
DESCRIPTION  TRANSMITTER; RECEIVER; MOBILE COMMUNICATION ON SYSTEM AND
SYNCHRONIZATION CHANNEL  5 TECHNICAL FIELD The preen: _:nvrention relatz>_s to a
transmitter, a  omm.inica.tion system and a syn ai:? c,;:1^ rion channel transmission method.  i3
BACKGROUND ART In mu .::i such as multi  ca n ie CDMA (Multi Carrie.: Code D,,vI .., on Multiple:.
Access MC"CDMA) soheme, and OFDM (Ortho)gonal Frequency 15 Division Muu)itiplex:in;)
modulation scheme, an  nformatic.n si anal modulated w.th multiple ,..:b c. E",- cz ..:t he transmitter
side and a a, uard interval  is n pc.. int: ' nsmitted signal in order t;. ..educe  waveform i<st::rtion
,::mused by multi:path delayed wave. 23 A_ on;, meth cf detecting F::T timin0 in the multi  carrier
t..,....smission scheme the OFDM m dulat._. _ohem m;:, n: r.. c. of det : c:ti: _ FFT tt ring by
correlatinq a q'ua . interval part ? nsee_rted f o:or eact  symbol is ;known. Also, a method o:: dct_?ng
FFT timing t nsmit*,.in;t the same ..:;.gnat timing detect on  :gna.i tw;.C::_ r= meet.cdiv anti
oorrela3tino two symbols at  the receiver side is known. ....anat)lie;; transmitter fo r.zltiolexing and
t:ranismittin: a :y'nc_ ron-zaticn al at certain timinc  4 -z KnC>wn, tFr_l r xa :ie, s e patent document
1.) in this  transmitter, the synchronization signal is transmitted  through :?ut al arr" e z: i n a .;:Drat
manner . In the 



if start time of a single  scramble cod= pattern is synchronized wir_h transmitting timing of the
synchronization signal, the  synchronization signal might be transmitted twice during  a repetit: i.on
nt.erval of the single ...:ramble code  pattern Patent do:, ument 1: Japan Laic Open Patent
Application N 0 58 Non-patent _octment 1, R. L. Frank and S. A. Zadoff,  "Phase .-:rift pulse codes
with good ?eri: dic: correlation  properties", IRE Trans. Inform. Theory, vol. IT-8, pp.  11 c 1 9 t, N;:?:z
z:>tent ment D. C. Chu, "Polyphase codes  with good periodic correlation properties", IEEE Trans.
form,. Theory vol. IT-18, pp. 331 .'32, July 1972 Nor:-patent do cement 3: A. Mi ews :., "Periodic 15
sequences with optimal properties for channel estimation  and f_ast start-up equalization", IE4J Res.
Develop., vol.  27, No. 5, pp. 4:.;6._411, 1983 Non-patent document B. M. Popovic, "Generalized
chirp-like polyphase sequence with optimum correlation  20 propertie.  IEEE Trans. Inform. Theory,
vol. :38,.N  1406-1409, July 199' Non.oat;e:.nt document _ . N. Snehiio and M. Hatozi,  Modulatable
orthogonal sequences and their application  to SSMA systems", IEEE Trans. Inform. Tt ecory, vol.
34,  25 pp. 93-IN, wan. 1'9'98 Non-?=:- ent document 6: 3GPP T ::5.: i 3 Spreading and  modulation
(FDD) SOLOSURE OF INVENTION _0 [PROS",EM 5r: SOLVED BY THE INVENTION] However the
above-mentioned prior art has some  
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transmission amplifier that these signals be amplified 

and wirelessly transmitted.  In the transmission 

amplifier, however, it is hard to amplify a signal of 

some width linearly.  In this case, average power may be 

reduced, and some processing such as clipping may be 5 

conducted to avoid occurrence of distortion. 

 However, such processing may lead to degraded data 

and worse detection accuracy of synchronization channels 

(SCHs). 

 In addition, the synchronization channel induces 10 

overhead in a system.  In order to prevent reduction in 

the system efficiency, allocation of all radio resources 

to the synchronization channel is not acceptable, that 

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

to the synchronization channel.  In this case, if 15 

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. 

 The present invention is intended to eliminate the 20 

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 

detection accuracy on synchronization channels. 25 

[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 

amplitude adjustment sequence value for adjusting 30 

amplitude with a synchronization channel.  The amplitude 

adjustment unit multiplies a sequence value having a 

periodic autocorrelation characteristic as the 

amplitude adjustment sequence value. 

3

problems ctes.:_..b:.:', bet:w, Different subcdrrit.r signals are added to an OFDM  signal in a temporal
range. Thuit is required at a  2 transmission amplifier that these signals be amplified  and wirelessly
transmitted. In the transmission  amplifier, however, it is hard to amplify a signal of  some width linearly. In
this case, average power may be 5 reduced, and some processing such as clipping may be  conducted to
avoid occurrence of distortion. However, such processing may lead to degraded data  and worse
detection accuracy of synchronization channels  (SCHs). 10 In addition, the synchronization channel
induces  overhead in a system. In order to prevent reduction in  the system efficiency, allocation of all
radio resources  to the synchronization channel is not acceptable, that  is, only a portion of time and
frequency can be allocated 15 to the synchronization channel. In this case, if  transmission power of the
synchronization channel is not  adjustable, signal power supplied to the synchronization  channel could be
reduced accordingly, resulting in longer  cell search time at mobile stations. 20 The present invention is
intended to eliminate the  above-mentioned problem, and the object of the present  invention is to provide
a transmitter, a receiver, a  mobile 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  
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 According to this configuration, the 

synchronization channel can be transmitted at higher 

power than a data part. 

3A 

includes an amplitude adjustment unit multiplying an 30 amplitude adjustment sequence value for
adjusting  amplitude witta synchronization channel. The amplitude  adjustment unit multiplies a sequence
value having a  periodic autocorrelation characteristic as the amplitude adjustment sequence value.  3
According to this configuration, the  synchronization channel can be transmitted at higher  power than a
data part. 3A In another feature of the present invention, a  rece.sv. e:: inc hides a synchronization signal
replica  generation unt genz:-rating a synchronization channel  replica a :l::roximated by an integ e.r; and
a correlation 5 unit detect in l co re ation between a received  multicarri-r cnal and tai= synchtoni.-.tion
channel  replica any d tect:in: a correlation value indicative of ::h peak zan t.imin.< :=associated the peak
based on  the ci=te C..i:i::z :ra 10 Ar.:cc,i'da.Iag to this configurat-y~ n, it is possible to  --educe an a7lount
of ci:omput at. ion relating to correlation  ,`,'rations in the e-ca_ were In another feature of the present
invention, a  mobile :omm: n is _tion system includes; transmit'ter and  15 a receive:c, s?nitter compriing
an amplitude adjustment lint multiplying an amplitude adjustment  e uence value _._-. ad ' ustin amplitude
with a  synchronization channel transmitte> from a bass, station  for establit hing synchronization with
mobile station, 20 and the r:>ceiver comprisinte. a synchronization signal  



rep:.. o a ge.n esratio on, unit generati. vnchron - ~aticn c ne l r plica approximated by -nteger; and a
correlation .....t detecting correlation between a  :hived mult .cornier signal and th<.`. .synchronization
channel and ~etecng a correlation va':.u e  indicative,; each peak and timin;; ass>::?_ated with the
peak based c ..n the detected correiat' o. Ac:cording to this con: _gurat....on, the transmit ter  ..:[an
transmit the ,,:r.o1':roniz lion c.haannel at higher power  a d<>: z::ur + v than , a.. d the receiver caa
rt c n r.dur* orrelatior.  ::z Brat on::: w: :h computation. in _.nvthe . feat..cre the went inventi:-on,  me
hod of transmitting a .`::ynchroni.zatl.on Channel  cludes: multiply, . _ an amplitude adjustment
sequence 4 value for adjusting an amplitude with a synchronization  channel, wherein the multiplying
step comprises  multiplying a sequence value having a periodic  autocorrelation characteristic as the
amplitude 5 adjustment sequence value. According to this configuration, the  synchronization channel
can be transmitted at higher  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  
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value for adjusting an amplitude with a synchronization 

channel, wherein the multiplying step comprises 

multiplying a sequence value having a periodic 

autocorrelation characteristic as the amplitude 

adjustment sequence value. 5 

 According to this configuration, the 

synchronization channel can be transmitted at higher 

power than a data part, resulting in improved frame 

detection accuracy in the receiver. 

[ADVANTAGE OF THE INVENTION] 10 

 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 

achieve improved detection accuracy on synchronization 15 

channels. 

 

BRIEF DESCRIPTION OF DRAWINGS 

 FIG. 1 is a block diagram illustrating a transmitter 

according to one embodiment of the present invention; 20 

 FIG. 2A is a schematic diagram illustrating a 

repetition waveform in a time range; 

 FIG. 2B is a schematic diagram illustrating a 

sawtoothed waveform in a frequency range; 

 FIG. 3 is a schematic diagram illustrating 25 

exemplary correspondence between synchronization 

channel numbers and scramble code group numbers; 

 FIG. 4A is a schematic diagram illustrating an 

exemplary method of generating a synchronization channel 

waveform; 30 

 FIG. 4B is a schematic diagram illustrating a P-SCH 

signal waveform resulting from repetition and code  
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channels. BRIEF DESCRIPTION OF DRAWINGS FIG. 1 is a block diagram illustrating 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 is 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 5 inversion of
a fundamental waveform; FIG. 4C is a block diagram illustrating exemplary  P-SCH signal generation in a
base station; 5A FIG ?A _s a sc ~:emati .. diagram illustrating an  axem.p: rxr3, ccnfigu:ati::i: cf the
synchronization c:hahnel; F:.... B .i::. ._ sch:emati:c diagram i lustrating an  e'X empI-ary :: nfi, urati<;:n of
the synchronization channel;  5 FT C. 5C i a schematic diagram it lustrating an exemplary ::: ur.a*icn of
the sync:.;: ,r, anon charm; .  FIG ?_ is schematic diagram it ustrating an  exemplary ......figu;r:ation of ?:e
synchronization channel; FIG, 6A a schematic diagr.::m illustrating an  10 exemplary configuration cof the
synchronization channel;  FIG. 6S a.. a chemati<, diagram illustrating an 
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inversion of a fundamental waveform; 

 FIG. 4C is a block diagram illustrating exemplary 

P-SCH signal generation in a base station; 

5A 

xemp.lary ig rat on of the synchronization channel;  FI.. _a a schematic dlagAam 111uatxatin g an
exemplary c ~nfi.gu.. at ...on of the synchronization c panne-; 15 FIG.. >> _.. a schematic diagra,n
illustrating an  exemplary figurat .;: r , of :ne sync.nr s y n c h r o n i s a t i o n cation channel; FIG. 9 i_< a
schematic diagram illustrating an  exemplary waveform Of the :synchronization channel;  FIG. _.OA is a
schematic diagram illustrating an 12 e..emplary arrangement of the sync?:ronizaticr. channel;  1033 a
scnemat is d i a ram illustrating an  exemplary waveform for use=.: FIE:,. 10C is a schematic di ram
_llustrati.ng an  exemplary waveform f `r u se in S-H; r5 FIG. i 11 A i a ..:thematic diagram illustrating the
`ype pf the synchronization channel; FIG. _..S ., a s thematic. diagram illustrating an  ex mplary
multiplexing sc e m e of .. .,. .. with S SCH; F C.. _::'. is. n ac.hemati.c. diagram iustratin.g an  30
exemplary c:onfiC111 ion of the primary . Lsynchronization nnei . It_:. 13A is. schematic diaggram
illustrating an  exemplary ,,_nf'c?u;. tion of `he ,,-c ndary zsync'nronis ..ion :hannel; 6 FIG. 13S is a
schematic diagram illustrating an  exemplary arrangement of the secondary synchronization  channe
FIG. is a s. hematic diagram illustrating an  5 e. elnp_ary confijuiaticn of the secondary  sy_n.chronizat
.on c::q nn l; FIG. 131) is a schematic iliac am illustrating an  



exemplary arrangement of the secondary synchronization  ^anne 10 FIG. 1311 its a schematic
diagram illustrating, , n  exemplary scheme of F- `CH and S-SCH;  FIG. 13? is a schematic diagram
illustrating an exemplary arrangement of the secondary synchronization  channee I, 15 FIG. I`G is
schematic diac am illustrating an  exemplary m ltrplexing scheme of '-SCH and S-SOH;  FIG. 1:3H is
a schematic diagram illustrating an exemp...:.ry muI Q! \' n,; scheme of _5` and S-5.' H;  FI(',. 14 i;, a
_cbematzc diagram illustrating  exemplary ._; rr >pc: deuce between synchronization  20 channel c..:
e numbe_.s and C engt ... FIi. 15 is a schematic: diagram it -lustrating  exemplary ..rr,,:r;;ndence
.^etween synchronization  channel .: ' \f b'e c-: numbers an : scram._ ;~:te .~. and v'r  25 lengths.
FIG. 16. is .. schematic diagram _.llustrat.ng  exemplary ?.. :'e: ;jpc nc..nce :etwe rn .synchronization
channel c,','d.,w numbers and scramble code numbers; FIG. 17A Is schematic diagram illustrating
an,  Al exemplary arrangement of a synch synchronization channel; F!. G , 17B i t s a schematic
diagram, illustrating -an  exemplar y ,., noement of a synchronization channel;  FIG. I8A a block
diagram illustrating a receiver according one emb=odiment of the present invention;  7 FIG. 18B is a
Mock diagram illustrating a receiver  according one embodiment of the present invention; 



FIG. 19A is a schematic diagram illustrating  e_cmplar y frame timing detection: 5 FIG. 19B is a
schematic diagram illustrating  exemplary frame timinci detection; FIG, is .a schematic diagram
illustrating  exemplary frame timing detection; FIG. 20 is schematic: di :gram illustrating an  10
exemplary configuration of a synch ro: Ovation ciiannei;  FIG.. 21 a schematic diagram illustrating an
exemplary configuration of a subf>:ame; FIG.. 22 is a block diagram .; lu>trating a  transmitter
according to one embodiment of the present  15 invention; FIG. 23 i _ schematic diagram illustrating
an  exemplary correlation computation scheme,; FIG. :4A is a block diagram illustrating a receiver
according to one e.m: odir.ent of present inventi non;  2 0 F! 03. 241 is a schematic diagram
illustrating exemplary synchronization detect.-:::;: in c.-SCH detection  in a receiver ,according to one
embodiment of the present  nvent ior:; FIG. OA C is a c7ematic: diagram illustrating 25 exemplary
synchronization detection in .. CH detection  in a receiver according to one embodiment of the
present  invention; FIG. 24D in: a schematic diagram illustrating  exemplary synchrcnirat ion
detection in -SCH detection  39 in a receiver according to one embodiment of the present  invention,
FiG. 2'>A a .-thematic: diaer.am illustrating  exemplary _l:a t. ips between SIM and detection
pzobab:.lity for a?erages of the condary 



synchronization channel; FIG, .53 is a schematic diagram illustrating  exemplar; relationships
between SNRs and detection  probability for averages of the secondary 5 syr:chroni.z:,at Jon
channel; FIG. is a block diagram illustrating a receiver  according to one embodiment of the present
invention;  .7A is a schematic diac r am i .lustratin^ an exemplary c:nfigurati. in of a sync'nran :.aticn
channel and  a common pilot channel FI :73 a schematic diagram lustrating an  exemplary _C H
transmission scheme:: for multiple  transmission antennas according to one embodiment of the
present invent irn; 15 FIG :27C i, _ schematic diagram illustrating an  exemplary ..:h transmission
scheme for multiple  transmission antennas accordina to one embodiment of the  present invention FI
'>8 is a flowchart illustrating an exemplary  20 operation of a Iran:>mitter according to one
embodiment  of the or...,. a:nt invention; FIG. 29A 1s __;:owc:hart illustratin: an exemplary  ration of a
receiver a cording to one embodiment of  the Present. invention; 25 FIG, '. flowchart illustrating an
exemplary  operation of a :.e<ce ver ac.ccrdin to one embodiment of  the present. inv,enr? o:on;.
FIG.~'G is a .schematic di aq.-am illustrating  exemplary :ell Ii detection by a reference signal;  FIG 3
a ._::hem,at di Lam, illustrating exemplary cell. Ii. d,,etectic._ by reference signa ;  'IG. 2:?% a chat
..11:....tratina an exemplary  



erati.on o a receiver ac , rdi.r,; to one embodiment of  the present. invention; 9 FIG. 297 is : flowchart
illustrating an exemplary  ration of a receiver a cc:~ rding to one :,smbodnmerit of  the present invent.
ion;_ and FIG. 30 is a schematic diagram illustrating an  5 ... emplary ,,n,,hroni,ation channel
transmission scheme  in each _;enlctoDr. T  'r OF REE?ENC> STh BOI"  10: 10 20: rec::ver  e.'E T
MODE OUT THE INVENTION  Embodiments of the present invention will be described with
reference to the accompanying drawings.  15 Throughout the draw ngs, components having the
same  functionality may be. denoted as the same reference  numerals, and the description thereof
may not be  repeated. A mchile system according to an  20 embodiment :{ the pr. sent invention will
be described.  In thi :mbodim nt, the mobile communication system ;:l,ldes a transmitter 10 and a
receiver 20.  ',hen, the transmitter 10 according to this  embodiment l be described with reference to
FIG. 25 The .:r. .......=mitten 10 transmits a ;ynchroni_zat ion  channel. The cei 20 a es the
synchronization  channel to detect symbol. timing : nd frame timing.  Furthermore, 20 uses the
synchronization annel to cacao'. .......trot information on scramble coaee s;  a:..d 



