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BACKGROUND OF THE INVENTION
1. Field of the Invention
The present invention relates to a receiver, a transmitter,

a communication system, and a method of communication.

2. Description of the Related Art

The multi-carrier code division multiple access (CDMA)
transmission method was proposed in 1993 in MULTI-CARRIER CDMA IN
INDOOR WIRELESS RADIO NETWORKS (N. Yee et al., 1993 IEEE Personal,
Indoor and Mobile Radio Communications), and studies have been made
regarding the application of the same to mobile communication systems
since then.

The multi-carrier CDMA transmission method is a method of
transmission in which a data symbol is copied in the direction of
a frequency axis; each of the copied data symbols is multiplied by
one chip of a spreading code and spread; and the spread data signals
are transmitted in parallel cover a plurality of sub-carriers having
different frequencies.

The multi-carrier CDMA transmission method makes it possible
to transmit a plurality of data symbols simultaneously. According
to the multi-carrier CDMA transmission method, a data symbol is
multiplied by a spreading code in the direction of a frequency axis.
Therefore, according to the multi-carrier CDMA transmission method,
a plurality of data symbols can be code-division-multiplexed by
multiplying the data symbols by a spreading code orthogonal to each
other.

Further, a low symbol rate and a great symbol length are achieved
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regarding the application of the sane to nobile comuni cation systens since
tthen. The nufti-carrier CDVA transm ssion nethod is a nethod of

transm ssion in which a data synbol is copied in the direction of a
frequency axis; each of the copied data synbols is multiplied by one chip
of a spreading code and spread; and the*spread data signals are transnitted
in parallel over a plurality of sub-carriers having different frequencies.
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interference which occurs between transmission signals when they

arrive at a receiver at different timing via a plurality of different
paths (a multipath) and which results in the degradation of signal
transmission characteristics. In a multipath, frequency-selective
fading occurs in which variations in the path occurs depending on
frequency, the signal transmission characteristic varying depending
on its frequency. According to the multi-carrier CDMA transmission
method, a data signal is spread in the direction of a frequency axis.
Therefore, according to the multi-carrier CDMA transmission method,
a frequency diversity effect reduces the influence of variation in
signal transmission characteristic, thus improving signal
transmission characteristics. The multi-carrier CDMA transmission
method has many advantages as thus described.

However, the multi-carrier CDMA transmission method has the
following problems. As shown in Figs. 1A and 1B, a receiver receives
signals that are signals over a data channel #1 and a data channel
#2 multiplexed and transmitted. The receiver multiplies the
reception signals by a spreading code in the direction of frequencies,
the spreading code being identical to a spreading code that has been
multiplied at the transmitter. Then, the receiver performs
despreading by combining the reception signals of each sub-carrier
over the spreading code duration of the spreading codes.

As shown in Fig. 1A, when the propagation path variation value
of the sub-carriers has a constant, the spreading codes multiplied
on the data symbols in the respective data channels are orthogonal
to each other. Therefore, the data symbols in the respective data
channels #1 and #2 are completely recovered in the reception signals
after despreading. In practice, however, since the sub-carriers are
subjected to different amplitude variations and phase variations as
shown in Fig. 1B, the propagation path variation value will not have

a constant. Therefore, the orthogonality of the spreading codes



by the nulti-carrier CDVA nmethod because parallel transm ssion is perforned
using a plurality of sub-carriers. As a result, the nulti-carrier CDVA
transm ssion nmethod nmakes it possible to reduce the influence of so-called
multipath interference that is problematic in a nobile comunication
environment. Miultipath interference is 3nterference which occurs between
transm ssion signals when they arrive at a receiver at different timng via
a plurality of different paths .(a nultipath) and which results in the
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BRI EF SUMVARY OF THE | NVENTI ON An obj ect of the present invention, is to
apply appropriately antenna diversity conbining to the nmulti-carrier CDVA
transm ssion nethod to reduce the influence of interference between data
channel s and to thereby inprove signal transm ssion characteristics. A
recei ver according to an aspect of the present invention conprises a
plurality of antennas configured to receive signals that are obtai ned by
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transm ssion characteristics by appropriately applying antenna diversity
conbi ni ng to tHhe sukhia gaceileer COME plansh &g icdnamtrrings. receive signals

that are obtained by multiplying a plurality of data symbols using
spreading codes for each of the data channels and that are transmitted
over a plurality of sub-carriers having different frequencies. The
spreading code multiplier multiplies the reception signals using
spreading codes for the data channels corresponding to the reception
signals. The weight multiplier multiplies the reception signals by
the antenna weights which is adjusted by the weight controller and
by which the signal received by each antenna is multiplied and
sub-carrier weights which is adjusted by the weight controller and
by which the signal received over each sub-carrier is multiplied.
The combining unit combines the reception signals multiplied by the

antenna weights and sub-carrier weights among the antennas and over



BRI EF DESCRI PTI ON OF THE SEVERAL VI EWS OF THE DRAWNGS Figs. | A and 1B
illustrate a conventional multi-carrier CDVA transm ssion nethod; Fig. 2 is
a block diagramillustrating the configuration of a conmunication system
according to a first enbodi nent of the gresent invention; Fig. 3 is a block
-diagramillustrating the configuration &f a transmtter according to the
first enbodi ment of the present invention; Figs. 4A 4B, and 4C illustrate

a transmgs Qprelaana 8sger g ich wthbrabrsg@% nEdde0f the present
invention; Fig. 5is a block diagramillustrating the configuration of
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illustrating the configuration of a receiver according to
enbodi merfts dFeshet prsdnts swdittlisorre Fpgs agfpried bydindsriesenpe between
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transm ssi on net ho Figs. 10A, 10B, and 10 | agra
i || ustr atiiafgyeehe the spreading codes. As thus described, the receiver can

improve the signal transmission characteristics by appropriately
applying antenna diversity combining to the multi-carrier CDMA

transmission method.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

Figs. 1A and 1B illustrate a conventional multi-carrier CDMA
transmission method;

Fig. 2 is a block diagram illustrating the configuration of
a communication system according to a first embodiment of the present
invention;

Fig. 3 is a block diagram illustrating the configuration of
a transmitter according to the first embodiment of the present
invention;

Figs. 4A, 4B, and 4C illustrate a transmission signal according
to the first embodiment of the present invention;

Fig. 5 is a block diagram illustrating the configuration of
another transmitter according to the first embodiment of the present
invention;

Fig. 6 illustrates switching of input symbols according to the
first embodiment of the present invention;

Fig. 7 is a block diagram illustrating the configuration of
another transmitter according to the first embodiment of the present
invention;

Fig. 8 is a block diagram illustrating the configuration of
a receiver according to the first embodiment of the present invention;

Fig. 9 illustrates a simple application of antenna diversity
combining to the multi-carrier CDMA transmission method;

Figs. 10A, 10B, and 10C are block diagrams illustrating the



6 configuration of an antenna wei ght controller according to the first
enbodi rent of the present invention; Fig. 11 is a block diagram
illustrating the configuration of another receiver according to the first
enbodi ment of the present invention; gh 12A to 12D illustrate a net hod
of determ ning sub-carrier weights accorlding to the first enbodi nent of the
present invention; Figs. 13A to 13G are block diagrans illustrating the

confi gur at:bﬁﬁi@lﬁrafttfcubo(fadxf BeEeiRh gimgmr&drcﬂﬂoeﬂeaca@ddiidig@ Qo trhe fidsd
enbodi nent of _t he ﬁ:ggent i nvention; ﬁ 14 is a flow chart showi ng a
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procedure of recelving a reception S|qpal according to the first enbodi nent
of the pré8erbeF mARTRIGTE, aergrdingi &0 aths &dksdi %’@‘P%quﬁjﬂfr shenpregrnt
configurathgBneiog; recei ver according to a second enbodi ment of the present
invention; Fig. 17 is a block dlagran1lllustrat|n% the configuration of
anot her wei ght Bbfd r dPRdr0 h2R LdRABTR kL pHke hodontl deibowl mrg Sub-earrinTesent
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reception signal according to the second enbodi ment of" the present

invention; Fig.Fi95is 188l bek Hitgram i Pledt r diragarhe ddmsitgatangorthsf a

receiver 86het LPgc{6h B Rl 6dnesRes denle iQhtt BEnPESBRIE ddo¥eRihgNio R 20
is a flow chart showing a procedure of receiving a reception S|gnéf

accor di ngfisst hempel e madditienPreFerhel PYRREMD i nvent i on;

Fig. 14 is a flow chart showing a procedure of transmitting
a transmission signal according to the first embodiment of the present
invention;

Fig. 15 is a flow chart showing a procedure of receiving a
reception signal according to the first embodiment of the present
invention;

Fig. 16 is a block diagram illustrating the configuration of
a receiver according to a second embodiment of the present invention;

Fig. 17 is a block diagram illustrating the configuration of
another weight controller according to the second embodiment of the
present invention;

Fig. 18 is a flow chart showing a procedure of receiving a
reception signal according to the second embodiment of the present
invention;

Fig. 19 is a block diagram illustrating the configuration of
a receiver according to a third embodiment of the present invention;

Fig. 20 is a flow chart showing a procedure of receiving a
reception signal according to the third embodiment of the present
invention;

Fig. 21 is a block diagram illustrating the configuration of
a receiver according to a fourth embodiment of the present invention;:

Fig. 22 is a flow chart showing a procedure of receiving a
reception signal according to the fourth embodiment of the present
invention;

Fig. 23 is a block diagram illustrating the configuration of

a transmitter according to a fifth embodiment of the present



Fig. 21 is a block diagramillustrating the configuration of a receiver
-according to a fourth enbodi nent of the present invention; Fig. 22 is a

fl ow chart showi ng a procedure of receiving a reception signal according to
the fourth enbodi nent of the present invention; Fig. 23 is a block diagram
illustrating the configuration of a trarfsmtter according to a fifth

enbodi nent of the present 7 invention; Fig. 24 illustrates a transm ssion
signal acceeshtipbto the fifth enbodi nent of the present invention; Fig. 25
is a block diagramillustrating the configuration of another transmtter

according to thegifih HivSHrAERE Bf t¥aRS Rt SFHO@%t?%‘FPrqu”@ tog the a

bl ock di ag{ s idhvisd inddnth @t hBeCppbsnif atriv@htabna sub-carrier weight
controller according to the fifth enbodi ment of the present invention; Fig.
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chart showi ng a procedure of receiving a reception signal according to the

si xt h enbbdYe®PtCO™f the present invention; Fig. 29 is a bl ock diagram
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Fig. 27 is a block diagram illustrating the configuration of
a receiver according to a sixth embodiment of the present invention;

Fig. 28 is a flow chart showing a procedure of receiving a
reception signal according to the sixth embodiment of the present
invention;

Fig. 29 is a block diagram illustrating the configuration of
a receiver according to a seventh embodiment of the present invention;

Fig. 30 is a flow chart showing a procedure of receiving a
reception signal according to the seventh embodiment of the present
invention;

Fig. 31 is a block diagram illustrating the configuration of
a receiver according to an eighth embodiment of the present invention;

Fig. 32 is a flow chart showing a procedure of receiving a
reception signal according to the eighth embodiment of the present
invention;

Fig. 33 is a block diagram illustrating the configuration of
a receiver according to a ninth embodiment of the present invention;

Fig. 34 is a flow chart showing a procedure of receiving a
reception signal according to the ninth embodiment of the present
invention;

Fig. 35 1is a graph showing an average packet error rate
characteristic of a simulation according to a tenth embodiment of
the present invention;

Fig. 36 is a graph showing a characteristic of the simulation
according to the tenth embodiment of the present invention associated
with a number of multiplexed codes;

Fig. 37 is a graph showing a characteristic of the simulation



Fig. 31 is a block diagramillustrating the configuration of a receiver
according to an ei ghth enbodi nent of the present invention; Fig. 32 is a
flow chart showi ng a procedure of receiving a reception signal according to
t he ei ghth enbodi nent of the present invention; Fig. 33 is a block diagram
il lustrating the configuration of a recéiver accordlng to a ninth

enbodi nent of the present invention; Fig. 34 is a flow chart show ng a

procedur e agtoreced \tbngleatélegeehb@mrﬁémat tdeCldnd 1ovdie onl sddbantiad ment
of the present inventjon; % 35 is a graph showi ng an average packet

error rat@léﬁa?a%?¥ﬁQQ&QQ:ﬁ§F &Tdi nul ati on according to a tenth enbodi nent
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the sinulation according to tﬁe tenth enbodi nent of the present invention
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charact er | ;8£}C4 0804 N 3el@Br; 8 according to the tenth enmbodi nent of
the present invention associated with a spreading factor; Fig . 38 is a
graph showi ng aFthar 38t drlildisitEagest e %@ﬁﬁﬂht@%nm&ééépéﬁﬁ@itGoﬂhé deneh
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Fig. 39 illustrates a nunb mul ti pl eXxed codes data generating unit and
a data gemér ahenpregant devending:to a nodification

Fig. 40 illustrates a process of averaging a reception signal
in the direction of a frequency axis according to the modification
of the present invention;

Fig. 41 illustrates the process of averaging a reception signal
in the direction of a time axis according to the modification of the
present invention: and

Fig. 42 i1s a block diagram illustrating configurations of a
sub-carrier weight controller and a sub-carrier weight multiplier

according to the modification of the present invention.

DETAILED DESCRIPTION OF THE INVENTION
With reference to the drawings, embodiments of the present

invention will be described below.

[First Embodiment]
(Communication System)

As shown in Fig. 2, a communication system 1 comprises a
transmitter 4 and a receiver 5. The transmitter 4 is provided at
a basestation 2, forexample. The receiver5 isprovided ina terminal
apparatus 3, for example. The transmitter 4 transmits signals using
the multi-carrier CDMA transmission method in which signals obtained
by multiplying a plurality of data symbols transmitted on a plurality
of data channels by a spreading code are transmitted over a plurality
of sub-carriers having different frequencies. The receiver 5
receives the signals transmitted by the transmitter 4 according to
the multi-carrier CDMA transmission method. The communication
system is not limited to one-to-one communication between the

transmitter 4 and the receiver 5 as shown in Fig. 2, and a communication



of the present invention; Fig. 40 illustrates a process of averaging a
reception signal in the direction of a frequency axis according to the
nodi fication of the present invention; Fig. 41 illustrates the process of
averaging a reception signal in the direction of a time axis according to
the nodification of the present i nventi oh; and Fig. 42 is a block diagram
Illustrating configurations of a sub-carrier weight controller and a
sub-carrie@swehghbynuhiiehbemy@mcam:&mgalnowﬁecamﬂﬁﬁié&ﬂﬂdﬁ1ﬁétﬁdﬁﬁ psres ent
i nventi on. DETA| SCRI PTI.ON gF | NVENTION Wth reference to the

dr awi ngs, S&ABSYE ﬁfs 6P AP IHFaLERY ATnTEREHERT %I CHE A T B BEY AR

[ Fi rst Enmbogiaeality Gamuanemit barSusktad) oks :caeh:@\zWerns Figx c2jmanication
conmuni cation system 1 cq ri es a transmtter a receiver 5. The

& o By

transnitt &FtHCP B ELEPF B Zandf Gr PeREdpt e ofheereteier 5

is provided Ilﬂltaeﬁrﬁﬁﬂvléa_ly apparcairmﬁcatmn exagIre mayhle td 20eihi 84t fon
transmts S|%nals using the nufti-carrier CDOVA transm ssion nmethod in which

SI gnal s ofS¥&i ﬁ@&“b‘\}h%‘ﬁ}} 2itEPPRY tEE P A T $ 15 V6 VEEARES Rl thare Ehe3d on

a pluralitygakmdatarchagnetscdived spreading code are transmtted over a
plurality of sub-carriers having different frequencies. The receiver 5

recei ves tA&a8FghaFeTiransmitted by the transmtter 4 according to the
nufti-carrier COMASHEANSIH $91G0N3 MR rah3R1 €0BPURNI &dQkes a plurality

of signal processing unit 41; to 41n, a pilot symbol inserting unit
41h, a signal combining unit 42, a frequency/time converter 43, a
guard interval inserting unit 44, and an antenna 45. The signal
processing units 41; to 41n are provided in the same quantity as a
plurality of data channels #1 to #n. The signal processing units
41, to 4ln associated with the data channels #1 to #n process
transmission signals such as data signals and pilot signals
transmitted over the data channels #1 to #n.

The signal processing units 41; to 41n comprise a data symbol
generating unit 4la, an error-correction-encoder 41lb, a data
modulator 4lc, a serial/parallel converter 41d, a spreading code
generating unit 41le, a plurality of symbol copier 41f, and a plurality
of spreading code multiplier 41g.

The data symbol generating unit 4la generates data symbols to
be transmitted over the data channels associated therewith.
Specifically, the data symbol generating units 41la of the respective
signal processing units 41; to 41n generate data symbols associated
with the respective data channels #1 to #n. The data symbol
generating unit 4la generates data symbols of data such as images
and sounds to be transmitted to the terminal apparatus 3. For example,
data symbol generating circuit that generates data symbols may be
used as the data symbol generating unit 4la.

The error-correction-encoder 41b perform error-correction
encoding on data symbols generated by the data symbol generating units
4la. The error-correction-encoder 41lb performs turbo encoding or
convolutional encoding, for example. Thus, the receiver 5 can

perform error-correction-~decoding. Therefore, the receiver 5 can



systemis not limted to one-to-one conmuni cation between the transmtter 4
and the receiver 5 as shown in Fig . 2 , and a comuni cation 9 system may
be enpl oyed whi ch all ows conmuni cati on between one transmtter 4 and a
plurality of receivers 5, comunication between a plurality of
transmtters 4 and one receiver 5, or coomunication between a plurality of
transmtters 4 and a plurality of receivers 5. Alternatively, the
connunicat%%n.systen1qgé}be a ?onnunicatiq$,3ésten1in which a transnitter 4
or recei vEPTBIPATRGRCHIGHAL" ({§ HIt Y r ARRTTTEM U thet LeeFoarcELlon
(Transmi ttigr ) pAseshowBquir&Ed g. £Sr HecdgtanRs c@lede§ONBYi SBEpByMgirald ty
of signal processing upit 411 to 41n, a pilot synbol inserting unit 41h, a
si gnal cofBFATAGCERFETHY I9%EGE nE?lfTﬁEO%% cg3ion guatHtynterval
inserting unit #de @th avdanhesnas b pethoras gNakthr A6@SH #ihdIRirbsedd lort O
41n are provided i ihe sane uantitggas a plurality of data channels #1 to

n
#n. The siPghaFa srBoedstiyt BAstReen $uPdedisd 19soT A &P TheCH 1oRecBEPGLNg -

channel s #het @a#h RHEQEESSoE I ANS PesFolMs ShENE] Fa B @Rmadatarsi Ghgl stand
pilot signals transmtted over the data channels #1 to #n. The signa

processi n§OGRI-85121 L 9PY) 4P BRPCI-9BMLTdht & WYhoBI N GEN BPaER P IdY ke vy an
error-correetkPn- fHEedari b, o3 dadaurmduleat Bhadd C.sify ser kaliRgr aldsik)
converter 41d, a spreading code generating unit 4le , a plurality of synbo
copi er 41fmodudpgianplurality of spreading code nultiplier 41g. The data

synbol gener at i fie Wi 41388186 8l @At rSYWAlsS ot @1 PEads 23T Heds quer
the data channel s associated therewth. Specifically, the data Synbol

gener at i n§iUAaRes 418261 EHBPPEsPBEPI e BIFAlityr RResdptig Wwimbelsll tHhedln

generate datas$ g@%ﬁ@lswiv@&%é W id RS PELE] M6/ (At 160 2BBRY Srdibor O
#n. The data g 4 | generating uﬁit 41a ggnerates déggﬁgynbols ofé%é%glsuch

0
as i mages °4nd g@iﬁuﬁﬁﬂh9lbéﬂtPﬁﬁ@ﬁi??eﬁ?ﬁﬂ§mﬂﬁeatE#WHQ%ﬂtYaﬁﬁaﬂatﬂSSYWbQQﬁ

exanpl e, datansyslRl tqRaer aiddd racheuy! {hakegeneysdes dat 2oay8PeLs 4Ry be
used as the data synbol generating unit 4la. The error-correction-encoder

41b perf ofFVéRe of - ERF IR 14TR SYEHALNGNBAL def At Shith GRS agBABHAR R MLa I dat a

symbol gepehathfg iWRkt9atda colBrel A tCHILELLLITRPGPIRhat Y LEFE M I
turbo encoding or_ convol utional encoding, for exanple. Thus, the receiver 5
can per f oifh BAFBHLebrFectiorlideCsdPRgOt Theh e BIe@CYt RE1Fecei ver 5 can 10
obtain an encodiRg Sahbol Sofhuant id¥ doph"RheVeTBRLLE ARt of Saded esdligidign in
power required for reception achieved Qg applying an error-correctin
encodi ng) OPEaLARE oPE EAMANTEALY BATHILRT t§onversion and division at the

serial/parallel converter 41d in a quantity that is equal to a number

of spreading code duration of the spreading codes corresponding to
the data channels #1 to #n over which the data symbols are transmitted.

The spreading code generating unit 4le generates the spreading
codes corresponding to the respective data channels and assigned to
the data channels. The spreading code generating unit 4le inputs
the generated spreading codes to the spreading code multiplier 41g.

The spreading code multipliers 41g multiply the data symbols
copied by the symbol copiers 41f using the spreading codes
corresponding to the data channels #1 to #n over which the data symbols
are transmitted to provide data signals. The spreading code
multipliers 41g multiply the respective copied data symbols using
the spreading codes input thereto from the spreading code generating
unit 4le in the direction of the frequency axis. The spreading code
multipliers 41g are provided in a quantity that is equal to the number
of the spreading code duration of the spreading codes corresponding

to the data channels #1 to #n over which the data symbols are



The data nodul ator 41c perfornms a data nodul ating process on a data synbol
that has been subjected to error-correction-encodi ng. The data nodul at or
41c perforns nmul tival ued quadrature anplitude nodul ation (QAM such as

16- QAM and 64- QAM bi nary phase shift keying (BPSK) nodul ation) or

guadr ature phase shift keying (QPSK) nodul ati on. The serial/parall el
converter 41d is a divider configured to divide a data synbol into a
pluralitytehndatecsynboie sHiessehigakbpar allelpTosweriry Akt weidodma
serial/parallel conversion of a data s¥nbol in order to transmt a

pl ural i t ySoP@ht £°GABEALYAM L REPEEIRI HRAelatepeRTRekanping tthe spreading

seri al / parghkel t&owerd fnAl¢odbyhdggauser i ab.data synbol input fromthe
data nodul ator 4lc at constant intervals , converting it into data synbols
that are arrangBif PHlGar ayTRAL ARSEREIRY MBdLi I dMSETLR dftiafc §YaRPE 1nthe
synbol cophgergaddfsye@dist ke BhHEBdEd WrahsAaka: Y PRl 1ebkakAsH DYe (84
serial/parallel conversion and division at the serial/parallel converter
41d in a q_aaﬁﬂ% quﬁ&pl%e@q@d].h Pélat fiighédsof B PA4PREESPd e rmbon of
the spreagi,nge CARSE: R eaaappﬁhgg L0 thewdatd ehannels velr 50 #h oY rloﬁ/m ch
the data synbols are transmtted. The spreadi ng code generating unit 4le
gener at esSYReO5pFeEddg EBEESCESV PESPNER Wignale prepaasdjestiatd rui@tdannel s
and assi gngd: {0 Lhedaba channeksq Jrh%r‘%@ie@élﬂﬁ&rpﬁdfe&éiﬂﬁro%t%fgn lahqtle
inputs the generated spreading codes to the spreading code nultTplier 4lg.
The spreadi AyaedEes A iPlangrds aftgrndesppradinge data synbol s copied by the
symbol copi &% dlingitbnthd N AT 83bOLs CUlRoAOPY ESP A !

channel s #1 toxﬁnngver mh%c t he ggta %y 0 g a?e tra s#?%feﬁa%gﬁb%%%?de
dat a si gnanshemurdridadrhgatagbapnel s pili er #n 4 agddilfifiegen t itid otesypdoilsve
copi ed daj,g. SYDOL S, USIdYG, tHRe ySRECH Do st stricN Rk at BRY LMyt h

spr eadi ng %%de generating'unif 41e in.g%eqﬁ?regtionaoPﬁtﬁié%%é%béﬁhﬁnéxis
The spreadi ng ciekpaagtiiopl iratd 4Ry igtdopr d¢i dediagignqadantthey phisse iesdequal
to the nughei;ofiad N $PLSRALNI £OLG AUl bONeRE ¢ headi ROy ie
correspongﬁgglto t he ggfaachannels #ﬁ f%_#g over %éﬁ%ﬁ% t he gatégg$ﬁﬁgfs are
11 transnPitelr SPRe speeadi A§ RHRRAGANST phidroRegathpuPathebetwersitynal s
obtai ned byaflhdifly nithd bRe daka15uFtObSedisl 0Y fhPe SR RANINGNEAIER 1, he
signal conbining unit 42. The pilot synbol inserting unit 41h inserts pil ot
synbol inPe tHetdasa RIAAGEIRS 10D RiEEVAT LAt kUSRNSSR 0rF SPyrmich Bhe IphEsar e
data signgls mhiiRlexed Wiyl eagbdladss plihendi {QdnSakal I mvaRel
whose anplitude and phase are known to the receiver 5. The pilot synbol is
used by tRefpeeelvers raceidsti Wit B rrssadderon pater vadnat peepagriadein
reception,s lya@REn h 18T b OFwdiB] YWRER ransRELRL @M%l ANk 80, & BT aRgRSSi on
signal after despreading. Referring to the pilot synbols, common pil ot
synmbol s nﬁjtb‘éatﬂs%‘tl IEnatreRAGHtAONt 9?‘6‘? V&éﬁaté%ﬂﬁ’_epsrﬁﬂeﬁtd%@lw 18

di fferent ;pELptegYrdAs WAnakleepaihaelohhe Hsedddteeaphophgd Mofdadn
channels #1 to #n. Propagation path variation is variation in the phase and
anpl i t udeVeriatEPydal Atreariirhet HiRt AR 2R FPEPESh £Rmarl RELimadA oPhe
same whenikt shecpioPpgadiedtd M Rabhepagst imicdtiaibetween the transnmitter 4
and the receiver 5 before it is received by the receiver 5. That is (

propagati on patTP%A&FPRFPHRt$NAIPEIELEMASRARTERYE O IREE 1RABX INP AR OFFETof a
signal trapsmhiteshdy ginett kagaaLst&id AaaRaBagsaPefOf anet qiseserdl wedaby
the receiver 5 after being propagated in a propagation path between the
transnit t EPT32AHT tIRle SXéPvert™s PLEQE S EEFImAPFBRT BRI 3NdtopAly BT 464t h

variationthd & Jr2Qepbheih SiH0akt i weferhedidputass pahaRnelgn@dkl Jediera.
Ther ef or e, pr0£agat|pn path variation in a reception signal obtained
t hr ough cREnABLtERIYHRE iR Ots sERRR] 2 YS ' CarPERRA LA fitddeSe SEf RRTRE FarHe" .

