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* TRANSMITTER, TRANSMITTING METHOD,
~ RECEIVER, AND RECEIVING METHOD
- FOR MG-CDMA COMMUNICATION SYSTEM

FIELD OF THE INVENTION

The present invention relates to a transmission technique and a receiving

- technique for a multicarrier CDMA (Code Division Multiple Access) communication

system.

' CROSS-REFERENCE TO RELATED APPLICATIONS |
This application is baéed upon and claims the benefit of priority from the prior
Japanese Patent qulicatio__ns No.2000-337992, filed on November 6th, 2000, and
No0.2001-258451, filed on ,_Augué; 28":&} 2001; the entire contents of which are

incorporated herein by reference.

BACKGROUND OF THE INVENTION

Hereinaftar the terrh "scrambling code” in this specification is equivalent with

~ the term “long code” in the claim.

Multicarrier transmuss:on system such as multlcamer CDMA (Gode Division
Multiple Access) or OFDM (Orthogonal Frequ_ancy, Division Muluplexmg) modulates a

~source information signal with a plurality of subcarriers and inserts guard intervals

(Gls) to modulated signal in order to reduce waveform distortion due to multiple

. delayed-_paths.

FIG. 1 shows a conventional transmitter 1000 for Multicarrier CDMA (refers to |
*MC~-CDMA’, hereinafter) systems. The transniit_ter 1000 provides a plurality of data
channel generation circuit 100. In each data chann_él generation circuit 100, a
transmission data generator 101 ganerates a transmission data sequence. An
éncoder 102 encodes the gen_erated data sequence. A data modulator 103 modulates

the encoded data sequence. The modulated data symbol sequence is multiplexad

- with a pilot by a multiplexer 104. A serial—parall'el converter 105 converts the

multiplexed symbol sequence into a sequence of N/SF symbols allocated along a

frequency a)us

A copier 106 coples each of the sequence of N/SF symbols so that a total

: length of the copies is equal to a period of the short code. A short code generator

107 generates the short code uniquely assngned for each subscriber. The copies
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allocated along the frequency axis are multnbliéd Mth the short code by myltipliers 108,
respectively. o ' o

| A combiner 109 combines the outputs from each data channel generation
circuit 100.1-100.x and outputs N combined signals. The N combined symbols are
respectively' input to other_ multipliers 111. - A scrambling code generator 110
generates a scrambling code (a long code) and outputs to respective muyltipliers 111.
Each mﬁltiplier 111 muitiplies the respective combined signals with the scrambling
code, to provide N symbals scrambled by the scrambling code.

_ An IFFT unit 113 carries out inversé fast Fourier transform to the N combined
symbols and transforms into an orthogonal multicarner signal. - A GI adder 114 inserts
guard intervals to the tf_ansforme_d multicarrier signal. This multicarrier signal is
transmitted as a wireless signal. ' o _'

A recsiver for MC—-CDMA system receives the multicarrier signal transmitted
from the transmitter and removes the Gls from the multicarrier signal. The receiver

_ further carries out FFT (Fast Fourier Transform) to separate the received multicarrier
"~ signal into the N subcarrier components and recovers the ongmal data sequence.
‘Before carrying out FFT, the receiver must detact FFT timing.

To detect the FFT timing, the OFDM employs a technique by using a
correlation characteristic of a guard interval. This technique is disclosed in “A
Simultaneous Estimation of Symbol Synchronization and Frequ_ency Offset of .
Multicarrier Modulation Signals” by Mori, Okada, Hara, Komaki, and Morinaga in IEICE
Technical Reelement RCS95-70, pp. 9-16 (1995-09). Another technique is proposed

~ that transmits a timing detection signal twice, and on a receiver side, detects a

correlation between two symbols. = This technique is _disclosed in “Study on
Synchronization Method for High-Speed Wireless LAN OFDM System” by Onizawa,
Mizoguchi, Kumagai, Takanashi, and Morikura in [EICE Technical Reelement RCS97-

.. 210, pp. 137-142 (1998-01).

In MC-CDMA systems, each subscriber is identified according to a short code
allocated to each subscriber. Therefore, multiple subscribers may simultaneously
carry out communications in the same frequency band.

A mobile communication system employmg the MC—CDMA must employ
scrambhng codes to identify respective base stations. Therefore the receiver for the

‘multicarrier CDMA system must be able to identify a scrambling code as well as to

detect a FFT timing. Accordingly, each mobile station must detect correlations in
connection with all scrambling codes prepared by the system and detect a scrambling
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code related to a signal from a pase station to which the mobile station must be
connected. For flexible allocation of scrambling codes for each base station, the

system must prepare several hundreds of scrambling codes. This raises a problem

“that a mobile station must spend long time to detect a proper scrambling code before

starting communication with a target base station. Studies on the multicarrier CDMA,
however, are mostly related to the evaluation of link levels, and none are related to the

identification of scrambling codes.

SUMMARY OF THE INVENTION

In order to solve the problams. set forth above, an ohject of the present
invention is to pro\)ide a transmission technique and a receiving technique for a mobile
communication system of MC-CDMA using scrambling codes capable of correctly
detecting a specific scrambling code on'a receiver side at high speed.

Another object of the presén_t invention is to provide a signal. receiving
technique_for a mobile communicatidn system of MC-CDMA using scrambling codes
capablé of determining a received timing of a synchronization signal from an optimum
cell by providing plural candidates for an optimum base station.

-In order to accomplish the objects, a first aspect of the present inventionis a’

transmitter of multicarrier signal for a mobile communication system, comprising: a

- data channel generator multiplyirig'a- pturality of transmission data seguences by a

plurality of short codes, respectively; a long code multiplier multiplying the plurality of
transmission data sequences multiplied by the plurality of the short codes by a

common long code, respectively; a synchronization signal generator multiplying a

transmission data sequence for synchronization signal only by a spreading code for

synchronization signal; and a transmission slement transmitting, by using a plurality of
subcarriers,.the transmission data sequenées doubly multiplied by the short cods and
the long code, and transmitting the synchroni_zatidn _signal multiplied only by the
spreading code for synchronization signal. ' -

A second aspect of the present invention is a multicarrier signal transmission

method for a mobile communication system, comprising: transmitting, by using a -

pl_urality of subcarriers, a data sequence doﬁbly- multiplied by a short code and a long
cods;- and transmitting, by using one for a plurality of subcarriers, a synchronization -
5|gnal muitnphed only by a spreading ¢ode for synchromzat:on signal, |

A third aspect of the present invention is a receiver of multicarrier signal for a
mobile communication system, the system transmits, by using a plurality of
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subcarriers, a data sequence doubly multiplied by a short code and a long code chosen
from a long code group, comprising: a receiving element receiving the multicarrier
signal containing the subcarriers, at least one of which a synchronization signal is
transmitted therein, multiplied only by a sbreading code for synchromization signal; a
correlator detecting correlation vélues between the received multicarrier signal and a
synchronizatidn signal replica; ahd a timing detector detecting an FFT timing and a
recawed timing of long code according to the correlatwn values

' A fourth aspect of the present mventuon is a receiver of multncamer sugnal for
a mobile communication System, the system transmits, by using a plurality of
subcarriers, a data séquence doubly multiplied by a short code and a long code chosen

‘from a long code group. comprising. a receiving element receiving the multicarrier
signal containing the subcarriers, at least one of which a synchronization signal is

transmitted therein, multiplied only by a spreading code for synchronization signal; a

first correlator detecting cbr’r’elation values between the received mulficarrier signal

and synchronization signal replicas; a timing detector detecting an FFT timing and a

received timing of long code according to the carrelation values; an FFT unit carr&ing

out FFT at the detected FFT timing, to separate the received multicarrier signal into a

plurality of subcarrier components; a second correlator detecting, at the detected

received timing of long code, correlation values between the subcarrier combonents

and a plurality of replicas of data sequence doubly multiplied by a short code and each

long code chosen from a long code group; a code detector detecting, according to the -
detected correlation values, a long code that is scrambling the received multicarrier -
signal; .an_d a demodulation circuit demodulating the data sequence from the received
multicarrier signal by using the received timing of long code and the long cods.

A fifth aspect of the present invention is a recsiver of mu_ltiéarrier signal for a
mobile ~ communication systerh, the system transmits, by using .3 plurality of
subcarriers, a data sequence doubly multiplied by a short coda and a long code chosen
from a long code group, 'comprising: a reéeiving element raceiving the multicarrier
signal containing the subcarriérs . @t least one of which a synchronization signal is
transmitted therein, _multipl'ied only by'a, spfeading code for synchronization signal: a
subcarrier Sebarator carrying out FFT operations at a pluraiity of FFT timing
candidates to separate the received multicarrier signal into a pIurality of subc'arrier.

' components- a correlator datetting' cdrfelation- values 'between the subcarrier

components that carry the synchromzat-on signal and a synchronization signal replica;
and a timing detector dutectmg a received timing of Iong code and an FFT ummg
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according to the correlation values.

A sixth aspect of the present invention is a receiver of multicarrier signal for a
mobile' communication system, the system ‘transmits, by using a plurality of
subcarriers, a data sequence doubly multiplied by a short__coda and a long code chosen
from a long code group, comprising: a receiving element receiving the muiticarrier
signal containing the subcarriers , at least one of which a synchronization signal is
transmitted therein, multiplied only by a spreading code for synchronization signal; a
subcarrier separator carrying out FFT operation's at a plurality of FFT timing
candidates to separate the received. multic_arr’ier_ signal into a plurality of subcarrier
comp\onants: a first corrslator detecﬁng correlation values between the subcarrier:
components that carry the synchronization signal and a synchronizaﬁon signal replica;
a timing s detecting a received timing of long code and an FFT timing according to the
correlation values; an FFT unit carrying out FFT opefation at the detected FFT timing
to separate the received multicarrier'signa! into-a plurality of subcarrier components; a
second corralator detecting, at the detected received timing of long code, correlation

values between the subcarrier components and a plurality of raplacas of data sequence

‘doubly multiplied by a short cede and each long code chosen from a long code group; a

code detector detecting. according to the detected correlation values, a long code that

'is scrambling the received multicarrier'signal- and a demodulation circuit demodulating

the data sequence from the recesved multicarrier 5|gnal by usmg the recewed timing of

: Iong code and the long code.

A seventh aspect of the present invention is a raceiver of multicarrier signal
for a mobile communication system, the system transmits, by using a plurality of

subcarriers, a data sequence doubly multiplied by a short code and a long code chosen

from a long code group, comprising ‘a receiving element receiving the multicarrier -
- signal containing the _subcarriers_ . at_least one of which a synchronization signal is

transmitted thersin, multiplied only by a spreading code for synchronization s'igr_lal:'a
subcarrier separator 'sapa'rating the received multicarrier signal into a piurélity of
subcarrier components; a correlator detecting correlation values between the
subcarrier components that carry the synchronization signal and synchrbnization :
signal replica; and a _timing detector datecting a received timing of long code according

~ to the correlation values.

A eighth aspect of the present invention is a receiver of multicarrier signal for _
a mobile communication system, the system transmits, by using a plurality of

subcarriers, a data sequence doubly multiplied by a short code and a long code chosen
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from a long code group, comprising a receiving element receiving the multicarrier
signal containing the subcarriers , at least one of which a synchronization signal is
transmitted therein, multiplied only by a spreading code for synchronization signal; a

subcarrier separator separating the received multicarrier signal into a plurality of

~ subcarrier compoenents; a first correlator detecting correlation values between the

subcarrier components that carry the synchronization signal and a synchronization
signal replica;"én’d a timing detector detecting a received timing of long code aceording

to the correlation values; a second correlator detecting, at the detected received.

'timing of long code, correlation values between the subcarrier components and a

plurality of feplic_as of data sequence doubly multiplied by a short code-and each long
code chosen from a long code group; a code detector dstecting, according to the
detected correlation values, 'a..|ong code that is scrambling the received multicarrier
signal; and a demodulation circuit d_erhodulating'a' data sequence from the received
multicarrier signal by using the received timirig of long code and the long eode. '
- Aninth aspect of the present invention is a r_eceiVer of multicarrier signal for a
mobile communication system, the system__.tran'smits, by using a plurality of -
eubcarriers. a data sequence doubly.'-mul_tiplie'd by'a short code and a long cod'e:'chosen
from a long code group, comprising: a receiving elehent recei\)ing the multicarrier
signal containing the subcarriers , at least one of which a synchronization signal is
transmitted therein, multiplied only by a spreading code for synchronization signal: a
subcarrier separator carrying out FFT operations at a plurality of FFT timing
candidates to separate the receuved multncamer signal inta plural groups each of which :

contams a plurality of subcarner components a f‘ rst correlator detectmg correlataon'

3 values between the subearrier components that carry the synchromzatnon slgnal and a

synchromzatmn s:gnat repllca for each groups of subcarners a timing detector_

: detectmg a plurality of received timing candidates of a long code; a second correlator

. detecting, at each received timing candndate of the long code, correlation values

between the subcarrier components and a pluraiity of replncas of data sequence doubly

multiplied by a short code and each long code chosen from a long code group; a code R
_candidate detector detecting, according to the detected correlation values, a plurality
" of candidates of long code for scramblmg a multicarrier signal; a timing and code .