T`. _ ri m tt z 10 il,. provided a 'base station  for trapsmitt:.. radio signa'... The transmitter _0  _nvludei
multip_e. data channel g'neera..Ors 100._ _OO.x.  .i..il each data channreel generator 100, iequence
of transmitted deta supplied from a transmitted data  generator 1 )'1 is enc -oded in a trans mission
path encoder  102, and the res;;:t. ng data are modulated in a data dulatt r i ? in multiplexer 104, a
pilot symbol is  5 multiplexes to the modulated data equence, and in a  :eria_ to pax all:l conversion
unit 105; the resulting  data are i.al to parallel co-nve:rated into N/SF information symbol .. ~ ueP,ces
on a .:regu c"_ncy axis. In a ;?y a .._. 0s ec-t information syml:,o' of the N/SF  10 c,converted
inf.,rm.atio,n symbol sequences ...,. copied every  SF symbols equal to the sequence length of short
period  ,preadin^ ::ode<s, and the resultiri:s information symbol  sequences are aligneed on the
freeuency' axis. Ia multiplier 108, a short period spreading Code generated  15 by a short .riod
spreading code generator 107 is  multlied th the N information symbol sequences  aligned on the
freec._ueency anis. in first .::omt nation unit 1009, the. symbol  sequences having the sequence
length N and multiplied  20 with the respective short period spreading codes supplied .:.:cam the
respective data oaannel generators 10; are  mu lt.:.p `v`.:3 . fl each of tf1.'.a N P'L.;.~ tx lie_ 111, is
oramnle  cues supi ad f ::::om a scram le i.:::d generator .0 are  m It i with the t plexed zvinbo'
sequences of the  sequence length N in the frequent- di---t_on. In each  of the N multipliers 118, the
symbol eq: ens::es mul ied  with the sc ::mbl C-,-odes are mult,,?Iied with an amplitude  .,justmert e
uence value generated an amplitude 



adjustment unit li't, and the resulting symbol se'quen: es:  are suppl.i to:: a second combination un~*,
112.. The  unit 1".._ multi the symbol ague :e a:. having the sequenoe length A and mllt_pl_ed  with
the amplitude adjustment :^.e;uence value and the  scramble codes ,.rth a synchr:oni z etion signal
generated  1.1 by a synchronization signal generator 120 in relevant  ones of N .stubcarrie:..,.. An
:invarTe F ouri:eer transform (IFFT) device 133  converts N symbols .into an orthogonal multi carrier
5 signal. A cyclic ire ix addition unit 114 ,inserts a CP selected b;.' a P se Ie cation unit 117 _nto the
mu..ti  carrier Yo.,,,,. `. r eh Fourier t;arge,. time. Then, the  transmitter 10 transmits the molt,. c.:,
:Tier signal aerated in that; OP add iti r:n unit 114 as a radio signal  10 in the Alth<unh k'CuM has
beer il.':.,strati.veiy api,l::.sd in  the above-mentioned transmitter, t)FDM may be applied.  In this.
assoc.ated with spreading n the OF'C.,M .,re z move: Specifically, the data channel  15 generators
100.'2 100.x, the copying unit 105, the short  period spreading code generator 107, the multip'-ie :
108 nc. the comb na 1 an -it 109 may .be omitted. Then, N  information symb::le ar.: supplied from
the serial to  parallel conversion unit 105. In other :cords, the N '0 information -ymbol supplied from.
the serial to parallel  c::cnversior. unit 10f .ar.e;, multiplied in the mu_tipl er lli.  An eemplary o`e;
?ratic:n for , e nerati.ng ynchron . at _on. s anal,. in th, synchronization .. _gnaI  venerator 1.10 will
he described. _25 A data genei to . 1' _ generates cod--'as Lot 



:n c. ronization channels. For e::ample, the data  generator 1,21 may ae"'aerate a common code,
such as "1",  in all Tn :h . mannr r, the z:>ce` vear 0 can easily  detect timing independently of located
cells by i?,.. correlating rec.. ived' s gnal with a time waveform in a common sync^rcni:s ti _n channel.
As .._I...u trate ._e.: .Cr. 2A, the synchronization  ._, anal g::^,:-rata 11,20 may generate a repetition
waveform  in a temporal ranc e, For es:ample, the data generator 121 may repeatedly generate an
arbitrary fundamental  wzavaffooorm. in this case, a correlzticn value may be  omouted for a portion
located ai. the distance of the  repetition period in the receiver. In the timing where 5 the reoeated
waveform is transmitted, a similar waveform  in transmitted, resulting in a larger correlation value.  in
this case, the receiver does not have to know ..he  waveform of SCH, : nd determines whether two
separated  portions are the same by computing the correlation values  10 for the two separate--_`
portions. In this fashion. frequency of :`set compensation and  timing detection with audocorrelaticn
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 edly, the receiver can  measure and compare
its phase. The receiver can  facilitate the frequency offset and the timing detection  with
autoourrelation of the received signal based on  phase rotation, in fashion; computational 20
complexity can be, reduced through the frequency offset  and the timing detection with autocorrel
ration of received  compared ti. repli;.._ correlation. sic 



As in FIG. 22, frequency conversion of  the repeated waveform in a temporal range results in a  25
sawtoot :ed waveform in _ frequency range. The synchronization signal generator 120 may generate
tizi,  sawtoothed waveform in this frequency range. Also in  this fashion, it is possible to obtain an
advantage  similar to the above mentioned one. so Altninatively, the repetition number of the
repeated avef:._..,_ in the temporal. range and/or the  i:cterval beowes n teeth of the sawtoothed
waveform in the  frequency range z*.aay greater t.,, an tern:atively, the data generator 121 may
generate  A.. 13 synchronization channel codes defined for respective  control information such as
scramble codes and scramble  code group::. In this case, as i 1..ustrated in FIG. 3, a
synchronization channel is defined for respective 5 control information such as a scramble code and
a scramble  code group. In other words, a synchronization channel  number indicative of a
synchronization channel s ,sociateci with the control information such as a  ,.ramble code and a
scramble code .:soup. in this ca s e;  10 the receiver 20 can detect the control information and frame
timin:. by computing correlation between all defined  synchronization channel waveforms and
received signals,  resulting in reduced cell search ;:imp. Thus, it is  possible to .educe power
consumed in the receiver 2,0. 15 A data modulation unit 122 modulates  synchronization signal data,
and serial to parallel  conversion unit 125 performs serial to parallel  conversion on the modulated
data t:o generate N symbol  



sequences on the fzecuency axis. Each multiplier 126 2,0, multiplies the corresponding symbol
sequence signal with  a synchronization signal spreading code c;e:neratedin a  ynchrcoonizat:.on
signal spreading code generator 12. _n  the frequency direction to generate N parallel
synchhronization siio.nsls. 25 For example, the synchronization signal spreading  cQde generator
123 may multiply a scramble code included  in the scramble code group number; corresponding to
the  synchronization cbsnnel code number in accordance with  correspondence between the channel
code numbers and the  .\. scramble cGd::. c ocp numbers as r P. in ...:et renc>  FIG. 1. The
multipliers, 126 <enerat. N pa.a.a_lel  avnchronl.. ation signals and supp-. ::hem to N multipliers  119.
Each of the N multipliers 11.: multiplies the 14 respective parallel synchronization signal. with an
amplitude adjustment sequence value incoming from an  amplitude ad"justmentunitl : 116, and
-upplies the resulting  signal to a second combination un:t 11", 5 Nvex:; an exemplarv operation in
the amplitude  adjustment ._sits l,._ and 116 in ,....e tr.nsmitter 10  according to this embodiment will
be described in detail  below. The amplitude adjustment units II`: and 116 multiply  10 syncronizati?n
channels with an ampitude adjustment  sequence value fao.,r amplitude adju;s tire nt. For example,
the amplitude adjustm?nt units 115 and 111", use a signal  having suffi:_ientl low peak-to-average
power ratio (PAPR) in temu n2 ;::1 range to cond`1 ::: some operation 15 for reciuc.ng PAPR of the
synchronization channel. 



Irc a txansmis.,.in amplifier, data are supplied to  a data channel r.andc;mly, resulting, in the h_gher
PAPR  and a rand ,m waveform as i' lustrat:' in 4A. In FIG.  4A, the vertical axis and the hori:ontal
axis represent  20 transmission power at a base station and time, respective  On the other nano,
since the synchronization  channel fixed eference pattern, a signal of lower  PAPR can b;: sel ;::ted
by determining an appropriate  25ratter n. "n 4A, if the amplifier has an upper achievable  power level
as indicated in a dotted lines; the ba :k-off  is set Lr hai ---. a level. lower than the average level in
c::onsiderat:'.on .f fluccuat _or, ma r,- zn oi'. signal:. 3i. Supposing th. . a temporal w=n ve. irrm of
PAPR equal  t'.o sero, that. i. .:: temporx1 waveform without a peak  ..casing; can be generated as a
synchronization ::hannel,  in output al than the average output. over  ata C.'i ai".:E`.. .. _.<n x.-;?
a:~::Ord1P.g! y.'"nereby,  Cj h it is possible to improve detection accuracy of the  Cyr ch oniz.=..t.ion
c;hhanne? s in the receive :' 20. The amplitude adjustment unit._ 115 and 115 supply  an
amplitudeadjustme;:ntsequence value the multipliers  51 and l1? in order to generate a waveform
without tsttanding PAF ... The amplitude adjustment sequence  value has some characteristics as
follows. (a} ... sica 1 :, the amplitude. adjustment sequence  value has constant %l .tude Iin 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 ima inar~, '<z.'t . (b) The amplitude adjustment sequence value has  perfect p .r.
au1.t4-orrelation ::.;iaracteristics, For 15 example, the autac orre. ati on has zero e7.-ept zero shift.
As a  e ,: : ence having these CR< 'aC gist cs, a CAZAC  (Constant Amplitude Zero AutoCcr.....lation)
sequence is  typical. For example, see ncn-patent documents 1, 2 trod in this. fashion, utiizati_on of
the CAZAC sequence  20 (CAZAK code) fulfils better autol-;:rrelaticn  characteristic , and thus timing
ietecrtion accuracy  based on ..replica correlation can e. improved. Furt_ ermore, sequences having
characteri tics as  presented .i ow in. ddition to the above-mentioned 25 characteristic : may be used.
(c) Even : ftee=r_ the e,=quenc a is multiplied a: an  arbitrary ,. s:. pl... number s<.equencs the
sequence still  has he.. abov mentioned characteristics (a) and (,n)'. (d} The 94`q e. ii. has -optimum
Crti::..soorrelation. 30 Fo `, e:xamp e. the or. ssoorre.-at:o (a!, i-Ute value) is  .i._.mited t. ~~ cr th-
sequence. 'ength N. As >> ue>nc.. .. ...laving the abco:e-mentioned  hara^ er__tics; a con
(Generalize.,, Chirp-Like)  1,6 :quence (cf. non-patent document 4) and a Generalized  Frank
sequeence (oo. non-patent document 55) are typical.  Alternatively, a Golay code ;of. non-patent
document may be used. Since th- Gol:y code fulfils 5 bet er tb,::::ir :l e ion character.'..s.tic :, the
timing detection ..:?:t.u Y',:iCy used or. replica c. c=-.-...atlcn can be  improved i:n the receiver. In
addi':i<';n, its code property  .: ? if': correlation processing. Alto natively, finals generated h: y
converting PN  



10 codes generated within a SCH bandwidth in a frequency  range into n;: a ..in a ..emporal range in
_FFT may be:: used.  Since such sign ;le. fulfil better "ut-correlation c..aract >ristz :s, t a.. "iminc,
detection a :curacy based on  replica correl atic'tn :::3n he improv d i`: the re:c:e_ve. 15
"urth:eermore, any of the abcve-mentioned three  veforms 2 , be used as a fundamental Waveform,
and then  is May be transmitter repeatedly. In this case  reception prc.rcessing can be simplified in
the receive::..  For example, the receiver may inclu d e only one come" ator LIZ orrespondinq to the
fundamental :,waveform and combine  si;;me outputs. .: f the ._c-relator. Also, in Case o'f a repeated
undame nt.al waveform,  inverted may included. In .-hams.. case, the  autocorrel,atl-'n ar ac teristics
can be improved, and 25 thus the timing he t.ec:tion accurac'. ae impro v ~d  n ~rece> tier. Also it
may ie sel acted in t e seen ver, based on  the f;i ndame i:. t: ;al waveform tran_sm.itued repeatedly,
which  f` the aut :oorz=i.at:ien based approach and the replica,  isorrel ti?on b .s o a ~.._'inoac h
.should ?~' used for t he tlmi rig deter n. if high:... throughput is given  higher priorsty, that if the
processing amount should  be reduc:. c the timin:q detection carried out based on the
autocorrelation. On the _other hand, if higher detection accuracy __ given higher priori.ty, the timing
det;act .::on i carried out based on the replica  ccrreIati .. or e Xa ln_`..ple, the fundamental wave
form having better  5 autocorrelation characteristics ma,,:be inverted, and the  inverted and repeated
waveform m,av be u...,d. 



