjon 10 channel (Primary-SCH), and the synchronization channel.for group
detection is used asq;%égdndgg/esyégrﬂg%ggt%ﬁzc?mgﬁr?éi (§ec%?18§r%—§6’§5?EIelpek,i’lri?ﬁary-SOH IS
used as @ wavefarm,commanctozall)sells. 1SesondarytSCH rasraawavetormr definedofopeactyscramble

15 code grOUBePc!'%m?{_)ﬁ@@"ﬂr?{‘_g §%Q%‘93f¥‘§@@@%€qm%i@9a%@ @ﬂﬂ%@@ﬁ’@' geanence.
in other words, reception timing is detected in Primary-SCE, and a reception frame and information

relating to scraiiblé Bodes arBdete@BEiRSecomtaRFEOH RS afibIé SymbBI fiamgTRET timing) is
reported in Frimdery-3CHuAlas, the framedining ¢cart he repopried incPrimary-SOH by setting the:

insertion intel%/al of?rimary-F?IlCH.as one fralllme.dSirgcse the sy&bqpi timin an the frame, timing can be

detected in Pr:%fnerf-ggﬁ, & frante 25 timi?’]% does not have to be reported In Secon él%/?SCH.

Also:, fdPexafipia) asserdrmblétads group mayebeldéteetediin SecoridanaSOBNIrFadditionl scramble

codes in the @Qggmglgd:@ e groupmaybe furtheg detected. The furtherdetection Cf scramble codes
enables demodulation 5c) to be carried out immediately. For example, some code maybe defined as

e secondary EHANPRE ARd ARFErent cSde THiRins M&S B d5soéiated With tHeFESpective scramble

groups, Primary-SCH is used as a waveform common to all cells.
Secondary-SCH has a waveform defined for each scramble
15 code group. Primary-SCH and Secondary-SCH are combined

with a data symbol sequence.

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

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

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

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

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

types of code patterns may be provided. For 512 types
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For enembity for 54 types of code groups, 64 types of code patterns may bb provided. For 512 types
ofscramblecodas, 512types of code Catterns are provided. In this fashion, correlation with the
synchronization channel is carcrled out. Conventionally, a pilot channel is used to detect a scramble
code from a scramble code 5 group, Also, information reported in the secondary synchronization
channel may include only scramble code group information, According to this configuration, it is
possible to rsduce the workload of reception 10 Operations and improve detection accuracy.

Als5; informagiendpdicative Of a,scrambie code group, maybe reparted throughdhe-paftern.of a
common pilot channel (CPTCH). The reporting of the CPICH pattern allows a physical Channel to

report a scrarmBle“5icodE HFdup° that £Othe SLEdndARy nthrohRatich/dHaRREbeEhes ™
unnecessarychanAlsq, information éntlieattve of@csystent handwidth maybe feportedzn thel

seCOndery s¥nchr r%iéatjton chapn Itlf he t(r:%nsrrgslséon l%acpgw' th Bf tcpe syn h izat'ocpdzo channel
is .25 MHz of 5 M‘n%z, a mobi e stat%on oe% no?ﬁ\ave to(f(nowt ergystem anr V\I}I[gtr%eatt e ceell search
stags.. I® additiohiBince radio resources allocated to the synchronization channel may increase

overhead, it is desiraplede use as fempradioggsauwseasasRossible: 26 Alsocinformatjon indicative of
the bandwidth of s Coadcasting Channel ma% be repotted zr the secondary synchronization cnahnel.

For example, 1HE BAAdTdth B e broAddhsfiny Bahmel Carse dERCEdIT T SaeEn&4ty
synchronizatiom channel fintheaeception sidedaynsingeea differert secordsyytyrz@hirenizatich channel

signals for difiesre tc@%%d&f‘%ﬁn@o(:h?@w é?én@’?{igth@o ﬁk I;gsaod inﬁgqn@gggg@@gﬂve: of the number

of transmission antennas may be reported in the secondar

10 operations and improve detection accuracy.

Also, information indicative of a scramble code
group may be reported through the pattern of a common
pilot channel (CPICH). The reporting c¢f the CPICH
pattern allows a physical channel to report a scramble

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

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

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

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

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

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

synchronization channel. For example, the maximum
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synchronisation channel. For example, the maximum number of the aynchronxation channels and
CPICH may be set to be 2, in this configuration, the number df transmission antennae does not have
to be known at the cell search stage.. 5Also information related to cell structure such as the number
of sectors maybe reported in the secondary synchronization channel. For example, the cell structure
can be detected in the secondary synctfonizatien channel at the reception side by usincl 10 different
secondary synchronization channel signals depending on the number of sectorsinacell. =~ Also,

information relating.to the number ofanfennas in 2 base sfatton may he.repoged in the secondary

synchronization channel. For example, the 15 number of transmission antennas can be detected in
the secondary $yndhroriiZation chafnét At the T8CeptidH idé by using ‘ditfefett 8&6condary
synchronization £hamtiet sigpals sependingsoni the Number ok ransmissien aatennas Alem e
information reclat_iLrg to égergﬁ Iesr]cgéh may be 20 reported in the secondary synchronization channel.
For example, the Fﬁength can be aetécted in the secondary synchronization channel at the
receptiof side by usifg differeht §ecomdary spnchrermZaidn chamtel sighals deperdingarrihe OP

length. 25As asSignal wayefermder Wse in3-SGH .y ferexample.codes having geod.exesseprrelation
characteristics at the same timing May be used. In S-SCh, control information such as cell ID

groups mayb& YEoHedBytAhSmiting GifcrefitcodesC i thid TAEE, Torr&RforFEetween different
codes such astcodes having-goodroroseebreelatieh characteristiesmay be used for easy

(dentificatiem, of different cpniroldpfonnation. in 330LE gorlaze gretanged gnllye ggygpey axis
unlike W-CDMA. Thus, be shift on the frequency axis has to%e

10 different secondary synchronization channel signals
depending on the number of sectors in a cell.

Also, information relating to the number of
antennas in a base station may be reported in the
secondary synchronization channel. For example, the

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

Also, information relating to the CP length may be

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

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

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

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

W-CDMA. Thus, no shift on the freguency axis has to be
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taken into consideration, and any code having good crossoerrelation characteristics at the Same
timing, that is, under-conditions where there is no shift in the frequency direction, can be used. From
this viewpoint, 5 the above-mentioned Walsh cede and CAZAC code are suitable because they are
orthogonal at the same timing. For example, if cede 1 (cl, b2, c3, ¢4, c5, --, on-1, on) having
goddcrosacerrelation characteristics at the same timing and d.orje 2 (di, d2, d3, d4, dB,dn-1, dn) are
10 used as illustrated in FIG. 103, information A and B can be reported via the codes 1 and 2,

respectively. InFIG, 103 the hgrizratakaxis represents freguency, g Als.farexample, some code

having good autocarrelstion and/or crosscorrelataoh 15 characteristics slso including timing shift may
be used as tHeFSIQESPWATeFSrntif TS-SER L fF Etdmpié Ifferdit timtfysTAEPbe §Brdtated through
shifting on the freguency axisie r. dbseme cedeshavirg-goadh autecarselatios mndfor crossreorrelation
characteristic&aéso igcluding %i]r:nén Sf(\jlfrg is gséed gleaddsitiogn to tg% crosggorgelgtioenwchoalr%qéeristics,
informationde rep%lrjteélj Bytimlng shift such as the code |§ha’se in addition to codes. AS & tedult, a
larger arfount bEconbrerifformationccambeZbLednsAmER]. Fordexahple tirctdansatitted amcant of

information cgn s ingreased-corresponding, tq thenumber ef.codesX thenumber of phasg shifts). As
the codes having such Characteristics, for examEIe. Gold code and orthogonal Gold Cede are

applicable. FEP&x&HHIBAL30 céde T{EECA-1{ ©h) havinggdodTharscteristios &Barme tfing and se
shift 1) (c2, c8.ac4] ch,cne2,on-1 presult efrphaa t 1 coda h sinsshifted by aqredefined anaount

suchamount of,phase shiftequalio b 49 45, 43, @4, 48, -, dn-1, da) are
10 used as illustrated in FIG. 10B, information A and B can
be reported via the cecdes 1 and 2, respectively. 1In FIG.
10B, the horizontal axis represents freguency.
Also, for example, some code having good
autocorrelation and/or crosscorrelation
15 characteristics also including timing shift may be used
as the signal waveform in S-SCH. For example, different
timings may be generated through shifting on the
frequency axis.
If some code having good autocorrelation and/or
20 cross correlation characteristics also including timing
shift is used in addition to the crosscorrelation
characteristics, information can be reported by timing
shift such as the code phase in addition to codes. As
a result, a larger amount of control information can be
25 transmitted. For example, the transmitted amount of
information can be increased corresponding to (the number
of codes X the number of phase shifts). As the codes
having such characteristics, for example, Gold code and
orthogonal Gold code are applicable. For example, if
30 code: L {c¢l.x €25 €35 i, ©a; ‘v Bo—ly €nN) having good
crosscorrelation characteristics at the same timing and
code 1 (phase shift 1) (c2, c¢c3, c4, c5, c6, ', cn-2, cn-1)
resulting fromcode 1 being shifted by a predefined amount

of phase, such as the amount of phase shift equal to 1,
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are used as illustrated in FIG. 10C, information A and C can be reported by cede 1 and code 1
(phase shift 1) respectively. , In FIG. 10C, the horizontal axis represents freduency, 5Primary-5CH
and Secondary-SCE are multiplexed and transmitted. For example, as illustrated in FIG. 7,
Primary-SCP may be allocated to some subrarriers of 1 GFDN symbol, and Secondary-SCH may be
allocated to the remaining sdbcarriers, in this case, as illustrated in 10FIG, 11A,
Ptimary-SCH(P(k))(k=1, 3, -', 2n-1) and SecondaryrSCH(G(k)Hke?, 4, -', 2n) may be allocated to

some subcargiete ofl-QFE 44 symbal+ r 5 Allgrnafively,Primayy-SQH and geeandarnySChMay be
allocated to different slots and transmitted. Also, 15 as illustrated in FIG,. 8, Primary-E:CH and

Secondary-5€H iyt dis&eel AIdtatdt Fusing A I€38EL portidhTtt SfocHted frequertcy
(orthogonal multiplex type &DM). Aceording fo thisCallocstinnha frequency tivessity effect can be
obtained. rAelé é%rg’rﬁq:rg-th-é Qlde§%gp_ndary-SCfl may be allocated in such a manner that they
ars superimposed on at least a portion of‘a data channel and time division multiplexed
(non-ortRogonal multidiée'spe THM). Arthiscase Pimary SCHahe Setbidday-SCHar 2

set:atilt:posed pa:a4 least-a partion of ar OHBM symbod and timeWivisien multiptexed. The resulting
Primary-SOH and Se:c:ohdaty-ECH. are tr@Smitted. Also Primary-SIGH and Seconaary-SCH may
be allocated Fsdfé & Ynanner AAFthEY afe sUpEAmpEsed s aie. 7 VRS drF atiéast & portion cf a

data channelcArioMrequenoy. divesron rMeltiplexedr(nef-0rhogonab multiplexdyie=¥DNY. Adterding to
this ak')'oca“OQ*JFE?QESQ‘}Q’gdg%réiéya‘ﬂelC& ¢an be.qbtained. AlgaPrimary;$dfl,and - gecopdary-SCH
may %O FIG. 11A, Primary-SCH(P(k)) (k=1, 3, ", 2n-1) and
Secondary-SCH (S (k)) (k=2, 4, "+, 2n) may be allccated to
some subcarriers of 1 OFDM symbol.
Alternatively, Primary-SCH and Secondary-SCH may
be allocated to different slots and transmitted. Also,