The transghbberoApaef 9 JRpogdecdbys shPanibt41Rl €xisng dd wendefs theBildniap! ex
pilot signals and data signals in the direction of a spreadi ng code axis.
The pi I of PEPGRAPIPASENLTNA Lurkcr 4B P56 BLSTTHE % PgnIAtE GREARERS tinte 42
with the aputTif +BihOtinsleghabs oFopaldedyivoneH tLinplyéo@oridmaly sysdralingusi ng
spreadi ng codes different fromthose of _the, signal pracessing units 411 to
41n as wePr18§ FWEPRIgRT o &LE by tuatee hrisle’f‘bmﬁr?l&lott RERILE AGHEF of
data chanpghge#tih§ #hem!NentLr prioNseiyhas ObyPinltipy ey s thefphisasgnot
only inserting pilot synbols as they are but also inserting pilot synbols
after convereprA¢nPhemi®hto pilot signals by nmultiplying them using
spreadi ng codes.



12 The signal conbining unit 42 conbines the data signals in the respective
data channels #1 to #n input fromthe spreading code nultiplier 41g of the
signal processing units 411 to 41n of the respective data channels, thereby
code-di vision-nultiplexing the sanme. Not_only the data signals of the
respective data channels #1 to #n but at%o the pilot signals are input to
the signal conmbining unit 42 of the transmtter 4 by the pilot synbol
inserting unit #&b.sildierietomeinite usigngd conbhhas nthdiAhtadd grenki nesHahe
data signals and pilQt signals to*Perforn1qode-division-nultiplexing on the

|
same. The HEFBEEEAES/ Arke ComAtSert 4E0 ¢ 10BEadTAY GAFL SREFIEGUE &iPd%0

spread theudatiaisegnalg oml thel s eshasimdepieadi 09i€9des, alo 1418, 43 ea@d ng
code nultiplier 418 and code-division-nultiplexed by the signal conbining
unit 42 oFEFPECHLNFaffty ThRMI-ScatPPERRY AR fi i rionsmb L E FRigieg ddief or

transm ttisaget he Nndat ansy bl 8atd e ghaeguenenet tdBhec@INRr d£fa ¢BaRgE{ 91416
frequency/tine signal conversjion on the data si %nal s to assi gn the data

signal s t &% A PrurdiSa yherpEth: CPnpeF SAHaviRY tdF P fidte il opad gemindag
thereby gengrais RF an8UWdnsaditeers EPMNSbENBL . s 18XAEPE €inAlnk PVAHRSE
fast Fourier transform ( |FFT) apgfratus may be used as the frequency/time
convert er TASTEEOFRy f Bhon ARy EPGRIIHE Updir Aér Conlingoithepfatessionpie
guard int gnhwah: IASEEbhAGs ¥Bi ferPbrS6dd %1% 1848 Onb I £5 M1 o £ 36R fnd he
data signals spread over the plurality of sub-carriers by the '
frequency/ ti me EBmVEEEELNZE/ TR CoREPHtetdrifaR SRFeafdBatud theenile nede
data si gnacloss%Pe@a eMRNgat At £ RIrNGa1 PEPEED JhG dé{)?ea?dﬂ{babédes-ré"@ the
insertion of the guard intervals makes It poss[bﬁe_ 0 reduce the influence
of interf &EPERBEIRBtGRIEN "HAEIBAIYT SilgnBhS ader digiaien iUkidplexed by déieay of
each datas3igAal chbib@h{ihyinid laot BeekesehYEFabi @S oF seBULhr£fe A HdRlGh
propagation. As a guard interval, the guard interval inserting unit 44 may
insert a Si§harenbt &rrEYeHyIRDPYPAg tA2PERLtHING hEhQadatar mignadsdat h6i gna
or a signal--hauhpg, aim edetfdivaed At t gfdbrokRk e%%gah@nc{hﬁrdeen%i@n%&_ a
guard interval may be determined taking the delay tinme into consideration.
The ant enf&NASTEE@RSAR t B GAY iSIGARLE eFO CONA B dhal dRARi A§IRLT d-d riber val s
inserted therghfty0okheubeesivaird Rsvidd IANFEraakORrah@oRt1 &y, SNGRmR | ot
signal s and data signals have been code;d|V|S|on-nult|flexeq at the
transmitt dengrafppg @ MelpPr-GAgear CoM Sl d3dns f SSPEAMRIYnaR iy erreisiséh

pi |l ot si gralsiB2a s rdahnd( SimnNahspdia @ Raf Wdeasdy bei @l FUbLhoheyadma th
di fferent spreading codes 1n the direction of a spreading code axis as
shown in FPGVeEAST THd %O BASRPERi BN 18VEHeP B8 Y Eourhef thradsfPrerPXINESsi gnal
that is spread rRetfieird LRELERM Ahsbbeidd QAUENLY ideles+8ra TRREAN: MG Al he
frequencies of a plurality of sub-carriers. Thus, when the pilot signals
62a and t A& eR%H OS5 ifafate £498AS RFEAE WST SRe RAvraptEX e, SEheCiF®tSon of

one franme w9f thbedd @Ry Ei 00 WngRakebuLaANTRE JRE) SHOELv410 iaCihfMRed
inproved frame efficiency. Pilot signals and data signals may be

nul ti pl ex®&HWREBUERE t9 FLPPalsnt BTG VEREx it RGeTRetence PELYeERt et diatd t he
di rectionsafnaibi merraxisseMhesn biemendligdasiaonn famtd 1 Axkag itsppesivrded, for
exanple, a transmtter 204 as shown in Fig. 5 may be used. In the

transmitt &CIP6%, Tt 110 Seghgl 8 &ﬁ&eﬁﬁﬁﬁegg‘ar%?e&rnethe data signals that
time-divi Sisoatiuhbhphiexedo landeheyt sanssh Hata28fignaatia sy rDoingeneralel ng
unit 4la, errqr-carrection-encoder 41b, data nodul ator 41c, and spreading
code gener&FRAYSOm £5 AELIBHY BB@H‘%”%P@H%"I‘Q%%S%?@ WS BT 3l
241n, a freeugnaydtinteBdlyankert4dyg whiglaudmant efisedt ianseghhDgobiineds,
and an antenna 45 are substantially _the same. as those of the transmtter 4
Shown i n BQCOBYLohar BRET &F FhE RAYCEOT (Glog GAte FhRRLPE By FFPRAEHGol s
to those foprddwrdrnamed ddteterd , vt skdnplrat bEhglesedtbes ahprasd T miaiot
synbol inserting unit 241h inputs pilqQt_synbols to the serial/parallel
convert er ™1 #catlCIPFRLPENt T s tt%& \%ﬁéﬂ thjé“eddt“aFonﬁ(?BFéfl‘Eﬁaﬁg%“i nput s
data synbol s torhbBeasesn@d /gparabhehi cony erilet -2d#died umma shgndatigawsiyiol s
and the pilot synbols are tine-di {Y;i si on- rrujﬁti pl exed. eci fical %‘ﬁi the data
symbol s o@FEe by ¢RI Fat ASFDRI AP6FeHL ECahde FRECHVPHL &5 fhoF 8T FC by
the pil ot giimiiadql Bgsltce][simge Ufﬂiiu024gd§ﬁ_gi‘fzﬂsi Ramdi tdhtTahest@Iieﬂf]d /| paval |wden
converter 241d at different tine swi tching unit 241i that i nput, e
ot symbEIeaaa Ve Raop: 1ol ARRERS S ot ATAAE PR B e ConebPardst g on
a switched basis. The serial/parallel converter 241d perforns
serial/parallel conversion on the tinme-division-nultiplexed data synbol s
and pilot synbols simlarly to the serial/parallel converter 41d. Synbol
copi ers 241f copies the tinme-division-nultiplexed data synbols and



14 pilot synbols simlarly to the synbol copier 41f. Spreadi ng code
multipliers 241g nmultiplythe tinme-division-nmultiplexed datasynbols and

pil ot synbols using spreading codes simlarly to the spreadi ng code
multipliers 41g to provide time-division-nultiplexed data signals and pil ot
Signals. The spreading code nultipliersl241g of the respective data
channels #1 to #n input the data si gnal s and pi | ot signals which have been
mul tiplied dsiignihe 5pLeadhngaC ¥ | pliexedto

asi gnal conbi ning gt}"ﬁi t 242a TheS| gn l%ﬂ %in(fgrals %n%:[fé %%fn%%érbc}%ﬁe%sg ineals
time-di vi $ilenapelcodgl- éxedsu@mamsh’fg-méleseéwmqh dotfergriakbsreadime cpéepemi ve
data channgls put e i pl.iers,24

t he si gnaﬁ%prggégé?hgﬂu%?t% 5264{1 15@22§85 ?’gi%ga§espe |lée|%J taﬁéhaﬁel s to
per f or m cddendingssion-shaneilpt@xisny moA ti heasedms CRNA s rgrsil tl;xa’a isr sprsgEds si on
signal 6b.tr . I nal in
whi ch pi |l o:n ??ég%%ggg%g% O;fggh%g?gagkgﬁlaﬁgﬁf gPPe%& %Q'% VI SI oﬁalrlm cfjiepEI exed
in the di odcei Qhumlitue afi rmpbaxpsrasrsho@husn \ﬂney % Siletesignals 62a
time-divi n nal re.nultiplied
usi ng Spl‘%ggﬁ’l%@g% glbeagcica)ablékg|Q:\%llé%| g%glgjﬁ% ufalxt(i:q 1e ?‘ﬁg tetrhanélrlﬁr 51%h
signal 6¢ oIﬁetmmésaxae m;fl the taansnelsGols syrgrlaba lcan\fnha made lsRopt |tat achigha s
62b are code d|VV| Sj nﬁlgu%hpé ex%d as well as the data signals 61b. Thus,
when t he p| "Pot VS g 6 hd tHe data si gnal s 61b are
time-division-naiiopl exgmblmmnmtcmta:ad@malleemﬁgr eBcaudtipl sxdet tIeesudnhe

Phe T ooel VaPCsoeqht D1 AT oVREF07 W hRrg PRE BT OpRoRts o1 ZBaE RS o

vari ati onaarndmer raorisbet Wwaen aimeeéptisiorsiyialipaedieg t {aAnsat Seindd, S@ﬂal 6

after despread ng usin Il als t hu ec ived.. Pi]ot. si s and
data si gna § I’Jnhiy be nli.ﬁqislo t% b(? rou %OI"Pehrben |W?§|%% A5 p %
that is nurtnpihexteg inzomhe dpliﬂactl orsxg‘naasfrea]m@ncﬁabe s. sYheals are
frequency dIVI Lon rrultl eX|n IS prf med. _for..exanp atransmt

304 as sh&wh |§1Iél% e é}e%%celd Fn tghe ?F%Iﬁss“r% eerr %(84 AR AR aI s
and data glege.ahslmgenfjrtecﬂlencyrdommmdtubm-phea@@r 41 .t kiatarmmmaﬂoef
304, data(ljénbol q9sneratir rge ener grror-car 4elct|gnr%ncodg{v41b d%
nodul at or a5er PRt 7 part Ie(I cORTEFREF A S frtEadin§SEBgE L Ve 5o t9na
generat i n@runesslﬂdmﬁyrmml CoOpRENS a4ﬂ_fecg1ierr@gp1em9|ccmmrglearl apr aa_:emdng
units 3411 Q a fre uenc/tlme SUWVeELLEx 4 uardln

i nserting Unr FV?I% J(nser ln ée/nnai ﬁ% are su a%tsl af‘? utbﬁsetaganeyg‘é PRose
of the traasmi asetrhdIsestvmnhentzFargimﬁteThergime,lnl FIiELgB Thehef/ozaaf,e in

i ndi cat ed I . t ] QP

descr i bed Rer & CBrT SEiyRBhr aebEy Rt oSBT AL E® A nliter s

spreadi ng4cedé wullipbt etues @&Fhyibedshene. of i nputting pi I ot synbol s to all
f I lit I

of a prurality gﬁﬁﬁrfoacd' gﬁ%aﬁﬁ?dﬁégi]tﬁhg LELs z%‘l%gin%ﬁ?O?dl\b%ttcg Isé)iprow ded

inserting unit nput same at “intervals ea
by ski ppi mgeseeelal/m@alehlngoomdetmlthilpﬂ ﬁérélBﬂ@gentTHaJmenssto winen pihleot

o ural ity or s hralieket il it 1B QTS e BBl g iBaer,
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Frame of the transm ssion signal 6c can be kept short thus achieving
inproved frame efficiency. The pilot signhals may be transmtted in a signal
format different fromthat of the data signals . Referring to the spreading
codes by which the pilot synbols are nmultiplied, a common spreadi ng code
may be used in the plurality of data cHénnels #1 to #n, and a different
spreadi ng code may alternatively be used in each of the data channels #1 to
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18 The synbol tim ng detector 52a detects synbol timng for each of the
reception signals 7 received by the plurality of antennas 511 to 51n . The
guard interval deleting units 52b deletes guard intervals inserted between
the reception signals 7. The tine/frequency converter 52c perforns

t'i me/ frequency conversion on the receptl®n signals 7 to denultiplex the
reception signals 7 spread over the plurality of sub-carriers having
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20 for the plurality of data channels #1 to #n are orthogonal to each
other. Therefore, the weight controller 8 adjusts antenna wei ghts and
sub-carrier weights such that spreading codes for the plurality of data
channels #1 to #n are kept orthogonal to each other. The weight controller
8 preferably adjusts antenna wei ghts andésub-carrier weights such that
spreadi ng codes for the plurality of data channels #1 to #n are orthogonal
to each otfemaPg 1Ok eahsiishan 50021 3¢ DR Kb %h%?%‘@ridssaéﬁf'éx%g as
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great, thémpgegiedeframpsefesaiefidvect ed by noi se, thus achieving a further
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22 spreadi ng codes, and the antenna weight nultipliers 52f thereafter
multiply the reception signals 7 received by the respective antennas 511 to
51n by the antenna weights . The antenna signal conbining unit 53 comnbi nes
the reception signals 7 anong the antengps 511 to 51n to perform antenna

di versity conbi ning. Thereafter, the sub-carrier weight nmultipliers 54
multiply the reception signals 7 on the respective sub-carriers conbi ned
anong t hecanteeizarsc BN aet8ahlhyraded vedbpidet i smbedi ghtth. a kbt symbhé
synbol copbj, hi I ner I : Nl t [.on

o Gnal s 7 ayerd Bl R SRR £5 e 1o e B0 Bl bt R TS g ot
t he synmbot. cdrbi af i§ 4uhe tfs nE5prafegaddra stthvhsiation éootter pdlob stylhmbodt at e

of the sa b r J LRl kRat ] ' the transmtter
4. The segﬁ%l %gré;ﬁtgeﬁe conveegt E§35% %ee%eodrs%%ggkggl é??@ér%ﬁ‘bocor?\?gr écﬁ%n on
the data syahehstidimt phadve bmwwolecovEhed ipceligeng canbipredoan tdhanayibol
conblnlngeu it§t§§ Quer Hﬂgﬁgfge%gHﬁ_ cqgﬁlggr§g 8@..Tmﬁ?se5ga épagg [e
converter “B6 'S &t oRMeRt T NgP UM 0 Al Ronh&et s &t ot dffatts §1of - FA"R sy nbol s
into a singterdatiaresyhol alshessemnaat /parcairbel beormear aereb6p tivmeaedgaatat a
symbol s tha éatr?er di viid%q at _const aars%tteirnéer vglésd.and arran elql | ngﬂpfarpaél gl in
the direcfPon™ of T WE Peqlienty Hxie 5 EGAVETT e Mo AP0 R T hdl%e Peeftal
dat a synbsymbdhe. dat a denodul ator 57 perforns a data denodul ati on process
on the dakﬁ sgnbol obtained as a result of parallel/serial conversion at
the serial FPaFaIT%} converter 56. The data dempdul ator 57 performs the data
denodul ati ng pra<esswnn iacEby dahcehal rhct reerrtil Woaiprasepes f prurmed ity bhe
data nodul ators_41c of the transnmitter 4, 204 r_304. The .
error-corf® ??%%Eé@éog%r ﬁbPiBFﬁilE%(%}F&?Fggryiﬁﬁ?§ﬁ+p§é88aFﬁgyﬁf58ess
on data syphols wehigaitnednasod aresyl 4n afntich@adai gnale raachbliat hgnupi O 685 Sa at
t he data dgnndglator 57. The,errot-ﬁgéﬁﬁ-tign-de&gder ﬁS gfrforns t he
error - cor PEREFOhEHBE SHRGApF bBELELF r8antes witt 1t PHBrality of symbol
fLroi-corengimnXpoghﬂgspe5%8megi®yiaif?aamyae;comwmn&ﬂﬁyr-g?epdei Q&ggof

e trans r , or ... Thus e receiver can.o inac ng
gai . | SRR B 5o Byt CorRhr e C R PBRGAa 72 - TR i S REEPOL
recoveri ngetovérfdy neciavesds t he data synbol s 23 that have been subjected
to the error-cafrection-decodi ng.pr ss, at_t error.-correcti.on-decoder 58
Lo a state i n wiichiner EErch et BaaE Ty e Ol Fric¥imBar dhi STaREI8%S
di spl ay otDE¥peaksaralandhooh putes stibeal s cdted nedt putmddpaplgtiug. a Hlusaldaya
such as i and .sounds_are. .qutput .. Next . an. antenna weight. controller
R e s ol S R R R
Ant enna wehghp Lworitirtyl logr §a84 Ician®l3 #¢howm #m Usigy. shOdad B, coied EO6E€ may
be used as_the anten I r . Lo Fig.
T0A the SAEBra e ShE ShREPeEP B hAE i crBhsTIE Brecta WAL T &
8lla and afselieterrBddd. hahisidifferpotefrequpacieor Glchzeigeiféetrs ahd
conpares th r ent | -&P? I RY -al it
ant ennas éfén?g@%fﬁgﬁé%ﬁh@%g}\?\ﬁgﬂ 0 %E]ezcr) Sgggiﬁ %%lfs)elydg%%%ggwaﬁestléflg%al
power conpar dtrgy r@teatden exianadnd toedates nbheopbywaiatel stibratedept réao
signals 7 ignals that are obtained by
eIininatiR%E§E§§%¥$§%$q%¥fE@?ggg@é%%gvfébn1the reception signals 7. The
si gnal power colpasagoal progedelry nihes Santanamre pedgitedin e dwehiithat
{ho et minracnr it oS e R e R oLy e B RS A s
fromthe Bhherigndtleprecesriaoneiifia 8d: b9 IV assqhiated ecthhthgltdspeeitaves
reception_si fr S i "L ordi o;: ¢t h
ant enna m@?%gggéﬁlé}lTﬁglé grgﬁ%%gﬁg gé e%%%%ﬂ%?%g %gﬁgggs'ﬁn y.%e%%pgion
si gnal s 7miilbin téertan €hMAsshandIngechéve@dopthemsiemals 31hdei hgnt h&he
maxi num p | ) 8dd o DpHE S thRsHgteiEcReg
ant enna ﬁ%h?@ﬁ“ﬁ%ﬁﬁ?%’g%%é%&g grﬁ%bﬁ%ft%elpﬁ ers 521Etg. lAg a Erzlgsul t,
only the beeeptigmardi imerval flebetine usdkcritodaanteafaeqaeacy mmnveréerhe
antenna si.gnal qﬁﬁgi'. ' apd & heceRsd 01 51gnal 5 Qbbal fJad Ry
conbining5g§ﬁd% eag%?gﬁﬁgglg%%efo Sf%;gt gus hnt%nna iggﬁaﬁéﬁggﬁinpgg
unit 53 i sodatputtirHdegisndie eandsyaiugadatictf entegenamelghtignakt ipdienfa
wei ght 81%c.and conbining weights anong the antennas 511 to 51n is referred
to as "seléctive conbining nethod". Such the antenna weight controller 811
is advantageous in that it allows a sinple configuration.



As shown in Fig. 10B, the antenna weight controller 812 has 24 a wei ght
storage unit 8l12a. The weight storage unit 8l12a stores a weight of a
prescri bed value. The antenna wei ght controller 812 determ nes the wei ght
of a constant value stored in the weight storage unit 812a as an antenna
wei ght 812b by which the antennas 511 t&851n are to be nultiplied.
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As shown in Fig. 8, the antenna weight controller 81 of the receiver 5
acqui res antenna wei ght data fromreception signals 7 fromwhich guard

i ntervals have been deleted by the guard interval deleting unit 52b and
whi ch have not been subjected to the thp/frequency converting process by
the time/frequency converters 52c. Thus t he antenna wei ght controller 81
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MVBEC is a nethod in which sub-carrier weights 824d are determned to

M nimze a nmean square error between a reception signal 7 obtained by

mul ti plying reception signals 7 using spreadi ng codes and conbi ning them
over the spreading code duration to despread the same and a transmi ssion
signal 6 which has been actually transnmited 28 by the transmtter 4 , as
shown in Fig . 12D . When MVBEC i s enpl oyed, the sub-carrier weights 824d
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823b usi ng ECC.THe amleaanrveighteinght iglidnsob eranf?dhs saibh chprEef weldbt
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recei ved and.
signal 7 received of each of the antennas 51; to 51ln by the antenna

weights. The antenna weight multipliers 52f multiply the reception
signals 7 received by the antennas 51; to 51n that are processed by
the signal processingunits 52; to 52n by antenna weights. The antenna
weight multipliers 52f are provided in a quantity equal to the number

of sub-carriers. The respective antenna weight multipliers 52f



The error estimator 824a assunes that errors between the pilot synbols 72
after despreading thus obtained and the pilot synbols transmtted by the
transmitter 4 are errors between the reception signal 7 after despreading
and the transm ssion signal 6. The error, estimator 824a inputs estinmated
error val ues between the reception sig 7 after despreading and the
transm ssion signal 6 to the weight calculating unit 824c. The wei ght
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makes it possible to .dtg term ne sub-carrier weights 824d using | ~i SEC . The
use of reCePUEE Y IW syhbols 72 and a reference synbol makes it possible
to determne opnilémml bsufbreaéjéivmig\mijxg\hllsigﬂ?éd-sbwOtbﬂaii@:illygtEé rﬁcfbp&&bmlﬁen a
30 reception sjgn 7 after _djspreading an transm ssi on signal 6 taking
the condi FTBRAbT T HE £GFHAPE pFED AR CBRTLAE ALY it CBRSPEF LY iFigRts:

sub- carri ehe WRiIbgRLre 8t el bRt Md2% i pNosHs B4 driethrchd@e@oiiE igwas ta by @ghal
estimator 825a, a bit stri ng storage unit 825b, a reference synbol

gener ati n§Cuht BIRRET Gfd SHPRERGH Skl CE]i‘%\t‘T‘?nget?ﬁilf’e8§BHchiFfe%% f"ed@hfng
storage umiltSpbhesd emuathbply stid r@ckbaton Ssigeasi § 6h end efyRregvsynbol
whose anplitude and phase are known to the transnmitter 4 and the receiver
5. The bi FUBIFING StOrIP ufiO"g 386 SP6FRRA pP1I | TRILIPHRE FpdtpadebYof

pi | ot synbabscéh@tiest heifhensnrhkefespect i@ durarafrier wBightefiertapieesy nbol
generati ng unit 825c¢ acquires the bit string fromthe bit string storage
unit 825b°And"RBHUFAEeTCEFRIIAT It t/0 “PehBrarESRETBFE oTHIE AFFBEFS .
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a coding gain, thus achieving improved communication quality.

The data symbol recovering unit 59 recovers the data symbols
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signal 7 , the phases and anplitudes of the pilot synbols 72 or pil ot
signals, and the power of the data synmbols 71 or data signals itself, and
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t he recepintnrsd grdlgbt7comtitolplaredlByentiloying- MRC rieusedi ghttheourtening
spreadi ng _co urat.i f, t he I . 1n i S h
sub-carr?"éerl%\gﬁ %ﬁp %%8%??%I8Ilér %éc%g? g‘l?rﬁrﬁng‘g&\%%]t%e?i?%glﬁsgt?nf%?&nlr%ds % e of
t he recepdeimrmsimgimed snfenns tweglghdd by Hereianfeanaaf@irgietistorast Jantemsd t he
state of e i.on Si |_s L pdd.ed; te ' '
based on ‘%%‘eg%ﬁt%gaﬁtﬁa m?%%hqﬁyw%%’%%gi#SL 3 g%é‘]% (lgsb?f@lsei ﬁgfé\edfgg%ggg ?%55}%
mul ti pli esligidies sUb-iearseleeswetghtpeon rdl [the 82cepeier abilgnadd) istftehe
sub-carrigr; el ghts, hased-00.2 Je3Witeal o At & BRtEAN 1 Ik ddtis9oCF58ra t he
ant enna V\%lg t agg(}r@r o?]l%ergfgl’;l]cpreferal Iey %Ieterrﬁrgnes t}E"l)eeantennélL \%e?g%f by
usi ng t helE@Zvyeeltshodndaite SRR, ST cand cerrier diot ictenfasienee By sgbiabl y
determ ne§chp)e gybgrpearsriig%ralgei ght by using either the MVSEC net hod or the
EGC net hod )

As shown in Fig. 8, the antenna weight controller 81 of the

receiver 5 acquires antenna weight data from reception signals 7 from
which guard intervals have been deleted by the guard interval deleting
unit 52b and which have not been subjected to the time/frequency
converting process by the time/frequency converters 52c. Thus, the
antenna weight controller 81 is only required to acquire antenna

weight data from a single reception signal 7 that has not yet been



(Met hod of Communi cation) A nmethod of conmunication wll now be descri bed.
First, a description will be nmade for the transm ssion of a transm ssion
signal using the transmtter 4 shown in Fig. 3. As shown in Fig. 14, the
transmtter 4 generates a data synbol to be transmtted over each of the
data channels #1 to #n (S101). The trafdmtter 4 perforns
error-correction-encodi ng on the generated data synbol (5102). The

transmi t t @smull gy feaic@Boya t dad Af rerfidnalyi chwreeesse Ointbecdap8i sy Bhghai hat
has been subjected to error-correction-encodi ngtg8103|)_. The transmtter 4

performs §ett AFFREHIVE SEBAGRISIYT &F 9eehdefathgnBBreR it Havéopadn-

subj ect edriordfrdattaempaotadd N phecestedts Gealighe thetH&t BerSWIDGLNI BEO a
plurality of data synbols (S104). Next, the transmitter 4 copies the

pl ur al i t ySYPHHLE Sy nbe? LTHIRACPH SR RIH 0831 PhaPay | FI%dey éREPBR? and

di vi di ng %@L O¥kES fRoraPYeOEptith Sagkal N vhiduad hyt ®aualadmithg1auader of
spr eadi ngbrode duration of spreadi ng codes corresponding to the data

channel s PY 380% 1t 10R AT SSPER N FERVEhEP T at € siyHIsbIXCePE IPRafdMeted” (F105) .