For example, a fundamental waveform. having the  lena:tn c`7i-cal to, _.':4 of the symbol .I..engt 1 of
1 OFDM symbol  may ha: In th. case. some _ode having better 10 autocorze ation :-hara~cteristics .u
h as Goolay ;code,  a Gold coda and :n o thogonal Gold code may used as the  fundament;! wavy
form. As illustrated in FIG. 4S, Nodes av ng better autoo::orreiaticn characteristics even in  the whole
.signal can be generated by repeating the 15 inverted fundamental waveform N times. In FIG. 4B, the
horizontal as. is repreesents time (t). For example,  inverted fundamental waveform "A" may be
repeated N times.  in FIG. 4d, tie inverted fundamental waveform is  representec as ,. Some
component may arise out :.f the signal :and if  is left as it Thus, a P-''H .:iga:al wavef:':rm is  ....:rally
formed through passage into desired sr.gnal  bandwidth filter. For A' am 7 = , for the transmitter 10
described with  25 r Terence FIG ~, a sync ironizat:ion signal spreading  co e generator 1.. i ,
configured to include a fundamental  waveform generator 123-1, a repetition and code inverting  unit
12 -'? re,-eivin, output signals from the fund ame:nntaI  waveform 1 i, and band limiting filter 1';3-'s Vy
receiving output .. ,e:als from the repetition and Code  ,Lin vertina unit 1:... .. The fundamental wavef
,rm generati'r _23-1 generates  a fundamental waveform having the code length L/N. The  repetition
and code lnvert.i:r 12"-2 repeats and 18 code-inverts..- the fundamental waveform having the code
length L/N. For the repetition and code  inverter 121-2 repeats and code-inverts the fundamental  



waveform having tne code length W N N times, resulting  5 in the code length being The band limiting
filter 123-2 ,provides final P-SCH  signal waveform by passing the resulting waveform through  a
desired signal bandwidth fi_lter. As such a de:ized signal bandwidth, two cases may  10 be
conceived as fcl_:.ws. (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. In this case,  15 although there is sight influence toward other channels  out of this SIR band,
the SCH signal waveform has less  distortion, resultin.^:, in higher o,etection accuracy in  a mobile
station. In the mobile station, a oor relato r corresponding  20 to the funds.=imenr.al waveform is prep
:red, and its output  is code-inverted and combined. in this fashion, replica a  correlation with high
detection accuracy can be achieved  tinder a smaller amount of computation. An er em::lazy
operation in the combination unit 112  25 in the transmitter 10 according to the :mbodiment will  be
described in detail be' ow. As illustrated in FIG. SA, the combination unit 112  inserts a
synchronization channel at a frame period. In  the case frame periodic insertion of the 0
synchroni?attics, channel, for example, the combination  unit 112 may time'-multiplex the sync hron
.:.:ration channel,  that is, store and transmit the synchronization channel  in an FDM ::ymbo of some
slot. In this case, for example,  .a frame may be configured to have an integer multiple  ..+ 



of the slot length. One frame may be configured to  include multiple ;lots such as _.: slots, and in turn,
one slot may be configured to include multiple O -DM  symbols s11:ct7 as 7 QFDM symbols. 5 In this
configuration, slot. having the  synchronization channel can be central' :d under closed  loop contro.i_
su::h as retransmisslc)n without awareness  in the transmit er 10. In other ,rc)rds, the round trip  time
may be Unchanged. in the receiver 20, the other 10 hand, reception timing of the synchronization
channel  can be ide'.n`.if Yy <7 rreldt]..ng re~'=:eived signal and synchronizatio._ channel replica in a
temporal range,  and h,,-is, symbol timing and frame timing can be detected  at the sae:: time.
Alternatively, the receiver 20 may 15 identify the reception timing of the synchronization  channel b
_orrelat.ing the received signal with the  synchronization channel replica in a frequency range.  In this
case, the receiver 20 would use a ::ommon pilot  channel subjected to scramble coding to detect the
2.0 scramble rod::: By providing only one frame. with the synchroni : ta. tr, s::hannel, if a
synchronization channel  is de='4ecte'-, the frame boundary can also be detected.  In addition,
s_omp ared to the case of p*_ )vidina multiple  z5 frames with t:he ,synchronization channel, higher
nsm1 ssion p:^we for the synchronization cha: nel is  achieved, zresult.ir'q i.n improved detection
accuracy.  Alte rna::t .vely, the receiver 20 may use a common ":Llot channel subjected to scramble
coding to detect the::  .. ..rammble code :attar framd detection and scramble code  group dot ao :.
Conys:o4: i.:r:r. ly. for example, according to W-CDMA,  



The synchrc:n~zatir:n chann.._ is _nserted for each slot  pe ioi, that each slot. As a result, symbol  20
timing is first detected, and then frame timing is  detected. 'In ether words, the frame timing is
detected  through the two steps. According to this scheme,  although Act timing can be detected
through the 5 synchronization channel, it is not posai_e to identify  the associated potion of the
frame. Thus, the  associated portion of the frame is detected after the  detection of the slot timing.
Ac..rordingt.o this  embodiment, when the synchronization channel is detected, 10 -the frame: and
the symbol timings can be identified. As  a result, the sym?o timing and the frame timing can be
detected at the same time. In this embodiment, the insertion of the  synchronization channel into only
one po rti an o`: frame 15 unit (period) has been described. However, the  synchronization channel
may be inserted into multiple  portions of the frame unit or period. in other words,  the
synchronization channel only has to be inserted into  at least one portion of the frame unit .. period....
20 For example, as illustrated in FIG. 53, the  synchronization channel may be inserted,,, in such a
manner  that two periods can be configured Mr each frame. Also, .dust et:d in FIG. SC the
synchronization Manrtel  may he inserted in such a manner that four periods can  25 be configured
for e:ach frame. The receiver 20 identifies reception timing of the  synchronization channel by
correlating the received  signal with the synchronizaation .hannel replica. sn  



this case: correlations between multiple frames are 30 averaged. ,...._ example. if there are 10,000
samples  within a single frame, correlations are computed for the  113,0130 : mr~ e5, and. the
ssample ha.ving the maximum  correlation is found. in this case, if multiple frames  are averaged a
memory has to be prepared for storing the _0, 000 o orrel at .On values tempor aril;:. Then, co_
rrelaton values are computed for 10, 000 samples in  the next frame, and the correlation values of the
respective samples are added for improved S/N. Thus, a  larger memo :y ha:e to be provided. in the
case of multiple channels  being pro" den, if tie above -m'.entxc;ned multiple frames  are averaged,
the memoo,ry only has to have smaller capaci_ty.  For e::ample; if a two-period channel is used for
each 10 frame, the memory capacity can be reduced to 1/2. if a  four-period channel is used for e ch
frame, the memory  capacity can be reduced to 1/4. In addition, a,,-, more synchrc:ni zati n channels
are  provided for each frame, the merno-:y capacity can he  15 further r?duced. In the case o:::
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 :tf multiple frames can be easily carried out.  Alternatively, in the case of multiple
channels  1 Bing provided, the .__?annei_. may be arranged 'une'q'', al.,y.  In this arrangement, the
frame boundary can b:be easily  detected. 25 In addition, in the case of the insertion of the  multiple
synchronization channels into a frame, a time  



diversity of feat can. be obtained by combining correlation  .:utputn between the multiple
syncnrc:nizatien ::b:anne,s  in the receiver. As a result, it is possible to improve  20 the timing
detection accuracy. Also, as illustrated in FIG. 50, in the case of the  synchronization :::hannel being
time multiplexed in a frame  period, the combination unit 112 may provide an independent slot and
insert the synchronization channel  22 therein. In this case, such a frame may be configured  to have
(an integer multiple of the. slot length + the  synchronization channel length) in length. in this
configuration, the configuration within slots can be made 5 uniform over all the slots, resulting in
simpler radio  OF configuration. In other words, the transmission and  reception can be more:
simplified. An configuration of a synchronization  ..u nne1 will be described in detail belc.w, 10 to
W-1DMA, as illustrated in .I:G. 6A, the  synchronization channel is accommodated at the head of
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 c;-ode-multiplexed and transmitted. in this
configur. do:n, the other channel- can be configured  without ....nsideratton of the synchronization
channel,  but only a portion of total transmission power can he  a' located to. t e :ync::hronization
channel, As a result, 20 the receiver 20 must conduct averaging operations for  a longer time in order
to dete=ct the synchronization  channel. In =...... 6A, the vertical, and horizontal axes  represent the
transmission power (code) level and time;  



respectively. According to th".. embodiment, as zi_ustrated in FIG.  6B, for example, an GFDM
;symbol is allocated to:o the  synchronization channel for a certain duration. As a  rEeesu :, the total
transmission power can be allocated  to the synchronization channel. in this configuration, 30 the r
ceiv 2" ,an .. o.mplete reception operations, in a  shorter duration and d :tec:t the symbol and frame
timings.  For examole, 1 O 'IJM symbol is al'.ooat ed to the  synchronization channel. in FIG. 6B, the
vertical and  hr:; Y.1:Z nta]. axes represent transmission power. (code) 23 level and time,,
respectively. In 6-COMA, th synchronization signal cannot be  detected based on only one slot, and
thus the  ssynchroni nation . hannel having a 1o> ger duration is used 5 like a frequency multiplex
type. In W-ODMA, multiple  Slots are. used and c~orrelated t.o C etect the  synchroni.:zaticn signal.
In other wor s, the detection  of the synchroniz=ticn signal require: a reasonable  number_ of
sample:=s, which may lead to a l;.;ncrer reception 10 duration and larger amount of commutation in
the  receiver Accord_.ng this embodiment, >it1t:e the total  t?_ nsmis i power .- an be allocated t : the
channel in the transmitter 10, higher  15 power c...nbe aallocated. As a result, the synchronization  ;
annel can be transmitted for a sh ?rder time of o.eriod.  For example; while the transmission of the
synchronization chanty :l may require about 10% of the time  period of one frame ,. W'-CDMA, it may
require only about  20 1% in thi_.. embadimen'i.. 



A.-sr; in the c eiver 20, frame correlation can be  litated in a ho ter period oaf time, resulting in
smaller of the computatl._..,- n. addition, s c_.?Ee the symbol and frame tlminc"s can be detected by
means  25 of oTi .j'one synchronization channe:, is possible to  the required buffering amount and the
coins zm c  power. Ais; in the of the synchronization channel  being i.mem:z1 l %lex :-eY as
illustrated in FIG. 7, the  10 C: mbination unit 11" may locat=-. the .vnchrc.n,zat_on ihannel some
,.ui....., r er._ of 1 OFDM symbol. For  examp i.e trhei co t to:matron unit ll.,. T.ay alio Cate e s
vnc,hroni:F: at: S- ::n c::1, nn to some .,ilboarriers of 1 ;;FDM  symbol at even lnte ..is a. Also,, the
synchronization': 24 channel may be allocated at uneven intervals in order  to improve the detection
accuracy in replica corre l ationi.  In FIG. 7, th.e vertical and horizontal axes represent  frequency and
time, respectively.. 5 In CUFDM, the number of suboarriers and the OFDM  symbol length are
increased to enhance tolerance to  multipath. As a r esu.lt, i.f one whole O'DM symbol is  allocated
to- a svn: nronlzatlon signal, this may increase  overhead. 10 .his ...s:> the combination unit 112
allocates  the synchrotni:zat.ion channel to some subcarriers and  another channel to the remaining
channel part.  According to this. allocation, it possible to reduce  the over'he: n the synchronization
channel. 15 Als,: ;l the rase of fixed tota transmission power,  the, transmit :_ion 1a;::s :i of the
synchronization channel  can .... adjusted by ..::tinging a transmission power 



$.'A. .~.ocatlon ratio rbet'ween the synchronization channel and  a multiplexed c:hsnnel.
Furthermor-e_:, the transmission  20 power of the nult p:i.:.:<_ed .`.lannel can be adjusted. The
transm s.ic;a ;;:,w -r o : the synchronization channel can  ad ueted by an o orator during cell
designing, for  example. In ac?dli.tioi-; ,.h:e combination unit 11: may use at  25 least a portion of
allocated frequency to allocate the  synchronizat::-on channel discretely (orthogonal multiplex: type'
FDM) as illustrated in FIG. 8. According  to this a:.lo.rzat>.on, a frequency d ver.__t > effect can be
>i:ainsad. 5~ In addi.t: i orn t. ie comb .n atlon ?_init I 12 may allocate:  the .;n::h onizat:ion :hannel in
such a manner that time  d.vision multi lexing can be fa il_-tat,d by superimposing ?.t on a:_ ..east
one ,portion of a data channel  (non-n _hog a al multiplex type t 1 as illustrated :.n FIG" 8. In this
case, the synchronization channel is  transmitted in suc.) an arrangement that it is  superimposed on
at least a t:ortion of an OFDM symbol and  time civisIon m Itiplexed. 5 in addition, the combination
unit 112may allocate  the syn ronizat: n ,.. =annel in such an _rrangement that  it is
>upeerim.nco,se_d on at least one: portion of a data  ,>...nnel at even intervals and fret-uenc.
division multiplexed (non'-:rthogonal multiplex type FDM) as 10 illustrated in FIG,.:. According to this
configuration,  the frequency diversity effect can be obtained. _n addition:, the combination unit 112
may allocate  the synchronization channel in such. a manner that it can  be code division mule
plexe_d with at -east one portion 15 a data channel (non-orthogonal multiplex type CDM)  



lustrated' in FIG, 8. As a result, as shown in FIG, 9, synchronization  Channel c:Ces pk(.). 'k(.), .,.r
pk.(.On) (k=1, 2, ...,Kgrp)  belonging to a scramble code group are allocated to 20 suhcarriers:. The
synchronization channel codes  allocated to the s:ac.::: rri r. are :plied to the inverse  Four_ er tra n
f:orm (IFFT) unit I Than, the  synchronization channel codes are converted into an  orthogonal multi ,.
e_:rri sr signal, and the converted signal _14. The CP addition  lit supplied to the OP addition unit t
114 a C (Cy=clic Prefix) selected by the  CP selection unit 117 into a multi carrier signal supplied  fs:r
each F .u.rier -.ac ~t time. Then, the transmitter 10  transmits [a multi carrier .._gna1, supplied from
the CP .:: a' anion uni : 114, that is the SH time waveform, into  the air a__ a rad_.._ ._.,.gnal . The S)
CH t:-me waveform _s  by defi)-:-ng a number of 'CH time waveforms  o.rresspond..ng to. ..ne.
number of gz ups.. Alec, a ss::guer.,: f synchronization channels may  26 be provided by differential
encoding between  subcarrier.. In this case, the receiver detects the sequence of  =nchronization
ci>annels by extracting ; hase difference  a informati. n throul*h delay correlation between aubcarri-e
s. in the case C If ' i rer".t multiplication o:: subo::arriers  with the ;yn.hron nation sequence, if there is
fading  fluctuatic:n in frequency range , 're uency selective 10 fading) , no in-phase :addition can be
fulfilled in a long  interval ,... the frequency axis. 



