
DESCRIPTION  TRANSMITTER; RECEIVER MOBILE
COMMUNICATION SYSTEM AND SYNCHRONIZATION CHANNEL  5
TECHNICAL FIELD The pre ::ninvention relates to a transmitter, a
mobile communication system and a ch. nnel transmission method.  13
BACKGROUND ART In mu .;:i carrier transmission s themes such as
multi  ceei COMA ;Miilt' `.;arr e.: Code D vI ,, :in Multi pie  Access.
M,^..-.CDMA) so eme and OFDM (Orthogonal Frequency 15 Division
Muitiplex:n ) modulation scheme, an  information .aI modulated w.th
m:sltiple abc srrie:.. :t wh transmitter side and "Huard int rv;__.  s r; _.. c
into t.._nsmitt d signal in order t;. :due  waveform eiet:rti , .::mused by
multiasth delayed wave 23 A on; methz::' detecting Ff?'T timin.c, in the
multi  c crier .. ......:5missi.on scheme utr_iz...n.g the C F D M
modulation _ he.m: me n: r.. c. of dete::c:ti: F FT tiring by  correlating a q
td interval part i e,rted for each  symbol is .. ;,. Also, a method o:: dec;
.ct_rig FFT timing z> , transmitttin;g the same s:tgna timing detection  s
-anal twice rte pea e oly and corre.i.st nc two symbols at  the receiver de
i . known. transmitter for multiplexing and  transmitting a y'n :nt onizat ion
s:...':a ar certain timinc  3 i Knc>wn. (F r sex am,-le, see Patent
document 1. ) In this transmit....., the sy;cihronization signal is
transmitted  throuq:^out all b ;rr irn a "first manner. In the  transr it :. for
;ar. if start time of a ;:angle  scramble code pattern is synchronized with
transmitting timing of the synchronization signal, the  synchronization
signal might be transmitted twice during  



a repetition interval of the single scramble code  pattern .:tent document
1: Japan Laic: Open Patent  Application No. 2OOi 1 68"l Non-p.:t,nt
_ocument 1, R. L. Frank and S. A. Zadoff,  "Phase shift pulse codes with
good periodic correlation  properties", IRE Trans. Inform. Theory,, Vol.
IT-8, pp.  10 33 1' Non pa +ent document D. C. Chu, "Polyphase codes
with good period:.c correlation properties", IEEE Trans.  Inform. Theorye
vol. IT 18, pp. 5 31 53 July 1972 Nc :-par?^t document 3: A. Milewski,
"Periodic 15 sequences with optimal properties for channel estimation
and fast start-up equalization", !EMux. Res. Develop, , vol. 27, No. 5, pp.
4.r'6 43l, 1983 Non-patent document 4: B. M. Popovic, "Generalized
chirp-like polyphase sequence with optimum correlation  3:9 proper e,
IEEE Trans. Inform. Theoy, vol. 38, pp.  1406 1409, July 1992
Non-pat-,ant document _. N. Suehi_o and M. Hat:_-,  "f `dulat:sb `
crthcgonal sequences and their application  to SSMA _ ,.ems" IEEE
Trans. Inform. Theory, vol. 34,  25 pp. 93-100, Jan. 1998 Non-patent
decument 6: 3GPP ': :.5 13 Spreading and  modulation (FDD) SC .SURE
OF' INVENTION 0 [?ROB.-.,EM TO) BE SOLVED BY THE NVENTION]
However-, the bove-mentioned prior art has some  problems desor.tbe:P
bel. :x, Different subcarri er signalz are added to an OFDM  signal in a
temporal range. Thus; it 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  
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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. 

 According to this configuration, the 35 

synchronization channel can be transmitted at higher 

power than a data part. 
3

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  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. 35 According to this configuration, the  synchronization
channel can be transmitted at higher  power than a data part. 3 



In another feature of the present invention, a  r .: Rive nciud :s a
synchronization signal replica  generation, un;'. t generating a sync
nronization channel plica anpr.oxinated by an integer; and a correlation
5 unit det:`::?t between a received and t.n synchronization channel
replica an d?tectln;` a correlation value indicative of  peak n timing
associated with the peak based on  the ates: :? cr rre ;. 10 Acco~_d ng
to this configurat on, it is possible to  Fd..1ce an amount of
coomputat.ion rel t.ing to correlation  operations in the t-c ..ver. In
another feature of the p went invention, a  mobile system include:;,
transmitter and  15 a receiver, ho t ransmatter compris: ng an amplitude
:adjustment unlit multiplying an amplitude adjustment  s,erquencr value
d':ustiz- amplitude with a synchronization channel t::ansmitte< from a
base station  for establishing synchronisation with a mobile station,  20
and the r elver c-:mprisina: a synch.onizat-on signal rep:ic3 g :a X'ation
unit gen.erati _ -. synchron_ -ation  channel re plic, >ppr ?ximate d by .
integer; and a  correlation ..t c:.et.ecting correlation between a signal and
th :ynchroni zat ion harm: ca and detect. ng a correlation value
indicati_v, peak and timi ? ; ss:::i-aced with the  peak based on the
detected correl-ation., According this conf_gura;.._on, the transmitter
cyan transmit the zync.i'ironi>ation channel at higher power  :v than a
dat-a pa t and the receiver ; conduct correlation  Aerations w: th lusts
c:omoutation. in the went invent T.e h.^C` of transmitting a .
:r:chr,onizatl.on channel nc.ludes multiz:_.yi an amplitudee. adjustment
sequence  4 



 

 63

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  

inversion of a fundamental waveform; 

 FIG. 4C is a block diagram illustrating exemplary 

P-SCH signal generation in a base station; 35 

5 

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  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  inversion of a fundamental waveform; FIG. 4C
is a block diagram illustrating exemplary  35 P-SCH signal generation in
a base station; 5 



FIT Es. ;?. _.. a schematic diagram illustrating an e xempl a r y c. nfigu;
:atic;n of the synchronization c:hahnel;  4I.., B ,iz. a schematic diagram
i:.._u trating an  exemplary configuration of the synchronization channel;
5 FIG. 5C is a schematic diagram illustrating an  exemplary
wonfiguration of the synch O ization channel.  FIG. is schematic diagram
illustrating an exemplary configuration of the syn hro ization channel;
FIG, .A l.. a .chematic diagram illustrating an.  10 exemplary
configuration of the synchronization channel; FIG. 6B .. a .:thematic
diagram illustrating an  exemplary configuration of the synchronization
channel;  FIC.. i is a schematic uaagram il,._.stxating an exemplary
:nf.iguratior of the synchronization , h_annel;  15 FIG. S i._ a schematic
diagram illustrating an  -xem.plary : crfigu aticn of the synchr n i. ation
channel; FI_. 9 is a schematic diagram illustrating an  exemplary
waveform of the synchronization channel;  FIG. 1OA is a schematic die
cam illustrating an 20 exemplary arrangement of the sync`:ronization
channel;  IOB a schematic di ag ram illustrating an  exemplary waveform
for use: 10C is a schematic diagram _Iluatrat::.n7 an  FIG, exemplary w
,v;t form. fox use in S-IC.H; 2:5 FIG. 117i is a schematic diagram
illustrating the  type pf the syne:ttr nizaticn channel; F! CA . _..n .. a
.cnematic diagram illustrating an  exemplary multiplexing scheme of ..
SOH with S-SCH;  FC.. _2 i.e .. er.hematic dia~<ram, illustrating an S'Oi
xem;pIary Configuration of the pz:::.mary synchronization  :ha nnel FIG.
A diagram illustrating an  exemplary configuration of the ,sa ondary
:aync'hronisa..ion chagt',el; 



6 FIG. 133 i a schematic diagram illustrating an  exemn ary arrangement
of the secondary synchronization  channel FIG. is a .. .:;nemat_c
diagram illustrating an  5 ezze.nplary .,.onfir;:urat of the _.e :ondary
synchronization - ' I FIG. _ >D i.'a schematic di ac arm illustrating an
exemplary .Y.rangement of the secondary syn c.b r0:: .l :::anon  channe',
10 FIG. 1; schematic diagram 1.1 1."stratin;_ n  exemplary m _tip ......i.:.
scheme of F- :C" and S-SCH;  FIG. 1.3F , .. a .,.: hen.atic diagram
illustrating an exemplar, arrangemeent of. the secondary
synchroni,zat`..r::  nn 1 15 FIG. ..3 is a schematic di.sg ar illustrating an
exemplary m :it ple .ing scheme of '-SCH and S-S":H;  FIG. 1`$I is a
.schema'' is diagram illustrating an ex<":r.pI'._'ry cul r: ; :>cheme of .-3c
and S-S.':4  FIG. 14 is a _i ^ematic dia;ram 1' 11,rctrating  nreapo :0
exemplary between synchronization  channel ;:?e `tumb: end C ' encths;
FI<:.. 1.5 is .. sr:'r.ematic diagram illustrating  <. ;ch. _ ~.  exemplary
between synchronization  channel. "d .umb+ scramble code numbers
and vP  25 lengths. FIG. .o schematic diag_:am .Lslustrat.ng  exempt rV
between iynchronizati On hannel ce:o numbers and ..rambl coda
numbers; FIB;:. 17A a c.nematic diagram 1lustrating an  ~x`mpl a ry of a
synch";>niz'at_on channel;  F;. _. L"B is a s, ematic die rain illustrating
an e xe?mp iar ^:^.":.ent of synchronization channel;  



FIG 13A za blo c:\ dia dram illustratina a receiver  acccor'ding ._o. one
em ;:dim.-eat of the present invention;  7 FIG. 18B is a block diagram
illustrating a receiver  according one embodiment of the Present
invention; F114. 19A is a schematic diagram illustrating  e mp1ary frame
timing detection: 5 FIG. 19B is a schematic diagram illustrating
e.,emplary frame timing detection; FIG. 19_ is a schematic diagram
illustrating  exemplary timing detection:; FIG. 20 i . schematic di :gram
illustrating an  10 exemplary configuration of a synchronization channel;
FIG. 21 is a schematic diagram illustrating an  exemplary .onficuration of
a subf:tame; FI11.. 22 i s block diagram illuustrating a  transmitter_
according to one embodiment of the present  15 invention; .I G. is a
sc'hematirc. diagram illustrating an  exemplary orre-anon computation
scheme; FIG. 24A is a block diagram illustrating a receiver  according to
one embodiment of t~,e present invention;  20 F! 03. 2413 is a schematic
diagram illustrating exemp,ary synchronisation in S'SCH detection  in a
receiver according to one embodiment of the present  invention", FIG,
210 is a schematic: diagram illustrating 25 exemplary synch: o Nation.
detection 7.< CH detection  in a receiver according to one embodiment
of the present  invention; FIG. 24D schematic diagram illustrating
xemplary synchro. nation detection in S-SCH detection  30 in a receiver
according to one embodiment of the present  invent_ on FIG. 25A a
sehemati diagram illustrating  



exemplar; relationships between . Ps and detection  probability for
averages of the secondary synchronization channel; FIG. 2:53 is a
schematic diagram illustrating  exemplar`: relationships between SNRs
and detection  probability for averages of the secondary 5
synchronization channel; FIG. in a block diagram illustrating a receiver
according to one embodiment of the present invention;  FS :, ._ :1A is a
schematic diac ' am illustrating an exemplary configuration of a
synchronization channel and  a common pilot channel FIG. 27B a
schematic diagram illustrating an  exemplary SCH transmission
sc'nemes for multiple  transmission antennas according to one
embodiment of the  present invention; 15 FIG 27C a schematic diagram
illustrating an  exemplary SCH transmission scheme for multiple
transmission antennas according to one embodiment of this,  present
invention; FIG. ''S is a flowchart illustrating an exemplary  40 operation of
a transmitter according to one embodiment  of the pr,....:s:nt n ention:
FIG. 2''A is a flowchart illustrating an exemplary  >o eraticn of a receiver
according to one embodiment of  the Present invention; 25 FIG. ' 7 a
flowchart illustrating an exemplary  operation of a receiver according to
one embodiment of  the present. inv,enti;;on; FIG.. 2 C is a schematic
diagram illustrating  exemplary ;'ell T'..: detection by a reference signal;
F_. . 2 D i_ a schematic d i ...,:ram illustrating exemplary call I0 detection
by ... '<e_ference signa ;  FIG. 9c. is a flowchart illustrating an exemplary
operation a receiver according to one embodiment of  



the present. invention, 9 FIG. ._'9F is a flowchart illustrating an
exemplary  op:: ration of a receiver according to one ,,mbod'ment of  the
fir: sen inven`ion: and FTG. :$0 is a _.,..!ematic. diagram illustrating an  5
em.plary c rocti2..aticr: channel transmission scheme  in each .-ctor. F.
Tr Cr RTFE: ENOE SYMBOL  10: transmitter 10 20. rec e v,er BE
MODE Fc'R Aur'YI OUT THE INVENTION  Embodiments of the present
invention will be  described with fezence to the accompanying drawings
15 Throughout: the drawings, components having the same  functionality
may b: denoted as the same reference  numerals, and the aescription
thereof may not be  repeated. A mchi? e . _m icati c.n system 8':c rding
to an 20 embodiment of pre.:: ent invention will be described.  In t 1 Tb
C%dim :^-t, the, mobile communication system ;:lodes a transmitt=er 10
and a r c.eiver 20.  `;Then, the transmitter 10 according to this
embodiment will h:e ri:=scribed with reference to FIG. 25 The nsmitter 10
transmits, a ynchroni_zation  channel. The .. 1..'~: r. ?0 uses the
synchronization  :;hannel t:o: ;ets::t symbol timing ,-.and frame timing.
Furthermore Y :e ::fiver .< 0 uses the synchronization  channel to de
er::':. control information on zcramble code::?, am:ole :.c <<: groups: a :d
others The_ raa:^ :, :z 10 is, provided a 'base station  `'cr tranc:mit-:t n ..a
i:..o s igna' s The transmitter _G  includes multiple. d:.:a channel g ;era.
;:ors 100._--!00.x.  