The t ransgddd@rivd gRILCALRSetHeas® YRIH th£d U tC WS pRNGiRAiEa 83§y Of
the data channels that are assigned to the data channel. The transmtter 4

then mul t¥RAFFERNEOEESI AT oAk a3 riRACS I8P LA M epr dddietg Séddes
correspondi ng tg, 4 hecdatar chaniglwm #1rig. AN f o ahtaRsAwklbRe dohe rdal ér
synbol s (S106) to obtain data signals. Next, the transmtter 4 inserts

pi | ot si ghaIRRY RAPETGafRALRMhAISI Iptsdpya ) Eromrrecepiichi $1E2 16 dolbidls t he

data signgdvandephl efu1tiighabai fis@agh Yreblendatd seiannel spfdad b dncbOe
per form code-di vi si on-nul ti pl exi ng (S108). The transmitter 4 spreads the

code- di vi&i Hr-nhiiatisp? 2 ead i armpet Spen muliplieiyy sRtermn wailghes s

having di{f eheBhnf KRIUEAGHAT 1Bl iLFSBIM. t tiOr&ad Breyl 908kis dBRBhtially
Specifically, the transmtter 4 generates a nmulti-carrier CDMA signal by

per f or mi MRS reedife RSy FRENELSE IR Sc6ROER st i6h Bhexaarh handihe weialsi gn
the data signalis do 8tlh8_c§1|1i‘fé’sl idata0bnSHOcR 1dres3 ghaYs g A TS efig¢Rbrent
frequencies. The transmfter 4 inserts guard intervals between each of the
dat a si gre?sisinread TaeEREL Tehe SPNReHT Lile dihasgbin e BeceiSrif)areTpBawn t he
transmttgr ¢hdransmdt svbhe pubdd t&BrddshriEPMinsi gnal having the guard
intervals inserted into the receiver 5 as a transm ssion signal 6 (sl1l1l). A
description wi 10 ddenafeeigert R8or etRPt RBEEHIA é”‘?%’éptq%lﬁ@gbﬁﬁl 8LUsPaY t he

recei ver H.shoMN ahRefhd wel ghPSaa0¥Roh Felbe8tidR sildp@1B! HEBhEhhRfe BBLENNAS
511 to 51n of the receiver 5 receive a mufti-carrier CDVA S|gnal which is a

si gnal obPEH R4 MAiN%ISAEEGIATEI GPEPFt FooldBER2EG nbbP s IRFARRRF] t*F by
the transmiid@ 4=a1nt banspiddEihqOvoliet het ptny aldanymet tdat 4. clhaapetse #1 to
#n using spreadi ng codes for the respective data channels and which is
transmi t tFIRPa He1gPhr 1 tRPIdeTsBb-Thtt ePEeHEASH GRGPPRR MEHIIESeBaRE i es
(S201). The apeehNLrwbhigiet egita symdol iéi pireg Foemeard ahriléndecept twd
signals 7 received by the antennas 511 to 51n (S20 The receiver 5

del et es Ut HAVRRS OF rRHRAEd InCRIRS F&c@B?iW@"ﬁﬁ&% Y. ($g8FeMMRxt (

the receiweigr: pathof Michuiibéd reQUeneye ADKEE Sl O wie-H Baeptdanbeegnal s
7 to denul tIPJ ex the reception signals

7 spread over t_h(?L Bl ur al i_tIy of
sub- carri®tks Jﬁg\,},eﬁguai@g Lgﬁ[adp.pgcﬁj%c.iacﬁ ¥ety g grocess will be required to

obtain antenna weight data after the signals are multiplied using

spreading codes based on the antenna weight data. Such a process
is not required in the receiver 205, and the process performed by
the antenna weight controller 81 can be simplified.

A method of determining sub-carrier weights at the sub-carrier
weight controller 82 will now be described with reference to Figs.
12A to 12D. The sub-carrier weight controller 82 determines
sub-carrier weights using methods such as orthogonal restore
combining (ORC), maximum ratio combining (MRC), equal gain combining

(EGC), and minimum means square error combining(MMSEC).



40 a reception signal 7 on each of the sub-carriers (S204). Then, the
receiver 5 generates spreadi ng codes identical to the spreadi ng codes by
whi ch the reception signals 7 have been nmultiplied. The receiver 5
multiplies the reception signals 7 received by the plurality of antennas
511 to 51n using spreading codes for the’ data channel s associated with the
reception signals 7 (S205). Next , the receiver 5 determ nes antenna wei ght
and nul tiplies oRe recepeitbndsignalich ofie eastersk hhebantemaasrsddgdtoidnln by
an ant enna i ght . thus de erngnqe#i (SZOG%._The N ecii ﬁer 5 conbi nes the
recept i onpglyégn PELF NG PRe? dht Enh8EeBYCT §18RA L ( §RTYPachh B - ShttdsiTa

di versityigoabt8tngned el gubedardier edehves?2 be dgf MTIcRE$hs UPe a1l

wei ght and nultiplies the reception signal on each of the sub-carriers by a
sub- carri EF9RBILght O N FEPeFRTRETE (($09) PeTiRIHRE &fr 35 EBABR nB% Fige
recepti onisignal Srépavatibhepsi eadingicRtea 14y aki ORe GfallRe o3 PEEAd ARG LLOdES
( S209 ) . Despreading is thus performed. Thus, data synbols are recovered
to their SfatdLBFHGPE FREFI" ?B?Y(?ét PohF G SdpPesty iyt CobEansitiited

transm tt ek the Nextsmit®r £6¢8bY¥€HhasPeMdcnil itaal Hald seinddd §9RURIRI1@N ON
the data synbols recovered through the conbi ni ng over the spreadi ng code
dur ati on P§2P6PPa$ﬁEl?%c8f-v§P355%é‘?f6?m§h‘é BEPRARE LI RATTh P €8s S8y on

the paral kehhsRitebr conver tre il vayrBol DRSS 1davdieadRRRl YA t12a P &hor Ms
error-correction-decodi ng ﬁr ocessing on the data synbols that have been
fo

subj ect ed "PECPRECH ALH @ R0t BB iTh GOPF bRIEs B ARG 'SR PR th vATHALL9D viadae
receiver 5 rggayenpebh@rdat@1SYpPots bPatubayerhesn kRSt @ddat Ant RSt
error-correction-decodi ng processing to astate in which they can be out put
to an out fEFeappad ateesukdr dd e RiiWdplayy oPf spebk efh e I6utidutte thRed@reo t he

out put appakabysnbB2is)eadh® thell. owi ng advant ages can be provided by the
communi cation systeml!|, receivers 5 and 205, and nethod of conmunication as

t hus descri bed. "fp 1heé Metdrdetn v G5 PrPRRIPFFIAHINELR YRTHREIMIRWEL to
51n recei yeod hr2888p650iYnaNalSof WhEE e Ragirgeal 18btatHafidda as a
multiplying a plurality of data synbols using the spreading codes for each
of the dafHPcRahRbts WALIRE A2 Zh PInTRIFtartdd rEarsShticad Sd9BRLa7prar &bety of
sub- carri gus-Bavt g didf keredimdfiteguesgi es shben S @adi. N 0dAnheLNEI@LLNY
unit 52d generates spreadi ng codes for the _data channels correspondi ng to
resul t ant SFREEBEF o SUGNSPETRT TRYINIA sEFldathihd ScHatt iRt t§pbVer S

nul tiply the-£eseptst @R1§hONAIE alswsidirike ViRl §-£0ERR 1 sThel t4g1dRk
controll er 8 adjusts antenna wei ghts and, sub-carrier weights such that the
spr eadi ngP¥GHET RS S EHATHRE VeIt dabLS dfaRErstageals 4 thad Bhe F¥§onal
to each obhedatalkemdoL e aMReghty Fohbiplh & rcheSed capttd dnhei Sudbr Gass ielcn
weight multipliers 54 multiply the reception signals 7 by the antenna

wei ght s afidPSGRTELTT i €7 RS §W¥‘§'méafﬁst ed by the weight controller 8.
Finally, the antennss H @gRahoaoniiwhitgh Wnistib53aarik:s weEightcepbb Magngnat s 55
conbine the reception signals 7 ltiplied by the antenna_wei ghts and
sub-carri BFeﬁﬁFbﬁ?% Vgdieg 6 h‘éseéan?éﬁnﬁgc tdwé%;éng?‘Pl S Bt éli(].ii Y CEE 1&dfat i on
of the spregdiragesOATS prépagaet@pipadh sagiat on/ valaet Husasrghbipliredilgy the

ant enna iLghts_and b-carrier i ght s  whi ch, have heen adjusted by the

et ght - coNCEol IBITRERHCH CHRLOFRY. SHAERATAD TLAELS OrOT RELnf Ot ST 5F  dat a
channel s #tetioutgriedbyhegoarlsube caaebeptraightEherafis es ddearsigeadsng
codes for t ata channels #1 to #n by which the ception si |s 7 are
ol £ pl | ednaTE o FERGOGRAT R Bakh P B R EOPAS SR Yoot EatR AR ReI AT E 186 a) ned
by the resgictabiniag 25refepiesss iaffaadct enl ehyhistibechereac eahelawr@irovia dat a
channel s #1 _to #n caused b he .destruction.of orthogonality be en t he
spr eadi ng®B8dERe Sﬁﬁ?é'l,sdlgﬁt %?1‘#6? GOl ¢ ufg??ﬁ}t‘%ior%g@gﬁ %éarg%e&lsow\?%q &Py
appl i ed i pahhBenuépt -catiomalDVB taansotlssi.on nethod in the receivers 5
and 205. Consequ Y. a_hi si.gnal power tQ noi se power, ti n _be

achi eved for th@gééefﬁi &n r(@e\q&ﬁgl P o hSl&fbc-afﬁLF' er""ellﬁkﬁﬁe%rzggeia\fgrs 5
and 205, vbitebmimkesolhiposivichd metin saptarevertapbetrese s agrealepttianssiignailon
characteristics. The weight cantroller 8 c rises the antenng,wei ght
control l ef ¥ t%ﬂrfbe‘{]ﬁé’ ‘E‘ﬂgt-lcpa}ryr]ingrr%\%‘?pgﬁﬁoncggg?%f Zruﬁjzr.‘g TRE® %%%tcg)%es
control | ean8 ashniiingrhennarareithltspraadingecsddh-dunantien twedghpseahdhe
determ nes antenpa wei ghts and sub-catri.er i ghts separately. The receiver
5 compr i SEETEHENBAY BAEVARSGRE T pPi‘BRETE0rS BSRF Bor it ot TP he
reception signal 7 at each antenna by an antenna wei ghts, and the
sub-carrier weight multipliers 54 configured to multiply the reception
signal 7 on each of the sub-carrier by sub-carrier weights. Further, there

is provided the antenna signal combining unit 53 configured to conbine the
reception signals anong the antennas and 42



t he synbol conbining units 55 configured to conbine the reception signals 7
over the spreading code duration of the spreading codes. Therefore, the
receiver 5 can separately performa process of determ ning antenna wei ghts,
mul tiplying the reception signal 7 at each antenna by an antenna wei ght ,
and conbining the reception signals 7 adbng the antennas and a process of
determ ning sub-carrier weight, nultiplying the reception signal 7 on each
sub-carri ey Qe arsHBnEard: A ¥eiMlin AN CONPIRI NgnbhamaceRt lggals 7
over the sér eadln code duration of nt he sl%(r)eadl ng codes. Asgg r %Y%ra "t he
ant enna wé Qh%u‘é:'cﬁﬁﬁr@elref"’e%héarﬁ%@ &R he ant@nmtafeilghacrordoress detht i on
to the pr@ﬁ@%%naflt%htdﬂo%ybmgéﬂ%nr5&@{9& KRB %hgﬂelesaﬁew fﬁ%mgﬁg“ % pei ght
and conbi ning them over the spreadin e duration, nd { he 'sub: carfier

vei ght coBrafy&rt8EEn lﬂetb@‘mw sl@@déaimneqff vmﬂcgiﬂgartnooopstlmmm ba to
the proce iR g ceptlo i gpal Qx t.and
conbi ni ng%gk%fémqg%ng t g 3%?%1%53 ATL ?%QS%% d%ft er %gtlant g’r’%ﬁ Sﬁt

mul tipli er:smBmlnmlat inglcgpt hen r etaptl om sagha$ub7-carraaacrhcantlemmanﬂxy>vtehe
antenna we hn%psre%r&q he, &8 %r}atﬁ%%ﬁ(ﬂra‘iq gf%tlénl ag%ef)erfogms antenna
dlver5|ty co ning by conbining € reception 5|gna

ant ennas, behbeBtﬂpRﬂﬂngaalmépghaChlwtmqﬁq ers 54 nultlply t he receptlon
signal 7 on ea b~ r the i t he signa
7 havi ng been Cné}ftl p Hs?{%ﬁf e(vgﬁ %5 mgﬁlégéggg th th%C?l %ennamﬁ

di ver si t ymebhndisi n§ @@tpami@imedFUbh@aEvmﬁblWQiHﬁnanI@plnﬂassdﬁ}qamrﬁerm
despr eadi ng. | t I t.hat |p||ed
by (he. subCiart POTPREl Dok BF1 cOPRICEnaNaIR S0k LR rATHE 2EF L

spr eadi ng codesAs Himwaf gneFlsy he13,wb td:lar subrcm@n mmbhi:pd:metzsoﬂéraadlt he
synbol co i n 0 ROSESS of

mul tiplyi %Jég} Q%P%éjg }%% agcrel%tﬁ %S%lr#allag%ka%&t%het%%r%%g i of AntERRas
511 to 51numvexhea$gbl@emngeunME|gatbandTmheme@@gs$loh @@nhlnmngatmen
receptiong ve SPI. L.Nng. r f t spge dlng codes
separ at el yg{%ﬁ@%é £ hc{eegse{}:gC c%rr(rgggbgg/leﬁ%?g%ﬂryulﬁrp Pce;%s Z—iﬁgnd@t &° 'gy?ibol
conbi ni ngreoepsidb sa@n@brﬂornﬂhhe1$wbrsarmmmbenukmdphyangn@runESssamﬂ t he
process o t

duration %?EQ‘?%@sngcehaedﬁ‘nl%gggeg&gtnéfasgrndzécche‘ 83\{:‘8% é fgxg % a| ne rough
43 _conbl nvng%)@t detectdre byl trabreyasitn enbhsagliation et egrtoa &blel endli ve
basi s [ Saeon EIMOUIERL] o JESETIRLLEE Wide 10U D EHIRIE 00 A 1 on patn
conmuni cat1ron system an nmet conmuni ca I on acco gg £&cond
enbodi nenvapfatimn ivinlaet P oxs smecgcmuthgh@ﬁ 89 ¢ emSof-ht Aeswecamdier
embodi men{, £Gelvel- 399 SOV -k 1heF S in
Fig. 16, ﬁgﬁﬁé§g§verl305 conp??ges thgtgfyég é%?gﬁﬁgg&%f@& Q2¥@
pIuraIityu@insﬂyﬁal processing units 3521 to 352n, a weight controller 308
an antenna si gnal SyRokncPIbi 4 YRkl s3B30ar 136" | lgﬂer@érk@é 13V RhE ef
56, a data denodul ator 57, an error-correction-decoder 58 at

synbol ra@@m@¢1$ﬁfLﬁhtPEﬂPagﬂtlén5|Rﬁﬁﬂ ﬁﬁb@@%%ﬂhgdﬁhﬁ@éaBSQZZ@o 352fhkave a
synbol ti pi-fgsdet£61 Qath28hr fa GUM GlcBEebY a8 2 Aol Ritg sUBLS é&abclo% path

time/ frequency converter 52c, a spreading code generati ng un|t

pl ural i t yvefigprxndahee 85&@%%??%%5593@1 arBdaefleamanes ;thafdectéplte@t ive

wei ght nubtbphlLfHmRfth variation value 9 as sub-carrier weights 822b as
they are. Such a sub-carrier weight controller 822 can determine
the sub-carrier weights 822b using MRC.

As shown in Fig. 13C, the sub-carrier weight controller 823
comprises a weight storage unit 823a. The weight storage unit 823a
stores a weight having a prescribed value. The sub-carrier weight
controller 823 acquires the weight having a prescribed value from
the weight storage unit 823a and determines the weight having a
prescribed value as a sub-carrier weight 823b that is equally used

for reception signals 7 on all sub-carriers. Such a sub-carrier



The plurality of antennas 511 to 51n, the serial/parallel converter 56, the
dat a denodul ator 57, the error-correction-decoder 58) the data synbol
recovering unit 59, the synbol timng detector 52a, the guard interva
deleting unit 52b, the tine/frequency converter 52c, the spreadi ng code
generating unit 52d, and the spreadi ng ¥bde nultipliers 52e are
substantially simlar to those in the receiver 5 shown in Fig. 8.

Ther ef or eye 1 Q1Y c8herd £ 80 8¢ Yad t degniehid Sub Nodi@-erlfe Wb 48k be
described here. After a transm ssion signal 6 is received by the plurality
of antenn%SC511 to 51n ) processing simlar to that for the receiver 5
shown in Fig. 8 LgpPesfofdedetipht Bohbeo it bk istdlham Pigr @96%%1@59“&' S
7 using spreading codes at the spreading code nultipliers 52e . e
spreadi ngAR FHEFUEELBNREPS && i Aplief ¢TRAACcEEPP? brf IHiTgeal ¥n¥t t&2 4bheand

col lective yei ght auLhiRL{8Y undt2B2abt ermnaUEL DL A0 sLRBBY UsSy i ng
codes. The mefgﬁiccontrollfg 308 adj usts antenna meiSk?s aﬁ%ﬁggﬁgggg?gier
vei ghts s@4P tHareshe spFeneney Loty -f ofhe Fefsrenaki symboUdisofe gamhol
channe! s dilod@ difhat8ad" kAgEAAL | 8- £3abA ! (ABI: AL AHITNGS MNBhENER, DY
whi ch the reception signal 7 on each sub-carrier at each antenna 1's to be
col | ecti ved¢seivdn Ppl iThe Yokerdnrsd sEnbe bluspddereciaid depblitatttiovehawight ") .

The wvei ghévﬁ&ﬂg %g@rtﬁe@m&s%gg@@m qdet £ @raﬁgm&gfe G gf#e/%sve%gbgé by

adj usti ng e antenna wei ght and sub-carrier weig such that the spreading
codes for824me golawizkst pibit dardodlhanheifserldespraading shehogondinciodedch

ot her and, suc . i i IPHE’ ier n
obtain a %fztcée%%‘%?ﬁls‘?lg%% @lahﬁéghgggaq%\@%%aa pg&/rg?e?%%ﬁgit\s{%nrs a? ?Bgfhus
achi evi ng4 iamgr svbdakiygmekcetvad v $beoreastiaeac er FheieozorThst imatyint 824a
controlle e 1 LI [ e i [-ust.i a i ghts
sing t et V6 Bfhe chl! Sioie M AL 3 (AU I TR SRR UL

adj ust i ng834ib- caffheererwergest iggitegy GRGa NREn E@DpayesVMBEC phesesThengwei ght
controlle I i i L ght
cont 1 ol | B P B 38 bfot aVb okt 3y g g ¥k egonbl Byl 07 oBELEH
confi gur a¢Tierof barweest pheots Wrdals ethateihgive deenr dlreaswiBR4d t by 828e shown
in Fig . d .Fi : Lgh r ire

det er%i ne%g%%)ﬁ%cﬁr\g% %‘%éﬁf{‘%ﬁéggdjs st |l\r%bgn%%ﬁ%2td\?§%§%dg%% tglt?bt géllrlér(l er
wei ght . Abeei ginttuwdndtyr alelceivad8amd. shown in Fig. 17 nmay be used as the

wei ght control llﬁ'gesggfopeets%ri%@iog% 4%ea§9drﬁe§f:f-é§r(€Eg’%kggtbsetyé%nvﬁg lot

p&
controller 408 an antenna wei ght contr ub-carrier wel ght
control | esydt82Ls gt af teol despireedird gihus obvttrénedrad@3theTind 1ot enmbohei ght

control | er, 481, A&LLf BLNeHcAPL AN MRION ard NE- Y- BRELLER M‘Fél glél,rbeggﬁl&l; ol I'er

482 determnes sub-carrier weight. The antenna wei ght contro
det er nmi nesigmtlednal W& §REPLSRAYNY REdsEre ErRYE BT hgRFethodTheEEEr fet hod,

or MRC netbodh Sl 5392089601 Ped +aRAYEa 1800 re¥a TR £ bedthReANtIRNNA WBL 9Bk
controllers 811 to 813 shown in Figs. 10A, 10B, and 10C may be used as the

ant enna wel gl dcHitesl deypuBtirpnd e CAPPFRES AT AL IRBR Pl Tie Wagght
det er m neg, subrLardd 6hi Wi o, Usho ekt &ﬁ%ulﬁ%ﬁq;niw@&&?c &8 cudites

descri bed above. For exanple, the sub-carrier weight controllers 821 to 828
shown in Feg IQMREMdCFYSS B9t Bha 3 HNptse (pFe@rayalnessgrvasni epe

wei ght coptrold £n 483nalhe HUELNR_sPRLAMNnL aRE! Ohd &raf8higBdod NS gnal 6

sub-carrier wei ght controller 482 input determ ned antenna wei ght and
sub- car r i @9 WE gL a6 St HEL THTESE Yol et §Afd that yields the minimum mean

square error. When a reception signal 7 is first received, the weight
calculating unit 824c sets the sub-carrier weights at preset initial
values because there is no pilot symbol 72 after despreading required
for estimating error.

Such a sub-carrier weight controller 824 makes it possible to
determine sub-carrier weights 8244 using MMSEC. The use of received
pilot symbols 72 and a reference symbol makes it possible to determine

optimum sub-carrier weights 8244 by obtaining errors between a



45 controller 483. The collective weight controller 483 adjusts the antenna
wei ght determ ned by the antenna wei ght controller 481 and the sub-carrier
wei ght determ ned by the sub-carrier weight controller 482 to determ ne
col l ective weight 484. Thus, the weight controller 408 determ nes antenna
wei ght and sub-carrier weight separateky and then determ nes the collective
wei ghts 484 based on them The collective weight multipliers 352f multiply
collectively the rece t&o nal .7 on each of the sub-carrier of each of
Che ant erfRRTAPT G158 0y FHEFE (ERRAOL Reribrs HATRIBA 6] EREnHD b
control | eraidGy orhd08coddier Lol | @€t i ¥Re Weidtta 1MUbtbphd@t Sor352h ANl tiply
reception signals 7 received by the antennas 511 to 51n for processing by

t he S|gnéV”H865€§§lﬁ§ ‘units 3521 to 352n by collective weights. The

col I ective wei ghtupiddrirldrefsi galéort® 10e@Vd T hbih anw@tiﬁwcsﬂyaiséso the
nunber of sub-carriers . Each of the collective weight nmultipliers 352f

mul tiply EtrhérFéEeepiﬁlé‘}?té’lrgﬁ%ﬁa 7ao?ﬂ%ééﬁl%@tﬁ‘f@éfiepé%n%ﬁaﬁbf o pEence
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wei ght data and sub-carrier weight data froma single reception signal
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generated in a quantity corresponding to the number of data channels

#1 to #n. Therefore, the number of multiplexed codes corresponds
to the number of data channels #1 to #n that are
code-division-multiplexed. Therefore, the number of multiplexed
codes estimator 826c may estimate the number of multiplexed codes

based on the pilot signals and data signals included in the reception
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error estimator 824a and the reference symbol storage unit 824b shown

in Fig. 12D.



The antenna wei ght controller 581 determ nes antenna wei ght using the

sel ective conbi ni ng net hod, EGC nethod, or MRC nethod etc. The antenna

wei ght controllers 811 to 813 shown in Figs. 10A, 10B, and | OC may be used
as the antenna weight controller 581. The sub-carrier weight controller 582
determ nes sub-carrier weight using ORgy MRC, EGC) or MVBEC etc. The
sub-carrier weight controllers 821 to 828 shown in Fig. 12D and Figs. 13A
to 13G may be used as the sub-carrier weight controller 582. The
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estimator 825a, bit string storage unit 825b, and reference symbol
generating unit 825c shown in Fig. 13D. The weight updating unit
828d is substantially similar to the weight updating unit 827c shown

in Fig. 13F.