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

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

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

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

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

Also, Primary-SCH and Secondary-SCH may be

33



allocated in such a manner that they are code division multiplexed with at least a portion of a data
channel (non-orthogonal multiplex type CDM), If the synchronization channel is divided and 5
transmitted into Primary-SON and Secondary-SOH, the receiver 20 detects ftame timing in
Primary-SCH and uses Secondary-SCH tO deteet a scramble Code channel Cased on the detected
frame timing. In this configuration, only One type of 10 synchronization channel waveform has to be
computed at time point of the frame timing detection, that is correlation between Primary-SCH and

the received gignalonbchasitg hecomputedherein. inadditioncafter the frame timing i8 detected, the
synchronization channel 15 waveformonly has tobe gomputed at the frame timing based on

Secondary-SBH- P thE ¥ECEiVET SignaFhergin S As a r&it-a €8mpdtafioraf ahoGit R e receiver
20 can be reduced-comparegida #le configurafi@xkwhere diffebent types of synchronization channel

waveforms of all pages Zg}qgeg% '{113 ggrmsggg@ggtocg};gmg@eggf code groups.. | Alat, when

information indicative of scramblé code groups is r-sportezi In 8 -SCH, different types of waveforms

are defired cbireddetlingae tHeriuber bl grotips inadvaAces AR THE3E Kypes bf waleforms may
be used for 2p4epartirg: Adpcirghidgte this.configyration dt isipassibleste yeduce the werklead of
reception operations and imQrove the detection accura%/ fog; small number of grr?’| s, Alsq, when

information INATCSTUE 8F sbramble £0d& §OTFCUPS i€ Fepdfted in S-STH, HEiRfon l; oh may be
reported in therfornin ef comtreldditsdesuttargefromd mpplicatir:nof channel encoding. In this

configuration, particulatly.ifthat ate a ﬂrg% ggr{@grnolf )¢ or i go@{;ﬂ Infarmation other than

information indicative of scramble codesis reported in S-SCH, it is possible to reduce the wor'oload
of recepfion pER&DRS Ak tiprove fHesdetéctioti BEEHrady” IR addition, e CRE abitable, it is
possible to imprave the 1eliability 5 efthe detgetian mi rAis@ @asdliustrated in kG 142, P-SCH and
S-SCH may be multigle%(ed on the same OFDM S}/m?%’lé%FD{"& InHFIG. 11B,.the vyertica), afd
horizontal a:sce%TTéﬁregerﬁ?r%q%%ﬁ(‘:”yeaen% ime. resgective y.a n this cro%ﬁﬁulrgt?on,sc:b% Ared to
IDYHmultiplexingy has to be computed herein. 1In addition, after the

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

if control information other than information indicative
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if the number of symbols allocated to BCH is the same, both F-SCH and S-ACH can be allocated to e
large number of OFDMsymbols, for example, in a temporally distributed manner. As a result, a
greater time diversity effect can 15 he obtained. Also,. since G-ACH and P-SCH are located in the
same SFDM symbol, the synchronization detection can be facilitated at the A-SCH detection by using
P-SCH as referenceSince channel -estimation can be carried out 90 at the same time as 5-SCH
reception timing, effective Synchronization can be detected. There are two FDM schemes of

P-BiBli and SsBCElassfallows. {HAssa fegular arangement evercatherigne: 2o subearrier,P-SCH
and S-SCE are arranged alternately. In this arrangement, greater frequency diversity effect can be

obtained, At thE HifchroniZatisi® d&etih ot S-SEHERSERR ar@ SMAYe 8fEngEeft both sides
evenly on the_Lfngqmmey B@eaﬁ&fto_e anyl AsSyCHesudrearrierd THhusg dlianir_lehestmiati@é Carde
cariedcoatwitihigh aceyagybyusing B¢l gs glerencs. o EBOL naittelorengeoceuts
between. P-SCAl7ancl (2) P-SCH and G-SCE are irrequiarly alternated on the frequency axis. In this
case, thi? arrafigeéméntfedefined BY the system. According to (1), if P-StH is arranged every other

she subcarrier on thexfrequengy; axis; & brortire gepetition waveform appears i ife time range. 5 As
a result, severgdlg aks a the timin d%egtion, which mrﬁy cause degraded detection
r , P- fla y

ear n
accuracy. In Bfiér fodetcome this*5rbig CcRISfred SMARGed o the fféquendy axds,
For example FR-GCH.dml S{SCH arerarrangéd mreitheo1( enerofeZl (DFEH symbals 94 OFDM

symbols within a EI% méganéqj §ugqﬁggngce&%g gan lead }t,o a time diversity effe-t.

10 In this configuration, compared to TDMmultiplexing,
if the number of symbols allocated to SCH is the same,
both P-SCH and S-SCH can be allocated to a large number
of OFDM symbols, for example, in a temporally distributed
manner. As a result, a greater time diversity effect can

15 be obtained.

Also, since S-5CH and P-SCH are located in the same
OFDM symbol, the synchronization detection can be
facilitated at the S-SCH detection by using P-SCH as
reference. Since channel estimation can be carried out

20 at the same time as S5-SCH reception timing, effective
synchronization can be detected.

There are two FDM schemes of P-SCH and S-SCH as
follows.
(1) As a regular arrangement every other one

25 subcarrier, P-SCH and S-SCH are arranged alternately.
In this arrangement, greater frequency diversity effect
can be obtained.

At the synchronization detection of S-SCH, P-SCHs
are always arranged at both sides evenly on the frequency

30 axlis for any 5-SCH subcarriers. Thus, channel
estimation can be carried out with high accuracy by using
P-SCH as reference. For FDM, no interference occurs
between P-SCH and S-SCH.

(2) P-SCH and S-SCH are irregularly alternated on
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In the case of P-SCH and S-dCH being arranged in 2 OFDM symbols or 4 OFDM symbols,
Supposing that the 15 overhead of SOH in W-CDmA is the transmission power rate Of 1096, for
example., the SOH overhead can be limited below about 1%, For example, if SCH of 1.25 MHz is
transmitted in the ".-:it-eit having bandwidth greater than 5 MHz, the SCH overhead can be reduced.
20Also, since SCEs can be arranged in a temporally burst manner, faster cell search can be fulfilled
at smaller SQH overhead than W-CDMA. transmission and reception operations of a

primary synchrogizatignuehannel will be deseribednwith 23 referenee t012+ » 2 nTharltansmitier 12
may transmit a primary Sﬁ]é:hronisation charhal in discrete suboarriers, For example, the primary

synchronizatioR tharmttl May bB Frangmite® eveR &tR&rstBBarfilr. Kor exatrple, Te-PriMAry
eynchro_nizatien zclaa_rqmﬁ may:he/transmittechia thebtet,a’ir_d,iEélramd fﬂnslﬂaf@mﬁsrf_mynacdeﬂain
shbCarrier in.a P ka palters gapmon 49, a) ol 11 g pase, e fanspited pomar o o
synchronization channel is common to all subframes. As aresult, a temporal signal becomes a
repetitior sighdl Gotréspontling BVthé fehdih dFk thé EafidFirénralali-afendofds: atémpdrally

similar patterg jsirepeated twice in-an; etiective datddieationofimilady,itthe 5 1n order
primarybynchronazation channel is transmitted every two subcarriors, a:_ temporally similar pattern is

repeated three i< h A Etfectve dBEdUratdN. In Sthier wWords: Whak i primary syR&tonization

channel is tramsmitted td haveiamintervat between subcarriers, the 10 same signal is repeated and

transmitted.  Accerding tothis configuration,.a, mobile statiop{receiver) can ulfilLfrequepcy
synchronization by comparing the repeatedly transmitted primary synchronization channel and
computify arPa@rfiorit of pR&se!1 5 itaion Hufifig théFetiods YRP PR retéivBidetécts 0 ms

crossoorrelatiopgbveersigegived signals Methe timerange dn this caseiiihis aglvartageouss that the
synchronizatigr% gg%r}:n-el be arranged to have an interval more than or equal to one

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

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

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

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

25 reference to FIG. 12.

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

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

channel is common to all subframes. As a result, a
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20 carrier. In this case , the amount Of:frequencydrift can be found from the amount of phase rotation
of a correlation value. In addition, correlation between the received signal and the primary
synchronization channel in the 25 time range is detected. In this case, the amount of frequency drift
can be found based on the amount of phase rotation of partial correlation within an OFDM symbol.
Exempjmry transmission and reception operations of a secondary synchronization channel will he
described SO with reference to FT GS. 13A and 132. If multiple secondary synchronization

channels are;atranged i asframe differentsecondanL synchronizgtin; chagnels maybe arranged. In
other words, different code Patterns are used for different synchronization channels _in a frame. For

example, diff6feht MOBGATOTFattétns Afe LEEE 88p8riding Drf BEtbh of SAfaftié code gfbups and
subframes. othdAn exemplgry seceptigroeperationsuinded this gase Havithbe described.t edAs

detection schg&nieéeof secondary §¥r<1:cchiqpézzg§g ach&ggglg there arg {rlgglignci/i;anqefoggr tion and
time range operation. In the frequency ranae operation, as fllustfate inin ICE. 3A,"symbol timing is
found inhe PrMay SYynehrafizatohoAdned ard &us the liatier Subjectée® FFE bgeration is

found. Thus, thefregueneyange oparaiyris; cafried aut after the HFd operation clf theabgolute
phase is used, correlation between recei\fsg 15 si%nals and the secondary synchronization channel is

detected. In this'caSe, soffe’chiafactetisfics sy b dedradéd Gue t'phale rothlior? CalikEd by
fading. if the absofite phasentotadfacemtiprenayy synchronizatior thanneks:.arsed 1thé phase rotation

caused by fadipg jn 20 pllawed:, i olher words. he pumary synshvonigafion.chiaguel s cgsidered

to be a pilot, and the phase of the secondary synchronization channel is restored. After that, the
correlattfn vaiG&R coipltet. Tiie B Parigeperatioh Isconduéted Before FFT

According to this configuration, a mobile station
(receiver) can fulfill frequency synchronization by
comparing the repeatedly transmitted primary
synchronization channel and computing an amount of phase

15 rotation during the period.