By using a phase diffeerence. ,etween subcarrlerS  (different , :l e:nc di. rig) to multiple the
synchronization  channel sequence, evin if fading fluctuation. occurs in 15 the fi:equenc:rrange;
in-phase addition can be fulfilled  for the small fading fluctuation et-we,,:n adjacent  subcarriers by
extracting the pha:e differencebetween  subcarriers i n dela: v detection ty:se correlation. As a  result,
ver fading fluctuation occurs, high w.., detection 8C!:'l+`.ra'V can be aCn.1eV@Ci. Also::; since
correlation in ,a, long sequence can be  used, a large number of se ;uencess can be provided. In
other words, the s:y_'_r_hronization channel can be used to  transmit large amount of information. 25
th i s a 1. 1, a illustrated in _, GA, the  placement of the synchronization channel sequence is not  lim
ted y:lac:ement between adjacent subcarriers,  and the channel can be provided ever:'  t ,o
subcarriers.. Also, a larger amount of control 3., information n b C Smltted b ' pr v? ding two types  of
seq. ennc s and c.':; :iguring them in two layers. c'o _.._ mple, if the two type: of sequences include
115 patterns, 256 ( = 16 1<16) types of information can be  _'ansmitte:i.. In t.hi case, the
synchronization channel c n, be used tc: rans:mit information such as i6 cell ..Ds,  2 fram=. timings,
two sector structures, t;:o MIMO antenna  structure:-: and two CP lengths. In this. rase, the two
sequences may be arranged alternately as sequence 1 and 5 sequence 2, for example. In add ,T. .~;
on, a GCL sequence,  Walsh sequence and others can be a,p ?lied, For example,  in, the ass ~rf the
C-C;L sequenc , GC 7.: sequence ~- consists  Of 1 Cl -~) 3:n `t: s e d Gi.. equ:.nc 2 cons- sty  



of G2 (1.) <' 2, a. ) , " . 10 Inste d ;f ^'r ::ode and Walsh code any of (I)  orthogonal ' i ;uasi-orthogonal
code or code  having good aute`C~.c:irr :l anon and crosso:'-(:irrelation a frequency r `n.ge may be
used as a  secondary synchronization channel cede described  15 below. pes:: '..c.ally, an orthogonal
code whose phase  rotates at a constant rotational Sneed on the frequency  axis may be used.
According to sup:a coda, It is possible to generate  20 an orthogonal code f :r arbitrary quence length
and  improve detection accuracy at the second st ; In addit cr th:e above-mentioned code may be
scrambled on the frequency axis e accordance with a  manner predefined in the sy-:tem. In this.
case, a common 2;a scrambling scheme is used for different cells rather than  different >c:r:ambling
schemes. In the above-mentioned  code, the phase rotates on the frequency axis. at a  constant rotat
c :;:l "led. As a 1:'i .s tiler the code has an impulse waveform o , t') s time axis, is not desirable  3 from
the views-, i.nt efficiency ;f transmission ampl .:?.gr . Thus, the code is scrambled on the frequency
_:is for _'eandomi ration in order to eliminate the problem  i:ttth transmission am. lifier e ficiency.
Since a mobile  static:n known: the ........: mb f. code .n advance, the c':;rrei.tition detection can be
easily achieved by  dascrambling and correlating the :code prior to  correlating the secondary
synchronization channel Here, the , .:odronization channel ;:odes ;Pk (I (2), ::.C-n) belonging to a
s(-.c; amble code croup may  



be divided into c::odes for detecting frame timing a,nd codes  for detecting control information such
as the scramble  codee grt: uI F,-,,,,. ,,:xampl e, the synchronization :_ hannel  for frame timing is
used as a primary synchronization 10 channel (Primary _. ~} , and the synchronization :channel  for
group detection is used as a secondary  synchronization channel (Secondary-SC H) . Here,
Primary-SOH is used as a waveform common to all -ls.  Seecondarv'-SCH has a waveform defined
for each scramble 15 code group. Primary-SCH and Secondary-S"H are combined  with a data
symbol sequenc:ee. In other ords, reception t-min detected in  Primary-SCH, and a reception frame
and information  relatingt::oscramble codes are detected in Secondary-SCH 0 For example, symb:=l
timing (FFT timing} is reported in  Primary-Ala.. , the frame timing can be reported in  Primary-S^H by
setting the insertion interval of unary ".' as r,ne f:e,..me. Since the symbol timing and  the frame ti.r: a
rc` ..an be detected in Pzimary-SCH, the frame?  25 timing does no: have to be reported in
Secondary-SCH. A sh;, for a scrambl ,:ode group may be  detected in 'c'econdar -SCH. In addition,
scramble ::odes  in the scramble code group may be f rther detected. The  further detection of
scramble codes enables demodulation 3? h, e, out i.mmedia-,ely. For example, some code  may be
defined as :a seconder chann:eel, and different code  at.te: ins ma' ..... ass,:.cciateed with 'ch...
'respective scramble group: For exatpl :,. for types of (::ode groups,. 64  types of c~de patterns may
be provided. For 512 types  29 ofscramble codes, 51 types of code patternsareprovided.  In this
fashion, correlation with the synchronization  



channel c:arzi: d out.. Conventionally, a pilot channel  is used to detect a _.ramble code from a
scramble cede  5 :;roue. Also, inforimation reported the secondary  synchronization channel may
include only scramble code  a.rc up informet ion. According to this configuration, it is :ossibl.. to r:
duce the workload of reception  10 operations and improve detection accuracy. Alsc intor.mtion
indicative of a scramble code  group may be reported through the pattern of a common  pilot
channe.'. . The reporting of the CPICH  pattern al'.o:::,ws phy:?ical channel to r epCort a scramble 15
code grog..,:, that is, the secondary synchronization  channel tie mes unnecessary. Also, informat cn
indicative of a system bandwidth  maybe re_portetY n the 'e t:: o:nda ry sy^.:hroniZat on chant ...  If
the transmisslo ?andwicth of the synchronization 20 channel 1.`.:1, 5 MHz 5 MHz, a mobile Station
does no  have to know the bandwidth at the cel search sta.7e addition, nine radio resources allocated
to the  synchronization ::rappel may increase overhead, it is  desirable to u:=e at, few radio resources
as possible~ i5 Also, information indicative of the bandwidth Of a >::roadcae>,:ina ~~:harms:sl may
be repo. ted the secondary  >ynchrcni.e ation r:anel, For exast le, the bandwidth of  the
broadcas=ting cha n el can be det cted in the secondary nchroni ation e_ za=::zel in the reception
side by using  3. different -eloo3ndar synchronz za :.ion channel signals for different brcadccasting
channel bandwidths. Also, information indicative: of the. number of  yansmis4,i _a antennas may he
reported in the secondary  nchrcni<:at:: :; on chaa:_I 1, For example, the maximum 



number of the synchronization channels and CPICH may be  s t to be :.. In this configuration, the
number of  transmission antennas does not have to be known at the  c;_:11 search stage. 5 Also,
information related to call structure such  as the number of sectors may be reported in the secondary
synchronization channel. For example, the cell structure can be 3:: ,:rcted in the secondary
synchronization ,..nannee.l at the reception ..i_de by usin:  10 different secondary synchronization
channel signal depending on the number of sectors in a -ell..  Also information relating to the number
of  antennas in a base tat?ton may be reported in the  secondary nC r .Ti .."..3tion channel. For
examp e., the 15 number of transmission antennas c n 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 relaating the C ' length
may be  20 reported in the secondary synchronization channel. For  example, the OP lengt. can be
detected in the ..._r..ondaxy  synchronization .:hannel at the reception .. de by using  different
eec-ndary synchronization channel signals  depending on the CP length. 25 As a signs' Y ve`orm. fc r
use in for example,  -odes having good c osscorrelatiI- characteristics at  th"e same timing may" t:e
used. In '-SOH, control info.rmatio::1 such as cell ID groups  may bye reported by transmitting
different codes. In this  3 case, correlation between different codes, such as codes hav ng good
c:rosscorr at ion characteristics may be used  ..or easy id<"nti-`i .: _..on of different cc ntro_
information.  



In S-SCH, c-%dies are arranged on the frequency axis unlike  W ---DMA. T i'- ,', no shift on the _r
quency axis has to be  31 taken into ;r lonsideration, and any code having good crr;sscr;~rr lation
characteristics at the same timing,  that is, uncle n conditions where there is no shift in the  frequency
direction, can be used. From this viewpoint, 5 the above-mentioned Walsh code and CAZAC code
are  suitable bec:au.se they are orthogonal at the same timing.  For example, if coode 1 (cl, ..2, c3,
c4, c': on-!, on)  having good visa swarre laticn charac:t-eristics at the same  timing and code 2 (01,
d2, U, d4, d5, "', dn-1, on) are 10 used as illustrated in FIG. 103, information A and B can  be
reported via the codes 1 and 2, respectively. In FIG.  10B, the .. orize,,n-.al axis represents
frequency. Also, for example, some code having good  autocorrel atlcn and/or crosscorr..elaticr, 15
characteristics also including timing shift may be used  the signal waveform in S-?CN. For example,
different  timings may be generated through shifting on the  frequency axis. If com:? code having
good autocorrelation and/or  20 cross corzelation cnaracteristint also including timing  shift is used in
addition to the crosscorrelation  characteristics, ini rmatior can he reported by timing  ::h _ft such as
the rode. phase in addition to codes. As  a result, a large:c amount of control information can be 25
transmitted. .or example:, the transmitted amcunt of  .information can be inctea sec. corresponding to
(the number  of codes X t.Ye number of phase shifts). As the codes  having such r:harac:ti'r%.stic:,
for example,. Gold code and  orthogonal Gold Bode are applicable. For example, if  



rode .. (c I, cr2;. c: c5,. cr'. 1, on) having gocd  rr.r,,sscorre'.a`i:.n, ._. _ actaristics at the. .,am,e timing
and .ode _ (p. ase shift I) (c:2, oh c4, oe. aw... cn-. on-!) :sulting from code 1 being shifted by a
predefined amount  of phase, such as the amount of phase shift equal to 1,  32 are used an
illustrated in FIG. 10C, information A and  C can be reported by code _ and code. 1 (phase shift I)
respectively. in FIG. _OC, the h': i:antal axis  represents frequency, 5 Primazv-SCH and
Secondary-SC,-'. are multiplexed and  transmitted.  example, as illustrated in FIG. 7,  Primary-;?:a
may be allocated to some subcarriers of _  OFDM symbol, and Secondary-S :H may be allocated the
remaining subcarriers, in this case, as illustrated in 10 FIG. _'.A, r .mary.,SCH('?(k)) (k=l, , n-1) and
'Sr .e~cos ary-: _Hc.,. ,=aj ) (k=2, 4,- .., 2<',) may be allocated to  ..,:ome subcarriers of : OFD'M
symbol.. Alternatively, 'rimary--SCH and Secondary-SCH may  be allocated to different clots and
transmitted. Also,  15 as illustrated in FIG., 8, Primary-GOB and Secondary-SCH may be discretely
allocated by using at least a portion  of allocated frequency (orthogonal multiplex type FDM)
According to this ...-location, a frequency diversity  effect can be obtained. 20 Also, Prim=ry-SCH and
Secondary-SCH may be  allocated in such _. manner that they are superimposed  on at least a
portion of a data channel and time division  multiplexed (non-orthogonal multiplex type TDM) . 1n
this rase. Primaz,_ S';.H and Ser_on i,-ry are 25 superimposed on at least a portion of an OFDM
symbol and  



time division multiplexed. The .resulting Primary-SCH  and Secondary-<C are transmitted. Also::,
Primary-07H and Secondary- <::H may be  allocated in suchaaz manner that they are superimposed
ai1IIe~ 0 at even intewals on least a portion of a data channel  and, frequency divisi:on multiplexed
(non-orthogonal  multiplex type :DM) According to this allocation,  frequency diversity flea t can be.
::btained. Also, Primary-.,CH and Secondary-SCH may be  33 allocated in such a manner that they
are code division  multiplexed with least a portion of a data channel  (non-orthogonal m_ltiplex type C
M) If the synchronization channe... divided and  5 transmitted into =rimary-SCH and ec ndai.y-SCH,
the  receiver 20 dete t:5 frame timing in Pr.imar.y-SCH and uses  Secondary- .;,:Ed to detect a
scramble code channel based  on th : detected frame timing. in this configuration, only one: type of
10 synchronization channel waveform has be computed at  time point of the frame timing d.:tectiot,
that is,  :r...:relatic:n between Primary-SCH and the received signal  only has to be computed herein.
add.tion, after the  name timing -Ls daetected the synchronization channel 15 waveform o?nnly has
to b computed at the frame timing based  on Secondary--SCH and the received signal herein. As a
....sult, a :.omputat:; on al amount in the receive r 20 be reduced compared Y... 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  



g_`oups Is reported in SSCH, different types of waveforms  are defined corr;:::s: onding t: c) the
number of groups .n  adVdP.C<9; and tpease types of waveforms may be used for  ., 25 ieportting.
Aa;:c.:rdi:':g to this configuration, it ,_ ossible reduce the workload of reception operations.  and
imprcv tion ac:curacy for a small number  of group. All,. when information indicative of scramble
codes  S 0", ,-:-ups. in S-SCii, the information may be  reported in the form ::` control bits ._:s :ulting
from  application of c anise: 3. enco in In thJ a configuration,  particularly if the_.. are a la-. number of
groups or  if control information other than information indicative 34 of scramble (,odes reported in
S"SCH, it is possible  to reduce the workload of recepti.:n operations and  improve the detection
accuracy. In addition, since CRC  is applicable, it is possible to improve the reliability  5 of the
detention. Also, as illustrated in FIG. 11E, P.. SCH and _-SCH  may be multiplexed on the same
OFDM symbol in FDM. In  FIG. 113, the vertical and horizontal axes represent  frequency and time,
respectively. 10 In this configuration, compared to TDM multiplexing,  if the number of symbols
allocated to SCH is the same,  both P-:CH and C.`.H,,:an be allocated to a large number  of s'_>FDM
symbols, for example, in a is mrara:. _ distributed  manner. As a result, a greater time diversity effect
can  15 he obtained. Also, since _CH and P-SCH are located in the same  UFDM 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 S-SCH reception timing, effective  synchronization can be dot, ted.
There are two FDM schemes of P-SCH and S-,,CH as  follows. (1) ?,,s a regular arrangement every
other one 25 subcarrier,. P-ACM and :-SC.`H are arranged alternately.  In this arrangement, greater
frequency diversity effect  can be obtained. At the synchronization detection of S-SCM, P-SCHs  are
always arranged at both sides evenly on the frequency  ax for any S-SC'? ..uboar r iers. Thus,
channel estimation can be carried out with high accuracy by using  .. CH as reference. For FDM, no
interference occurs  between SC and (2) P-SCH and S-SCH are irr :cularly alternated on  35 the
frequency a x i s . . n this case, this arrangement is  defined by the system. According to (1), if
P-SCH is  arranged ... ,.,:y other one subcarrier on the frequency axis,  a two-time repetition
waveform appears in the time range. 5 As a result, several peaks appear at the timing detection,
which may ...cause c egraded detection, a: curacy. In order  to overcome .his problem, P-SCH is
_rrecular_ly arranged  on the fr.ec ency axis.. For example, P-. ;CH and 5-SCH are arranged in enact
10 one of 2 OF .M symbo ,a or 4 OFDM ymbc,ls within a i0 ms  frame. Such rrrangement can lead to
a time diversity  effect. in the case of P-SCH and S-5'_'H being arranged in  2 OFCM symbol:. or 4
OFDM symbols, supposing that the  



15 overhead of ;"]CH in W-'DMA is the trsnsmissior, power rate of 10%, for example, the. SCH
overhead can be limited below  about 1. For example, if SCH of 1. 5 MHz is transmitted  in The
system having bandwidth great` r than 5 MHz, the  SCH overhead can reduced. Also, .nce S"Hs can
be arranged in a temporally  burst manner, f stet C: _._ search ,an be fulfilled at  _mall.er SCH
overhead than W-CDMA. Ex :ma:. a.r,a transmiasicm and re :eption operations cf  a primary channel
will :<e described wi h  2 5 r_efeerence to ....,.. 12. The transmitter 10 may transmit a primary
synchronisation charm l in discrete subcarrierz.. Foy  example, the pr: many synchronization channel
may be  transmitted c ae.: , other u !carri _:re For example, the S0 arima.ry :y _;, cf'. h nnel rd:ly be
transmitted in  the ..s*.', srd, ::th and 7t': `aubfram.:.,. from a certain ist ."?Carrier in a PN-lie e pattern
common to all cells. In  this c::as the. 1ran s:m,itte,a primary synchronization ::i annex is common .. ..
all subframes. As a result, a  $ temporal signal becomes a repetition signal  corresponding to the
length of the carrier interval: in  other words, a temporally similar pattern is repeated  twice in an
effective data duration, Similarly, if the 5 primary synchronization channel is transmitted every two
subcarr ers, a temporally similar pattern is repeated  three times in an effective data duration. in other
words, when the primary synchronization channel is  transmmittd to have an interval between
subcarriers, the 10 same signal is repeated and Bran<:ritte , According to this configurati-:n, a mobile
station  



(receiver) can fulfill frequency synchronization by  comparing the repeatedly transmitted primary
synchronization channel and computing an amount of phase 15 rotation during the period. The
receiver detects crosscorrelation between  received signals in the time range. in this case, it is
advantageous that. the synchronization ,--harinel be  arranged t:oo have an interval more than or
equal to one 20 carrier. In 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. In this case, the amount of
frequency drift can be found based on the amount of phase  rotation partial correlation within an
OFDM <ymbol.  ExempIary tr:::n sion and reception operations of a secondary aynchronization
channel will be described  30 with refeze.. o.ee to FL(:: 13A and 1 8. If multiple secondary
synchronization channels are  arranged in a frame, different secondary synchronization  channels
may he arrange d. in other words, different code  patterns are used for different synchronization
channels  37 in a frame. For example, different modulation patterns  are used depending an location
of ,cramble code groups  and subframes. An exemplary reception operation under this case  5 will be
tee?:,:>ibed. As detection ...-home s secondary synchronization  channels, there are frequency range
operation and time  range operai:ion. 



