
DESCRIPTION TRANSMITTER? RECEIVER, MOBILE TOWSWNICATION SYSTEM AND
SYNCHRONIZATION CHANNEL 5 TECHNICAL FIELD         The p.rent invention relates to a
transmitter, a receiver, a Mobile communication system and a synohroniratich channel transmission
method. 10 BACKGROUND ART  In multi carries transmission schemes such as multi terz*er CDMA
(Multi Carri/ef Code Division Multiple Access MT-CDMA) scheme and OFDM (Orthogonal Frequency
15 Division Moitiplaing) modulation schema, an information. signal is modulated with multiple
nubcatfIers at the transmitterside, and agard interval is inserted into a tranatittaCt signal in order to
bedizee. waveform. diatortion Ceased by multipeth delayed wave. 20Aa one methd of detecting EFT
titling in the multi terrier nnansmiasion schema utilizing the OF.DM Modulation ad:name, n Method of
detecting EFT timing by correlating a loar4 interval part inserted for each symbol is known. Alec, a
method of detecting FFT timing hS by trensmittinq the same signal as a. timing detection atonal twice
rnpnatady and corrnlatihq two symbols at the receiver sida is known.        Mean:wnile, a transmitter
fot Multimleking and tranamittino a synchronazation signal at certain timing CD is known, (For
example, sae patent. document 1.) in this transmitter, the synchronization signal is transmitted
throughout all Subtarriars in a burst manner. In the tric4nsmAtte, for eammple, if start time of a.
cingle sOrambln Code pattern is synehronined with tranaimittimg 



timing of the synchronization signal, the synchronization signal might be transmitted twice during a
repetitiOn ifltCtVCL 7 of the single scramble code pattern 5Patent document 1: Japan Laid Open
Patent Application No, .2003-152681       Non-patent document 1: R. L. Prank and S. A. 2adoiff,
"Phase shift pulse codes with goon] .oettodic correlation properties7, IRE Trans. Inform. Mabry, vol.
IT-8, pp. Ig 381.-3S2 1962       Non-patent document 2: D. C. Chu, "Polyphase cedes with good
periodic: correlation properties.", IEEE Trans. Inform. Theory, Vol. IT-1B, pp. 531-552, July 1972
Non-patent /document 3: A. Milewski, "Periodic 15 sequendee with optimal properties for channel
estimation and fast sZatt-up equalization", IRMO, See. Develop., vol. 27, No. 5, pp. 426-451, 1983
Non-patemt document 4: B. M. Poedvid, "Generalized chirp-lite polyphase sequence with optimum
correlation 20 propertiee% IEEE Trans. Inform. Theory, vol. 38, ob. 1406-1409, July 1.992
Nen-patent document 5: N. Suehiro and M. Aatera, TMPdulatahle orthogonal sequences and their
application     -to SBMA eyeteltd', IEEE Trans. Inform. Theory, vol. 34, 25 pp, 95-102, Jan. 1998
Non-patent nocUment 6: 3GPP TA25,213 Spreading and modulation (FOC) 
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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

Dts.C.TOStiFiE OF INVENTION 20 [PROBLEM TO BE SOLVED BY THE INVENTION]        However, the
above. mentioned prier art has some problems as described below.        Different epPaerrier signals are
added to an OFDM signal in a t.i.tpora1 range'. Thus,. it is required at a  transmission amplifier that these
signals be amplified and wirelessly transmitted. In the transmission amplifier, however, it is hard to amplify
a signal of some width linearly. In this case, average power may be 5 reduced, and some processing
such as clipping may be conducted to avoid occurrence of distortion.         However, such processing may
lead to degraded data and worse detection accuracy of synchronization channels (SCHs). 10In 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. 20The present invention is intended to eliminate the above-mentioned problem, and the object of
the present invention is to provide a transmitter, a receiver, a mobile communication system and a
synchronization channel transmission method that achieve Improved 25 detection accuracy on
synchronization channels. [MEANS FOR SOLVING THE PROBLEM]         In order to overcome the
above-mentioned problem, in one feature of the present invention, a transmitter Includes an amplitude
adjustment unit multiplying an 



30 amplitude adjustment sequence value for adjusting amplitude with a synchronization channel. The
amplitude adjustment unit multiplies a sequence value having a periodic autocorrelation
characteristic as the amplitude adjustment sequence value. 35According to this configuration, the
synchronization channel can be transmitted at higher power than a data part.  In another feature of
the present invention, a receiver inciUdds a synchronization signal replica generation Unit generating
a synchronization channel replica approximated by an integer; and a correlation 5 unit detecting
correlation between a received multicarridr aignal and tha synchronization channel replica and
getetting a correlation value indicative of each peak arid timing associated with the peak based on
the detected correlation. 10According to this configuration., it is possible to fadUCa an a7tount. of
computation relating to correlation operations in the receiver.        In another feature of the present
invention, a Mobile comm:unicatian oystem includes a transmitter and 15 a receiver, the transmitter
comprising an amplitude adjustment unit multiplying an amplitude adjustment sequence value for
:so:lusting amplitude with a synchronization charmed transmitted from a base station for establishing
synchronization with a Mobile station, 20 and the receiver comerisingz a synchronization signal
replica generation unit generating a Syndhrbnization channel replica approXimated by an integer;
and a correlation unit detecting correlation between a reeeived .Multicarrier signal and the
synchronization 25 channel foo.iita and detecting a, correlation value indicative of each peak and
timint, associated With the peak based on the detected correlation.        According MO this
configuration, the transmitter can transmit theogFnchroniration channel at higher power 0.5 than a
data part, anche receiver can conduct correlation operations with leoa oomputation. 
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value for adjusting an amplitude with a synchronization 

channel, wherein the multiplying step comprises 

multiplying a sequence value having a periodic 

autocorrelation characteristic as the amplitude 

adjustment sequence value. 5 

 According to this configuration, the 

synchronization channel can be transmitted at higher 

power than a data part, resulting in improved frame 

detection accuracy in the receiver. 

[ADVANTAGE OF THE INVENTION] 10 

 According to the embodiments of the present 

invention, it is possible to provide a transmitter, a 

receiver, a mobile communication system and a 

synchronization channel transmission method that 

achieve improved detection accuracy on synchronization 15 

channels. 

 

BRIEF DESCRIPTION OF DRAWINGS 

 FIG. 1 is a block diagram illustrating a transmitter 

according to one embodiment of the present invention; 20 

 FIG. 2A is a schematic diagram illustrating a 

repetition waveform in a time range; 

 FIG. 2B is a schematic diagram illustrating a 

sawtoothed waveform in a frequency range; 

 FIG. 3 is a schematic diagram illustrating 25 

exemplary correspondence between synchronization 

channel numbers and scramble code group numbers; 

 FIG. 4A is a schematic diagram illustrating an 

exemplary method of generating a synchronization channel 

waveform; 30 

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

signal waveform resulting from repetition and code  

inversion of a fundamental waveform; 

 FIG. 4C is a block diagram illustrating exemplary 

P-SCH signal generation in a base station; 35 

5 

in another fa:att.:a of the orasent invention, a method of transmitting a synchronization channel inaludee;
Multiplying an amplitude adjustment sequence  value for adjusting an amplitude with a synchronization
channel, wherein the multiplying step comprises multiplying a sequence value having a periodic
autocorrelation 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 illustratinga 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; 25FIG. 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;         FTC. 5A is
a schematic diagram illustrating an exemplary configuration of the synchronization channel;       TIG,
5a. ,i3: ::: schematic diagram illustrating an exemplary configuration Of the synchronisation channel;
5FIG, 50. is 3 schematic diagram illustrating an exemplary configuration of the sync:SA:tool:ration
channel;        FIG. 21 is a schematic diagram illustrating an exemplary czasfigutatiOn of the
synchronization channel; FIG. 6A 'IS a :schematic diagram illustrating an. 10 exemplary configuitatien
of the synchronization channel;        FIG. 68 is a schematic diagram illustrating an exemplary
confiparation of the synchronization channel;        FIG, 7 is a schematic diagram illustrating an
exemplary confi.gumation of the synchronization channel; 1.5FIG. 5 is a achematic diagram
illustrating an 



exemplary configuration of the synchronisation channel; PDF. 9. is a sdhematic diagram illustrating
an exemplary waveform of the synchronization channel; FIG. 10A. is a schematic diagram illustrating
at 20 exemplary arrangement of the synchronization channel ;        FIG.. 103 is a schematic diagram
illustrating an exemplary waveform for use in G-SCH;        FIG, 10C is a schematic diagram
illustratiog an exemplary waveform fox use in S-SCH; 25FIG- 'IA is a schematic diagram illustrating
the type pf the synotiotization channel; FIG... 1.1.8 is a ech:ematic diagram illustrating an exemplary
multiplexing scheme of P-GCE. with S-SON; FIG_ 12 is. a schematic .diagram illustrating an 30
exemplary confiotration of the primary synchronization channel;        FIG. illA is a schematic diagram
illustrating an exemplary configuration of the aeC.andary synohroniaation channel;          FIG_ 1313
is a schematic diagram .filustrating an exemplary arrangement of the secondary synchronization
channel?           FIG. 13C is a schematic diagram illustrating an 5 exemplary configuration of the
:secondary synchronization channel! 



FIG. ?SID is a: schematic diagram illustrating an ?exemplary arrangement of the secondary
synchronization channel? 10FIG, ILE is a schematic diagram illustrating an exemplary multiplexing
scheme of 13-IICH and S-SCH;         FIG. I:5F is a schematic diagram illustrating an exemplary
arrangement of the secondary synchronization channel; 15FIG. 13G is a schematic diagram
illustrating an exemplary multiplexing scneme of 111-SCH and S-SCHU FIG. 1,3h1 is a schematic
diagram illustrating an :exemplary multiplexing scheme of P-SCH and S-SCH; FIG. 14 is a schematic
diagraM illustrating 20 exemplary oorreepomdence between synchronization -channel code numbers
and Cl lengths!         FIG_ 15 is a schematic diagram illustrating exemplary correspondence between:
synchronization channel code a:umbers, scramble code numbers and CP 25 lengths!         FIG. 1.:11
ia a schematic diagram illustrating exemplary correspondence between synchronization channel
cede numbers and scramble code numbers! FIG, 17A is a achematic diagram illustrating an ao
exemplary arrangement of a synchronization channel;        FIG, 173 is a schematic diagram
illustrating an exemplary ierranoemeht of a Synchronisation channel; 



FIG. 1224 is block diagram, illustrating a receiver according : Co one embodiment of the: present
invention;          FIG. 183 is a block diagram illustrating a receiver according to one embodiment of
the present invention;         FIG. 19A.. is a schematic diagram illustrating exemplary frame timing
detection; 5FIG. 193 is a schematic diagram illustrating exemplary frame timing detection;        FIG,
19.C. is a schematic diagram illustrating exemplary frame timing detection; FIG. 20 ig g schematic
diagram illustrating an 10 exemplary configuration of a synchtbnisatioli channel; FIG, 21 is a
achematin diagram illustrating an exemplary configuration of a subftame;            FIG. 22 is e block
diagram illustrating a transmitter according to one embodiment of the present 15 invention;         FIG.
22 is: a schematic diagram illustrating an exemplary Correlation computation scheme;         FIG.
2.4ais a block diagram illustrating a receiver according to one embodiment of the present invention;
20FIG. 243 is a schematic diagram illustrating exemplary synchronization detection in S-SCH
detection an a receiver according to one embodiment of the present invention; FIG. 24C is a
schematic: diagram illustrating 