The receiver detects crosscorrelation between
received signals in the time range. 1In this case, it is
advantageous that the synchronization channel be
arranged to have an interval more than or equal to one

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

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

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

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

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

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

patterns are used for different synchronization channels
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25 to detect correlation between a received signal and the secondary synchronization channel. It:this
case, if the secondary sYnchrehrzation channel is spaced by more than or equal, be two carriers,
oroescereiation may arise between received signals. 30Also, the primary synchronization channel
and the secondary Senchronizatibn channel are arranged at the dame symbol as illustrated in FIG.
13B. According to this arrangements it is possible to reduce influence of fading in the cas,e, of
channel estimation in the primary synchronization channel. For example, in the case where the

primary synchgpnization.channel and.thg secondagy synchonizatign channelarearanged at

different symbol lecatichs, particularly, fading Variation may have 5 ‘greater impact during fast
movement_ Edriexaffpte, 45 ithary SyAchroRizatiohThafhel 12325 13, AR aF theR&condary
synchronizatipnhanonetS'kme s . .11c¢,N/2 (k: is a ectamble code group index and N is a 3runbarrier

number) are arrangegnat differenig mbal 10 Ioc{ati%ns. The Priljcngglnsynclargniz% ion_channel is

common to all cells, and %%es%gqn a¥y gyen%ﬁ%n%zaﬁonog§saannel includes a code control bit
(scrambfe codé)lihdieativésot astkmtble code. Also, P-SCE and S-SCH may not be multiplexed with

15 the same :s5FDMhsyrahal fhatiis, P-SCHands S:3CHdnay.Rot pe altemnately, ananged as
illustrated in FIG. 133, Father, P-SCH and S-SCH may be consecutively arranged as illustrated in

FIG, 130. Alo? 88 Thadtfated iHFiB. 136, PIRGY SR 8-SCH Fray BemhailtipeRed With the"Same 20
OFDM in aceosdante witle €M, dhat is, P-SCH and S-SCH may be superimposed on each other.

If P-SCH and S-SGH.are.code multiple n m ymbol as illustrated in FIG, 13E,
P-SCH is consecuti\l;g y atr(;rgﬁge%u é?&%ﬁ?e%yg%%é%xjs% g)ér:n%%g(?r% togt%e lcgé[él gfq rglﬁlﬁggxing in
ccc. orddnceMAthERM. AS & resulithere radyrarise noSpréblemcof Hegraded Brnigadetection

anobracy caused by askanging P-8CHheavery: othersybeartiers he Alees Sincg hegwmber af
subcarriers for S-SCH, that la, the Sees length on the frequencg axis can be increased, a larger

amount of conftolfifforMatfohsueh Bs a Tell B Y Poup catFe transmittdf FUency range

operation is carried out after the FFT operation. If the
absolute phase is used, correlation between received

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

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

The time range operation is conducted before FFT

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

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

fading in the case of channel estimation in the primary
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At synchronization detection of S-SCH, P-SCH is Multipleeed On the same seboarriere as S-SCH on
the frequency A.:(Sia, and thus channel estimation using P-SCH as reference can be fulfil led,
Forexample, P-OCH and S-SCH may be arranged at one of 2 OFDMsymbela and 4 OFDM symbols
within a 10 ms frame. 5In this arrangement of P-SCH and S-SCH within a 10 ms frame, a time
diversity effect can be obtained. In the case. of 2-SCE and S-5).CH being arranged at 2 or 4
DFDM symbols, supposing that the overhead of SOH in W-CDMA ia the tradamiesion poWar rata of

10%, for 10 exgmpler the:SGA ovaihead gar be limited helaw,ghaut 1%, Faeexample, #e3CH of 1.25

MHz is transmitted in the system having bandwidth greater than 5 MHz, the SOH overhead can be

reduced. Sindg*S§CRTHR BE ArraXG&d ih A Aporafly bﬁl%?ﬁaﬁrjrer,af%gt Jell Se&RARAABE 15
achieved at leasr3:€ flcoverhead drar MA&CDMAaAlsaillustiated th G 15E H85€H anchiSeSCH may

be m“'t‘p'exeﬁ'&‘éQW;%%‘I‘EOFBM%VP&QH%‘P%??O%%%V&%EQ%'E‘Elro%a%’#ﬁd P33&H and S-SCH

may he multiplexed at 20_d'ifferent OFOM symbols in accordance with TOM as illustrated in FT-C,
15G. In this cOAfiqurationt PESCH isieohsadutivaly arfanged 6@ the fréquenty axi® ¢6mpared to the

came nf multiplexing.in, acgardance with -RIN oAs axesultetherg may,arise,no problgm, of degraded
timing 95 deteglon accuracy caused I%%arran,gmgBF?-SCH everﬁ\’/ oé er,subcarrigr. Alan) since the
number of subCATriRFfBr STECH TAR bd Tidtédeet Rkt 182 e code fengtttort the freduéncy axis

can be increased, a larger amountsofacontrela3tbinrmation suchas aicelldR gioup canike a
transmitted. subcarrier number) are arranged at different symbol
10 locations. The primary synchronization channel 1is
common to all cells, and the secondary synchronization
channel includes a code control bit (scramble code)
indicative of a scramble code.
Also, P-SCH and S-SCH may not be multiplexed with
15 the same OFDM symbol, that is, P-SCH and S-SCH may not
be alternately arranged as illustrated in FIG. 13B.
Rather, P-SCH and S-SCH may be consecutively arranged
as illustrated in FIG. 13C. Also, as illustrated in FIG.
13D, P-SCH and S-SCH may be multiplexed with the same
20 OFDM in accordance with CDM, that i1is, P-SCH and S-SCH
may be superimposed on each other.
If P-SCH and S-SCH are code multiplexed on the same
OFDM symbol as illustrated in FIG. 13E, P-SCH 1is
consecutively arranged on the frequency axis compared
25 to the case of multiplexing in accordance with FDM. As
a result, there may arise no problem of degraded timing
detection accuracy caused by arranging P-SCH every other
subcarrier.
Also, since the number of subcarriers for S-SCH,
30 that is, the code length on the frequency axis can be
increased, a larger amount of control information such
as a cell ID group can be transmitted.
At synchronization detection of S-SCH, P-SCH is

multiplexed on the same subcarriers as S-SCH on the



There are two types of arrangement of P-SCH and E-(Z:CH as id lows (1) As illustrated it FIG.
13G., F-SCH and S-SCH are spaced by a predefined number of frames.. According to this
arrangement,example,-SOH and S-SCH are spaced by 5its, the resulting 5ms units an be configured
to have the Same structure. (2) As illustrated in FIG. 13H, P-SCH and S-SOH are 5 arranged closely
to each other on the temporal axis_ According to this arrangement, the synchronization detection
usingreferenda can he carried out at detection of G-$CH. SpvsdiicaP-SCH and S-S H may be

arrangeQ_ at el REZ o QQ_F,DMQ%’ %@L%WEH@&@N@J ey n: this argangenent 8f;P-SOHd
S-SON within a 10 ms frame, a time diversity effect can be obtained. se of P-SON and

S-SCH beingfatrange® 462 6f4 BEBDM §ynibols Stpidsing that the overhead of SOH 15 in
W-CDMA is the transmissior pawerrate of 1096 foi example rihey SQNoverdege.Cantbe fimited

below about 1%. le,,if SCH, of 1. I smitted in.the s hawv nahoti..th
greater than gﬁll%:zg tEﬁ%(ﬂ Sngﬁ{ o%/%r%a%gc%ngb%é re ué;é-ﬁ_ %2%0% a$d :%%r?gsmycsé%éngﬁ \ggr%t?é%érranged
in a. temporally burstl fhanhéE fast eel searen Ear beRulfilfedl anessSsONoveiidadthan Y-CDNA.

ms frame, a time diversity effect can be obtained.

In the case of P-SCH and S-SCH being arranged at
2 or 4 OFDM symbols, supposing that the overhead of SCH
in W-CDMA is the transmission power rate of 10%, for

10 example, the SCH overhead can be limited below about 1%.
For example, 1f SCH of 1.25 MHz is transmitted in the
system having bandwidth greater than 5 MHz, the SCH
overhead can be reduced. Since SCH can be arranged in
a temporally burst manner, fast cell search can be

15 achieved at less SCH overhead than W-CDMA.

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

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

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

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

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

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

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

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

spaced by a predefined number of frames. According to
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An exemplsry operation of the CP addition unit 1:L4 in the transmitter 10 according to this
embodiment will 25 be described in eetefl below. The OP addition unit 114 inserts. a OP
selected by CP selection unit 117 into amulti carrier- signal at each Fourier tardet time. Thr= CP
(C.fefix) is provided for absorbing SO influence on signal processing even if signals arrive via delay
waves at different timings. In fact., systems -measure inulti and determine the OP based on the
measurements. In's case. since delay Of a signal from a single base station can be found, the OP is
determined hased on the deJay. dowever in the gage of mulroast wheresgditiersntssignads-fsom
multiple base statlonab%re (:omblnecc&H teransml lon delgy ma)égggaused etheotrafnsmlssmcp of

signals from rsrraﬁiﬁf% &se 3tatiohs besiéeesssupreal&llr?g ofn}gceptlonstir%%ré e 04 sfhcrzpﬁléT ?ﬁultipath.

In othgr wqrd_spthé@iiﬁ%ré_me betweentransmission delays is added, an_d thus the spreading of
reception timing may he, increaserd comparted tothecase of the geception gi1Q agignal from a

single base station. Thus, the amount of delay in the multicast may differ from common
communicatiGisrGRASE UnitasE LY FRus atlordihg tF thRFermbidirhERPSK2ral HES of radio
frames,examplectvodtypes afsadia frames 45 ate prorided.tSpecHigallyh sexetal dypesof CPs having
different OP Ign%tgsc,tfgr exam IentwoPty% f aCPsI_,aer% grovrildgd. QQ% type og; g)PrF}aé/%‘ngoa relatively
larger OP Iengﬁ1 is Used in ma tllca%t, and the Gther type ornn %avmg a reﬁaﬂvefy smaller Bf-" length
is used in unie&st20tr theliicest, ifrGPhaving a relatively larger OP length is used, transmission

efficiency.may declingpﬂwff@salqmgﬂ OP-ig @ﬁ?% i@d“@'ﬂ@ﬁ,sﬁ ma%sﬂ@séfﬁﬁgni@é:dea 44, the
CF selection unit 117 maé associatethmsynchronization channel code number 25 with the OP length

for storde. The O Zel8ction uAft 117 Q&R s IHE®PIEndIH baded dh thd aBSociatidh e -

In this arrangement of P-SCH and S-SCH within a 10
ms frame, a time diversity effect can be obtained.