~ detector detecting a received tummg of long code among the recsived timing

cand-dates and detectmg a long ‘code ‘among the candidates of long code. and a
demodulation circuit demodulating the data sequence from the received multicarrier '
signal by using the recelved tammg of Iong code and the long code
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_ A tenth aspect of the present mventnon is a receiver of multicarrier signal for
a mobile communication system, the system transm:ts by using a plurality of
subcarriers, a data sequence doubly multiplied by a short code and a long code chosen
from a long code group, 'comprising_a receiving element _rgceiving the multicarrier
signal containing the subcarriers , at least one of which a synchronization signal is
transmitted therein, multiplied only by a spreading code for synchronization signal: an
FFT timing detector detecting a correlation for a guard interval of the received

multicarrier signal, to detect an FFT timing; a subcarrier separator carrying out FFT at

the detected FFT timing to separate the received muiticarrier s:gnal into a plurality of

subcarrier components; a carrelator detecting correlation values bstween subcarriers

that carry a synchroni'zation signal anﬁong the saparated subcarr-iers and a

synchronization signal replica; and a timing detector detscting a received timing of long

code according to the carrelation values.

A eleventh aspect of the present invention is a receiver of multicarrier signal
for a mobile communication system, the system transmits, by using a plurality of
subcarriers, a data sequence doubly multiplied by a short code and a long code chosen

from a long code group. comprising: a receiving element receiving the multicarrier

-signal containing the subcarriers , at least one of which a synchronization signal is

transmitted therein, multiplied only by a spréading code for synchronization signal; an
FFT timing detector detecting a correlation for a guard interval of the received

_ multicarrier signal, to detect an FFT timing; a subcarrier separator carrying out FFT at

the detected FFT timing to separate the received multicarrier signal into a plurality of
subcarrier components; a f rst correlator detecting correlation values between

" subcarriers that carry a synchromzatuon s-gnal among the separated subcamers and a

5ynchromzatnon signal raplica, a timing detector detecting a received timing of long
code accordlng to. the correlation values; a second correlator detecting, at the
detected received tlming of long code, correiation values between the subcarrier

_ components and a plurality of repl-cas of data sequence doubly multiplied by a short

code and each long code chasen from a long code group: a code detector detectmg.
according to the detected corralatuon values, a long code that is scrambling the

. received multicarner signal, and & demodulation circuit demodulatmg the data

36

sequence from the received muiticarrier signal by using the received timing of long

" code and the long code.

A twelfth aépeg:t of the present invention’ is a -multicarrief signal receiving
method for a mobile communication system, the system transmits, by using a plurality
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of subcarriers, a data sequence doubly muitiplied by a short code and a long code
chosen from é long code group, comprising: a receiving step of receiving the
multicarrier signal containing the subcarriers , at least one of which a synchronization
signal is transmitted therein, muitiplied only by a spreading code for synchronization
signal; a correlation detection ‘step of detecting correlation values between the
raceived mﬁlticarriék signal and synchronization signal replicas; and a timing detection
step of detecting an FFT timing and a received timing of long code according to the
correlation values. _ '
According to a thirteenth aspect of the present invention, a methdd as in the
twelfth aspect of the present invention further comprises: a separation step of
carrying out FFT at the detected FFT timing, to separate the received multicarrier
signal into a plurality of subcarrier ‘components;. a correlation detection step of .
detecting, at the detected received timing of long code, correlation values between the
subcarrier components and a plurality of replicas of data sequence doubly multiplied by

" a short code and each long code chosen from a long code group; and a code detection

step of detecting, according to the detected correlation values, a long code that is

-scrambling the received multicarrier signal.

A fourteenth aspect of the present invention is a multicarrier signal receiving

" method for a mobile communication system, the system transmits, by using a plurality
"of subcarriers, a data sequence doubly multiplied by a short code and a long code

chosen from a long code group, comprising: a receiving step of receiving the
multicarrier signal containing the subcarriers , at least one of which a sync_:hronization :
signal is transmitted therein, multiplied only by a spreading code fér synchronization
signal; a separation step of separating the received multicarrier signal into a plurality of

‘'subcarrier components; a correlation detection step of detecting correlatnon values

between the subcarrier components that carry the synchronization signal and a

synchronization signal replica; and a timing detection step of detecting a received

timing of Iori’g code according to the correlation values.

A ﬂfteenth aspect of the present mventnon is a multicarnier signal’ recewung
method for a mobile communication system. the system transmits, by usmg a plural;ty _
of subcarriers, a data sequence doubly multiplied by a short code and a long code
chosen from a .Iong.: code group, compﬁsinz. a receiving step of receiving the
multicarrier signal containing the subcarriers , at least one of which a synchronization

signal is transmitted therein, multiplied only by a spreading code for synchronization:

signal; a separation step of carrying out FFT on the received multicarrier signal ata
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plurality of FFT timing candidates, to separate the received multicarrier signal into a

" plurality of subcarrier components for each FFT timing candidate; a first correlation

detection step of detecting correlation values between the subcarrier components that

carry the synchromzatnon signal and a synchronization signal replica; a t-mmg detection

~ step of detecting a received timing of long code according to the correlation values; a

second correlation detection step of detecting, at the detected.received timing of long

" code, correlation values between the subcarrier components and a plurality of replicas

of data sequence doubly multiplied by a short code and each long code chosen from a

" long code group; and a timing and code detection step of detecting an FFT timing, a

received timing of long code, and the long code that is ‘scrambling the  received
multicarrier signal according to the detected corralation values for each of the FFT
tummg candidates in the second correlation detection step.’ '

A sixteenth aspect of the present invention 1s a multicarrier signal receiving
method for a mobile communication system, the system transmits, by using a plurality

of subcamers a data sequence doubly multiplied by a short code and a long code

chosen from along code group, comprising: an FFT timing detection step of detecting . -

a correlation for a guard interval of a received multicarrier signal, to detect an FFT

' timing; a separation step of carrying out FFT at the FFT timing, to separate the
received . multicarrier signal inte a plurality of subcarrier components; a correlation

detection step of detecﬁh_g correlation values between subcarriers that carry a
synchronization signal among the sepafated subcarriers and a synchronization signal
replica; and a timing detection step' of detecting a received timing of long code

_ aceordmg to the.correlation values.

According to a seventeenth aspect of the present invention, a method as in

. the sixteenth aspect of the present invention -further comprises: a correlation
‘detection step of detecting, at the detected received timing of long cods, correlation

values bstween the subcarrier cdmpqnents' a_nd the data sequence doubly multiplied by
the short code and the long code chosen from the long code group; and a code
detection step of detecting, according to the detected corralatlon values, a long code
that is scrambling the received multicarrier signal.

_ ‘A eighteenth aspect of the present invention is a recalver of multicarrier
s:gnal for a mobile commumcatuon system, the Systern transmnts by usmg a piurahty of

" subcarriers, a data sequence doubly multiplied by a short code and a long code chosen . .

_ from a long code group. compnsmg ‘a recewmg element recemng the multicarrier

signal contammg the subcamers at Ieast one of thCh a synchromzatson signal is
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trénsmitted therein, multiplied only by a spreading code for synchronization signal: and
an FFT timing dstector detecting a plurality of FFT timing candidates according to a
correlation characteristic of a guard interval contained in the re_ceived multicarrier

signal; wherein the FFT timing detector comprises: a muitiplier multiplying the received

multicarrier signal by a delayed signal by one symbol length of the received multicarrier

‘signal, to provide a product; an integrator integrating the pfoduct ‘over one guard

interval at every guard interval, to provide a plurality of correlation values; a first
memory. storing the corrsiation values and corresponding. timings thereto; a second
memory Storing a: plurality of FFT timing candidates consecutively given; a search
range sétter setting search ranges for 'respective FFT tming candidates according to
the corvelation values in the first memory and the FFT timing candidatss in the second
memory; and a timing detector firstly selecting a maximum correlation value and a
corresponding timing from the values in the first memory as an FFT timing candidate

‘#1 and storing the FFT timing candidate #1 in the second memory, subsequently

making the search rang setter set a new search range according to the values stored -
in the first memory and the FFT timing candidate previously stored in the second
memory, selecting a maximum correlation value and a corresponding timing from the
values within the search range previously set as an FFT timing candidate #2 and
storing the FFT timing candidate #2 in the second memory, and repeating the same

~ operations of setting a new search range and selecting an FFT timing candidate of

next numbér until detecting a predetermined number of F FT timing candidates.
According to a nineteenth aspect of the presernt invention, a receiver as in the
eighteenth aspect of the present invention, further comprises: a plurality of FFT units,
each of which carries out FFT operations to the received multicarrier signal at each of
detected plural FFT timing candidates to separate the received rriultica_rrier signal into

~a plurality of subcarrier’ components; a plurality of first correlators, each of which

detects correlation values bstween the subcarrier components that carry the
synchronization signal and a synchronization signal replica for each groups of
subcarriers; a plurality of timing .de_te'cfors. each of which detects a plurality of
raceived timing candidates of long code; a plurality of second correlators, each of
which detects, at each received iiming candidate of long code, correlation values
between the subcarrier components and a plurality of repiicas of data sequence doubly
mﬁltiplied by a short code and each long code chosen from a long code group; a
plurality of code candidate detectors, each of which detects, according to the
detected correlation values, a plurality of cénd:dates of long code for scrambling a
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multicarrier SEgnal; a timing and_code detector detecting a received timing of Ieng code
among the received timing candidates and detecting a long code among the candidates
.of long code; and a demodulation circuit dernodulatmg the data sequence frorn the
received multicarrier signal by using the received timing of long code a_nd the long
code. - : _ | _

_ According to a twent:eth aspect of the present invention, a receiver as m the '
eighteenth aspect of the present invention, further comprises: a plurality of first FFT
units, each of which carries out FFT operations to the received multlcamer sugnal at
each of detected plural FFT timing candndates to separate the recewed multicarrier
signal into a plurahty of subcamer components. a plurality of first correlators each of
which detects correlation values' between the subcarrier components that. carry the
synchronization signal and a Synchromzatwn signal replu:a for each group of
subcarriers; a timing detector deteetmg a received timing of long code and an FFT
timing according to the correlatlon values; a second FFT unit carrying 0ut FFT

. operatnon at the detected FFT timing to the recenved mult!carner signal to separate a

plurality of subcarriers; a second correlator detecting, at the received timing of long
code, correlation values between the subcamer components and a replica of data
sequence. doubly multlplled by a short code and each long code chosen from a long
code group; a code detector detectmg, according to the deteeted correlation values, a

long code for scrambling a multlcamer signal; and a demodulatlon circuit demodulating

‘the data sequence from the received mult|camer s:gnal by using the recewed tnmmg of

long code and the long code.

A twenty first aspect of the present invention is a muthcamer signal’ recelvmg_

- method for a mobile communication systern, the system transmits, by using a plurality

25

30
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‘of subcarriers. a data sequence doubly multiplied by a short code and a long code
‘chosen from a long code group, comprising: an FFT timing detection step of detecting

a plurality of FFT timing candidates according to a correlation characteristic of a guard

' interval contained in a received multicarrier signal.

According a twenty second aspect of the present invention, a method as in

| the twenty first aspect of the present'invention, further comprises: a step of setting

addi;ional FFT timing candi’d'ate_s_béfore and behind each of the determined FFT timing -
candidates. ' '

" According a twenty third aspect of the present invention, a method as in the

' twenty first aspect of the present invention furi:h,e_r comprises: a step of carrying out

FFT at a plurality of the FFT _timing candidates, to separate the received muiticarrier

.._._.-- 11 o l'
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signal into a plurality of subcarrier components; a step of detecting correlation values

‘between subcarriers that ‘carry é'synchronization signal among the separated

subcarriers and a synchronization signal replica; a step of detecting one or a plurality
of received timing candidates of the long code according to the detected correlation

" values; a step of detecting, at respective timings of the ‘detected received timihg

candidates of the long code, carrelation values betwesn the subcarrier components -

" and a plurality of replicas of data sequence doubly multiplied by each long code cho_sén
from a long code group and a short code; and a step of detecting an FFT timing, a

received timing of long code, and a long code that is _scrarhblin_g the received
multicarrier signal according to the detected correlation values. | '

A twenty fourth: aspect of the present invention is a multucarner signal
receiving method for a mobile commumcatlon system, the system transmits, by using a
plurality of subcarriers, a data sequence doubly muitiplied by a short code and a long
code chosen from a long code grbup, COMPrising: detect_ing correlation values between
the subcarrier components separated from a réceive_d multicarrier signal and a plurality
of replicas of data sequence doubly.multiplied by each long c_odé chosen from a long.

~ code group and a short cod_a', by: integrating the product coherently over Navg symbols

along a time axis for each subcarrier, where Navg is an integer equal to or larger than
1; accumulating coherently the integrated value of each subcarrier for Ncs consecutive

‘subcarriers along a frequency axis, where Ncs is an integer satisfying 1<=Ncs<=N, and
N is the number of the subcarriers; and detecting averaged correlation values by

averaging Nps accumulated value of every Ncs subcarriers by squared form along the

- frequency axis, wherein Nps is an integer satisfying 1<=Nps<=Nc/Ncs.

** BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a block diagram of a transmitter f0r a mobnle commumcat:on

system of MC—CDMA accordmg toa pnor art;.