25 exemplary synchronization detection an S-SCH detection in a receiver according to one
embodiment of the present invention;         FIG, 24D 1.g a schematic diagram illustrating exemplary
synchranatatiop detection in S-SCH detection 20 in a receiver according to cne embodiment of the
present invention.;         FIG. 25A is a Schematic diatrm illustrating exemplary relationships between
5SPs and detection ptobability for averages of the secondary  synchronization channel;        FIG a
253 is a schematic diagram illustratina exemplary relationships between SNRS and detection
probability for averages of the secondary 5 synchronicarion channel;        FIG. 2,6 is a block diagram
illustrating a receiver according to one embodiment of the present invention;        FIGo 27A is a
schematic diagram illustrating an exemplaryconfigutation of a synchronization channel and 10 a
common pilot channel;        FIG- 278 is a schematic diagram illustrating an exemplary 8CH
transmission scheme for multiple transmission antennas according to one embodiment of the present
invention; 15FiG 2.7C is a schematic diagram illustrating an exemplary S.GH transmission scheme:
for multiple transmission antennas according to one embodiment of the present invention.;          FIG,
26 is a flowchart illustrating an exemplary 20 operation of a transmitter according to one embodiment
of the present invention;        FIG. 2911 is a flowchart illustrating an exemplary operation of a receiver
according to one embodiment of the present. invention; 



25FIG. 268 is a flowchart illustrating an exemplary Operation of a receiver according to one
embodiment of the present invention; FIG, 29C is a schematic diagram illustrating exemplary Cell ID
detection by a reference signal; 90 FIGis a schematic diagram illustrating exemplary cell ID detection
by a reference signal;        FIG. 26'8 Is a flowchart illustrating an exemplary Operation bf a receiver
according to one embodiment of the present invention;         FIG. 29F is a f1orchart illustrating an
exemplary oberation of a receiver according to One embodiment of the eatir invention and FIG. $0 is
a schematib diagram illustrating an 5 exemplary synchronization channel transmission scheme ot
REFERENCE GYM               10: tcanCmitter 10receiver  



c'm MODE FOR CAR1IG OUT  THEINVENTION Embodimentsthe present invention will be
described with reference to the accompanying drawings. 15 Throughout the drawings, components
having the same functionality may ba denoted as the same reference numerals, and the description
thereof may not be repeated.       A mori Ia octimunicetien system according to an embodiment of the
present invention will be described.       In thiaambodimati., the mobile communication system
includes a transmitter 10 and a receiver       Then, the transmitter 10 according to this embodiment
will he described with referenceFIG. 1. The tranamdtter 20 transmits a synchronization Channel. The
receiver 20 u es the synchronization Channel to detect symbol timing end frame timing. Furthermore
tfle receiver 20 uses the synchronization channel to dete4-rol informaticn on scramble codear SO
scramble coda groupsethers.       The tranamitter 10 Is provided to a base station for transmitting
radio signals. The transmitter 10 ncludea multiple Pete channel generators 100.1-100.x. Ln each
data channel generator 100, a sequence of  



transmitted data supplied from a transmitted data generator 101 is encoded in a transmission path
eneoder 102, and the resulting data are modulated in a data modulator 103. In a multiplexer 104, a
pilot symbol is 5 multiplexed to the modulated data sequence, and in a Serial to parallel conversion
unit 105, the resulting data are serial to parallel converted into N/SF infetmatieu symbol sequences
on a frequency axis. In a Sopying unit 100, each information symbol of the NISP 10 contentect
information symbol sequences is copdee every SF symbols equal to the sequence length of short
period spreading codes, and the resulting information symbol sequences are aligned on the
frequency akis. In a multiplier 108, a Short period spreading code generated 15 by a snort PC nod
spreading code generator 107 is Multiplied with the N information symbol sequences aligned can the
frequency &els. In a first combination unit 109, the symbol sequences having the sequence length N
and multiplied 20 with the respective short period spreading codes supplied from the respectiVe data
channel generators 100 are multiplexed. IR each of the NMeItieliena 111, Scramble codes supplied
from e scramble code generator 110 are Multiplied with the multiplexed symbol sequences of the 25
sequence length N in the frequency direction_ In each of the 11 multipliers 115, the symbol
sequences multiplied with the scramble codes are multi's:tied with an amplitude adjustment
sequence value generated an amplitude adjustment unit 110, and the resulting symbol sequences:
50 are supplied to a second Combination unit 110The second combination unit 112 Multiplexes the
symbol sequences having the sequence length V and multiplied with the amplitude adjustment
Sequence value and the scramble codes eiitn a synchronization signal generated  by A
synchronization signal generator 120 in relevant ones of N subcarriers.       An inverse Fourier
transform (IFFT) device 13.3 converts N symbols into an orthogonal multi carrier 5 siqnal. A cyclic
prefix (OP) addition unit 114 inserts 



CP selectee by a OP selection unit 117 into the multi carrier sionel for each Fourier target time. Then,
the transmitter 10 transmits the multi carrier signal deneratcd in the OP addition unit 114 as a radio
signal 10in the air.       Although OFCDM has been illustratively applied in rha above-mentioned
transmitter, CF2M may be applied.        In this dasa, partigns associated with spreeding in the
OFCDMisre removed. Specifically, the data channel. 15generators- 100,2-100,x, the copying unit
106, the short period spreading code generator 107, the multiplier 108 snd the coMoination unit 109
may be omitted. Then, N information symbols are supplied from the serial to parallel conversion unit
10.5. In other words, the N 20 informatiop symbols supplied from the serial to parallel .conversion
unit 105 Aire multiplied in the multiplier 111.       An exemplary eparation for generating
synchronization signals in the synchronization signal generator 120 Will he described. 25A data
generator 121 generates cedes for synchronization channels.. For esampley the data generator 121
may generate a common code, such as "1", in all cells. In this manner, the receiver 20 can easily
detect timing independently of located cells by 30 correlating received signals with a time waveform
in a common synchronization channel.       As illustrated in FI(3. aA, the synchronization signal
generator 120 may generate a repetition waveform in a tampora1. range. For example, the data
generator 121  may repeatedly generate an arbitrary fundamental waveform. in this case, a
correlation value may be toMputel for a. portion located at the distance of the repetition period in the
receiver. In the timing where 



5 the repeated waveform-is transmittal, a similar waveform is transmitted., resulting in a larger
correlation value. In this case, the receiver does not have to know the waveform of scH, and
determines whether two separated    rtions are the same by computing the correlation values for the
two sepaated portions.       In this feishlec, frequency offset compensation and timing detection With
autocorrelation are achieved at timing detection time in the receiver by means of the arbitrary
repetted waveform. For example, since the 15 same signal is transmitted repeatedly, the receiver can
measure and compare its phase. The receiver can facilitate the frequency offset and the timing
detection with autoectrelatith of the received signal based on phase rotation. In this fashion,
computational complexity can be reduced through the frequency offset and the timing detetticn with
autocorrelation of received signtit coMpared to replica correlation_       As illuStrated in FIG. 23,
frequency conversion of the repeated waveform in a temporal range results in a 25 samttotted
waveform in a frequency range. The synchronization signal generator 120 may generate the
sawtoothed waveform in this frequency range. Also in this fashion, it is possible to obtain an
advantage similar to the above-mentioned one, 30Alternatively, the repetition number of the repeated
waveforms in the temporal range and/or the interval between teeth of the samtctthed waveform in the
frequanty range may be greater than 2. Alternatively, the deta generator 121 may generate
synchronization channel codes defined for respective control infcrmatihn such as scramble codes
and scramble code groups. _In tors case, as illostrated in FIG. 3, a Synchronization channel is
defined for respective 5 controlinformationau:chase scramble code and a scramble code group. In
other words, a synchronization channel number indicative of a synchronization channel is associated
with the control information such as a scramble. code and a scramble code group. In this rase, 10 the
receiver 20 can detect the control information and frame timingdomputing correlationbetweenall
defined synchronization channel waveforms end received signals, resulting. in reduced deli search
timh. Thus, it is possible to seduce phwer consumed in the receiver 20. 15A data modulation unit 122
modulates 



synchronization signal data, and s serial to parallel conversion unit 12.5 performs serial to parallel
conversion en the modulated data no generate N symbol sequences on the frequency axis. Each
multiplier 126 20 multiplies the corresponding symbol sequence signal with a synchronization signal
spreading code generated in a Synchronization signal spreading code generator 123 in the frequency
direction to generate N parallel synchronization signals_ 25For example, the synchronization signal
spreading Cads generator 129 may multiply a scramble. code included. in the scraMble code group
number corresponding to the synchronization channel code number in accordance with
correspondence between the channel rode numbers and the 00 scramble code grout numbers as
described in reference to FIG. 2.        The -multipliers 12.6 generath N parallel synchrdoisaaion
signals and supplythemto N multipliers 119. Each of the N multipliers 119 multiplies the  respective
parallel synchronization signal with an amplitude adjustment sequence value Incoming from an
amplitude adjustment unit 116, and supplies the resulting signal to a second combination unit 112.
5Next, an exemplary operation in the amplitude         tent units 115 and 116 in the transmitter 10
according to this embodiment will be described in detail below. The amplitude adjustment units 115
and 116 multiply 10 synchronization channels with an amplitude adjustment sequence value for
amplitude adjustitent, For example, the amplitude adjustment units 115 and 116 use a signal paving
sufficientlypeak-to-average power ratio (PAPR) in the temporal range to conduct some operation 15
for reducing PAPR of the synchronization channel. 



In a transmission amplifier, data Are supplied to a data Channel_ randomly, resulting in the higher
PAPR and a random wavefrrstas illustrated it FIG. 4A. In FIG. 4A, the vertical axis and the horizontal
axis represent transmission power at a base station and time, respectively.       On the other hand,
since the synchronization channel has a fixed reference pattern, a signal of lower PAPR can be
selected by determining an appropriate 25 pattern.        In FIG, 4A, if the amplifier has an upper
achievable power level as indicated, in a dotted line, the back-off iS Set tP have a leVal lower than
the average level in consideration of fluctuation margin of a a0Sup-aerie that e temporal waveform of
PAPR equal to zero,a temporal waveform without a peak rising , can be cg:ne:rated as a
Synchronization channel,  an output data Ohenn  greater than the average output over can be
transmitted accordingly. Thereby,  15  it is possible to improve detection accuracy of the
synchronization channels in the receiver 20. 



The amplitude adjustment units 115 and 115 supply an amplitude adjustment sequence valuethe
multipliers 110 and 119 in order to generate a waveform without outstanding. ?APR. The amplitude
adjustment sequence value has some characteristics as follows.        (a) Besloally, the amplitude
adjustment sequence value has constant. amplitude  in the temporal range and 10 the frequency
range_ For example, respective signal components of a sequence are in the form of exp(j 0 ) where j
is an imaqinarun        (b.) The amplitude adjustment sequence Value has perfect periodic
autoCerrelation characteristics. For 15 example, the autocorrelation has tors except zero shift.
Asa sequence having these characteristi AZAC (Constant Amplitude Zero AutoCorrelation) sequence
Is typical. For example, see non-patent documents 1, 2 and 3. In this fashion, utilization of the
CACAC Sequence 20( AZAK code) fulfils better autocestreLation      acteristics, and thus timing
detection accuracy based on replica correlation can be improved. Furtaermore, sequences haviag
characteristics as presented below in addition to the above-mentioned a .characteristics mayused.
(c1 Even after the .sequence is multiplied as an. arbitrary complez number Sequenee, the sequence
still has the above-mentioned characteristics (a) and (b), (d) The sequence. . has optimum
orcescorrelatioug ) For example, the crosecorrelation. (absolute value) i8 limited tk1-e sequence
length N. 



sequence ":f. non-patent document 4) and a Generalized Frank sequence (cf. non-patent document
5) are typical. Alternatively, a Splay code (cf. non-patent document 6) may be used. Since the. GoIay
code fulfils 5 better autocarrelation characteristics, the timing detection accuracy based on replica
correlation can be improvedintne receiver. In additihn, its Code property cso simplify Correlation
processing. Alternatively, signals generated by' converting PN 10 codes generated within a ECH
bandwidth in a frequency range into omen in a temporal range in IFFT may be used. Since such
signals fulfil better eutocorrelatiab onsracteristica, the timing detection accuracy based on replica
correlation Pan be improVed is the receiver, 15Furthermore, any of the above-mntioned three
waveforms may be used as a fundamental 'waveform, and then it may be transmitted repeatedly. In
this case, reception processing cart be simplified in the receiver. For example, the receiver may
include only one correlator SO corresponding to the fundamental waveform and combine some
outputs of the rorrelator. Also, in case of a repeated fundamental waveform, inverted. codes may he
included. In this case, the autocorrelation characteristics can be improved, and 25 thus the timing
detection .accuracy cah be improved in the receiver.       Alec, it may be selected in the receiver,
based on the fbndamental waveform transmitted repeatedly, which of the autocorrsiation based
approach and the replica correlation Maned sotd.oech shouldbeused for the timing cimtecticsn. Th'r
example, if higher throughput is given hPgherpricrity4 that is, if the processing amount should be
reduced, the timihg detection is tarried out based on the autocorislation. On the ocher hand, if higher
detection accuracy is given higher priority, the timing detectibn is carried out based on the replica
correlation. 