In the receiver 305 shown in Fig. 19, the sub-carrier weight nultipliers
552f nmultiply the reception signals 7 which have been nultiplied using the
spreadi ng codes on each of the sub-carriers by the sub-carrier weights; the
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ratio comhiemérgamdmdlgM7 MRer desM\&EﬁnQSamezde Hsarsdrdwg ibn sﬁlgyi,allg,
t he antenna vvel htl(z:o trolrller h5e8%dgc wées ant gnna wei ght data from
reception s gna a? each Antenna“Phal® hasbeen conbi ned over the
spreadi ng codeIdureattionthbypgt Ieerrsysrbbbtweadm ai a@capltlisnSEZgnaJrhe aftremna
wei ght troII r 581 et erm nes. _the antenn ght based .on, the reception
si gnal 7c()iatS P&at erf'ﬁa)tr 1 ¢hfas" eeh' crloﬁb:,)%edeﬁrojf e %y%SF S&Bi ni ng

units 558@5ave821&1,easprmh Bgommda Eligsa.t iLen, 1'BI1DusJ,3}r hananlxmmavat@hh

controller_581 . c det erm.ne t.h Sld ration to the
0| uencTT083 H NPT ORI (e MO AL S A O R Bk o SRSt | on
si gnal 7 iwei. cheﬂ‘mrsabtauaééry theereqaplttibpl sierhaly? talfeemﬁbscp&reraldehgvmjs@h'ffs and
conbi ned _over t %)1 readin codg duraS;tl on. tT |e§:r rsec {)t 0ssi t Q_reduce
the infl GRS e’rﬁ g?fselrgence PRt THE Hit S ERAANS) 8° SH *§5fa %”%BI s

nor e apprtdnprrmmgacandlgmahdhaﬁm ﬁegpmadmammeotrmeuemstgn@s. The
ant enna ig C | e f

recepti on%m g%la %%L%l c%h%%égﬁge%lﬁuuqltaﬁlﬁpe%% subg(t}%rﬁjl%rezrgd érlg%nﬁthse b

t he sub- eadghérupda tging nolts |@I2|7er@d5528dm whie @Isthaaeecﬁu@trrpes Yxesreen

conbi ned by .t L, n S h i e fluence
of nulti Sll?ll c%ﬁgﬁxgggngggg?%aggnﬁl gle §%g%hz th?gﬁémg%%%ee%ﬂng‘ aklgs it
possi bl e ttxtanéeﬂtieswn@mﬁémaomt@hnsnménpmplaﬂt@m@mrgmerdmwh&m er
the multigligcathon by heasubearr i £ wisballse INRIELAGa e A

wei ght control 5 can et erm ne the antenna wei ghts I n consi erat| on
for the |pra¢c1tue$|@e:oo'r1d|¢ﬂl t9 pllilout itenenfor lestimaeprs$ c&r24g| g&ﬂaﬂ@ 32by, Eend
sub-car riggfy Wej %%h%,lreaﬁ(‘@eﬂ% g&gf?éiat §nd eetJE!s'}"iluWS %e%ﬁpaéﬁ gaidai ned
because reception signals ree m t he i nfluence o I't1pli cation usi ng
spr eadi ngcawdassare Ngse®tiThe sagnehna weinghnred ofivewl the Meaﬁaylgam@ere

ant enna | YYeS Kt C ti

usi ng sp\refgfgg"t&&oqg%%géé%{a{eﬁggggrea %n%p?gge mul tll afrlﬁ%\rﬁg %(Za'g&a{nrgbmh%% have
not yet Wlediermibatpbheddedbaal- amt edewramgimes a‘thQ hersperickas i ef wdieght

mul tipl | %rr%né%%ESlgg 24" saa%al Sn fnkr PRRMALGH UKL bnér?c{ ‘iﬂbﬁté‘ac‘ﬁ% been
del eted by the guard 1nterval deleting units 52b and whi ch have not yet

been subjsedteetiot the erirge/ ¢ 3 eluatingy 8dhvediSon Pt oedddallihe Thewrmodquency
convert ery ot 006 BEEEPIdLL S1s3al Sarfa WhieEh BV EnbasrlrauLLbp! el Nt 0
recepti on s gnhal s on the respective sub-carriers by the tine/frequency
convert erés @deanumw@@mmdﬁ\m deteyminafdeon Fekdbatk crhuisiangaspeetingg codes
at the spgr q‘lng code nmultipliers 52e. As shown in Fig. 19, the sub-carrier
wei ght controJ1 er 582 acquires sub-carrier weight data fromreception
signal s 7 whi cAhkagebbeenrinn Me;ilghédc%ﬁrr@-@m g&d‘ﬂm d@és avdbtPRrBi®Teadi ng
code mul | Jr8rS t gb i b CAd rdpRr

wei ght s é"}teqt h:tssugzggﬁrg?gr wel t{?\éﬁﬁﬁ% I?gggﬁr&é%&zr%‘ @lg%gi 1 ﬁg@h ?éeﬂ&

sub- carrlwomagnpncéﬂtho‘ra@ra‘@@z Uahu%le‘i &nithe rerer Y é"ﬁﬂpaﬂ-& arftnna
wei ghts based on sub-carrier data acquired fromthe reception signals 7
fromwhich the influence of nmultiplication using spreadi ng codes at the
transmtter 4 has been elimnated. The sub-carrier weight controller 582
may acquire sub-carrier eight data between the tinme/frequency converters
520 and the spreadl ng code nul ti pI | ers 52e V\hen any of the sub-carrier

P — P — ~ NS o o A NN A NN A N N 1



When the sub-carrier weight controller 826 shown in Fig. 13E is used as the
sub-carrier weight controller 582 , sub-carrier weight data is preferably
acquired fromreception signals 7 which have been denultipl exed on a

" sub-carrier-by-sub-carrier basis. The §ub-carri er weight controller 582
then preferably determ nes sub-carrier tei ghts based on the reception
“'signal 7 on each sub-carrier. Thus,the channel esti mator 826a, noi se power

est i nmat orpi826ds, aaadanigia tndebest ahenpiidoplsenedieonesresiicataign826¢ Han
obtain a channel esti mat an esti ed val ue of noise power, and an

esti mat edtciVapﬁgero reéen Fyﬂgoiriﬁ]i BFe‘iaeth 6’68@%39? aﬁe%ﬁ@%ﬁ%éf‘?,“&ﬁ? a
sub- car r iveddyins Ubh€ aE b attisdsS . wd M thodo®f rddasrINg 2At k@AhgAoRescrimd i on
wi |l now be made on reception of a reception signal usin tﬂe recei ver 505
shown i n $Y CHF AT TRL ST g2 ‘{)Sdélgr’é%i YRS RS %@? fuPnEast s s401
to S405. @ieps SN0 154958a4 e tsuBsiBanisiialyl ¥hei MMSEC ta@-eStures S201iHso S205
shown in Fig. 15. Next, the receiver 505 determ nes sub-carrier weights and
mul ti pl i 6918 FECERE G IBEGRNETPLRT Edch R 2aFF PRPUF SCEFSRRI IR $Hatal

ant ennas bidql Oréd RobYie@e SHbn Ly stSF cavetidtwd 1yt deherfingtrdr S4806rded
Then, the receiyer 505 conbines the reception signals 7 over the zfr eadi ng

code dur at9 oS of SEBr e ifF I SR - DSt eSIth HERT I Ath e sty

Thus, datghSyeeel $har résssmardgd phent Hekiasidd 8m1uedd bEORhBetOE&tion
mul tiplication using the spreadi ng_ codes at the transmitter. Next, the

recei ver S adel erfitnBlagst éAA igdesapd thel PHR T SyMPRS I eptRiBkPtsi gnal
7 of eachsigfnatiBe & eRBaowRklot @haldatly sPb&d 90nsr Waikghdiddaus dederdti ned.

Then, the receiver 505 conbines the reception signals 7 anpbng the antennas
511 to 5819 Ate, 13ALBARI diRfe PSOPFIBEHDR P! IVEdetioPnEal SADNE thext

the receipfep2@onPeidwd s ,StRe S hAd P andehown tHe pidot20mbldie st eps
S410 to $413 are substantially simlar to stggs S210 to S213 shown in Fig.

15. Such 2 CGnRiAPEat ISy s the RAWAS 9505he SRt HetyE 18f 7 & oitfit@at i on

can provigignadyadt @gesns Uast ashtableynsi s8¢ @ia HRatdaseca¢hl 8\Wed dy1diha
communi cation system 1, receiver 5, and nethod of comrunication shown in

_ 5
Figs. 2, Homgfle15ecepkioRSiogd dnt enna weight nultipliers 553 multiply

the reception akgBAbsn 7iPfrigach, ofnd hairakernas wdignto hrrBY1thegAanfenna
wei ghts after the spreading code nultipliers 52e nmultiply the reception

si gnal s 7hfsiTeGetHET spr 8BS HE S SY&s CREFLehe it dRdAnéIrem#a FereRtion

correspondighgit 9 Whech acapbieen sheattsd by, cbRBisiy GRIddpthiones dftals 7

mul tipliers 552f nultiply the reception signals 7 on each of the )

sub- car r iYL 1By 180T AnteapaviEs tS aintRt PR tEPRBOFI T hICAMRGN HRY (W iS50

performs geseaditng hrearhknkAg WHechesept heh $benabsn Tmild 1d1Bldaedhyby the

sub-carrier weights over the spreadi ng code duration_of the spreadi ng codes

T The. aniSHREST SREI VLT ha Pino i S5 THEFT 67 AR AP LANRL Y Bhs (JPs

corrbihni NG:Hay sﬁﬂﬂd&)&f&il’tgr WBEgHi’?Qﬁhﬂ:irﬁﬂléf gﬂaﬂnéia Ed@lhké@dtﬁ%aﬁ#&bb&;\@i@}?ﬂna

wei ghts among_t he antennas_ after t i spreadj.ng i erformed. Therefore,

e ant it A Qe e GRCPOEH ot SagRaL drObEA WA HE ot AL et e T mea

consi der atdtoreeaf thbBeplufdiiancefoénterrerd atenne hetevaen stihaadatansiramel s on

the recepti.on _signals 7 which, have been multiplied usin he r.eadi ng

codes, mﬁ“ﬁ%pISi%ed @S’I‘q%‘)rseub- O&r PEBF CHET sw,eplé’h‘% 883‘%6Fﬁ%%e%v82£ Jtsnémr%

spr eadi ngezpdeedurat mequotet tiee Spueadinrg ecodedght . @atat heom ecleptd amadi gnal s

7 whi ch have been despread. .Th t ant.enna .wei ght | tiplier 3

mul ti pl y RiPECEEIRE P hy° ?Fﬁjé t&n? gl;‘moath &EFg%fus?aq‘l}itXa‘? ya,nrqjeﬁlgagnégnﬁﬁssgingnal

conbi ni ngHud a15b4iagnbimeki fiilkel peoepssbngsi gnals 7 whi ch have been

mul tiplied by the gntenga vvei‘ggts detern’i.ngg in gonjs_;ﬁder ion of the 56

i nfluence of i REEFPET entR® pRYMEEH THE (RS EnSRREF &THAT + 5% A% BF Y e

ant ennas.subhuarribe wetghtyalatz)Froanaadeqemt sy sigghade 7t khicnfhare reenof

interference between the data channel s.on datag s al s, . thus achi eving

i mpr oved “%ﬁ%rﬁ £ aﬁgn?%%?rbrha (?ﬁ%rgg%t 8?93??%%} had B ook BiRed A
combining performed between the plurality of antennas. Thus, the

sub-carrier weight controller 82 can obtain sub-carrier weight in
consideration to the influence of the multiplication of the antenna

weight on the reception signal 7 and the influence of the combining



[ Fourth Enbodi nent] A description will now be nade for a conmuni cation
system and a nethod of communication according to a fourth enbodi nent of
the invention. The conmuni cation systemof the fourth enbodi nent has a
"receiver 605 as shown in Fig. 21. (Receiver) As shown in Fig. 21, the
receiver 605 has a plurality of antennd® 511 to 51n, a plurality of signal
“processing units 6521 to 652n, a weight controller 608, antenna signal
conbi ni ngamuid t&53anaehhef]§/6rlr eqmmfey&epeﬂmgrgje;"naﬁgtv,. a]|ZI$pi’d|:Eﬁd:ii@g,C§£|1€ce
generating unit 655, a urality o readi ng .code multjpliers 656, a

pl ural i t y*i5F SURRCREFIs% e%@i"gﬁf’x P’rf% iBérasC%‘sl'F,esa”b% GRAr PRy T Ughet
combi ni NgIdY tfrc@b&hearseepal dpagiajagl 7CaRVENt Bas S6eerd rilaita pderRdus sher 57,
an error-correction-decoder 58, and a data synbo| recovering unit 59. The
si gnal predding (ifdss 6521 thdS 6528 havid ac%@/nBBFa’t? nREe dEPREPBF LB, a
guard i ntamalardeket 18gghiFd tudily dand &n B erkdapwebghtiqad 1t i7plhesn 6B2C.
The plurality of antennas_511 to 51n, the serial/parallel converter 56, the
data denodificatidrms Eher ABL LPRTE R &t SERLALLRATOBE FHE 1@t gdsHhbbie
recoveri ng-aHddi t22r he synbol tim ng detector 52a, and the guard interval
deleting unit 52b are substantially simlar to those of the receiver 5
shown in Fig. 8heTRePefdreen W@ﬂrglé%lé;qnﬁaio&é?ﬁoazo@aﬁ’i RETVF L SERCEAREHYT al s
in Fig Zlajd wakh Pedn bacdgseshbethhaiey Midl navkr BESHIRSIAR 138N 6 S
received by the plurality of antennas 511 to 51n, processes simlar to

t hose i n AHEECE VR TS aAShdith aPherRY Wed IR d"driPdifEd 4 289 e cheb@Nal  of
guard i ntyvaksnf s RLRNORG SidAAtEnTadtintBea P tiibhes Vatlardal ety
unit 52b. The wei ght controller 608 has an antenna wei ght controller 681
and a subRE Y iCeFlgRiyOMPSRLRS YTt BB X e trheTNeT gt ecHRR 1A e T5U8I el ust s

ant enna wWel ghtss 130ds 5 Whsrf Aok efe WRlHHHa re e hwd Nplt AR aSPF &R RAcEREES, for
the plurality of data channels #1 to #n are 57 orthogonal to each ot her.

The wei ghtidgdt ¥ dihadrhapdepp afdrtdpilyed djvuankenit ¥aAah hndinghean hgrefore

sub- car ri gl Wej 9hbScatedbt Bl ghPs $PEEASH duk£KAdRaSoE ihd RRr PhaH& by data
channels #1 to #n are orthogonal to each other and such that a great SNR is

achi eved. M PAicght- OB G FBP 18008 A U SsORTenFRCHR: it S1amalt Jub-Earri er
wei ght s angh detgedl negeantBnRarvebghteiand LHtedniber swei gl sesepiat el y.
The antenna wei ght controller 681 determ nes antenna wei ghts using the

sel ect | veSBOIRFTAILRG YietHYd oA THEE ARTRANDAMPAS The PRTATRSE P&SESMR ni ng

net hod. THe anterdariel ot igantdaehl 86gubddd traofl8ns heawedti oni g$gnd DA 7 10B,
and 10C may be used as the antenna vvelght controller 681. The sub-carrier

wei ght coftdt heveasranstiphird Siparterierehehhtdd G5f P ORE2 VRN EGE,

or MVBEC.ndihe paukread e &5a wei @hhate AbkGldtefse Bddmi th8n&pvie bAtEhgas 12D
and Figs. 13A to 13G may be used as the sub-carrier weight controller 682.

The ant entfaE @i GAePEIAPT I, BB Fhe R Ent EHIfE GeTEht s g Bt he 3antBifha

wei ght muddy JJdretis r6aligmf céiierd BIest v &itgial sy QeRSSiervditits H53d to
652n. The sub-carrier. weight controller 682 inputs sub-carrier weights to
the sub- &t it R&tGRt dRtftipliers 657. The antenna weight nultipliers 652c
of each of thersirghal, processoby WHdes ,658ind® Gh2dn s {dgHui ereCRELGION

signals 7 received by the, antepnas.to _be.proces he si gnal pocessin
e Sttt € abrg-onn ThA Meerae: B pEToRE Gl tath PdPRePERTo M
mul ti pli esidik2c Df trachhaf theenamtdnnalsédnakipy ospssafinantddGeb52doted 652n
is required only to nmujtiply, one re tion .Si | .7 recejve t he
espoct VR R, BBt e B Bl SREBLERT i BhBaifielrREing it b ene

Ther ef or epeddptiiHoNeEgA&RAIY that pio\firde Hirdny thpeisfiofents bfitheapheadindie
signal processing uynits 6521 to 1§352n. i's)['q:e cgnfi guration of the signal
processi NPT (EE5P11E8 852R0F SPYHIi'FHI *ti ed. The antenna wei ght

mul tiplier 652cnef sapchapfidih@esppbadoryreaessi suy may heqbhi2d sd-652Hiémput S
the reception signhal 7 _nultiplied by the antenn ight fto._the antenna
signal cofftfitthg 4t é58™ ThECHREE ass?igﬁﬁ‘?i[s cznﬁf%%hbe({mibtetg%%ncoﬂ% nes
t he receptimdy Ssigansy/comptiteir boe tdnd aind epraadehghiodmuht 1pip larears652€ of
each of the signal prqcessing units 6521 to, 652n_ampng the antennas 511 to
Sin. Ant efinaSHERBHEh Py SEaRBI I O PR HOFFS FREACCARE CaHE S LB peT
conbi ni ngs2ki dndShd rRPtEanhhee i geepidilaipdiigral 527. conbi ned

When any of the sub-carrier weight controllers 824, 825, 827,



58 anpong the antennas 511 to 51n to the tinme/frequency converter 654. The t
ime / frequency converter 6 5 4 perforns t inme / frequency convers ion on
_the reception signals 7 after conbining anong the antennas 511 to 51n input
fromthe antenna signal conbining unit 653 to denultiplex theminto a
reception signal 7 on each of the sub-Tarriers. The tinme/frequency
“converter 654 inputs the reception signals 7 dermultiplexed on a

sub- carr aed- By8suhowar rinerilgasi 4200 138, spB€adiang ddde arel tuspld erss the6. The
spreadi ng _co ener atin ' nerat Lng, codes simlar to the
spr eadi n%ugogggg VW %%%thﬁglt%:%g]g% ?gh Séli%gﬁé ggég\%glggtéﬁmﬁgls% WiEdedrne
spr eadi ngstodeigenesyatialg UheftébbBeisppabdithergenecapeibrs pigaall ngftedes t o
t he spreading code multipliers 656. ,The spreadi ng, code nmultipliers 656

Ul U bl v CE RESPERHR T o HePHEr Sy R hoResGBoesr r FhF SRDer ST HEC Yt ng
anong t heoantehhas & lptefcahiblyhachuimss baen cemikti peeyetl dytd rom a

ti me/freguenc sgonvert er 76§ﬁa srilap t}eh% ﬁgreagéggbc es of t?e data channel s
#1 to #n"oVEP W HIKE relEpli'sH JGhalC7PRaaY boen 15 SXERP £+ R G iPle

di recti onnotstime f requencyaaxi ssimye thassuhHdamligirngeidter ceaepbider signal 7
usi ng the spreading codes, .the influyence of the nmultiplication using the
spr eadi n§2EodEs H° Fﬁguﬁé’ﬂssrﬁeq'tcé"rrrilgre‘f?*ﬁrhta[&&ﬁaf POt HE 'sFBﬁaHr.oc'ﬂ%é
spreadi ngagode suhpiiier.s 656 are provided in a quantity equal to the
nunmber of the sub-carriers. Each of .the spreadi.ng code rrulti,BI iers 656

mul tiplies the"PReptS SHPEFYMat e "o 9theC BRI Ery B2 U T HPeF 1 3f 1F t he
conbi ni ngs afmny ashenantu@neasrbdd wed ghtnchytwispireadi ngincederi dharesipgheadi ng
code mul tigl iers 656 i ngﬂts the,re&agti on Si %Eal ?,7 rrul_tigl i ed usi ng t he
spreadi n§2t0des #5 REAEGE- CEAPTFET whT Gt 2ndPEPBI 8P s 56899 The t88B- d4rri er
wei ght nabhiptigre:6ay nutdi phtrs sibecaecept i as shgwal ih onigach. sulrhearri er
input fromthe respective spreadin ode ltipljers 52e b sub-carrier
wergnt | SHB- CEEE SO FROH b OBEONbTY Pa e tas ) AeE 3P 0F et o SPERIA | ¢y
equal towkhghburdesd oh $Hb-tataptdns. sEandl of onheashbsutdare@fier. Thus,

wei ghtrul tipliers 657 inputs the reception signal 7 each b-carrier '
Tl Ui pl | S8 B oTRE LR REPF &2 e =4 RO eSS VIO 08P nFRg ORI TE0655. The
synbol cesbhwi it 183daS c688s castiima@ oirh82 6 € cefpt bbbBash GNahakned &dtimated
sub-carrier aFter the conbini.ng apong the antennas input, fromthe

sub- car r V&tve - 58 \ﬁ?itéjﬁflt%l‘fa}lb% 8?0 réf% BBV ST h&p B g at6de " dthafon of
t he spreaHengintedesf frarl tilpd estatiacahanfiet edéh tab#ra@asisac atese ot e iiyhe
reception signal 7. Despreading i.s.thus perforpe In.the receiver 605, the
ant enna wei ght t AT | rl}%e'g"fzg”eoj’rghtthézornggﬁig?fvgls?ﬁ%a&%r%@%&%ﬁ?@eﬁni ts
6521 to 662ghtuténptol tdre S2e@epuiioa sngmals weilghtt detante@nsumwetaghtier and

t he antenna sjgnal conbinin nit 6 onbi nes. .t hem ano th ntennas 511
to 51n. “Ilﬁéﬂ&tgﬁ%afirr?éslpfeféca‘ggg%ylgo%\%ef% ggtE%)flééﬁﬁftﬁsp#]%xcﬁlﬁggraréb@éfﬁt'i on

si gnal s Thaf taartdrma ceabgini ngoatooyléhe 8ant @mhashentsute cageepti oveigghgnal on
each sub-carrier. The spreadi ng cqde Lti plLi .nmul tiply the reception
si gnal 7°6h Ié%ﬁ]eléu -c%%)r}i%?quaqﬁee%qﬁeh(raa% (thn%fln%hé gﬁozﬁraur%% Sa‘ynftlé’ﬁlﬁaéfogll to
51n usi ngetbemspt eadimgnoades gt nandy subheasuberc avedighit swee g c tmivtetliypl i er s
657 multiply the reception.si-anals n_t he r.espectiye b-carriers after

t he conb‘l”fr%\%%% Bony the Oésnstl}%%agoﬁ%r %rrélcﬁorbt? thhg'tlg}éb?%u? rier werghts, and
t he synbol conBiheiwedghnitceonGs8 leonbimay a¢remmsy epmidre deyyredd armge ogde on
durati on_of e,s i.ng r Lng i p or ned

esal t of PRELchnt B niadoEHE ey e PRERn el St MRS L el |
are recovetedte allivei thstanesnizewerlght heomidalilgiri 8atansh thei sigb spprmdEeirng
codes at _trt r 1 t-ter he recept.li S} I C i by ) ol
conbi ni ngggﬁﬁs Tg@(%lsle%rns-gt g?o th?o!g'}e?‘rglna(:1 par a?Peﬁ%%%gFt'eFﬁg&ém

Ther eaf t epntpobtess@scai mdquireo thhosatémna heeiighdeidadn Bndhown-¢ariBieg. 8
are perforr t t S S recei h inqEig. 21,
t he ant e‘ﬁ'ﬁgsgvgi (g%félrfiﬁiuh g#‘gis%gé Fr%% {l?rtpc{l%stshggr%%éepw%g rl}%s(lgeé\@nta%dsw’u‘?rof
each of Bheamnbensaspbilflied 5Tke byonfiguaaténnachieilghtrecetieraht B soi gnal
conbi ning.unitg. 63 performantenna diversity combining to conbine the
reception ngnafs 7 multiplied by the antenna wei ghts anbng t he ant ennas;

t he sub-carri einvigieghecaiverpi and 265 7shdvar éafltiars .nPilandply. tthe amicwma@ on
signal s .ch e Lt k] Y, i Ng: e of the
sub- car r et ang, P RE LRSS Ae W LBy Yrd o SBRERO A e OB £ < 65
perform despreadi ng to conbine the reception signals 7 nultiplied by the
sub-carrier weights over the spreadi ng code duration of the spreading
codes. In this case, the sub-carrier weight controller 682 determnes to



60 whether maintain the state of the reception signals 7 nmultiplied by the
antenna weights or to adjust the state of the reception signals multiplied
_by the antenna wei ghts again, based on the antenna wei ghts by which the
reception signals 7 are first nmultiplied. The sub-carrier weight controller
682 preferably adjusts the sub-carrier3feights based on a result of
“determnation. In this case, the antenna wei ght controller 681 preferably

det er m nesict hetant£am Web GBS W9y tHei Acdie RECgRes hathe aRdchhgE SiUfr0arrier
wei ght controller 682 preferably determ nes the sub-carrier weights by

using ei (REPIPHBIMVBEE TrePRE ObS B 4Terth 84V e Thet i Gind aat Fol Faroisns

acqui res gt Q@@@ﬁ\ﬁ@bﬂhgigﬁiﬁs andngtbnakl eF Waikehha 0RL Byl OMKRLERHLON
signals 7 when the sel ective conbining nethod, maxi mrumratio conbi ning

met hod, GREENRRE; fé’re ﬁ/PVBE@IF%l%@ﬂ}QWs mé‘%?f\ﬂljrfhrqzﬁé.t@]ﬁea;fﬁ@ram@iﬂdmei ght
control | ehc68d-a5aihd €3 jARt §MPanRNINAvE A hait 81 REERLLAR Si ing from
whi ch guard interval s have been del eted by the guard interval deleting unit
52b and WW@&H ﬁase%@ﬁ Qﬁu?ﬁenﬁPPr€ﬁ¥¥ﬂfﬂ§ypanthﬁp%#ﬁn?ﬂnﬁl@ﬁtWalghtﬂy ardenna
vei ght myhbi g 8616§8rﬁbi/r?i[nghmﬁt§uéscéé{—f@fm VR a@ORGT 0b! &8miB8% the
determ nes sub-carrier weights based on reception signals 7 which have been
conbi ned T&RERG PR eS kit dsTBhE LRI €51 RY akhq WebaREERHRC SiedAtscovdi tiheg uni t
653, demutbRhex§deddd QA Ate6RPbE Ohe igRahbaPRgedsdbSURMCRhLLetadd, g
time/frequency converter 654, and nmultiplied using spreading codes at the
spr eadi ngUoBBTRLPT | YR IEYs CoBETahtr i Hehayeinet Whedherurei prinaisy a

sub- carriggh tweh Sk ale kB SHRs CRIENISeH Ml Gl 1! £ péﬂee%lﬁtgéga%ﬁ‘éigh-lé@“fs’
the sub-carrier weight controller 682 can déterm ne the sub-carrier weights
in consi @ar &pi 8AJ et tHe istAltaenEetid neePRiPR| plansds alotprihed rardpei on
signal s 7,Rynhhe,RRERRNAgWEH INb S do,C OpA Ni e ffa LREMGHAMIRG Jhenankgnnas
511 to 51n. Further, the sub-carrier weight controller 682 can use

sub- car r iF€CCRELGht SHIR BB FPeIFF b ECOIErEn Sihgnaly-7arrben ieidhtt he

i nfluence gk rbnee A3 ipldicatbed Heing SRheadhnd-£99es akibhes At er
has been elimnated. Therefore, nore appropriate sub-carrier weights can be
obt ai ned.2 THRSWiIb- @&r APEPTRERYHECTCONt FBI FBES 6825y thequATtenaab wesighiter

vei ght  dafg¢bheMmf ereplb o8r $h B Akt e Fmd £ R nRaYE HRRNwEASGME thyPLEXEY that 0 a
reception signal on each sub-carrier at the 61 tine/frequéncy converter
654 and ﬁﬁﬁcweﬁﬁ9érnéﬂébééﬂ ﬁﬂPt??ﬁ#%ﬁftﬂﬁ%ﬂ&tsﬁPéﬁHPhbe%o@%sQ%ﬁqui@lY

spr eadi ng¢ade; AL il isehs cGPF1 ¥ tve 1 WAL AN 10ly bhensubreatmbes painght
controllers 824 , 825 , 827 , and 828 shown in"Figs. 12D, 13D, 13F, and 13G
are used °&s thReEStbmetreder wei ght controller 682, sub-carrier weight data

i's acqui red+hbambEeesRhiPEa4 133l s 7 which have been despread by the synbol
conbining units 658. This nakes it possible to sinplify the process at the

sub-carrier wefghetReht?hl tEmpdrabéenuetlt invaPeusessapbedr rifrskei ght

dat a thusieaeaypt €6n a3 11tod BaadBen thBe rSnmE 361 68 br et BAH srtidtibal d i@ 2826
shown in Fig. 13E is used as the sub-carrier_wei ght controller 68 &@
7

sub- car r i"EADdeF Rt tERRSPY LR, &1 EHAB Y RaEd@i red £F oTHIEE Pt FoR- stynd

denul ti pliexadmBtar silydiriraites- Byd St -ssabbileto DB i tankhe t 888- 674+ iedlchwei ght
controller 682 preferably determ ngs 51 sollﬁ-carrier wei ght based on the
recept i o fsit§Rala®a o SsiB- E8r ¥R &S 10i-s T JAETSHE LERBNh RS Tt or
826a, theroirseopo¥eti®sldniidangtlblhe ajuhdraeeaudier sphbdnl(Sipbgxedneodes
estimator 826¢ can obtain a channel estimate, an estimted val ue of noise
pover, ard3@AMéstPhet BETEAFNR DA AIMUHEE "B PTRASSSpPR gghesSymbol
respecti velay her Bash subicated €b. etrot i rreceliyerefdiddhe stoss/ f maguency
converter 654 ma¥ be grovi ded downs re]%m Ots" t he antenna weight multinplier
652c i n e3CRSBECERE ASPYREITHT SRRt 1fd CEYLIELOBSIN NG HAth i YMPde, t he
ti me/ f r eGURRCHaGONYEEH & Rlctbhet b espe dtvemsignat iy @eeseksgteoNived@521 to
652n i nput reception signals 7 demultil exgd on a s%b-carri er - by-sub-carrier
basi s to e 8hLeARRPLF ghATC MR tUnPt &8P SYHPOGEN (BL18bhf i guration, an
ant enlna wei ght dedtl;)iméh&rraﬁéa@ttér mnbwpﬁeﬁu&r{]ee@m@awtyiqa Wa0aes yneedpt ijon
signal 7 receive t he respective one of the antepnas,.511 to 51n,, and it
T aqui (0o BUARHS O AP S DA S T SSRB A LR SR P B si ng
units 652l dopy662nthd hédmedlinows qtiiet Confdqganat b oth@fnunte rsbgnabreydieessi ng
units 652 to 652n to be si n%é_fied. él\/bthod of _r’r‘m%ni cation) A description
Wil now BEenBdEa b OdephT R g9 §o¢ %&ﬁ?&ﬁpg?gﬁéﬁ Qstig ‘e TRAEEiSiSr 605
shown in Fig. 21. As shown in Fig. 22, the receiver 605 perforns steps S501
to S503. Steps 5501 to S503 are substantially simlar to steps S201 to S203
shown in Fig. 15.