Figures 2A and 2B respectwely show a scramblmg code _pattern according to
the prior art; _ _ N o _
' Figure 3.is a block diagram of a first. embodiment df_a transmitter for a mobile
communication system of MC-CDMA according to the present invention;

Figures 4A émd 4B. respedtively shaw an example of a synchronization si‘g'nall
structure accordmg to the f' ret embodlment, o o

Figures SA and 5B respectlvely show another example of the synchromzatuon
signal structure according to the first embodiment; '
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Figures 6A, 68 and 6C respectively show a another example of the
synchronization signal structure according to the first embodiment,
' Figure 7A shows a another example of the synchronization signal structure

- according to the first embodiment of the present invention;

_ Figure 7B is a detection method by correlation property of synehronization
signals to be detected by a receiver; = .
Figure 8 |s a bloch diagram of a second embodnment of a transmitter for a
mobile commumcatuon system of MC—CDMA according to the present invention;
Figures 9A and 9B respectively show an’ example of a synchronization S|gnal
structure accordmg to the second embodiment;
Figure 10 is a block duagram of a third. embodnment of a receiver for a mobile
communication system of MC-CDMA according to the present invention; '
_ Figure 11 shows a precise block diagram of a received timing detector of -
scrambling code and a scrambling code identification circuit employed by the third
embodiment of the receiver; , T _ |
Figure 12 shows a precise block duagram of a demodulat:on circuit employed
by the third embodiment of the recsiver; _ .
Figure 13 is a ﬂowchart showing a processing method for a received
multicarrier S|gnal carried out by the third embodiment of the receiver: |
Figure 14 is a block diagram of a fourth embod:ment of a receiver for a mobxle
communication system of MC-CDMA according to the present invention;
Fugure 15 is a flowchart showing a processing method for a received
multicarrier signal carried out by the fourth embodiment of the receiver; _
~ Figure 16 is a block diagram of a fifth embodiment of a receiver for a mobile
communacatson system of MG—-GDMA accordmg to the present invention;
anure 17 is a flowchart showing a processing method for a recelvad
mult:camer signal carried out by the fifth embodiment of the recewer'

F"gure 18 is a block diagram of a sixth embadiment of a receiver for a mobile

'commumcatuon system of MC—CDMA according to the present mventuon,

Figure 19 is a ﬂowchart showing a processmg method for a recelved_

" multicarrier signal camed out by the sixth embodiment of the receiver:;

Figure 20 is a block dnagram of a seventh embodiment of a recenver for a -
mobile commumcatuon system of MC—CDMA accordmg to the present invantion;

' anure 21 is a flowchart showmg a processmg method for a recelved

multicarrier signal carried out by the seventh embodiment of the receiver:

- 13 -.-



10

.15

20

.25

30

35

Figure 22 shdws' an -ordinary processing method for a received multicarrier

'sngnal to detect a FFT timing;

Figure 23 is an explanatory view showmg the ordinary processing method for
the received multicarrier signal to detect a FFT timing:
Figure 24 is a diagram showing an example of a sequence of corral_ation values
detected by the ordinary processing method shown in figures 22 and 23;
' .Figuré 25 is a block diagram. of an' eighth embodiment of a receiver for a
mobile communication system of MC-CDMA according to the present invention; |
Figure 26 is a flowchart showing a processing method for detecting FFT timing
candidates from a received multicarrier s:gnal carried out by the elghth embodiment of

the recelver

Figure 27 is an explanatory view showing exclusion windows and FFI' tming
candidates according to the eighth embodiment: _
Figure 28 is a flowchart showmg a processing method for a received

multucamer signal carried out by the seventh embodiment of the receiver;

Figure 29 is an explanatory view s_h0wmg another exclusion windows and FFT
timing candidates according to the eighth embodiment; _

Figure 30 is an explanatory view showing another exclusion windows and FFT
timing candidates according to the eighth embodiment;

Figure 31 is an explanatory view showing another e'xclusion windows and' FFT
timing candidates according to the eighth embodiment;

Flgure 32 is an explanatory view showing another exclus.on wmdows and FFT

- timing candldates according to the aighth embodsment

F:gure 33is an explanatory view showing another exclusion wmd¢ws and FFT
timing candidates according to the sighth embodiment; - _

Fgﬁre 34 is an explanatcry view showing another sxclusion windows and FFT
tlmmg cand|dates accordmg to the eighth embodiment;

Figure 35 is an explanatory view showing another exclusnon windows and FFT
timing candldates according to the eighth embodiment;

| Figure 36 is a block diagram of a ninth .embodiment of a receiver for a mobile

communication System of MC-CDMA according to the present invention;

Figure 37 is a flowchart showing a processing method for a recejved
multucarner signal carried out by the seventh embodiment of the recejver; '

Figure 38 is an explanatory view showing a correlation detection method. of a
long code carried out by a rec’éiyr according to the present invention;
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Figure 39is an explanatory view showing another correlation detection method
of a long code carried out by a receiver according to the present invention;

Figure 40 ie an explanatory view showing another correlation detection method

~ of a long code carried out by a receiver.eccording to the present invention; and

- Figure 41 is an explanatory view showing another corrslation detection method

of a long code carried out by a receiver according to the present invention. '

DETAILED DESCRIPTION OF THE INVENTION

Embodiments of the present invention will be explained in detail with reference

to the accompanying drawmgs

FIGs. 2A and 2B respect-vely show an example of an ordinary scrambling code '

| pattern of an MC—CDMA transmission system. A scrambling code, which is referred

to as a long code in the claims, has specific patterns along both fraquency and time
axes dependmg on a base station to which the s¢rambling code is allocated. FIG 2A
shows an_example of using a long code, a chip length of which is I_onger than the
number of subcarriers. FIG. 2B shows an example of using a long code, a chip length
of 'which is equal to the number of subcarriers and which is consecutively shifted by
one symbol along a frequency axis. | - o

_ FIG. 3 shows. a first embod-ment of a transmitter for an MC—-CDMA' _
communication system.. The transm:tter 10.1 is accommodated in each base station _

' transmutnng wweless multscamer sngnal The ‘transmitter 10.1 provides multiple data

channel generation circuits 100 1-1 00.x. In each data channel generation circuit 100,
an encoder 102 encodes a. transm:ss:on ‘data sequence from a transm:ssnon data
generator 101. The encoded data sequcnce from the encoder 102 is modulated by a
data modulator 103 and muitiplexed by a muitiplexer 104 with a pilot symbol.

A serial—parallel converter 105 carries out senal—parallel conversion to the

serial data sequence and outputs a sequence of N/SF symbols allocated along a

o frequency axis. A copier 106 copies each of the sequence of N/SF symbols so that a

total Iength of the copies is equal to a length of a short code. ‘This sequence length
is equivalent with a period of the short code. ' .
A short code generator 107 generates the short code. The copies allocated

' along the frequency axis are multuphed W|th the short code by multlphers 108
_ respectlvely

A first combmer 109 combmes every muitiplied s-gnals of the same channel
from each data channel generat:on circuit 100 1-100.x and outputs N combmed
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'symbols. The. N combine'd symbois are respectively input to another muitipliers 111
A scrambling code generator 110 generates a scrambling . cade and outputs to
respective multipliers 111. Each muitiplier 111 muitiplies the respective combined
symbols with the scrambling code along the freqﬁency axis.

By a second combiner 112, the N multiplied symbols with the scrambling code

_(long code) from the respective muitipliers 111 are additionally combined with a

synchronization signal from a synchronization signal generation circuit 120.1.  An IFFT

~ unit 113 carries out inverse fast Fourier transform to the N symbols and transforms
_into an orthogonal ‘multicarrier signal A Gl adder 114 inserts guard intervals to the

transformed multicarrier s;gnal. Thus multscarner signal is transmntted inta the air as a
wireless signal. | ' '

The generatnon of the synchronlzatnon s:gnal by the circuit 120.1 will be

" explained. A synchronization s;gnal_ data’ sequence D1 is usually common to all base

stations and may consist of all s sequence. A data generator 121 generates this

synchronization signal data sequence D_T and a data modulator 122 modulates the

synchronization signal data sequence D1. The modulated data sequence is multiplied

with a spraading code for synchronization signal C1 by a multiplier 124 to provide a
synchronization signal St for the second combiner112. The spreading code for
- synchronization signal C1 is that of generated by a synchronization signal generator o

123. _

A transniission .m'ethod of multicarrier signal 'cénid- out by the multicarrier
signal transmitter 10.1 sthvn"in FIG. 3 willl be -'exDléined._ FIG. 4A shows a first
ekample of synchroniiation 'isignaI'Sl cdr\tinuouély" transmitted along a time axi.s on a
plurality of sabcamers and FIG 4B shows the synchronization sugnal S1 continuously

transmitted along a t;me ax|s on a single subcarrier. The Synchromzauon signal S1 is '

output from the synchromzatnon signal generat:on circuit. 120.1 shown in FlG 3. The

‘synchronization ‘signal S1 is yielded thrOugh ‘multiplication of the spreadmg code for.-_

synchromzat:on slgnal C1 with the synchromzatlon data sequence D1.
~In the transmitter 101 the second combiner 1121 contmuously combines the

“synchronization signal S1 with a smgle or multnple spec;ﬁc subcarrier(s) along the time

axis. The IFFT unit 113 carries out the inversa fast Fourier transform to the
combined signals from the second combiner 112.1 and transforms them into the

multicarrier signal, and the Gl adder 114 inserts the guard 'interVaIs of a fixed period t6

the multicarrier signal from the IFFT unit 113 on every FFT timings. _
FIG. 5A shows a third example of a synchromzanon signal Structure
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 transmitted by the transmntter 10.1 shown in FIG. 3. The Synchromzat:on signal

structure shown in FIG. BA also transmnts a synchronization signal S2 along the time

-axis on a single subcarrier. The synchronization signal S2 generated by the

~ synchronization signal generation circuit 120.1 has a specific pattern along a tima axis.

A pattern length of the synchromzation signal S2 is equal to an iteration penod of

‘scramble pattern 7. The specific pattern is realizable by a scramble code pattern

 for the synchronization signal. Accordingly, for a recewer detectmg a received timing

of the synch'ronizatidn signal SZ results in detecting a received timing of multiplication
start timing of the scrambling code. ' _ _ _
FIG. 58 shows a fourth example of a synchromzatuon signal structure °

transmitted by the transmitter 101 shown in FIG. 3.. The data frame transmits a
* synchronization signal S3 along the time axis. The synchronization signal S3 from the

Synchromzatlon signal generation circuit 120.1 also has a specific pattern along the

~ time axis. A period of the synchronization signal S3 is equal to a half of the iteration
" period of: scramble pattern T. For a receiver, detecting a received timing of the
' synchromzatmn signal S3 reSults in confining a received timing of multiplication start

timing of a scrambling code to be detected within a limited interval.

'FIGs. 6A to 6C show a fifth exampte of a synchronization s:gnal structure
transm:tted by the transmitter 10.1 shown in FIG. 3. in which FIG 6A shows a
synchronization signal S4 simultaneously transmitted in a burst manner on a plurality
of subcarriers, FIG. 6B shows a synchronization signal S4 transmitted in a burst _

manner on a single subcarrier, and FIG. 6C shows a synchronization signal S4
_ s:multaneOusiy transmltted |n a burst manner on all 3ubcarners

FIG. 7A shows a s;xth example of a Synchromzatlon sugnal structure

transmntted by the transmitter 10.1 shown in FIG. 3 A synchronization signal S5 is

transmntted in a burst manner on multiple subcarners at different timings.
Accordingly, as shown in FIG. 7B, for a receiver, detectmg multiple. subcamers in which
the synchronization signals S5 are. transmitted and each received timing thereof

resr_.nlts in detecting a received tinii'ng'of multiplication start timing of the scrambling

code.

A second embodiment of a multicarrier _signai transmitter for an MC-CDMA
system will be explained. - In FIG. 8 showing a transmitter of multicarrier signal 10.2 of

the second embodiment, blocks gwen the common numerals with the biocks shown in '

FIG3 are identical. A feature of the multicarrier signal transmitter of the second
embodiment is that a synchromzatmn signal generation circuit 120.2_ provides a serial—
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parallel converter 125.
A data generator 121 generates a data sequence D1. The data sequence D1

is usually common to all base stations and may consist -of all . 1" sequence. The

- synchronization signal data sequence D1 is modulatad by a data modulator 122, and
" the modulated data sequence is converted by a senal—parallel converter 125 into N

symbols along a frequency axis. Multipliers- 126 respectively multiply, along the
frequency axis, the N symbols with a scrambling code for synchronization signal C1
that is generated by a synchronization signal generator 123. “The multipliers 126
output N parallel synchronization symbols 36 to a second combiner 112.2.

The second combiner 112.2 combines the N symbols of synchromzatnon'

' s|gnals S6 with the N subcarriers at a specn" c timing. To make a transmit timing of

the synchromzahon signal md:cate a scrambhng code transmit timing like FIGs. 9A and
98. each synchronization signal S6 is transmntted in synchromzatmn with the

: scramblmg code transmit timing.

In a transmission method of multi'carrier signal shown in FIGs. 9A and 9B, a
transmitter of multicarrier s:gnal 10 2 slmultaneously transmits a synchronization S|gnal .
S6 in a burst manner_-on all subcarriers. In FIG. 9A, a start timing of a scrambling
code pattern coincides with a transmit timing of the. Synchro_mzanon signal S6.

- Accordingly, for a receiver, datécting the'recaived timing of the synchroni'zation signal

S6 resuits m detectmg the received tnmmg of multiplication start timing of the

_ scramblmg code. In FIG. 9B, a. synchromzatnon sngnal S6 is transmitted twu:e wrthm h

an iteration period of ‘scramble pattern 7. Namely, an interval between

_'s'ynchronization signal transmit timings is equal to a half -of the iteration period of
_scramble pattern T. Accordingly, for a recaiver. detecting the received timing of

synchronization .signal results in confining a received timing of multiplication start

timing of a scréinbling' code to be detected within a limited interval.