For example, the fundamental Waveform having better 5 aptocorrelaticri characteristics maybe
inverted, and the inverted and repeated waveform may be used.       For example, a fundamental
waveform having the length equal to 2. /N of the symbol length L of 1 OFDM symbol tav he used. In
this ease, some code having better 10 autocorretation characteristics such as a Gclay code, a Gold
code and an orthogonal Gold cede may used as the fundamental waveform. As illustrated in FIG. 48,
bodes having better autoccrrelation characteristics even in the whole signal can be generated by
repeating the 15 inverted fundamental wavefbirm N tites. In FIG. 43, the horizontal aria represents
time (U. For example, Inverted fundamental waveform "A" may be repeated N times. In FTG- 48, the
inverted fundamental waveform is represented as "-A'.       Some component may arise out of the
signal band if It is left as it is. Thus, a P-SCH signal waveform is finally formed thipubh passage into a
deSired Signal bandwidth filter. For erampla. for the transmitter 10 described with 2:5 reference to
FIG_ 1, a synchronization signal spreading code generator 122 is configured to include a
fundamental waveform generator 123-1, a repetition and code inverting unit 123-2 receiving output
signals from the fundamental waveform 123-1, and a hand limiting filter 12.3-G,: 30 receiving output
signals from the repetition and code inverting unit 123-2,       The fundamental waveform generator
123-1 generates a fundamental waveform having the bade length L/N. The repetition and ebbe
inverter 123-2 repeats and  code-inverts the fundamental waveform having the code length LIN. For
example, the repetition and code inverter 123-2 repeats and code-inverts the fundamental waveform
having the code length L/N N times, resulting 5 in the Uode length being L.       :Thebeadlimiting filter
1,23-2 provides final P-SCH 'signal waveform by pas sing the resultingwaveformthrough a desired
signal bandwidth filter,            As such a desired signal bandwidth, two cases may 10 he conceived
as follows_        (1) A bandwidth provided for F-SCF: may be used. In this case, it is possible to
eliminate influence toward other channels out of the SOH band. 



(2) A system bandwidth may be used. In this case, 15 although there is slight influence toward other
channels out of the SIR band, the SOH signal waveform has less distortion, resultinp in higher
detection accuracy in a mobile station. In the mobilp station, a corielator corresponding 20 to the
fundamental waveform is prepared, and its output is code-inverted and combined. in this fashion,
replica correlation with high detection accuracy can be achieved under a smaller amount of
computation.          An exemplary- operation in the combination unit 112 25 in the transmitter 10
according to the embodiment will be described in detail below.        As illustrated in FIG- SA, the
combination unit 112 inserts a synchronization channel at a frame period. In the case of frame
periodic insertion of the Synchronioation channel, icr example, the combination unit
112Maytimp-multiplaiathe synchronisation channel, that is, atcre and transmit the synchronization
channel in an()FDPIs.ymbol of some slot. Inthraospe, for example, a frame may be configured to
have an integer multiple  of the slot length. One frame may be configured to include multiple slots
such as 15 slots, and in turn, one slot. may be configured to include multiple OFDM symbols such as
7 OTOM symbols. 5In this configuration, slots having the synchronization channel can be controlled
under closed loop control SUch as retransmission without awareness im the transmitter 10. In other
:',,nzubds, the round trip time may be unchenged. In the reeaVeb 21, n the other 10 hand, reception
timing of the synchzaniiation channel can be identified .ay eprrelating a received signal and a
synchronization channel replica in a temporal range, and thus, symbol timing and frame timing can
be detected at the same time. Alternatively, the receiver 21 may 15 identify the reception timing of
the synchronization channel by correlating the received signal with the synchronization channel
replica in a frequency range. In this case, the receiver 20 would use a common pilot channel
subjected to scramble coding to detect the 21 scramble code,        By providing only one frame with
the synchronization channel, if a synchronization channel is detected, the frame boundary can also
be detected. In addition, compared to the case of providing multiple .25 frames with the
synchronization channel, higher transmission power for the synchronization channel is achieved,
resulting in improved detection accuracy. 



Alternatively, the receiver :10 may use a common pilot channel subjeeted to scramble coding to
detect the ao scramble code after frame detection and scramble code group. detection.
Conventionally for example, according to W-CDMA, the synchronization channel is inserted for each
slot period, that is, for each slot_ As a result, symbol  timing is first detected, and then frame timing is
detected. In other 'words, the frame timing is detected through the two steps. According to this
scheme, although slot timing can be detested through the 5 synchronization Channel, it is not
pOseible to identify the associated portion of the freMe. 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
embcdiment, 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 webds, the synchronization channel only has to be
inserted into at least one portion of the frame unit Or perir1... 20For eeample, as illustrated in FIG.
53, the synchronization channelmaybe inserted in such a manner that two periods can re configured
for each frame. Also, as illustrated in FIG. 5C, the aymctronization channel may he inserted in such a
manner that four periods can 25 he configured for each frame.        The receiver 20 identifies
reception timing of the synchronization channel by correlating the received signal with the
Synchronization Channel replica. in this case, correlations between multiple frames are 30 veraged.
For example* if there are 10,000 samples Within a single frame, correlations are computed for the
10,000 eann lea, and the sample: having the maximum correlation is fsosnd, in tois ca:?,e, if multiple
frames are averaged, a memory has to be prepared for storing  



the 10,000 correlation values temporarily. Then, cc.rrelation values a -e computed for 10,000
samples in the next frame, and the correlation values of the respective samples are added for
improved S/N. Thus, a larger memory has to be provided.         In the .(1.'s.e of multiple
synchronization channels being provided, if the above-mentioned multiple frames are averaged, the
memory only has tt nave smaller capacity. For example it a two-period channel is used for each 10
frame, the memory capacity can be reduced to 1/2. if a four-period channel for each frame, the
memory capacity can be reduced to 1/4.           In addit. ion, as more synehro ru - :ion channels are
provided for each frame, the memo,y capacity can be 15 further re.duced. In the case of multiple
channels being provided,    e channels may be arranged equally, in other words, the synchronization
channels are equally spaced in a frame period. :En this arrangement, the averaging z),operation of
multiple frames can be easily carried out,                     avely, in the case Q f multiple channels being
provided, the channels may be arranged unequally. In this arrangement the frame boundary can be
easily detected. 25In additionthe case of the insertion of the multiple synchronization Channels, into a
frail-Le, a time diversity effect can be obtained by combining correlation outputs between the multiple
synchronization channels in the receiver. As a reLsmit, it is possible to improve the t tminq detection
accuracy. Also.illustrated in FIG. 5D, in the taSe of the chronizaanel being time multiplexed in a
frame period, the combination unit 112 m4y provide an independent slot and insert the
synchronization channel  therein. In this case, such a frame may be configured to have (an integer
multiple of the slot length 4 the aynchrrniration channel length) in length. In this configuration, the
configuration within slots can he made 



5 uniform over all the slots, resulting in a. simpler radio I/Fconfigurarien. In other words, the
transmission and reception can he more simplified.       An exsmplary configuration Of a
synchronization channel will be described in detail_ below, 10W-C.DMA, as illustrated in FIG. 6A, the
synchronisation channel is accommodated at the head of a slot, and in addition to the
synchronization channel, A data channel is accommodated. in Other words, the synchronization
channel and the other channel are 15 Code-multiplexed and transmitted. In this configuration, the
other channel can be configured without consideration of the synchronization channel, but only a
portion of total transmission power can be allocated to the synchronization channel, As a result, 20
the receiver 20 must conduct averaging operations for a longer time in order to detect the
synchronization channel. In FIG, 6A, the vertical and horizontal axes represent the transmission
power (bode) level and time, respectively. CSRAccording to this: embodiment, as illustrated in FIG.
-LB, for example, an OFEIM symbol is allocated to the synchronization channel for a certain duration.
As a result, the total transmission power can be allocated to the synchronisHation Phannel. In this
configuration, 00 the receiver 20 Can complete reception operations in a
anOrterduratierfasdestect.thesymbdi and frame timings. For example, I OFIDM symbol is allocated to
the synchronization channel, In FIG, 6B, the vertical and hoireentai axes represent transmission
power (code)  level and time, respectively.        In W-CDMA, the eynchronizatinn 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-DDMA, multiple slots are used and correlated to detect
the synchronitatlen signal. In other words, the detection of the synchronization signal rete.ibee a
reasonable number of samples., which may lead to a longer reception 10 duration and e larger
amount of computation in the receiver 20.       According to this embodiment, since the total
transmission power can be allocated to the synchronization channel in the transmitter 10, higher 



15 tower conbealloceted. As a. result, the synchronization channel can be transmitted for a shorter
time of teriod. For example., while the transmission of the synchronization channel may require about
1.0% of the time period of one frame in W.-C.:DMA, it may require only about 20 1% in this
embodiment.        Also in the zereiver 20, frame correlation can he ratilitated in a. shorter period of
time, resulting in a. smaller amount of the computatiob, in addition, the symbol and frame timings can
be detected by means 25 of only one synchronization channel, it is possible to reduce the required.
buffering amount and the consumed power. Also an the case of the synchronization channel being
time-maltipixed as illustrated in FIG. 7, the .30 combination unit 11? may allocate the synchronization
nhantel to acne subrarriers of 1 OFDM symbol. For example, the coMbinatien obit 112 may allocate
the syhohronizaMich channel to some subcarriers of 1 CFDM symbol at even intervals. Also, the
synchronization  channel may be allocated at uneven intervals in order to improve the detection
accuracy in replica correlation. In FIG. 7, the: vertical and horizontal axes represent frequency and
time, respectively, 5In DEDM, the number of subcetriers and the OFDM symbol length are increased
to enhance tolerance to multipath. As a reault, if one whole OFDM symbol i..s allocated to a
synchronization signal, this may increase overhead. 10In this case, the combination unit 112
allocates the synchrdnizatie-h channel to acme sebtarriers and another channel to the remaining
channel part. According to this. allocation, it is possible to reduce the overhead on the
aynchronization channel. 