62 Next, the receiver 605 determ nes antenna weights and multiplies a
reception signal 7 of each of the antennas 511 to 51n by the antenna wei ght
t hus determ ned (S504). Then, the receiver 605 conbi nes the reception

" signals 7 anpong the antennas 511 to 51n (S505). Antenna diversity conbining
is thus perforned. Next, the receiver 865 perforns tine/frequency
conversion on the reception signals 7 to denultiplex the reception signals
7 spread gmng 4 BLEEakhidh ofheSURTEALLHES Bs rt&aqg%i@{sgél_t(glro%guenfﬂ@s
into reception signals on a sub-carrier-by-sub-carrier basis (S506). The
receiver W%@ﬁéﬁéﬁt‘é;@!e@ﬁﬁéﬁéﬁ ngiec 68ESad1nH Faﬂepwnmmﬂéamﬂge@gbe@f by
whi ch the feceptd 0Bnghd Stifatayss b&@é&,dﬂaéf'tpcl ek §Q€£"cﬁg'ﬁn feeipar 605
mul tiplies the reception signals 7 received by the plurality of antennas
511 to S5IFFaRsiMg tele 4spheadimhgt épbess figre tCmrPi@_élt aiaé;haﬁmbglas_s@tﬂ@t@@b with
the rece%:%%d%%”%'oaeé CopPda orhﬁ’htgh 8§ HeC @8l Y eEnGln. ft £1 ”‘cﬂeﬁn for .
sub-carrier weights an mJItlp?les tthe reception S|gna‘le on each sub-carrier
by the detransmigdisgbtbardaea symibpiss (E56868) to Wt aiacdiater s60Bathen
conbines the r ti Si . ef 1 r L.0g .G ur atj he
spreadi ng codegg?g%gge) It.gg erﬁg%egeéi{lglﬁ%rtsc%u?qgg?f gggrgglgD%?ahgnﬁ%lats are
t hus recoviamed st 6Sthe) r Thattesnbeibdter dheomhilnesptlicdatasighal redspieadi ng

codes at t.he t.ransm ) X t ecej 5 perfor st.eps 0to
S513 as s%l&%r?ll ngai g%é%. Ogtee%rslesg%){at oggﬁﬁéegér)e #;Eubg?a% a:;tI%y g?%?%r to
st eps S2kpdec dSRiZishemmliip FExjnglbS1GRth gheohmamscittiticon 4sgptreadis rdeei ver
605, and h f..con | cat | o royl % es s tiall

i1 ar S ahosy s R R Bl PR IS RIS o g
nmet hod ofswWomamiieatsi dravihgwdiififeFegts. f2eq8enaimb 16f Euahbeittinye datanna

wei ght |.tiplier c multi . ec [ ' 7 ,of h.of the
ant ennagl%lldf%tlg 5§Snﬁg§) ‘ant gh%gkﬁégﬁi'beﬁg‘% leQ ﬁﬁé@%@t&%{i 3n %eﬁ%%gltgs? Gre
dernul ti plrexed -oprichert iGRIA r eigreicyby opesfbensn® 54 requenay f eioept s bynasl gnal
on each of th -carrjer . apte . S| I inin nj 53
conbi nes %%“é’es:e%?%t %gnEéggﬁ%T%rg%Eitsi g%’l %ggﬁiﬂt e anocggﬁgg\%gllghjfé a%oeng t he
ant ennas mlralld tylnof Tis@beabteigrs hbaving/ fdiddeeasy domaueneie§54 The
derul ti pl St i i i e e - i ers.
The. sub. T e ght-TReA £ B SR shBRs el Brorib T RE Bt b Eald LT .,
t he respeaitesd aggrgsubheapiverbity stibsgbredmriensi glRlsl0 )R ndlllen), ttie
synmbol condy (IS i . e j fvanals i pli by

t he sub-car rnlr!’Jg{r1 Qv%lggtﬁt §§§‘€%‘ﬁ%eﬁ§p?@5ﬁngggﬁ%§pﬂ% ?5(% nél;l_ n}s{%{?ierg itﬁ%
codes. Thmrafloietexrvrls ine¢ftedjiipherheorragiver $84,a thensubssianr skgnadei ght
nul tipliers £3%,) and the symbol combining units 658 are not required to
performthe process of denultiplexing reception signals 7 into a reception
signal 7 on eaéhdsabrénrteemilihbephadestorofthrurerpbiieny athenrpgeption
sub-car riefo Wi gl fq. 1A dAS RS esfuRl 160FDLE NG hBesK KeeAL PAgSignal s 7
over the spreading cCode duration of the spreadi ng codes separ at e?y on each
of si gnal 819 edeingdd thiy of hanpenrad idly &p aht ePhdiG rECedvEINS TRHER1Vss 2 t he

time/ freqyency LRV ekt @hudadgnk DGR £87d 55n¥EicHih i AEhdPhliet $pPpihg and
t he synbol conbining units 6g8 can performthe process of "demul t1pl exi ng

recept i on? Al ty oAt dakar eveiniotTangRarted o cdeh WapsEaFEeRre ame
process Of -JAdrliitRld REelNeMebdY190R1 E8% M ber aieh 9BhSnndid e process:i g
conbi ning the reception signals 7 over the spreading code duration of the
spr eadi ngSREARSE-NGN FPdasc et oRPi FREPST ISt Atdied THMTBIRHE OIS bEt ween
the pluradidneft tait Waﬁhé;%lhﬁ‘a@ﬂ-{‘% cgkl eehi-¥ek¥iedd hbbikgbadiperde A
communi cation system according to a fifth enbodi nent of the invention wll
now be deBtsqusa$iephéSEdhhuniTat FefededoPdittrtts SHEPPLf EHIOHERrneafl of

the invent# Qﬂg@éc_e%tti%%@ira#él%rv 4Q4c858HPWhd AnFélnas3 grtoajltrf aBsef ter
504 as shown in Fig. 25. (Transmitter) As"shown in Fig. 23, the transmtter
404 has dl'pt wwestditvero dedabes protessimtgrualfsinganted a4 the aesephkn

conbi ni ngg YRl 41 A42, (B oknequency/ time converter 43, a guard interval
inserting unit 44, and an antenna 45. The signal processing units 4411 to
441n have a datNexynbet rgeadyer CrRpufifiamsstine /Hi caHeBFY COMVEEE L8R C8ntter
41b, a dafa-dPdHAlALnals. 7k Seldmhirpiak! @le GRRBUBELSA ;fg;lrgglsaﬁaf;ﬁ@@h ng
code generati ng unit 4le, a plurality of synbol copiers 241f, a plurality
of spreadPTRI B8P HAXIFY] &F §Ub29ET LTS5 bpatRd Ao PR ™M FEPTATUP%est T at i ng
pil ot synbol inserting unit 441h, a wei ght



54 updating pilot signal inserting unit 441li, and a data channel signal
conbining unit 441j. The data synbol generating units 41e) the
.error-correction-encoders 41b, the data nodul ators 41c, the spreadi ng code
generating units 4le, the frequency/time converter 43 , and the guard
interval inserting unit 44 are substantPally sinmlar to those in the
“transmitter 4 shown in Fig. 3. The serial/parallel converters 241d, the

plurality ebceyris sGonher® oddhcRnst the Shsraldtivral (SA5£pdi Age£008e
multipliers 241g are substantially simlar to those in the transmtter 204

shown i nTECGLVET STHRMPTES, SRIRRIINSt FAte DhdeMEtAd st o Fhetwrr daf iRggodes.
Proopagat isgnyRELH thar i d AN o8Ss 1§ HiJePbesY MRAk 1 pNSEAT | RY Ul de 4ALD
inserts pilot synbols for estimating a propagation path variation into the
dat a syrrt§ol“§.lt_3mh%9;5 _afbcer éﬁ§ﬁP§§@@rﬁJ§lf@i§I 761?13@'33@‘&%@ édei Elmbjfﬂa odat a
signal ang@+@nRhkotysi@nad;f alsigf | llR9nQr LRAGAL EOP PAL Nayal | &ld s sare
mul tipl exed. Synbols whose anplitude and phase are known to a recelver 5
are usedagsorhated| withyisolrecrariest $haraky %a (§6pagation path variation
The pilot symbabe:!hoCelldiding RQRAARLLCM AL Ya1ERH A0 AR HRAdby the
receiver for estimating a propagation path variation of the reception
si gnal . The metegitionpitdiadg? sifl eackpfridle anerndsnfluhp t51a4ly aprangrengapi | ot
signal s I i i i t\he L gnal §. rf%E%H ion
si gnal Gtﬂlgs% gggﬁ%ﬁ%ﬁ@ﬁg teidcq}tzgmc}ét a'ﬂ?l' Sﬁ% andgac Oégﬁg%sghéna or B
updat i ng svishnghs s 7aeeondl tthgl exggnngynbdl stavhdte &9P97)udeThusd pirdz@nar e
known t o g4t i - e pi | o y r <up i i ghts.
The pi l otdtlglgér%g]gg 1\‘{%?“]038 g |lni§ \C:%‘?Iaac}tﬂs?&gr'e ug%% gge%%‘éé?egei%é orn\gtE
esti mat i sgberporieheataiadrt anfdemeptimiesi ghal re¢eriiatesponadi oy eavh af
transm ssi | - sub- i i ¢ i S ol s
may be u?g Qrﬁig%gké%gfggﬁ?§ﬁgfHgggghihg%%e Egg%%Fge%ﬁgggaéﬁgbg§[oﬁggynbols
for estimecengeprogaghines fwt heoeptinn sagnahe t kEepi tha spyabdlirg foode
updati ng LORL S o Fyel di i oh d i ed in
each of FﬁgbggégCEhanngpééﬁ%ﬁ?%cggég%ﬁgwggta§gEg%%é&ﬁiﬁgﬁg*&g%%gﬁﬁrﬁg units
441j conffhue.a dtaa sympals arpi ITeCoypgRdl toorthesity natakes pbepayat ithe pat h
variatio - ilot Si i L9 cipdatdh [ ' of the data
Channe|s9#%@?81#§§t$%p€%§ij§%§%%§%%§ %04, t‘éQB?FE?Qé?Eﬂ% g? updati ng
wei ght and t heNeat a Higraicearer nulndfloanedrasihpldsesigilvEehorr sadn opl exi ng
in which e L i I i 1 8S | .axis. In
t he trangﬁgt%%gg%g%Phghg!pl%%fhgigﬁgT o?ﬁ%p afﬁhéﬂ%éﬁé tghgﬁﬂﬁggggﬁ i gnal
mhicklIﬁav@dbe@@r@tﬁng-dﬁ@ﬂ@Doniqhﬂ FﬁﬁﬁbﬁﬁxiiaPéFﬁ9¥m$;ﬂ-@%éé e¢reddulisd ipgl ot
signal for eakk bR HRY PPA0A 98 PAEN VALEALAPRa S sPBbols (S211). . The
tinme-division-multiplexing in which they are nultiplexed in the direction
of a ti mEegaRILEeT Phee i anssGRRA ‘%ﬁéﬁ&f—%gd%ﬁﬁ‘%@%lﬁoq%ﬁsd@@wrﬁﬁba data
nodul at Orsg_m‘g)gﬁs Re{toh B P HRe8SHARS citlll 88 the dtesEemdudNg ihbasiBdds8hgd
shown in '§?p3' The data nodul ators 41c and the propagation Eath vari ation
ot

esti mati A§2pP) ot TEPFEAY /i RRFEPAFYYRISt TAAMPTNHle Sadat By sidol 82 hkdVei | ot
synbol s feknesid j@RkbAG PFPaFRSF Mbialdt 1¥ALhatb@hd Prédes S8ld 8 bRALaL! el
converters 241d at different tinmes. Thus, the data synbols and the pil ot
synbol s fidr wakeh FhevngephspaghRt ofopak IPUFRNT ARRHSR taisesuch as a display
time-diviesi QReBRELI Ph@XStkpuRRethbincab! ¥ne tdifr it appphehs enh )he pil ot
synbol s for estimating propagation path variations are input to the

seri al / par al | eFPe ditdrrdpre ta0edi $3LPERTIV IS BY G COATHY GATCE t hat

switch thggicBRUT, Ofediat@rsy Phal® 2osomtdendddioa ppdidrdtrisadlients thes
serial/parallel converters 241d and the input of pilot symbols for

esti mat i A§SFrdPafat i'dn L&t FeSALvieEt P ot 4oPontit dHAGAL6H %%taﬁt\?apﬁﬁtﬁldn
estimating phhotesyROla iths@Ehi FgioHidighall bowiteh sofd alifpar abdelined
converters 241d. The serial/parallel converters 241d throu%h spreadi ng code

nul ti pl i SYsMoRup BEM DR RIFEdds¥ el SRR ISHMPOS SO Lthe 198 CRELRE\Re504

shown i n d5:0eadn @tCERE dahatchdihelRr £RAINEN codeyinb hpbi@iahsddtge Mvieipl ¥
the pilot synbols for estimatin ath variations and the data synbol s by

. gp . .
di f f er entd spPERdiily Fdeub-TRETdfreadendPeodethtrer bl FEFRDWIESS npdtiedat a
si gnal s andcRigh Al &gl sef O 1 Rplh MBhAGdHORAGa! d e dBhly yeddsaEbpnmenhi ch
have been nultiplied using spreadi ng codes and whi ch have, been
ti me- di viditenchanree bt SETCERORARNG ftoa TERYAFRT T JEGRARFIEBNBINAS dni 179441 .
The data channel signal conmbining units 441 j conbine the data signals and
the pilot signals for estinmating propagation path



66 variation to be transmtted over the respective data channels #1 to #n.
The data channel signal conbining units 441) input the conbined data
,signals and pilot signals far estimating propagation path variation to the
signal conbining unit 442. The wei ght g%ceiati ng pilot signal inserting unit
4411 inputs pilot signals for updating ights to the signal conbining unit
"442, the signals being obtained by nmultiplying the pilot synbols for

updat i ng sweiggitisghyodenpu il isprsedzh nglcoples the rehepe inulsiigpkiled aniide
pilot symhols for.esti i ng i Qn variation at the signal
processi %eugﬁj %%a%élcggéﬁnlr?.ﬁe%eg%gl?génoﬁocr@gg%?rﬁ %‘5 BV aﬁﬁ‘i“%?’?? X the
ti me- di viaidnsuhH ddyliexedvedaihd ssisgroal sthatd fid odpsiaghialgs doate sestdathdg

pr opagat i on th_variatjons inpyt om t,he data_channel. si gnal  conpbi ni ng

O e Saa Rty 3F ot Ihtrd 1L o 1° 258, BpERaGdRe L P Raopcditet 1o
dat a chanred samderdrm #Re gt ibet pplietrssi ptal snd othesisubatangi of Opagait on
path vari atjons.input, fromthe data channel . signhal conbining unit 441j on a
Bode- di vitQi G PREr o DY AR asR EL S1HRLT LR AR SR BRi @R Ebr 43
tﬂr ough aamcﬁﬁlmg-&ﬁﬂ@rf@éﬂi@w@@mwd sjzmhba\reﬂgattdmstﬁcl o oillle&'hhﬂ t ransmi t er2 4
shown in Fig. 3. As a result, a transm ssion sign as, shown in Fig. 24
s obt ai i PHEPAE THUMECSEPORLES GRA BA, ST ISPOSERAMSLIEIW 18R 8 ptR i ng
wei ght s anshtdatka tikgnateptilsh arngnander dinlitiipdaeauby i fhexedenfat heightecti on
of the spreading code axis, .and the pilot signals 63d for updating weights
and the dHh SSPGRAFS1BA M QiR PIPRP cREt) A ERIAF| B0 FiiTal B S PEAING

esti mat i gy CRagatibanopathe Vet addidgs cofed. ti me-di vi sion nmul tipl ex basis
inthe direction of a time axis. The pilot signals 62d for estimting
propagati on pathevaPFEPFHIR Sifialfe 7pPF6t LRV ML 193 iedr PYplhei Autemight s
are ti me-yH \gntisodhdibhb L phexed weidio: & Mgl SaRRvs PEERRIdIAas€ed8s thEReight
transm ssion signal 6d is spread in the direction of a frequency axis to
becone. a GRNHEOIAAF T GHCBONRS GRARTERURY FRARAREI GHF PALFAVHFY 4| At

esti mati nghapineds el #nnseet bRghogbhaB4dd edvh thhertl ghthedpeatd NocH | Ot
signal inserting unit 441i are segarateli %rovi ed in the transmtter 404.
Ther ef or €PTATELNPaRIAT £8F A49PE2 CRFRBPLES oF 5273 BY &Py bR AP EER MR

opt i mum piidPpta1symholesmfi0t 1 ©Biddrate ng-yhogpagatt ®BapRtdthear.i aks GNSe gDt ,
optimum _ 67 %ilot synbol s foé updat i ng,wei ghts that al]low errors between a
recept i oG RAMCAHE S0 eSS e %Ii"ﬁt‘f ARACHVET an8hi <8 BRCsT Pt tRGEEREtY, t he
triansmi ttiefteé(fér@aglcag@;aewabe Ehef leaﬁasrdihlﬁﬁhélls ﬁﬁglnalo GinUSd i@ ed lrfﬁj herk of

mul ti pl exj nq suitable_for_ eac .t i | ot ols . For exanple, since
the pi | otdS GRAITE B35 BF ORI Hg T GHEE nEbe ST HREFSn Al Shown i n
Fig. 24, dihewnne ldivieedtiee toapEnid i €drensy adophigRelyy VagbDiednd 4 | fHeXxed
with the data signals . Therefore, fr efficiency can be inproved by
usi ng codé! '1\7ic§‘%5ﬁ?ﬁu$ ISELPRGL PO ﬁ[}s@%g?fio%ns%ﬁnﬁfaée%%%“f %r aggdgqsle'ng

wei ght s. ddisepivent:1gi, gnal gh 62dnébpoestittatdiye powpagatiorapaidavatéwdd ons
have a short tglur ation, . Therefore) tine-division-nultipl ing ma%( be qﬁsed
for the pifot"Si gnar8 82y Fot%est’i MatTHy' propagation path Sarratyohs 1o
prevent iartéer 206de whitchr frerkersceitit pblseipilé ottosi gutailesreb2tinfrvesist s haiaIng

propagation pat.h variations, . This makes it possible to inprove the
accur acy tol?ar%ﬂlisr?ﬁ‘tolnoﬁhgfa(p%ﬁ%%ﬁ%a]ﬁsdn path variations performed by a

recei ver. As s@&@e wveidgnt camsmnliiteer8 SOpsivmanthamakt gun@yeignt cpdéroller
time-divigjaon-multiplex _dat i S.W il ot si ls far. esti in

br opagat | oh SR WG SR ro e M R or e bt ERETet v bR L

si gnal pr®eegssng amiehnaSddilghtts 8dd ihef suthearespectaightdaded dhaanelsestl to
#n may be provided.with a propagation_path variation ti in ilot
aymbol | rbriy rer e adhe SRR R Aottt 5P et B g PaBe i e

pr opagat i Dnoppathseathatdrarening weigghsenuldl ipddeak| st comfdentred 2Abdl ahpll v

wei ght updatin Llot sy | ,ins I I 41] tq. insert. niJot synmbols
for updat'? n% rﬁé?g% %1% isnlgtn%g 7351&1 g{lc}%%fglg#ﬁ}é% bglo%{\’l/earr{q:éern %4%%1.%&’%@&@? n
order to ©wgeradindiesi omeighit | phidkipkiterssi ghalconfiiphred| do shynElpslyf othe
estimatin rQpagat i on t h vard atians d.pil; i | sfor. j

wei ght s, ]?%é;erpgﬁr?glysh%napfgv?nd% c%%tgr%geaag T%%Ilpl%%hg%/%p i%é ?gﬂlée&gg ?%gl?igsng

pi | ot si ghattharserttheng U tprofiledothe amseradsiwmtale@oempiihbbg symbol 53 f or
estimatin opa i,Qn h variat] i ‘ i oppi nj i.t_ 442 and
G e B T SRR S o e
pilot signals for updating weight in the signal conbining unit 442. In such
a transmtter 504, appropriate nmethods of nultiplexing can be sel ected and
conbined to nultiplex data signals ( pilot signals



68 for updating weights, and pilot signals for estimating propagati on path
variations . The transmtter 504 is thus capable of generating an optinmum
.transm ssion signal. (Receiver) \Wen any of the receivers 5 205, 505, and
605 shown in Figs. 8 , 11, 19 , and 21 receives a reception signal 7
i'ncluding pilot synbols for estlnatlng‘ﬁ?opagatlon path variations and
“pilot synmbols for updating weights fromthe transmtter 404 or 504 ) a
SUE carrieMeVEym#?J eambnﬁf?@ruﬁﬁa% 3% sbarnghredite c3fbiRy %Fé;#aa@paioﬁhs
sub-carrier wejight controller 8 282, 482, 58 82. The features o
the sub- cAITTEr WePURE. COnERGEPELnE 2 Hngiobat b ade: APYHRAVE GARSS:

control | er 308 shawtors, Filge réGeifer Hhewn ddpddadelbpetftans HpIdsiseht
wei ght control |l er, 829 has a channel estimtor 829a) a noi se power estimator

829b, a nUMBEFMIIRTRUREF PRSP IChHEs Bt H R IgEee TeraREiight St ul’att ng

unit 829d}adhaftéftia 8§ldiEh BEnt2R61 gl | 8h& OB en SYdTRAL r&lebaden YRGhaBL9, a
wei ght updating unit 829g) and a switching unit 829h. The channel 'estimator

829a) noi Eélmﬁﬁﬁetrheeé’f‘i:‘ﬁ%‘f%? aB8 FhPTOFRE T QAL oM IRRS iSHiPegRET ED0we 188t | nat or

829c are Iﬁyptsltﬁrytﬂngl | ¥hsi Webaptiont Regahannel o @SBt WuiB28a,r 1801 $§ POVer
estimator 826b, and nunber of nultiplexed codes estimtor 826¢ of the

sub- car r i 8¥b VRATGHETCBAL PR | B SEMEBRRIR | HherFgoeRBOn BdepeLE hAr ERelheise

pi | ot symboltsndidry toteeshtaBidMSPEARAGR LI nRAEHANA! | ahk oS dRigSt Lthat e
respective values of interest . The weight calculating unit 829d is

subst ant | a1 F§R0G nVERIDE 0 CPRETARI Ght Béal AR S HRFUMS FYEPNShoMiInT FHYy. 13

except thabndiadRulcn $ubtRargietb@hihs] €85 B iMgnedebyetdit SR ihRa i b
switching unit 829h. The error estimator 829e is substantially simlar to

the error’ 8t SR 6RTE29R Wi A e 28R HIIET WRPHHRVEORPROTRIEGEHIT SRS i n

Fig. 13F gx&epior,haind tthds@apPLhLE Sy WRAlGht72bnt #61 1dEadd ragan\fv%keglat:ﬁlﬁ@
estimate errors . The reference synbol storage unit 829f holds pil ot

synbol s f &b ufRTatiery "&kéBh Rt 30 t‘EPIﬁédFFéﬁéﬁi‘t’f%th@y PERECEF s MutlitdplBdmg or