A third embodiment of a receiver for MC-CDMA transmission system will be

_explained referring to FIGs. 10=12. - A receiver for MC-CDMA transmission system
*20.1 comprises an antenna for multicarrier wireless signal 199, a detector of scrambling
-code received tumung 200.1, a GI remover 208, an FFT unit 209, a scrambling code

identification circuit 2101 and’ a demodu!auon circuit 300. The dstector of scrambling

code received timing 200.1 inputs the mul_tuca_rner signal received by the antenna 199

and detects a scrambling code received timing and an FFT timing. The Gl remover .
208 removes guard intervals from the multicarrier signal according to the detected
FFT timing. The FFT unit 209 carries out fast Fourier transforms to the multicarrier .
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sighal and separates to N subcarrier compdnents. The scrambling code identification
circuit 210.1 having an inner configuration as shown in FIG. 11"identiﬂ:es a scramhbling’
code that is multiplied on the multicarrier signal received by t.hé éntenna 199. The
demodulation circuit 300 having an inner 'conﬁg_uration as shown in FIG. 12

demodulates the received multicarrier signal. to an original data sequence by using the

: recaived timing of scramblihg code. from the detector of scrambling code received -

timing 200.1 and the scramblmg code from the scrambling code detector 21 0.1.

As prac-sely shown in FIG. 11, the detector of scrambling code received timing
200.1 inputs a muiticarrier signal received by the antenna 139 to a correlator 201. A
generator of synchronization signal replica 202 generates synchromzatuon sngnall
replicas, which are supplied to the correlator 201. The corralator 201 detects

~ correlation values between the recéived_ multicarrier s:gnal and the replicas of

synchroriization signal.. Each correlation value having a peak and a corresponding

~ timing are stored in a correlation/timing memory 203. A timing detector 204 selects a

maximum .correlation value and a corresponding timing from the values stored in the

" corralation/timing memory 203. The selected timing is stored as a received timing of

scrambling code in a memory 205. The received timing of scrambling code is used to
calculate an FFT timing, which is alse stored in the memory 206. The memory 205
provides the FFT timing to the Gl remover 208 and the received tith_ihg of scrambling
code to the scrémbling code identification circuit 210 and the demadulation circuit 300.

After the detection of the scrambling code recewed timing by the dstector of
scramblmg code received timing 200.1, the memory 205 provides the FFT timing to  the
Gl remover 208. The Gl remover 208 uses the FFT timing to remove the guard
intervals from the received multicarrier signal. Tha GH’ree multicarrier signal is input
to the FFT unit 209, which separates the signal i into N subcamer components

The scrambling code identification circuit 210.1 sets to each correlator 212
each'of phases of scrambling code replicas generated by a generator of scramblmg'
code replica 211 according to the received timing of scrambling code from the
det_ector of scrambling code received timin‘g'.20'0.1. Each correlator 212 is provided
for each of the N subcarriers . Each correlator 212 detects correlation value between

each of the scrambling code replicas gane'rated- by the genératbr of scrambling code -

raplsca 211 and each of the N subcarrier components from the FFT unit 209. The
detected correlation values asre sent to an adder 23 The adder 213 adds up the

~ correlation values of the N subcarriers for each of the scrambling code replicas, and

35

the sum and a corresponding scrambling code'numb_ar are stored in a correlation/code
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number memory 214. ‘A scrambling codé detector 215 selects a maximum correlation

value and a corresponding code number from the valuas_stored in the corrslation/code

“number memory 214. The selacted scrambling code number is sent to a demodulation

c;rcu:t 300.
In the demodulat:on circuit 300 as precisely. shown in FIG. 12, the received

multicarrier signal from the antenna 199 1s input to a FFT timing detector 302 and a Gl

remover 303, and the received timing of scrambling code detected in the detector of

scrambling code received timing 200.1 and the scrambling code number identified in

' the scrambling code identification cwcuut 2101 are input to a scramblmg code

generator 301.
The FFT timing detector 302 detects a FFT timing, i.e.. an symbol tnmmg from
the received multicarrier signal. According _to the FFT' tum:ng._ guard intervals are

removed from the received multicarrier signal, and the Gl-free multicarrier signal is

"separated into N subcarrier components by an FFT unit 304. A channel estimator

‘305 estumates a channel variation of each Subcarner Each of the N Subcarriers is

compensated by each estimated channel variation by each multiplier 308. Along a

" . direction of the subcarriers, ymbols on the vanahOn—compe_nsated Subcamers are

25
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thultibliéd by a scrambling code from the scrambling code generator 301 at multipliers
307. The symbols muitiplied by the scrambling code are further 'multiplied by .
multipliers 308 with a corresponding short code generated by a short code generator
309 along the -direction of _the_sijbcarfiers.' A summation unit 310 sums every SF
symbols frorn the 'mul_tibliers- 308. The summed symbols are converted to parallel

signals by a parallel-serial converter 311 and the converted serial signal. - The serial

_signal after parallel-serial convarsion is recovered to the original transmission data '
. sequence thrOugh a data demodulator 312 and a decoder 313.

Referring to FIG. 13, a receiving method by the receiver 201 for an MC-
CDMA transmission system will be explamed Step S101. detects correlation values

between a recelved multucarner signal containing all before-FFT subcarriers and a

synchromzatmn 'signal replu:a Step S102 ﬁnds a timing correspondmg to a maximum
~value among the detected correlation values and based on which, obtains an FFT
timing, i.e., @ symbol tummg and a recewed timing of scramblmg code.

At the detscted FFT timing, step 3103 cames out an FFT to separate the

- multicarrier signal into N subcam_er c:omponem_t_sf Step S104 detects, at the detected -

received timing of scr_a_mbling code, a correléti_on value bétween each of the jseparated

_ subcarrier components and each scrambling code replica. 'St_ep S105 |déntiﬁes a

- 20-.".
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s.crambling code corresponding to a maximum correlation value as a scrembling code
that is scrambling (spre_'ading) the received multicarrier signal.
The demodulation circuit 300 in the receiver 20.1 descrambles the received

multicarrier signal by using the identified scrambling code and recovers an originel data -

- sequence from the descrambled signal. -

Referring to FIG. 14, a receiver for an MC-CDMA tra.nsmission system as a

~fourth embodiment of the present invent_ibn will be explained. A functional

configuration of the receiver 20.2 of this embodiment is identical with that of the
receiver 20.1 of the third embodiment of the present invention shown in FIG. 10,
though an inner configuration of a detector of scrambling code received timing 200.2 is
shightly different from that of the third embodiment précisely shown in FIG. 11.

The detector of scratnbling code received timing 200.2 inputs a multiearrier

‘signal received by an antenna 199 (not shown in F_IG. 14 but identical with that of FIG.

10) to each of multiple synchronization signal correlation detectors 2010.1-201.m. . An
FFT timing setter 2014 sets. respectively different FFT timings for respective
synchronization signal correlation detectors '-2010.1-201 0.m. A Gl remover 2015 of
each correlation detector 2010 removes guard intervals (Gls) from ‘the multicarrier
signal aecording to the set FFT timing. The Gl-free multicarrier'signal is input to an

'FFT unit 2016, which separates the signal into N subcarrier components. Each of

subcarriers carrying synchrohiZation_ signal thereon is input to each of multiple

correlators 2012, Each of generators of synchronization signal replica 2013 generates

. a synchronization signal replica and input to the correlator 2012. Each corr_elatdr
2012 detects a correlation value and a: corresponding timing of the Synehronization
'- sugnal and output the detected correlation value into an adder 207. The adder 207

adds up all of the detected correlatcon values from respective correlators 2012 ; in the

mamory 203 stores the sum from the adder 207 and a correspondmg tlmlng

A tlmmg detector 204 detects a maximum correlation value and a

-correspondmg tummg among the correfation values, each of them is stored in each
'correlatlon/tlmlng memory. 203 of the synchromzatlon signal corralatnon detectors
~20$10. 1.-2010 m. Tha detected timing is stored as a scrambling code raceived tlmmg in

a memory 205. Accordmg to the scrambling code received tummg, a final FFT timing
is calculated and also stored in the memory 205

After the detection of the scrambhng code received tlmlng by the detector of

~ serambling code received timing 200.2, the memory 205 provides the FFT _tlmmg to the
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Gl remover 208. By the same operations as explained referring to FIG. 11, the Gl

remover 208 removes guard intervals (Gls) from the received multicarrier signal, an
FFT unit 209 carries out FFT operation to the Gl—free multicarrier signal and an
scrambling code identification circuit 210.1 identifies a scrambling code. In addition, a
demodulation circuit 300 demodulates the received multicarrier signal into an original
data sequence by the same operations as explained referring to FIG. 12.

FIG. 15 is a flowchart showing a recewmg method for MC-CDMA transmission
camed out by the receiver 20.2. Step S2011.1 carries out FFT ata given FFT timing,

10 separate a recewed multicarrier signal into N subcarrier components For the

'glven FFT tammg step S2012.1 detects correlation values between subcarrier

components that contain ‘a synchronization signal among the subcarrier components

and the synchronization signal replicas. These operations are -carried_ out for a

plurality of FFT timings in steps $201.1 to S201.m. Step S202 detects a timing

_corresponding to a maximum correlatlon value as a scrambhng code received timing.

The FFT_timing that provides the maximum correlat:on value is set as a ﬁnal FFT
timing. | o o | | .

At the detected FFT t_irning. step 5203 carries out FFT. to separate the
received multicarrier signal into N subcarrier_components; According to the detected

scrarnbling c_ode received timing, step S204 detects correlation values between each

_of the separated subcarrier components and each of scra‘mbling code replicas. Step

S205 determmes a scrambling code corresponding to a maximum correlation value as a
scrambling code that is scrambling the received multicarrier signal. -

The demodulation circuit 300 |n the receiver 20.2 descrambles the recsived '

murtlcamer signal by usmg the identifi ed scrambling code and recovers an onglnal data
sequence from the descrambled slgnal _ '

" Referring to FIGs. 16 and 12, a receiver for an MC—CDMA transmlssvon
system as a fifth embodument of the present mvenuon will be explamed The receiver
20.3 comprises an antenna for multicarrier wireless sngnal 199 (not shown in FIG 16

but identical with that of FIG. 10), a detector of scramblmg code received timing 200.3,

a scramblmg code identification CIrCUIt 210.1 and a demodulation circuit 300.

The detector of scrambhng code recelved timing 2003 inputs a rece:ved

_multicarrier signal and’ separates it to- multiple subcarner components by a FFT unit
2011. Each of limited subcarriers, which are carrying synchronlzatxon s:gnai thereon o

'is input to each of multiple correlators 2012. Each of generators of synchronization )

signal replica 2013 generates synchromzatlon sugnal_repluca_s and input to each.of the
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correlators 2012,  Each correlator 2012 detects a correlation value and a

corresponding timing of the'synch}onization signal and output the detected correlation

value into an adder 207. The adder 207 adds up every detected correlation values

. with the same synchronization sighel' timing from respective correlators 2012. A

correlation/timing memory 203 stores the sums from tha adder 207 and cprrespondmg

timings.

A timing detector 204 detects a _maximum correlation value and a
correspondmg timing among the sums of the correlation values stored in the
correlatuon/tummg memory 203. The detected tummg is stored as a scrambling code
recewed timing in a memory 205. '

- After tha detection of the scrambling code received timing by the detector of
scrambiing cods .receive'd timing 200.3, the -memory 205 provides the detected
scrambling code raceived timing to an scrambling code identification circuit 210.1 of
the same conﬁgufation as shown in FlG 11. Each subcarrier components separated
by the FFT unit 2011 is input to each corrslator 212 of the scrambhng code
identification. circuit 210.1. A scrambling code replica generator 211 gsnerates

. multiple scrambling code replicas one by one at a time and inputs to each correlator

212. _

Each correlator 212 detects_ correlation value between the given's'crambling
code replica from the replica generator 211 and each of the separated subcarrier
components from the FFT unit 2011. . The detected correlation values are sent to an

 adder 213, The adder 213 adds up the correlation values of the N subcarriers for

each of the scrambling ¢ode replicas, and the sum and a corresponding scramblmg

" code number are stored in a correlatuon/code number memory 214. A scrambling

code detector 215 selects a maximum correlation value and a corresponding code
number from the values stored in the correlation/code number memory 214. The
selected scrambling code number is sent to the demodulation circuit 300.

. Demodulation operation to the received multicarrier signal carried out in the

" demodulation circuit 300 is identical’ With that explained referring to FIG. 12
“hereinbefore.

._ FIG. 17is a ﬂowchart showmg a recelvmg method for MC—-CDMA transmlssmn
carried out by the receiver 20.3 shown in FIG. 16 Step 5301 separates a received

multicarrier signal into N subcamer components through the DFT unit 207 or the llke

Step S302 detects correlatuon values between subcamers that carry a synchromzatuon
s:gnal ameng the separated Subcamer components and synchromzatmn signal rephcas

-~ 23 -



10

15

20

25

30

'35

'Step S303 detects a timirig' corresponding to a maximum correlation valye as a.

scrambling code received tlmmg among the correlation values.

According to the detected scramblmg code received timing, step $304 detects
correlation values between the separated subcarrier components and each of
scrambling code replicas. 'Step S305 determines .a scrambling code replica
cerresponding to a maximum correlation value as a scrambling code that is scrambling
the received signal. I o | _

- " The dsmodulation circuit 300 in the receiver 20.3 also descrambles the
received multicarrier signal by using the identified scrambling code and recovers an |
original data sequerice from the descrambled signal. '

Referring to FIGs. 18 and 12, a receiver for an MC-CDMA transmission

system as a slxth embodlment of the present invention w:ll be explained. The

- receiver 20.4 comprises an antenna for multicarrier wireless s:gnal 199 (not shown in

FIG. 18 but identical with that of FIG. 10), m scrambhng code correlation detectors -
2301. 1—2301 .m, an FFT timing setter 2014 for settmg respectwely different . FFT.
timings to respective m correlation detectors 2301. 1—2301 .m, a detector of scramblmg

code and received timing 240 and a demodulation circuit 300 Each of the scrambling
. code correlation detectors 230. 1—230m comprises a Gl remover. 2015, an FFT unit

20186, a timing of scrambling code detector 200.3, which is the same as that of FIG. 16,

-and a scrambling code |dent|ﬁcat|on clrcmt 210.2. A precise conﬁguratuon of the

demodulation circuit 300 is the same as that of FIG. 12.