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

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

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

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

25 Dbe described in detail below.

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

The CP (Cyclic Prefix) is provided for absorbing

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

a single base station can be found, the CP is determined
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Also, as illustrated in FIG_ 15, the OP selection unit 117 may aSsOgiate the synchronization channel
code number with the scramble code group number and the OP ao length and store the association.
FIG, 15 illustrates two types of the OP length. Also the CT selection unit 117 may associate the
synchronization channel number with the scramble code orohp number for storage as illustrated in
FIG. 16, for examp2e. In this embodiment, two types of CPs having different OP lengths will be
described. As mentioned above, the longer CP is used in the 5 case of multieast where similar
signals are trgasnaiffed, fromyaultiple pass stations. According to this configuration, it ie passible to
absorb transmission delay from the base stations. The shorter OP is used in communications,

such as 10 unicast, JIRSFENAnTm.difcasEe Carie 6P duiditibn GAR t14 R8dSn EF &t by the
CP selection s ugih 41 &tofarmltimartied sigral isapplied fromi &R . Bareexample] as diystrated in

FIGS. 17A and 173 e QP iti nit. 114 adds in su nner that a synchronization
channel can %é: g&?e[%j tggtﬁe(8 eg%d (!%rgegngp ér)élﬁgm%e% Llflgggl?BA? illggt%a?(ea% %Ir} %%r%%léxo a?) s%orter
CP, thatds, tHelcase Whefera Frame ifciities aoreRatively RiFgeeRiim e ©f OFD M SYIfIsels. TOh the

other 20 hand, I 443 Hlustratesanexample b adopgerCh thahis,ithe ease where a frame
Includes a relatively small nura\t;e of OIDM symbols. In the case of different CP lengths peing used
e

in the same SYRERT 1f the intetval befedR SuBEAHES Ts kept CoRstant *& flafi& t8did 25 nclude a
different numbedefd)FBM dymbals, aridethug thegudsitign ofthe syrghrtamzation charneh egfative to

frame boundary may fluctiate Singe dhe. CR is addadin sych.amannar tha the_synehronization

channel can be arranged at the head 04 end of the frame according to this 30 embodiment, the
positiort Bf thé frakebobindaryTeltive RIAE pbSiich RS SPrichroization chBfneBaH Bé timed

indepondentis of the QR lenhth: Ad amesulti thedrameoundaryframe diMing)can pe easily fulfilled

in the receiver 20. , , )
communications such as unicast.

Thus, according to this embodiment, several types
of radio frames, for example, two types of radio frames
15 are provided. Specifically, several types of CPs having
different CP lengths, for example, two types of CPs are
provided. One type of CP having a relatively larger CP
length is used in multicast, and the other type of CP
having a relatively smaller CP length is used in unicast.
200 In the unicast, if a CP having a relatively larger CP
length is used, transmission efficiency may decline.
Thus, the longer CP is used in multicast.
As illustrated in FIG. 14, the CP selection unit
117 may associate the synchronization channel code number
25 with the CP length for storage. The CP selection unit
117 selects the CP length based on the association.
Also, as i1llustrated in FIG. 15, the CP selection
unit 117 may associate the synchronization channel code
number with the scramble code group number and the CP
30 length and store the association. FIG. 15 illustrates
two types of the CP length.
Also, the CP selection unit 117 may associate the
synchronization channel number with the scramble code

group number for storage as illustrated in FIG. 16, for
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An exemplary- receiver 20 according to this embodiment will be described with reference FIG. I8A.
The receiver 2-0 according to this embodiment includes a scramble code reception riming detection
5circuit 200. The scramble code reception timing detection Circuit 200 receives a multicarriat
signal from an antenna and detects scramble code reception timing and FFT timing, 10Specific:Sally,
the scramble cede reception timing detection circuit 200 supplies the received multicarrier signal to a
octredater 201. On the other hand, a synchronilation signal replica generator 202 generates a
predefined s Q}'&gizgt_ion signal replica and supplies 15 it to the gnrreletor 201 sequentially. The
correlator 201 detect s correlation between the received maqltitartiet signal and the synchronization
signal replica, and ti't}, efetted Cerdion Galbe irdicatife Bfeach eak andaie associated timing

are stored in @i20faemary 2038. A dinvghdetection ciseuiti204d-selactsithe maximum, correlation value
and the associated tigwin from correlgtiorhvalues acngl thei associatecdptimings stored,in N
thememos-y.201, an 3to ‘eesntFlér%%g Scramble code rgcep?igﬁﬁrrning inéi%e%ﬁt?/ 0.'The |rr"1:'|ng
detentiof circuit204c25 further conspgutes T timing based b thelscramble codeseéaption timing

and stores it in,the memory 2,05. The.EF T timing s, supplied ftomihemetmgry, 205 to a OP removal

circuit, and the scramble code reception timing is supplied to a scramble code identification circuit
and 30 a denPdiifatiBH ERCmOn r  Eér exanmiphs ﬁjag véfermt RiRRERER STt TiveRting and
repeating a fundamentat wavefben badrg gecdduianesrelatiso characteristics is used as the P-SOH
signal waveform, the ygceiyer 20,1 copfigured 83 .4 in communications, such as
10 unicast, other than multicast.
The CP addition unit 114 adds a CP selected by the
CP selection unit 117 to a multicarrier signal supplied
from IFFT.
For example, as illustrated in FIGS. 17A and 17B,
15 the CP addition unit 114 adds a CP in such a manner that
a synchronization channel can be added to the head or
end of a frame. FIG. 17A illustrates an example of a
shorter CP, that is, the case where a frame includes a
relatively large number of OFDM symbols. On the other
20 hand, FIG. 17B illustrates an example of a longer CP,
that is, the case where a frame includes a relatively
small number of OFDM symbols. 1In the case of different
CP lengths being used in the same system, if the interval
between subcarriers is kept constant, a frame could
25 include a different number of OFDM symbols, and thus the
position of the synchronization channel relative to frame
boundary may fluctuate. Since the CP is added in such
a manner that the synchronization channel can be arranged
at the head or end of the frame according to this
30 embodiment, the position of the frame boundary relative
to the position of the synchronization channel can be
fixed independently of the CP length. As a result, the
frame boundary (frame timing) can be easily fulfilled

in the receiver 20.
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illustrated in FIG, 183. In other words; the correlatoa 201 of the receiver 20 described with
reference to FIG, 18A is configured to have a cchrelatcr 201-1 for the fundamental waveform, 5 a
code inverter 201-2 where an output signal of the Cerrelatn 201-1 is supplied, and a cbrretator 201-3
for an upper layer code where an output signal of the code .1Lhverter 201-2 is Supplied_ The
correlhater 201-1 detects correlation between TO a multicenter signal and the fundamental
waveform. In this embodiment, the code length is set to be L/N. The Code inverter 201-2 inverts an

output of the correlatgglzcglﬁ,]s.m@facpge@geé 201-3. detects correlation between,an output Of the

code inverter 201-2 and an upper layer 15 code, and supplies a 3-GCH correlation value to the
memory 203 SRiE emBBdinent thePCodederight RERt Whibe™N AR IFIS® thd<e-settfys,
alongcorrelationvaluerfos thesnogle<engtiz b carbe omittegl. t o tAr exempary opetation of the
correlator 201l I\gvci:ll 2e dt()ae deasc‘rsité(;_ﬂd‘_ﬂvmvikt3 reef%rg ce tgchI(.e}S. %966‘ 19%&1111919 angezcoéc ‘ i'(l)’he correlstor
207 detects corre&a‘ﬁon Betwedn a synthronizetton chann%FrepHca“havmggthe minimam CP length
and a repeivedisigral.tn 1€ manner, frame 25 timing can be detected through a single type of

search snneme,  foLexampleasdllustrated jn EIG, 194nthe corralsstar201 sstabljshes a
synchronization channel capfica including effective symbols Sa, 32, 33 and 84 30 with 34 serving as

Cr: as the syfAchréniZaltion SRarffef Gdethin tiie Teteivah 2B%drioltRthi CotrefioR. Fdt example,
SCHhavingaShlakeirCP engthds tised: 4n etheewbrds, thed4 partieip tsicopietiusi GB. Ehel
Synchronizatj TC apntje_lnreplica includes the CF having the minimum CF length, In this
embodiment, if a signéﬂ mc?u'ding a. CF having a relatively small CF length is transmitted from the
transmit@r 10, the coftefatigih peakl may be deteemunitlire 32 portivA (RISt 19B) tdmiedother

hand, if a sigaal including,a Ch-having agslativglylarge GH length is;transmitied frem,the fransmitter
10, the corre O Ak S Al gL e G PO R N her hand, a
synchronization signal replica generator 202 generates
a predefined synchronization signal replica and supplies
15 it to the correlator 201 sequentially. The correlator
201 detects correlation between the received
multicarrier signal and the synchronization signal
replica, and the detected correlation value indicative
of each peak and the associated timing are stored in a
20 memory 203. A timing detection circuit 204 selects the
maximum correlation value and the associated timing from
correlation values and the associated timings stored in
the memory 203, and stores themas scramble code reception
timing in a memory 205. The timing detection circuit 204
25 further computes FFT timing based on the scramble code
reception timing and stores it in the memory 205. The
FFT timing is supplied from the memory 205 to a CP removal
circuit, and the scramble code reception timing is
supplied to a scramble code identification circuit and
30 a demodulation circuit.
For example, if a waveform generated by code
inverting and repeating a fundamental waveform having
good autocorrelation characteristics is used as the P-SCH

signal waveform, the receiver 20 is configured as
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In either the case of the signal including the 10 snorter CP being transmitted from the transmitter 10
or the Case ;al' the signal including the longer OP being transmitted from the tzansmitter 10, the
correlation peak i8 detected at the $A portion. Since the signal length of the sytherSnization channel
replica is known, the end 15 of an OFDM symbol Can be found, and thus detection timing of the
correlation can be also found. Also if the synchronization channel is arranged at. the end bf a
frame, the frame boundary can be easily he 20Alternatively, in multiple abbframes resulting from
division of a singlg frame; the synchranizatiog ghannel may be arranged at the end of a subframb,
that is, at the last OFDM s¥d%bol of the arbframe as illustrated in FIG. 2.0. An DFDM. symbol and a

guard interval. are 25 Provided withir & Srbffdhte SR GLidfcPinterdal (Byclicbiefd ‘ﬁ%ﬁﬂg?cﬂfferent
lengths suchas twe diffetent lengthstis defined.cthedength ray beldifferent fardhe tespeetive.

subfraMes. For e%<amgle thg Ieng&h chthegiﬁrd mEeC;va rggypgn gﬁngln@gp%p r%?r ona SO

transmission Scheme such as Unicaat of multicast. I this case, b,dd types of arbframeé can
exist in tBrmsfoftRe Aurhbéreof 57HbaelS. IFof eXample, Grik is atRuWimastBrstranteCarid the other is a

unicast subframe -8 10thes WOrds - the; numberaf symbols within-the respactive sybframeg may be
variable. The effective symbol length and the short uard interval are common, The primary

synchronizatfdR chBRi is-ar¥anged At fhe"eha st aSubframd and SSHPRation betWierFs gymbol 5 of
the primary synchghtiizatio Charihel bavinga émaﬂier OP length and a received signal is computed in

a mobile station. At tliuﬁ %m&b@ ac€§g[of2%1pfr§n1§§ {%ré%r %g Jength %qisr%gll& OP length,

the correlation peak is observed at a timing preceding the en e 10 sub rame by the length of the
primary!8ynchrahizatio s Chanrer haying tHe §®§II§P@Efléﬁ@khmﬁ%¥lfe¥ Wards fmeTotal leRgth

ofthe:effective data 2ol lengtinplus the relatively smal OR lengiis pipifgen fona, subframe
including the shorter, OP and for %j bjgme including 15 the longer C d thus, a terminal can

detect carrierfretftehBy &fd Syn tioh Yifting witRo Xt toR&itera oﬁ F 117 OP Iyttt Thud,

since transmisSion liming {positiony ef. the Syrchionizdtionectianned is wathanged, aauetslestation

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

15 code, and supplies a P-SCH correlationvalue to the memory
203. In this embodiment, the code length is set to be
N. According to these settings, a long correlation value
for the code length L can be omitted.