404 as refgrs ancRpIBROLSgnallhe Wi SbteriRdabl §At WiHd c%%ggniﬁk‘?bﬂr%nﬁﬁﬁoﬁé”' er
wei ghts determ ned by the sanme to the switching unit 829h he wei ght

updati ng the tarsFoyafodd :nb? HWet-erni ne sub-carrier weights when it first

recei ves a recepicansd gR8bnda RECGNE AL BEELidSs H9r R @lply the BRcEYEDOH
after despreading required estinmating an error. The wei ght updating unit

829g i s ofh&#hdn detlsHBSE ARERPRPYSIRG P&Fe%at‘ﬂ%égaéﬁgaw@ URarteRPUALENBD7C of

the sub- cashb&findehaht @ﬁéf%f@é a®2énBRMV 3 ik Gombininghgy Sehbehing unit
829h inputs sub-carrier ghts i nput fromthe weight cal culating unit 829d

and sub- cBp® iTECaRSIGRt $19 Li F‘B?ﬁ‘-‘t’ H&S8NGREN EHd Hien§UBnFar BEFg Ve bk he

sub-carri@a1 el GhdraMA 4 | phl €10 4hd SR ceidnbEi b1t e dieciMer st 5th<205
505, and 605 shown in_Fi 8,11, 19, and 21 and the collective weight

mul ti pli efYBEATGELSHEYy gE‘él k- oRFE LR oAL IRt Fi FPe1618Reh S AAREAPRSER 5.

multiplied using the spreading code. After the antenna diversity
combining is performed, the symbol combining units 55 perform
despreading by combining the reception signals 7 that have been
multiplied by the sub-carrier weights over the spreading code
duration of the spreading codes. Therefore, the sub-carrier weight
multipliers 54 and the symbol combining units 55 are not required
to perform the process of multiplying each of the reception signals
7 at the plurality of antennas 51; to 51ln by the sub-carrier weight
and the process of combining the reception signals 7 over the spreading
code duration of the spreading codes separately. That is, the
sub-carrier weight multipliers 54 and the symbol combining units 55
can perform the sub-carrier multiplying process and the process of
combining the reception signals 7 over the spreading code duration

of the spreading codes on a reception signal 7 obtained through



When a reception signal 7 is first received, since there is no pilot synbol
after despreading required for estimating an error, the switching unit 829h
inputs sub-carrier weights determ ned by the weight calculating unit 829d
"to the sub-carrier weight multiplier 54, 552f or 657 or the collective
Weight nultiplier 352f as initial valués. Thereafter) it inputs sub-carrier
- wei ghts determ ned by the weight updating unit 829g to the sub-carrier

wei ght  mddniahii gl Réwen2fndp16841 Ofy bhaingahhastsaorei gbh A8biioki ffe 352f.
This makes it possible to nultiply the reception signal 7 by nore

appropri &*1Snitial val ues as sub-carrier weights. The switching unit 829h
may be appropriately set to input sub-carrier weights obtained by the

wei ght cal cul ating unit 829d or the weight updating unit 829g to the

sub- car r i [&ecpeidg FMPRGLPERE] ers 54 , 552f , or 657 or the collective weight

nul tiplier 352f gebcePbdidiohya1t AGy DY LGAE L %Y%Bﬁlﬂhﬁ;f?@tﬁ'tor{ %?E'E%ﬁtﬁfh to

one described above. Such a sub-carrier weight controller 829 nmakes It
possi bl e & gedbedi Af aceMriHEatdeon pacerdinhdicsé poaerd exstbioddmentapd e

esti mt & 16y crfi RUMDALe Ao ibRE £XPC UGS oFDEfo AUEMIA SnbolThal: ALt
synbol s for estimating propagation path variations that are optinumt or
esti mat i fg qeCcepagat BORA pat Phryy (it iFdgs. 1§he sub-carrier weight controller
829 can Q%QdyﬁvérQn error nore adequately by using pilot synbols for weight
updating that are optinmum for estimting an error between a reception
signal after désppbadinin dhid.albr ablerizafedivesi ghal commrasegbachtviakitiei ght
controll peLl S = CATS] i aht ] .
sub-carr?ﬁiéégﬁg %Sggﬁcgéé?yﬁggugygkégﬁf' g? %ﬁ%gabﬁﬁﬁﬁgﬁﬁ é?ﬁﬁﬁhﬁn%EEQZQQ
dependi ng-coA53nt wavebakt contgother S0~ car AnEPRIR|sGiIInad oFs! ] epybBRiNg 825,
827, and, 82 i f=@r i £ﬂk§- t
sub-carrfggﬁﬁg?gh#§%8%??%??%?5%%%mggg§%§§giﬁg'p¥ﬁgggggnbo‘%ﬂgggaggfih?

esti mat i fFHProgagaerbhopaddcoder 48 ol wheéatasymbelt heceidr-icwr phat & ght
controll 824 IR Fi . +d2 i : i d as
any of tﬁgmgﬁt9%§%??gfé€g¥g%PHég%?§gfFéfﬁggyg%gi?%?g%%ggggejéﬁ %%5H%$ t he
recei ver 5%2a.2055uslgh infagvabsiedREhadiyniti §3b. & time/fivequranty2¢onyenirth t he
wei ght  capty oll &6, 382 f cbRE Jeelh¥ehg Ifp SHoUN d ?lEleigy? JFSpibEafRAL ur es
of any of the sub-carrier weight controllers 824 to 828. The communi cati on
syst em af®der anshtipbier€1042gnd o4 ehupleezskitivhe@fcaprPregtiide adeigittages
subst ant i @)% Sl kaksbe those of the communication system 1l and the
transmtters E 204 , and 304 shown in Figs . 2, 3, 5, and 7 . Further,
since the prop&fet ipdirpaikyvafi antemnastd hattiond 4pi-| dhesypeisdplipaeriialg unit
411h and preRagati 9§ Rabhaya! hahb@m £ BRL iRQ PHLOE- &Rk 1bRAS@ELIdL uni t
541h are provided separately fromthe melght updating pil ot signal

i nserti ng8unithe4data F¥rbadi FAECTRRINRT HF1pi P Dt Wnﬁmb‘?ﬁstéﬂﬁnﬁg gkretdali
the transyyidt efise 49da28d 1508620 hedOSIAd GHE: PhbO! enBDAlifel tc@edddmt i Ng
propagation path variations and the pilot synbols for updating weights
separ at elGPRVEFteReS2Ct hdher SREPALRPsC2088 JRBetIUlG M dnet4t-e 3pd the
transm s -9igeakbo8d Melhih1aiat Bod Hfe MablitAhexa Ny Sdiinfiablr-ethornsach
type of pilot synmbols. The receiver can obtain a channel estimte, an

esti mat e 16f THGi SECBOVRF, 5 athP¥ah 1@sFifat 8- oM PPREIPERD DT Akl LRSS codes
using theywilixe syHbehs Larres! i rAatEnddwll OPRgatbd Ml pear haté ons nore
adequately and can nore estimte an error using the_ pilot synbols for

. . g ! :
updating wei ght'$ thEr @ HROGIALEFYD TGRS ErfbBaFfkYiRT PX HeS AUBEtoRY VT | now
be nade o t2eREEAL G ISAR , SYEEECEBAGGOE I NTat O A thbxt Foeriedir-gBaives 3 he
i nvention. The comruni cation sgstenlof t he sixth enbodi ment has a receiver
705 as SWq IirnFFbg' 287 is performed up to the multiplication of reception
signals 7 using spreading codes at the spreading code multipliers
52e. The spreading code multipliers 52e input the reception signals
7 to the collective weight multipliers 352f after multiplying them
using spreading codes.

The weight controller 308 adjusts antenna weights and

sub-carrier weights such that the spreading codes for the plurality



(Receiver) receiver 705 has a plurality of antennas 511 to 51n, a plurality
71 of signal processing units 7521 to 752n, a judging unit 752, a
.configuration switching unit 753, a despreadi ng-after-diversity-conbining
unit 754, a diversity-conbining-after-despreading unit 755, a
serial/parallel converter 56, a data detbdul ator 57, an
“rerror-correction-encoder 58, and a data synbol recovering unit 59. The
signal prog¢essid@ntfhe Bs 4320 §8 AR2BrPRYSormaSYFRIcH bih &g adat fOlQmined, @
guard interval deleting unit 52b, and a reception signal condition

nmeasur i ngYGhPRtY Y. wirheh pthfy ZEFERtHPN éﬁ{gé‘ﬁ%ag on ¢3¢y Y cagEiphElFhaesah el

converter adfenflat £ deyREuLal 0cBikie 18 MANtEPLIEL (HAF-ANGRHEE P85 dRlga sy NMhol
recovering unit 59, synbol timng detectors 52a, and guard interval

del eting @fii t §°326Ck+€e stpeRRt) al | TSI et (PRI S I0Pe PRASETEERYS
shoun In_Beferfindd&i @b1ebifVe A gl 69! £85 ik enbelpt&ee WYLl S

in Fig. 27 and w not be descri bed here.” The reception signal condition

measur i ng A0AITD-FEITALE WedaBUSUIAG et Homsprerdimngedengor Keedlama laty
reception,gi gnal cﬁanﬁgf? V@C%Bt#rpﬁré' &ﬁlog%%?‘i' %6 QA HESEHE %ﬂ.d“é\hafr? t%ﬁ%
nmeasures the power an adl ng correlation of the reception signals as the
condi ti onagfregheSNReteprhonved gndhug, theereasdesti b cagalratoadiadeption
measuri ng sH?hE@ 750 & & R ueded ghh a%%%@f‘tﬂot Bﬁo‘i@léalka‘cﬁ?ot%é‘%ﬁ?ﬁrey%g

antennas 511 to 51n. In the receiver t he signal processing units 7521

to 752n adBBEPEE@CSIENA. transnieahas Flaraciesifthase t he reception signal
condi tion neasufy I ] r g t
;']Fﬁé‘gwéﬁﬂts c%g‘ljcggﬁ??%fe g%kféadd«%ifé:'ﬁﬁﬁ% Boda condid V%'lfﬁ}ftSTEg

reception signals 7 recelve urality antennas 511 to 5

recept i onagiigabling gndiennarweiegddgr isnUthessRLtiwg eerziniadene beyd p8GEEr or
fading co i t, ept.i j S _%&(}_- r

i ndi cati né{a;E hgﬁbg)nr}d?{lle (g'%% oég(ghghpg%hej;{s?zgﬁlgs?%bna S ‘}g%nh‘gé bde &ﬁ%&%?BcThe
recept i onM8LgnBEC copndi MNIHRE reg@sur Ty weidls: @htopliee 30§ nedmpricess shag
units 752 . ; h r i I factqrs t he
Focept | on S ERATETIRERE Sak"Be PO anfRtob 0 e MR T R1A00: 0 R62PT° The
recepti onsspynain €éadi t1Wn ABBSsANGNHOCFnds tHS cdnddguratasuraddavsalafeshef t he

power and g %&iﬂé@&eﬁgﬁﬁt&ﬁﬁ rBElﬁ_BQQC@%&Q%h%W”EA ¥14. L0 D8 r4dgl ng

unit 752. The reception~signal con ion nmeasuring units 751 of the’signal
72 processBAgahiGs Therweaighrsantinegdert3vd ¢daidivole giaks e llessiived by

the antenpasq hid §0 AHLd A aneaRhA ?&Eﬁﬁgfd{t?& %;Mshehwﬂryéhi byeiRyht . The

judging unit~752 controls an order o r.ly ng a reception’signal on
each of the subAd@idghdrgontizalleas40as ADPYR N BHI udi'ngay e ypedaaf fhecodes

by the suBzgghtich¥eh9bl SorCOMURRAnENGd SSFﬁé@LQzeS\%zSDéHt OnpRaGRight he

sub-carriers over the spreading code duration, nultiplying a reception
si gnal of ceaERobkeX HE By ARE S TBERRA i faniE? YRS 483nda coiafiridgerhe

reception,gignalcft2aGRrodsd hanand enasceiPgeliatand Al er 8¢, | Bdai NY
unit 752 controls the order of despreadi n% and antenna di versi t% conbi ni ng.
c

Speci f i caPPyenipe WedghEnFontreLl¥sD ABht ASTLETRHRSYr ABFCBRA t HE1PRbeesdh6f

mul tiplyi BdpachkLeedt |8k gHiINANtFollefafdh SA-cGAIhEEN sBY- S4B-1GA WeBGhwei ght s

at thesub-carrier weight nultiplier and conbi ni ngthe receptionsignals
The antenna weight controller 481 determines antenna weight using
the selective combining method, EGC method, or MRC method etc. as
described above. For example, the antenna weight controllers 811
to 813 shown in Figs. 10A, 10B, and 10C may be used as the antenna
weight controller 481. The sub-carrier weight controller 482
determines sub-carrier weight using ORC, MRC, EGC, or MMSEC etc. as
described above. For example, the sub-carrier weight controllers
821 to 828 shown in Fig. 12D and Figs. 13A to 13G may be used as the
sub-carrier weight controller 482. The antenna weight controller

481 and the sub-carrier weight controller 482 input determined

antenna weight and sub-carrier weight to the collective weight



7 multiplied by the sub-carrier weights over the spreadi ng code duration of

the spreadi ng codes, at the synbol conbining unit (despreadi ng) and the

_process of multiplying a reception signal 7 of each of the antennas 511 to
51n by antenna weights at the antenna Wﬁ{ght mul tiplier and conbi ning the
reception signals 7 multiplied by the antenna wei ghts anong t he ant ennas

511 to 51n at the antenna signal conbining unit (antenna diversity

conbi ni ngyonfhel jardgiddg unit 752 controls the order of despreadi ng and

ant enna di versi conpi ni.ng bas on the condjiion of e reception signals
7 received by t#%a v %Cgcéls"%é‘i 19[?% g era‘f%e3t ?ﬁb‘ﬂﬁt% f;g‘?‘nafl%@ng%@@bﬂﬁn
si gnal coadi¢immeteaguriengnuants wASghaf céerslilgrakl s praage ssé ngibsiat-gidb21 to
752n. The %#%gtlcng gni t. 7 con% ol's the order based on t{ue ln7’leasured val ues
of the fafl of PEPAPYIT 126t 6P SHPTRRTTETepfF oM si GRAFC SR $3e to
ant ennas &dfletngirzliolSpecité cadight wisean theis ecept wengst ool 1at- tbe

antennas 511 to 51n have great. fadi.ng . .correlation factors, the judgi ng unit
752" Udgele TSt ST REE Lt BOP G SRl Fer St BoTvhen
t he recepiéosrsighalthe’ cal Lébei vt sShs4t Babda bavenemal | fadi ng

correlation factors, the judging unit 752 judges that antenna diversity
conmbining is t(5['1"I’eoPP@)Q/\F‘H‘%1 g’&égpﬁd‘.‘u]’ﬁﬁ%}eﬁﬁe}?%%é‘i“étFElfﬁi‘ij’&liegéilﬁ@lY
correl ati gme thedegtaducesghhe gabm fcraienna diyessitie YWiddichdort bge
accuracy of channel estipation can he inproved by gerform’ ng despreadi ng
after ant@hrM257818it0er 51 (Y ERMSOHILAGE L TRt e, A4 HS tEthPE e ¥pidRt ght
control | esog@rsipef @oB chianaed . estidreés Diedilvie Ricglyhacanasyleyes kot here
is a reductjon in the ,(&;ain of a}gteﬂna di'veé%itﬁ’ which makes it possible to
det er m nem%JpY¥WnF§ﬁBP H PEEPREF ghfECeFHTS PVt hRe ABLENPaF Fhste ath fpFove

t he final psé@nalinyg BRSHeSSigRaT pabacteingtundss Wwnts ena by dawetadiag
correl ation) antenna di v%‘%tt_&ﬁconbi ni ng i erfornmed after despreading,

i S :

whi ch al 189690 e ahPe iR ARG EdHKE ¥ohih oM Fngl‘aE? P BTa e SR t§hts in
_consi der agh o 116, Eh€al vbl engemidr bateif-ehercerhet waen dhendaioaiehamel s on
the reception signals 7 after gesgreading, i.e. , the influence on the

or t hogonaf$19P ofMiHd PddrESdPRGE cBREEIPLIThE Te9f@tieBefdaRay 0% €aneRdr ove
t he si gnasut@SMesSivpu€ kabactes rebpestidd@prud@ing dddiet mibPigm)eCond r ol

t he order_based on.the rreasurgd vg%ues of the power. of the reception

signal s 7PASERECHRTENAs B1T t o 51R. COpET HivEar P I e FHEREL SRR LofE t he
recept i one&dgpal she saynhherastennasg unlitst ®5H1ro 3528 mlgut st fige jredgpagonni t
752 judges, that despreading.is _to fall ow.antenng diversity conbining. Wen
(he +ecopt 14t bigRArESREid? pis ehd i TR PRI thaghe AT ionat S he

j udgi ng ugytbIbZdgntdgesgt haitamd®enna diversity conbining is to follow
despreadi ng. Thus , en the reception signals 7 haye_ | ow power that
reduces t he acgﬂ"rea&?\{%fm%h%% ng“%ﬁgt FERC éfgéﬁr%l%@ b%)acﬁgﬁ' gfing

esti mat i ofnTArEdie conpeovede by quatiainynghe esprepadongs adii£r AniuRRAAlied
diversity, ¢ ining. This allows the sub-carrier ight controller to
perform c%%ﬁ%l c%@?‘?‘?ﬁa’t‘feoﬁ'e@\??ﬁs RGR I e 2t PR P 3S\c,1gétle€?ﬁ5ﬁél ?)‘E)‘?iorﬁ?r‘ﬁ tRe

sub- carri eprawiight soddhussattibe o ddieveprddbirganodamr oTaet etdrinmakighgnhal
transm ssion characteristics en.the.power of .the reception signals 7 is
i gt het Rt BefE bR e = L BT RP e sPEIY bofb bR e b Hfet sfaRals

ant enna d7 varsitt froonbhai ogl e tieef gehglt afularipddspr 882l nof temcal boéwehde

ant enna wej ght. contral | 0. det.ecm ne e i.ghts.in consjderatjon to
IR E LRk S R g o st TS St

si gnal s 7amd tearerdebprepatiaddgngi codea duratibe amftheesweeagiingheoded fogohad i ty
of the spreadi cQ ) S L Ver,, 20 i nprove 1he signal
transm ssclﬁ%ﬁa ccﬁlapgg gr%ils{:;(% aﬁ%g;f%%gfﬁ%\{ﬁnﬁhte ?%‘geaér]rtalyorﬁgglg YOIt hzh%? der of
despr eadi dgversi gntcombandnyeasd t e swordadiingg 1basetlemt botlly eertheméddi ng
correlation

In the receiver 305, the spreading code multipliers 52e
multiply the reception signal 7 on each sub-carrier using the
spreading codes for the data channels #1 to #n associated with the
reception signal 7, and the collective weight multipliers 352f

thereafter collectively multiply the reception signal 7 on each



74 factors of the reception signals 7 and the power of the reception
signals . For exanple, the judging unit 752 stores a threshold val ue for
_the fading correlation factors and a threshold value for power that be used
as criteria in determning the order of the de spreading and antenna
diversity combining. First, the judgi ndéunit 752 conpares neasured val ues
~of the fading correlation factors of the reception signals 7 received by
the ant ennas Gkkike Floadiat takaidtepuhsi10mct e beeapidoanest ghaletgRMI ti on
measuring unit 751 with the threshold value for fadi ng correlation factors.
When t he Theaddteandaf i@ ofYPRel et ieer Fei htidoh Crateotkvedy crabieeepti on
signal s 7HecRicksdiBY & AN eNAASHElind An3LAnakes O €8t 81n tHAN LR the
threshold value for fading correlation factors, the judging unit 752 Judges
that despid&didigd s°fle ferroifarfeths SioRFRIINT GRERAI ndis WhaErsuhe of
nmeasur ed yaldiesnef dtharHe.adinR@nagr 5@%@&1 08yhel WomAhihBeuhgEeBERONggEgnal s
7 received by the antennas 511 to 51n that are input fromthe reception

si gnal cofdiRdlen aEBaREFIFRFednitO sty Ftateguif s sheshal il iogddonhet

t hreshol dyypal i dPloobadi BY €04 redatdmin teact ors) the judging unit 752
determ nes to judge the order based on the power of the reception signals
7. When the nedstfedPtiPruedIshlt heftadnag 2oy patl breft aembiRingg athehe
reception, sigpal ss{qahe eslolt O BhnpSARhY erurdihan s6he 1 hreshpld gl ugy, the
judging unit 752 cofnpares ‘nmeasured val ues of the power of the reception

si gnal s 7eriediAredadyedldonyerithE 2tht eAhase®iten .oP5eReIHEtd similapdo f» om
the receptionc3kgnal £QRdihi o0 FRASY | DG HRbiRed o WukBut e LERAGLM. val ue
for power. When the neasured val ues of the power of the receptidn signals 7
recei ved by al IThefweightappehnablexs] 3P8 Bh4@8 acaare antehan Yeiohthdatdol d
for power,nd he,j udging Unjd; of32 dddgesrddiate desicradi Nghais 0 ‘gﬂérL%e
antenna diversity conbi ni ng.” When any of the neasured val ues of the power
of the reteftdtdivestqiuining Reddwidy deppiynuanatgifo eoreb Hrmenreigisl, I0RG. BRE, t hat
are input_fr he .r ti I l; candi t{eon asue | i i qgual
to or gr e%l{ (ﬁ@t*aﬁstﬁgg?hrggh%ﬁk%a nugquL c')rigbmtileﬂr% : §7F %gﬂ}gu%%{ltﬁ%lé%%ts %%%

j udges t hend dftfemed lgicrdrvely yac@rsiamiangengat geight odn e Ande sdibngarTher

] udgi ng Upi {5458 E QRYLR %]Jleepngﬁrﬂé}%iso‘f %&cﬁfnad}%sm&aﬁlgggiﬁ%%e@ﬁgma

diversity conbining to the configuration switching unit ]

conf i gur a3 R APEWIG endey aintire PE3CIRRE Ifese| MptirgfierReS2e pBArdtiet have
signal's 7,, JB8 JeereRli 19D 13L8MA So11 d AGRIMES di st e tRDL8RN8S L Pld whPgrdn are
input to the configuration switching unit 753 fromthe reception signal
condi ti oMoty BRPEs 7DR1iDisifee 18 gRaiNpPEREISTHYY BRFE ISR byt Bhe52n.
The order,of e sBheadi - AR HHLNOE. dirvetabl Y 1@ 1i0cO8t S5 d1edz 8y the
judging unit 752 is also input to the configuration switching unit 753.
Based on ¥1e 4GBdERY GICHESHr BRRHY HRdIARt B Ra2BR VERSICEFTEBRITHING faput
fromthe judQi-dgedRibn HinatiRe7 GANIdNINAR iRBnSHEL EIHIN@qUAsing 233 reARULS the
reception signals 7 at the antennas 511 to 51n to either_of the .

despr eadi FRAST tereHividradier {he dppilHPAGe B MeySip LR tine of the same using

di ver si t ysSddi M N@oakkeht despraadisid tiairt Ahws, | Ahbhge Lase Rhti-Bel1erder in
whi ch antenna diversity conbining is to follow de,s{,)readi ng, the

confi gur at 9B 4%hiRG GREELTSZPRTRRAG M enEOLEBEPLT DI EiTE's 7 at the

antennas 511 torreliet gnt Rondireen st yzo0ahE NMoWmait&iquiespaeesimgwenght 755,
as indicated by the solid line in Fiﬁ% 27. In the case of the order in
whi ch despeadity SUO-CETFLPT IF dhitte Mf&2dT VT STASPPEIABI Bl 1S He Located

confi gur apd Qe sV L) Pithdiireqh@lck NBbhGe t 4y rELeRidPN e Fplesdingt cbhe
antennas 511 to 51n to the despreadi ng-after-diversi tg/-conbi ning unit 754,
as i ndi catebtiBLise de-ed™ ¢ neeiripntFpllepg 308 and 408 may acquire
despr eadi ggr &t { L1 w1 YEF SEAda CONDI BhB Gk fler? 3 IGOAPIFa3@S FaomOHeic@Pk 8bh ON
for perform ng despreadi ng after _antenna_diversity conpini ng. The

despr eadi AYIRF+Rr- AFORTEHGR QEB%iW%VBHFtha%eAbE\éHp‘??]&tseda Yithe eragtency
converter jnfesPdEaiRg i@gden geNeI Al ian@ WALEL haveplnetaket yo&dn spibgadtag code
multipliers , a weight controller, a pluralij ,tra/ of antenna wei ght

mul ti pli ef$, L AHRESINFRCY GRAYCTHY Aitnghantt ,e/grﬁlqﬁleBFVt‘i/OIb‘fe%@&- 2afrier
wei ght nmulrhi 9l ABTSws aME GeRbbt adddtrAfles¥MBos 4onhiosi Ry &ddlsce Higewhght
controller g:or‘rPri ses an antenna wei ght controller and_a sub-carrier weight
cont r ol | eFeigt CREAFESHFERIFAFFIEFIE-IH LS t5RTBPSL Rg " GRPE19B A 19  Rdse
features are arranged to all ow de spreading to be perfornmed after antenna
diversity conbining. Specifically, the tine/frequency converter, the
spreadi ng code generating unit, the plurality of spreading code multipliers
, the weight controller, the plurality of antenna weight nultipliers, the
antenna signal conbining unit, the plurality of sub-carrier weight



76 synbol conbining units may be arranged simlarly to those in the
receivers 5, 205, and 605 shown in Figs. 8, 11, and 21. Wen the reception
.signals 7 at the antennas 5/1 to 5In are input fromthe configuration
switching unit 753 under the control ofj7the judging unit 752, the
despreadi ng-after-di versity- conbining unit 754 processes the reception