A multicarrier signal recenved by the antenna 199 is input to each scrambllng
code  correlation detector 230.x. . The FFT timing setter 2014 sets respectively
different FFT tsmmgs for the scramblmg code correlation detectors 230. 1-230m
respectively. In. each scramblmg code. correlat:on detector 230.x, the GI remover
2015 removes guard intervals (Gls) from the multicarrier signal according to the set
FFT timing. The Gl~free multicarrier signal is Supphed to an FFT umt 2016, whlch
separates the signal into N subcarrier components. Thereafter, operatmns carried out

by a correlator 2012, a replica of synchronization s:gnal generator 2013 and an adder

_ 207 are the same as those of FIG. 16. A correlatnon/tummg memory 203 stores -

corralation values and corresponding timings from the adder 207, -

A timing detector._ .204 selects a maximurn corr_elati'on value and a
corresponding timing from the values stored in the correlation/timing memory 203.
The selectsd tummg is stored as a candidate of scrambhng code recejved tnmmg ina
memory 205. '
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After detectung the candidate of scrambling' code received tming, in the
scrambling code identification circuit 210 2 . a scrambling code replica generator 211
sets a scrambling code repluca according to the candidate of scrambling code received
tnmmg provided by the detector of scrambling code received timing 200.3. Each
correlator 212 detects correlation values between the scrambling code replica
generated by the scrambling code r'eplica generato_r 211 and the respective subcarriers -
output from the FFT unit 2016. The detected correlation values are supplied to an

adder 213. The adder 213 ‘adds up the correlation values. The -sum ‘and a

corresponding scrambling code number are stored in a correlation/code number

memory 214 | _ _ )

_ " The detector of scramblmg code and received t:mmg 240 selects a maximum

correlatnon value and a correspondmg code number from the values respectively

stored in the correlatlon/code memones 214, Accordmg to the maxlmum correlation

value, an optimum received timing of__scra_mblmg-code is selected among the values

respectively stored in the ‘memories 205 in the respective scrambling code correlation

~ detectors 230.1-230.m. The selected scrambling code number and scrambling code

 received timing are transféerred to the demodulation circuit 300.

'Demodulation ‘operation to the received multicarrier signal carrigd out in the

demodulation circuit 300 is identical with that explained referring to FIG. 12 herein-

before. : . . | :
FIG. 19 is a ﬂchhert showing a receiving method for MC—CDMA transmission

" carried out by the receiver 20.4 shown in FIG. 18. Step S4011.1 carries out FFTata

gwen FFT timing, to separate a received multloamer s:gnal into N subcarrier
components For :the. guven FFT tlmmg, step S40121 detects. correlatmn values
between respective subcamers that contain a synchromzatlon slgnal among the N '
subcamers and the synchromzat-on mgnal replnca For the gwen FFT timing, step'

84013 1 detects a t:mmg oorrespondmg 10 a max:mum correlat:on value as ‘a candidate

of scrambling code received timing. At the candidate of scrambling code received

tir_nlng. step S4014.1 detects correlation values between each of the N subcarriers and
each of scrambling code replicas. These operations are 'earried' out for a plurality of
FFT timings set by the FFT timing setter 2014 (Steps S401.1 to S401 m).

Bassd on the correlation values detected at all FFT tlmmgs step S402 finds

an optimum FFT tummg, a recewed tlmmg of scramblmg code and a scrambhng code

number that is scramblmg the reoelved ml-lltlcarﬂer signal.
The demodulatlon cireuit - 300 m “the recewer 204 also descrambles the'
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recejved multicarrier signal by using the identified scrambling code and recovers an
original data sequence from the descrambled signal.

Referring to FIGs. 20 and 12, a receiver for an MC-CDMA transmission

‘system as a .sevanth embodiment of the present invention will be explained. The

" receiver 20.5 comprises an antenna for wireless multicarrier signal 199 (not shown in

FIG. 20 but identical with that of FIG. 10), an FFT timing detector 250.1, a Gl remover
2015, an FFT unit 2016, a detector of scrambling code received timing 2003 a

* scrambling code identification circuit 210.1 and a demodulation circuit 300. The GI

remover 2015, the FFT unit 2016 and the detector of scrambling code received timing
2003 are identical with 'thosa of FIG. 18, and the scrambling code identification circuit
210.1 is identical with that of FIG. 18. The _demodulation circuit 300 is identical with

~ that of FIG. 12.

A multicarrier s:gnal received by the antenna 199 is input to the FFT timing
detector 250.1. A delay circuit 251 delays the input multicarrier signal by one symbol
time—length. A multiplier 252 multiplies the input multicarrier signal by the delayed

"signal from the delay circuit _251. The product signal is sent to an integrator 253.

The integrator 253 integrates the product signal over every one guard interval and
detects correlation values. The detected correlation values and corresponding
timings are stored in a correlation/timing memory 254.

- A timing detector 255 selects a maximum correlation valus and a

'correspondmg timing from the values stored in the correlatlon/tummg memory 254
- The selected timing is stored as an FFT timing in a memory 256.

Accordmg to the FFT timing stored in the memory 256, the Gl remcwer 2015

'removas guard intervals (Gls) from the recenved muttscamer signal. The guard-

interval~free multicarrier signal |s supplied to the FFT unit 2016 which separates the

" inputs the subcarrisrs to the detector of scrambling code raceived timing 2003.

Operations carried out in the detector of scrambling code received timing 2003 are
the same as those of FIG, 18, and a detected scrambling code received timing is
stored in a memory 205 '

* After the operatnons for detectmg the recewed tummg of scramblmg code, the

o 'scramblmg code identifi catnon circuit 210.1 :dentrﬁes a scrambling code number by the -

same marnner as that of FlG 16, and the ldantuﬁed scramblmg code number is mput to

. " the demodulation circuit 300,
-85

Demodulation operation to the received multicarrier_signal.' carriéd_out in the
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" demodulation circuit 300 is identical with that explained referring to FIG. 12.

FIG. 21 is a ﬂowchart showing a receiving method for MC~-CDMA transmission
camed out by the receiver 205 shown in FIG. 20, Step 3501 detects correlat-on
values between a received signal containing all before=FFT subcarriers and a signal
that is formed by delaying the receivad 'signal by a symbol length (excluding a guard |

interval). Step S502 finds a timing corresponding to a maximum correlation value as

an FFT timing. At the dstected FFT timing, step S503 carries out FFT to separate

the received multicarrier signal into N Subéar_rier components.

Step S504 datects correlation values beiween 'm_ subcarriers that carry a
synchronization signal among the separated N subcarriers and the Syrichronizatibn
signal repiica. Step S505 determines a timing corresponding to a maximum
correlation- value as a sorambling code received timing. ' ' _

Subsequently, detecting a scrambling code that is scramblmg the received
multicarrier signal is carried out according to steps S304 and S305 of the flowchart of
FG.17. | - |

The demodulatlon cireuit 300 in the receiver 205 also descrambles the

received multicarrier signal by using the ndentaf ed scrambling code and recovers an

- original data sequence from the descrambled signal.

_ Referring to FIGs. 22 t025, a receiver for an MG—CDMA transmission system
as an eighth embodiment of the present invention wiil be expiamed

As explained referring to FIGs. 20 and 21 herembefore one of the receuvmg
techmques for MC-CDMA transmussnon System retrleves one symbol tlmmg (equ:valent
to an FFT tnmmg) corresponding a maximum value among the plural correlation valuas
those are accumulated by using correlation of the guard intervals.

For a mobile communication system usmg the MC-CDMA transmxssnon

_ technique, however, the maxnmum correlation: value to be dstected among the plural

' correlation values is _d_ependent"not only on a received signal aﬁénuation, e, a

distance attanuatio_n and a path loss due to shadowing but also on the total

" transmission power of each basé's'tation. ~ Accordingly, if base stations in the mobile -
communication system involve different transmission powers, a receiver station may

_ erroneously choose a base station having a large transmission power instead of a

correct base station'havihg an optimum receiving level per channal. _
This problem will be precisely explamed her-maft.er A flowchart of FIG. 22 -
shows a method of FFT timing candudat. detectlon by correlation to the guard

'_xr_ltervals_. which is carried out by the receiver of FIG. 20. FIG. 23 shows the principle
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" of the method.

A synchronization timing of received symbol is a timing to receive the start of
information symbol excluding a guard interval and is equivalent to an FFT start timing.
In the following explanation, therefore, the received symbol synchronization timing is
referred to as “FFT timing.” Further, the length of ane symbol is defined as X
sampling periods, and the length of a' guard interval as Y sampling periods.

According to the ﬂowchart of FIG. 22, step S1001 multiplies, at every sampling

timing, a received signal before FFT contammg all subcarriers by a delayed signal of

~ the received signal by one symbol Iength (X samphng pernods) to provide products
‘Step | $1002 caloulates moving averages of the products in each averaging period that

starts from a sampling timing and is equal to Y sampling periods, to provide a sequence
of correlation values. Step S1003 carries out coherent summation to the sequence of

correlation values for every (X+Y) sampling periods and provides a sequence of

correlation values of (X+Y} sampling periods. FIG. 24 shows an example of the

sequencs-of correlation values of (X+Y) sampling periods. Based on the sequences of
correlation values of (XtY) sampling periods of FIG. 24, step S1004 detects, as an FFT
timing. a timing corresponding to a maximum correlation value.

~ The maximum correlation value to be detected in the sequence of correlation

_values of FIG. 24 is depandent not only ana recelved SIgnal attenuatnon. |e a distance
_ attenuation and a path loss due to shadowing but also on the total transmission power
~of each base station (cell). I base stations in the mobile communication’ system

involve -different transmission powers a recelver stauon (a mobile station) may

erroneously choose a base station havmg a large transmission power instead of a
correct base st.at;on having an optimum rece-vmg level per channel, i.e., a smallest path
loss. If there are base stations 1 and 2 with the base statnon 1 having less
communication channels than the base station 2 ‘and if an optimum base station for a
mobile station is the base station 1, there will be a risk. for the mobile station of
erroneonsly' choosing the base station 2 having a Iafger number of communication
channels. . ' B

FIG 25 shows a receiver of the eighth embodiment for MC—CDMA'

transmlsslon system that solves the problems set forth herembefore The recewer o

-20.8 comprises an antenna for wnreless multlcamer mgnal 199 (not shown in FIG. 25

but identical with that of FIG. 10), an FFT t!mlng detector 2502, m serambling code

: correlation detectors 230.1-230.m, a scrambling code and racenved timing detector 240

and a demodulatuon circuit 300 as shown in FIG. 12,
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A multicarrier signai received by the antenna 199 is input to the FFT timing
detector 2502. A delay circuit 251 delays the input multicarrier signal by one symbol
tme—length. A multiplier 252 muitiplies the input multicarrier signal by the delayed
signal from the delay circuit 251. The product signal is sent to an integrator 253.
The integrator 253 integrates the broduct'signal over every one guard interval and
detects correlation values. The detected correlation values and corresponding
tlmmgs are stored in a correlation/timing memory 254

A timing detector 255 selects a maximum correlation value and a
corresponding timing from the values stored in the correlation/timing memory 254.
The selected timing is stored as an FFT timing candidate #1 in a memory 256. A
search range setter 257 sets a search range according to the FFT timing candidate in
the memory 258 and the values in the correlation/timing memory 24. Variods
methods are usable for this search range setting. Those methods will be explained
hereinafter. Within the search range set by the search rangé setter 257, the timing
detector 255 selects a maximgm correlation value and a corresponding timing from the
values in the correlation/timing memory. The selected timing is stored as an FFT
timing candidate #2 in the memory 256.. These operations are repeated to detect a
predetermined number of FFT timing candudatas- '

The scrambling code correlat-on detectors 2301—230m are prowded for

‘respective m FFT timing candidates detected by the FFT timing detector 250.2. The

configuration of each of the scrambling code correlation detectors 230.1-230.m is
identical with that of FIG. 18, and it comprises a Gl remover 2015, an FFT unit 2016, 2
detector of scfambling Gode re_c'eived- timing 200.3 and a sérdmbling code identification
cireuit 2102, o o o o
The respective FF-T tlmmg cand-dates from the FFT timing detector 250.2 are

~ supplied to the respective scrambling code correlation detectors 230.1-230.m. Each

scrambling code correlation detector 230.x carries out the same operations with those
of FIG. 18." Namely, a Gl remover 2015 removes guard intervals (Gls) from the -
multicarrier signal received by the antenna 199 acmrding. to the set FFT tihing
candidate from the FFT timing detactor 2502 The Gl-free multicarrier signal is

_supphed to an FFT unit 2016, which separates “the signal .into N subcarrier

components. Thereafter, operat:ons carried out by a correlator 201 2, a rephca of

synchronization signal génerator 2013, and an adder 207 are the same as those of FlG

- 16.. A correlation/timing m'emory' 203 stofes'cprrelation values and corresponding

35

timings from the adder 207. A timing detector 204 selects a maxmum correfation

.-_- 29 - .



- 10

15

20

30

35

value and a corfespoﬁding timing from the Valuas stored in the correlation/timing
memory 203. The selected timing is stored as a candidate of scrambling code
received timing in a memory 205 Consequently, m received timing candidates of
scrambling code are obtained by m scrambling code correlation detector 230.1-230.m,
respectively. _ ' _
 After detecting the candidate of scrambling code received tming. thc
scramblmg code identification circuit 210.2 in each scrambling code correlation
detector 230.x carries out operations to obtain a scrambling code number and
correlation value. The manner of operations is the same as that of FIG. 18.
~ The detector of scrambling code and receéived timing 240 selects a maxumum

correlation value and a corresponding code number from the values respec_:_tlvely
output. from the 'scrambling code identification circuits' 210.1. Ac_cording to the
.maximum correlation value, an optimum received timing of scrambling code is selected
among the received timing candidates respectively output ffom the scrambling code
correlation- detectors 230.1-230.m. The selected scrambling code number and
scrambling code received timing are transferred to the demodulation circuit 300.