n each data channel generator 100, ,equence of transmitted data sups
led from a transmitted data  generator " Q'1 is encoded in a transmisaie:
n path encoder  !C)2, and the resulting data are modulated in a data
dulat, ' 10 1n multiplexer 104, a pilot symbol is  5 multiplexed tC the
xi,dulat,ed data toequeence, and in a  serial to parallel ..anversion unit
10?, the resulting  data are ........_a]. to parallel converted into N'/SF
information =ym of _..queroes on a frequency axis. In a  y , u 00, .... r
information symbol of the Iv; SE`  10 .onverted.. info rm:at'. ,n sv.r.'ncol
sequences ...> copied every SF symbols equal to the sequence length of
short period  >preaaing .: de and the resulting information symbol
sequences are aligned on the frequency axis. I:a  multiplier 108, ::t shot:t
period spreading code generated 15 by a short niod spreading code
generator 107 is  muitilied th the N information smb l sequences  aligned
on the frec._nency axis. n first c:l:mbination unit 100the symbol
sequences having the sequence len;;th N and multiplied  20 with the
respective short period spreading codes supplied from the respective
data channel. gens.rators 10 - are  in each of the N must L.'p liers-- 111,
soramble;  cs des suppl f ::::m a scramble c: de generator ._.t.0 are
multiplied with the multiplexed :abol sequence of the  s >qu :c e length N
in the frequend" In each o the N' mult ~l_.i rs 118, the: symbo seg
Fences P.Lu,ltip_..ieC  with the scramble < odes are multiplied with an
amplitude  a:justz en .. equead`.;: value generated an amplitude..
adjustment unit 110, and the resulting symbol seauens e.s: 30 are
supplied to a second comb nation unit 112. The  _.,. aond the symbol
aua .c a:. having the sequence length N and multiplied with the: amplit=
d:a adjustment .es::nence value and the  



scramble codes .,ith a s.ynchroniza:ion signal generated  1.1 by e
synchronization signal generator 120 in relevant  .st:bcarr e;. ,,. , ones i
N An :i:'tveLTe F ur -::r transform (IFFT) device 13:3  converts N symbols
.into an orthogonal multi carrier  5 slynal. c ix  .c) addition unit 114 inserts
a CP selec d b- a OP se1eCton unit 117 _nto the multi  carrier ccq_,,,,.
`.: r each Fourier targe,. time. Then, the  transmitter 10 transmits the
malt-, carrier signal .,.er.ated in the OP acde.ticin unit 114 as a radio
signal  10 in the Artho ugh z'Ci-)M has pee.!': i] 1:_strativedy applied in
above-ms'ntioned transmitter, i)FDDI may be applied.  In this.
_se,p3ort_ion: asset:i.ate: with. spreading in the OFC.,M are z. ..:;coved.
Specifically, the. data channel  15 generators 100. 2-100,x, the copying
unit 105, the short  pe. niod spreading code generator 107, the multiplier
108  n C:. the r, t C .. _ .be h a C: 9'r,,ina 1. 'rit n may omitted. E: r., N
informati=on symbol a are supplied from the serial to  parallel conversion
unit 105, In other words, the N  20 information symbols supplied from.
the serial to parallel conversion unit 10Fate multiplied in the multiplier
111.  An E?e:m.plari raticn for generating  synchronization sr finals in the
y^chroni<zation signal  generator 120 will be described. .25 A data
generator 1' _ generate,. codes for  _sync. ,:oni zation channels. For
e:::ample, the data  generatox 1,21. may venerate a common code, such
as "1",  i all E , . . ... :! n : h.. mannr:r, the e vear can easily  detect timing
indepi:ndentIy ,,:f located cells by ~sC? el at n`:~ S..ce Zr <,,' a'...gnal,.
ith. a time waveform in a  



s<?:men sy^.chrc;niration channel. As ]tus t-ate: ._r., ICr, A, the
,ynchron_zat_on  ....anal generator 1""0 may generate a repetition
waveform  in a temporal ran a. For e::ample, t:_e data generator 121 m.
y: rep eeate di y gen rate an arbitr _ry fundamental  waveform. In this
case, a correlation value may be  computed for a aortior: located at. the
distance of the  repetition period in the receiver. In the timing where 5 the
repeated waveform is transmitted, a similar waveform  is transmitted,
resulting in a larger correlation value.  in this case, the receiver does not
have to know ..he  waveform of $CH, and determines whether two
separated  p ..ti..ns are.: the same by computing the correlation values
10 for the two secaret portions. In this fashion. frequency of set
compensation and  timing detection with autocorrelaticn are achieved at
timing detection time in the rec::i.ver by means of the  arbitrary repeated
waveform. For example, since the 15 same signal is transmitted
repeatedly, the receiver can  measure and compare its phase. The
receiver can  facilitate the frequency offset and the timing detection  with
autocorrelation of the received ;,a:ignal based on  phase _otation. In
fashion, computational 20 complexity o an be reduced through the
frequency offset  and the timing detection with autocorrel:ation of
received  signal, compared do replica correlation. As .i. , u_. t.r at: d in
FIG. 22, frequency conversion of  the repeated waveform in a temporal
range results in a  25 Sawtoothed waveform in a frequency range. The
synchronization signal generator 1.20 may generate  sawtootheci wave:
arm in this frequency range. Also in  this fashion, it is possible to obtain
an advantage  similar to the above-mentioned :ne.. s? Alternatively, the
r:et .tit :n number of the r p-,-.ated w avef=:o_ms in the temporal. range
and,/or the  



intervu between teeth of the sawtoothed waveform in the  frequency
range may be greater t . an terna3tive .y, the dat.t, generator 121 may
generate  13 synchronization channel. codes defined for respective
control ?nfcrnation, such as scramble cosies and scramble ode grcup;s.
In this case, as illostrated in FIG. 3, a  synchronizaa4:ion channel is
defined for respective 5 control information such as a scramble code and
a scramble  group. In other words, a synchronization channel  code
number indicative of a synchronization channel .. ssooiated with the
control information such as a.z  scramble code and a scramble code
group. In this case;  10 the receiver.' 20 c: n detect the control
information and frame timin,:, by computing correlation between all
defined  synchronization channel waveforms and received signals,
resulting in reduced n_eli search time. Thus, it is  possible to .educe
tower consumed in the receiver 20. 15 A data modulation unit 122
modulates synchroni tion signal data, and serial to parallel  conversion
unit 125 performs serial to parallel  conversion on the m)culated data no
generate N symbol  sequences on the frequency axis. Each multiplier
126 2,0, multiplies the corresponding symbol sequence signal with  a
synchronization signal spreading; code generated in a  ynchronizat .on
signal spreading code generator 123 in  the frequency direction to
generate N parallel synchronization ssiq 3sls. 25 For example, the
synchronization .signal spreading  code generator 123 may multiply a
scramble code included  in the scramble code group number c ::rra
sponding to the.  synchronization channel code number in accordance
with  correspondence between the channel code numbers and the .\.
..crambl '.:ode. nroap number. as iescribed in _e erence  



FIG. c. The ;3E _tipl ers 122.6 <enerata N ynchro n a. ion signals and
sup,' _ them to N multipliers  119. Each of the N multipliers 1r`: multiplies
the 14 respective parallel aynchronilzatie:'n signal with an  amplitude
adjustment sequence value incoming from an  amplitude ustm,e :t unit:
116, and -uppi es the resulting  signal to a second combination unit 11 5
Nex:, an exemplary operation in the. amplitude  adjustment u..? is 11._
and 115 in the transmitter 10  according to this embodiment
willb,eedescribed in detail  below. The amt: litud e adjustment units 1,1;,
and 116 multiply  10 synchronization -hhannels with an amp itude
adjustment sequence value for amplitude ad lu;tment. For example, the
amplitude adjustment units 115 and 1.1.- use a signal  having
suffi::::ient'..-ow peak-to-average power ratio  (PAPR) in v_._ tern o ;l
range to c ndu:;._ some operation 15 for reduc.ng PAPR of the
synchronization channel. In a transmis.,.ic;n amplifier, data are supplied
to  a data channel r.andco.mly, resulting in the hig:her PAPR  and a
random waveform as ill iastrated in FIG. 4A. FIG.  4A, the vertical axis
and the Or1;_:O tat- axis represent  20 transmission power at a base
station and time,  respective:,-. On the oth z hand, since the
synchronization  channel 1":.... fixed reference pattern, a signal of lower
^,APR can 1,.-)e selected by determin,"ng an appropriate 25 pattern. Tn
FI . 4A, if the amplifier has an upper achievable  power levee, as
indicated in a dotted line the be, k-off  is set tr~ have:. a lava! lower than
the average level in  ns dera . i.:tn : * f uc:ctuat _on ma in signal:. 



r pc a tha: a temroral w vefform of PAPR equal  to zero, that. , ..,
to=:mpo::a waveform without a peak  ;ping, can bbe goner>tee as a
synchronization channel, an out p at 7nal .<r, a`.^ r than the average
output. over data chhanne `- d ac:cordi_ngly. Thereby, 15 it is pos ibl to
improve detection accuracy of the  synchronization channels in the
receiver 20. The amplitude adjustment units 115 and 115 supply  an
amplitude adjustment sequence value to the multipliers  and l1? in order
to generate a wa e arm without tst.nding _?APR. The amplitude
<::djustment sequence  value has some characteristics as follows . (a} ,..
sica 1 :, the. amplitude:: adjustment sequence  value has constant
:>iitucie in the temporal range and  10 the frequency range. For example,
respective signal component:. ,:f a sequence are in the `arm of exp (j 0 }
where  is an imaginar" ....it: (b) The adj ust:ment :~:equence value has
perfect p iodic as c:.correlat_on >iaracteriat ic s. For  15 example, the
autcc:_"r elation. has except zero shift. As a sequence having these
characteristacs, a CAZAC  (Constant Amplitude Zero AutoCor_...latian)
sequence is  typical. For example, see non-patent documents I, 2end In
thi. fashion, uti :ati_on of the CAZAC sequence  Y (CAZAK code) fulfil:
better auto-,=elation  character-:;tic: , and thus timing  based on replica c
rrela-ion can e improved. Fur _ie. more, sequence:; havi-g
characteristics as  presented ;:low in. to the above-mentioned  25
character, itir. s may used. (c) ,.Fen : fte:; the s-equenc: is mulzip-lisd a,,.
an  arbitrary _.:mp'... number equenc: the sequence stlil1  has ti;
abC?`7"-mentioned ..haracteristr.cs (a) and (b). The seq: enc::e has
optimum CT+:~:.a.',:arrelatiou. 