An exemplary operation of the correlator 201 will

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

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

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

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

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

synchronization channel replica includes the CP having
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20 correlation values even without the OP length information, search fortheSynchronization channel
and identify frame timing without consideration of the OP length for use in the sdbfrsme, that is,
independently of the OP length. Also, averaging of correlation values between frames can he fulfilled
without consideration of the OP length. Also, the transmission timing (position) of the synchronization
ohannel remains unchanged in averaging over multiple subtrames, which may facilitate the
averaging. 30Alternately, if the synchronization channel is net arranged at the end of a subframo, the

correlation may, he detected by epvisaging iming corresponding to the larger CP length and timing
corresponding to the smaller OP :length.” Also, if the synchronization channel is not arranged at the

end of a subframe, thePOP TengtFMARY Be Fepdited For 2x&mpiedthe EF- teath hayPbe <pecified for
each frame imadvange alnfarmetion eelatedrie the 5 OPLlengthrof 0P for aise inithe synghrorization

channel may be stored. .Similarly,.a comman pilot may be arranged at the end of a aubrrame.
Also, certain gu PTréQ'rﬁgsn Séq‘ﬁl%egq?nraxsc})/étegrr?esucccﬁglﬁeaﬂgatgé firstfau ralr%%,y a%eea V\?ag/g T’?ES in
unicaef.  othér Wards,Ihe First SubframeEis ot dsER)in m@lticastie © Sisce sphfrdmes foranulticast

include a scramblg cede,commondg diffeeentcells for-enabling soft-egmbining, & gomamancplot for
subframes for 15 multicast cannat be used for scramble code detection in cell seareh. ~ For this
reason, the first shbF&RE sway< aS8H fof BnfchalGittiphied with a CAfseeHit Stamdte code) in
order to overeomethesabeve-mentanedtprablam, antkthag., thexxommon (Elotcanitgscysed to detect
thesmambbcodeW@%@%%%%@gmthe case of the signal including the
10 shorter CP being transmitted from the transmitter 10 or
the case of the signal including the longer CP being
transmitted fromthe transmitter 10, the correlation peak
is detected at the S4 portion. Since the signal length
of the synchronization channel replica is known, the end
15 of an OFDM symbol can be found, and thus detection timing
of the correlation can be also found.
Also, 1f the synchronization channel is arranged
at the end of a frame, the frame boundary can be easily
detected.
20 Alternatively, in multiple subframes resulting
from division of a single frame, the synchronization
channel may be arranged at the end of a subframe, that
is, at the last OFDM symbol of the subframe as illustrated
in FIG. 20. An OFDM symbol and a guard interval are
25 provided within a subframe. The guard interval (cyclic
prefix) having different lengths such as two different
lengths is defined. The length may be different for the
respective subframes. For example, the length of the
guard interval may be determined depending on a
30 transmission scheme such as unicast or multicast.
In this case, two types of subframes can exist in
terms of the number of symbols. For example, one is a
multicast subframe and the other is a unicast subframe.

In other words, the number of symbols within the
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Also, since cell specific system information is broadcast in BCH and is transmitted in unicast, radio
frames can be efficiently cohfiguredby arranging to have 25 the first SubfraMe dedicated to the
unicast. An example where two synchronization channels are transmitted for each 10 ms radio
frame will be described with reference to FIG. 21. The first subframe is always used for unicast, and
a pilot multiplied with a cell wa specific so ramble code is used. Subsequent subfremes can be used
for uhicesr or MBMS. A pilot multiplied with a cell specific scramble Code and a short OP are applied

in the unicest, whsteas apllosmyliplied nitha celbcommon sgramble :Gode apd along, QP are

applied in the multicast. Also, BOX is arranged in a certain amount of time after the
synchronizatXER&Anel SIS RinfRébiatef &t aimabirStatibh WEd the S/hEtr6MZat R channel 5
to conduct eell searchhtbeapakilesiatigmeanreaeive: thedBOXhanthit tales less timestocamplete the
reception of tpg eB%)é. g @n example whgre a r?%" !;%‘Srdeei%‘%%doiﬁ abreewt_evgerécr? séignal F@Xig?
different OP lengths will Be described. 10in’this exampjfe, a system may défme the 5¥Teng of a
certain subfrahet he Fofexamples i hedyse stipalaiconthab thefiest Subffame il asifesnd always uses

a long OP or @short{GR.InLel search the yefer rsignal for this subframe 15 s ysed: todetect
cell IDs. Also, the reference signal may be used to detect other information such as sector IDs as

well as the céiFIBRE O 1n thi§ cie: ThetEP fengttifof BdchCshbframé withinte #ARE isiréported in
3-SCH. For exampter ttterOPdength 99rfdr athauhtrmamesPmay be téportede I thisreonéiguration,

st s e provayeion s goaies b SEE plee Y anignes gon e
only sotfe subfrifsgme by the length of the primary synchronization
channel having the smaller CP length. In other words,
the total length of the effective data symbol length plus
the relatively small CP length is uniform for a subframe
including the shorter CP and for a subframe including

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

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

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

30 Alternately, if the synchronization channel is not
arranged at the end of a subframe, the correlation may
be detected by envisaging timing corresponding to the
larger CP length and timing corresponding to the smaller
CP length.
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Maybe reported in S-SCH. Since so many subframes do not have to be used in cell search, only an
essential amount of information is reported in S-SCH. A mobile station uses only s reference signal

for reported subframes. the OP length for each subframe for use in a system may have an

arbitrary value, and thus a mobile station may detect the CP ‘length blindly. In this case, the mobile

station detects, a reference signal corresponding to both OP lengths and uses the larger correlation
value. An ehemplary bandwidth of a reference signal will be described., Although SCH is

transmitted in a fixedA@gwideS (ﬁR%Z@ Pﬁ%?ﬂ EQ%QWi?§Q ogmgﬁgfglier)gg s;gg'@l is not known at

the cell search stage. The bandwidth of the reference signal may be determined in a scheme as
eeented belo@? {BTHe bahbiwidts of & FefeferrteSSidghar At8portett1G i S-SOH ARG to this
configurationr algwugh an ingreaseagkameunt pf infasmation isHeportedin SSEOM; theioverall
bandwidth of gge referggc% sig%al can b%%;sed, which ﬁa%/ achieve fast cel se@é@. %28 Aﬂ[leeference

signal of the same bandwidth as the 15BCH bafndwid reBSr (—*?otiﬁgzsa iS 0S&4. 117 the ‘Case of the

BCH bardwidth beimgareported iRES-SON, siee the teferenge signalrisi tarishmitted-imaniyendwidth at
least greater than or equal @ the BCH bandwidth, the reference signal of the same bandwidth as
BCH is used in Cell search, 20 According to this configuration, the reference signal of a wider
bandwidth can be usé&%ﬂ’lé‘lﬁ]iﬂmeé’seqwfﬁ%oém&&gt df inftthatién frepbREFMS-3BPRe  An
exemplary configuration: ofsthe raasteitter 10 in the base Of a common pilot being arranged at the
end 25 of a subfraMe, will be desgbed, AslusraledN§lG ney in 2 system, such

10 as the first subframe, are always used in unicast. 1In

other words, the first subframe is not used in multicast.

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

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

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

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

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

25 the first subframe dedicated to the unicast.

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

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

common scramble code and a long CP are applied in the
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the transmitter 10 includes a pilot signal generator 130 coupled to the combination unit 109 as
illustrated in FIG. 22, In FIG .2g.. in the ease of UDM being applied, a relating to spreading of
OFSOM is removed. belly. the data channel generators 10.0.2-100.x, the copying unit 106, the
short period spreading code generator 107, the multiplier 102 and the combination 109 are omitted _
Also, N information symbols are supplied from the serial to parallel conversion unit 105. In other
words, the N information symbols supplied'from the serial to parallel conversion unit 105aremultiplied
with a scramblg code. inthe multiplier 111. Also, when the synchronization channel is transmitted
from the transmitter 10 to the receiver 20, information related to the attached CF Ienﬁth must be
reported. For exampfelthe inffHatioh i& f&re8 in AlorftrdiéhahAeMIrfiRR Hase Ahe frifBnation
related 10 to diferattached C2 jengthr omstdecrepartechtorthe cantral channel rithe £oatrel thannel
may be recognizedby e feeqiuer 20,0 safting gtachment O lopgar.Gf nadvangg Also, the
transmitter 10 may report information 15 related to the attac eé:CF ength in the control channel for
the previbus frameC ARerAativeRy theSinfoFmation-may e Pécognized in e reédiverddyVdetecting
correlation in@nlevesrdayer Alse; althpugh thesreceives2@ sompritescorrelation 2Q-befween a
received signaland a s ncchronization timing replica in order to compute the correlation, real number
(complex nur%:erf B&s c%mputation Is basically required. In this case, the correlator 201
approximates the 2$AsyneRmnization charnel replidéald some dritegers such asrk as itlastrated in
FIG. 23, Accaing Jo this, carfiguiation dh ipceiver A4 ean il dus Gortalation spiien through
10 In this example, a system may define the CP length
cf a certain subframe.
For example, it may be stipulated that the first
subframe in a frame always uses a long CP or a short CP.
In cell search, the reference signal for this subframe
15 1is used to detect cell IDs. Also, the reference signal
may be used to detect other information such as sector
IDs as well as the cell IDs.
In this case, the CP length for each subframe within
a frame is reported in S-SCH. For example, the CP length

20 for all subframes may be reported. 1In this configuration

~

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

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

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

corresponding to both CP lengths and uses the larger
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subtraction of received sample signals. Also, the Dv dorrelator 201 envisages the c(ant-elation
operation and renders a temporal waveform of a synchronization channel signal approximated to
Some integers such as |. For example, a receiver of a mobile station computes correlation between
this signal and a received signal. In this case, the correlation computation can be implemented
throah addition and/or subtraction. According te this.Configuration, it is bossible to reduce an amount
of computation and an amount of consumed power 5in the receiver 20. An exemplary receiver for
some operatiQn j requency il be described with reference to FIG. A receiverincludes a
FFT unit 302%20%\%%93%%#1‘&&@% s, a demultipLex.er 304 coupled to the FFT unit 302, a channel
.estimation unit 306 oupfeEsd Bieadombifplexty B4, & Bemodalaisrt nrie308 esupledtblthe
uititJfexer 304 ang the-chapag] estimation unit 306, a. secondary syndhronicetion chance! correlation

15 unit 310 coupled to the demodulation unit 306, and.a peak detection unit 312 coupled.to the
secondary channel nptﬂhﬁ?éiBQEF? Cifﬁit.lfoztrlé%é’i\%%llgg’feﬂl(mfhﬁ detectétd ﬁi/ § &E‘?D ih?ntghdetection

unitin a @rimar@ synéfﬁpmmionﬂ@a:hhamlw i d.tTfheOE FT unit 362 peré@‘rmg ;@dr@d«'ﬂl’ d.pse.rations
and supplies fogopRalionglrcskl e Dedenylinxer 306 e damull exer SQ4digributes

the multiplexed signal it e primary synchronization channel (P-SCH) and a Secondary
synchronizatibf ERAMTEFS-SERN 2L TRy eREdmple HFF-BEMAdIS  SEHSEE RMtipteked in
accordance. witlk FdMx the ahannel estimation unit 316 doduct(S. Channel estimation by using N

P-SCHs located in bofh dag, of g :9C:F; subearrier detected In 3-§TH 30 synebronidefection as a
reference (pilot). In

10 in S-SCH. According to this configuration, although an
increased amount of information is reported in S-SCH,
the overall bandwidth of the reference signal can be used,
which may achieve fast cell search.