In the frequency range ooer action, as illustrated  10 in FIG'. ".3A, symb:l timing is found in the
primary  synchroni :a on i::~ anne,! , and thus the lo:;cation subjected  to FFT operation s found.
Thus, the frequency range  operation _.. oarria:ad out after the EFT operation. If the  absolute phase
is used, correlation hee:tween received 15 signals and the secondary synchronization channel is
detected. in this case, some characteristics may be  degraded due to phase rotation caused by if the
absolute -phase to aclisoent primary synchronization  channel is used, the ,;:,base rotation caus=ed
by fading is 20 followed. in other w rds, the primary synchronization  channel is considered to be a
pilot, and the phase of  the secondary synchronization channel is restored.  After that, the correlation
value is computed. The time range operat icon is conducted before Ii'FT  25 to detect correlation
between a re_c eived signal and the  secondary synchronization channel. I this case, if the
secondary synchronization channel is :-,paced by more than  or equal. to two cer'riers, : rossccrre
atien may arise  between received signals. Alec.., the o:r m:ar'y synchronization , hannei and the
aeconda?:y channel are a ranged at the  same syr,`c>_:l _.: illustrated in FIF. l:3B, According to  ....is
array , e:ment, Is possible to r_educ_ influence of  fading the case of channel estimation in the
primary  38 synchronization channel. For exam?ie, in the case where  the primary synchronization
channel and the secondary  synchronization channel are arranged at different symbol  locations,
particularly, fading variation may have 5 greater impact during fast movement, For example, the  



primary svnohroniz:ation channel pl, p2, p3, '' Pni2 and  the secondary synchronization channel .`k,1,
sk,2,, rk,3, k, P/2 lk is a scramble code group index and N is a  sub::carrier number) are arranged at
different symbol  10 locations, The primary synchronization channel is common to all cells, and the
secondary synchronization  channel includes a .vide control bit (scramble code)  indicative of a
scramble code.. Alec:. P-SCH and H.'-SCH may not be multiplexed with  15 the same C)FDM symbci
that is, P-SCH and S-SCH may not  b; alternately arranged a; illustrated in FIG. 13B.  :_;aheer,
P-SCH and S-SCH may be consecutively arranged  as illustrated in FIG. 13C. Also, as illustrated in
FIG.  13D, P-SCM and NCH may be multiplexed with the same 20 COMM in accordance with CDM,
that is, P-SCH and S-SCH  may be superimposed on each other, if P- ;C.H and ;C:H are code
multiplexed on the same  OF 01 symbol as illustrated in FIG. I E,. P-SCH is  consecutively arranged
on the frequent axis compared 25 to the cage' 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 i , t<h cc de length
on the frequency axis can be  Inc:.reased, a amount of control information such  s a eeLl zD gri p can
no. transmitted. At synchronization detection of S SCH, .-SCH is  multiplexed on the same
subcarriers as S-SCH on the  39 frequency aa,:is, and thus channel estimation using P-SCH  as
reference can he fulfilled. 



For example, P--:SCH and S-SCH may be arranged at one  2 OFDM symbols and 4 OFDM symbols
within a 10 ms frame.  5 In this arrangement of P-SCH and S-iCH within a 10 ms frame, a time
diversity effect can b: obtained. in the case of ..-SCH and S-SCH being arranged at  2 or 4 OFDM
symbol, supposing that: the overhead of SCH  in W-CDMA is the transmission pow r rate of 10%, for
1G example, the SCH overhead can be limited below about 1%,  For example, if SCH of 1.2 MHz is
transmitted in the  system having bandwidth greater than 5 MHz, the SCH  overhead can be reduced.
Since .SOH can be arranged in  a temporally r,urst manner, fast cell search --an, be 15 achieved at
less ACM overhead than W-,"DMA. Also, illustrated in FIG. _.3F, E- SCH and S-SCH  may be
multiplexed at different OFDM symbols  accordance with TOM. For example, P. :OH and S-SCH may
be multiplexed at  20 different OFOM symbols in accordance with TDM as  illustrated in FIG. 13G. in
this configuration P... SOP  1.s consecutive! In arranged on the frequency axis compa,: ad  to the
case of multiplexing in accordance with F DM. As  a result, there may arise no problem of degraded
timing 25 detection accuracy caused by arranging P-SCH every other  suboarr i n.. Als : since the
number of sub -arrier_s for S-SCH can  be increased, that is, the code length on the fzequancy  azis
can be increased, a larger ,amount of control 30 information such a cell ID group can he transmitted.
There are two ;,apes of arrangement of P-SCH and  C I as follows. (1) As ill; >trated in FIG. .SG,
P-SCH and S-SCH are  spaced by a predefined number of frames, According to  



' this arrangement, ...:::r example, if P-:CH and S-SCH are  spaced by 5 ms, the resulting 5 ms units
can be configured  to have the s,; me structure. (2) As illustrated in FIG. 133, P--SCH and S-SCH are
5 arranged closely to soh other on the temporal axis.  According to this arrangement, ti..,
s:ynchronizat_.on  detection using as ree:ference car be carried cut  at detection of S-SCH. .. SCH
and S-.5,..H may be arranged at  10 either of 2 or 4 OFDM symbc:.1s w t,in a 0 ms frame.  In this
arrangement of P-SCH and S-SOH within " 10 ms frame, a time diversity effect can be obtained. in
the case o' ,f P-SCH and S-SOH b:: n arranged at  2 or 4 OFOM symbols, supposing that the
(overhead of SOH  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 1.21MHz is transmitted in the
system having bandwidth greater than 5 MHz, the SCH  overhead can be r euced. 20 In addition,
since SCH can be arranged in a  temporalir burst main:er, fast cell search can he  fulfilled at less .H
overhead than W.- CDMA. An e\emp sr'y- operation of the C? addition unit 114  in the transmitter 10
according to this embodiment will  25 be described in ,ietail, below. The CP addition unit 114 insert;.
a CP sele cted by  CP selection unit 117 into a multi carrier signal at each  Fourier tar-et time. The ;'1'
Prefi:<z) is provided for absorbing  30 influence on signa processing even if signals arrive  via delay
waves at: different timi I'1 'S. In fact, systems  



measure tnu._,.ipst:il > and detsrm .ne the CP oased on measurements. In this case, since delay of a
signal from  a single :base station can be found, the CP is determined based o;n the delay. However
, in the case of mult cast where different  signal's from multiple base stations are combined, t
ansr"ission delay may be caused by the transmission of  5 signals from multiple base stations
besides spreading  of re: epti':*.,. timing due to a simple mu'.tipath. In other  words, the difference
between transmission delays is  added, and thus the spreading of reception timing may  he.
increasedi compared to the case: of the reception of 10 a signal from a single base station. T :ups,
the amount  of delay in the r 1. t:.i.s ast may direr from common  communications suC as un.oast.
Thus, according to this embodiment, several types  of radio: frames, cr example, two types of radio
frames  15 are provide;:!. Specifically, several types of --Ps having differ nt C lengths, for example,
two types of CPs .are  provided. One typpe. ... CP having a relatively larger Cr  length is used in
mulicast, and t_h other type of rP  having a relatively smaller CP length is used in unicast. 20 In th:s
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 as;
so late the> synchronization channel code number  25 with the `P length for storage. The CP
selection unit 117 selects the C:' length based the association.  Also, as il. ultra ed in FIG. 15, the CP
selection  unit 117 may .....soc:r tes the syn.c.hron_zat_on channel code  number with the
e.,.__:.abae code group number and the uP  



si length and store th.e- association. FIG. 15 castrates  two types of the 0> length. Also, the P
selectio:t, unit ...17 may associate the  synchronization channel number with the scramble code
..'coup number for storage as i1.lustrated in FIG. 16, for  42 example.  in this embc>diment, two types
of CPs having different OP lengths will be descrbed. As mentioned above, the longer CP is used in
the  5 case of multcast where similar signals are transnitted from multiple base stations. According to
this  configuration, it.i possible to absorb transmission  delay frc:m the base stations. The shorter c.P
15 used in communications, such as  10 unicast, other than m.ulticast. The CP addition:, unit 114
adds a CP selected by the  C;? selection unit 117 to a multi airier signal supplied  from MFT. For
example, as illustrated in FIG:'. 17A and 175,  15 the CP addition unit 114 adds a CF 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 CF, 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 ;asa where a frame includes a relatively  small number of OFDM symbols. In the case of
different  CP lengths being used in the same system, if the .interval.  between s:ubc:arri..... is kept
constant, a frame could 2:5 include a different number of OFDM symbols and thus the  



position of the synchronization channel relative to trams=.s  boundary may fluctuate. Since th:a OP 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 S.r me' boundary relative  to the position
of the synchronization channel. can be  filed independently of the CP length. As a result, the  frame
boundary (frame timing) can be easily fulfilled  in the receiver SC. 43 An exemplary receiver 20
according to this  embodiment will be described with reference FIG. 18A. The receiver 20 according
to this embodiment  includes a scramble code reception timing detection  5 circuit 200. The sc emb.:
code reception timing detection  circuit 200 receives: a multicarrier signal from an  antenna and
detects ^ramble code reception timing and  FFT timing. 10 Specifically, the scramble code reception
timing  detection circuit 200 supplies the received multicarrier  signal to a correlator 201. On the other
hand, a  synchronizaticn signer replica generator 202 generates  a predefined sync;isronization
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 them as scramble code reception  timing ins memory 205. The timing
detection circuit 204 25 further computes 'F. 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  00 a c emodulation ,: i rc,.<it, For example, if a waveform generated by code  invertinci and
repeating a fundamental waveform having  good autoourre.lation characteristics is used as the
P-SOH  :signal waveform, the recover 20 is configured as 44 illustrated. in FIG. 183. In otter word.:s,
the correlat;';? of the receiver  20 described with reference to F:. 18A is configured  to have a
c.orrelat(or 201-1 for the fundamental waveform, 5 a code 201-" where an output Signal of the o c rrel
ator -1 is supplie. d., and Corre ator 201-3 for an upper 1::_ysr code where an output signal of the
code  !verte. .'.0' 2 is s.ux-nl_ed. The :::rrs_>iator 01 1 detects correlation between  10 a multica.rrier
s cn:l.and the fundamental waveform. in  this embodiment, the length 1.: set be L/N. The  code
inverter "'01-2 inverts an outr)ut f the correlator  201-1. The correlator 201-2 detects correlation
between  an output of the code inverter 201-2 and an upper layer 5 code, and ies a '~"-SO H
correlatorn value to the memory  - thembodiment, the code: length rs set t.o b  N. According to these
settings, a l ng correlation value  for the code length 1 can be omitced. 



An ex:em. plary operation 0f the correlator '0i will  2 be described with reference to FIGS. 19A, 193,
19C and  .0. The c ;relat r 207 detects :=elation between a  synchroniA: t:ion channel replica having
the minimum t:^  length and a r --eived signal. In this manner, frame 25 timing can be detest d
through a single type of search  ._c heme. For example, as illustrated in FI:-. 19A, the  correlator 01
....''.af%.: i she:_: a synchronisation channel  >li:a inc udinq effective symbols 3T, 32, Sand 54 S se. v
t g as C s t:he synch::o nn.zation ohunn=el used  in the receive,'-' 'om-tuting ;-orrc,.ation. For
example , SOH having a smaller CP length is used. In other  words, the ;34 nc;rtion is copied CP.
The `:ynohr. i. ;.i:>n channel replica .includes the CP having  45 the minimum CP length, In this
embodiment, if a signal including a CP  having a Teiativei.y small CP length is transmitted from  the
transmitter 10, the correlation peak may be detected 5 at the S4 portion (FIG. 19B). On the other
hand, if a  signal including a CP having a relatively large CF length  is transmitted from the
transmitter 10, the correlation  peak is also detected at the S4 portion (FIG. 19C) . In e thee: the case
of the signal nc_ ding the  10 shorter C :- being transmitted from the transmitter 10 or  the case of the
signal including the longer OP being  transmitter from the 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 c n be also found. Also, if 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 single frame, the synchronization  channel may be arranged at the end of a
subframe, that  is, at the last O DM symbol of the aubframe as illustrated  in FIG. 20. An GFOM
symbol and a guard interval are 25 provided within a suhframe. The _ arr interval (cyclic  prefix)
having different lengths such as two different  lengths in defined. The length may be different for the
respective sn5framees. For example, the length of the  determined depending on a ?ward interval
may be 30 transmissio_i scheme such unicaa.. or ;aulticast. In this case two types of subframe s can
exist in  terms of the number of symbols. For example, one is a  muiticest _ ubfrarr and the other in a
unicast subframe.  In other ,.r ds, the number of symbols within the respective subframs:s may be
variable. The effective  symbol length and the short guard interval are common. The primary
synchronization channei is arranged at  the end of a ,,ubframe, and correlation between a symbol  5
of the primary synchrc::nization channel having a smaller CP length, and received signal is computed
in a mobile  station. At this time, in any case of subframes for  larger CP length and smaller CP
length, the correlation  peak is observed at a timing preceding the end of the 10 subframe by the
length of the primary synchronization  channel havin:, the smaller CP length. in other words,  the total
length of the effective data symbol length plus  



the relatively small OP length is uniform for a subframe  including the shorter CP and for subframe
including 15 the longer ~'.P. and thus, a terminal can detect carrier  frequency and synchronization
timing without  consideration of the CP length. Thuv, since  transmission timing (,position) of the
synchronization channel is unchanged, a mobile station can compute  20 correlation values even
without .. the .::P length information,  search for the synchronization channel and identify frame
timing without consideration of tie CP length for use  in the subframe, that is, independent!,, of the CP
length.  Also, averaging of correlation values between frames can 2$ be fulfilled without consideration
of the CP length.  Also, the transmission timing (position) of the  synchronization channel remains
unchanged in averaging  over multiple su:frames, which may facilitate the  averaging. 30 Alternately.
if the synchronization channel is not  arranged at the and of a subfram-.:, the correlation may  b
detected by envisaging timing corresponding to the  larger OP length and timing corresponding to the
smaller  length. 47 Also, if the synchronization channel is not  arranged at the end of a subframe, the
CP length may be  reported. For example, the CP length may be specified  for each frame in
advance. Informstien related to the 5 CP length o CP for use in the synchronization channel  may be
stored. Similarly, a common pilot may be arranged at the  and of sub rame. 