?:) F r. e:.-,,amp..., the . ,.: cc .re t :) (absolute vale} is  m ted t,. c r f e se
uence engti N. V JIV As ,:>zuences having the abc e-mentioned a ;4L
(Generali .<,d Chirp-Like)  1,6 aequence (Cf. non-patent document 4)
and a Generalized  Frank sequence non-patent do-_,ment 55) are
typical.  Alternatively, Golay code (of. non-patent document z; may be
used. Since the Golay code fulfils  5 better aut. i?l:c: rel t.ion
character.istic1, the timing  detection accuracy based on replica
correlation can be  improved in t e receiver. In addi t:`cn, its code
property np? if` : correlation process,,. :ng. ignals genez_, to<;: t`...`l~
,converting PN  10 codes generated within a SCH bandwidth in a
frequency  range into ones in emporal range in _FFT may be: used.
Since such signals _ulfil better utocorrelat on: t ]:e tim'nc detection
accuracy based on  rep_ic-s correlation can be improved 7.:n the
rece::.ve:~-.  15 Furth.rm re, any of the above-mentioned three ,svef
>rm.s eta:; be u11 ed as a fundamental waveform, and then  i May be
transmitter repeatedly. In this case;  reception can be sim.p x s: i .:d in
the re>:eiv: * .  For example, the ,, :x<,: *r may inch e only one correl ator
wit cc:.rr'espondiin t o the fundamental. waveform and combine  me
outputs .::f the ..o_rrelator. Al' ,o, in cas e of a repeated :unda tenta
waveform,  inverted odes may e in, luded. In this case, the  autocorrelat
n charact?<ristics can be improved, and 25 thus the timing i ?ter.vicn
accurac be impro v ~d  isece~. ve . '-I e Alsso, it may he selected in the
re.Ce: ver, based on  the fundamental waveform transmitted
reppeatedly, which  



f` the aut :cr.:ra.=.al.at:ion based approach and the replica .`.~ ~.orrel:,
t.,. on t _d utnoach s=hould be .used for the timing  det er:*.i:a:a; ex mp
e,. if hi ghee: throughput is given  higher priority,. t::^. a... the pr;:ce sing
amount should  me reduce ci, the tim:in':g detection Carried out based
on the aitoc rre ati r.. the ::ther hand, I' f higher detection accuracy is
higher priority, the timing ,cetect .0n i s carried i ut based on the replica
_ orrelatioo n or \amp e., the undamentaI wave forr having better  5
autocorrel tion characteristics ma,,. :; inverted, and the  inverted and
repeated waveform mrt,, be us_e:d. For example, a fundamental
waveform having the  _ n th ctg za1 to _.!N i f the symbo.._ length L of 1
OFDM symbol  d. In this cas some code having better 10 autocorr rat on
char a_cter stics such as ._ Go,~'lay c: ode,  a Gold code: and an
orthogonal Gold code may used as the  fundament; l wavy-form. As
illustrated in FIG. 4S, codes  having better autocorrelaticn characteristics
even in  the whole signal can be generated by rr::>eating the 15 inverted
fundament ;1 wavef ?rm N times.. Sri FIG. 4B, the  hc:rizo>ntal azi-,
represents time (t) . For example,  inverted fundamental waveform "A"
may be repeated N times.  In F_.... 48, the inverted fundamental
waveform is  represented as -A". Some component may arise out of the
signal band if  is left as it Thus, a P- CH signal waveform is  ....Nally
formed thrc:< gh passage a desired a: gnal  bandwidth filter. For ..: mz l,-
fc r the transmer 1G described with  ?e.^ reference to FIG,. a
synchronization signal spreading  e gene or is .,onfig'i.ared to nc ud:: a
fundamental waveform generator- I 1, a r..petition and code inverting  in
receivIn, --output: signalfrom the fundamental  ;waveform ; and band
limiting filter I-lz .. receiving output a.-:'-als from ne rep `t iti on and code 



,nvertinca unit The i..,:'.d am. e:'ata wavef lam generator ._;:.3-I
generates  a fundamental waveform having the code length L/N. The  r
epetition and ccsi . invert:,:tr 1 `O 2 repeats and 18 code-inv.rt~,: the
fundamental waveform having the code  length LiN. For ;:xam>le, the
repetition and code  inverter 121-2 repeats and code-inverts the
fundamental  waveform having the code length :.SIN N times, resulting
5 in the co? length Bing The band limiting filter 123.. provides fine-
P-SCH  signal waveform bypassing the resulting waveform through  a
desired signal bandwidth filter,. As such a desire signal bandwidth, two
cases may  10 be conceived as follows. (1) A bandwidth provided for
S-'SCP 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 slight influence toward
other channels  out of the 5,111 band, the 5CH signal waveform has less
distortion, resulting in higher oetection accuracy in  a mobile >tation. In
the mobile station, a cor?:elat:r corresponding  20 the fundamental
waveform is prepared, and its output  is code-inverted and combined. in
this fashion, replica  correlation with high detection accuracy can be
achieved  under a smaller amount of computation. An exemplary
operation in the combination unit 112 25 in the transmitter 10 according
to the embodiment will  described in detail below. As illustrated in FIG.
5A, the combination unit 112  inserts a ssync:hreDnization channel at a
frame period. In  case of frame periodic insertion of the 3channel, , for
example, the combination  



unit 112 may time-multiples; the syr:e:hron .z:ation channel,  that is,
store and transmit the synchronization channel in an OF:JM -symbol of
some slot. In this case, for example,  a frame may be configured to have
an integer multiple  19 of the shat length. One frame may be configured
to 41 r.cl u de m tiple ots suc; as and in turn,  one slot may be configured
to inc:~lade multiple OFDM  symbols such as 7 OFDM symbols. 5 In this
configuration, slots having the  ;a'y';:chror:va:...on channel can be
controlled under closed  loop control, as retransmission without
awareness  n the transmitter 10. In other words, the round trip time may
be unchanged. in the receiver 20, o_n the other  10 hand, reception
timing of the synnchroni nation channel  can be iden ]fi Yy correlating
received signal and synchroniz.atic._ channel replica: in a temporal
range,  and huzs, symbol timing and frame timing can be detected  at the
same time. Alternatively, the receiver 20 may 15 identify the reception
timing of the synchronization  channel by correlating the received signa'_
with the  synchronization c ann.1 replica in a frequency range.  In this
case, the receiver 20 would use a common pilot  channel su.jected *.o
scramble coding to detect the 20 scramble d By providing only one
frame. with the  synchronization channel, if a synchronization channel.  is
de='te(-,:t;the frame boundary can also be detected.  In addition,
compared to the case f pr)vidinQ multiple  25 frames with the
synchronization channel, higher :cnszazssi:: pow.:r for the
synchronization channel is  achieved, z`esu:it:.irtg in improved detection
accuracy.  Alt:_na veiy, the rec:iver 2: may use a common pilot channel
subjected to scramble coding to detect the.  .. scramble . e ;after fframe
detection and _.cr amble code  



group det_ ec:t.i; a . for : \ample, _ccording to W-COMA,  hc.. ync:hrc n
zat t on chaznn is inserted for each slot  period, that is, for each slot As a
result, symbol  20 timing is first detected, and then frame timing is
detected. in other words, the frame timing is detected  through the two
steps. According to this scheme,  although slot timing can be detected
through the 5 synchronization channel, it is not ?os si .le to identify  the
associated portion of the frame. Thus, the  associated portion of the
frame is detected after the  detection of the slot timing. According to this
embodiment, when the synchronization channel is detected, 10 the
frame and the symbol timings can be identified. As  a result, the symbol
timing and the .frame timing can be  detected at the same time. In this
embodiment, the insertion of the  synchronization channel into only one
portion of frame  15 unit (period) has been described. However, the
synchronization channel may be inserted into multiple  portions of the
frame unit or period. in other words,  the synchronization channel only
has to be inserted into  at least one portion of the frame unit . perir 20
For example, as illustrated in FIG. 51, the  synchronization channel may
be inserted in such a manner  that two periods can be configured for
each frame. Also, _ilust..stsd in FIGS 5G, the ynchr:_liz Lion l an el  may
he Warted in such a manner that four periods can  25 be configured for
each frame. The receiver 20 identifies reception timing of the
synchronization channel by correlating the received  signal with the s
ync.hronizuetion ::cannel replica. in  this case: correlations between
multiple frames are .._ averaged. For exampl _f there are 11 0, 000
samples  



within a single frame, correlations are computed for the  103, 000 and tt
..sample having the maximum  correlation is found. in this case, if
multiple frames  are averaged, a memory has to be prepared for storing
the 10,000 :orrelatThn values temporarily. Then,  correlation values are
computed for 10,000 samples in  the next frame, and the correlation
values of the  respective samples, are added for improved S/N. Thus, a
larger memos-y has to be provided. in the case of multiple
sync:?:ronicsition channels  being provided, if t.'e above -m'.ent.,.ned
multiple frames  are averaged, the memr:ry only has to `e ave smaller
capacity.  For ex.amp1e 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 each frame, the memory  capacity can be reduced to
1/4. In addition, as more synchror:izat_o:;e channels are  provided for
each frame, the memory capacity can be  15 further reduc d. In the case
of multiple channels being provided,  the channels may be arranged
equally. in other words,  the synchronization Kann .:? are equally spaced
in a  frame period, in this arrangement, the averaging 20 operation :lf
multiple frames can b easily carried out.  Alternatively, in the case of
multiple channels  being provided, the annels may be arranged 'une'q'',
ally.  In this a rrrangement, the frame boundary can i:,e e.:;sily  detected.
_5 In addition, in the case of the insertion of the  multiple synchronization
channels into a frame, a time  diversity effect can be obtained by
combining correlation  outputs between the multiple synchronization
channels  in the receiver. As a result, it is possible to improve  3=' the ,
imi ns e .. v, i . accuracy. Also,. as illustrated in FIG. 5D, in the cast- of
the  



synchi i._ar_nn channel being time, multiplexed in a frame  ?eriod, ..ie;:
combination unit 112 may provide an independent slot and insert the
synchronization channel  22 therein. In this case, such a frame may be
configured  to have (an integer multiple of the slot length -+ the
synchronization channel length) in length. in this  configuration, the
configuration within slots can be made 5 uniform over all the slots,
resulting in a simpler radio  OF configuration. In other words, the
transmission and  reception cn be more:: simplified. An exemplary
configuration of a synchronization  uniannal will be described in detail
bel::... 110 In W-CDMA, as illustrated in FIG, 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
code-multiplexed and transmitted. in this  configuration, the other
channel. can be onfigured  without ..onsideratcon of the synchronization
channel,  but only a portion c?f total trans lsc._? power can he  allocated
to the synchronization chann::l. As a result, 20 the receiver 20 must
conduct averaging !:operations for  a longer time in order to detect 1-.he
synchronization  channel. In F......, 6A, the vertical. and horizontal axes
represent the transmission power (o dee) level and time,  r esp , ec.;
.:vex'.  Ac:::o'ding to th' embodiment, as illustrated in FIG.  6B, for
example, an GFDM symbol .s allocated to the  synchronization channel
for a certain duration. As a  result, the total transmission power can be
allocated  to the synchronization channel. in this configuration,  the ret ei
7 a_. 2 c,:an complete rece ptioon operations in a  



shorter duration and detect the symbol and frame timings.  F r ex:em le ,
i OFIJM symbol is allocated to the  synchronization channel. in FIG. 6B,
the vertical and  hr7Y.iz nta' axes represent transmission power. (code)
23 level and time. respectively. In W_CDMA, the synchronization signal
cannot be  detected based on only one slot, and thus the
synchronization channel having a longer duration is used 5 Like a
frequency multiplex type. In W-ODMA, multiple  ;::Lots are used and
correlated to detect the synchren: zatlon z ignal. In other worts, the
detection  of the synchroniz tion signal require:, a reasonable  number_
of sample ,. which may lead to a 1;:;nc er reception 10 duration and
larger amount of commutation in ..:e  receiver .::0.  Accord .ng this
embodiment, since the total  transmission power can be ailocat,,~d to tile
synchr>::^, :<:a: ion channel in the transmitter 10, higher  15 power can
be allocated. As a result, the synchronization  anneal. can be transmitted
for a shorter time of ceriod.  For example,, while the transmission o the
synchronization channel may require about of the time  period of one
frame ..,. W-CDMA, it may require only about  20 1% in th_ ,
embodimen... Also in the ....Leiser <0, frame correlation can. be  cilitated
in a sho: ter period 'of time, resulting in  mallet. :amount of the
computatl...... In addition: sinc the symbo ,. i' d fr a.?i e timin:75 can be
detected by means 25 of nl. o 1 syn :t:rcr,:.>:rtion channel, is possible to
laces the requi:ced buffering amount and the consum  power. Also in the
of the synchronization channel  being t .me-n:s.'tiple.xec as illustrated is
FIG. 7, the  