(2) A reference signal of the same bandwidth as the

15 BCH bandwidth reported in S-SCH is used. In the case of
the BCH bandwidth being reported in S-SCH, since the
reference signal is transmitted in a bandwidth at least
greater than or equal to the BCH bandwidth, the reference
signal of the same bandwidth as BCH is used in cell search.

20 According to this configuration, the reference signal
of a wider bandwidth can be used without increase in the
amount of information reported in S-SCH.

An exemplary configuration of the transmitter 10
in the case of a common pilot being arranged at the end

25 of a subframe will be described. As illustrated in FIG.
22, the transmitter 10 includes a pilot signal generator
130 coupled to the combination unit 109 as illustrated
in FIG. 22.

In FIG. 22, in the case of OFDM being applied, a

30 portion relating to spreading of OFCDM is removed.
Specifically, the data channel generators 100.2-100.x%,
the copying unit 106, the short period spreading code
generator 107, the multiplier 108 and the combination

unit 109 are omitted. Also, N information symbols are
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this case, a cy>ci.e. of P-SCH is kno.wn. The ordater:4 is the greater the suppression effect on
noise interference is However., if N is set to have too great a value, some influence of frequency
selective fading may arise. Thus, N may be set to be in the range between 1 and 2. Also, as the
distance from the detected S.-SCH subcatrrier is :greater, a smaller weight maybe used. For example,
in detection of s2 as illustrated 243, 5 p2 and p3 may be used for thermal estimation, In addition, pi
and p4 May be used together with e2 and D3 for channel estimation. From this viewpoint, it is

desirable for the.ghanne estisationta use;a ow arpplituder code-sichas & GAZAC: code for P-8.0..H.

10Also, for exampie, if P-SCH. and S-SCH are multiplexed in accqordance with TDM, the channel

estimation urﬁ%%%ﬁ? CBATUEE the earthet BERTATDA Y Usig¥ BLSCRIPBAAET ohth& same
aUbcarrier ag ard dre lhdth Sides & a geteeted S:5GH ad aneference (dlat) 4 Snhnlthis cases dhe code

of 2-SOH is knowg. A s‘l'gga%%alt%r I\éig,dt%e gkea@{éhg“%%pﬂ% fgpgreffﬁtlon noise interference is.

However, if I\‘flé set to have a too great value, some influence of frequency s'ele_ctive fading may
arise. thds,. N may b@ 5&fto belif thetrafges 20 BEfeBA F aid 6 PAISE: B3 distance from the

detected S-SCHysihdaniesis greater.hsmakt weight may beiukipliedh £or exampleif sA s
detected as illustrated in FIG. 240 %ﬁﬁ? used f%&channel estimation. Also 25 and p5 may be

additionally us8 For e criahinles e.h° “Afsotoréaniple, i P-SBRCANY SISON Afe
multiplexed Im apcordante withp@C &rd athe Thannel estimatarmuniti2Ont may cepduct ekannel

o SRR Bl e S e g auss el
10 to the attached CP length must be reported to the control
channel. The control channel may be recognized by the
receiver 20 by setting attachment of a longer CP in
advance.
Also, the transmitter 10 may report information
15 related to the attached CP length in the control channel
for the previous frame. Alternatively, the information
may be recognized in the receiver 20 by detecting
correlation in a lower layer.
Also, although the receiver 20 computes correlation
20 between a received signal and a synchronization timing
replica in order to compute the correlation, real number
(complex number) based computation is basically
required.
In this case, the correlator 201 approximates the
25 synchronization channel replica to some integers such
as T 1 as illustrated in FIG. 23. According to this
configuration, the receiver 20 can fulfill this
correlation operation through addition and/or
subtraction of received sample signals. Also, the
30 correlatecr 201 envisages the correlation operation and
renders a temporal waveform of a synchronization channel
signal approximated to some integers such as = 1. For
example, a receiver of a mobile station computes

correlation between this signal and a received signal.
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The greaterNia, the greater the suppression effect on noise interfeirende is. However, if N is set to
have too great a value, some influence of frequency selective fading may arise. Thus, N may be set
to be in the range between land 6. Also, as the distance from the detected S-SCH subcarrier is
greater, a small weight may be used. 5For example., if s4 is detected as illustrated in FIG. 24D, p4 is
used for channel estimation. Also, p3 and b5 may be additionally used for the channel estimation.
The primary synbhronization channel is supplied to 3111 the channel estimation unit 306, and the

secondary sypghropizatiqn.channel;ig Supplied {0, the demogylation, unit,308- ., 1, dhe channel

estimation unit $06 conducts the channel estimation, and the operation result is supplied 15 to the
demodulation- Tt S05° 1 t € Fhé BEMBARatihUnit 308 cBRUCES soine dérmédutétion operations. In

this embodinrest phasengnd arpplitude campensasiensarg calried putskanexampler: heuce

demodulation unit 308 may cpnduct demQCduIation ba/ 20 usin thetpri ary §ynchronization channel
..an ézmour%t % cognguta l%n an an. amsun Cf ao sumded gow%r . .
for subcacriers adjacent in both aides to a subcarrier for the demodulated secondary Synchronization

channel Wvithihma rahge wherefadisig may have sight influence. The secondary synchronization

channel correlation 2pinit 31Q detects copelation of thg Secopdanygynehronization,channel.
The Peak detection unit 312 detects control information such as scramble codes and frame timing for

peak detection™ SGAT BRIMpFRY SvraaingGp&afia fRE pittaly S§ichF&itStticcHanfel in the

frequency direetion in Correlation of the secondary synchronization channel will be described.
A receiver 30 includes a FFT unit 302 receiving
10 input signals, a demultiplexer 304 coupled to the FFT
unit 302, a channel estimation unit 306 coupled to the
demultiplexer 304, a demodulation unit 308 coupled to
the demultiplexer 304 and the channel estimation unit
306, a secondary synchronization channel correlation
15 unit 310 coupled to the demodulation unit 308, and a peak
detection unit 312 coupled to the secondary channel
correlation unit 310.

The FFT unit 302 receives FFT timing detected by

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

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

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

25 a secondary synchronization channel (S-SCH).

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

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

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

too great a value, some influence of fregquency selective
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FIG. 25A shaws ezemplary relationships between SNR and detection probability in walking speed.
In FIG, 25A, the horizontal end vertical axes represent SNR.and detection probability, respectively.
Nref represents the number of subcerriers in the primary 5 synchronization channel. In FIG. 25A,
for fD = 5.55 Hx, Nref = 2 indicates a both sides 1 subcartier, Nref= 4 indicates a both sides 2
subcarrier, and Nref - 6 indiCates a bdth siaes a subcarrier. 10As observed in FIG. 25A, as a greater
number of subcarriers are used, the detection probability is improved. However, as a greater number

of subcarriers are:usedy faging-may have greaterny ma 5238 shewsga exemplaryrghatienship
between 15 SNR and detection probability in drive speed, of an automobile. In FIG. 253, the

horizontal and YeHRE ated Féprasent SNR antSdéta&t: dhpradabfity, TeEpEdReR s T\ﬁ@ft@&resents
the number dof salicarsierstin theiprimasy @0esynehronizationlchamnnek 1 gh Inrkd@. K126k sfediD - 5.55

Hz, Nref = 2 indicate g bat 5iflss L subcarsier Nief = indicates abqgth sides ?as&‘QﬁaE'&Pfé’,a”d Nref

= 6 indicates a both sides subcarrier_ 25As observed in FIG. 2.53, as a greater number o
subcarriérs afe’ LiBeE, Bhe BatéctivrisrBBability BimpPsved Howkdérl a8 a grédtet Htimnberaf

subcarriers age useds fadingapay bave geaterisliuencesi th AN exemplantiesevenddtor
detecting timing based 39 on aufgcorrelation and comaensating- freqpiency, afiset wil be described
channel estimation to use a low amplitude code such as
a CAZAC code for P-SCH.

10 Also, for example, if P-SCH and S-SCH are
multiplexed in accofdance with TDM, the channel
estimation unit 306 may conduct the channel estimation
by using N P-SCHs located on the same subcarrier as and
in both sides of a detected S-SCH as a reference (pilot).

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

The greater Nis, the greater the suppressioneffect
on noise interference is. However, 1f N is set to have
a too great value, some influence of frequency selective
fading may arise. Thus, N may be set to be in the range

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

For example, 1if s4 is detected as illustrated in
FIG. 24C, p4 is used for channel estimation. Also, p3

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

Also, for example, 1f P-SCH and S-S8SCH are
multiplexed in accordance with CDM, the channel
estimation unit 306 may conduct channel estimation by

30 wusing N P-S5CHs located on the same subcarrier as and in
both sides of a detected S-SCH as a reference (pilot).
In this case, the code of P-S5CH is known.

The greater N is, the greater the suppressioneffect

on noise interference is. However, 1f N is set to have
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The receiver 20 according to this embodiment includes a scramble code reception timing detection
circuit 200. The scramble node reception timing detection circuit 200 receives a multicarrier signal
from an antenna, and detects scramble code reception timing and FFT timing. pecifically, the
scramble cede reception timing detection circuit 230 delays the multicarrier signal transmitted at a
repetition period T via an antenna by an amount of time T in a delay addition unit 206, adds the

delayed signal to the underlying multicarrier signal 10 in an adder 207, performs integration on the

resulting signakip termas ef the, repetition time Tin an integrater 208, @Q@ suppliesdhe resulting signal
to the peak detection unit 209, The Pen detection wnit 209 detects timing based on the supplied

signal.. AccordifiBInRa% Gonti§Gration,iHi€ polsiftcPoniensate fiF freuBA&y 58t and
detect timingbased-emautacofrelatior 1 s o Inaddition, diestransmittér tohmaydrarsmaitthe d

synchronizatign I pplying t mijssign djversity. 20Far ex le, th
synchronizati%n %Eg{rﬁggn?e%?b}e?%%a%nseré;%éﬁffrén%m%d%?rsﬁé QSLL?% Ié%‘ %%P éceH %ggd cell
search. Since a controPleof befekf a baSe Statibh afid agRdHile, statidn'HassSior pEé&Hestablished

unlike transmissipn angdyeceptionpf heural data @@Qﬂalé,lom@%wgﬁransmtgaf,ersﬁty is useid
in the cell Search. Alec), since the receiver 20 detects correlation in the cell search, Switched type

transmit divefsity oPdel &\ divéiSin? My be Shifabte’ FOF EXampl&, anyof T8FPFide Switctved
Tizansmit Divessity) &STex(Frequency 80 switched Transmit Diversity) and CDD (cyclic Delay

P P ST L ety A e o e e

10 the channel estimation unit 306, and the secondary
synchronization channel is supplied to the demodulation
unit 308.