Also, certain suhframes defined in a system, such  10 as the first subframe, are always used in
unicast. In  other words, the first subframe is not used in multicast. i.ce subframes for multicast:
include a scramble  rode common tc di f e.rent cells rcr enab1inc  soft-combining, a common pilot for
subframes for 15 multicast cannot be used for scramble code detection in  call 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 cods:. in the cell search. Also, since call specific; system information is
broadcast in BCH and is transmitted in unicast, radio  frame. can be efficiently configured by
arranging to have  25 the first subframe dedicated to t'he unicast. An example wh ;.e. two sync on;
.zation channels are  transmitted for each 10 ms radio frame will be de_scrited  with reference to FIG.
21. The first subframe is always  used for unicast, and a pilot multiplied with a cell  specific scramble
code is used. Subsequent Subframea  can be used for unicast or MBMS. A pilot multiplied with  a cell
specific scramble code and a short CP are applied  i... the unicast whereas a pilot multiplied with a
cell  common scramble cods:; and a long CP are app, lied in the  48 Muiticast.  Also, BCH is
arranged in a certain amount of time after the synchronization channel. Thus, immediately  after a
mobile station uses the synchronization channel  5 tconduct cell search, the mobile: station can
receive 



the SCH, and" t ta,-eis less time to r" :;x let; the reception  of the BCH. An where a cell ID is detected
in a reference  ;nal having different CD length:, will be described.  10 In this example, a system may
define the CP length  of a certain subf am _. For example, it may be stipulated that the first  subframe
in frame always uses a long Cr) or a short CP..  In cell se:arc:h, the r::ference signal for this subframe
15 is 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-'in For example, the CP length  20 for all subframes may be reported. In this
configuration, although a larger amount of information is reported in  CH, references for all subframes
can be used in the  ell search, resultin, -n faster detection of the cell  I^s. 25 In ad:iition, the CP length
for only some subframes  may be reported in ...,:H. Since so many subframes do not  have to be
used in -e.1-1 sea :rn, only an essential- amount  oif information is reported in S-S ..H. A mobile
station  uses only a ref r nc:e signal for reported subframes, 30 Also, the C? _.ingth for each
subframe for use in system may have an arbitrary value, and thus a mobile  station may detect t ;e
C? length bl ndly. In this c ase_,  the mobile station detacts a reference signal  corresponding to ooh
CP lengths, and uses the larger 49 correlation value. An exemplary bandwidth of a reference signal
will  



be desc.ri ed.: Although SCH is transmitted in a fixed bandwidth  5 of 1.;5 ME"', the bandwidth of the
reference signal is  not known at the search stage. The bandwidth of the  reference signal may be
determined in a scheme as  resented (1) The. bandwidth of a reference signal as reported  10 in
S-SCH. According to this configuration, although an  increased amount of information ~... reported in
S-SCH,  the overall bandwidth of the reference signal can be used,  which may achieve last cell
search. (;;) A reference signal of the same bandwidth as the  15 BCH bandwidth reported in S-SCH
its used. In the case of  the SCH ban idth being ?reported in i-S H, since the reference signal is
transmitted in a bandwidth. at least  greater than or equal to the BCH bandwidth, the reference
>ignal of the same bandwidth as ICi 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 informatic:n
reported in S-SCH. An exemplar configuration of the transmitter 10  in the case of a common pilot
being arranged at the end  25 of a subfram: will be described. As illustrated in FIG. the t.'3n57:t.''.t 10
includes a pilot signa.. generator 130 coupled to the combination unit 109 as illustrated  in FIG. 22. In
FIG. 22 in the ease c GcDM be ng applied, a  80 p rtio .'.:fit: .."?t t;. sprea ding of (.'"1'`: '.-.)M is
removed.  Specirica l.iy,. the data channel generators t'. he copying unit 10 J, the short period
spreading code  generator 1'7, the multiplier 108 and the combination  unit 109 are Alec., N
information symbols are 



supplied from the serial to parallel conversion unit 105.  In other words, the N information symbols
supplied'from  the aerial to parallel conversion unit 105 are multiplied  with a scramble code in the
multiplier iii. 5 Also, when the synchronization channel is  transmitted from the transmitter 10 to the
receiver 20,  information r lat=:d to the attached CF length must be  reported. For example, the
information is reported in  a control chnnel. in this case, the information related 10 to the attached CP
length must be rs:;:ported 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 c s e, the correlator 201 approximates the  25
synchronization channel replica to some integers such as  1 as illustrated in FIG. 23, According to
this  configuration, the rece vs. 20 can fulfill this  correlation operation through addition and/or
subtraction of received sample signals. Also, the 30 correlate::' 201 envisages the correlation
operation and  renders a temporal waveform of a synchronization channel  signal approximate:': to
some integers such as  For  



example, a receiver of a mobile station computes correlation between this signal and a received
signal.  51 In this case, the correlation computation can be  implemented through addition and/cr
subtraction.  According to this configuration, it is possible to reduce an amount of computation and an
amount of consumed power  5 in the receiver 20 . An exemplary receiver for some operation in a
frequency range will be described with reference to FIG.  4. A ive .30 includes a FFT unit 30:,
receiving  10 input signals, a demultiplexer 3C4 coupled to the FFT  unit 302, a channel estimation
unit 30$ coupled to the  demultiplexer 304, a demodulation unit 308 coupled to  the demuitiL lexer
304 and the channel estimation unit  306, a secondary ssyrchroniration chann:i correlation 15 unit
310 coupled to the demodulation unit 309, 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 30:2 performs som FFT
operations and  supplies the operational result to the demultiplexer 304.  The cemultiplItxer 304
distributes the multiplexed signal in a primary synchronization channel (P--SCAj and  25 a secondary
synchronization channel (S-3d-]). For er_ampl , if _-SCH and S-,NCH are multiplexed in  accordance
with `1uM, the channel estimation unit 306  conducts channel estimation by using N P-SCHs located
in both sides. of a CH subcarrier detected in S-SCH 



30 synchr.on:i .....: ion detection as a reference (pilot) in  this asp ode of P-SC's: is known. The ,.
eate?, N _.. , 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  52 fading may arise. Thus, N may be set to
be in the range  between 1 and AIS:o, as the distance from the detected  S-SCH slab c::rrL.er is
greater, a smaller weight may be used. For example, in :detection of as illustrated 24B,  5 p:2 and p3
may be used ` or channel est mat'ion. In addition,  p1 and p4 may be lased t geth-_-r with , and p3 for
channel  estimation. From this viewpoint, it is desirable for the  channel estimation to use a low aa.;
ulitude code such as  a CAZAC code for P 110 Also, f o exams de, is P-SCH? and S-.SCH are
multiplexed in accordance with :F4, the channel  estimation :;Tit 306 may conduct the channel
estimation by using N P-SCHs located or.. the same suhcarrier as and  in both sides of a dete;.cted
S-SCH as a reference (pilot)  15 In this c as-, the of P-SCH is known. The greater N the greater U he
suppression effect  on noise interterenc:e is. However: if i- is set have a too great value, some
influence of frequency se';'ect.:ve fading may arise. Thus, N may be e:et to be in the range  20
between 1 and 6. Also, as the distance from the detected  S-SCH subcarriesr is greater, a small
weight may be  m utiplied.  For ee:xmple, if s4 is detected as illustrated in  FIG. 24C, o4 its used for
channel estimation. Also, p' 25 and p5 may be.additionally used for the channel  



east.imation, Also, fo example, if F-SCH and 3-SCH are  multiplexed .'n accordance with `..N, the
Channel  estimation unit 3'0$ may conduct channel estimation by 30 using N F' .:C Hs lo,cat:_o on
the same subcarr4er as and ...- both sides of a detected 5- CH as a reference (pilot)  in, this case,
the. code of P-SCH iH. known. The greater ,y is, the greater the suppression effect  on noise
interference is, However', if N is set to have  J.. too great a value, some influence of frequency
selective  fading may arise. Thus, N may be set to be in the range  between l and 6. Also, as the
distance from the detected  S-SCH subcarrier is greater, a small weight may be used. 5 For example,
if s4 is detected as illustrated in  FIG. 240, p4 is used for channel estimation. Also, p3  and p5 may
be additionally used for the channel  estimation.. The primary synchronization channel is supplied to
10 the channel estimation unit 306, and the secondary  synchronization channel is supplied to the
demodulation  unit 308. The channel estimation unit 06 conducts the  channel estimation, and the
operation result is supplied  15 to the demodulation unit 308. The demodulation unit 308 conducts
some  demodulation operations. In this embodiment, phase and  amplitude compensations are
carried out. For example,  the demodulation unit 308 may conduct demodulation by  20 using the
primary sy:n.chronization channel for subcarrie:::s adjacent: in both sides to a subcarrier for  the
demodulated secondary synchronization channel  



within a range where fading may have sight influence, Ths 5econdaicv synchronization channel
correlation  25 unit 310 detects correlation of tb:' secondary  >ynchronlz:tn channel. The peak
detection unit 312 detects control  information ouch as scramble codes and frame timing for  peak
detection. An exemplar aver aging operation of the primary  6 110 ;yrac rani atlon channel in the
frequency direction in  relation of the aet:onda y syncWren - anon channel  will be described, FIG.
25A shows exemplary relationships between SNR  54 and detection probability in walling speed. In
FIG, 25A, the horizontal and vertical axes  represent SNR.and detection probability; respectively.
Nref represents the number of subcarrier"> in the primary  5 synchronization channel. in FIG. 25A, for
fD = 5.55 HZ,. Nref = 2 indicates  a both sides 1 subcarrier, Nref = 4 indicates a both! sides
subcarrier, and Nref 6 indicates as h:t'n sides  subcaairier. 10 As observed iin 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. $5B shows an exemplary
relationship between  15 SNR and detection probability in drive speed of an  automobile. In FIG. 258,
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. 256,
for fD = .:.55 Hz:,. Nref =_ 2 indicates  a both sides 1 subcarr:ier, Nref = 4 indicates a both sides  2
subcarr.er, and Nref = 6 indicates a both sides 3  subcarrier. 25 As observed in FIG, 256, as a
greater number of  subcarriers are used, the detection probability  improved. However, as a greater
;umber of subcarriers  are used, fading may have greater influence. An exemplary receiver 20 for
detecting timing based  .\. On autocurrel.atior: and compensating frequency offset  will be da :riibe..
with reference to FIG. 26. The receiver 20 according t,,.,, this embodiment  includes a scramble code
reception timing detection  circuit 200. 55 The scramble code reception timing detection  circuit 200
receives a multicarrier signal from an  antenna, and detects scramble code reception timing and  FFT
timing. 5 Specifically, the scramble c:: de reception timing  detection circuit 00 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 sign L to the underlying multioarrier signal 10 in an adder 207, performs
integration on the resulting  signal in terms of the repetition time Tin an integrator  208, and su[:plie>
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, A. is possible to compensate for
frequency  



.,ffset and detect timing based on a;tocorrelation. 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 ? control. loop between a base  station and a :lo`i.le station has not been established
unlike transmission and reception of normal data channe-_els 25 open-loop type transmit diversity is
used in the cell  ea rc'h. Also, since the receiver 20 detects correlation  in the cell search, switched
type transmit diversity or  delay diversity may be suitable. For example, any of  TSTD (Time Switched
Transmit Diversity) , FSTD (Frequency 30 Switched Transmit Diversity) and CDD (Cyclic Delay
Diversity) is applicable as the transmit diversity.  AlSoe the synchronization .:h.annel may be
transmitted from a certain one of multiple antennas in  MIMO transmission. Also, the synchronization
channel  56 may be transmitted in TSTD. Also, the synchronization  channel may be transmitted
synchronously in order to  obtain delay diversity. For example, if a transmitter  having fcur antennas
is used, the synchronization channel 5 may be transmitted from all the four transmission  antennas at
the power level of 11.1. Also in this case,  the synchronization channel may be transmitted at
different transmission timings. In, this configuration, rater path diversity effect can be :obtained in the
10 receiver. Also, m"lt: i:,e antennas are provided, :)CH and  CPICH may be transmitted via only two
antennas.  



Alternatively, may be transmitted via all the  antennas whereas CPICH may be transmitted via only
two  15 antennas. if CP ill'. is transmitted via four antennas, for  example, CPICH may be transmitted
in such a manner that  it can be orthogonal an the frequency axis. in the receiver, cc:hanne estimat;
on 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 estimat.. n accuracy may lay
degraded. Thus?, it 25 is desirable that the interval between the pilots be  smaller o~ the frequency
axis. To do so, CPICH may he  transmitted from two antennas. According to this  configuration,
:,,ince only two CPIC:Hs have to be  orthogonally multiplexed, higher _:rthogonality can be "0
achieved. As a result, it is possible to improve  accuracy of the channel estimation and others using
C ICH  and enhance r .ception quality of control channels  and others in this case,. a mobile station
may conduct some  57 operation on the assumption that CPICI? may be transmitted  from only two
antennas in maximum in cell search. As a  reult, it is.possi:l to simplify the reception operation as well
as radio interfaces. 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 transmitted from only two of the  transmiss...osin antennas. An exemplary
combination of two antennas for  transmitting S CH and "PICH in the case of four  transmission
antennas will be desc:ri:=:d. 15 The two antennas for transmitting SCH and CPICM may  he fixed.
For example, if transmission antennas #1-#4  are provided as illustrated in FI(. 273, the antennas  #1
and #2 always serve to transmit SCH and CPICH. in FIG.  273, the vertical and horizontal axes
represent the 20 transmission antennas and time, respectively. Also, ..hs two antennas for
transmitting S'CH and  CPICH may be defined in advance in the system. In this  case, it possible to
simplify the transmission and  reception operation. 25 Also:., the combination of two antennas for
anamittin SCH and. CPICH may be variable over time.  In other words, a number of combinations of
two antennas  for transmitting ICF and C:PICH may be predefined, and  then the combinations may
be switched over time. ,.\. For example, it the transmission antennas #104 are  provided as illustrated
in FIG. 27C, the antennas 01 and  02 are used at the time point 4n (n is a natural number) ,  the
antenna.: #' and 41 are used at the time point &M,  the antennas #3 and #4 are used at the time point
4n+2,  58 and the antennas #4 and #1 are used at the time point  4n-3. in this case, the system may
predefine how to  switch the combination pattern. in this configuration,  although the transmission and
reception operations may  5 be slightly complicated, a diversity effect (randomizat.o:;n) can be
obtained. 



Also, transmit diversity may he applied to SCH  transmitted from two antennas. Accordin:t to this a
ii.catia... to only two antennas, it possible to  10 simplify the transmission and reception operation as
well  as radio ...ter~c^~.ces and thus obtain merits of transmit  diversity. in case, any of TSTD, FSTD
and CDD is  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 CFiCH. Furthermore, the  t ensmit diversity
method for SCH may be combined with  the transmit diversity method for OPiCH. An exemplary
operation of the transmitter 10  according to this embodiment will be described with  20 reference to
FIG. The t.- nsmit. e r 10 uses the synchronization signal  data generator 121 select a
synchronization channel  code numb based on the scramble code and the transmission .,.heme such
unicast or mu_ticast, of  25 the synchronization channel (step 51602) . Then, the transmitter 10
multiplies the  synchronization signal symbol with the scramble code in  the s: rambl _ code group
number .responding to the  ?ynchroni>.aticn channel code (stem 51604). The. transmitter 10
multiplies the synchronization  signal with an amplitude adjustment sequence value (step  S1606)
Finaal.y, the transmitter 10 adds a CP corresponding  to the synchronization channel cede number to
the 59 multiplied synchronisation signal, and transmits the  synchronization signal with the OP (step
51608).` Then, 4x.empiary operations of the receiver 20  



according to this embodiment will be described in two  5 cases where the scramble code is classified
or not  classifie.ci. 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  S170F) . The timing detection circuit 204 detects the  scramble
code (or c .1 ID) for the common pilot (step  51704). 15 Then, the case where the scramble code is
classified  will be described with reference to FIG. 298. The timing detection circuit 204 detects the
symbol  and frame timing for the synchronization channel (step  51706). 20 The timing detection
circuit 204 detects the  scramble code group (or cell ID group) for the  synchronization channel (step
S17)8) The timing detection circuit 204 detects the  scramble code for the common pilot (step
51710).  25 For example, the timing detection circuit 204 Detects corre_lat on between reference
signals by conducting integration of the phase difference between  the reference s.icnals. Since the
interval between  subcarrier:s of t e reference s.ignals is large, the =';d =amble code detected by
conducting integration on  the phase difference between the subcarriers. Ai.,.o, integration may be
performed on the phase  difference code inverted depending on a predetermined  scramble code
pattern. In this case, when the scramble  60 
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CLAIMS 

 

 1. A transmitter, comprising: 

 an amplitude adjustment unit multiplying an 

amplitude adjustment sequence value for adjusting an 5 

amplitude with a synchronization channel transmitted 

from a base station for establishing synchronization with 

a mobile station, 

 wherein the amplitude adjustment unit multiplies 

a sequence value having a periodic autocorrelation 10 

characteristic as the amplitude adjustment sequence 

value. 

 

 

  15 

 

 2. The transmitter as claimed in claim 1, wherein 

the amplitude adjustment unit multiplies a sequence value 

having certain amplitude in a time range and in a 

frequency range, the sequence value having a periodic 20 

autocorrelation characteristic as the amplitude 

adjustment sequence value. 