"signals 77 §pec'fical|y, t he %&te na_weight multipliers of the
despr eadi ngt && 2QitHEr I HROE ]ﬁintrPg%‘hi fo53 the $1a thdepEiEbplesi gnal
7 of eachirodo thee@stitemiasifddl toohlérdly sap- aaterapyet i tinandre enna

si gnal conbinin% unit conbines the recegtion signals 7 multiplied bythe
ant enna WETGIRTSTEmafy £RE Hift BRAGRSIPE-PeHE 1R G BY pdver B taihCeRREC H /s si ty

conmbi ni ngzoaNexls, sbBeasubrteardberswpiightiequl tipliers of the
despreadi ng-after-diversity- conbining unit 754 nultiply the reception

signal 7 on eaChesWBighfr FBRTRRHSGTS i P Bych 4905 88y A ib68eshy-garrier

sub- carrivefi gheisghd dedBeming ek i 6ORRIIBHhAS UilinlgSp LIDLPRLS e ThegeRtd on
signals nultiplied by the sub-carrier weights over the spreadi ng code
duration C%e@pg@,a]dépm %@p{%‘é‘%ﬁﬁw‘@n ?h%“%i]egp@%‘s%ﬁ ﬁ@sﬁ¥‘?@?‘lrtﬁ REr&ns Py c8¥fbi ni ng
unit 754 dupibsribBe wOrfiesn £SO 8] @8R8l 4207 t hea 018 ghéRanal #&ls.
converter 56. Thereafter, processes simlar to those in the receiver 5
shown i n @Y. 18Dar &3herdnst el - t I oGIFht CeRft dPRbYESIhITIREntrollers 308

di ver si t v Gobs b REAAAY SegPiRadiuBIcsFtter R81 §RPRIASEErdn GOREEGMW A ON
for perform ng antenna diversity conbining after despreading. The

di versity i'hfchgicé?atse‘Pe%fééﬁFBTé‘%ﬁ%BYGﬁiepafV%mﬁlﬁl%ih mtfqlqurélp.@ylng
converterynid SBReadrAgs GG JaRCRlAB1ENE S\ s Al iukAalthby pebcsps eadivig code
mul tipliers, a weight controller, a plurality of antenna weight _

mul ti pl i 619 CAFTARE eHRRIRT FIPRLTOSABT MBhPandiuee, the RaaEredy sBP-Sab-iedr ri er
wei ght myldiigiltl @hsa c8Rdpd@ Bl ald tix 9k .synbol conbining units. The weight
controller has an antenna weight controller and a sub-carrier weight
control ler. |nThie 4ioBEsPPYLEOMATH ntffafter 498s BlgadidystinPrb 763 ridtese
feat ures \ainalk 898k d:9hidd @M%@N@w@&}jﬁﬁléé’ aeaEbbNithG tApbeaperdor med
after despreading. Specificall X the tine/frequency converter, the

spr eadi ng'<del¢ GeneFatier 475 £hovhelpFdLal ££5- OfInSéf’%%.CﬁéW@'CBH@ weight

mul tipli efchtdiecwai 968 £RNuHO! dRIseiReyPhsddldd ¥ubl cant enNgeWghgata
multipliers, the antenna signal caonbining unit, the plurality of 77

sub- car r ifgOMed gFECRBIELPP iS&88alard ¥hkCth| 1% PegnofdeditboPLeedi ARnG unit s
may be argangeersedbarbyoicadhiese basthe recmiier 213605ssheme iendrirep1 19.
When the reception signals 7 at the antennas 511 to 51n are input fromthe
confi gur &S9MadRrt BRPRg i (NOA5S BRAUET §HMASREr BRO®F ae Yh&dBIMRBELIME 752,
the di vengitttipaerBintdgeffdind@sRr 826kt N HRishbedbbvdIPEdTaas hhend@raption
signals 7. Specifically, the sub-carrier weight nmultipliers of the

di ver si t 2Ot gLt t & BREPPRERA NgLURIAE PBESTAMESl yArhery R bhratad
signal 7-enweack ul- aambeeroffidlitiipleselycéaspr ead eade db-BHrrqaartier

wei ghts, and the synbol conbini ng units conmbine the reception signals 7

mul tiplied by thE CbIRGCPPEFOMTTHEO 3 LPRTHAETHIRY TR duFetdHn to
perform diadar emlda: I’é?-b-N%ﬁiri?i‘ hsﬁefgﬁﬁl’ﬁ’h&a\l\ﬁir@ht dmﬁféir@{bﬁ g imdbhkpl yriike .
reception signal_of each of the tennas 511 to 51n by antenna weights, an
the ant erfnad%iSgndl® cBRby i n@orhﬁﬁotaﬂ(%rﬁbi?’r?gs e Y8t i%“?ﬂ%’ir&naqasta?gg]or

mul ti pli etkdaentife nantereraneeiwgightanang tshe-aatetdmswsildhtso finopoinpar f or m

antenna diversity conhining, The diversity-conbining-after despreading unit
755 | nput%ostjﬁewc%nbiw é&gr @g%?)‘ﬁ gﬁ%\ﬁﬁngfjcgr? et%oents‘g)rli'al /parall el converter
56. Ther gafdterod procesmasisatidmy to those in the receiver 5 shown in Fig.
8 are perforned to oufput data synhols. ile the judgjn nit 752 controls
the orer of | GdsPPESHIRG ik BhELHEP P08 rer: L RBERT T OF Sereorin

i mting didinvenhigofhe Thecé ittt g suphbwrl Sth FEyy .cabt r als tshewar derrFif. t he
processes | nyol ved in de eadi_n i..e. {)q r S o%) nmul LI i

recepti on%j 5ﬁ8lr‘?ﬁ?%’ffﬁ@%lﬁfﬁ?%%rﬂﬁﬁﬁ% %1 g‘a%g@%a s treé)fd%%(gi %83%&%, a
sub- car r i &fe Weirghtanand1cpndinm 1 avestébe Syrleadi AROE cdeowduiat Fog. (15.

conbi ning in despreadjng) and. proc es involved in antenna diversit

conbi ning, i . ?\]}Xt W‘n‘% 5‘?%%%‘2%]: o?(??m?i?l BHOING aCPeceprivsn T H each
ant enna icdlinttavednt @obeipkicght Bevkptdehi si qrgplanosg ebbe auti-earadef of
conmbining in antenna diversity conbining)/ (Method of Communication) | A
description wll now be made on reception of a reception signal using the

receiver 705 shown in Fig. 27. As shown in Fig. 28, the receiver 705
nmeasures the power and fading correlation factor of each i



i of reception signals 7 received by the antennas 511 to 51n (S601). 78
The receiver 705 conpares neasured values of the fading correlation factors
.of the reception signals 7 and a threshold value for fading correlation
factors that is to be used as a criterion in determ ning the order of
despreadi ng and antenna diversity conb#8i ng (S602). Wen the neasured
"values of the fading correlation factors of the reception signals 7 are
greater than bherhieshold yal ue shans Be,1adicRg 6 ardighit t
step S602, the rece§ver 76105 %udges tthytat é;espr eagi ng ll%lg%t% oPFg(\%\%rg{i{feggna

di ver si t y(E8¥0i-ni Tee rFpeven HeS cetbevirvelgscqeringsnhalesperaidime arfa ley
antenna dj yenshty; COMY Rha%kd 5604k SmBBESHE f fadi ng
correlation flacFo%s (r)qg}the recepti (‘)’ﬁwg‘%%ﬁat{]s% gre e%ﬁl\aél%#ggo?lls%rgaﬁlenr t han
t he t hr eshdl eveakhe sboeadhes £ade dgradierbatsinmeafidoucosiest (K08P - SBUYs .t he
receiver CRMRAN TeasWadiualye f f.he.B of; .t [ i gnal s
7 recei veac]p%);1 t he gﬁe?ésnngs glllto gl%n\% tdtﬁ ?ﬁeggﬁﬁl%sﬁigl E)%\fgﬁglgg o(raﬂp(idwer (
s603 ) . aMdectthrenpasia.edThag udgtaf sy Jsoase usfcaviegedebephiedn stiafres s 7
recei ved 1,0f aSuellyt .are I a hol d
val ue forgggg\%r bggné@)ﬁ%g% %, }JE%&%’ e%e%gﬁﬁ%%é?%ﬂg%; tt Qa?régggir% i'ng is
t o fol | owWextit.ehha xhasdiveirt §0T aelritnirmg. stBmn S30Reta &3dilvas sHYHNpen fRirgys
despr eadi a n L versit i f, the
moasur od Vo uebeht T 5SS BRER A T o DRERSTRNG el %

t he ant erfitdss Showhoiblhigs Hgual to or greater than the threshold value for
power at step 3 4 recei 7 j S iy i | .
conbining is tggf‘(g o??lolv%%&ggp{r?%\)éa |tr?82§Téﬁﬁ?}%t ?l}e&?le%eg?bgr ;bgb%ﬁéﬁ%%%%loélnt enna
di ver si t ysy0rebi, nting refceéveded)ir.eaud ridie( 860894 dfncomrurciograhivncaesoritsdst em

t he receiyer 705 ng .t o] ni [ ib t he

j udgi ng ua\r?ﬁjtve'/SZ ’%:%%t %Fgﬁ% Eggg?g%jr?i% espraegg%gg gﬁéggﬁ?egﬁggg:tvga%& ty
conbi ni nguiasedrénrtweligdunguthothadf thhespeeswpitnigoorode s thenphstalddyby t he
reception si I hLian, geasuL ' . Qf..the

j udgi ng &nﬁ?gggfh%t%ﬁgh%on itgur afH'iE%ﬁwéc\&/{mgbéﬁ?%gcjou%%}g%gg?ﬁaﬁlﬁgé%%mlﬁlgfepti on
si gnal s 7tHea aonliflketant emeieghtS by wbishinthe témeption signals 7 are to be
despreadi ng-after-djv i fy-C i KiNg i : e 1

i vor of £y aBata gy afb LT ThRColl ¢ttt Wl ghemurcipriers ss2e
despr eadimg-tafptler tie veceptyou cnfsinalng amieRcibdf ding shie-cariSiers of each

despr eadimg-atier thi wersptyouCTiTAing ami shie-casiglors of each
ant anna. 1var 01 By BBABY ni Hg P Fhe DrOLT A Reeer AanCi it h L he oA

ance with e control of
the judgisignadi $ymE2. cPhipkninghenteden el lr0s ivany pombdnes ddepr et tignand
antenna diversisty ORI NG b 8 adeaualg ar get oepeniingd Ao %rb@erﬁ%d' tion
of the reception signals 7 fromthe antennas 5117to 51n. "Therefore, the
recei ver 03 cahn Bgdtdver g rpreadingharde ARl AT eR PEFIehpERAAENIISTIdss -

[ Sevent h Enbodipgentlo A desgs i PLiost M | s pake megde af A GATIMNeAtiQn
system and a nethod of conmuni cation according to a seventh enbodi nent of

the i nvertdldctiNe ol Wearh sy Seem st iutedsevent hantdai Aerratay a
recei ver 80Q 2%.shOW phrEl Yry * data channels #1 to #n are orthogonal to

each other at the weight controller 308. Thus, the spreading codes
for the respective data channels #1 to #n by which the reception
signals 7 are multiplied are orthogonal to each other. As a result,
data symbols obtained by the receiver 305 are less affected by
interference between the data channels #1 to #n caused by the
destruction of orthogonality between the spreading codes. In the
receiver 305, antenna diversity combining can be thus appropriately
applied in the multi-carrier CDMA transmission method. As a result,
a great signal power to noise power ratio can be achieved for a
reception signal 7 on each sub-carrier in the receiver 305, thus

providing improved signal transmission characteristics.



(Receiver) As shown in Fig. 29, the receiver 805 has a plurality of
antennas 511 to 51n, a plurality of signal processing units 8521 to 852n, a
.weight controller 808 ( a plurality of antenna weight nultipliers 553, an
antenna signal synbol conbining unit 554, a serial/parallel converter 56, a
data denodul ator 57, an error-correcti @a-decoder 58, and a data synbol
“recovering unit 59. The signal processing units 8521 to 852n have a synbol
timng detecto a [ 4 | et i pr.opagati on path
state estimat o? ‘%ﬁf‘“ra %lé?rfe%érlemqeﬁge%% ccgn(géelr]tr%rtlig%gy%}sfﬁﬁgag}eg89%%%%3
gener ati ngf udeteBRih iy pbolaectivef wspgletsli ngheoderangstsi pbf eperb52enimg
plurality of .syb-carrier i ght ipliers,552f plurality of synbol
conbi ni ngmufjlrﬁ §1§§%3}n:or¥d¥\§é g::%&%gfu;ltgggiwﬁtl ﬁltgrgar?get%%\%:f’cregfi%f SQPPH or
852. The yHasmpaliiohy sdbnabtenn@siSHldllavsS Ithe thmaelssiabi pygrobrmed empativei ght

mul tipliers 553 nt.enna si.gnal .conhi ni ng. unit_554) t serial [parallel
converterre%,lvteﬁegggt Od%%sdllﬁr}pa]t’tq‘%rlegl %e Cé)grf% SEorte tolf:J(;%-h(?eES‘d%]r‘P%%, t he
dat a synls remowdsiongephi $im@le t he synbol tim ng detector 52a, the guard
interval deleting unit 52b, the tine/frequency converter 52c, the spreading
code generating unit 52d, the plurality of spreading code nultipliers 52e,

t he pl ur dlTtiydofEmboldimantjer wei ght nultipliers 552f, and the synbol

combi ning unit 529 are substantially simJlar to those_inh the receiver 505
50 shown'i n Fi & G560 BB BTL Neplhe e ke ca Bl e klon disrERcand
nuner al s d mdtihgd 2% ebtmuhidtatioin kecdesdngbed detleirdAfdmiodamenansai €sd on

signal 6 is received by the plurality of ant as.bll.to 51n, processes
o bar B n TS CPBRRRyER L RS ER PR T BB BeE bt o
t he remvualceafveguand kbt shaad I amgr.eaopti on signals 7 performed by the
guard interval deleting units 52b. The propagation path state estinmators

. e ive . H : . -
851 esti &Sy ﬁr)opagatl on path state in which signals transmtted by a
Eransmj“er hagxs:)ﬁﬁawprnpaqag.gggorFr%@erqnaimﬁbbanc@ﬁﬁﬁsat tt‘—ieptnfz,f.a\aaﬂfythg51
ransmtter an e receiv : e propagation path state esti rs
estimat e HePRYCBpPaat thes MinBeP 8Toparh Ot BHET heLRaR AN COper o2
frequencytcas s2mr epagsdighan cpatbosleat e508hea pylopagattiyowfpahheshat eeight
estimators 851 _are prg#dedal n at%uantltx eqjéjal i .tnhe nunbe# og %]he
ant ennas 1P5181H. t he®? el V& 805 9 e TP P c 888 ng Uhi t & 8521
to 852n assqeailapedaniéh t henamtwesmassdll 40 8dva havempdwpagat | 7 ,patdn st ate

estimators 851 for estimating the state of_paths.in which recepti ignals
7 recei veedfrﬁf'f:ﬁgrﬁﬁféﬁﬁéée%%frt §851‘—?‘|n Av32bae &rogpgﬁg?‘é%?lnﬁngnbgg%%gati on
pat h st atiheesigmat proc85dims uniras &Skheopiidpabate ansyaidl simtrey dateditah t he
reception signals 7. receive he anten 511. hav n

pr opagat er!scf Yadel %rnd £ ng]rﬂé%gpé)e?igtﬁlg g‘#all sgggf eacéllbgé;%%qlf anec%’agggﬁ?ﬁ:se%ll to
51n. The JPapagspreariipat hode aemegatingtwris §34. impdurahitgtafmapedadiaiaie of
t he prop i.0 stat o._t i;qht r foatd on
pat h st a{%cebadte@sst ﬁlﬁgﬁoé%leg%lg%%bﬁt@eﬂﬁﬁg i o%Eg%ng%]’LsP%eI?gg%%%pﬁ P?ré??r equs!ency
convert ers232candfd pluthbity v/ symdrpleneyb ooingeneérs 552gderfilig pphexlitie
receptio i intaq t r Lan_ i 7,10 ~-catrfie

br ocesse e rteapaf oo fr do Sfa/ THEP peliatl SRIE1 BoRAER:E bt TEhL Mata
per f or nedlagpdudatee 68wbihe ngrodr tdwaneetépr i @eraleghdls .otheadhtdl spmiead ri er
over the spi g%%%g &%Ictesf,‘”cﬁé's boIhcq.nﬁhg!@tefc%krﬁz%f,fﬁ{ee 8&@9}9@%&&' 0
estimtors 852 are 1nterference state estinmators for ‘est] ting the

i nt er f er eledetdngt enbetvden thhet e/dpeiapansy grrilverterThec sitgreabpreading
interfere i 2std ypat 2 A4t geg LR Qf ; Lec ion
signal s 7&2{9 Qg}gg%ﬁ%%ﬁ glpgﬁc%aﬂg't g{% t?)]f% ?LZ%éeptl oncs?grr{lgll%‘}.ghr%%essizgna to

81 i nt er ferericatjendy sanilredtd mhreesigsthegecravert hesiSIWR oh Fégeptd on
signals 7 ' av e T % LN r af, s on. t he
Synbol - comlberRs b epe? chot TR Ry 1R MRBRT, th aPF ey BhurALEY

esti mat orn@5dearde sgiravedederd. a quantity equal to a nunber of the plurality
of antennas 51 5 | n t.he, i vern 804, £iSh LOGESSHRG Ui t's
8521 to 852n aéstggfa%&dravﬂ%frﬁggﬁéggﬁ%ﬁr}ag%1#3?01%1%rbf]ya\gg %ﬁgna Etg%

i nt er f er encerpeseS i dtd ¢lest brecessigb2imglarstd faitn§or hereSrregfivehed
reception,signal s.7.r Y tgn mhkibQ 12dPiod e $LEBAL; 40
interferesnl}:dé“glpgvr\}e;z?é%(;eise gfﬁéfﬁoﬁ l@EZ eglt??natelip%é S| lF{Oof t%e rgjleepti on
si gnal s 7siwmedisvdd ubynghepzerdimmso8es ab Hin spaseding ¢ode medspplbers
signals 7 received by the antennas 51~ to 51n. The signal to interference
power ratio estimators 852 input an estinated value of the SIR of the
reception signals 7 to the weight controller 808. The signal to
interference power ratio estimators 852 also input the reception signals 7
to the antenna weight nultipliers 553.



The wei ght controller 808 conprises an antenna wei ght controller 881 and a
sub-carrier weight controller 882. The weight controller 808 adjusts
_-antenna wei ghts and sub-carrier weights such that spreading codes for the
plurality of data channels #1 to #n are orthogonal to each other. The

wei ght controller 808 preferably adjust$0the antenna wei ghts and
sub-carrier weights such that spreading codes for the plurality of data
channel s #3410 . apee9610988RBI M1 183G 0 OtY 4 r?ﬁgt $HEN-daaly s Hie IS

i ncreased. '?’ he wel g%teconﬁ)o erm 808 %a?ij ﬁsts t e antenna %&&éﬁpss%gls

sub- carri ér todihghssbt caxetest Wﬁh@ht malddpennss id2dhastendudgbpdring dthem

wei ghts separat ghy controll er 808 adjusts the antenna wei ghts
and sub- carrlﬁgr ]!'\?velea%ts baﬂgon an estinmated val ue of the propagation path
st at e obtai ned Wth@l@@pagamtmﬂ-lpat h5¢8 at@n@gtiisnat oars 8btenithe wedighhtt
control | er, n wej.ght s .based on
the estimat ggﬁe/g]g%gs%s? éF?{ a’?%tgt% Pgr%\jﬁélggﬁe? d&l\%lo(&g of%{%ﬁe #g?e"fefleq?‘ nce
state obt apnemb;/er hFe0 & iagijails teoan it rerd ewrealgbe poderulratarriest wabhdlor Sudh2.

rirst, n lJ.er carri welghts
usi ng O?C%h%%(:tﬁéés Féa%%édgpf HIO h%c ??%3?5{5?8# (r:é%?lctroﬁa%%er’{sl 3{115 821 to
828 shown #nrade grtHddoreaidt&-egsh oIBArt 0 TheGraigh theonised las dsepsaftercanlyi er
te O CoRHRkL £ 088n ISR PBRET SRl 0N RANLESL 170,52 BELARR) Y

pr ef er abl eoties uker tthe plbrzhity ef detghiaconisdil ¢o 8&63&hownho@orhfa.‘g tol3E.
Next, the ang3 ael\./vea{h?ihtS cgn;_ﬁé)é I err§§% detnearm nes_ant enna wel hts bc ased on
the estimats ue o He propaga?| on pajtgh it BPES pediFirEaPty®

ant enna \A&sghd:hwma ol Mee B8igit lcsntrohleszoISS‘.)%aﬂﬂueﬁﬁdrﬁemabueemhﬁ e d

Bt onna. walBRCA-BREE 1 o o5 A sp g She Ui, VB oBE BT ST s e
propagat i eripathsspat®tdélyy be used as a criterion for the adj ust ment of

ant enna wei ghts and sub carri i.gh ok ant.enna vvel contraller 881
controls a threshold VAl "5a egégrﬁor&artsoaalegr? Lo o ed %?rha NG - é’ht%enna
wei ght's suetnnghate aalantﬂvma:ombughmg lmpthdcrE(E metleqzrlj om mcgmathé’d ietc.
ecepti on Srgtarod SesoRl ShEpPladter dpi o i Wit Photl) £ ori%pne
propagat i endpabh siagt é>e| suqadefasr aiblley aclarﬂ:tnnal Medglstlchontmllaerr ditlenn&heei ght
will be d r Sj e r pat h
state andgégcﬁgfﬁg Pa‘l?’lgg% enna vvel v%tsﬁ d%%gg?lgitl%?t ?gﬁ ?gl{{%%gﬁ‘}eé%ﬁtnat ed
val ue of S8bRnp®PRCheMRGASEBGOf og MysEa qﬂcopa@a% Foh- cp@twes:tmﬂeghﬂ:mn

when a delg reead st wat.ed ReppPLOPagat { 9 h | is
per f or med g%cﬁpt hat Sgﬁwgn}f enntzgaJ V\%E%z a:n |§ éd%{)er m %eg%ﬁnnﬁ%@a @ed ﬁ;(%h:%n t he
case of amubsthnuied wWelght swndadldereab®?. t han the threshol d vaI ue and such
that an antenn [ [ u f

provi ded in th?%%sgg%fg%%ﬁ(egs%%%é 3%]123 g%%%ﬁggg%a#tghegrrsr%#gyet han
t he t hr eskébdavaboeceSHaamndigashei ¢lot 5éant mol tirlyB&ecprefier ablgnadentir ol s
the threshqld r t .any of
the type o GSSOrafrs o%ﬁ‘%?rﬁéégé%%%%‘%%%féﬁ%> PR v e
durati on bof nivsessed by hee gdghat psbcaafitphekes S88dEs S 5@ndyasulptdrarries| |
interferepgg RIQG LR -WeEINL - GANGHG hﬁ&t%ﬂl&%wsrz%sawepfcﬁfaecaf in
nodul ati on, the s preadi ng code duratlon t he nunber of rnultlplexed codes
or the ot ﬁelquél@ltlltynﬁéldﬁér éﬁcéhﬁrbﬁm‘f’%e%ﬁlﬁ%b'sqagfﬁél%S? T mfﬁﬁc‘fééﬂel
interfereneg Lsr-iNer GHANH Mui’ﬁlpli?éé 558 fRl18158 yWMhd rte@%p"t%ﬁ'é/fd’na&%

froma cell other than tthe cel in which the recei ver 805 resides.
7 on the respective sub carriers input from the respective spreading

code multipliers 52e by the sub-carrier weights. Each of the
sub-carrier weight multipliers 552f inputs the reception signal 7
on the respective sub-carriers multiplied by the sub-carrier weight
to the symbol combining units 552g.