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

15 to the demodulation unit 308.

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

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

The secondary synchronization channel correlation

25 unit 310 detects correlation of the secondary
synchronization channel.

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

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

FIG. 25A shows exemplary relationships between SNR
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may be transmitted in ISTD. Also, the synchronization channel may be transmitted synchronously in
order to obtain delay diversity. For example, if a transmitter having four antennas is used, the
synchronization channel may be transmitted from all the four transmission antennas at the power
level of 1/4. Also in this case, the synchronization channel may be transmitted at different
transmiesicn timings. In this configuration, greeter path diversity effect can be obtained in the 10
reCaiver. Also, if multiple antennas are provided, SCH and CPICH may be transmitted via only

two antennas; fiternativaly, iSH praybedransmitted via.alhthe agtespaswhereas CPICH may be
transmitted via only two 15anten%% If CPTCH is transH;;itted via four antennas, for example,

S,
CPICH may be transmitted it such X harmiet st tcal hed hSE%aYSEﬁﬁ]eq‘% u@ﬁ(c?/saxis. In the
receiver, chanrelestmatior? SR onductéd basedi omar2fdiambmitted wommnearppilot sigedl yand a

control channel isedemaqulated o the case of CRHIEH being trangmitted via fquraniennag, the

common pilot signal for a portion distant on the frequency axis must be used, and'the channel
estimatiGn actirse) Aty berdeyPadedP RS it 25 is desirable that the interval between the pilots be
smaller on the frequengy mxis. To ga sofERIGH mayshestransmitterk frem-two antennastAecording to
this configurati_%nd J?Iiln%ei%rélg twosg ICCaEs hlz%/% tobpgeogllo%og%lg/.Mtg}%iplgxgdbgig er o_ré%osqonality
can be ao achiéved. Ae'a e It it"s possfb‘?e to'improve accaracy of the channelestimation and
others using CP{CH aad ehkanceaackpior ualityofili/ 2 cetes! chafmelsharglictkers 3In this case,
a mobile stationpay,.condyct some operation on the assumption that CPICE maybe transmitted

from only two antennas in maximum in cell search. As a result, it is,possible to simplify the reception
operatiéﬁ as well as fRliCfadesd in FIG. 25A, as a greater number of

subcarriers are used, the detection probability is
improved. However, as a greater number of subcarriers
are used, fading may have greater influence.

FIG. 25B shows an exemplary relationship between

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

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

20 synchronization channel.

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

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

An ezxemplary receiver 20 for detecting timing based

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

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

circuit 200.
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5FIG. 27A shows an exemplary configuration of the synchronization channel and the common pilot
channel in the case of four transmission antennathis illustration, the synchronization channel is
transmitzect from toe four transmission antennas, and the 10 common pilot channel is transmitted
from only two Of the transmission antennas. An exemplary combination of two antennas for
transmitting (.-1 and CPTCH in the case of four transmission antennas will be described. 15The two
antennas for transmitting SCE and CPICH may 1>e fixed. For example, if transmission antennas

#1-#4 are provided ag jllusttated ihl6. 273 dhe-anteprasdtl andizajwayscserve torfransmit SCH

and CPTCH. In FIG. 273, the vertical and horizontal axes represent the 2.0 transmission antennas
and time, respedtivBIy" 2 “Risé HE two antEnraS fortrahsmitiiy SCEBRY CPICE nidy be defined
in advance ingthe system. inthisieasecit is passHectbsimplify the trapsmission and receptidn
operation. 25Alsp ttaeiﬁqrggr_\ation of two antennas for tranamittino SCH and CPTCE may be variable
over time. In other words, & number of combinations of two antennas for transmitting SCH and.
OPICH ray be predefingd dntthen the cofirfisATMas be SARCRRICRRE #inB. 30F bk BZample, if

the transmissiph-antenngs #14dare providedasillustrateddn nlG. 270 athe agtengag#hand iu it the
time point 4n (0I5 & natural qumber). the antenina,E the antennag used at the time point 41,

an amount of time T in a delay addition unit 206, adds

the delayed signal to the underlying multicarrier signal

10 in an adder 207, performs integration on the resulting
signal in terms of the repetition time T in an integrator
208, and supplies the resulting signal to the peak
detection unit 209. The peak detection unit 209 detects
timing based on the supplied signal. According to this

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

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

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

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

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

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

MIMO transmission. Also, the synchronization channel
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04 are used at the time point 4n4-2, and the antennas #4 and 1 are used at the time point 4n+3. In
this ease, the system may predefine how to switch the combination pattern. in this configuration,
although the transmission and reception operations may 5 he slightly complicated, a diversity effect
(randomization) can be obtained. Also, transmit diversity may he applied to SOH itted from two
antennas. Accordiths to this application to only two antennas, it is possible to 10 Simplify the
transmie s ion and reception operation as well as radio interfaces and thus obtain, merits of transmit

diversity. In this cage. any of ISTD. ESTR.and O0D is applicable;as tae ransmit diversity,method for
SCH. On the other hand, either FDM or CDM is applicable as the 15 transmit diversity method for

CFICH. FurtfetmBres them @ andisit fivér8ifirhéthed fot SOt rfal) B Tormbined WithdFe fr&nsmit
diversity method tof CPiCHay diAsexemplary operatornofithe frangmiitet 1@ ascording to this

embodiment wgkftalende%cribed \II1V]£[|% 1210 reterenCe t% FiQhZO The trangrpitter 1Ohuas§rs1 the

synchronization &gn%l d%Parg%nerato??Lillt(S) seléct a synecﬁr%ﬁi%gtfo%nc%%nné Tode numggr based
on the sérambiycode ahd #esfarishfissidnrstheme Lsuchasimimast bR meltitast Lefhe

synonrcniZatipnichanne! (atep:31602) we r Thepethedransiitter 101multiphiescthe synchyanization
signal symbol with the scramble code in ~ scramble code group number corresponding to the

synchronizatio haiiet BEE (fh 51804)° SBTHE trafigmitRF IU-Mme Atidhes fie%yAchronization
signal witbahcanidisuderadjustarestndegeience vatue fsfep S16), this configuration,

greater path diversity effect can be obtained in the
10 receiver.

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

15 antennas.

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

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

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

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

In this case, a mobile station may conduct some
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Finally, the transmitter 10 adds a OP corresponding to the synchronization channel code number to
the multiplied synchronization signal, and transmits the synchronization signal with the OP (step
31608).' Then, exemplary operations of the receiver 20 according to this embodiment will be
described in two 5 cases where, the scramble code is Classified or not classified, First, the case
where the scramble code is not classified will be described with reference to FIG. 29A. The timing
detection circuit 204 detects the symbol 10 and frame timing for the synchronization channel (step

31702).  The tmingsdetectionLigcyl 204 detects theseramble gadeder eelblD) forthe. gommon

pilot (step 31704), 15Then, the case where the scramble code. is classified will be described with
reference to ERS®9B LY FHE tiffrigtdetéction tirtait 264 Betebtsthe SymBEIEna frarfié tifing for
the synchronizatiar ehanhel (stepB3d £66)b 2@ Thedtinzing getectiont hiecuite204 wetests the scramble

code group (r.cell.IR group) for the synclropizaton chapnel step 31708).

5 FIG. 27A shows an exemplary configuration of the
synchronization channel and the common pilot channel in
the case of four transmission antennas. In this
illustration, the synchronization channel is
transmitted from the four transmission antennas, and the

10 common pilot channel is transmitted from only two of the
transmission antennas.

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

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

20 transmission antennas and time, respectively.

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

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

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

the antennas #3 and #4 are used at the time point 4n-+2,
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The timing detection circuit 204 detects the scramble code for the common pilot (step 31710).

For (example, the timing detection circuit 204 detects correlation between reference signals by
conducting integration of the phase difference between the reference sinaisSince the interval
between subcaHrrieTs of the reference signals is large, the scramble code is detected by conducting
integration on the phase difference between the subtarriers. integration may be performed
on the phase difference code inverted depending on a predetermined ecfamipie code pattern. In this

case, when the gcramble, ceds maiches, agrgaten correlation valug can he obtainedy, ; For
example, the tell structure is detected in S-SON, and if the cell structure is a 1 sector structure, the 5

stove-mentioh8d corretafiort Schenfeds Gised fof theYdtethio 36 IRustafetiii BIG- P90 e scramble
code may besdetected by perionbing integratior an therphaserdifferesce bativegn rSuhoerriers in the

same subframe, In 10 additjon, as illustrated. in dotte% ines, the scramble code may bhe detected by
performing thae?p‘fh}%\%eﬁJ | fetrénecegt?e?v}\‘/%énrlls%u%b%rrlrfgr élln%lffeerjgni lsé&rg gsggtl A]l'ls%, I|nnar\ﬁe Case
where adntefrgeotdrictthbgohat iR istapplied forrex@miphe if aty sexfdrsfticture 15 is detected as

a result of detectign gfithe Gell structuenn SaSEH-an artrpgdnal pattern is Configured in three
adjacent subcarriers. Thus, the referenre signal for a supposed sector is extracted by performing

coherent addition deferitfig &rf & 5fogonial b patiernhe 50 & dfidcent siticarriers as
illustrated in EiGr 1280 1Ag a deslilt odd, toc9 nare he extractéd as refeérencecsignais. s

application to only two antennas, it is possible to

10 simplifythe transmission and reception operationaswell
as radio interfaces and thus obtain merits of transmit
diversity. In this case, any of TSTD, FSTD and CDD 1is
applicable as the transmit diversity method for SCH. On
the other hand, either FDM or CDM is applicable as the

15 transmit diversity method for CPICH. Furthermore, the
transmit diversity method for SCH may be combined with
the transmit diversity method for CPICH.

An exemplary operation of the transmitter 10
according to this embodiment will be described with

20 reference to FIG. 28.

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

20 the synchronization channel (step S1602).

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

30 The transmitter 1U multiplies the synchronization
signal with an amplitude adjustment sequence value (step
S1606) .

Finally, the transmitter 10 adds a CP corresponding

to the synchronization channel code number to the
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Then, for the reference signals cl, 02, O3,the scramble coda j,s- detected by performing integration
on 25 the phase difference between adjacent blocks depending on the scramble code pattern.