. ombinat on; unit 112 may allocate the synchronization  :.la onel u^; ,~?i:
^:rri er`~ of 1 OFDM ;symbol. For  ::asmp.Le the c cmt rnatian ....pit 1~..,.
may allocate -.:he nchr Gn ~':a1i n '.C I :'_._ to :".+ome . ubcarriers of 1
.:=DM  symbol at even intervals. Also. the synchronization 24 channel
may be allocated at uneven intervals in order  to improve the detection
accuracy in replica correlation.  In E'IG. 7, the vertical and horizontal
axes represent  frequency and time, respectively,, 5 In CUFOM, the
number of subcarriers and the OFDM  symbol length are increased to
enhance t :~erance to  multipath. As a r esu.lt, .f one k:hole O'DM
symbol is  allo s ated to, a synchronization signal, this may increase
cverhe.aad. 10 this c.. ,, the combination unit 112 allocates  the synchi:
;:n :zat ion channel to score eubcarriers and  another channel to the
remaining channel part.  1r-carding to thi > allocation, 't pos.-:ible to
reduce  the over he on t?; :synchronization channel. 15 AlSO: : n the
case of fixed total. transmission power,  the taa.r;sm.is:a on power of the
synchronization channel  can he adjusted by :_`hanging a tr=ansmission
power  allocation ratio :between the synchronization channel and
multiplexed channel. Furthermor , the transmission  20 power of channel
can be adjusted. The  transmi si n ;:wer r; f' the synchronization channel
can adussed by an cc :rator during cell designing, for  example. In e`...
i.tio.-; .. -:e cemk ination unit 112 may use at  25 least a portion of
allocated frequency alloQzte the  synchronization channel discretely
(c:rthogonai multiples: type FDM; as illustrated in FIG. 8. According  to
this allo.:.tion, a frequency d>\jer.. _ty ef`ect can be  t 



io e combin ationnt unit 111 may ai locate  the %; c.bro 1iza aon ::flannel
in st ud-; a manner that time  division multi Ieexina can be fa,- tat,d by :
uperir.p<oo__ng it on at ..east one , or:tic l cf a data channel  ip~ex type
TA'1) 8 .a illustrated in FIi . 8., In this a?se, the synchronization channel
is  transmitted in such an arrangement that it is  s-uperimpo :ed on at
least a portion o"f an GFDM symbol and  time division m_:lti plexed. 5 in
addition, the combination unit 11; may allocate  the sync hrciai.zat:ion
channel in such an _rrangement that  it is sup:rinnos~d on at least one
portion of a data  channel at even intervals and frequency division
multiplexed (non-- ::rth gonal multi, lox type FDM) as 10 illustrated in
FIG,.,. According to this configuration,  the frequency divers :t.y effect
can, be obtained. _n addition, the combination unit 112 may allocate  the
synchronization channel in suc,. a manner that it can  be code division
multiplexed with at -east one portion 15 of a data channel
(non-orthogonal multiplex type CDM)  aas il-a,,trat:~d in FiG, 8. As a
result, as shown in FIG.. 9, synchronization  channel coc3,es Pk(. (k=l, 2,
...,Karp)  belonging to a s>:: 'amb e code group are allocated to 20
subcarriers.. The synchronization channel codes  allocated to the sub arr
errs are p:pli.ed to the inverse  Fduri <r tr.- ansf::,rm (IFFT) unit I i....
Then, the  synchronization channel codes are converted into an
orthogonal multi signal, and the converted signal ii` _,. supplied to the C?
addition un_~ _14. The CF addition  :pit _14 ....alerts a 0.? (Cyclic Prefix)
selected by the  CP aelection unit. 117 Into a multi carrier signal supplied
r each Fourier toet rime. 7h~~n, the transmitter 10  transmits a inul t.i.
carrier , _anal supplied from the CP  30 addi' of unit: 114 that. i the 4i ii
time. waveform, into 



the ...;?r a-_ a radio signal. 'The CH tIrr,e waveform is  ;:rovi ed ay
dezin-n number of '.CH time waveforms  :a.rre=p:,;'c ng t. ,.he number of
groups Also, a sequence of ;'nchronizat c:n channels may 26 be
provided by differential encoding between  sub carriera in this case, the
receiver detects the sequence of  -nchronization channels by extracting
phase difference  5 information throuch delay orrel tion between
aubcar1:'_s.  In th <..ace c:of direct multipI i :: tion of subc::arriers  with
the synchronization sequence, if there is fading  fluctuation. in a
frequency range re aency selective 10 fadingg) , no in-ph se :addition
can be fu filled in a long interval r~n the frequency axis. By using aprase
difference -'::tweed s ubcarriers  (different i l u. d .r g) to multiply the
synchroniazation  channel sequence, even if fading fluctuation occurs in
15 the fr:equenI,y iange, in-phase addition can be fulfilled  for the snail
fading fluctuation between adjacent  subcarriers by extracting the phase
difference .between  subcarrier's in de'la'y' detection type correlation. As
a es 'it, ;.-ver if tte fading fluctuation o :curs, high  20 detection accuracy
can be achieved. A s , since correlation in a long :sequence can be
used, a large number of sequences: can be provided. In  other words,
the synchronization :.:;annei can be used to  transmit large amount of
information. 25 this as illustrated in ._.,.. GA, the .. .a ceme7:t e the
synchronization channel sequence is not  limited t: the Placement
between adjacent subcarriers,  and the channel ::an :e provided every
two suboarxiersa. Also, a larger amount of control  inf Irma .ton -n be- ''
..^.Smltted by prov' c ing two types  of sequennc and configuring them in
two layers. 



the two types of sequences include  l : patti_rn , ,: E} (= :16X1.6) types of
_n format ion can be  _;`ansmi ::te':e.. -,... hi. , case, the synchronization
channel c:: n be used to Iran ;tit information such as i6 cell IDa,  2 frame
timings, two sector structures, two MIMO antenna  structures and two
lengths. In this c:ase, the two .sequences may be arranged alternat ;: y
as sequene . 1 and  5 ,.eequence 2, for example. In addi ':on, a GCL
sequence,  Walsh sequence and others can be applied. For example,
i_n, the case of the GCL :sequence, GCL_: sequence 1 consists  o: i1 l
{rd .G _-`.L segue C,? consists  of G'~ ( 1 ) , c, .), l%:4 :5} (I)  10 Instead
: f CCL code and Walsh code, any of orthogonal code; 2) ;uasi-orthog
onal code or Li) code  having good autos trraalation and cross orrelation
chart ". 1:.erl. tics _... a frequency range may be used as a  secondary
synchron.aation channel code described  15 below. .:?pen:: 1 y, an
orthogonal Code whose phase  :rotates at a constant rotat anal ;sip eed
on the frequency  axis may be used. According to suc a cod.:e, it is
possible to generate  20 an orthogonal for arbitrary quence length and
improve ..:ue detect accuracy at the second st o.y b e In a<dit_ ths~
above- m enti? ri e r' .<s:~ a e m a  scrambled on the frequency axis in
accordance with a  manner predefined if-; the system. In tins case, a
common 25 scrambling scheme is used for different c>:lls rathe than
different scrambling schemes. In the above-mentioned  code, the phase
rotates on the frequency axis. at a  constant o ;:at . rn l ;geed. As a r~ e
stilt , the code has an  impulse waveform ?n ttie,. time axis,is not
desirable W from he v:.ewcoint efficiency of tr ansm_ss_:on amps if ers.
Thus, the code is scrambled on the frequency  



axis for ridcmi:_:~ti r, in order ti. eliminate the Problem  w.th :ransm;
ssion mplifier effr;;c.iencZ Since a mobile  station the .. .....: mbl.e code
in advance, the correlation detection can be easily achieved by
deescrarbl:ng and correlating the -ode prior to  correlating the secondary
synchronization channel Here the .c-hronization ch:"nnel ;:odes zp (1), ( )
, sa ('n belon ing +to a sc,.: -rable code croup may  be divided into r
:odes f or detecting -frame timing and codes  for detecting control
information such as the scramble  code grc+ u" F'-',,. example, the sync
hron1.. a t'ion :channel for frame ..ming is used as a primary
synchronization  10 channel (primary-_.!CH) , and the sya~:chronization
channel  for group detection is used as a secondary  synchronization
channel Secondary-SON). Here,  Primary-SOH in used as a waveform
common to all -ls.  Secondary-'..:CH has a waveform defined for each
scramble 15 code group. Primary-SCH and Secondary-SCH are
combined  with a data symbol sequence:. in other ,gards reception
t._1minci detected 1n Primary-SCH, and a reception frame and
information  relating to:o scramble codes are detected in Secondary- CH.
_0 For example, symbol timing (FFT timing) is reported in Primary-Also ,
the frame timi:cg can be reported in  Primary-SON by sett-.ng the
insertion interval of  unary wH as G :e f::....ne. Since t:he syinb of timing
and the frame ti-r: re Car. be detected in :Primary-SCH, the frame.  25
timing does n iav to be reportte,d in Secondary-SCH.  Ale- , ' r a scrawl
group may be detected in Secondary--SCH. In ad>d .ton, scramble
::.odes  in the scramble code jroup may be further detected. The  :urther
detection of scramble codes enables demodulation 10 . o . c. . a,. Z:1 d
out: :immedia ly. For example, some code  may be defined as ;a
secondary channel, and differe=nt code  pa "`.t. ferias, may be :a :ao:ci
ated with t. .,.es ct._ve scramble  



P; g-c:up.: For exam a, for types of (::ode groups,. 64  types of c :de
patterns may be provided. For 5r2 types  29 of scramble codes, 512
`yces o:: code patterns are provided.  In this fashion, correlation with the
synchronization  channel carried out,. Conventionally, a pilot channel  is
used to detect a _..ramble code from a scramble ,-.<de  5 roue, Also,
information reported the secondary  synchronization channel may
include only scramble code  a'*.. cup informat 10:1. According to this con
f.:. gu ration, it is po ;sible to r: duece the workload of rr:ception  10
operation and improve detection accuracy. Also; inform.ation indicative
of a scramble code  group may be reported through the pattern of a
common  pilot channel CPTCH? The reporting of the CPICCH  pattern
allows 'hysi'ca1 channel to r, port a scramble 15 code groi:.., that is, the
secondary synchronization  channel be :::mes unnecessary. Also,
information indicative of a system bandwidth  maybe repcrte;Y in the :>zf
und:ry syn :hrcr:izat4 on chanrei  If the transmissct bandwidth of the
synchronization 20 channel i. _. F MHz 5 M H: , a mobile station does
not  have to know the sYsta_,m bandwidth at the cell search stage,  c
addition, re dic resource'- allo:,ated to the  ynchroniz:ation cc:hannel may
increase overhead, it is  desirable to u.e. as few radio resources as
possible, 5 Also, in ', rm:at' cn indicative; of the bandwidth of  a
broadcasting Channel may be repo:tedi: the secondary  >ynchro ni at on
h,? :'.t;,. e. 1-, Yor exam,- _Le, the bandwidth of  the broadcasting
channel can be det cted in the secondary c: annel in the rec::eption side
by using  30 differ :Y.C seco,1dar synchronization channel signals for
afferent t road acting channel bandwidths. 



Als:,o, information inorcative of the number of  ,ans c,i s' >on nn.: : may
be reported in the secondary  snchro i. :. at::.-c:;p C":anne.l, Fo example,
the maximum a;w number of the synchronization channels and CPICH
may be  t to be w, In this configuration, L he number of transmission
antennas does not have to be known at the  cell search stage..., 5 Also,
information related to call structure such  as the number of sectors may
be reported in the secondary  synchronization channel. For exa'c:ple, the
cell structure can be :3 tected in the secondary synch: onizetion channel
at the reception side by using  10 different secondary synchronization
channel signals  depending cn the number of sectors in a cell.. Also,
information relating the number of  antennas in a base stag t on may
bye: reported in the  secondary channe. For mple., the 15 number of
transmission antennas .can be detected -in the  secondary
;synchronization channel at the reception side  by using different
secondary syn:.roni7:ation channel  signals depending on the number of
t,:ar.smissio:n antennas. Als:_ information relating the C' length may be
20 reported in the secondary synchronization channel. For  example.
the. CP l>ngt. ~ can be detected in the secondar  synchronization
channel at the reception side by using  different secondary
synchronization channel signals depending o:. the CF lenoth. 25 As a
signal ;., ve`orm fir use ins 'rud, for example,  "odes having good
C:..?r'osscorrelati In characteristics at  the same timing may r.e used. in
S-c,,control information such as cell ID groups  may be reported by
transmitting different codes. In this  30 Case, correlation between
different codes such as codes >aving go `d ro: ac Jrre atlon
characteristics may be used  