Demodulatioﬁ operation to-the received multicarrier signal carried out in the
demodulation circuit 300 is identical with that explained referring to FIG. 12 herein—
before. ' _ | " -

FIG. 26 is a flowchart showmg a recewmg method for MC-CDMA transmission

camed out by the receiver 20.6 shown in FIG. 25. Step S1101 multiphes, at every -

sampling timing, a r_a_ceuved mgnal_before- FFT containing all subcarriers by a delayed
signal of the received signal by one symbol length (X sampling periods), to provide

products. Step S1102 calculates moving averages of the products in each averaging

period that starts from a sampli'ng timing and is equal to Y sampling periods, to provide

a sequence of correlation values. ~ Step S1103 carries out coherent summation to the

sequence of correlation values for every (X+Y) sampling periods and provides a

sequence of correlation values of (X+Y) sampling periods. These operation steps are

equlvalent with those of steps S1002 to S1003 in FIG. 22
Subsequently, steps S1104 to S1106 detect a plurahty of FFT tnmmg

candidates according to the sequence of correlation valuss for (X+Y) sampling pernods

_ as shown in FIG. 24. FIG. 27 shows three FFT timing candidates detected by the FFT
timing detector 250.2 of FIG. 25 as set forth hereinafter. A timing corresponding to a

maximum correlation value in the sequence of correlation valuss for (X+Y) sampling
periods is defined as an FFT timing _éandidate #1. A window of W sampling periods is

-0 -
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set .arbund the FFT timing candidate #1 as an exclusion window #1, which is excluded
from a search range of the next FFT timing candidate for (X+Y) sampling periods to set
a new search range of (X+Y-W). In the search range (X+Y-W), a timing corresponding
to a maximum correlation value among the remaining correlation values is defined as
an FFT timing candidate #2. Similarly, another window of W' sampling periods is set
around the FFT timing candidate #2 as an exclusion window #2. This exclusion
window #2 is also excluded frofn the search range, to detect a next FFT timing
candidate #3. _ _ | ' |
" Subsequently, as shown in a flowchart of FIG. 28, a scrambling code
identification operation by using the detected m FFT timing candidates is carried out
In FIG. 28, the number of received.timing candidates of scrambl'ing code to be detected
is equivalent with the number of FFT \}vindow timing candidates. Step S1100 detects
plural m FFT timin'g' candidates. This step S1100 corresponds to the whole
operations shown in FIG. 26. _ |

-At-each of the detected FFT timing candidates, step S1201.1 carries out FFT

to separate a received signal into subcarrier components Step S1202.1 detects a

' correlation between subcarriers that carries a synchronization signal among the

separated N subcarriers and the synchronization signal replica. For each FFT t:mmg
candidats, step S1203.1 sets a timing at which a maximum correlation value appears as -
a candidate of scrambling code received timing. According to this candidate of
scrambling code received timing, step S1204.1 detects a correlation value between
each subcarrier and each scrambling code replica.” Steps S1201.1 to S1205.1 are
carned out for every FFT tnmmg candidates detected by the FFT timing detector 250.2
(S1200.1-S1200.m). | |

‘According to the scrambling code correlétio_n values detected at all FFT timiﬁg

candidates, step S1300 finds a scrambling code corresponding to a maximum

" correlation. value and the timing thereof and determines a sc?ambling code that is

scrambling the recsived multicarrier signal, a received t:mmg of scrambling code, and
an FFT timing. Namely, step S1300 sumultaneOusly determines the FFT tlmmg,

'scramblmg code received timing, and scramblmg code

This method of detectmg plural FFT timing candudatss surely detects the most

base station even if it involves a small transmission power ‘and even if plural base

stations in the mobile communication system involve different transmission powers

There are another methods of detscting plural m FFT timing candidates by the
FFT timing detector 250.2 shown in FIG 25, which are shown by ﬂowcharts of FIGs. 29
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and 30. In FIGs. 29, exclusion windows #1 and #2 are separated from each other. An
FFT timing candidate #1 is detected at first. A window of W/2 sampling periods is set
before and behind the FFT timing 1. Namely, a window of W sampling periods is set
around the FFT timing candidate #1, to define the exch;sion window #1. The
exclusion window #1 is excluded to define a new search range of {(X+Y-W) _sampling

periods in which a timing corresponding ta a maximum correlation value is detected as

‘an FFT timing candidate #2. Similarly, an another window of W sampling periods is set

- around the FFT timing candidate #2 as the exclusion window #2 to set a new search

range in which an FFT timing candidate #3 is detected.

In FIG. 30, exclusion windows #1 and #2 overlap each other. FFT timing
candidates #1 and #2 are detected like the example of FIG, 29. A window of W~
sampling periods is set around the FFT timing candidate #2 as the exclusion window #2
to define a new search range. Since the exclusion windows #1 and #2 partly overlap
each other, the interval to be excluded in FIG. 30 is smaller than 2W sampling pe'riods.

FIG. 31 shows an another detection method of plural FFT timing candidates.
This method detects three FFT timing candidates (m=3). After detecting an FFT
timing candidate #1, a window of W sampling periods is extended from the FFT timing
candidate #1 up to two points each being AdB smaller than the correlation value of the

FFT timing candidate #1. The window of W sampling periods serves as an exclusion

~window #1 to define a new search range of (X+Y~W) sampling periods in which a

maximum correlation value is detected to deterhnim_a an FFT timing candidate #2.°
Similarly, an another window 'of_ w sampling periods is .extended from the FFT timing
candidate #2 up to two points each being AdB smaller than the correlation value of the
FFT timing candidate #2. The window of W' sampling _périods serves as an exclusion
window #2 to define ‘a new search range in ﬁhich an FFT timing candidate #3 is
detected. | N -
FIGs. 32 shows anbther detection met_hods of plural FFT timing .c_:andidates. |
This method also detects three FFT timing candidates (m=3). In FIG. 32, widths of _
exclusion windows change each other according to the inclination of a sequence of
corralation values around each FFT timing candidate. If the inclination is steep, the

_exclusion window is narrowed, and if the inclination is gentls, the exclusion window is

widened. Namely, if the peak width of an FFT timing c_'a'ndidate IS narrow. a narrow
exclusion window #1 is defined, and if the peak width is wide, a wide exclusion window
#2 is defined. o o | . .

FIG. 33 also shows another datection method of plural FFT uming candidates.
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This method continuously extends an exclusion window from a detected FFT timing (a
correlation peak) along a sequence of correlation values as long as the sequence of
correlation values decreases. More precisely, an FFT timing candidate #1 js first
detected on a sequence of correlation values, and a window of W sampling periods is
extended from the FFT timing candidate #1 along the sequence of correlation Qalues
as long as the sequence of carrelation values decreases. The extended window of W
sampling periods serves as an exclusion w’iridow #1 to define a new search range of

(X+Y-W) sampling periods. In the search rahge (X+_Y-W) sampling periads, a timing

‘corresponding to a maximum correlation value is detected as an FFT timing candidate

#2. ' Similarly, another window of W sampling periods is extended from the FFT timing
candidate #2 as long as the saquence of correlation values decre_ases. The extended
window of W sampling periods serves as an exclusion window #2 to define a new
search range in which an FFT ummg candidate #3 is detected.

These methods of FIGs. 32 and 33 are capable of properly settmg the

-axclusion windows even if correlation peaks overlap each other or even if a peak width

is changed due to the influence of multipaths.
FIG. 34 shows an another method of plural FFT timing candidates. . This

‘method detects two FFT timing candidates according to any one of the methods of

FIGs. 27 to'33, and then, newly defines eight FFT timing candidates. More precisel_y,.
FFT timing candidates #1 and #2 are detacted according to any one of the methods of
Fle 27 to 33. =A sampling periods and (2A sampling periods are set around the FFT

. txmmg candndates #1 and #2, to define new FFT timing candidates.

FIG. 35 shows an another method of plural FFT timing candidates. This
method detects two FFT t-mmg candidates #1 and #2 according to any one of the

.methods of FIGs. 27 to 33, and then, four additional FFT timing candsdates are set

Each of the addmonal FFT timing candidates |s defined as each correlation value
thereof to be smal!er by (dB than a corraspondmg one of the correlatuon values of the
FFT timing candidates #1 and #2. ,

These method of FIGs. 34 and 35 are capable of detectmg a correct FFT
timing even if a detected timing is greatly shifted from an ideal timing due to

‘averlapping correlation peaks or due to the influence of noise and interfersnce.

Incidentally, after determination of plural m FFT timing candidates by any one
of the methods of FIGs. 29 to 35, 'operaﬁb'né for detecting a scrambling code number
and a received timing of scrambling code by using'.thé plural FFT timing_cqndida_tes are
carried out by steps 1200 and 1300 in FIG. 28, :
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Referring to FIG. 36, a receiver for an MC-GDMA transmission system as an

ninth embodiment of the present invention will be explained. =~ The receiver 20.7

- comprises an'antenna for wireless multicarrier signal 199 (not shown in FIG. 36 but

identical with that of FIG. 10), an FFT timing detector 250.2, a detector of scrambling
code received timing 200.2, a GI remover 208, an FFT unit 209, a scrambling code
identification circuit 210.1 and a demodulation circuit 300. The FFT timing detector |
250.2 is identical with that of FIG. 25. The detector of scrambling cade received
timing 200.2. the Gl remover 208, the FFT unit and the scrambling code identification

circuit 210.1 are identical with those of FIG. 14." The demodulation circuit 300 is

identical with that of FIG. 12. _

A multicarrier signal received by the antenna 199 is mput to the FFT txmmg
detector 250.2. The FFT timing detector 250.2 ‘detects plural m FFT timing
candidates from the received multicarrier signal by the same operations as those of
FIG. 25. -

The detector of scrambling code received timing 200.2 cornprises a GI

remover 2015, an FFT unit 2016, m synchronization signal correlation detectors

'2010.1-2010.m, a timing detector 204 and memory 205 as those of FIG. 14. This

detector of scrambling code received timing 200.2 inputs the receive multicarrier to:
the respective Synchronizatidn signal correiation detectors 2010.1-2010.m. The FFT
tnmlng detector 250.2 sets plural m FFT timing candidates to the' Synchronuzatnon signal
correlation detectors 2010 1-2010.m, respectively. o

LIn each synchronization signal correlation detector 2010.x, the Gl remover
2015 removes guard intervals (Gls) from the multicarrier signal according to the éet. -
FFT timing candidate from the FFT timing detector 250.2. The Gl-free multicarrier
signal is supplied to the FFT unit 2016, which separates the signal into N subcarrier
components. Each of subcarriers carrving synchronization 'signal' thereon is input to
each of multiple correlators 2012. - Each of generators of synchronization signal

replica 2013 generates a synchronization signal replica and input to the correlator

2012. f Each correlator 2012 detects a correlation value and a corresponding timing of

the synchronization signal and output the detected correlation value into an adder 207.
The adder 207 adds up all of the dstected correlation values from respective

" correlators 2012 in the same synchronization signal correlation detector 2010x. A

cbrrélation/timing memory 203 stores the sum from the adder 207 and the
corresponding timing. '

A timing dstector 204 detects a maximum correlation value ‘and a
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correspending tuming among the correlation values, each of them_is stored in each
correlation/timing memory 203 of the synchronization signal correlation detectors
2010.1-20 0.m. The detected timing is stored as a scrambling code received timing in "
a memory 205. According to the scrambling code recsived timing, a final FFT timing
is calculated and also stored in the memory 205. ' |

| 'Aﬁer the dstection of the scrambling code received timing by the detector of
scrambli'n.g code received timing 200.2, the memory 205 provides the FFT timing to the
Gl remover 208. By the same operations as explained referring to FIG. 11, the Gl
remover 208 removes geard intervals (Gls) from the received multicarrier signal, an
FFT unit 209 carries out FFT operation to the Gl-free multicarrier s:gnal and an
scrambling code ;denbﬁcatlon circuit 210.1 identifies a scrambling code number. In

‘addition, a demodulation circuit 300 demodulates the received multicarrier signal into

an original data eequence by the same operations as explained referring to FIG. 12.
~ A detection method of scrambling code number and timing carried out by the
recenver 207is 'shown as a flowehart of FIG. 37. . Firstly, step S1100 detects plural m
FFT timing candidates from the received multucarner signal by the FFT timing detector
2502. The precise operatuon of the FFT timing candidates detection is the same as
that of FIG. 26 Still. any one of the detection methods of plural FFT 'timihg_ '
cand:dates shown in FIGs. 27 to 35 is usable. | _
Subsequently, as shown m the flowchart of FIG. 37, a scramblmg code
|dentrﬁcat|on operation by using the detected m FFT tumlng candudates is carried out..
Step $1401.1- carries out . FFT to separate a received signal into subcarrier
components. Step S1402.1 detects a correlat:on between subcarriers that carnes a

synchronization. signal among the separated N~ subcamer components and a

‘synchronization signal repliea For each FFI' timing cand|date. these steps S140'l 1

and S1402 1 are carried out (S1400.1 to SMOO m).