As illustrated in FIG, 290., the reference signal for a supposbd sector may be extracted by performing
the coherent addition in three adjacent SUbcatrriers in the 30 Same subfrardepenAing on an
orthogonal pilot pattern. Alternatively, as illustrated in dotted lines, the reference signal for the
supposed sector may be extracted by performin:g the coherent addition in three adjacent subcarriers

in different frames e, pandingsgnam erthpgopalpiat @iﬁﬂhl A, gxemplary-pracedyrefor cell

search willdbe described With reference to FIG. 29E. In the cell search, carrier frequency to be 5
connected, rétepHST g BF a RBIl HIF Cohnécted ad&fasEFT fihitg ahd Hafe-timing, and a
scramble code for a qellda pe €gpnaciedrare detectedi on s Thef receptierltimaing ean be detected

evenin a guaa[g: icng%l’g?_JhHO\%lgv rthE tiren%@o%eitecetigg a%g%ilc;g%f tlgleeloc %%Iksegrc.hnin @whgndover
target may become worse. In ad ition, the carnern}requency cannot be getecte(f in the guard interval
accurately areesyRehrohcush. Allarge eoralatich FgeEmay be Hetetedie thisaligmedtfrequency.
For this reasemn, itds desiralle to detect 15 timing in the synchronization channel. The timing

detection circuit 204 detects the carrier frequency (step 52S02) The timing detection circuit 204
detects the receptiontiiAg (symbdl 167 F(StEF 52504 20Rierd TeSte 5983565 altP52504 may
be carried out atthe samedine. 1A this case the peimary synchrdrization €hannellmaybe Bsed. Alec,

since an FFT operati | 0 ity in.a freg r , oral o ti be
desirable. Also, the a%o%ﬁ%ﬁggga%?%gn%g rgéu%%%?ﬁr%gﬁ é%ﬁr%iﬁgrsy %ﬁ%c%gzngz?sxed on
correlattén det@ctiohi3fRe Ghardigefar ©heTHeviming dattéfonicreuit 264 BetbctsTecdhtion

frame timing ¢stemS.2506). For eXample, if the

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

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

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

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

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

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

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

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

scramble code pattern. In this case, when the scramble
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SO synchronization channel is arranged in a single portion in each frame, not only the reception
timing but also a received frame is detected. On the other hand, if the synchronization channel is
arranged in several portions in each frame, the received frame Must be detected after detection of
the reception timing. The secondary synchronization channel may be used to detect the received
frame. The timing detection bircuit 204 identifies the 5 scramble cods group ;step S2508), Here,
the steps 22506 and 32508 may be carried out at the same time, In this case, if the synchronization

channel transmissionperiodds a framenesied,the fame timing detentiondnaysbe wanecessary. Also,
the 10 secondagg.ynchronization chanmel may be Used in these operations. Also the operations

may be carrieC IR g ﬁ'equency range or in a time range. Then, the scramble code is identified
(step 82510). As thé pmoecedaredfdhetdelt seaich sasrillustratesl 15 id &6 2% the feqbi@Hgy

synchronization and the symbal iming,may be detected; and thep the frame fiming, the cgllJD group

(scramble code group), a sector, the number of transmission antennas, rhe SOH transmission
bandwidth andtRe’ ©PIERGR Aisybedetecied StibSeqtefti thel20 ¢elaB (S&ambfeode group)
and the sectog gaydeidetected. In these operations, the common pilot channel may he used.
Also, the operations may be carried out in a fre cy e gr.in a time range. 25An
exemplary-mapping 0 the g}%cn%ﬁ%ﬁ?z%ﬁgn %Ha%rﬁ‘?' éf&g’ The sdrannie ‘Sbde may

be detected by performing integration on the phase

difference between subcarriers in the same subframe. In
10 addition, as illustrated in dotted lines, the scramble
code may be detected by performing the phase difference
between subcarriers in different subframes.
Also, in the case where a inter-sector orthogonal
pilot is applied, for example, if a 3 sector structure
15 is detected as a result of detection of the cell structure
in $S-SCH, an orthogonal pattern is configured in three
adjacent subcarriers. Thus, the reference signal for a
supposed sector is extracted by performing coherent
addition depending on an orthogonal pilot pattern in the

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

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

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

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

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

subcarriers in different frames depending on an
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between different sectors will be described with reference to FIG. 30, For example, ifacellto
cover a single base station consists of three sectors, the frame timing may be made 30 uniform
between the sectors. in W-CDMA, the timing is not uniform over the sectors., sob the scramble code
may differ for the different sectore. Thus, the secondary synchronization channel may also not be
transmitted uniformly over the sectors. In this embodiment, the primary synchronization
channel has u. iform frame timing over different sectors. Since the frame timing is common to the

sectors, the frame, 8 diming canibepffegtive=detected without interference
oftheprimarysynchbonization ch this embodiment, the Secondary

nel for other sectors. Also, i Cgr t
eynchronizstion charftel ﬁﬁ%ﬁﬁ%@aiﬁ ¥abt 8&8:‘%?1%%088@&%? E;hﬁsef ?ﬁecghnii“eli afble code- is.
used in a single 40:baise dtation:handethe rsantescramble@oda geoup is also identified in a pilot
pattern. Thus, the segqlnc{a}g)ésy@gﬁrpnggg%qp,angglraﬁoe@s%fagg Hglyegigpiqgeover different

sectors. This international patent application is based on 15 JapanesSe Priority Applications No.
2005-172391°MEd 61F JGT14T 26050 No 20051541981 fifeddnAUglistt23, 2605 No? 266626810500

filed on Januarycli8, 906randg Na: 2006mei7 ¢82drfded on Masch 20 2Q06, dhe: emtire copteats of

which are he%eb;_[ incogpoHteg by reference. 20 Industrial Aggl'cabilité/ A transmitter, a receiver,
. of .a .ce 0 bg conq$cte .ar% ?ct d.. . .

a mobile communication system and asynchronization channel transmission method according to

the present inventieclare a:ppﬁmbtteimn timing can be detected even in a guard

interval. However, the timing detection accuracy of the

10 cell search in a handover target may become worse. 1In
addition, the carrier frequency cannot be detected in
the guard interval accurately and synchronously. A
large correlation value may be detected in misaligned
frequency. For this reason, it is desirable to detect

15 timing in the synchronization channel.

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

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

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

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

The timing detection circuit 204 detects reception
frame timing (step 52506). For example, 1f the

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

On the other hand, if the synchronization channel

is arranged in several portions in each frame, the
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25 radio communication systems, CLAIMS 1. A transmitter, comprising: a generation unit
configured to generate a frame containing a plurality of OFDM symbols; and a transmission unit
configured to transmit the frame generated by the generation unit, wherein the generation unit
arranges a primary synchronization channel for detecting a symbol timing in the OFDM symbol at an
end of the frame, arranges a secondary synchronization channel for detecting a received frame in the
OFDM symbol preceding the OFDM symbol in which the primary synchronization channel is

arranged, arranges; ayshc prefixes fenthe respeciive pluealityzoftQrDMsymbelscandyse: gre or more
of a plurality of predetermined, lengths of tge cyclic prefixes. 2. The transmitter as claimed in claim 1,

wherein the dengftion Thit bSds ¥ the I\/F?ﬁﬁﬁl(#?o?%tﬁﬁ’éég MIRPCYBRCprfix with a length
greater than theaoycliclprafixyused forsthel OFDMisymbod! forluaicastc €31 AdrnS§mission method,

comprising:  a stef,of gengrafing g lrame.coptaining-a pluralibyof QRN symbals; and.a step of

transmitting the generated frame, wherein the generation step includes arranging a primary
synchroRizatidf thBRNEE for deteciigPa Bymisdt mintyin A€ OFDM symbol at an end of the frame
arranging a secondaryesyaghronizasier hannes fps detecting ageceivgd rameain thee@FBM: symbol
preceding the OFDM sgrggol in which thf rlmaréI selncgronlz tlg%ghannel s arranged, arranging

cyclic prefixe??ortt & respe%tivel&ﬁrality o] (SEIf) sy?nsbois,la d u5|ngsgﬁlecorrrﬁ€ré of l|o?ur%ality of

predeterminethengtlksl of thercyalicgréfixesp 4 The dransmisSioamsethod as claimed if chaim 3,
wherein the gepgratign gtepdnaludes uging, tor the QERM sympol for multicast, the cyclic prefix with
g e an ey Sy AChEoRi AL A0n Bhaansl may Be Heed ih these
operations. Also, the cperations may be carried out in
a frequency range or in a time range.
Then, the scramble code is identified (step §2510).
As the procedure of the cell search, as illustrated

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

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

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

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

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

30 uniform between the sectors.

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

channel may alsoc not be transmitted uniformly over the
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TRANSMITTER, RECEIVER, MOBILE COMMUNICATION SYSTEM AND SYNCHRONIZATION
A transmitter includes an amplitude adjustment unit multiplying an
amplitude adjustment sequence value for 5 adjusting amplitude with a synchronization channel
transmitted from a base station for establishing synchronization with a mobile station, wherein the

CHANNEL ABSTRACT

amplitude adjustment unit multiplies a sequence value having a periodic autocorrelation
characteristic as the 10 amplitude adjustment sequence value. Fig. 1

10

15

20

25

sectors.

In this embodiment, the primary synchronization
channel has uniform frame timing over different sectors.
Since the frame timing is common to the sectors, the frame
timing can be effectively detected without interference
of the primary synchronization channel for other sectors.

Also, in this embodiment, the secondary
synchronization channel is defined in each scramble code
group. Thus, the same scramble code is used in a single
base station, and the same scramble code group is also
identified in a pilot pattern. Thus, the secondary
synchronization channel also has uniform frame timing
over different sectors.

This international patent application is based on
Japanese Priority Applications No. 2005-174391 filed on
June 14, 2005, No. 2005-241901 filed on August 23, 2005,
No. 2006-010500 filed on January 18, 2006, and No.
2006-077821 filed on March 20, 2006, the entire contents

of which are hereby incorporated by reference.

Industrial Applicability

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

radio communication systems.
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CLAIMS

1. A transmitter, comprising:

a generation unit configured to generate a frame
containing a plurality of OFDM symbols; and

a transmission unit configured to transmit the frame
generated by the generation unit,

wherein the generation unit arranges a primary
synchronization channel for detecting a symbol timing in the
OFDM symbol at an end of the frame, arranges a secondary
synchronization channel for detecting a received frame in the
OFDM symbol preceding the OFDM symbol in which the primary
synchronization channel is arranged, arranges cyclic prefixes
for the respective plurality of OFDM symbols, and use one or
more of a plurality of predetermined lengths of the cyclic

prefixes.

2. The transmitter as claimed in claim 1, wherein the
generation unit uses, for the OFDM symbol for multicast, the
cyclic prefix with a length greater than the cyclic prefix used

for the OFDM symbol for unicast.

3. A transmission method, comprising:

a step of generating a frame containing a plurality of
OFDM symbols; and

a step of transmitting the generated frame,

wherein the generation step includes arranging a primary
synchronization channel for detecting a symbol timing in the
OFDM symbol at an end of the frame arranging a secondary
synchronization channel for detecting a received frame in the

OFDM symbol preceding the OFDM symbol in which the primary
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synchronization channel is arranged, arranging cyclic prefixes
for the respective plurality of OFDM symbols, and using one or
more of a plurality of predetermined lengths of the cyclic

prefixes.

4, The transmission method as claimed in claim 3, wherein
the generation step includes using, for the OFDM symbol for
multicast, the cyclic prefix with a length greater than the

cyclic prefix used for the OFDM symbol for unicast.
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