.r easy I. de rt t i f ir:gn of fe runt c ontrol information.  In S-SOH, des are
arranged on the frequency axis unlike  iti .: PIA. ^hu ...a .::'; ft on the
frecuency axis has to be  31 taken into :consideration, and any code
having good  ssc:orr laden characteristics at the same timing, that is,
un`dem conditions where there in no shift in the  frequency direction, can
be used. From this viewpoint,  5 the above-m:ntioned Walsh code and
CAZAC code are suitable because, they are orthogonal at the same
timing. For example if code 1 (cl, _.2, c3, c4, c5, .. . on-I, cn)  having
good c:roeso`or'relation characteristics at the same  timing and code 2
(01, d2, U, d4, d5, ..., do-I, dn) are 10 used as illustrated in FIG. 103,
information A and B can  be reported via the _oues 1 and 2, respectively.
in FIG.  lOB, the riz ..,..? :xis represents frequency. Also, for example,
some code having good  autocorrel sticn and/or crosscorr..elati: 15
characteristics also including timing shift may be used  as the si;na_
:waveform in S-SCH. For example, different  timings may be generated
through shifting on the  frequency axis. If some code having good
autocorrelation and/or  20 cross correlation :characteristics: also
including timing  shift is used in addition to the crossoorrelation
characteristics, information can be reported by timing  sh _ft such as the.
ccde phase in addition to codes. As  a result, a large.,' amount of control
information can be 25 transmitted. For e am.pls the transmitted amount
of  Information can be inc 'ea sec. corresponding to (the number  of
codes X the number:' phase shifts). As the codes  having such for
eexam.ple. Gold code and  orthogonal Gold cert.: are applicable. For
example, if 7d:_= (e.I, G l c4. ,, c c1, on) having good  , rc.ssco rr ' i
iracteristics at the same timing and  



code _ (phase shift _) (c,:, c 4, c5, at, " , cn-. on.-_) esuiting f :or code 1
being shifted by a predefined amount  of phase; such as the amount of
phase shift equal to 1,  32 are used as illustrated in FIG. 10C,
information A and  C can be reported by code _ and code. 2 (phase shift
I)  respectively in FIG. _OC, the ? :. _'i al axis  represents frequency, 5
Primary-SCH an Secondary-SC,-'. are multiplexed and  transmitted.
example, as illustrated in FIG. 7,  Primary-J'H may be allocated to some
subcarriers of _  COFDM :ymbo 1 and ...._c. ?ndary-SCH may be
allocated the  remaining subcarriers, in this case, as illustrated in 10 FIG.
_-A, Primary.S H(P(k))(k=l, ..., 2n-l) and Se condary-SCHi. , ::) ) (k=2, a
"', :2n) may be allocated to  ,one ubca.rriers of 1 OFD'M symbol
Alternatively, Primary-SCH and Secondary-SCH may  be allocated to
different slots and transmitted. Also,  15 as illustrated in FIG., 8,
Primary-iH and Secondary-SCH may be discretely allocated by using at
least a portion  of allocated frequency (orthogonal multiplex type FDM)
According to thi ... 1oi eti `n, a frequency diversity  effect can be
obtained. 20 Also, Prim ry :::CH and Secondary-SCH may be  allocatedd
in such manner that t?.ey are superimposed  on at least a portion of a
data channel and time division  multiplexed (:io.^..-.:)rthogonal multiple z
type TDM) In  this case. P'zimar',_ SCH and Secondary ,:.. are 25
superimposed on at least a portion of an CFDM symbol and  time
division multiplexed. The .,.esultinq Primary-SCH  and Secondary-SC.
ale transmitted. Also,. ..tima.ry :C=H and Secondary-S=..H may be
al.located in such aaz manner that they are superimposed  :0 at even
intervals an at least a portion of a data channel  . 



and frequncy division multiplexed (non-orthogonal  multipl x type: ?P':)
Accord'. ng to this allocation,  frequency cl v is it affect ..an bee:
;obtained. Als Primary'. CH and Secondary-SCH may be  33 allocated in
such a manner that they are code division  multiplexed with least _
portion of a data channel  (non-orthogonal multiplex type ^ M) If the
:synchronization channel divided and  5 transmitted into .:rimary SOH
and Sec ndaiy-SCH, the  receiver ete t frame timing in Prima ry-;`SCH
and uses  Secondary- C 1 t n detect a scramble :?de channel 'based the
detected frame timing. in this confi gu:ration, only on:a type of 10
synchronization channel waveform has to, be computed at  time point. of
the frame timing detection, that is,  _cazrelation betwe en Primary-SCH
and the received signal y has to n e computed herse:in. addition, af' the
tei ..same timing de4'::.c_ted, the synchronization hannei 15 waveform
on Ly hazy to :omputed at the frame timing based  on Secondary-'SOH
and the received signal herein. As a  .,3sult a .:omputati nal amount in
the receiver 20 can  be reduced compared the configuration where
different  types of synchroni.:~s:tion ch?nnel waveforms of all pages 20
are defined corresponding to the number of code- groups.  Also, F. en
i.e>Y :rmation indicativee of scramble -ode  r:;roups is reported in SCH,
different types cf av forms  are delinzad correspo;ding to the number of
groups h:.:e types of waveforms may be used for  adV dP.CE; and t.. 25
reporting. According to this c:>nfiguration, it I..  ::ssible reduce the
workload of reception r..peratio:::;  and improc;es tie t : t i on a c c u r a y
for a small number  of groups. Al.,:c when Information indicative of
scramble c ode- S 0, , :.;ups is ? <r>c a:1 ii-i S SC B. the : nfor nation
may be  



reported in the form of control _ts resulting from ?plic s' i of enc< ding In
this coni iguration,  artieu:'ar..y if thaat are a lare number of groups or  if
c ntr l information other than information indicative  34 of scramble codes
in reported in ?--SCH, it is possible  to reduce the workload of reception
operations and  improve the detection accuracy. In addition, since CRC
is applicable, it is possible to improve the reliability  5 of the detection.
Also, as illustrated in FIG. 11'5, P.:'CH and _-SCH  may be multiplexed
on the :same OFIDM9 symbol in FDM. In  FIG. 113, the vertical and
horizontal aa;es represent  frequency and time, respectively. 10 In this
configuration, compared to TDM multiplexi ',g,  if the number of symbols
allocated to SOH is the same,  both P-SCH and SCH can be allocated to
a large number  of GFDM symbols, for example,in a tempo a;.i_v
distributed  manner. As a result. a greater time diversity effect can  15 be
obtained. Also, since SCH and P-SCH are located in the same  CFDM
symbol, the synchronization detection can be  facilitated at the ;3-c.CH
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 he detected. There are tw o FDM schemes of
P-SCH and S-,CH as  folloos, (1) As a relul.ar arrangement every other
one 25 subcarrier, P- ACM an, .. SC; are arranged alternately.  In this
arrangement, greater frequency diversity effect  can be obtained. At the
synchronization detention of S-SCM, P-SCHS  are always arranged both
sides evenly on the frequency  . axis for any S-=CH _.ubccarriers Thus,
channel 



stiir,at-ion can be carried out with high accuracy by using  .. SCH as
reference. For FDM, no interference occurs  between 5-- S .- and
S-SCH. (2) P-SCH and S-SCH are irregularly alternated on  35 the
frequency a x i s . : n this case,, this, arrangement is  defined by the
sy3tem. According to (I); if P-SCH is  arranged every other one
subcarrier on the frequency axis,  a two-time repetition waveform
appears in the time range. 5 A s a resu it, several peaks appear at the
timing detection,  which may ..cruse craned detection, a::curacy. in order
to overcome .his problem, P-SCH is _rrecular_ly arranged  on the fr.,':qu
ency axis.. For example, and 5-SCH are arranged in either  10 one of 2
cFOM >ymbc ::a or 4 OFDM symbols within a 10 ms  frame. Su eh
arrangement can lead to a time diversity  effect in the ..,se of P-SCH
and. SSOH being arranged in  OFON 'ymkbc1 or 4 OFDM symbols,
supposing that the  15 overhead of 1C~ in W-"--MA is the transmission
power rate of 10%, for example, the SOH overhead can be limited
'"below  about 1%. For example, if SS M of 1.'15 MH'r is transmitted  in
^:e system having bandwidth g ha.. 5 MHz; the  SCH overhead can
h_e.r:educed. is". Also, since SC.Hs can be arranged a temporally  burst
manner, f:?,. er col search can be fulfilled at  _m.aIl.er SCM overhead
than W-CDMA. Ex. m,:larv transmission and re :eption operations of  a
primary :y.:_ r__;isation channel will e described with  25 reference to
...,.. 12. Then transmitter 110 may transmit a primary  synchronisation
charnel in discrete sub arriers. For example the pr many synchronization
channel may be  tansmt : d ever- other uhcarri::re For example, the
3channel :r.:: y be -.ranpi: imary y nch: smitt In 



st rd, :qtr. a d 7t:h subfram=:.,. from a certain aLu oarr.ier in a PN-like
pattern common to all cells In  this tram-m,itt.e,d primary synchronization
:_hannel is common all subframe:s.. As a result, a  $ temporal signal
becomes a repetition signal  corresponding to the length of the carrier
interval: In  other words, a temporally similar pattern is repeated  twice in
an effective data durat_=on. Similarly, if the 5 primary ; yn.:h.ronox:ation
channel is transmitted every two  subcarrier,s, a temporally similar
pattern is repeated  three times in an effective data duration. in ether
words, when the primary synchronization channel is  transmitted to have
an interval between subcarriers, the 10 same signal is repeated and
drans:.t:ttei. According to this configuration, a mobile station  (receiver)
can fulfill frequency synchronization by  comparing the repeatedly
transmitted primary  synchronization channel and computing an amount
of phase 15 rotation during the period. The receiver detects
crosscorrelation between  received signals in the time range. in this
case, it is  advantageous that the synchronization channel be  arranged
to have an interval more than or equal to one 20 carrier. In this case, the
amount of frequency drift can  he 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 symol.  Exemplary tr:::n:smi scion and reception operations of
a secondary synchronization channel will be described  30 with r e e.pc..
to pr( 5. 13A and !,-B. 



if multiple secondary synchronization channels are  arranged in a frame,
different secondary ;ync'hronizat_on  channels may he ar_'ang d. in
other words, different code  patterns ....re used for different
synchronization channels  37 in a frame. For example, different
modulation patterns  are used daa:pending on location of acramble code
groups  and subframes. An exemplary reception operation under this
case  5 will be described. As d :. ..tl on schemes :"f secondary
synchronization  :: annels, there are frequency range operation and time
range opEerat:aon. In tue.. frequency range oper t:ion, as illustrated  10
in FIG'. symbol timing is found in the primary  syr=r_hroni z:a :ion
channe 1, and thus :`te location sub ect.ed  to ,.'FT operation found.
Thus, the frequency range  or eration _..: carried out after the F FT
operation. If the  absolute ohase is used, correlation between received
15 signals and the secondary synchronization channel is  detected. : n
this: case, some characteristics may be  degraded due to phase rotation
caused by fading. if the  absolute phase to ad aoent primary
synchronization  channel is: used, the phase rotation cau =ed by fading
is 20 followed. I tthss:. 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 c::orrelation value is
computed. The time: 2 ange operat on is conducted before E'F7  25 to
detect correlation between a received signal and the  is :c: o ndar
,hronization channel. In: this case if the  y =synchronization secondary
synchronization channel is spaced by more than  or equal to --w,,,.
;.arri.ers, :~ressc-t`es alien may arise  between received signals . 



30 Also, the :rimaary sync hr,oniz ,tion channel and the  s:econdasy rc
hr~onizat~ian channel a,re arranged at the  me sym,`.ar_:l ._.: illustrated
in FIG. l:3B, According to ,.-.is array meet, ii t -J s possible to du e -2 of
uer.ce of  fading the case ct' channel estimation in the primary  38
synchronization channel. For exam pie, in the case where  the primary
synchronization channel and the secondary  synchronization channel are
arranged at different symbol  locations, particularly, fading variation may
have 5 greater impart during fast movement. For example, the  primary
synctronitat. ion channel P2, p:3, PN/2 and the secondary
synchronization channel ""k,N/2 (k. is a ,.:_:ramble code group index and
N is a  sutboarrier number) are arranged at different symbol  10
locations, The primary synchroni ation channel is common to all c e11e~,
and the secondary synchronization  channel includes a code control bit
(scramble code)  indicative of a scramble code.. Also, F-SCH and .-SCH
may not be multiplexed with  15 the same C:)FiM symbol; that is, P-:SCH
and S-SCH may not  e -alternately arranged as illustrated in FIG. 13B.
Father, P-SCH and S-SCH may be consecutively arranged  as illustrated
in FIG. 13C. Also, az illustrated in FIG.  13D, P-SCi and SCH may ,e
multiplexed with the same 20 CFDM in accordance with, CDM, that is,
P-SCH and S-SCH  may be superimposed c-n each other. if P-SCM and
S: CH are code multiplexed on the same  CFDM symbol as illustrated in
FIG, 1:E, P-SCH is  consecutively arrange-,d on the frequentcy axis
compared 25 to the case of multiplexing in accordance with FDM. As  a
result, there may arise no problem of degraded timing  detection
accuracy caused by arranging P-.i:.N every other  aubcarr.i.er. Also,
;zinc:,; tine number of rubcarriers for S-SCH,  