Thereafter, step S1500 finds a scramblmg code reeewed timing correspondmg :

' to a maximum correlation value, Accordlng to the detected received timing of-

scrambling cods, step 1600 detects correlation values befween respective scrambling

code’ replicas and the Gl-free subcarriers after FFT. Step 1700 determines a

scramblmg code that is scrambling the recewed multlcamer signal correspondmg t0 a
maximum correlation value of scrambling code. In this method of FIG. 37, the FFT

- timing and the received timing of scramblmg code are detected on step 81500 which

is befors the determination of the scrambling code itself.
This method of detectmg plural FFT timing candudates also surely detects the
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most suitable base station even if it involves a small transmission power and even if

plural base stations in the mobile communicatiorl system involve different transmission
powers. _ . | _

Hereinafter, a correlation detecting method of scramble cade will be
explained. " It is assurrled that the number of subcarriers is N of #1 to #N. An
examj:le shown in FIG. 38 is a case of Navg=6, Ncs=4, and Nps=N/Ncs. A coherent
summation of each correlation vaiue of the symbol is carried out for every subcarrier
during an interval of Navg synlbols along a time axis, to provide a coherent sum. for

each Subcamer Further, a coherent summation of the coherent sum of each

_ subcamer is carried out for Ncs subcarriers, to provide a coherent sum of every ‘Nes

subcarriers, Subsequently, a power summation to Nps summed value of every Ncs
subcarriers is carried out albng a frequency axis, to provide a c.orr'elation value _of_ each
scrambling code. N | - | |

In case that Nps=N/Ncs as this example, N subcarriers' by Navg symbols are
used to detect a correlation value of each scramblmg code. ' ,

A second example shown in FIG. 39 is a case of Navg"‘ﬁ Ncs—4 and Nps
In this case, since Nps—1 a Summed value of Ncs subcamers represent a correlatuon-
value of each scramblmg code, and N Subcamers by Navg symbols are used to detect
N/Ncs correlation values of N/Ncs respectuve scramblmg codes. _ .

A third example shown in FIG. 40 is a case of Nps=(N/ Ncs)/4 Four
correlation values of scrambling codes ((N/Ncs)/Nps=4) are alternately detected at

"every Ncs subcarriers interval Nps sets of summed value cak:ulated at every Ncs

subcarriers interval are power-summed along a_frequency axis for every scramblmg
code, to provide a correlatuon value of each scrambling code.

In this example, since Nps=(Nc/Ncs)/4 N subcarriers by Navg symbols are
used to detect four correlations values of four respectuve scramblmg codes

FIG. 41 is another example of. Nps=(N/Ncs)/2 case. In this case, N
subcarriers by Navg symbols are used to. detect two correlation values of two

respectwe scrambling codes.

As explained above, the present. .invention realizes high-speed, precise
scrambling code synchromzatlon for multicarrier COMA. ' _
" Further, the present ‘invention enables a  multicarrier CDMA moblle

commumcatlon system to select a symbol recenved tlmmg related to an ‘optimum csll

. (base statuon) from among a pluraluty of candldates even if the communication System

involves a plurality of celis havmg dlfferent transmnss:on powers.
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_ _ WHAT IS CLAIMED IS;

1. A transmitter of muilticarrier signal for a mobile communication system,
comprising: ' |
| a data channel generator multiplying a plurality of transmission data
sequences by a plurality of short codes, respectively; | .

 a long code multiplier multiplying the plurality of transmlssmn data sequences

multiplied by the plurality of the short codes by a common long code, respectively;

.a synchronization signal generator .multiply'ing a transmission data sequence
for synchronization signal only by a spreading code for synchronization signal; and .
o a transmission element transfnftting, by using a plurality of subcarriers, the
transmission data s_equenées -doubly muttiplied by the short code and the long code,
and transmitting ihé synéhro‘nization 'éignal multiplied only by.thé spreading cade for
synchronization signal. ' | ' '

2 A transmitter as in claim 1, wherein the synchronization signal generator

multiplies the synchronization signal’ by the spreading code for synchromzatnon signal

at plural timings in a predetermined interval. _

3. A multicarrier signal transmnssson method for a moblle commumcatuon
system compnsmg' S _

transmitting, by using a plurahty of Subcarriers a data sequence doubly
muitiplied by a short code and a long code; and

transmitting, by using one for a plurallty of subecarriers, a 'synchronization

~ signal muitiplied only by a spreading code for synchromzatlon signal.

4 A method as m claim. 3 comprising:
- transmitting the synchromzatnon signal in a burst mode at specific mtervals
5 A mathod asin claum 3 or 4, wherein:.

_ a pattern of the spreading code of synchronization svgnal applied to the
synchronization signal indicates a received timing transmitted timing of long code.

6. A method as in claim 3, wherein a timing. transmitted timing of the
synchronization signal indicateé'a _'receiv_ed timing transmitted timing of long code. |

7. A methéd as in claim 3, wharein a timing transmitted timing of the
synchromzatlon signal and the subcarrier in which the synchromzatuon signal is
transmitted indicate a received timing transmitted timing of long code '

8. A receiver of multicarrier signal for a mobile commumcatnon system, the
System transmxts. by using a plurahty of subcamers, a data sequence doubly multiplied

by a short code and a jong code chosen from & long code group, comprising:

I
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e receiving element receiving the rnultioan'ier signal contéining the subcarriers
,at least one of which a synchronization sngnal is transmitted therein, multiplied anly by
a spreading code for synchronization signal;

" a correlator detecting correlation values between the received multicarrier
signal and a synchronization signal replica; and' . '

a hmmg detector detecting an FFT tnmmg and a recelved t-mmg of long code- |

' according to the correlation values.

9. A receiver of multicarrier signal for a mobile communication system, the
system transmnts, by using a plurality of subcarriers, a data sequence doubly multlplled

" by a short code and a long code chosen from a long code group, comprising;

.a recevvmg element recelvung the muiticarrier signal contammg the Subcamers.

at least one of which a synchromzatnon signal is transm:tted therein, multlplled only by_

a Spreadlng code for synchronization signal; _ _
~a first correlator detecting correlation values between  the received
multlcamer signal and synchronization signal replicas; = |
a tlmmg detector detecting an FFT tlmmg and a received timing of IOng cede
according to the correlation values; - '
- an FFI' unit carrying out FFT at the detected FFT t:m:ng, to separate the
recenved multncamer signal a plurahty of subcarner components
a second correlator detectmg. at the detected received t|m|ng of long code '

- correlation values between the subcarrier components end a plurahty of replicas of

data sequence doubly multuplled by a short cede and each Iong code ehosen frorn a
long code group; . '
a code detector detectmg. accordnng to the detected correlatnon values. a long

. code that is scramblmg the received multlcamer signal; and

‘a demodulatlon Gircuit demodulatmg the data sequence from -the recelved

| multrcarner signal by using the received timing of long code and the Iong code. _ _

10. A receiver of mul_tl_camer su_gnal. for a mobile' communication system, the. o .
‘system transmits, by using a plu'rality of scb_carriers. a data sequenca doubly multiplied
by a short_'code and a !ong code chosen fr_orn a long code'grOup. comprising: '

a receiving element receiving the multicarrier signal containing the subcarriers,

N at least one of which a synchron:zat»on s:gnal is transmltted thereln mult:plned only by '

a spreading code for synchromzatuon signal; - _ o .
a subcarrier separator carrymg out FFT operat:ons ata pluralxty of FFT tlmlng

.candudates to seperate the received multlcamer signal into a plurality of subcamer :

N 38 o
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components; _

a correlator detecting corralation values between the subcarrier components
that carry the synchronization signal and a synchronization signal replica; and

a timing detector detecting a received timing of long code and an FFT t:mmg
according to the correlation values. _

11. A receiver of multicarrier signal for a mobile communication system, the |
systém transmits, by using a plurality of subcarriers, a data sequence doubly multiplied |

. by a short code and a long code chosen from a Iong code group, comprising:

‘a receiving element receiving the multicarrier signal containing the subcarriers,
at least one of which a Synchrom_zatuqn signal is transmitted therein, mu!tlplsed_only by
a spreading code far synchronization signal; " | | _

a subcarrier separator carrying out FFT operations at a .pll;IraIity of FFT timing
candidates to sebarate'the received multicarrier signal into a plurality of subcarrier
components; ' - |

a first: correlator detecting correlatlon values batween the subcarrier

'_ components that carry the synchromzatson s:gnal and a synchronization signal replica;

a timing detector detecting a recewed timing of long code and an FFT timing
accommg to the correlatlon values

an FFT unit carrying out FFT operat;on at the detected FFI' tlmmg to .

separate the recewed ‘multicarrier signal into a plurahty of subcamer components;

'a 'second correlator detecting, at the detected received timing of long code,

- correlation values between the subcarrier components and a plurality of replicas of
~ data sequence doubly multiplied by a short code and each code chosen from a long
~ code group; - | |

"a code detector detecting, accordin'g'to the detected correlation values, a long

" code that is scrambling the recsived multicarrier signal; and

demodulatnon circuit demodulatmg the data sequence from the received
multlcamer s:gnal by using the received timing of Iong code and ‘the long code.

12. A racelver of multlcamer signal for a mobile communication system the

_system transmits, by using a plurality of subcarriers, a data sequence doubly multlplued

by a short code and a long code chosen from a long code group, compnslng-
" a receiving element recewl_ng the multicarrier signal coptaining the. subcarriers,

at least one of which a synchronization signal is transmitted therein, multiplied only by

a spreadmg code for Synchromzatnon s;gnal

a Subcamer separator separating the recenved multicarrier signal mto a- "
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plurality of subcarrier components; _

a correlator detecting correlation values betwseen the subcarrier components
that carry the synchronization signal and a synchronization signal replica; and

a timing detector deteoting a received timing of long code according to the
correlation values. ' ' ' '

13. . A receiver of multicarrier signal for a mobile communication system, the
system transmits, by using a plurality of subcarriers, a data sequence doubly multiplied
by a short code and a long code chosen from a long codse group, comprising:

a recewmg element receiving the multicarrier sngnal containing the subcarriers,
at least one of which a synchronization signal is transmitted therein, muitiplied only by
a spreading code for synchronization sighal; |

‘a subcarrier separator SBparating the received multicarrier signal into a
plurality of subcarrier components; | o '

a first oorralator detectmg correlatmn values between the subcarrier

components that carry the synchromzauon signal and a synchronization signal replica;
. and R . . )

- a t;mmg detector detecting a received tnmmg of long code according to the.
correlatlon values; _ _ _ _

a second correlator detecting, at the' detected received timing of long code,
correlation values between the ISubcarrier_ components and a plurality of replicas of
data seqoence doubly multiplied by a short code and each code chosen from a long
code group; ' '

‘a code cletector detectmg. according to the detected correlation values, a |ong
code that |s scrarnbtmg the received multicarrier mgnal and

a demodulation circuit demodulating a data sequence from the received
multicarrier signal by using the received timing of long code and the !ong cade. |

14, A _fe'ceivar of multicarrier signal for a mobile com'munication system, the

- system transmits, by osing a plurolity of subcarriers, a data sequerjce' doubly muitiplied
by a short code and a.long code chosen from a long code group, comprising: -

" a receiving element receiving the muiticarrier signal containing the subcarriers,
at least one of which a synchronization signal is transmitted therein, multiplied only by

‘a spreadmg code for synchromzatuon signal;

a subcarrier separator carrynng out FFT operations at a plurallty of FFT timing

_candudates to separate the recewed multicarrier signal lnto plural groups each of which

contains a pluralnty of subcarrier components
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a first correlator detecting correlation ‘values between the subcarrier
components that earry the synchroniz_ation__sigqal and a _synchronizﬁiqn signal replica.
for each groups of subcarriers; .

a timing detector detectmg a plurahty of candidates of long code recelved
timing according to the correlation values detected by the first correlator;

a second correlator detecting, at each of'ihe detected candidates of long
code received timing, correlation values between the subcarrier components and a
plurality of replieas of data sequence doubly muitiplied by a short code and ea.ch code
chosen from a long code group; _

_ a code candldate detector detectlng, according to the correlation values
detected by the second correlator, a plurality of candidates of long code for scrambling
a multicarrier signal; o _ '

a timing and code deteetor detectmg a received timing of long code among the
rece_ived timing candidates and detecting a long code among the candidates of long
code; and ' ' - '

a demodulatlon circuit demodulatmg the data sequence from the recewed
multicarrier signal by using the received timing of long code and the long code.