15Also in the case of fixed total transmission power, the trapsthissen p(Wer of the synchronization
channel. can he adjusted by changing a transmission power allocation ratio between the
synchronization channel and a multiplexed channel. Furthermore, the transmission 20 power of the
multiplexed channel can be adjusted_ The transMisaien cower of the synchronization channel can te
adjusted by an operator during cell designing, for example. In addition, the combination. unit 112 may
use at 25 least a portion of allocated frequency to allocate the synchronization channel discretely
(Orthogonal multiplex type FDM) as illustrated in FIG. 8. According to this allocation, a frequency
diversity effect can be obtained. L:ain addltiOn the com'ziihatiOh unit 11:2 may allocate the
synchronization. channel in such a manner that time division multiplexing can be facilitated by
superimposing it op at least one portion of a data channel (non-orthogonal multiplex type TIM) as
illustrated in  FTC. 8, Tn this ease, the synchronization channel is transmitted in such an
arrangement that it is superimposed on at least a portion of an OFDM symbol and time division
multiplexed.        In addition, the combination unit 112 may allocate the synchronization channel in
such an arrangement that it is superimposed on at least one 'portion of a data channel at even
intervals and fregUency division multiplexed (7:on-orthogonal multiplex type FDM) as 10 illustrated in
FIG. 9, According to this configuration, the frequency diversity effect Can be obtained.        In
addition, the combination unit 112 may allocate the synchronization channel in such a manner that it
can be code division multiplexed with at least one portion 15 of a data channel (eon-orthogonal
multiplex type CDM) as illustrated in FIG. 8.       As a result, as shown in FIG. 9, synchronization
channel codes pk(1), Pk (2), pk(2n) (k=1, 2, -.,Kgrp) belonging to a scramble code group are
allocated to 20 suhcarriers, The synchronization channel codes allocated to the scbcarriers are
gepplied to the inverse Fehfiet transform (IFFT) unit 112. Then, the synchronization channel codes
are converted into an Orthogonal multi carrier signal, and the converted signal 



. za is supplied to the OP addition unit 114. The OP addition unit 114 inserts a OP (Cyclic Prefix)
selected by the C.P selectibn unit. 117 into amulti cattier signal supplied for ea.c:h.Fburier tar'qet
time. Then, the transmitter 10 transmits a. multi carrier signal supplied from the OP 20 additimin unit
114, that i8e the SCH. time waveform, into the. air. as a rat.c, sIgnal. The S.C9 time waveform is
provided. by defining a number of .8CM time waveforms corresponding to the number of groups,
Also, a sequence of synchtonizaticn channels may  be provided by differential encoding between
subcarri.e tu        In this case, the receiver detects the sequence of synchronization channels by
extracting :chase difference information through delay correlation between subcarriens,        in the
case of direct,litiplicatie: of subcarriers with the synchronization sequence, if there is fading
fluctuation in a frequency range (frequency selective 10 fading), no in-phase addition can be fulfilled
in a long interval on the frequency axis.       By using a phase difference between subcarriers
(differential encoding to multiply the synchronization channel sequence, even if fading fluctuation
occurs in 15 the frequency range, in-phase addition can be fulfilled for the smell fading fluctuaticn
between adjacent sub-carriers by extracting the phase difference between Subcarriers it: delay
detection type correlation. As a result, even if the fading fluctuation occurs, high ction accuracy can
be achieved.       Allse, since correlation in a long sequence can be used, a large number of
sequences can be provided. In Other words, the synchronization channel can be used to transmit a
large amount of information. In this case, as illustrated in FIG, 1CA, the 



of the synchronization channel sequence is not placement between adjacent subcarriers,
synchronization channel can be provided every two sutearrie eAlso, a larger amount of control 30:
information can be transmitted by providing two types of Sequences and configuring them in two
layers.        For' example if the two types of sequences include 1i patterns, 2F6: 16x1.6) types of
information can be transmitted. In this cases the synchronization channel  can be used to transmit
information such as 16 cell IDs, 2 frame timings, two sector structures, two MIMO antenna structures
and two CP lengths. In this case, the two sequences may be arranged alternately as sequence 1 and
5 sequence 2, for example. In addition, a 0-CL sequence, Walsh sequence and others. can be
applied. For example, in the c,8 of the GOL serieenme, Grni sequence 1 consists of c11(1), 0-lq2),
GH51, end GC', sequence 2 consists of 0-2(1), G2{2), G2:D51, 10Instead Of GOD code and Walsh
code, any of (1) orthogonal cobe  {2) quasi-orthogonal code or (3) cede having good autecorrelation
and crosscorrelation charaCteristiOs in a frequency range may be used as a secondary
synchronisation channel cdde as described 15below.        Spealtically, an orthogonal code whose
phase rotates at a. constant rotational speed on the frequency axis may be used. According to
suchapede, it le possible to generate 20 an orthogonal code for arbitrary Sequence length and
improve the detectiOn accuracy at the second step.        In eddition, the above-mentioned: code may
be scrambled on the frequency axis in accordance with a Manner predefined in the system. In this
case, a common 



25 scrambling scheme it used for different calls rather than different scrambling schemes. In the
above-mentioned cede, the phase rotates on the frequency axis at a constant rotational steed. As a
result, the code has an impulse weVeformen the tiMeaXiS, :shich is not desirable ae; from the
viewpoint pf efficiency' of transmission amplifiers- Thus, thcode isscrambledon the frequency axis for
randomization in order to eliminate the problem wrth transMissibe amplifier efficiency: Since a mobile
station ktoWs the assemble code in a0vance, the  correlation detection can be easily achieved by
desctambling and correlating the code prior to Correlating the secondary synchronization ctannel.
Here, the synchronization channel codes 5 o(2),pkL2n, belonging to a scramble code group may be
divided Into codes for detecting frame timing and codes for detecting control information such as the
scramble code group, For example, the synchronisation channel for frame timing is used as a
primary synchronization 10 channel (Primary-SCH), and the synchronization channel for group
detection is used as a secondary synchronization channel (Secondary-SOS). Here, Primary-SOH is
used as a waveform common to all sells. Sesondary-SCH has a waveform defined for each scramble
15 code group. Primary-SOH and Secondary-SOH ate combined with a data symbol sequence.
in other words, reception timing is detected in Primary-SCE, and a reception frame and information
relating to scramble codes aredetectedinSecondary-SOH. For example, symbol timing (FFT timing) is
reported in Frimary-SCH. Alas, the frame timing can be reported in Primary-SOH by setting the:
insertion interval of Primary-SCH as one frame. Since the symbpi timing and the frame timing can be
detected in Pr:Amery-SOH, the frame 25 timing does not have to be reported in Secondary-SCH.
Also:, for example, a scramble coda group may be detected in Secondary-SOB. In addition, scramble
codes in the scramble code group maybe further detected. The further detection Cf scramble codes
enables demodulation 5c) to be carried out immediately. For example, some code maybe defined as
e secondary channel, and different code patterns may be associated with the respective scramble
groups, 



For enembity for 54 types of code groups, 64 types of code patterns may bb provided. For 512 types
ofscramblecodas, 512types of code Catterns are provided. In this fashion, correlation with the
synchronization channel is carcrled out. Conventionally, a pilot channel is used to detect a scramble
code from a scramble code 5 group,       Also, information reported in the secondary synchronization
channel may include only scramble code group information, According to this configuration, it is
possible to rsduce the workload of reception 10 Operations and improve detection accuracy.
Als5; information indicative of a scramble code group may be reported through the pattern of a
common pilot channel (CPTCH). The reporting of the CPICH pattern allows a physical Channel to
report a scramble 15 code group, that is, the secondary synchronization channel becomes
unnecessary..       Also, information indicative of a system bandwidth maybe teported in the
seCOndery synchronization channel. If the transmission bandwidth of the synchronization 20 channel
is i.25 MHz or 5 MHz, a mobile station does not have to know the aystembandwidth at the cell search
stags.. In addition, since radio resources allocated to the synchronization channel may increase
overhead, it is desirable to use as few radio resources as possible. 26 Also, information indicative of
the bandwidth of s Coadcasting Channel may be repotted zr the secondary synchronization cnahnel.
For example, the bandwidth of the broadcasting channel can be detected in the secondary
synchronization channel in the reception side by using eo different secondsrytynOhrenizatich channel
signals for different broadcasting channel bandwidths.       Also, information indicative: of the number
of transmission antennas may be reported in the secondary 



synchronisation channel. For example, the maximum  number of the aynchronxation channels and
CPICH may be set to be 2, in this configuration, the number df transmission antennae does not have
to be known at the cell search stage.. 5Also information related to cell structure such as the number
of sectors maybe reported in the secondary synchronization channel. For example, the cell structure
can be detected in the secondary synctfonizatien channel at the reception side by usinc1 10 different
secondary synchronization channel signals depending on the number of sectors in a cell.        Also,
information relating to the number of antennas in a base statton may be reported in the secondary
synchronization channel. For example, the 15 number of transmission antennas can be detected in
the secondary synchronization channel at the reception side by using different secondary
synchronization channel signals depending on the number of transmission antennas. Alen,
information relating to the OP length may be 20 reported in the secondary synchronization channel.
For example, the CF length can be detected in the secondary synchronization channel at the
reception side by using different secondary synchronization channel signals depending on the OP
length. 25As a 'Signal waveform for use in S-SCH., for example, codes having good oxesscorrelation
characteristics at the same timing May be used.        In S-SCh, control information such as cell ID
groups maybe reportedbytransmitting different codes. In this case, correlation between different
codes such as codes having good crosecbrrelatieh characteristics may be used for easy
identificatiemi of different control information. In SSOHr cor1-Se are arranged on the frequency axis
unlike W-CDMA. Thus, be shift on the frequency axis has to be  



taken into consideration, and any code having good crossoerrelation characteristics at the Same
timing, that is, under-conditions where there is no shift in the frequency direction, can be used. From
this viewpoint, 5 the above-mentioned Walsh cede and CAZAC code are suitable because they are
orthogonal at the same timing. For example, if cede 1 (cl, b2, c3, c4, c5, --, on-1, on) having
goddcrosacerrelation characteristics at the same timing and d.orje 2 (di, d2, d3, d4, dB,dn-1, dn) are
10 used as illustrated in FIG. 103, information A and B can be reported via the codes 1 and 2,
respectively. In FIG. 103, the horizrntal axis represents frequency.        Also, for example, some code
having good autocarrelstion and/or crosscorrelataoh 15 characteristics slso including timing shift may
be used as the sicles1 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 cross correlation
characteristics also including timing Shift is used in addition to the crossoorrelation characteristics,
informationde reported by timing shift such as the code phase in addition to codes. As a result, a
larger amount of control information can be 25 transmitted. For example, the transmitted amcant of
information can s increased corresponding to (the number of codes X the number of phase shifts). As
the codes having such Characteristics, for example. Gold code and orthogonal Gold Cede are
applicable. For example, if 30 code 1 (c1,ch-1, en) having good characteristics atsame timing and se
shift 1) (c2, c3. c4, cb,cn-2, on-1) result of pha       :oda I. sins shifted by a predefined amount
suchamount of phase shift equal to I, 



are used as illustrated in FIG. 10C, information A and C can be reported by cede 1 and code 1
(phase shift I) respectively. , In FIG. 10C, the horizontal axis represents freduency, 5Primary-5CH
and Secondary-SCE are multiplexed and transmitted. For example, as illustrated in FIG. 7,
Primary-SCP may be allocated to some subrarriers of 1 GFDN symbol, and Secondary-SCH may be
allocated to the remaining sdbcarriers, in this case, as illustrated in 10FIG, 11A,
Ptimary-SCH(P(k))(k=1, 3, -', 2n-1) and SecondaryrSCH(G(k)Hke?, 4, -', 2n) may be allocated to
some subcarriere of 1 OFF,I4 symbol,       Alternatively, Primary-SOH and Secondary-SCh May be
allocated to different slots and transmitted. Also, 15 as illustrated in FIG,. 8, Primary-E:CH and
Secondary-5CH may be discretely Allocated by using at least a portion of allocated frequency
(orthogonal multiplex type FDM). According to this allocstinn, a frequency diversity effect can be
obtained.       Also -Primary-DCH and Secondary-SCfl may be allocated in such a manner that they
ars superimposed on at least a portion of a data channel and time division multiplexed
(non-orthogonal multidiee type TDM). In this case, Primary-SCH and Secondary-SCH are 25
set:atilt:posed on at least a portion of an OFDM symbol and time division. multiplexed. The resulting
Primary-SOH and Se:c:ohdaty-ECH. are transmitted. Also Primary-SIGH and Seconaary-SCH may
be allocated in safe a manner that they are superimposed So atinte.z:val.8 on at least a portion cf a
data channel And frequency division multiplexed (non-orthogonal multiplex type YDN). According to
this allocation, frequency diversity effect can be. obtained. Also, Primary-Sdfl and Secondary-SCH
may be 