3O that is, the code? length the frequency axis can be  in .ceased, a
larger amount of control information such  as a ce_l iD group can be.
transmitted. At synchronization detection of SSCH, .-SCH is  multiplexed
an the same subcarriers as S-SCH on the  39 frequency <3 is, and thus
channel _ ".timation us-ng ~-S H  as reference can fulfilled. For example,
P--?CH and S-SCH may be arranged at one  OFDM symbols and 4
OFDM symbols within a 10 ms frame.  5 In this, arrangement of P-SCH
and . CH within a 10 ms frame: a time diversity effect c,abey obtained.
_n the case of ..-SCH and S-SCH being arranged at  2 cr.4 CFDM
symbols, supposing that the overhead of SCH  in W-CDMA is the
transmission pow- at.: of 10%, f r ED t'ir' u'::-1 cvn1 rheao can be
i.i:it:ited be o-w about 1%,  For example, if ScH Of 1.25 MHz i- :
transmitted in the  system having ` an3width greater than .. MHz, the
SCH  overhead can be reduced. Since .SC:H can be arranged in  a
tem.por ai y burst manner, fast cell Search cyan be 15 achieved at less
SC; overhead than W-CDMA. A _::>o, illustrated in FIG. 13F, P- SCH
and S-SCH  may be multiplexed at different OFDM symbols  accordance
wit: For example, P- CH and S-SCH may be multiplexed at  20 different
OFOM :symbols in accordance with TOM as  strafed in FIG. 1:?G. Sn
this confl g rat'r' SC i  __s consecutive) arr':a :':Cried on the f.r quen(_.,y
axis Compared  to the case -f multin)lexing in ac: ,,,rdance with FDM. As
a result there may arise no problem of degraded timing 25 d;tection
accuracy caused by arranging P-SCH ever: other  a'bcarr Also. since the
number of sub erricer_s for S-SCH can  



he increased, that ir, the code length on the frequen:.  axi s can b,e
increased, a larger amount of control 30 information such a cell D group
can he transmitted.  Th re are `.yes of arrangement of P-SCH and  5CH
as ~: ? 1ow_.. 1) A> illust::sat:ed in FIG. 1-3,C3, P-SCH and S-SCH are
,spaced by a pre6;-,.fined number of frames. According to  4 this rrang
meat, ...::;r example, if ?-SCH and S-SCH are  spaced by :1 ms, the
resulting 5 ms units can be configured  to have th^e same structure. (2)
As illustrated in FIG. _SH, P-- CH and S-SCH are  5 arranged closely to
each other on the temporal axis.  According to this arrangement, me_
synchronization  detection using P-SC.H as eferen-:e can he carried out
detection of 5-SCH. Spec.. - c fly, :::..SCH and S -1 may be arranged at
10 either of 2 or 4 OFDM aymbIa within ._ 0 ma frame.  In this
arrangement of P-SCH and S-SCH within 10 ms frame, a time diversity
effect can b_s obtained. In t .e case. 'P- and CH nd S :...3 beyiG~
arranged at 2 or 4 OFOM symbols, supposing that the ' erhead of :SCH
15 in W-CDMA is th(= transmission power rate of 10%, for  example, the
SCH overhead can be limited below about 1%.  For example, if SON of
1. MHz is transmitted in the  system having bandwidth greater than 5
MHz, the SCH  overhead <:an be re;u~, ed. 20 In addition, since SCH
can be arranged in  temporally burst manner, fast cell search can he
fulfilled at less 5C.9 overhead than W._.C.DMA. An exemplary operation
of the Ci` addition unit 114  in the transmitter 10 according to this
embodiment will  25 be described in ::detail below. The CP addil:ion unit
114 inserts a CP sele :.te by  CP selection unit 117 into a multi carrier
signal at each  



Fourier target time. The CP (^_;cl . Prefi:<.) is .ovide for absorbing  1 o
SO ix ` f ence , n signal processing even ~ if signals arrive via de ay
waves a: different ti ings. To fact, systems  neasur:: nu.?.t pati.:: and
determine the CP based on the  measurements. In this case, since delay
of a signal from  a single base station can be found, the CP is
determined  41 based on the delay. However, in the case of multicast
where different  s agnais from multiple base stations are Combined, t
ansmiss on d,-,lay may be caused by the transmission of  5 signals fom
multiple base stations besides spreading  of reception timing due to a
simple m:'.tipath. In other  words, the difference between transmission
delays is added, and thus the spreading of -reception timing may  be.
ins;crea:ei compared to the case of the reception of  10 a signal from a
Ingle base station. T u ,, the amount  of delay in the mult:.141'-ast may
differ from common communications ,,.such as un .cast . Thus,
according to this embodiment, several types  of radix frames, for
example, two types of radio frames  15 are provide;:!. Specifically,
several types of --Ps having differ nt :.? lengths, for example, two types
of CPs are  provided. Crle type f CP having a relatively larger CP  length
is used in mult_cast:, and t.h'. type of OP  having a relatively smaller CP
'_ -enggth is used in unicast. 20 In the uni ast, if a CP having a relatively
larger CP  length is used, transmission e-'f.,.--.iercy may decline.  Thus,
the longer CP is used in multicast. As illustrated in FIG, 14, the CP
selection unit  1 may as soci:at the synchronization channel code
number  25 with the CP length fo storage. The CP selection unit 117
selects the length based the association.  



Also, aas it ustrated in FIG.. 15, the CP selection  unit 117 may
as.sos::iat : the ;ynchr:; ._.zat_on channel code  number with ,the ......__;
.nble code group number and the CP 30 length and tore th association.
FIG, _. llustrates  .:wo types ot_' :he :i length. Also, the GP select; n unit
..17 may associate the  ynchroni,a,:ion channel number with the
scramble code  .soup number for storage as illustrated in FIG. 16, for  42
example.  in this embodiment, two type,., of CPs having different (.P
lengths will be described. As mentioned above, the longer CP is used in
the  5 case of molt cast where similar signals are transrH tted  from
multiple base stations. According to this  configuration, it in possible to
absorb transmission  delay from the base stations. The sa,ortez c.P in
used in communications, such as  10 unicast, th _ than multicast. The
CP additioin. unit 114 adds a CP selected by the  CS selection unit 117
to a mult:icarrie.r signal supplied  from MFT. For example, as illustrated
FIGS. 17A and 173,  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 C:?, 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 i.5g the ; asc where a frame includes a relatively  small
number of 0FDM symbols. in the case of different  CP lengths being
used in the same system, if the interval  between subcarrie.ra is kept
constant, a frame could 2. include a different number of OFDM symbols,
and thus the  position of the synchronization channel relative to frame:  



boundary may fluctuate. Since thy:'. CP is added in such  a manner that
the synchronization channel can be arranged  at the hi'-ad or en: of the
frame according to this ,90 embodiment, the position of the frame
boundary relative  to the position of, the synchronization channel can be
fl;':ed independently of the OP length. As a result, the  frame boundary
(frame tim.i-ng) ;:a,,, be easily fulfilled  in the receiver I'D 43 An
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 30n, The
sc amble code reception timing detection  circuit 200 receives a
multicarrier signal from an  antenna and detects scramble code reception
timing and  FFT timing. 10 Specifically, the scramble code reception
timing  detection circuit 200 supplies the received multica.rrier  signal to
a co;relatc:r 201. On the other hand, a  synchronization signal replica
generator 202 generates  a predefined cync:_rcnization signal replica
and supplies 15 it to the correlator 201 sequent iail.y . The correlator
201 detects correlation between the received  multic.arrie<: signal and
the synchronization signal  replica, and the detected correl':t on 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 and stores them as
scramble code reception  timing in a memory 205. The timing detection
circuit 204 25 further computes F FT timing based, on the scramble code
receptioon timing and stores it in the memory : 05. The  



FFT timing is supplied from the memory 205 to a CP removal  ,.ircuit,
and the scramble code reception timing is _;i pplied to a scramble code
identification circuit and  80 a demodulation circuit. For example,, if a
waveform generated by code  inaert'.Ln and repeating a fundamental
waveform having  good autoccrre.".ation characteristics is used as the
P-SCI-I  ..ignal waveform, the receiver 20 is configured as 44 illustrated
in FIG. 183. In o-te:=.r words the correlate : of the receiver  20 described
with reference to FIG. 18A is configured  to have a octrelator -201-1 for
the fundamental waveform, 5 a code i.ve.rta r 201.7 wheran output
_ignai of the  ccrrelator 2 1-'1 is supplied, and :.. corre ator 20'-3 for  an
upper l::er c.:~ae where an output signal of the code  nverter Is 'uppl_ed.
The ..: rraelator 201-_ detects. Correlation between  10 a multic:s..rri.er
r. and the fundamental waveform. in  this embodiment, the .ode length IS
set be L/N. The  c.cie inverter :20l-2 Inverts an outont of the correlator
201-1. The c:orrelator 201-3 detectscorr;lationbetween  an outpu. of the
code inverter 201 -2 and an upper layer  1 5 code, and supplies a
'P-'S,-1H correlation value to the memory  203. in tha embod3_ment, the
codes length is set to b ~  N. According to these settings, a long
correlation value  r the co e length 1 came omitc<d. An exemplary o
:exati n of the correlator 201 will  2=0 be described with reference to F
>S. 19A, 193, 190 and  .0. The c. rel... r 20 detects correlation between a
synch: oniz^tion c:hamr el replica having the minimum CP  length and a
received signal. In this. manner, frame 25 timing can be detect d through
a single type of search  



For example, as illustrated in FI'. 19A, the  correlator "101 ishe:_: a
synch.-onization channel  re7li a 1P.(::udinil effective symbols and 54 4 .'
V""ng as i as the synch::oniz a t i on hannel u S;ed  in receiver om atinc
;0.orreiation. For  exampl , SCx having a .:m sller CP length is used. In
other  words, the 34 portion is copied ns' CP. The .`.:yn CE: ''::: '_. tion
C:h:? nel replica ..nc'ludes the CP having  45 the minimum CP length, in
this. embodiment, if a signal including a CP  having a relatively small CP
length is transmitted from  the transmitter 10, the correlation peak may
be detected 5 at tine S4 portion (FIG. 19B) . On the other hand, if a
signal a CP having a r_elative.1y large CP length  is transmitted from the
transmitter 10, the correlation  peak is also detected at the S4 posrtic:n
(FIG. 19C) In either tne case of the signal including the  10 shorter l :
being transmitted from the transmitter 10 or  the case of the signal
including the longer OP being  transmitter from the tz. ;nsmitter 10, the
correlation peak  is detected at the S4 Port ion. Since this signal length
of the synch an .zation channel replica is known, the end 15 of an OFDM
symbol can be found, and thus detection timing  of the correlation can be
also found. Also, if the synchronization channel is arranged  at the end of
a frame, the frame boundary can be easily  detected. 20 Alternatively, in
multiple _s,ubframes resulting  from division of single frame, the
,synchronization  onaninel may be arranged at the en of a subframe, that
is, at the last O'OM symbol of the subframe as illustrated  in FIG. 20. An
O'FOM symbol and a guard interval are 25 provided within a sub frame.
The guard interval (cyclic  



prefix) having different lengths such azz, two different  lengths is defined.
The length may be different for the  respective subframe zs. For
example, the length of the  guard interval may be determined depending
on a transmis``iion schema or multicast. In this case, two types of
scbframess can exist in  terms o': the number of symbols. 'F r example,
one is a  multicast subframe and the other in a unicast subframe.  In
other co ds, the .number of symbols within the respective. subframes
may be variable. The effective  symbol length and the short guard
interval are common. The p im> ry >ync:hrcniz; tion channel is arranged
at  the end of a aubframe, and correlation between a symbol  5 of the
primary synchrc. nization channel having a smaller CP length, and a
received signal is computed in a mobile  station. At this time, in any cane
of subframe: for  larger COP length and smaller COP length, tine
correlation  peak is observed at a timing preceding the end of the 10
subframe in the length of the primary synchronization  channel havii,, the
smaller C' length. in other words,  the total length of the effective d=te
symbol length plus  the relatively small ".P length is uniform for a
subframe  including the snorter COP and for subframe including 15 the
longer C:P, and thus, a terminal can detect carrier  frequency _nd
synchronization timing without  consideration of the COP length. Thus,
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 the COP
length for use  in the subframe, that is, independently of the CP length.
Also, averaging of correlation values between frames can 25 he fulfilled
without consideration of the COP length.  Also, the transmission timing
(position) of the  



synchronization channel remains unchanged in averaging  over multiple
su frames, which m y facilitate the  averaging. ~0. Alternat `y, if the
synchronization channel is not  3 arranged at the end of a subframe, the
correlation may  be detected by timing corresponding to the  larger C?
length and timing corresponding to the smaller  length. 47 Also, If the
;synchronization channel is not  arranged at the end of a subframe, the
Cr length may be  reported. For exampl . the CP length may be specified
for each frame in advance. Information related to the 5 CP length o: CP
for use in the synchronization channel  may be t red, Similarly, a
common pilot may be arranged at the  d of a aub rame. Also, card )from
S defined in system., such  10 as the first 'aubframe, are always used in
unicast. In  other words, `.h first subframe is not used in multicast. Since,
subframes for multicas`. include a scramble  code common t.:, a li rent
cells fc: enab%inc<  soft-combinin^', a common pilot for subframes for 15
multicast cannot be used for scramble code detect ion in.  search. For
this reason, the first subframe is always used  for unicast ;multiplied with
a cell specific scramble  code) in order to overcome the
above-mentioned problem, 20 and thus, the common pilot can be used
to detect the  scramble code in the cell search. Also, _,ince cell specific
system information is  '  broadcast in BCH and is transmitted in unicast,
radio  frames can be effic: ently cc nfigure ci by arranging to have 