 

 

 25 

 3.The transmitter as claimed in claim 2, wherein 

the amplitude adjustment unit, in multiplication as a 

sequence of arbitrary complex numbers, multiplies a 

sequence value having a certain amplitude in a time range 

 30 

 

 

 

 

rode matches, a greater correlation value can be  obtained. For example, _h- e cell structure is detected
in S-SCH,  and if the cell structure is a 1 sector structure, the  5 above-mentioned correlation scheme is
used for the  detection. As illustrated in FIG. 29C, the scramble code may  be detected by performing
integration on the phase  difference between; suhearri.ers in the same subframe. In 10 addition, as
illustrated in dotted lines, the scramble  -ode may be de tec:ted by performin;; the phase difference
between subc:arr.ers in different <z..ubfram.es. Also, in the (,,as where a inter-sector orthogonal  pilot is
applied, for example, if 3 sector structure  15 is detected as a result of detection of the cell structure in
S-SCH, an orthogonal pattern is configured in three  adjacent subcar_ri.ers, Thus, the saran:::. signal for
a  supposed sector is extracted by performing coherent  addition depending c n an orthogonal pilot
pattern in the 20 three adjacent subctarriers as ill.sstrated in FIG. 29D.  As a result, cl, . _3, can be
extracted as reference  signals. Then, fn the reference signals c2, c., ..-, the  scramble code is detected
by performing integration on  25 the phase difference between adjacent blocks depending  on the
scramble pattern. As illustrated in FIG. 2:9D, the reference signal  f f:~r a supposed set_-:to-,, may be
extracted by performing the  coherent addition in three adjacent subcarriers in the  30 same subframe
depending on an orthogonal pilot pattern. ~ltern;tive y, as itiustrated in dotted lines, the  
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and in a frequency range, the sequence value having a 

fully periodic autocorrelation characteristic as the 

amplitude adjustment sequence value. 

 

 5 

 

 

 4. The transmitter as claimed in claim 2, wherein 

the amplitude adjustment unit multiplies a sequence value 

having a crosscorelation characteristic as the amplitude 10 

adjustment sequence value. 
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 5. The transmitter as claimed in claim 1, further 

comprising: 

 a combination unit combining the synchronization 

channel multiplied with the amplitude adjustment 

sequence value with a data symbol sequence. 20 

 

 

 

 

 6. The transmitter as claimed in claim 5, wherein 25 

the combination unit inserts the synchronization channel 

at a frame period. 
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 7. The transmitter as claimed in claim 5, wherein 

the combination unit inserts the synchronization channel 

several times at a frame period. 

reference signal for the supposed sector may be extracted  by performingc the :,.oh.erant addi`i.i on in
three adjacent  s'abcarriers in different frames depending on an orthogonal ,pilot pattern. An exemplary
procedure for :call search will be  described with reference to FIG. 29E. in the cell search, carrier
frequency to be 5 connected, reception timing of a tell to be connected  such as FFT timing and frame
timing,, and a scramble code  for a cell to be connected are detected. The reception timing can be
d:s:acted even in a guard  interval. However, the timing detection accuracy of the  10; cell sear ? in a
h_andover target may become worse. In addition, the carrier frequency cannot n 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 .ircui: 204 detects the  carrier frequency (step S2502). The timing detection circuit 204 detects
the  reception timing (symbol level) (step :2504). 20 Here, the steps 52502 and 52504 may be carried out
at the same time. in this case, the primary  synchronization channel may be used. Also, since an FFT
operation has large complexity in a frequency range,  temporal coerations may be desirable. Also, the
amount 25 of operations can be reduced through preliminary  ietection based on rrelation detection: by
the guard  interval. The timing detection circuit 204 detects reception  frame timing (step 52506). For
example; if the 
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 8. The transmitter as claimed in claim 7, wherein 5 

the combination unit inserts the synchronization channel 

at an even interval at a frame period. 

 

 

 10 

 

 9. The transmitter as claimed in claim 6, wherein 

the combination unit arranges the synchronization 

channel at an end of a subframe. 

 15 

 

 

 

 10. The transmitter as claimed in claim 6, wherein 

the combination unit time-multiplexes and transmits the 20 

synchronization channel. 
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 11. The transmitter as claimed in claim 6, wherein 

the combination unit assigns the synchronization channel 

to at least some subcarriers of an OFDM symbol. 
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 12. The transmitter as claimed in claim 11, wherein 

the combination unit assigns the synchronization channel  

 

S synchronization channel is arranged in a single portion  in each frame, not only the reception timing but
also  a :c:eived am is detected. On tae other hand, if the synchronization ;channel  is arranged in several
portions in each frame, the 62 received frame must: he detected after detection of the  re=.cepti:on timing.
The secondary synchronization  channel may be used t: detect the received frame. The timing detection
circuit 204 identifies the  5 scramble code group (step S2508).. Here, the s tep:s 32506 and 52508 may
he carried out  at the same time. In this case, if th synchronization  channel transmission period is a frame
period., the` frame  timing detection may be unnecessary. Alsso, the 10 secondary synchronization
channel ray be used ita these  operations. Also; the operations may be carried out in  a frequency ranee
in a time range. Then, the scramble code is identified (step S"1510) As the procedure of the cell search,
a:. 1__.ustrated 15 in FIG. 29F, the frequency synchronization and the symbol  timing may > detect d, 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 (srambl code group) and the sector may be  detected. in these the common Pilot channel. may  he
used. Al:, operations may be carried out in a  frequency range in a time rang:. 25 An exemplar,; mapping
of the synchronization channel  between different sectors will he described with  reference t_ FIG 20. 
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to at least some subcarriers of an OFDM symbol at an even 

interval. 

 

 

 5 

 

 13. The transmitter as claimed in claim 11, wherein 

the combination unit multiplies the synchronization 

channel using a phase difference between subcarriers. 

 10 

 

 

 

 14. The transmitter as claimed in claim 5, wherein 

the combination unit uses at least a portion of an 15 

assigned frequency band to assign the synchronization 

channel discretely. 

 

 

 20 

 

 15. The transmitter as claimed in claim 5, wherein 

the combination unit assigns the synchronization channel 

in such a manner that the synchronization channel is 

superimposed on at least some data channels and time 25 

division multiplexed. 

 

 

16. The transmitter as claimed in claim 5, wherein 

the combination unit assigns the synchronization channel 30 

in such a manner that the synchronization channel is 

superimposed on at least some data channels and frequency  

 

 

For sample, if r'. cell to cover: a single base station  consists oo,f three se:c:tors, the frame timing may be
made  fir izni form "s:tween the s..ctors. In W-'-DMA, the -min- is not uniform over the  r= le code may
differ for_ the  different sectors. Thus, the secondary synchronization  channel may also not be
transmitted uniformly over the 63 ctors.  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  5
tinning can be effectively detected without interference of the primary synchronization channel for other
sectors.  Also, in this embodiment, the. secondary nc: ror.izat Lon channel is defined in each scramble
code  group. Thus, the same scramble code in used in a single  10 base station, an' 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  15
Japanese Priority Applications No. 2005-174391 filed on  June 14, 200, No. 2005-241001 filed on August
23, 2005,  No. 2006-010500 filed on January 18, 2006, and No. o,ntd~nts  2006-0~ 7782:1 filed on March
'i 2006, ~ the trentire w ti_re contents of which are hereby incorporated by reference.  23 Industrial
Applicability A transmitter, a receiver, a mobile communication  system and a synchronization channel
transmission method  
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multiplexed. 
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 17.  The transmitter as claimed in claim 5, wherein 

the combination unit assigns the synchronization channel 

in such a manner that the synchronization channel is code 

division multiplexed with at least some data channels. 

 10 

 

 

 

 18. The transmitter as claimed in claim 5, wherein 

the combination unit divides the synchronization channel 15 

into a primary synchronization channel for detecting 

frame timing and a secondary synchronization channel for 

detecting a group, and combines the synchronization 

channel with the data symbol sequence. 
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 19. The transmitter as claimed in claim 18, wherein 

the combination unit combines the secondary 25 

synchronization channel as a channel encoding-applied 

control bit with the data symbol sequence. 

 

 

 20. The transmitter as claimed in claim 5, wherein 30 

the combination unit divides the synchronization channel 

into a primary synchronization channel for detecting  

 

 

according to the prevent invention are applicable to  25 radio communication :systems. 64 CLAIMS  1. A
transmitter, comprising: an amplitude adjustment unit multiplying an 5 amplitude adjustment sequence
value for adjusting an  amplitude with a synchronization channel transmitted  from a base station for
establishing synchronization with  a mobile station, wherein the amplitude adjustment unit multiplies  10 a
sequence value having a periodic autocorrelation  characteristic as the amplitude adjustment sequence
value. 15 2. The transmitter as claimed in claim 1, wherein  the amplitude adjustment unit multiplies a
sequence value  having certain amplitude in a time range and in a 20 frequency range, the sequence
value having a periodic  autocorrelation characteristic as the amplitude  adjustment sequence value. 25
3.The transmitter as claimed in claim 2, wherein  the amplitude adjustment unit, in multiplication as a
sequence of arbitrary complex numbers, multiplies a  sequence value having a certain amplitude in a time
range  30 65 and in a frequency range, the sequence value having a  fully periodic autocorrelation
characteristic as the  amplitude adjustment sequence value. 5 
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frame timing and a secondary synchronization channel for 

detecting control information of a scramble code or a 

scramble code group, and combines the synchronization 

channel with the data symbol sequence. 

 5 

 

 

 

 21. The transmitter as claimed in claim 18, wherein 

the secondary synchronization channel includes at least 10 

one of frame timing information, scramble code 

information, scramble code group information, cell 

configuration information, BCH transmission bandwidth 

information, information indicative of the number of 

transmission antennas, CP length and a reference signal 15 

bandwidth. 
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 22. The transmitter as claimed in claim 18, wherein 

the combination unit arranges the primary 

synchronization channel and the secondary 

synchronization channel by one of multiplexing with the 

same OFDM symbol in FDM, multiplexing with the same OFDM 25 

symbol in CDM and multiplexing with a different OFDM 

symbol in TDM. 

 

 

 30 

 23. The transmitter as claimed in claim 22, wherein 

if the primary synchronization channel and the secondary 

synchronization channel are multiplexed with the same  
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4. The transmitter as claimed in claim 2, wherein  the amplitude adjustment unit multiplies a sequence
value  10 having a crosscorelation characteristic as the amplitude  adjustment sequence value. 15 5. The
transmitter as claimed in claim 1, further  comprising: a combination unit combining the synchronization
channel multiplied with the amplitude adjustment 20 sequence value with a data symbol sequence. 25 6.
The transmitter as claimed in claim 5, wherein  the combination unit inserts the synchronization channel
at a frame period. 30 7. The transmitter as claimed in claim 5, wherein  the combination unit inserts the
synchronization channel  several times at a frame period. 66 5 8. The transmitter as claimed in claim 7,
wherein  the combination unit inserts the synchronization channel  at an even interval at a frame period.
10 9. The transmitter as claimed in claim 6, wherein  the combination unit arranges the synchronization
channel at an end of a subframe. 15 10. The transmitter as claimed in claim 6, wherein  20 the
combination unit time-multiplexes and transmits the  synchronization channel. 25 11. The transmitter as
claimed in claim 6, wherein  the combination unit assigns the synchronization channel  
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OFDM symbol in FDM, the combination unit arranges the 

primary synchronization channel and the secondary 

synchronization channel irregularly. 

 

 5 

 

 

 24. The transmitter as claimed in claim 22, wherein 

if the primary synchronization channel and the secondary 

synchronization channel are multiplexed with a different 10 

OFDM symbol in TDM, the combination unit arranges the 

primary synchronization channel and the secondary 

synchronization channel in such a manner that the primary 

synchronization channel and the secondary 

synchronization channel are spaced apart by a predefined 15 

number of OFDM symbols. 
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 25. The transmitter as claimed in claim 24, wherein 

the combination unit arranges the primary 

synchronization channel and the secondary 

synchronization channel in such a manner that the primary 

synchronization channel and the secondary 25 

synchronization channel are closely located on a time 

axis. 
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 26. The transmitter as claimed in claim 22, wherein 

the combination unit arranges the primary 

synchronization channel and the secondary 
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to at least some subcarriers of an OFDM symbol. 30 12. The transmitter as claimed in claim 11, wherein
the combination unit assigns the synchronization channel  67 to at least some subcarriers of an OFDM
symbol at an even  interval. 5 13. The transmitter as claimed in claim 11, wherein  the combination unit
multiplies the synchronization  channel using a phase difference between subcarriers.  10 14. The
transmitter as claimed in claim 5, wherein  15 the combination unit uses at least a portion of an  assigned
frequency band to assign the synchronization  channel discretely. 20 15. The transmitter as claimed in
claim 5, wherein  the combination unit assigns the synchronization channel  in such a manner that the
synchronization channel is 25 superimposed on at least some data channels and time  division
multiplexed. 16. The transmitter as claimed in claim 5, wherein  30 the combination unit assigns the
synchronization channel  in such a manner that the synchronization channel is  superimposed on at least
some data channels and frequency  68 multiplexed.  5 17. The transmitter as claimed in claim 5, wherein
the combination unit assigns the synchronization channel  in such a manner that the synchronization
channel is code  
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synchronization channel in two OFDM symbols or four OFDM 

symbols within one frame. 

 

 

 5 

 

 27. The transmitter as claimed in claim 5, wherein 

the combination unit unicasts a portion of a frame. 

 

 10 

 

 

 28. The transmitter as claimed in claim 27, wherein 

the combination unit arranges a broadcast channel in a 

portion of a subframe dedicated to unicast. 15 

 

 

 

 

 29. The transmitter as claimed in claim 22, wherein 20 

if bandwidth of the broadcast channel is reported in a 

secondary synchronization channel, the combination unit 

uses a reference signal having the same bandwidth as the 

broadcast channel. 

 25 

 

 

 

 30. The transmitter as claimed in claim 1, further 

comprising: 30 

 a CP addition unit adding a CP having variable CP 

length depending on whether broadcast communication is 

carried out. 
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division multiplexed with at least some data channels.  10 18. The transmitter as claimed in claim 5,
wherein  15 the combination unit divides the synchronization channel  into a primary synchronization
channel for detecting  frame timing and a secondary synchronization channel for  detecting a group, and
combines the synchronization  channel with the data symbol sequence. 20 19. The transmitter as claimed
in claim 18, wherein  25 the combination unit combines the secondary  synchronization channel as a
channel encoding-applied  control bit with the data symbol sequence. 30 20. The transmitter as claimed in
claim 5, wherein  the combination unit divides the synchronization channel  into a primary synchronization
channel for detecting  69 frame timing and a secondary synchronization channel for  detecting control
information of a scramble code or a  scramble code group, and combines the synchronization  channel
with the data symbol sequence. 5 21. The transmitter as claimed in claim 18, wherein  10 the secondary
synchronization channel includes at least  one of frame timing information, scramble code  information,
scramble code group information, cell  configuration information, BCH transmission bandwidth
information, information indicative of the number of 15 transmission antennas, CP length and a reference
signal  bandwidth. 20 22. The transmitter as claimed in claim 18, wherein  
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 31. The transmitter as claimed in claim 30, wherein 

the CP addition unit adds the CP in such a manner that 5 

a broadcast channel is arranged at a head or an end of 

a frame. 

 

 

 10 

 

 32. The transmitter as claimed in claim 1, further 

comprising: 

 a pilot signal generation unit generating a pilot 

signal, 15 

 wherein the combination unit arranges the pilot 

signal at an end of a subframe. 

 

 

 20 

 

 33. The transmitter as claimed in claim 1, further 

comprising: 

 multiple antennas; 

 a transmission unit conducting transmission at 25 

different transmission timings in the multiple antennas. 