allocated in such a manner that they are code division multiplexed with at least a portion of a data
channel (non-orthogonal multiplex type CDM), If the synchronization channel is divided and 5
transmitted into Primary-SON and Secondary-SOH, the receiver 20 detects ftame timing in
Primary-SCH and uses Secondary-SCH tO deteet a scramble Code channel Cased on the detected
frame timing. In this configuration, only One type of 10 synchronization channel waveform has to be
computed at time point of the frame timing detection, that is correlation between Primary-SCH and
the received signal only has to he computed herein. in addition, after the frame timing i8 detected, the
synchronization channel 15 waveformonly has tobe gomputed at the frame timing based on
Secondary-SOH and the received signal herein. As a result, a computational amount in the receiver
20 can be reduced compared to the configuration where different types of synchronization channel
waveforms of all pages 20 are defined corresponding to the number of code groups.        Alat, when
information indicative of scramble code groups is r-sportezi in 8 -SCH, different types of waveforms
are defined correepoeding to the number of groups in advance, and these types of waveforms may
be used for 25 reporting. Adocirdidg to this configuration, it is possible to reduce the workload of
reception operations and improve the detection accuracy for a small number of groups, Also, when
information indicstive of scramble code SO qrcups is reported in S-SCH, the information may be
reported in the form of control bits resulting from applicatir:nof channel encoding. In this
configuration, particularly if that ate a large number of groups or if control information other than
information indicative of scramble codes is reported in S-SCH, it is possible to reduce the wor'oload
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. 112, P-SCH and
S-SCH may be multiplexed on the same OFDM symbol in FDM. In FIG. 11B, the vertica), and
horizontal a:sea represent frequency and time, respectively. 10In this configuration, compared to
IDYHmultiplexing, 



if the number of symbols allocated to BCH is the same, both F-SCH and S-ACH can be allocated to e
large number of OFDMsymbols, for example, in a temporally distributed manner. As a result, a
greater time diversity effect can 15 he obtained. Also,. since G-ACH and P-SCH are located in the
same SFDM symbol, the synchronization detection can be facilitated at the A-SCH detection by using
P-SCH as referenceSince channel -estimation can be carried out 90 at the same time as 5-SCH
reception timing, effective Synchronization can be detected.        There are two FDM schemes of
P-BiBli and S-BCH as follows. (1) As a regular arrangement every other one 25 subcarrier, P-SCH
and S-SCE are arranged alternately. In this arrangement, greater frequency diversity effect can be
obtained,       At the synchronization detection of S-SCH, 2-SCEs are always arrangeeiat both sides
evenly on the frequency B0 axis for any A-S)CH subcarrierd. Thus, channel estimatipt Can be
carriedcoatwithhigh accuracybyusing P-SCH as reference. For FDryl, no interference occurs
between. P-SCA1 ancl (2) P-SCH and G-SCE are irrequiarly alternated on  the frequency axis. In this
case, this arrangement is defined by the system. According to (1), if P-StH is arranged every other
she subcarrier on the frequency axis, a two-time repetition waveform appears in the time range. 5 As
a result, several peaks appear at the timing detection, which may cause degraded detection
accuracy. In order to overcome this problem, P-SCH is irregularly arranged on the frequency axds,
For example, P-SCH and S-SCH are arranged in either 10 one of 2 (DF:Thl symbols or 4 OFDM
symbols within a 10 ms frame. Such arrangement can lead to a time diversity effe-t. 



In the case of P-SCH and S-dCH being arranged in 2 OFDM symbols or 4 OFDM symbols,
Supposing that the 15 overhead of SOH in W-CDmA is the transmission power rate Of 1096, for
example., the SOH overhead can be limited below about 1%, For example, if SCH of 1.25 MHz is
transmitted in the ".-:it-eit having bandwidth greater than 5 MHz, the SCH overhead can be reduced.
20Also, since SCEs can be arranged in a temporally burst manner, faster cell search can be fulfilled
at smaller SQH overhead than W-CDMA.                      transmission and reception operations of a
primary synchronization channel will be described with 2$ reference to12-        The transmitter 12
may transmit a primary synchronisation charhal in discrete suboarriers, For example, the primary
synchronization channel may be transmitted every ether subcarrier. For example, the PriMAry
eynchronizatien channel may be transmitted in the itt, 3rd, 5th and 7th subframes from a certain
shbCarrier in a PN-lika pattern common to all cells. In this base, the transmitted primary
synchronization channel is common to all subframes. As a result, a  temporal signal becomes a
repetition signal corresponding to the length of the carrier interval: In other words, a temporally
similar pattern is repeated twice in an effective data duration. Similarly, if the 5
primarybynchronazation channel is transmitted every two subcarriors, a: temporally similar pattern is
repeated three times in an effective data duration. In other words, when the primary synchronization
channel is transmitted to have an interval between subcarriers, the 10 same signal is repeated and
transmitted.        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
crossoorrelation 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:frequencydrift can be found from the amount of phase rotation
of a correlation value.        In addition, correlation between the received signal and the primary
synchronization channel in the 25 time range is detected. In this case, the amount of frequency drift
can be found based on the amount of phase rotation of partial correlation within an OFDM symbol.
Exempjmry transmission and reception operations of a secondary synchronization channel will he
described SO with reference to FT GS. 13A and 132.        If multiple secondary synchronization
channels are arranged in a frame, different secondary synchronization channels maybe arranged. In
other words, different code Patterns are used for different synchronization channels  in a frame. For
example, different modulation patterns are used depending on location of scramble code groups and
subframes.           An exemplary reception operation under this case 5 will be described.       As
detection schemes of secondary synchronization channels, there are frequency ranqe operation and
time range operation. In the frequency ranae operation, as illustrated in in FIG. 13A, symbol timing is
found in the primary synchranizationonannel, and thus the libation subjected to FFT operation is
found. Thus, the frequency range operation is; carried out after the FFT operation. If the absolute
phase is used, correlation between received 15 signals and the secondary synchronization channel is
detected. In this case, some characteristics may be degraded due to phase rotation caused by
fading. if the absolute phase to adjacent primary synchronization channel is: used, the phase rotation
caused by fading is 20 followed:. in other words, the primary synchronization channel is considered
to be a pilot, and the phase of the secondary synchronization channel is restored. After that, the
correlation value is computed. The time range operation is conducted before FFT 



25 to detect correlation between a received signal and the secondary synchronization channel. It:this
case, if the secondary sYnchrehrzation channel is spaced by more than or equal, be two carriers,
oroescereiation may arise between received signals. 30Also, the primary synchronization channel
and the secondary Senchronizatibn channel are arranged at the dame symbol as illustrated in FIG.
13B. According to this arrangements it is possible to reduce influence of fading in the cas,e, of
channel estimation in the primary  synchronization channel. For example, in the case where the
primary synchronization channel and the secondary synchronization channel are arranged at
different symbol lecatichs, particularly, fading Variation may have 5 'greater impact during fast
movement_ For example, the primary synchronization channel 123, p2, p3,p14/2 and the secondary
synchronization channelS!k,2,        .11c,N/2 (k: is a ectamble code group index and N is a 3runbarrier
number) are arranged at different symbol 10 locations. The primary synchronization channel is
common to all cells, and the secondary synchronization oSsannel includes a code control bit
(scramble code) indicative of a scramble code. Also, P-SCE and S-SCH may not be multiplexed with
15 the same :s5FDM symbol, that is, P-SCH and S-SCH may not be alternately arranged as
illustrated in FIG. 133. Father, P-SCH and S-SCH may be consecutively arranged as illustrated in
FIG, 130. Also, as illustrated in FIG. 13D, P-SCH and S-SCH may be multiplexed with the same 20
OFDM in aceordante with CDM, that is, P-SCH and S-SCH may be superimposed on each other.
If P-SCH and S-SGH are code multiplexed on the same OFDM symbol as illustrated in FIG. 13E,
P-SCH is consecutively arranged on the frequency axis compared 25 to the case of multiplexing in
ccc. ordance with FDM. As a result, there may arise no problem of degraded timing detection
anobracy caused by arranging P-SCH every other subcartier,        Aloe. Since the number of
subcarriers for S-SCH, that la, the Sees length on the frequency axis can be increased, a larger
amount of control information such as a Cell ID group can be transmitted. 



At synchronization detection of S-SCH, P-SCH is Multipleeed On the same seboarriere as S-SCH on
the  frequency A.:(Sia, and thus channel estimation using P-SCH as reference can be fulfil led,
Forexample, P-OCH and S-SCH may be arranged at one of 2 OFDMsymbela and 4 OFDM symbols
within a 10 ms frame. 5In this arrangement of P-SCH and S-SCH within a 10 ms frame, a time
diversity effect can be obtained.        In the case. of 2-SCE and S-5).CH being arranged at 2 or 4
DFDM symbols, supposing that the overhead of SOH in W-CDMA ia the tradamiesion poWar rata of
10%, for 10 example, the SCA overhead can be limited below about 1%, For example, if SCH of 1.25
MHz is transmitted in the system having bandwidth greater than 5 MHz, the SOH overhead can be
reduced. Since SCH can be arranged in a temporally burst manner, fast cell search can be 15
achieved at leas 8.C.fl overhead than W-CDMA. Alsoillustrated in FIG, 15E, F-SCH and S-SCH may
be multiplexed at different OFDM symbols in accordance with TOM. For example, P-SCH and S-SCH
may he multiplexed at 20 different OFOM symbols in accordance with TOM as illustrated in FT-C,
15G. In this configuration, P-SCH is consecutively arranged on the frequency axis compared to the
came nf multiplexing in accordance with FIN. As a result, there may arise no problem of degraded
timing 95 detection accuracy caused by arranging P-SCH every other subcarrier.       Alan) since the
number of subcarriers for S-SCH can be increased, that :Ls , the code length on the frequency axis
can be increased, a larger amount of control 30 information such as a cell ID group can he
transmitted. 



There are two types of arrangement of P-SCH and E-(Z:CH as id lows        (1) As illustrated it FIG.
13G., F-SCH and S-SCH are spaced by a predefined number of frames.. According to  this
arrangement,example,-SOH and S-SCH are spaced by 5its, the resulting 5ms units an be configured
to have the Same structure. (2) As illustrated in FIG. 13H, P-SCH and S-SOH are 5 arranged closely
to each other on the temporal axis_ According to this arrangement, the synchronization detection
usingreferenda can he carried out at detection of G-$CH. SpvsdiicaP-SCH and S-S H may be
arrangeQ at 10 either of 2 or 4 OFDM symbols wltnln a 10 ms frame. In this arrangement of P-SOHd
S-SON within a 10 ms frame, a time diversity effect can be obtained.                     se of P-SON and
S-SCH being arranged at 2 or 4 OFDM symbols, supposing that the overhead of SOH 15 in
W-CDMA is the transmission power rate of 10%, for example, the SON overhead. can be limited
below about 1%. For example, if SCH. of 1.25. MHz is transmitted in the system having banahoti..th
greater than 5 MHz, the SCH overhead can be reduced_ 20In addition, since SON can be arranged
in a. temporally burst. manner, fast cell search can be fulfilled at less SON overhead than W-CDNA. 