25 the first subframe dedicated to the unicast. An example w two sync
on.zation channels; are  transmitted for each 10 ms radio f:. _me will be
de_sc 'Ii ,,ed  with reference ti; FIG. 21. The fir st subframe is always
used for una and a pilot multiplied with a cell pecific sor3mble. code is
used. Subsequent subf; lames  can be used _ar unicast or MBMS. A
:clot multiplied with  a cell sac "i: is ,...ramble c de and short CP are
applied  in. the ,unic:a st, where as a ,plot multiplied wa cell  common
scramble code: and a long CP are applied in the  48 uiticast. Also, BCH
is arranged in a certain amount of `time  after the synchronization
channel., Thus, immediately  after a moo:: le station uses the syn
:hronization channel 5 tconduct cell search, the mobil: station can
receive  the SCH, arid" it ta,-e; less time to c" ;x Zeta the reception  of
the BCH. An :=exam^?.::: w"here a cell ID is de t e c ted in a reference
..i,;nal having different CD length:: will be described.  10 In thiass
examtalee, a system ma,;,' define the CP length  of a c:ertain subfram .,
For example., it may be stipulated that the first  11 ubirame in frame
always uses a long rP or a short CP.,  In cell S :c rch, the reference
signal for this s?ubframe 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 ell IDs. In this case, the CP length for each ss:bframe
within  a frame is reported in .S-SCH. For example, the CP length  20 for
all subf.ras.esmay he reported. In this configuration, although a larger
amount of information is reported in  SOX, references for all subfram<es
can be used in the  ell seares, resattin" in f ster detection of the cell  IDs .



25 In d:iiti,on, the CP length for only some subframes  m y b`: rep; .reed
in v ...;:9. Since so many subframes do not  have to be used in cell
seal:-h, only an essential amount  of information, is reported in S-;'i'H. A
mobile station  uses only a r::for= nc:: signal for reported subframes.
Also; Ot length for each subframe for use in  _ system may have an
arbitrary value, and thus a mobile  station may detec-. the CP 'length
blandly. In this case,  t :;e mobile >tast:on .fettects a reference signal
corresponding to ,::;.h CP lengths, and uses the larger  49 correlation
value. An exemplary bandwidth of a reference signal will  be described.
Although SCH is transmitted in a fixed bandwidth  5 of 1.25 ^E-, the
bandwidth of the reference signal is  not known at the ;ell search stage.
The bandwidth of the  reference signal :ra:% be determined in a scheme
as  presented bolo:.. (1) The bandwidth of a reference signal is reported
10 in S-SCI. 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 i :st cell search. (;
;) A J"erence signal of t'n a same bandwidth as the  15 BCH bandwidth
reported in S-SCH is used. In the case of  the SCH band idth being
reported in S-SCH, since the  reference signal is transmitted in a
bandwidth at least  greater than or equal to the BCH bandwidth, the
reference  :signal of the same bandwidth as BCi is used in cell sear`. 20
According to this conf guration, the reference signal  of a wider
bandwidth can be used without increase in the  amount of information
reported in S - SCH. An exemplary --:onfiguration of the transmitter 10
in the erase of a common pilot being arranged at the end  



25 of a subframr wi l bdescribed. As ill.i-strated in FIG. ,..;, the
transmi.tte.. 101 includes a p. lot signal generator  130 coupled to the
combination unit 109 as illustrated  n FIG. _.2. in _IG. ' in the case of
C:FDM being applied, a  2 .ortio T on ng t sprt ai ing of OFCDM is
removed.  ;..necifical,ly,. thee: data channel gez"erators 100_2-100.x,
the , copying unit l0 , the .short period spreading code  generator 107,
the multiplier 103 and the combination  unit 109 are Also, N information
symbols are 50 supplied from the serial to parallel conversion unit 105.
In other w`rds, 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  t.cansmitted
from the transmitter 10 to the receiver 20,  information r:lat<d to the
attached CP length must be  reported. For example, the information is
reported in  a Control channel . in this case, the information related 10 to
the attached CP length must be reported to the control  channel. The
control channel may be recognized by the  receiver 20 by setting
attachment of longer CP in  advance. Also, the transmitter 10 may report
information  15 related to the attached CP length in the control channel
for the previous frame. Alternatively, the information  may be recognized
in the receiver 20 by detecting  correlation in a lower layer. Also,
although the receiver 20 computes correlation  20 between a received
signal and a synchronization timing  replica in order to compute the
correlation, real number  (complex number) based computation is
basically 



required.  in this case . the correlator 201 approximates the  25
synchronization channel replica to some integers such as  1 as
illustrated in FIG. 23. According to this  configuration, the receiver 20
can, fulfill this  correlation operation through addition and/or  subtraction
of received sample signals. Also, the 30 correlate. 201. envisages the
cor, elation operation and  renders a temporal waveform of a
synchronization channel  signalapproximated 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/,::r
subtraction.  According to this configuration, it is possible to reduce an
amount o:>f 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 fiver 30 includes a
FFT unit 30:: receiving  10 input signals, a demultiplexer 3C4 coupled to
the FFT  unit 302, a channel estimation unit 3013 coupled to the
d<emultip!ex':r 304" a demodulation unit 308 coupled to  the demu
.tiplexer 13 04 and the channel estimation unit  306, a secciidary
synchronization channel correlation 15 unit 310 coupled to the
demodulation unit 309, and a peak  detection unit 312 coupled to the
secondary channel  correlation unit 3 c'. The FFT unit: : C! receives FFT
timing detected by  a FFT timing detection unit in a primary
synchronization  20 channel. The FFT unit 302 performs some FFT
operations and  supplies the operational result to the demultiplexer 304.  



The cemultiplex er 304 distributes the multiplexed signal in a primary
synchronization channel (P-SON) and  25 a secondary synchronization
channel (S- SCI) . For er_amp_l , if ..-SCH and S-SOH a multiple .ed in
accordance with 'PDM, the channel estimation unit 306  conducts
channel estimation by using N P-SCRs located  in both sides, of a 'SON
subcarrier detected in S-SCN 30 synchrcr_i n e ,::tion as a refer enc:e
(pilot) In  this :as> a >e e of P- SCW is known.. The i_ Bate, d is. the
greater the suppression effect  on noise interference is. However, if N is
set to have  too great a value, some influence of frequency selective  52
fading may arise. Thus, N may be Beet t;. be in the range  between 1
and Al.,.o: as the distance from the detected  S-SCH suhc.arrier is
greater, a smaller weight may be used. For example, in detection of S as
illustrated 24B,  5 p:; and p3 may be used for channel est ,mat'iar_:, In
addition,  i and p4 may be used t ether with and p3 for channel
estimation. From this viewpoint, itt. is desirable for the  channel
estimation to use a low a-plitude code such as  a CAZAC cod: for P- .c: .
10 Also, f o:: example, if P-Sr ^. and--SCH are  multiplexed in
accordance with . ),LM, the channel  estimation ':nit 306 may conduct
the. channel estimation by using N SCHs c ted or.. the same s uhcarri'er
as and  in both sides of a d stec.ted S-SCH as a reference (pilot)  15 In
this osse, the code of P-SCH is known. The greater N the greater the
suppression effect  on noise interference is. However: if N is set tc, have
a too great value, soma: influence of frequency selective  fading may
arise. Thus. N may be set to he in the range 20 between 1 and 6. Also,
as the distance from the detected  c -'SCH Sub 'arrieer m... greater, a
small weight may be  multiplied. 



For etZx:mple, if s4 is detected as illustrated in  FIG. 24C, 4 is used for
channel estimation. Also, p3  25 and p5 ma( b;e additionally used for the
channel estimation.  Also, for example, if P-SCH and -`CH are  m, uitip"
ex:ed n :accordar':ca with C DM, the., channel  estimation unit 30$ may
conduct c::5annel estimation by :3v sing N F :.:N on the same subcarrier
as and in  b: th s,.des, of a :. etec.,ted 5S-=CH as = reference (pilot)  In
this case, the code of P-SCH is known. The greater N the greater the
suppression effect  on noise int..r'fe_ence 1s. 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 to in the range  between 1 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 24D, 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 306 conducts the
channel estimation, and the operation result is supplied  15 to the
demodulation unit 308. The demodulation unit 308 conducts some
demodulation operations. In this embodiment, phase and  amplitude
compensations are carried out. For example,  the demodulation unit 308
may conduct demodulation by  20 using the primary, synchronization
channel for subcarrisrs adjacent in both sides to a subcarrier for  the
demodulated secondary synchronization channel  



wit.-in a range where fading may Nave sight influence, The seo~.ondary
synchronization channel correlation 25 unit 310 deteects correlation of t.
secondary  synchronization channel. The peak detection. unit 312
detects control  information such as scramble codes and frame timing for
peak detection. 3 110 An t emp _v averaging operation of the primary
synchronization channel in the frequency direction in  correlation of the
secondary synchronization channel  will be described. FIG. 25A shows
:exemplary relationships between SNR  54 and detecti.on probability in
walking speed. In FIG, 25A, the horizontal :and vertical axes  represent
SitR.and detection probability, respectively.  Nref represents the number
of subcarriers in the primary  5 synchronization channel. in FIG. 25A, for
fD = 3.55 Hz; Nr f = 2 indicates  a both sides 1 subcarrier, Nref = 4
ir.dicatea a both sides  2 subcarrier, and Nref 6 indicates a h:oth sides
subcarrier. 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, fad.n may have greater
influence. FIG. 53 shows an exemplary z-elaticnship between  15 SNR
and detection probability in drive speed of an  automobile. In FIG. 25B,
the horizontal and vertical axes  represent S%R and detection
probability,,, respectively.  Nref represents the number of subcarriers in
the primary  20 synchronization channel. In FIG. 253, for fD = .:.55 H:r,.
Nref =_ 2 indicates  a both sides 1 subcarrier, Nr=ef = 4 indicates a both
sides  



2 subcarriar, and N ref = 6 indicates a both sides 3  subcarrier. 25 As
observed in as a greater number of  =.subcarriers are used, the
detection probability its  improved. However, as a greater .;umber of
subcarriers  are used, fading may have greater influence. An exemplary
receiver 20 for detecting timing based  30 os autocorrelat: on and
compensating f*_:e quency offset  will be described with reference to
FIG. 26. The receiver 20 according this embodiment  includes scramble
code reception timing deter: t_on  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 Spec fi_cally, the scramble c:: de reception timing  detection
circuit 200 delays the multicarrier signal  transmitted at a repetition
period T via an antenna by  an amount of time T in a delay addition unit
206, adds  the delayed signal to the underlying multicarrier signal 10 in
an adder 207, performs integration on the resulting  signal in terms of the
repetition time T in an integrator  208, and supplies the resulting :signal
to the peak  detection unit 209. The peak detection unit 209 detects
timing based on the supplied signa.. According to this 15 configuration,
A. is possible to compensate for frequency  offset and detect timing
based on autocorrelation. In addition, the transmitter 10 may transmit the
synchronization channel (SCH) by applying transmission  diversity. 20
For example, the synchronization channel may be  transmitted by using
transmit diversity suitable for SCH  based cell search. Since as control
loop between a base  



station and a mobile station has not been established  unlike
transmis=sion and reception of normal data channe-_=is 25 open-loop
type transmit diversity is used in the cell  s earc~h. Also, since the
receiver 20 detects correlation  in the cell search, switched type transmit
diversity or  delay diversity may be suitable. For example, any of  TSTD
(Time Switched Transmit Diversity) , FSTD (Frequency Sc) `witched
Transmit Diversity) and ODD (Cyclic Delay  Diversity) is a?pz-.icable as
the transmit diversity.  Al";o, the synchronization uhanne . may be t
ransmitt c from a ._ rtain one o+.' multiple antennas in  MI10
transmission. Also, the synchronization channel  56 may be transmitted
in TSTD. Also, the synchronization  channel may be transmitted
synchronously in order to  obtain delay divesity. For example, if a
transmitter  having four antennas is used, the synchronization channel 5
may be transmitted from all the four transmission  antennas at the power
level of ll.I. Also in this case,  the synchronization channel may be
transmitted at  different transmission timings. this configuration, mater
pat.n diversity effect can be obtained in the  10 receiver. Also, i t
muit:i:rprle antennas are provided, ::NCH and  CPICH may be
transmitted via only two antennas.  Alternatively, "CH may he transmitted
via all the  antennas whereas CPICH may be transmitted via only two  15
antennas. if CPIC.ii is transmitted via four antennas, for  example,
CPICH may be transmitted in such a manner that  it can be orthogonal
on the frequency axis. in the  receiver, channel estimation is cc;nducted
based on a 20 transmitted common pilot signal, and a control channel  is
demodulated. in the case of CPT CH being transmitted  via four
antennas, the common pilot signal for a portion  