 

 

 

 30 

 34. The transmitter as claimed in claim 33, wherein 

the transmission unit transmits a synchronization 

channel by applying transmit diversity. 

 

73 

the combination unit arranges the primary  synchronization channel and the secondary  synchronization
channel by one of multiplexing with the 25 same OFDM symbol in FDM, multiplexing with the same
OFDM  symbol in CDM and multiplexing with a different OFDM  symbol in TDM. 30 23. The transmitter as
claimed in claim 22, wherein  if the primary synchronization channel and the secondary  synchronization
channel are multiplexed with the same  70 OFDM symbol in FDM, the combination unit arranges the
primary synchronization channel and the secondary  synchronization channel irregularly. 5 24. The
transmitter as claimed in claim 22, wherein  if the primary synchronization channel and the secondary  10
synchronization channel are multiplexed with a different OFDM symbol in TDM, the combination unit
arranges the  primary synchronization channel and the secondary  synchronization channel in such a
manner that the primary  synchronization channel and the secondary 15 synchronization channel are
spaced apart by a predefined  number of OFDM symbols. 20 25. The transmitter as claimed in claim 24,
wherein  the combination unit arranges the primary  synchronization channel and the secondary
synchronization channel in such a manner that the primary 25 synchronization channel and the secondary
synchronization channel are closely located on a time  axis. 
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 35. The transmitter as claimed in claim 33, wherein 

the transmission unit transmits a broadcast channel from 

at least two antennas and a common pilot channel from 5 

two antennas. 
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 36. The transmitter as claimed in claim 33, wherein 

the transmission unit transmits a broadcast channel at 

a certain period of time after the synchronization 

channel. 

 15 

 

 

 

 37. A base station, comprising: 

 multiple transmitters, each of the transmitters 20 

comprising an amplitude adjustment unit multiplying an 

amplitude adjustment sequence value for adjusting 

amplitude with a synchronization channel transmitted 

from the base station for establishing synchronization 

with a mobile station,  25 

 wherein the transmitters have frame timing common 

to different sectors. 
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 38. A receiver, comprising: 

 a synchronization signal replica generation unit  
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30 26. The transmitter as claimed in claim 22, wherein  the combination unit arranges the primary
synchronization channel and the secondary 71 synchronization channel in two OFDM symbols or four
OFDM  symbols within one frame. 5 27. The transmitter as claimed in claim 5, wherein  the combination
unit unicasts a portion of a frame.  10 28. The transmitter as claimed in claim 27, wherein  the
combination unit arranges a broadcast channel in a  15 portion of a subframe dedicated to unicast. 20 29.
The transmitter as claimed in claim 22, wherein  if bandwidth of the broadcast channel is reported in a
secondary synchronization channel, the combination unit  uses a reference signal having the same
bandwidth as the  broadcast channel. 25 30. The transmitter as claimed in claim 1, further  30 comprising:
a CP addition unit adding a CP having variable CP  length depending on whether broadcast
communication is  carried out. 72 31. The transmitter as claimed in claim 30, wherein  5 the CP addition
unit adds the CP in such a manner that a broadcast channel is arranged at a head or an end of  a frame.
10 32. The transmitter as claimed in claim 1, further  
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generating a synchronization channel replica 

approximated by an integer; and 

 a correlation unit detecting correlation between 

a received multicarrier signal and the synchronization 

channel replica and detecting a correlation value 5 

indicative of a peak and timing associated with the peak 

based on the detected correlation. 
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 39. The receiver as claimed in claim 38, wherein 

the correlation unit uses a waveform close to ±1 as a 

time waveform of a synchronization channel. 

 15 

 

 

 

 40. The receiver as claimed in claim 38, wherein 

the correlation unit detects timing based on multiple 20 

CP lengths. 

 

 

 

 25 

 41. The receiver as claimed in claim 38, wherein 

the correlation unit detects a CP length based on a 

detection result of a reference signal. 

 

 30 

 42. The receiver as claimed in claim 38, wherein 

the correlation unit detects a cell ID based on multiple  
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comprising: a pilot signal generation unit generating a pilot  15 signal, wherein the combination unit
arranges the pilot  signal at an end of a subframe. 20 33. The transmitter as claimed in claim 1, further
comprising: multiple antennas; 25 a transmission unit conducting transmission at  different transmission
timings in the multiple antennas.  30 34. The transmitter as claimed in claim 33, wherein  the transmission
unit transmits a synchronization  channel by applying transmit diversity. 73 35. The transmitter as claimed
in claim 33, wherein  the transmission unit transmits a broadcast channel from 5 at least two antennas
and a common pilot channel from  two antennas. 10 36. The transmitter as claimed in claim 33, wherein
the transmission unit transmits a broadcast channel at  a certain period of time after the synchronization
channel. 15 37. A base station, comprising: 20 multiple transmitters, each of the transmitters  comprising
an amplitude adjustment unit multiplying an  amplitude adjustment sequence value for adjusting
amplitude with a synchronization channel transmitted  from the base station for establishing
synchronization  
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CP lengths. 

 

 

 

 43. The receiver as claimed in claim 38, wherein 5 

the correlation unit detects a cell ID based on a phase 

difference between reference signals. 
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 44. The receiver as claimed in claim 38, wherein 

if an inter-sector orthogonal pilot is applied, the 

correlation unit extracts a reference signal of a sector 

by a coherent addition in three adjacent subcarriers 15 

depending on an orthogonal pilot pattern. 

 

 

 

 20 

 45. A receiver, comprising: 

 a FFT timing detection unit detecting FFT timing 

based on a primary synchronization channel; 

 a FFT unit performing a FFT operation on a received 

signal based on the FFT timing; 25 

 a demultiplexer distributing the FFT processed 

signal into the primary synchronization channel and a 

secondary synchronization channel; 

 a channel estimation unit performing channel 

estimation based on the primary synchronization channel; 30 

and 

 a demodulation unit demodulating the secondary 

synchronization channel based on the channel estimation. 
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25 with a mobile station, wherein the transmitters have frame timing common  to different sectors. 30 38.
A receiver, comprising: a synchronization signal replica generation unit  74 generating a synchronization
channel replica  approximated by an integer; and a correlation unit detecting correlation between  a
received multicarrier signal and the synchronization  5 channel replica and detecting a correlation value
indicative of a peak and timing associated with the peak  based on the detected correlation. 10 39. The
receiver as claimed in claim 38, wherein  the correlation unit uses a waveform close to 1 as a  time
waveform of a synchronization channel. 15 40. The receiver as claimed in claim 38, wherein  20 the
correlation unit detects timing based on multiple  CP lengths. 25 41. The receiver as claimed in claim 38,
wherein  the correlation unit detects a CP length based on a  detection result of a reference signal. 30 42.
The receiver as claimed in claim 38, wherein  the correlation unit detects a cell ID based on multiple  75
CP lengths. 5 43. The receiver as claimed in claim 38, wherein  
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 46. The receiver as claimed in claim 45, wherein 

the channel estimation unit performs channel estimation 5 

by using as a reference a predefined number of the primary 

synchronization channels located in both sides of the 

secondary synchronization channel. 

 

 10 

 

 

 47. The receiver as claimed in claim 45, wherein 

the channel estimation unit performs channel estimation 

by using a predefined number of the primary 15 

synchronization channels located at the same subcarrier 

as and in both sides of the secondary synchronization 

channel. 
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 48. A mobile communication system including a 

transmitter and a receiver, 

 the transmitter comprising an amplitude adjustment 

unit multiplying an amplitude adjustment sequence value 25 

for adjusting amplitude with a synchronization channel 

transmitted from a base station for establishing 

synchronization with a mobile station, and 

 the receiver comprising: a synchronization signal 

replica generation unit generating a synchronization 30 

channel replica approximated by an integer; and a 

correlation unit detecting correlation between a  
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the correlation unit detects a cell ID based on a phase  difference between reference signals. 10 44. The
receiver as claimed in claim 38, wherein  if an inter-sector orthogonal pilot is applied, the  correlation unit
extracts a reference signal of a sector 15 by a coherent addition in three adjacent subcarriers  depending
on an orthogonal pilot pattern. 20 45. A receiver, comprising: a FFT timing detection unit detecting FFT
timing  based on a primary synchronization channel; a FFT unit performing a FFT operation on a received
25 signal based on the FFT timing; a demultiplexer distributing the FFT processed  signal into the primary
synchronization channel and a  secondary synchronization channel; a channel estimation unit performing
channel 30 estimation based on the primary synchronization channel;  and a demodulation unit
demodulating the secondary  synchronization channel based on the channel estimation.  76 46. The
receiver as claimed in claim 45, wherein  5 the channel estimation unit performs channel estimation by
using as a reference a predefined number of the primary  synchronization channels located in both sides
of the  secondary synchronization channel. 10 47. The receiver as claimed in claim 45, wherein  the
channel estimation unit performs channel estimation  15 by using a predefined number of the primary 
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received multicarrier signal and the synchronization 

channel replica and detecting a correlation value 5 

indicative of a peak and timing associated with the peak 

based on the detected correlation. 
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 49. A method of transmitting a synchronization 

channel, comprising: 

 multiplying an amplitude adjustment sequence value 

for adjusting an amplitude with a synchronization 15 

channel, 

 wherein the multiplying step comprises multiplying 

a sequence value having a periodic autocorrelation 

characteristic as the amplitude adjustment sequence 

value. 20 

 

 

  

 

 25 

 50. The method as claimed in claim 49, wherein the 

multiplying step comprises multiplying a sequence value 

having a certain amplitude in a time range and a frequency 

range, the sequence value having a fully periodic 

autocorrelation characteristic as the amplitude 30 

adjustment sequence value. 
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synchronization channels located at the same subcarrier  as and in both sides of the secondary
synchronization  channel. 20 48. A mobile communication system including a  transmitter and a receiver,
the transmitter comprising an amplitude adjustment  25 unit multiplying an amplitude adjustment
sequence value  for adjusting amplitude with a synchronization channel  transmitted from a base station
for establishing synchronization with a mobile station, and the receiver comprising: a synchronization
signal  30 replica generation unit generating a synchronization  channel replica approximated by an
integer; and a  correlation unit detecting correlation between a 77 received multicarrier signal and the
synchronization  5 channel replica and detecting a correlation value indicative of a peak and timing
associated with the peak  based on the detected correlation. 10 49. A method of transmitting a
synchronization  channel, comprising: multiplying an amplitude adjustment sequence value  15 for
adjusting an amplitude with a synchronization  channel, wherein the multiplying step comprises
multiplying  a sequence value having a periodic autocorrelation  characteristic as the amplitude
adjustment sequence  20 value. 25 50. The method as claimed in claim 49, wherein the  
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51. The method as claimed in claim 49, further 

comprising a step of combining the synchronization 5 

channel multiplied with the amplitude adjustment 

sequence value with a data symbol sequence. 

 

 

 10 

 

 52. The method as claimed in claim 51, wherein the 

combining step comprises inserting the synchronization 

channel at a frame period. 

 15 

 

 

 

 53. The method as claimed in claim 51, wherein the 

combining step comprises inserting the synchronization 20 

channel multiple times at a frame period. 

 

 

 

 25 

 54. The method as claimed in claim 53, wherein the 

combining step comprises inserting the synchronization 

channel at a frame period at an even interval. 

 

 30 

 55. The method as claimed in claim 51, wherein the  
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multiplying step comprises multiplying a sequence value  having a certain amplitude in a time range and a
frequency  range, the sequence value having a fully periodic 30 autocorrelation characteristic as the
amplitude  adjustment sequence value. 78 51. The method as claimed in claim 49, further  5 comprising a
step of combining the synchronization channel multiplied with the amplitude adjustment  sequence value
with a data symbol sequence. 10 52. The method as claimed in claim 51, wherein the  combining step
comprises inserting the synchronization  channel at a frame period. 15 53. The method as claimed in
claim 51, wherein the  20 combining step comprises inserting the synchronization  channel multiple times
at a frame period. 25 54. The method as claimed in claim 53, wherein the  combining step comprises
inserting the synchronization  channel at a frame period at an even interval. 30 55. The method as
claimed in claim 51, wherein the  79 combining step comprises arranging the synchronization  channel at
an end of a subframe. 5 56. The method as claimed in claim 51, wherein the  combining step comprises
assigning the synchronization  channel to at least some subcarriers of an OFDM symbol  10 at an even
interval. 
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combining step comprises arranging the synchronization 

channel at an end of a subframe. 

 

 

 5 

 

 56. The method as claimed in claim 51, wherein the 

combining step comprises assigning the synchronization 

channel to at least some subcarriers of an OFDM symbol 

at an even interval. 10 

 

 

 

 

 57. The method as claimed in claim 51, wherein the 15 

combining step comprises dividing the synchronization 

channel into a primary synchronization channel for 

detecting frame timing and a secondary synchronization 

channel for detecting a group and combining the 

synchronization channel with the data symbol sequence. 20 

 

 

 

 

 58. The method as claimed in claim 57, wherein the 25 

combining step comprises combining the secondary 

synchronization channel as a channel encoding-applied 

control bit with the data symbol sequence. 

 

 30 

 59. The method as claimed in claim 51, wherein the 

combining step comprises dividing the synchronization  
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15 57. The method as claimed in claim 51, wherein the  combining step comprises dividing the
synchronization  channel into a primary synchronization channel for  detecting frame timing and a
secondary synchronization  channel for detecting a group and combining the 20 synchronization channel
with the data symbol sequence.  25 58. The method as claimed in claim 57, wherein the  combining step
comprises combining the secondary  synchronization channel as a channel encoding-applied  control bit
with the data symbol sequence. 30 59. The method as claimed in claim 51, wherein the  combining step
comprises dividing the synchronization  80 channel into a primary synchronization channel for  detecting
frame timing and a secondary synchronization  channel for detecting control information of a scramble
code or a scramble code group and combining the 5 synchronization channel with the data symbol
sequence.  10 60. The method as claimed in claim 51, wherein the  secondary synchronization channel
includes at least one  of information indicative of system bandwidth and  information indicative of the
number of transmission  antennas. 15 61. The method as claimed in claim 57, wherein the  20 combining
step comprises arranging the primary  synchronization channel and the secondary  synchronization
channel at the same symbol. 25 62. The method as claimed in claim 49, further  comprising: 
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channel into a primary synchronization channel for 

detecting frame timing and a secondary synchronization 

channel for detecting control information of a scramble 

code or a scramble code group and combining the 

synchronization channel with the data symbol sequence.  5 

 

 

 

 

 60. The method as claimed in claim 51, wherein the 10 

secondary synchronization channel includes at least one 

of information indicative of system bandwidth and 

information indicative of the number of transmission 

antennas. 

 15 

 

 

 

 61. The method as claimed in claim 57, wherein the 

combining step comprises arranging the primary 20 

synchronization channel and the secondary 

synchronization channel at the same symbol. 

 

 

 25 

 

 62. The method as claimed in claim 49, further 

comprising: 

 adding a CP having a variable CP length depending 

on whether broadcast communication is carried out. 30 
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adding a CP having a variable CP length depending  30 on whether broadcast communication is carried
out. 81 63. The method as claimed in claim 49, further  comprising: generating a pilot signal, wherein the
combining step comprises arranging the  5 pilot signal at an end of a subframe. 82 ABSTRACT  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  amplitude adjustment unit multiplies a sequence value
having a periodic autocorrelation characteristic as the 10 amplitude adjustment sequence value.  Fig. 1 83
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 63. The method as claimed in claim 49, further 

comprising: 

 generating a pilot signal, 

 wherein the combining step comprises arranging the 

pilot signal at an end of a subframe. 5 
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ABSTRACT 

 

 A transmitter includes an amplitude adjustment unit 

multiplying an amplitude adjustment sequence value for 

adjusting amplitude with a synchronization channel 5 

transmitted from a base station for establishing 

synchronization with a mobile station, wherein the 

amplitude adjustment unit multiplies a sequence value 

having a periodic autocorrelation characteristic as the 

amplitude adjustment sequence value. 10 

 

Fig. 1 
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