An exemplsry operation of the CP addition unit 1:L4 in the transmitter 10 according to this
embodiment will 25 be described in eetefl below.        The OP addition unit 114 inserts. a OP
selected by CP selection unit 117 into amulti carrier- signal at each Fourier tardet time. Thr= CP
(C.fefix) is provided for absorbing SO influence on signal processing even if signals arrive via delay
waves at different timings. In fact., systems -measure inulti and determine the OP based on the
measurements. In's case. since delay Of a signal from a single base station can be found, the OP is
determined  based on the delay. However, in the case of multroast where different signals from
multiple base stations are combined, transmission delay may be Caused by the transmission of
signals from multiple base stations besides spreading of reception timing due to a simple multipath.
In other words, the difference between transmission delays is added, and thus the spreading of
reception timing may he. increase-A compared to the case of the reception of 10 a signal from a
single base station. Thus, the amount of delay in the multicast may differ from common
communications ouch as unicast.        Thus, according to this embodiment, several types of radio
frames,example, two types of radio frames 15 are provided. Specifically, several types of CPs having
different OP lengths, for example two types of CPs are provided. One type of OP having a relatively
larger OP length is used in multicast, and the other type Of nn having a relatively smaller OP length
is used in unicast 20 In the unicest, if a OP having a relatively larger OP length is used, transmission
efficiency may decline. Thus, the longer OP is used in multicast.        As illustfe ed. in FIG., 14, the
CF selection unit 117 may associatethmsynchronization channel code number 25 with the OP length
for storage. The OP selection unit 117 selects the OP length based on the association. 



Also, as illustrated in FIG_ 15, the OP selection unit 117 may aSsOgiate the synchronization channel
code number with the scramble code group number and the OP ao length and store the association.
FIG, 15 illustrates two types of the OP length.        Also the CT selection unit 117 may associate the
synchronization channel number with the scramble code orohp number for storage as illustrated in
FIG. 16, for  examp2e.        In this embodiment, two types of CPs having different OP lengths will be
described. As mentioned above, the longer CP is used in the 5 case of multieast where similar
signals are transmitted from multiple bass stations. According to this configuration, it ie passible to
absorb transmission delay from the base stations.             The shorter OP is used in communications,
such as 10 unicast, other than m.ulticast.        The OP addition unit 114 adds n CF selected by the
CP selection_ unit 117 to a multioarrier signal supplied from IFFT. For example, as illustrated in
FIGS. 17A and 173, 15 the OP 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
CP, that is, the case where a frame includes a relatively large number of OFDM symbols. On the
other 20 hand, FIG. 173 illustrates an example of a longer CF, that is, the case where a frame
Includes a relatively small number of OIDM symbols. In the case of different CP lengths being used
in the same system, if the interval between subcarriers is kept constant, a frame could 25 include a
different number of OFDM symbols, and thus the position of the synchronization channel relative to
frame boundary may fluctuate. Since the CP is added in such amanner that the synchronization
channel can be arranged at the head 04 end of the frame according to this 30 embodiment, the
position of the frame boundary relative to the position of the synchronization channel can be timed
indepondentis of the OP lenbth. Ad a result, the frame boundary (frame tiMing) can be easily fulfilled
in the receiver 20.  



An exemplary- receiver 20 according to this embodiment will be described with reference FIG. l8A.
The receiver 2-0 according to this embodiment includes a scramble code reception riming detection
5circuit 200.        The scramble code reception timing detection Circuit 200 receives a multicarriat
signal from an antenna and detects scramble code reception timing and FFT timing, 10Specific:Sally,
the scramble cede reception timing detection circuit 200 supplies the received multicarrier signal to a
octredater 201. On the other hand, a synchronilation signal replica generator 202 generates a
predefined synchronization signal replica and supplies 15 it to the gnrreletor 201 sequentially. The
correlator 201 detect s correlation between the received mqltitartiet signal and the synchronization
signal replica, and ti't,, detected correlation value indicative of each peak. and the associated timing
are stored in a 20 memory 203. A timing detection circuit 204 selects the maximum, correlation value
and the associated timing from correlation values and the associated timings stored in
thememos-y.201, and stores themes scramble code reception timing inaimeonty20. The timing
detention circuit 204 25 further computes 'FFT timing based on the scramble code reception timing
and stores it in the memory 2,05. The FFT timing is supplied ftomthemetmory 205 to a OP removal
circuit, and the scramble code reception timing is supplied to a scramble code identification circuit
and 30 a demPdillation circnit,        For example, if a. waveform, generated by code inventing and
repeating a fundamental waveform having good autanerrelatiso characteristics is used as the P-SOH
signal waveform, the receiver 20 is configured as 



illustrated in FIG, 183.        In other words; the correlatoa 201 of the receiver 20 described with
reference to FIG, 18A is configured to have a cchrelatcr 201-1 for the fundamental waveform, 5 a
code inverter 201-2 where an output signal of the Cerrelatn 201-1 is supplied, and a cbrretator 201-3
for an upper layer code where an output signal of the code .1Lhverter 201-2 is Supplied_ The
correlhater 201-1 detects correlation between TO a multicenter signal and the fundamental
waveform. In this embodiment, the code length is set to be L/N. The Code inverter 201-2 inverts an
output of the correlator 201-1. The correlatet 201-3 detects correlation between an output Of the
code inverter 201-2 and an upper layer 15 code, and supplies a 3-GCH correlation value to the
memory 203. In this embodiment, the code length is set to be N. According to these settings,
alongcorrelationvalue for the node length L can be omitted.          An exemplary operation of the
correlator 201 will 2e be described with reference to FIGS. 19A, 193, 190 and 20.        The correlstor
207 detects correlation between a synthronizetton channel replica having the minimum CP length
and a reneived signal. In this manner, frame 25 timing can be detected through a single type of
search snneme,        For example, as illustrated in FIG, 19A, the corral-star 201 establishes a
synchronization channel capfica including effective symbols Sa, 32, 33 and 84 30 with 34 serving as
Cr: as the synchronization channel used in the 'reeeivah 20 for boltnting correlation. For example,
SCHhavingaSMalleirCP length is used. In other words, the 84 portion: is copied us CP. The
Synchronization Channel replica includes the CF having  the minimum CF length,        In this
embodiment, if a signal including a. CF having a relatively small CF length is transmitted from the
transmitter 10, the correlatign peak may be detected 5 at the 34 portion (FIG. 19B) . On the other
hand, if a signal including a CF having a relatively large CF length is transmitted from the transmitter
10, the correlation peak is also :detected at the S4 portion (FIG. 190) . 



In either the case of the signal including the 10 snorter CP being transmitted from the transmitter 10
or the Case ;al' the signal including the longer OP being transmitted from the tzansmitter 10, the
correlation peak i8 detected at the $A portion. Since the signal length of the sytherSnization channel
replica is known, the end 15 of an OFDM symbol Can be found, and thus detection timing of the
correlation can be also found.       Also if the synchronization channel is arranged at. the end bf a
frame, the frame boundary can be easily he 20Alternatively, in multiple abbframes resulting from
division of a single frame, the synchronization channel may be arranged at the end of a subframb,
that is, at the last OFDM symbol of the arbframe as illustrated in FIG. 2.0. An DFDM. symbol and a
guard interval. are 25 provided within a arbframe. The ga.ierd interval (cyclic prefix) hating different
lengths such as two different lengths is defined. The length may be different for the respective.
subfraMes. For example, the length of the guard interval may be determined depending on a SO
transmission scheme such as unicaat or multicast.        In this case, b,dd types of arbframee can
exist in terms of the number of symbols. For example, one is a multimast 8rbframe and the other is a
unicast subframe. In other wOrds, the number of symbols within the  respective subframea may be
variable. The effective symbol length and the short guard interval are common.        The primary
synchronization channel is arranged at the end of a subframo, and correlation between a symbol 5 of
the primary synchthhization channel having a smaller OP length and a received signal is computed in
a mobile station. At this time, in any case of subframes for larger OP length and smaller OP length,
the correlation peak is observed at a timing preceding the end of the 10 subframe by the length of the
primary synchronization Channel haying the smaller CE' length. In other wards!, the total length
ofthe:effective data symbol length plus the relatively small OP length is uniform for a subframe
including the shorter OP and for a subframe including 15 the longer CP, and thus, a terminal can
detect carrier frequency and synchronization timing without consideration of the OP length. Thud,
since transmission timing (position) of the Synchronization channel is unchanged, a mobile station
can compute 



20 correlation values even without the OP length information, search fortheSynchronization channel
and identify frame timing without consideration of the OP length for use in the sdbfrsme, that is,
independently of the OP length. Also, averaging of correlation values between frames can he fulfilled
without consideration of the OP length. Also, the transmission timing (position) of the synchronization
ohannel remains unchanged in averaging over multiple subtrames, which may facilitate the
averaging. 30Alternately, if the synchronization channel is net arranged at the end of a subframo, the
correlation may be detected by envisaging timing corresponding to the larger CP length and timing
corresponding to the smaller OP :length.  Also, if the synchronization channel is not arranged at the
end of a subframe, the OP length may be reported. For example, the CP lenath may be specified for
each frame in advance. Informerion related to the 5 OP length of OP for use in the synchronization
channel may be stored.        Similarly, a common pilot may be arranged at the end of a aubrrame.
Also, certain subframes defined in a system, such 10 as the first aubframe, are always used in
unicaef. In other words, the first subframe is not used in multicast.        Since sphframes for multicast
include a scramble code common to different cells for enabling soft-combining, a common pilot for
subframes for 15 multicast cannot be used for scramble code detection in cell seareh.        For this
reason, the first subframe is always used for unicaat (multiplied with a cell specific scramble code) in
order to overcome the above-mentioned problem, and thus., the common pilot can be used to detect
the scramble code in the cell search. 



Also, since cell specific system information is broadcast in BCH and is transmitted in unicast, radio
frames can be efficiently cohfiguredby arranging to have 25 the first SubfraMe dedicated to the
unicast.        An example where two synchronization channels are transmitted for each 10 ms radio
frame will be described with reference to FIG. 21. The first subframe is always used for unicast, and
a pilot multiplied with a cell wa specific so ramble code is used. Subsequent subfremes can be used
for uhicesr or MBMS. A pilot multiplied with a cell specific scramble Code and a short OP are applied
in the unicest, whereas a pilot multiplied with a cell common scramble : code and a long OP are
applied in the  multicast.       Also, BOX is arranged in a certain amount of time after the
synchronization channel. Thus, immediately after a mobile station uses the syhetronization channel 5
to conduct eell search, the mobile station can receive the BOX, and it tales less time to complete the
reception of the BOX.       An example where a cell ID is detected in a reference signal haying
different OP lengths will be described. 10In this example, a system may define the OP length of a
certain subframe.       For example, it may be stipulated that the first subframe in a frame always uses
a long OP or a short CP. In cell search, the reference signal for this subframe 15 is used to detect
cell IDs. Also, the reference signal may be used to detect other information such as sector IDs as
well as the cell IDa.       In this case, the CP length for each snbframe within a frame is reported in
3-SCH. For example, the OP length 90 for all subtrames may be reported. In this configuration,
although a larger amount of information is reported in S-SCH, references for all subframes Can be
used in the cell search, resulting in faster detection of the cell IDs. 25In addition, the OP length for
only some subframss 



Maybe reported in S-SCH. Since so many subframes do not have to be used in cell search, only an
essential amount of information is reported in S-SCH. A mobile station uses only s reference signal
for reported subframes.               the OP length for each subframe for use in a system may have an
arbitrary value, and thus a mobile station may detect the CP 'length blindly. In this case, the mobile
station detects, a reference signal corresponding to both OP lengths and uses the larger  correlation
value.        An ehemplary bandwidth of a reference signal will be described., Although SCH is
transmitted in a fixed bandwidth 5 of 1.25 DiSh, the bandwidth of the reference signal is not known at
the cell search stage. The bandwidth of the reference signal may be determined in a scheme as
eeented below. (1) The bandwidth of a reference signal is reported 10 in S-SOP. According to this
configuration, although an increased amount of information is reported in S-SON, the overall
bandwidth of the reference signal can be used, which may achieve fast cell search. (2) A reference
signal of the same bandwidth as the 15 BCH bandwidth reported in S-SON is used. In the case of the
BCH bandwidth being reported in S-SON, since the reference signal is transmitted in a bandwidth at
least greater than or equal to the BCH bandwidth, the reference signal of the same bandwidth as
BCH is used in cell search, 20 According to this configuration, the reference signal of a wider
bandwidth can be used without increase in the amount of information reported in S-SOP.        An
exemplary configuration of the transmitter 10 in the base Of a common pilot being arranged at the
end 25 of a subfraMe will be described. As illustrated in FIG. 