distant the frequency axis must be used, and the  channel estimation
accuracy may a degraded. Thu:?, it 25 is desirable that the interval
between the pilots be  smaller on the frequency axis. To do so, CPICH
may he  transmitted from two antennas. According to this  configuration,
.,:inc.e only two CPI.C:'Hs have to be  orthogonally multiplexed, higher
c,rthogonali*-y can be 30 achieved. As a re suit, it is possible to improve
a: is ura :`y' of the channel estimation and others using MICH  and
enhance receptio quality of L._ control channels  3nd otherss:. in this
case, __ mobile_ station may conduct some  57 operation on the
assumption that 051C.i may be transmitted  from only two antennas in
maximum in cell search. As a  result, it is,possi:le 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 cn antennas. An exemplary combination
of *wo antennas for  transmitting SC.. and C.PICH in the case of four
transmission antennas will be described. 15 The two antennas for
transmitting CH and C..:1CH may  he fixed. For example, if transmission
antennas #1-#4  are provided as illustrated in FIG, 278, the antennas  #1
and #.,-, always serve to transmit OCH and CPICH. In FIG.  273, the
vertical and horizontal axe- represent the 20 transmission antennas and
time, respectively. Also, two antennas for transmitting SCH and  051CH
may be defined in advance in the system. In this  



case, it possible to simplify the transmission and  reception operation. 25
Als the combination of two antennas for t anamittino SCH and. CPICFFI
may be variable over time.  In other words, a number of combinations of
two antennas  for transmitting 7CP and C'PICH may be predefined, and
then the combinations may be switched over time. 30 For example, if the
transmission antennas #1-#4 are provided as illustrated in FIG. 270, the
antennas 01 and  02 are used at the time point 4n (n is a natural
number) ,  the antennas #; and 3 are used at the time point 4n4 l,  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 trans=mission and reception operations may
5 be slightly complicated, a diversity effect andomizat'on) can be
obtained. Also, transmit diversity may he applied to SCH  transmitted
from two antennas. Accordin:., to this  application to only two antennas, it
possible to 10 simplify the transmi>.i-on and reception operation as well
as radio neriaces and thus obtain merits of transmit  diversity. in th'..<s
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 ansmit 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. v_.. The t.ransm .tts r 10 uses the synchronization
signal  data generator 121 to select a synchronization channel  



code n'um. based on the scramble code and the transmission schemer
such linica?st or multicast, of  the synchronization :channel (ste;;:
S1632). Thene the transmitter 10 multiplies the  synchronization signal
symbol with the scramble code in  the scramble code group number ca
.-responding to the  ,synchronization channel code (ster 51604). 30 The.
transmitter _! multip ee the synchronization  signal with an amplitude
adjustment sequence value (step  51606) , Finally, the transmitter 10
adds a CP corresponding  to the synchronization channel code number
to the 59 multiplie=d synchronisation signal, and transmits the
synchronization signal with the CF' (step S1608). Then, exemplary
operations of the receiver "0  according to this embodiment will be
described in two  5 cases where the scramble code is classified or not c
ass ifi^ d. First, the case where the scramble code is not  classified will
be described with reference to FIG. 29A.  The timing de e tio,n circuit
204 detects the symbol 10 and frame timing for 1e synchronization
channel (step  S1.702.). The timing detection circuit 204 detects the
scramble code Our, cell "D) for the common pilot (step  51704). 15 Then,
the case eehere the scramble code is classified  will be described with
reference to FIG. 20B. The timing detection circuit 204 detects the
symbol  and frame timing for the synchronization channel (step  51706).
20 The timing detection c rcuit 204 detects the  scramble code grout. (or
cell ID group)) for the  



synchronization channel (si:ep 51708 he timing detection c rcuit 204
detects the  scramble for the common pilot (step 51710) 25 For ample,
the timing detection circuit 04  ;;'E3t ects correlation between referent
signals by conducting integration of the phase difference between  the
refer=: is e >.i.. na Since the interval between  uboarriers of the r ference
signals is large, the :0 scramble c:nue detected by condlluuctinq
integration on  the phase t: .S eI_enc ; between the su carriers. Alsso,
inteq:rat.ir is may be per formed or. the phase  differenc Goode `averted
dependir.Y on a predetermined  scramble de p`t.e ne In this case, when
the scramble code matches, a greater correlation value can be
obtained. For example, the ct, 11 structure is detected in S-SCH,  and if
the call 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 subc ;arri.ers in the slim subframe. In 10
addition, as illustrated in dotted lines, the scramble  code may be d
tec:ted by performing the phase difference  between su C:arrr.era in
different <:.'ubfram.es. Also, in the case where a inter-ser.:tor 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 ortnogonal pattern is
configured in three  adjacent subcarr].era<, Thus, the Terence signal for
a  supposed sector is extracted by performing coherent  addition
depending on an orthogonal pilot pattern in the 20 three adjacent
subc_rriers as it castrated in F--. 20D.  As a result, cI, can be extracted
as reference  



C 2. signals.  Then, for the reference signals i, o2, c', "', the  scramble
code is detected by performing integration on 2a the phase d_i.ffs:ren:_e
between adjacent blocks depending  on the scramble i::o de pattern. As
illustrated in FIG. 2:9D, the reference signal  for a supposed sector may
be extracted by performing the  coherent additionin three adjacent
subcarriers in the 3i? same subfr me depending on an orthogonal pilot
pattern.  ~ltern attvaiv, as illustrated in dotted _ines, the r, ference signal
f r the supposed :e ter may be extracted  bb,y performinc- the coherent
addit... ,n in three adjacent  subcarrier:; in different frames depending on
an orthogonal pilot pattern. An exemplary procedure for cell 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 detected even
in a guard  interval. However, the timing detection accuracy oaf the  ..0
cell searcin in a h:._and ver target may become worse. In addition, the
carrier frequency cannot be detected in  the guard interval .accurately
and synchronously. A  large correlation value may be detected in
misaligned  frequency. For this reason, it is desirable to detect 15 timing
in the synchronization channel. The timing detection circuij: 204 detects
the  carrier frequency (step 52Si02). The timing detection circuit 204
detects the  reception timing (symbol level) (step 52504). 20 Here, the
steps 5 2502 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 cperatio`s may be
desirable. Also, the amount 25 of operations can be reduced through
preliminary  detection based can correlation detect ion by the guard
interval, The timing detection circuit 204 detects reception  frame timing
step 52506). For example, if the  .V:nchronl anon channel is arranged in
a single portion  in each frame, not only the reception timing but also  a
_....ceive frame is detected. On the other hand, if the synchronization
channel  is arranged in several portions in each frame, the 62 received
frame musst: he detected after" detection of the  r;e.ceptit:n timing. The
secondary synchronization  channel may be used detect the received
frame. The timing detection circuit 204 identifies, the  5 scramble group
(step 52508)= Here, the .:peps 52506 and 521.508 may he carried out
at the same time, this case, if the synchronization  channel transmission
period is a frame period, the frame  timing detection may be unnecessa
:y. Alsso, the 10 secondary synchronization channel may be used in
these  operas.on.=.;. Ais^; the operations may be carried out in  a
frequency rang= o.- in a time range. Then, the scramble code is ident .f:-
52 . ec: ( step ~., l0i  As the procedure of the cell search, a; i__ustrated
15 in FIG. 299F, the frequency synchronization and the symbol timing
may be detecteed, and then the frame timing, the  cell ID group
(scrambl<e code group) , a sector, the number  of transmission
antennas, the BCH transmission bandwidth  and the CP length may be
detected, Subsequently, the 20 cell ID (scramble code group) and the
sector may be  



detected. in these one'ations, the common plot channel. may  he used.
Also, t:.t operations may be carried out in a  frequency range in a time
range, 25 An exemplarmapping of the s nc:hron zation channel
..,e`:ween different sectors will ha described with  reference t_ FIG. 20.
For example, if a cell to cover a single base station  consists of three
secs:tors, the frame timing may be made  30 uniform tween th~-e s
:c.tors. in i'4''--(I.DMA, the timing is not uniform over the :.tor , arid the s c
amble code may differ for_ the  different sectors. Thus, the secondary
synchronization  channel may also not be transmitted uniformly over the
63 sectors.  In this embodiment, the primary synchronization channel
has uniform frame timing over different sectors.  Since the frame timing
is common to the sectors, the frame  5 tinning can he effectively
detected without interference of the primary synchronization channel for
other sectors.  Also, In this embodiment, the. secondary S: y'nc;roni::'a:
ion channel is definei in each scramble code  group. Thus, the same
scramble code in used in a single  10 base station, and the same
scramble ... a: group is also identified in a pilot pattern. Titus, the
secondary synchronization channel also has uniform frame timing  over
differennt sectors. This international patent application is based on  15
Japanese Priority Applications No. 2005-174391 filed on  June 14, 2005.
No. 2005-241901 filed on August 23, 2005,  No. 2006-010500 filed on
January 18, 2006, and No.  20'06^0v filed _ 7782'3. fon March 2006;, the
entire ~:.: ont d.o w 20, ~ intS  . 
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CLAIMS 

 

 

1. A transmitter comprising: 

 a generation unit generating a frame including a 

plurality of OFDM symbols; and 

 a transmission unit transmitting the generated frame, 

 wherein  

 the generation unit arranges a primary synchronization 

channel for detecting a symbol timing at an end OFDM symbol of 

the frame and a secondary synchronization channel for detecting 

a reception frame at an OFDM symbol preceding the end OFDM symbol, 

and  

 the generation unit further applies any of specified 

different cyclic prefix lengths to arrange a cyclic prefix at 

each of the plurality of OFDM symbols. 

 

 

 

2. The transmitter as claimed in claim 1, wherein the 

generation unit applies a longer cyclic prefix length for a 

multicast OFDM symbol than for a unicast OFDM symbol. 

 

 

 

3. A transmitting method comprising: 

 generating a frame including a plurality of OFDM symbols; 

and 

 transmitting the generated frame, 

 wherein  

 the step of generating comprises arranging a primary 

synchronization channel for detecting a symbol timing at an end 

OFDM symbol of the frame and a secondary synchronization channel 

for detecting a reception frame at an OFDM symbol preceding the 

end OFDM symbol, and  

 the step of generating further comprises applying any of 

of which are hereby incorporated by reference.  23 Industrial Applicability
A transmitter, a receiver, a mobile communication  system and a
synchronization channel transmission method  according to the present
invention are applicable to  25 radio communication systems. 64
CLAIMS  1. A transmitter comprising: a generation unit generating a
frame including a  plurality of OFDM symbols; and a transmission unit
transmitting the generated frame,  wherein the generation unit arranges
a primary synchronization  channel for detecting a symbol timing at an
end OFDM symbol of  the frame and a secondary synchronization
channel for detecting  a reception frame at an OFDM symbol preceding
the end OFDM symbol,  and the generation unit further applies any of
specified  different cyclic prefix lengths to arrange a cyclic prefix at  each
of the plurality of OFDM symbols. 2. The transmitter as claimed in claim
1, wherein the  generation unit applies a longer cyclic prefix length for a
multicast OFDM symbol than for a unicast OFDM symbol. 3. A
transmitting method comprising: generating a frame including a plurality
of OFDM symbols;  and transmitting the generated frame,  wherein the
step of generating comprises arranging a primary  synchronization
channel for detecting a symbol timing at an end  OFDMsymbol of the
frame and a secondary synchronization channel  for detecting a
reception frame at an OFDM symbol preceding the  end OFDM symbol,
and 
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specified different cyclic prefix lengths to arrange a cyclic 

prefix at each of the plurality of OFDM symbols. 

 

 

 

4. The transmitting method as claimed in claim 3, wherein 

the step of generating comprises applying a longer cyclic prefix 

length for a multicast OFDM symbol than for a unicast OFDM 

symbol. 
 

the step of generating further comprises applying any of  65 specified
different cyclic prefix lengths to arrange a cyclic  prefix at each of the
plurality of OFDM symbols. 4. The transmitting method as claimed in
claim 3, wherein  the step of generating comprises applying a longer
cyclic prefix  length for a multicast OFDM symbol than for a unicast
OFDM  symbol. 66 