18. A receuver of ‘multicarrier sugnal for a mabile communncauon system, the

system transm;ts by usmg a plurality of subcamers. a data sequenca doubly multiplied

by a short eode and a long code chasen from a long code group, comprising

~ areceiving element reeewmg the multucamer signal containing the subcamers, -
at least one of wh;ch a synchronization signal is transmntted therein, multiplied only by

- a spreadmg code for synchromzatuon signal; _
an FFT tlmmg detector ‘detecting an FFT tummg accordmg to a correlat:on C

characteristic of a guard mterval contamed in the received multneamer 5|gnal

a subcarrier separator carrymg out FFT at the FFT timing to separate ‘the
recewed multicarrier signal into a plurallty of Subcamer components;

a correlator’ detectlng correfation values between sabeamers that carry a
synchronization signal among ‘the separated subcarriers and a synchromzauon signal
replica; and |

a timing detector dete_cting' a received timing of long code according to the
correlation values, | o o o ) '

16. A receiver of multicarrier signal for a mobile communication system, the _
system transmits, by using a plurality of subcarriers, a data sequence doubly multiplied
by a short code and a long code chosen from a long code group, comprising:
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: compnsmg-

a receiving element receiving the multicarrier signal containing the subcarriers,
at least one of whuch a synchromzatnon s:gnal zs transmrtted therein, multiplied only by
a spreadlng code for synchromzatnon slgnal

an FFT timing detector detecting a correlation for a guard interval of the
recelved multicarrier signal, to detect an FFT timing;

a subcarrier separator carrying out FFT at the FFT timing to separate the

. recewed multncamer signal into a plurahty of subcamer components;

a ﬁrst correlator detecting correlation values between subcarriers that carry a

'synchromzatuon signal among the separated subcarriers and a synchromZauon S|gnal

replica;

a timing detector detactmg a recewed t:mmg of Iong code according to the .

correlatnon values;

-a second correlator dateéting, at the detected received timing of long code, -
corrélation values between the subcarrisr components and a plurality of replicas of |
. data sequence doubly multlplled by a short code and each code chosen from a Iong
~-code group, ' '

'a code detector detecting, accordmg to the detected correlation values a long

‘code that is scramblmg the received multlcamer signal; and

a demodulatlon circuit demodulatmg the data sequence from tha racelvod
multicarrier signal by using the received timing of long code and the long code.
17. A multicarrier signal receiving method for a moblle commumcatlon

- system, the system transmits, by using a plurality of subcamars, a data sequence
doubly muitiplied by a short code and a long ‘code chosen from a long code group, -

compnsmg

a receiving step of recewmg the multlcamer sngnal containing the subcamers._. ;

at least one of which a synchromzatuon slgnal is transmrl:ted tharein, mult;pl;ed only by

a spreadmg code for synchromzatmn signal;

" a correlation detectlon step of deteotmg correlatlon vaiues between the :

received multicarrier signal and synchromzatlon signal replicas; and

a timing detection step of detecting an FFT tlmmg and a recewed timing of |

long code accordmg to the correlation values

18.. A multlcarner signal receuvmg method for a moblle communication

| '-system the system transmits, by using a plurahty of subcarriers, a data sequence
| doubly mulnplled by a short coda and a long code chosen from a long code group. }
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a receiving step of receiving the multicarrier signal conﬁining the subcarriers,
at least one of which a synchronization signal is transmitted the}ein, multiplied only by
a spreadmg code for synchronization signal;

_ a separation step of separating the recenved multicarrier signal mto a plurahty
of subcarrier components; '

a correlation detection step of detecting correlation values between the -
subcarrier components that carry the synchronization signal and a synchromzatuon
signal replica; and .

~ a timing detection step of detecting a received timing of long code according
to the corre!aﬁon vélues. | | |

19. A method as in claim 18, wherein the separation step carries out FFT at
a plurality of FFT timing candidates; the correlatioh detection step detects the
correlation values for each FFT timing candidates; and the timing detection step
detects an FFT timing and the received timing of long code according to the
correlation values.

20. A method as in claim 17 or 19, further comprising: _

a separation step of carrying out FFT at the detected FFT ﬁming. to separate
the received multlcamer signal into a plurality of subcarner components;

another corre!atlon detection step of dstecting, at the detacted recelved
timing of long code, correlatlon values between the subcarrier components and a
plurality of replicas of data sequehée doubly' multiplied by a short code and each code
chosen from a long code group; and

-a coda detectlon step of detecting, according to the detected correlat:on '
values, a long code that is scrambling the received multicarrier signal.

21. . A nulticarrier signal receiving method for a ‘mobile communicétion
system, the system transmits, by using a plurality of subcarriers, a data sequence
doubly multiplied by a short code and a long code chosen from a long code group,
camprising: S _ |

" a raceiving step of receiving the multicarrier signal containing thé subcarﬁars,
at least one of which a Synchrohization signal is transmitted therein, multiplied only by
a spreading code for synchronization signal; _

a separation step of carrying out FFT on the recelved multicamer signal at a
plurality of FFT timing candidates, to separate_ the received multicarrier signal into a
plurality of subcarrier components for éac_h FFT timing candidate;

a first correlation detection. step of detacting correlation values between the
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subcarrier components thét carry the synchronization signal and a synchronization
signal replica;

' a timing detection step of datectmg a received timing of long code according
to the correlation values;

a second correlation detection step of detecting, at the detected received -
timing of long code, correlation_ values between the subcarrier components and a
plurality of replicas of data sequence 'doubly multiplied by a short code and each code
chosen from a long code group; and |

a timing and code detection step of detecting an FFT tsmmg. a received timing
of long code, and the long code that is scrambling the received multicarrier signal
according to the detected correlation vaiuas for each of the FFT tlmmg candidates in
the second correlation detection step. _

22. A multicarrier signal receiving method for a mobile commﬁnication
system, the systém transmits, by using a plurality of subcarriers, a data sequence
doubly multiplied by a short code and a long code chosen from a long code group,
comprising '

an FFT timing detection step of detecting an FFT timing according to a
correlatlon characterlstlc of a guard mterval contained in the received multicarrier
signal; ' - . _
' a separation step of carrying out FFT at the detected FFT timing, to separate
the received multicarrier signal into a plurahty of subcarrier components; |

~a correlation detection step of detecting correlation values betwsen
ISubcarners that carry a synchronization signal among the separated subcamers and a
synchronization signal replica; and . _ '

a t_imihg detection step of deté:ting a.received timing of long code according
to the correlation values. ' | -

' 23. A method as in claim 22, further comprising:

another correlation detectmn step of detecting, at the detected recewed

t-mmg of long code, correlation values between the subcarrier components and the

data sequence doubly multiplied by ﬂle short code and the long code chosen from the

long code group; and

a code detection step of detectmg. aocordmg to the detected correla'uon
values. a long code that is scramblmg the receivad’ mult:camer signal.

24. A receiver of multlcamer signal for a mobile communication System. the

.system transmits, by l_zsmg a plurality of subcarriers, a data seguence doubly muiltiplied
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timings thereto;

by a short code and a long code chosen from a long code group, comprising:

a receiving slement receiving the muiticarrier signal containing the subcarriérs,
at least one of which a synchronization signal is transmitted therein, multiplied only by
a spreading code for synchronization signél: and

an FFT timing detector detecting a plurality of FFT timing candidates
according to a correlation characteristic of a guard interval contained in the received

- multicarrier signal; wherein

the FFT timing detector compﬁéesz _ .
. a multiblier multiplying the réceived 'multicarrier signal by a delayed
signal by one symbol length of the received multicarrier signal, to pfovide' a product;
an mtegrator integrating the product over one guard interval at every
guard interval, to provide a plurality of correlation values;

a first memory storing the correlation values and correépondi_ng

a second memory storing a pturahty of FFT ttmmg candidates
consecutwely given; _

a search range setter setting search ranges for respective FFT tlmmg
candidates according to the correlatlon valuas in the first memory and the FFT tlmmg
candidates in the second memory; and

a tlmlng detector ﬁrstly selecting a maximum correlation value and a

'correspondmg timing from tha values in the first memory as an FFT timing candidate

#1 and storing the FFT t:mmg candldate # in the second memory, subsequently
making the search rang setter set a new search range according to the values stored

in the first memory and the FFT timing candidate previously stored in the second

memory, selecting 8 maximum correlation value and a corresponding timing from the .

values within the search range previously set as an FFT tlmlng candidate #2 and
storing the FFT tummg ‘candidate #2 in the second memory, and repeatmg the same
operations of sattmg a new search_ range and selecting an FFT timing candtdate of
next number until detecting a predetermined number of FFT timing candidates.

25 A réceiver as in claim 24, further comprising:

a plurality of FFT units, each of which carries out FFT operations to the
received multicarrier signal at each of_ detected plural FFT timing candidates to

- separate the received multicarrier signal into a plurality of subcarrier components;

a plurality of first corretators',' each of which detects -correlation values
between the subcarrier components that carry the synchronization signal and a
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synchronization signal replica for each groups of subcarriers;

a plurality of timing detectors, each of which detects a plurality of received

| timing candidates of long code;

a plurality of second correlators, each of which detects, at each received
timing candidate of long code, correlation values between the subcarrier components
and a plurahty of replicas of data sequence d0ubly multiplied by a short code and each
code chosen from a long code group;

a plurality of code candidate detectors, each of whlch detects, according to
the detectad correlation values, a plurality of candidates of long code for scrambhng a
multicarrier signal; '

a timing and code detector detecting'a' recsived timing of Iong'code among

~ the received tnmmg candidates and detectmg along code among the candldates of Iong

code; and _ _
_ a demodulation circuit demodulating the data sequence from the received
multlcamer signal by using the received timing of |ong code and the Iong code .
26. A receiver as in claim 24, further comprising: ' _
a pluralnty of first FFT umts each of which carries out FFT operahons to the
received mult&camer signal at ._each of detected p_lural FFT t:mmg_ candidates to .

separate the received multicarrier signai into a plurality of subcarrier components;

a plurality of first correlators, sach of which detects correlation values

between the subcarrier components that carry the synchromzatlon s:gnal and a
synchromzatuon signal replica for aach group of subcarriers; . N

a timing detector detectmg a rece»ved ummg of long code and an FFT timing
accarding to the correlation values. : :

a second FFT unit carrymg out FF!' operatnon at the detected FFT tlmmg to
the received multicarrier signal to separate a p!urahty of subcamers '

a second correlator detectmg, at the receuved timing of long code correlation
values between the subcarrier _componen_ts and a repl_lca of data sequence doubly
multiplied by a short code and sach code chosen from a long code gfoub‘ ' |

a code detector detectmg, according to the detected correlatuon values a long

-code for- scrambling a multicarrier signal; and

_ a demodulation clrcuut demodulatmg the data sequernce frorn the recawed -
multicarrier signal by using the received timing of long code and the long code.

27. A multicarrier signal -receiving method for a mobile ‘communication
system, the system transmits, by 'using' a plufality of subcarriers, a data sequence
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' doubly multiplied by a short code and a long code chosen from a long code group,

comprising: .

an FFT timing detection step of detecting a plurality of FFT timing candidates
according to a correlation characteristic of a guard interval contained in a received
multicarrier signal.

28. A method as in claim 27, wherein the 'FFT timing detection step
comprising:

a multiplication step of multiplying the received multicarrier signal by a delayed
signal by one symbal length of the received multicafrier signal, to provide products;

a integrating step of integrating the products ovér the period that is equal to a

- guard interval, to provide correlation value sequences ;

a averaged correlatioh value step of accumulating coherently the correlation
value séquences during each insertion period of guard interval, to provide averaged
correlation value averaged correlation value sequence averaged correlation value
sequence which having a time length equlvalant to the insertion period of guard
interval; and _

an FFT timing detecuon step of detecting the plural FFT timing cand:dates .
according to the averaged corralatton value averaged correlation value sequernce.

29. A method as in clalm 28 wherein . the FFT timing detection step
compnsmg"

a step of detectmg a timing correspondmg to a maximum averaged correlation

~ value in the sequence of the averaged correlation values as a first FFT timing

candidate; and .

a s.tep of setf.ing predetermined W sampling periods around the first FFT
timing candidate as an exclusion winidow, detecting, as a next FFT timing candidate, a
timing corresponding to a maximum averaged correlation value in the sequence of |
averaged correlation values excludmg the exclusion window, and repeating the setting
of an exclusion window and the detectmg of a next FFT tsmlng candidate, to provide a
predetermined number of FFT timing candidates.

- 30. A method as in claim 29, wherein:

each exclusion winddw is set by predetermined W/2 sampling periods before
and behind a previously datected FFT timing candidate. | _
31. A method as in claim 29, wherein a size and position of each exclusion

window are set accordmg to an mchnatmn of the sequence of averaged corralation

values around a previously detected FFT tummg candidate.
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32. A method as in claim 29, wherein a si2d and position of each exclusion

~window are set according to the averaged correlation value correspondmg to a
‘previously detected FFT timing candidate.

33. A method as in one of claims 28 to 32, further comprising: -

a step of setting addiﬁonal FFT timing candidates before and behind each of
the detsrmined FFT timing candidates. |

34. A method as in one of claims 28 to 33, further comprising;

a step of carrying out FFT at a plurality of the detected FFT timing
candidates, to separate the received multicarrier signal into a plurality of subcarrier
components; _ , _

a step of detecting correlation values between subcah'iérs that canry a

synchronization signal among the separated subcarriers and a synchronization signal

: reblica:

a step of detecting oha or a plurality of received timirig candidates of the long.
code according to the detected correlation values; | |

a step of detecting, at respective timings of the detected received timing
candidates of the 'long' code, correlation values between the subcarrier componeﬁts
and a plurality of replicas of dafa Sequenée doubly muitiplied by a long code chosen
from a long code group and a short code; and - L

a step of detecting an FFT timing. a received timing of long codé. and a long
céde that is scfambling the received mutticarrier signal asccording to the detected
correlation values. '

35. A multicarrier. signal receiving method for a mobile comrhunicati_on
system, the system transmits, by using a plurality of subcarriers, a data seguence

" doubly multiplied by a short code and a long code chosen from a Jong code group,

coOmprising: .
detecting correlation values between the subcarrier components separated
from a received multicarrier signal and a plurality of replicas of data sequence doubly

' multrphed by a long code chosen from a long code group and a short code, by:

mtegratmg the product coherently over Navg symbols along a time

axis for each subcarrier, where Navg is an integer equal to or larger than 1;

accumulatmg coherently the integrated value of each subcarrier for.
Ncs consacutwe subcamers along a frequency axis, where Ncs is an mteger satisfying
1<=Ncs<=N, and N is the number of the subcarriers; and

detecting averaged correlation values by averaging Nps' accumulated _
\\

1o~ N R o



value of every N¢s subcarriers by squared form along the frequency axis, wherein Nps |
is an integer satisfying 1<=Nps<=Nc/Ncs.

368. A method as in claim 35, wherein if Nps((N/Ncs) alternately detecting
correlatwn values of (N/Ncs)/ Nps long codes at the intervals of Ncs subcarriers along
the frequency axis..

-

T i

-~ 49 -