the transmitter 10 includes a pilot signal generator 130 coupled to the combination unit 109 as
illustrated in FIG. 22, In FIG .2g.. in the ease of UDM being applied, a relating to spreading of
OFSOM is removed.         belly. the data channel generators 10.0.2-100.x, the copying unit 106, the
short period spreading code generator 107, the multiplier 102 and the combination 109 are omitted_
Also, N information symbols are  supplied from the serial to parallel conversion unit 105. In other
words, the N information symbols supplied'from the serial to parallel conversion unit 105aremultiplied
with a scramble code in the multiplier 111.        Also, when the synchronization channel is transmitted
from the transmitter 10 to the receiver 20, information related to the attached CF length must be
reported. For example, the information is reported in acontrolchannel. In this case, the information
related 10 to the attached C? length must be reported to the control channel. The control channel
may be recognized by the receiver 20 by setting attachment Of a longer CF in advance. Also, the
transmitter 10 may report information 15 related to the attached CF length in the control channel for
the previous frame. Alternatively, the information may be recognized in the receiver 20 by detecting
correlation in a low-sr layer. Also, although the receiver20 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 2$ 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 Dv dorrelator 201 envisages the c(ant-eIation
operation and renders a temporal waveform of a synchronization channel signal approximated to
Some integers such as  I. For example, a receiver of a mobile station computes correlation between
this signal and a received signal.  In this case, the correlation computation can be implemented
throah addition and/or subtraction. According te this.Configuration, it is bossible to reduce an amount
of computation and an amount of consumed power 5in the receiver 20.       An exemplary receiver for
some operation in a frequency range will be described with reference to FIG. A receiverincludes a
FFT unit 302 receiving 10 input signals, a demultipLex.er 304 coupled to the FFT unit 302, a channel
.estimation unit 306 coupled to the ddmultiplexdr 304, a demodulation unit 308 coupled to the
uititJfexer 304 and the channel estimation unit 306, a. secondary syndhronicetion chance! correlation
15 unit 310 coupled to the demodulation unit 306, and a peak detection unit 312 coupled to the
secondary channel n unit 310- FFT. unit. 302 receives FFT timing detected by a FFT timing detection
unit in a primary synchronization 20 channel.        The F.FT unit 302 performs some FFT operations
and supplies the operational result to the demultiplexer 304.        The demultipi.exer 304 distributes
the multiplexed signal it e primary synchronization channel (P-SCH) and a Secondary
synchronization channel (S-SCH).        For example if P-SCH and S-SCH are Multiplexed in
accordance. with F1M, the channel estimation unit 316 doduct(S. Channel estimation by using N
P-SCHs located in both 'dee of a S-SC:F. subcarrier detected in 3-8TH 30 synebronidetection as a
reference (pilot). In 



this case, a cy>ci.e. of P-SCH is kno.wn.        The ordater:4 is the greater the suppression effect on
noise interference is However., if N is set to have too great a value, some influence of frequency
selective  fading may arise. Thus, N may be set to be in the range between 1 and 2. Also, as the
distance from the detected S.-SCH subcarrier is :greater, a smaller weight maybe used. For example,
in detection of s2 as illustrated 243, 5 p2 and p3 may be used for thermal estimation, In addition, pi
and p4 May be used together with e2 and D3 for channel estimation. From this viewpoint, it is
desirable for the channel estimation to use a low amplitude code such as a CAZAC code for P-8.0..H.
10Also, for exampie, if P-SCH. and S-SCH are multiplexed in accordance with TDM, the channel
estimation unit 306 may conduct the channel estimation by using N P-SClHe Iodated on the same
aUbcarrier as and in both sides of a detected S-SCH as a reference (pilot). 15 In this case, the code
of 2-SOH is known.       The greater Nis, the greater the suppression effect on noise interference is.
However, if N is set to have a too great value, some influence of frequency selective fading may
arise. thus,. N may be set to be in the range 20 between I and 6, Also, as the distance from the
detected S-SCH subdarrier is greater, a small weight may be multiplied. For example, if sA is
detected as illustrated in FIG. 240, :pA. is used for channel estimation. Also 25 and p5 may be
additionally used for the channel estimatie.h.       Also for example, if P-SON and S--SON are
multiplexed In accordance with 0C1r1, the channel estimation unit 20,6 may conduct channel
estimation by 30 using N. P-SCH8 located on the same subcarrier as and in both aides, of a.
detected 5-8 CH as a, reference (pilot). In this case, the code of P-SCH is known. 



The greaterNia, the greater the suppression effect on noise interfeirende is. However, if N is set to
have  too great a value, some influence of frequency selective fading may arise. Thus, N may be set
to be in the range between land 6. Also, as the distance from the detected S-SCH subcarrier is
greater, a small weight may be used. 5For example., if s4 is detected as illustrated in FIG. 24D, p4 is
used for channel estimation. Also, p3 and b5 may be additionally used for the channel estimation.
The primary synbhronization channel is supplied to 3111 the channel estimation unit 306, and the
secondary synchronization channel is Supplied to the demodulation unit 308.           The channel
estimation unit $06 conducts the channel estimation, and the operation result is supplied 15 to the
demodulation unit 308.        The demodulation unit 308 conducts some demodulation operations. In
this embodiment, phase and amplitude compensations are carried out. For example, the
demodulation unit 308 may conduct demodulation by 20 using the primary synchronization channel
for subcacriers adjacent in both aides to a subcarrier for the demodulated secondary synchronization
channel within a range where fading may have sight influence. The secondary synchronization
channel correlation 25 unit 310 detects correlation of the Secondary synchronization channel.
The Peak detection unit 312 detects control information such as scramble codes and frame timing for
peak detection. 30An eXeMplary averaaing operation of the primary synchrenizatioc channel in the
frequency direction in Correlation of the secondary synchronization channel will be described. 



FIG. 25A shaws ezemplary relationships between SNR  and detection probability in walking speed.
In FIG, 25A, the horizontal end vertical axes represent SNR.and detection probability, respectively.
Nref represents the number of subcerriers in the primary 5 synchronization channel.        In FIG. 25A,
for fD = 5.55 Hx, Nref = 2 indicates a both sides 1 subcartier, Nref= 4 indicates a both sides 2
subcarrier, and Nref - 6 indiCates a bdth siaes a subcarrier. 10As observed in FIG. 25A, as a greater
number of subcarriers are used, the detection probability is improved. However, as a greater number
of subcarriers are used, fading may have greater          FIG 25B shows an exemplary relationship
between 15 SNR and detection probability in drive speed of an automobile.        In FIG. 253, the
horizontal and vertical axes represent SNR and detect:Ion probability, respectively. Nref represents
the number of subcarriers in the primary 20 synchronization channel.        In FIG.. 25E, for fD - 5.55
Hz, Nref = 2 indicates a both sides I subcarrier,Nref = 4 indicates a both sides 2 subcarrier, and Nref
= 6 indicates a both sides subcarrier_ 25As observed in FIG. 2.53, as a greater number of
subcarriers are used, the detection probability is improved. However, as a greater number of
subcarriers are used, fading may have greater influence.          An exemplary receiver 20 for
detecting timing based 30 on autecorrelation and compensating- frequency offset will be described
with reference to FIG. 26. 



The receiver 20 according to this embodiment includes a scramble code reception timing detection
circuit 200.  The scramble node reception timing detection circuit 200 receives a multicarrier signal
from an antenna, and detects scramble code reception timing and FFT timing.         pecifically, the
scramble cede reception timing detection circuit 230 delays the multicarrier signal transmitted at a
repetition period T via an antenna by an amount of time T in a delay addition unit 206, adds the
delayed signal to the underlying multicarrier signal 10 in an adder 207, performs integration on the
resulting signal in terms of the repetition time Tin an integrator 208, and supplies the resulting signal
to the peak detection unit 209, The Pen detection wnit 209 detects timing based on the supplied
signal.. According to this 15 configuration, it is possible to compensate for frequency offset and
detect timing based on autocorrelation.        In addition, the transmitter 10 may transmit the
synchronization channel (SCH) by applying transmission diversity. 20For example, the
synchronization channel may be transmittedbyusi ;transmit diversity suitable for SCH based cell
search. Since a control loop between a base station and a mobile, station has not been established
unlike transmission and reception of normal data channels, open-loop type transmit diversity is useid
in the cell Search. Alec), 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 (Tide Switctved
Tizansmit Diversity), FSTD (Frequency 80 switched Transmit Diversity) and CDD (cyclic Delay
Diversity) is appidcable as the transmit diversity. Also. the Synchtonizatien channelbe  r nsmitted
from a pertain one of multiple antennas in MIMO transmission. Also, the synchronization channel  



may be transmitted in ISTD. Also, the synchronization channel may be transmitted synchronously in
order to obtain delay diversity. For example, if a transmitter having four antennas is used, the
synchronization channel may be transmitted from all the four transmission antennas at the power
level of 1/4. Also in this case, the synchronization channel may be transmitted at different
transmiesicn timings. In this configuration, greeter path diversity effect can be obtained in the 10
reCaiver.        Also, if multiple antennas are provided, SCH and CPICH may be transmitted via only
two antennas. Alternatively, SOH may be transmitted via all the antennas whereas CPICH may be
transmitted via only two 15antennas.        If CPTCH is transmitted via four antennas, for example,
CPICH may be transmitted it such a manner that it can be orthogbnai on the frequency axis. In the
receiver, channel estimation is conducted based on a 20 transmitted common pilot signal, and a
control channel is demodulated. In the case of Cl2HICH being transmitted via four antennae, the
common pilot signal for a portion distant on the frequency axis must be used, and the channel
estimation accuracy may be degraded. Thus, it 25 is desirable that the interval between the pilots be
smaller on the frequency axis. To do so, CPICH may he transmitted. from two antennas. According to
this configuration, Since only two CPICEs have to be orthogonally Multiplexed, higher orthogonality
can be ao achieved. Ae a re It, it is possible to improve accuracy of the channel estimation and
others using CPICH and enhance reception quality of Ll/L2 control channels and others. In this case,
a mobile station may conduct some  operation on the assumption that CPICE maybe transmitted
from only two antennas in maximum in cell search. As a result, it is,possible to simplify the reception
operation as well as radio interfaces. 



5FIG. 27A shows an exemplary configuration of the synchronization channel and the common pilot
channel in the case of four transmission antennathis illustration, the synchronization channel is
transmitzect from toe four transmission antennas, and the 10 common pilot channel is transmitted
from only two Of the transmission antennas.        An exemplary combination of two antennas for
transmitting (.-1 and CPTCH in the case of four transmission antennas will be described. 15The two
antennas for transmitting SCE and CPICH may 1>e fixed. For example, if transmission antennas
#1-#4 are provided as illustrated in FIG. 273, the antennas #1 and #2 always serve to transmit SCH
and CPTCH. In FIG. 273, the vertical and horizontal axes represent the 2.0 transmission antennas
and time, respectively.        Alse, the two antennas for transmitting SCE and CPICE may be defined
in advance in the system. In this case, it is possible to simplify the transmission and reception
operation. 25Also the combination of two antennas for tranamittino SCH and CPTCE may be variable
over time. In other words, a number of combinations of two antennas for transmitting SCH and.
OPICH may be predefined, and then the combinations may be switched over time. 30For example, if
the transmission antennas #1-44 are provided as illustrated in FIG. 270, the antennas #1 and iu it the
time point 4n (n is a natural number), the anten:na,E the antennas used at the time point 4n+1, 



04 are used at the time point 4n4-2,  and the antennas #4 and 1 are used at the time point 4n+3. In
this ease, the system may predefine how to switch the combination pattern. in this configuration,
although the transmission and reception operations may 5 he slightly complicated, a diversity effect
(randomization) can be obtained. Also, transmit diversity may he applied to SOH         itted from two
antennas. Accordiths to this application to only two antennas, it is possible to 10 Simplify the
transmie s ion and reception operation as well as radio interfaces and thus obtain, merits of transmit
diversity. In this case, any of TSTD, FSTD and ODD 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    ansmit diversity method for SON may be combined with the transmit
diversity method for CPICH.           An exemplary operation of the transmitter 10 according to this
embodiment will be described with 20 reterenCe to FiQ, 2O,        The transmitter 10 uses the
synchronization signal data generator 121 to select a synchronization channel Code number based
on the scramble code and the transmission scheme, such as unimast or multicast, of the
synonrcniZation channel (step S1602).        Then, the transmitter 10 multiplies the synchronization
signal symbol with the scramble code in      scramble code group number corresponding to the
synchronization channel code (step 51604). SOThe transmitter IU mt.atiplies the synchronization
signal witbah amplitude adjustment sequence value (step S16), 



Finally, the transmitter 10 adds a OP corresponding to the synchronization channel code number to
the  multiplied synchronization signal, and transmits the synchronization signal with the OP (step
31608).'        Then, exemplary operations of the receiver 20 according to this embodiment will be
described in two 5 cases where, the scramble code is Classified or not classified,        First, the case
where the scramble code is not classified will be described with reference to FIG. 29A. The timing
detection circuit 204 detects the symbol 10 and frame timing for the synchronization channel (step
31702).        The timing -detection circuit 204 detects the scramble code (or cell ID) for the common
pilot (step 31704), 15Then, the case where the scramble code. is classified will be described with
reference to FIG. 298.        The timing detection circuit 204 detects the symbol and frame timing for
the synchronization channel (step 31706). 20The timing detection, circuit 204 detects the scramble
code group (or cell ID group) for the synchronization channel (step 31708). 



The timing detection circuit 204 detects the scramble code for the common pilot (step 31710).
For (example, the timing detection circuit 204 detects correlation between reference signals by
conducting integration of the phase difference between the reference sinaisSince the interval
between subcaHrrieTs of the reference signals is large, the scramble code is detected by conducting
integration on the phase difference between the subtarriers.                integration may be performed
on the phase difference code inverted depending on a predetermined ecfamipie code pattern. In this
case, when the scramble  code matches, a greater correlation value can be obtained.      For
example, the tell structure is detected in S-SON, and if the cell structure is a 1 sector structure, the 5
stove-mentioned correlation scheme is used for the detection. As illustrated in FIG. 290, the scramble
code may be detected by performing integration on the phase difference between. Suboerriers in the
same subframe. In 10 addition, as illustrated in dotted lines, the scramble code may be detected by
performing the phase difference between subOarrferS in different subframes.        Also, in the Case
where a inter-aeotor orthogonal pilot is applied, for example, if a 3 sector structure 15 is detected as
a result of detection of the Cell structure in S-SCH, an ortnogdnal pattern is Configured in three
adjacent subcarriers. Thus, the referenre signal for a supposed sector is extracted by performing
coherent addition depending on an orthogonal pilot pattern in the 20 three adjacent subcarriers as
illustrated in FIG. 290. As a result, 01, c2, c9, can be extracted as reference signals. 



Then, for the reference signals cl, 02, O3,the   scramble coda j,s- detected by performing integration
on 25 the phase difference between adjacent blocks depending on the scramble code pattern.
As illustrated in FIG, 290., the reference signal for a supposbd sector may be extracted by performing
the coherent addition in three adjacent SUbcarriers in the 30 Same subfrardepenAing on an
orthogonal pilot pattern. Alternatively, as illustrated in dotted lines, the reference signal for the
supposed sector may be extracted by performin:g the coherent addition in three adjacent subcarriers
in different frames tie pending on an orthogonal pilot pattern.       An exemplary procedure for cell
search willdbe described With reference to FIG. 29E. In the cell search, carrier frequency to be 5
connected, reception timing of a cell to be connected adch as FFT timing and frame timing, and a
scramble code for a cell to be connected are detected.        The receptierLtiming can be detected
even in a guard interval. However, the timing detection accuracy of the 10 cell search in a handover
target may become worse. 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 circuit 204 detects the carrier frequency (step 52S02)        The timing detection circuit 204
detects the reception timing (symbol level) (Step 52504). 20Here, the steps )52502 and 52504 may
be carried out at the same time. In this case, the primary synchronization channel maybe used. Alec,
since an FFT operation has large complexity in a frequency range, temporal operations may be
desirable. Also, the amount of operations can be reduced through preliminary detection based on
correlation detection by the guard interval,        The timing detection circuit 204 detects reception
frame timing (step S.2506). For eXample, if the 



SO synchronization channel is arranged in a single portion in each frame, not only the reception
timing but also a received frame is detected. On the other hand, if the synchronization channel is
arranged in several portions in each frame, the  received frame Must be detected after detection of
the reception timing. The secondary synchronization channel may be used to detect the received
frame. The timing detection bircuit 204 identifies the 5 scramble cods group ;step S2508),        Here,
the steps 22506 and 32508 may be carried out at the same time, In this case, if the synchronization
channel transmission period is a frame period, the frame timing detention may be unnecessary. Also,
the 10 secondary synchronization chanmel may be Used in these operations. Also the operations
may be carried out in a frequency range or in a time range. Then, the scramble code is identified
(step 82510). As the procedure of the cell search, as illustrated 15 in FIG. 2$F, the frequency
synchronization and the symbol timing may be detected, and then the frame timing, the cell ID group
(scramble code group), a sector, the number of transmission antennas, rhe SOH transmission
bandwidth and the OP length may be detected. Subsequently, the 20 cell ID (scramble code group)
and the sector may be detected.        In these operations, the common pilot channel may he used.
Also, the operations may be carried out in a frequency range or in a time range. 25An
exemplary-mapping of the synchronization channel 



between different sectors will be described with reference to FIG. 30,           For example, ifacellto
cover a single base station consists of three sectors, the frame timing may be made 30 uniform
between the sectors. in W-CDMA, the timing is not uniform over the sectors., sob the scramble code
may differ for the different sectore. Thus, the secondary synchronization channel may also not be
transmitted uniformly over the  sec to r s.        In this embodiment, the primary synchronization
channel has u. iform frame timing over different sectors. Since the frame timing is common to the
sectors, the frame 5 timing can be effectively detected without interference
oftheprimarysynchbonization channel for other sectors.       Also, in this embodiment, the Secondary
eynchronizstion channel is defined in each scramble coda group. Thus, the same scramble code- is.
used in a single 10 base station:, and the. same scramble coda group is also identified in a pilot
pattern. Thus, the secondary synchronization channel also has uniform frame timing over different
sectors. This international patent application is based on 15 Japanese Priority Applications No.
2005-174391 filed on June14, 2005, No. 2005-241901 filed on August 23, 2005, No- 2006-010500
filed on January 18, 2006, and No. 2006m077821 filed on March 20, 2006, the entire contents of
which are hereby incorporated by reference. 20 Industrial Applicability         A transmitter, a receiver,
a mobile communication system and a synchronization channel transmission method according to
the present inventiec are applicable to 



25 radio communication systems,  CLAIMS  1. A transmitter, comprising:        a generation unit
configured to generate a frame containing a plurality of OFDM symbols; and        a transmission unit
configured to transmit the frame generated by the generation unit,        wherein the generation unit
arranges a primary synchronization channel for detecting a symbol timing in the OFDM symbol at an
end of the frame, arranges a secondary synchronization channel for detecting a received frame in the
OFDM symbol preceding the OFDM symbol in which the primary synchronization channel is
arranged, arranges cyclic prefixes for the respective plurality of OFDM symbols, and use one or more
of a plurality of predetermined lengths of the cyclic prefixes.  2. The transmitter as claimed in claim 1,
wherein the generation unit uses, for the OFDM symbol for multicast, the cyclic prefix with a length
greater than the cyclic prefix used for the OFDM symbol for unicast.  3. A transmission method,
comprising:        a step of generating a frame containing a plurality of OFDM symbols; and a step of
transmitting the generated frame,        wherein the generation step includes arranging a primary
synchronization channel for detecting a symbol timing in the OFDM symbol at an end of the frame
arranging a secondary synchronization channel for detecting a received frame in the OFDM symbol
preceding the OFDM symbol in which the primary  synchronization channel is arranged, arranging
cyclic prefixes for the respective plurality of OFDM symbols, and using one or more of a plurality of
predetermined lengths of the cyclic prefixes. 4.The transmission method as claimed in claim 3,
wherein the generation step includes using, for the OFDM symbol for multicast, the cyclic prefix with
a length greater than the cyclic prefix used for the OFDM symbol for unicast. 



TRANSMITTER, RECEIVER, MOBILE COMMUNICATION SYSTEM AND SYNCHRONIZATION
CHANNEL ABSTRACT        A transmitter includes an amplitude adjustment unit multiplying an
amplitude adjustment sequence value for 5 adjusting amplitude with a synchronization channel
transmitted from a base station for establishing synchronization with a mobile station, wherein the
amplitude adjustment unit multiplies a sequence value having a periodic autocorrelation
characteristic as the 10 amplitude adjustment sequence value. Fig. 1 



 
65 

CLAIMS 

 

 

1. A transmitter, comprising: 

 a generation unit configured to generate a frame 

containing a plurality of OFDM symbols; and 

 a transmission unit configured to transmit the frame 

generated by the generation unit, 

 wherein the generation unit arranges a primary 

synchronization channel for detecting a symbol timing in the 

OFDM symbol at an end of the frame, arranges a secondary 

synchronization channel for detecting a received frame in the 

OFDM symbol preceding the OFDM symbol in which the primary 

synchronization channel is arranged, arranges cyclic prefixes 

for the respective plurality of OFDM symbols, and use one or 

more of a plurality of predetermined lengths of the cyclic 

prefixes. 

 

 

 

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

generation unit uses, for the OFDM symbol for multicast, the 

cyclic prefix with a length greater than the cyclic prefix used 

for the OFDM symbol for unicast. 

 

 

 

3. A transmission method, comprising: 

 a step of generating a frame containing a plurality of 

OFDM symbols; and 

 a step of transmitting the generated frame, 

 wherein the generation step includes arranging a primary 

synchronization channel for detecting a symbol timing in the 

OFDM symbol at an end of the frame arranging a secondary 

synchronization channel for detecting a received frame in the 

OFDM symbol preceding the OFDM symbol in which the primary 
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synchronization channel is arranged, arranging cyclic prefixes 

for the respective plurality of OFDM symbols, and using one or 

more of a plurality of predetermined lengths of the cyclic 

prefixes. 

 

 

 

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

the generation step includes using, for the OFDM symbol for 

multicast, the cyclic prefix with a length greater than the 

cyclic prefix used for the OFDM symbol for unicast. 
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ABSTRACT 

 

 A transmitter includes an amplitude adjustment unit 

multiplying an amplitude adjustment sequence value for 

adjusting amplitude with a synchronization channel 5 

transmitted from a base station for establishing 

synchronization with a mobile station, wherein the 

amplitude adjustment unit multiplies a sequence value 

having a periodic autocorrelation characteristic as the 

amplitude adjustment sequence value. 10 

 

Fig. 1 

 

83 

TRANSMITTER, RECEIVER, MOBILE COMMUNICATION SYSTEM AND 

SYNCHRONIZATION CHANNEL 

67