The symbol combining units 5529 of the respective signal

processing units 552; to 552n combine the reception signals 7 on the



In the case of a propagation path state paraneter that indicates a better
propagation path state as its val ue decreases, e.g. , a delay spread, the
_-antenna wei ght controller 881 decreases the threshold value for the
propagation path state, the smaller the nunber of nulti-val ues of the
modul ati on method, the spreading code dliration, the nunber of nultiplexed
“'codes, and the other cell interference. The threshold value for the
pr opagat iresppathvset alie-dsrdikeseasedivéd ey et ahtéhgasimbetoob1Mutd ipeval ues
of the nodul ati on pet ho t.he ipreadin code duration, the nunber of

r

d, t . (
mul ti pl ePE@CESTEE, PEndenE1GPRer PEBFRSF IR R Bhee2 21T eFgife, OVied (e case

of nodul apreaamByhate BoVet VoM@ FacisdTeble AQIHNE Co@bs MY bh¥ @at@Scsaraiz@s QPSK
and BPSK, the threshol d val ue faqr the propagation path state decreases. In

the case #df Gfodtit afFrC Rt de thvbi%i ReCP oS s of Mha i sxiales
such as 16EbVhang »4QaM s AdeobiRshivd de¥aptitord 91 ghdies PraPagattopePatie state

increases. On the contrary, in the case of a propagation path state

par anet eSYPHSETFHET Pt iPlget: BY thoptacronipat fedhite 238 fpRUY e

i ncr easeghet Rent-baeshet dvyadiie Hhert i1 «peopagat boBrpahd spALLairy id¥decased,
the smaller the nunber of nufti-values of the nodul ati on nethod, the

spr eadi n¢U¢84&°8ur abEoRredHE huber bt RAAHOTPPEx ed TRS dEEMD &h dCPMeL Hter

cel | intenfiesescry 1hBattdresbpt dovaliggal of obbeimdORAGBLERARAEENSEALR | S
decreased, the greater the nunber of nufti-values of the nodul ati on et hod,
the spreddi AGtEBAR Wed@rt oMl tiwd 1RGRDEP3of nul tipl exed codes) and the ot her
cel| interferefgg. aptBRLal PEI MY GRA MAIIGRE 688t At ep1P8ind hHsSc Aol S
the threshold value for the propagation path state to be used as a
criteriofiS8R1ENe TS IIRERE CHF 1R H I MR e AFA™ERY B R conbieing iwritRei ght s
based on stshe sPEHL At crﬁ%e%gntaﬁepme%@qhggnﬁq@essﬂz{r@a 595 vy fuser of

mul ti pl exed codes, and the other cell interference, the antenna weights and
sub- car r i"el SREFght INEaRPHENRY| HELERT | HutbHYd&Fatidon a6 mrOvidad! 4ri én
net hod, thensREgasdiuuh aedendus @it oft Bﬁnmm%fnb@fuﬂﬁlt&mms%sd?wﬂ%m and

g

the other cell interference. Next , the antenna wei controller 881
conpar es ¥h&1GBALr BFPEASEHESHB'E VZuetPoP S the FPEpa§aPPERHAtANEATMEe Wi t h
an esti Ngi8dnyahyer ipB:af skhei phapaaat Fodepaitdn §§;§fq§1@f7 gacRipfiddey
antennas 511 to 51n input fromthe propagation path state estimtors 851.
The ant e®& ®BFERRA CEafahdis| &P BB aBEBPAI HkE N CORRANWRY gHtld BAded T8¢ t he

resul t ofyfRen60aPGEA S UbmbEALn§ XA 8540EM 118 RRAPAGAIARNPRL tnsiate IS
undesirable, e.g., when an estinmated value of delay spread is greater than

the t hr el FaPhdher pRteiifeKARINE T LEGHEFDIO0Er AT dbe AHienessahtienna
wei ghts usi B3 nECG WfedYRC divERE iexasphiein e i@antaapap¥eigieccontrol l ers 812
and 813 shown in Figs. 10B and 10C may be used as the antenna wei ght
control | er 881I% tHEDVEFagity ontPat APSIHES LYBod™EPLiers 28 nat ed
val ue of rdgltaylypiteatedepteihatidmaley 7 siBthe Febbadt fvhestiby @ahaledsvualivg, the
antenna wei ght controller 881 determ nes an_antenna. wei for each of the
ant ennasv’\%‘fl Stp58§%ﬁn3r8?f5ﬁ‘?1 oar{% et%[eoS ﬁ'ggﬁh‘:ﬁf é‘lf’\%tu@%gfg”?weeﬁ R°Gf each
of the amt@rAasySiie tiebiiohheigdiennaonetighireepatt Obd eiib88arusess ay
estimated val ue of the Sl R of each of the antennas 511 to 51n input from
the s gndl® GOFROEF ETaRIE pOVRE 1 S0 CRBEIngr BT BES BB te DA Treniime

ant enna weieghttctpaion Signhaper vimulatipltiedt be wst soat esrvdn@ecdfhth RveAs t hus

descri bed, the weight controller 80 justs ant epna weight b ich the
ant enna v‘@iegﬁprﬁﬁii??%lcio . §§faﬁ‘h‘f’?i°% %g‘lé PrECEpE 83‘9%? gfr?afi%pﬁﬁ%/% as
been mul tégalei.ed byatsa sHymbalsi eargeitfioveredi ots| yrideitrer gitaeds bybd fere
sub-carrier. weight controller 882 based on an estinated val ues, of the
propagat i"BH PREACSEAPR M sh ggf.eﬁﬁfré% val O?Et%? ntt@afl@%ﬁg Fstat e
such as SHRreHfter, ttihe awiahia waindhrtoht Bt i 808 rea65 3o Listp lynt ienpacayet ight s and
sub-carrier i ghts_ based_on estjnmated val ues.of t propagatjon path state
and an esstli%\fgﬁéd r}vélltug?%f TERARST Wt faéﬁ:?ﬁlggssg & &% E)gﬁ‘ 'ag’P‘%g% f"ale'ﬁ'éFr]%eeﬁ‘nt er,

t he ant ersmnbagieghbvell theldpendind codé i pinatiiba becept ianesngnadightaf. each
of the antennas 51L to 51¥, V\/nli)_ch_ has h eﬁ gorrbi ed over t he agr eadi ng code
dur ati on B S ERENFZIRETF gRLMOIEATY ARtdnna*sPHRET W AN HPRE GhY EEBs:

conbi nes ddmdimaeepttioncsmgned stife mikteptien byghdks ant eniahwaiagtet SoemNg
the antennas 511 to 51n, The recepti.on si | 7 conbi hed by _the antenna

S gnal - COMEL TG DY 588 POt PRGN Re SEbPT o9 U AN BE L0 TE T or T
Thereafter, processes simlar to those in the receiver 505 shown in Fig. 19
are performnmed



85 to output data synmbols. The receiver 805 may include an interference
State estimating unit for estimating CIR of reception signals or
_interference power of reception signals 7 as the interference state between
reception signals 7 instead of the signal to interference power ratio
estimators 852. In this case, when the5propagation path state is good,
“‘e.g., when an estimated value of delay spread is equal to or smaller than a
t hr eshol drvahies the antenpna wei ght controller 881 determ nes an antenna
wei ght proporti onate to an estinmated value of CIR or an antenna wei ght
proportionate Thetteceaphiensagradbeeonbingd by fidectterpmnei gndincohiginiouei ver
805 , si a r C r fter spreadi ng,

sub- carr:ﬁgﬁtwgl&g%tr%lg é%d“Z‘% tetzrﬁﬁl %é%{%l/%%gaie]\ﬁgné ?h@&gge%g;erqge? Pger

despr eadiprgcefbséngantivhbar dio ettt Worothe niegs ivtere 5ar$mewna1wel-"g@t 8 is
controller S i f| rst. Then, the antenna signal

conbi ni ng)elf%?%%cgln%? Og@%ﬁgn%et\cg:p% % Signals 7 rrul tiplied by the antenna
wei ght s anong Ehetlaeltmueaszerm@s sitgnal ihoFigqut aof, etRGCSilm@EEft‘lEﬁtW@Lght
estimators . 852 th of, the reception si g nong

t he antennag n?%ff m%tlgr |lté1'rlev\]fee?’cg l@onff’%ﬁl? d“hﬁgf‘s ?Yfé e
sub-carr mﬂtmplghﬁwmngmrxe mnﬂwdrlegemdm oRi ganet &f?tmalliubplclaec}lbys &t enna

wei ght ar e Ltiplied base n stl ted val ue ation
pat h stattgleanagaﬁangg éP h\%al'ugh%f E%fr}ﬁ% sPJgIﬁ%IurfJo égf %’rpﬁﬁ%é%pomer
ratio estdermtrea&ﬂ&taagorelﬁne*rﬂﬂ:e trleeeﬁtR)mfsigma;st |70|mu3|tgpai<sd 7b30rt1r33ach
sub-carrie before bei, ng conbin d qQver % %5@5@}1' nﬂ cod uration the
synbol ¢S TRrRG GRS Y §§goveﬁs1f 2dPof 2t HE TRhE°T Ete ?Bﬂr%‘?

whi ch ha\cedbeentnenbmmma)\wenghbamsmmmeig 6edet1d¢uréﬁﬂm bl)dltbﬁlﬁym‘@|

conbinin un| s 55 tivel he naI rfere ce power ratio
esti mat o lﬂﬁysjg%ﬁ%?e%taﬁgc%l% Bﬁet Eéép#llojﬁ Q‘n‘%ﬁ' 5% ?Jgtiﬁd}r}‘?ed
over the wemgﬁadl n@ndodee dultahn@rslkg;yxatlheorﬂmmtmlg mom)lsmr;ganﬂuﬁrs &bZerarzd t he
SIR of the recetlon na bcarrler bef.or e bej ng combi ned.
The vei gRE"EERE Co) PAPbER e SORBERE THE Soidion SPRAIE) (et G and
af t er coriitenngst o Imnhis)lcaehe mtmmm@rglﬂ: mﬂtmjltleawsi eeta\mrﬁdss
using th hi gher, accur ecelver 805 melgh
control | gcr ggigacﬁur?arlensta 86 T eterr8 qu'a |oer?er‘rr)|§fLﬁod E%JhsemFdeL éﬁf % gnal s
7 , the speeadtitupmodees whirgitisarr, t¢ héjnsbbe sdthtawlﬂt}pet eaeebt:nﬂem)grtams ot her

cell interfere ce, t aat 0, ath state

oot mt edouaroar st TR ERP ey Far bhet ied p Bf BRORAL RS Blrs i
dat a. V\henaztmelaatermal\pengm dtuet ardienera vaﬁbmgrmqﬂelszraﬁfﬁlepnafm@yts
usi ng EGC .ar quide om the recepti

signal 7 fdtjgrsﬁt(saa oafn ehe an? r%ggﬁlg%hwﬁggriseugﬁt %g |nee]:t Ve helcr)1
spreadi nghgsdecase at itdre byubheawyieyo| webglit nicegtunilsr 552@ prefdmabliyo t he

receiver I oINS 82G¢
acquire g%géggggpgrtg%léﬁ gtrggfgnétﬁ r?é’ hsmgg&deone I'n k"%%?(gcé ver 505
shown i n tRieganti@nng M@tllgbcu ofntCoddeni Tt ma;?emaldkasclleltprmmewthle Foverbye nmade
on recep recepti i ng the receiver 805 shown in Fig. 29.
As shomkq:e(r%%Ei(EfS. ggo,ﬁg?ﬁ% %?rﬁgg'l gﬁhto 51n of the receiver 805 receive a
transm ssi on sfhpawebghhatontycd Leyl SP8cacqire CRVA efingnaeigis70dgta Nadt )
based on C v the S
receiver élg)S%ggs:'%: ?%ﬁ%%%fgété%%?gdfgg%ﬁ& 24 agg‘?;?70%%1:IL %l%stgé?eecglﬁz%m ch
the recepmbandngreg thod reeeinedrayie W@méhtlma@tbm tQRQSlMRCha@e IS
pr opagat ad. (S702). aNexhour N fi9Ge1 Va1 803 QRLAIDS (RSUNIRLER YA e ofpnoi se
power, an estimated val ue of the nunber of t| pl exe a channel
estimate amuaregbarseﬁrrmaewebg/h%@I@Iéaﬁnqnereee}stlsorf sigratly @t etahre auet@pta on
signal s \ t shna >1R. e Ve }mﬁ%
determ nesh a?ﬁrg cg)(rérelpl e?érﬁv\%r%ﬁt S us?%é%%&%gﬁ)og% BurdOfod By Tt

combining units 552g. The antenna weight controller 581 determines

the antenna weight based on the reception signal 7 at each antenna,
which has been combined by the symbol combining units 552g over the
spreading code duration. Thus, the antenna weight controller 581

can determine the antenna weights in consideration to the influence



The receiver 805 nultiplies the reception signal 7 on each sub-carrier
received by the antennas 511 to 51n by a sub-carrier weight thus

_~determ ned. The receiver 805 conbines the reception signals over the
spreadi ng code duration ( S704 ) . The receiver 805 estinmates the SIR of
the reception signal 7 conmbi ned over the spreadi ng code duration ( S705 )
"~ The recei ver 805 determ nes an antenna wei ght for each of the antennas 511
to 51n ushRgiANe- RSt iRt th@@é@ytrﬁaord%%q e Qmﬁél% (7 Q- é@&%ﬁ% a1 t hE
recei ver 805 conpares a threshold val ue del ay spread an gtlnated
val ue of deftErhs nglaé@Pt“NiérY baen éfsthtmtlééde Géeﬁuwaayls‘;m eatightss gndat er
than the Lhreshol docal oo firdielay ShagHhrddient CoflChaRn deterdtings the
ant enna wei ght rising or MRC. en the estlrmated 0 ay spread
i s equal tO8HEQQPQMtM§nahféﬁem¢ﬁupﬂIi@tahfegﬁmﬂQihﬂﬂm@gnfbhedéata/Qnamaadﬁ t he

[ t & d |
of e 51 Bror Ene el o Y, MRS o Rk B LIRSl R T

t he recei vear8@0temsdtiiqsl.i es the reception signal 7 at each of the antennas
511 to 51n that i n pLgadin d uratio an
ant enna vl gt TRLETGR0ER Rt T SOBEETLHA coaorar st dote VR vBTaBY S0
to 51n (SA8%3. fTom mmloatlmrwﬁst e whhehréwevebe@%muanﬂplimd nmeyhod

of conmun t d Vld ubst aIIy

i lar tBorHeRe At MRS bR BN e P AR B 4R e Bt o
of comunwviath dvavehoon vert Fégrs coRpiBed abrydtll6 syﬁ@ptlrmmbntmelgpumpta@&tslzgn pat h
state est naI ower
o i ntor f S ohabinongrSS bFarEah ek pRaRT et IcREL h B Fhe spkefaFhd0Bae

i nt erfereatehst 1artzmssruditeasartmma@Rwqumul@c@ﬂeoarmugmahuﬁna ﬁmagwes ght
controlle ] e n g n u trie sed on
esti mat ed{) §$€e§go;§{ten§1gr gf)eagga'?l g]élggaat#tseflgt gh%ng'ui% i (%atdl val %Pés of the
i nt er f er esgle-cdmatier w@h.ht$ t fherefery erth@0Bntemnadedghttebyn thet lelrem 662t he
ant enna n c a r i.on.path state
“and the i V\g %%Fgﬁggé;ﬁ%et %ﬁ%ée We\({ayﬁlL ‘tésrglc%&%l?r%gsai@qro\glgﬁgg%‘ lnq:l%FPSﬁ/s t he
receiver 8ﬂ5mubt1mmrcm;taomh@fs itpealrecenhion s&gmalcshaT doyt erthestsuds danrtiher .

The receiy p t | gt vely. si ration and
can be eas‘:gjr%’/lé‘)congl ﬂ%%cef a\[ﬁq}\go%%qg\r%la{?’t%g%sr‘%lgég aci/a.%1 o%t%%ﬂ%ﬁ%%gia%%nt] A
descri pti nacewtiomewghelseddérena Tramnienirddtueogesys medtapdieanethodiod
conmuni cat i o ccor di to_a Lght h enbodi nent of the invention. The
connunlca§?o% %@éf‘gxﬂ% a%g gfg%th enbodi ment has a receiver 905 as shown
in Fig. 31. (Retw wetpnAs wiight bnnﬁrglléatl S8flhmay ecwinier @0tedves walght
plurality a n al_nr. n ts
0521 t0 SEBHE rum DRe ROt T Bog e thele MABE mAiaTsl )

mul ti pl i essré&&3ing gndantadnhhbe sapgmrilngrﬂmﬂ mgltncnltle55452%1 a@@rwlawrpaaael el
conver tern56 yold Hakardenpail & ¢y Sho-cAP- £LF QleiGAREERET Ok dagpdel 58, and
a data synbol” recovering unit . The signal processing units 95 to 952n
88 have awsy@ibbl mulidmlers e@i%ﬁ SQQCGL%lthll?arﬁlgfmlér val faemewhaghuguaré2b, a
time/f [ CARPEY, LONNELL HYocrZle1 &t é@wa&wgu%&qn&%@%gtm& ra'gt 22 53p
plurality of spreading co t|p iers lurality o -carrier

vei ght nuaed pihiieh 5524 nog xﬂﬁmaﬁnt%uhjfec:é;yﬁrbfcﬂ acmﬂﬁ/rﬁr@gupeﬁmcmwesszgn and
a signal %{ioé@éserfte%ﬁg%n@weqhahbg EShIITREQE 82, o@%eeéyf ﬁgls
ant ennas 1 to 51n, the plurality of antenna weig |ers t he
ant enna ngwhiC@ohﬁY%|WQFQMﬁQmQ¥$4Pl?HédséFF%J¥?ﬁﬁ&ﬂﬂqg ﬁ%@ﬁ@éﬁtérOBGth@he
data demodul sLof i pf ,s&m%a%!;:&efs Co¢ I 6d | OfedecRE8ENSE, c&h@er_qfétx% syebaha
recovering unit 59, the synmbol timng detectors 52a, the guard interva

del eti ng vhi¢l Bawe @qﬁaX@Wﬁ#ﬁqﬂedﬁéﬁévlééﬁvéﬁ%%QSSEER?d%Wﬁaqg@ﬁéaéln@héode
gener ating y@é@§n§2g%k;m@lQthggkgy59; spreadi ng code nultiplier 52e, the
plurality of sub-carrier weight nulti lier 552f, and the synbol combi ni ng
units 552g are substéﬁtﬁh@W?3§1ﬁﬁBar1 o {808 ED | REHE T WedslBrcaBOBodhewn i n
Fig. 19. F? a%q@lfﬁlest Outh NE & HiReng s, %rp@\ﬁ%&arﬂdnpr@égbm&rsigﬁéasaf Qhich
substantially simlar to those in the receiver 805 shown in Fig

Ther ef or epavteheen endlfdirddeddubyng i kereatididefodeufer Bhe $9Fqﬁ4}n93$°§ﬁd

will not Rﬁlgfﬁf{éﬁ%z%eraﬁd which have not been multiplied by sub-carrier

weights at the sub-carrier weight multipliers 552f.



After a transm ssion signal 6 is received by the plurality of antennas 511
to 51n, processes simlar to those in the receiver 505 shown in Fig. 19 are
.performed up to the conmbining of reception signals 7 over the spreading
code durations at the synmbol conbining units 552g. Next, the signal to
interference power ratio estimators 852°%stimate the SIR of the reception
"signals 7 conbi ned over the spreading code durations by the synbol

conbi ni ng uni t sTEG2g taakdpisrrestivaied SR ralivessof chhadReEaphE Mbre
signals 7 to the mei%gt controll er 908. The signal to interference power

rati o est PHBTGPEI852 3GEORE T FeCebRf oh OB PHRISTF e Eak? asaehrad iEoght

nul tipli erse5b&efti®nveightl€ontarohl ok S0& Haasn Aluamte BFamet oht i santinol | er
981 and a sub-carrier weight controller 982. The wei ght controller 908

adj usts aRFERALRESAGRPE FORPS Ah- T FapsThdl ‘Gt & RarcReenalimiaaspaeadingg

codes forstibecpttiad wbY gt dattdothann@hsmdil abquitfe @18 -eLHPOGORALNE QARCHh
ot her. The weight controller 908 preferably ag’austs ant enna wei ghts and

sub- car ri BEEHREYhtRe sttt AATRAUEREY sPPRRHE 1iF Sc 0d6s 2R8r thResPreading wosde dat a
channel s #li1top#hedd 652¢.89 orthogonal to each other and such that a great
SNR i s achieved. The wei ghtcontroller 908 adjusts antenna wei ghts and
sub-carrier wei {3 aélﬂdoge*fréﬁ’ MAYYe§aaRl eh e ity RPRE B &S 24ar 82 2r BRdi-ght s
separ at el ynaThesWehahth Gantiglsl.en2808 134 ugts, agh@NnacWairght$ea@nds the
sub-carrier weights based on the estimated val ues of SIR obtained by the

si gnal toSPRTerFet¥ncEehINer CPRFTDLE.T | ABE or §UB592TFI9Kt Weight sdBtearisi er
wei ght coptg@ited S8k 3RLebIiBRSs SeuIGAR WL Nl S Hdsi FRG £ hECC,
or MVSEC. T%e sub-carrier \E/.)\Bi ght controllers 82l to_82§l gﬁts)wn i%lg:gt.h'élZD,
and Fi gs. ST8ROt §OTBENHAY Upd tased%as THE stbe PAPFREF i@ RGHthcow? TeAIder98?2.
The sub- car{ief WBkghi 16085 Aldntle 987 Piaferadlandef €L hes t?f*ébé&ﬁfirx‘eﬁr

wei ghts using MVBEC and, in particular, it is preferable to use the

sub- car ri epbnergFhteT chitiroldsei t826-shown in Fig. 13E. Then, the antenna

vei ght control . 98LdeheL BhPLSARLegNa Y& 1ahhs Pages apwesihmRisd 1al ues
of SIR Specifically, the antenna weight controller 981 first controls a

t hr eshol di51S5e porths RGBT $3 8T iGic¥’i get GRBRF P heemABénfad Carbéeswd 9as a
criteriongfps ﬂ&sréééf@tsrge_tc Qf réatreRRar ML SIhSUD7CH IR YEIIRELS. AS
a threshol d value for_SIR di ?f erences between the antennas to be used as a
criterionde®iltheleafiistent @ of SAMt G- WePYh 9P FRFBI: cdrasier wei ghes |

the antenpa,Wehghte LORLhght ercfifkoa9etr iy athBheshldwahye ddhatfigeysed

as a criterion |n_%eterr_n ni ng_ant enna wei ghts such that anfenna wei ghts by
whi ch recéppietrSiemarsights e PRSEE AN e FECBBtApPr 6p8nate * opn each

sub- carri gfip Weh B8P S by TWHL ChnkbheaneeepistaRasbgBaks , BRVE RRAR AU SViRYS|Y
multiplied. The threshold value for SIR differences between antennas is

pr ef er abl §2€Bntd 6} FBE UYWL RAt ™At idHsXeRet YIS S 5F dMFEP B ARty SAFGLEGT or

MRC in t hg 2a%6edfesiTlalteSldR € fnefteAces W dnNgol HepanteNaas aansk S elihat
ant enna weights are _proporti ona%te to SLR iﬁ the case of great SIR
éﬁlt"k? n&°

di f f er encB&T3foR (He Gradt iMHd PAfTE Pght CoiVety ogen a

pr ef er abl yusoshrel &rthie ddb-eshetidrviehses f or SIR di fferences between the
antennas based on at | east any of the nodul ati on nethod of the reception
signal s 7MERROL b i Y dGAE 80P at i on, the number of multipl exed codes,

and the ot her cglksthigti®i @#ntenothe madeomacvepgidn 60@tFeddprriod&h gagqui r es
t he nodul ati on net ho%’tggg ﬁgreadi ng .code duration, the 90 nunber of
t

mul ti pl exBaieddee §° T TEY AL BFY erietice®F rEthe or EL8ptton t8egnal s

7. The antessavdei gid Forakl steP8lsaacreasesst hatapseshol dtyadas hee SIR
di fferences between the antennas) the s ler t nupber of mul ti-val ues of
FhE5E R Hheacih0R, SPR

t he modul SFPBRARET ML L€ &2d ER et oftS -
nul tipl exed codesxt anthd hee@dheyr cld dedeetfiabeneeb-tdrines aasiemtishand

threshol d value) the greater the nu r of [ ti-values of the nodul ation
ot rod . {RECEER b B T8 o At oA T a AT stns FAREE 6T Jiesade oo e nn
t he ot her agebhnhgt=rf e eneebySh nad -cherast aightetighé qaRirmahkber (9% ) .
controls the threshold . ) . .
Then, the receiver 505 combines the reception signals 7 over the
spreading code duration of spreading codes (S407). Despreading is

thus performed. Thus, data symbols are recovered to their states



value for SIR differences between the antennas to be used as a criterion
for the adjustnent of antenna wei ghts and sub-carrier weights based on the
.modul ati on method, the spreading code duration, the nunber of nultiplexed
codes, and the other cell interference as thus described, antenna weights
and sub-carrier weights can be~ adjuste® in consideration to the nodul ation
--met hod, the spreadi ng code duration, the nunber of multipl exed codes, and
t he ot hekregl lndf¥R T BHEPLEL i N on t H&1ant a wel i &0 er:9

cal cul ates differences befl\?/\l/een SI RS %?lﬁe%gﬁt eérlli%é%ht%f% ?%)Mglén Egsg:}eon an
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est i mat ed1BpREVEY uenpininge isnoeadasmsed 1($40B1n. NEkd . ahhennecaveieght505
controll E? el+&r, 'gg§0 N3 i S onAh esult o

conpari sgn.r %gant nna wei ght contyrgo er gglﬁg%'t grom ﬁlgge Zs#teéﬁn%‘l%/\ii%&hts
usi ng EGS46B AMRC swisrtagalieblat sinidisfrf spentens Fetlwetn 343 whowd Bl Bigal ues
of the aggennas 511 to 51n are equal to or smaller than the threshold val ue
for SIR differences between the antennas. When a cal cul ated difference

bet ween est i natech Sk Repminuescafiqamhesegftaannage®livero 595n iandi metthedexEess of

the thresohdayaltod 8hn AR s&&%&egwg&ﬁﬂ%lgﬁis feryr LRGkenna

wei ght contro t'erm nes an ant enna wel eac the
ant ennasashileved 5in ttheatcommupiopbien Evstent & . t hecaistamst, edndl e tlalduefof t he

respecti ¥8m@9§ic9§tf<%}ﬁ ANennas ﬂkét 9 5gn.a§@rl§_xag*glk_glﬁrv\€e t he .cal cul ated

di f ferencé beéetween e maxl nMum a m hi nim est1 nat a u%sano?entnﬁe
ant ennaswBight onbitripls egguab3 troaldripdiyaktherrddemtivhesigmalshdl df vedate ofor Sl R
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det er m nés ant enna wel s usin rexanple,
wei ght con@eoinhetspBlramP 8 IB1lshely itheFirgseplO6h astgrdlG rayudiegusdd as

the ant enpacuel ahlcoe! Eo Lo 981 dMIEMAIC) £ SYRALEL A5 BICE, Repueen
t he maxi mim an nimum estinated SIR val ues of the anternas 1?0 In is
in the exeesptbdn shanehs dsHdleds vt carfigr v iRhdi mildriaddersdtSidam tthiely

ant ennas yp et g ML 1WRLIB7 CNELeh! &F IRl EAMNES BY A &M 1er
weights; and the symbol combining units 552g performs despreading
by combining the reception signals 7 multiplied by the sub-carrier
weights over the spreading code duration of the spreading codes. The
antenna signal combining unit 554 performs antenna diversity
combining by combining the reception signals 7 multiplied by the
antenna weights among the antennas after the dispreading is
performed.

Therefore, the antenna weight controller 581 can determine
antenna weights in consideration of the influence of interference
between the data channels on the reception signals 7 which have been
multiplied using the spreading codes, multiplied by the sub-carrier
weights, and combined over the spreading code duration of the
spreading codes, i.e., the reception signals 7 which have been
despread. Then, the antenna weight multipliers 553 multiply the
signals by the antenna weights. Finally, the antenna signal
combining unit 554 combines the reception signals 7 which have been

multiplied by the antenna weights determined in consideration of the



wei ghts for each of the antennas 511 to 51n that is proportionate to the
estimated SIR val ue of the respective one of the antennas 511 to 51n. Thus
. { the weight controller 908 adjusts antenna weights to be multiplied at the
antenna controller 981 on the reception signals 7 which have been

mul tiplied by sub-carrier weights det e?%ri ned by the sub-carrier weight
~controller 982 in advance, based on estimated SIR values . This allows the

wei ght canfiokhes @08 ntterddieste aritoraa ved ghita anansels Gar kbegn Weomat S
based ontgstinﬁted SIR val ues. Thereafter) the antgnna wei ght multipliers

553 mul t iBFy 2HERPRE ept HBH i YifalteFedteLachs ofaR hademidtias Teincey then)

whi ch hasnlpeesncoms Dete viaferidechspirdtng daddecHinmllisosn i tansBiiarna

wei ght (. The antenna signal cambining unit 554 conbi nes the reception
Signal s FUHGI EPBET BBy O ER ShHRS het GRUSTIAG CRETARteRIRSORL (o 51n.
The reception signal 7 conmbined by the antenna signal conmbining unit 554 is
input to the serial/parallel converter 56. Processes simlar to those in
the recell VBRTERSERRHS™H IFi g. 19 are thereafter performed to output data

symbol's. The 1 gceiseaiip?9on Myl Nave B8 nadbefdLHEB6 RSt A 193 bPBEGH ah@r
estimating CIRs _of the reception signals 7 or interference power of the

recepti offt BefRRf O EMURd CRRERP fRFETEE NGt hP e2 Heruiddn emhediBerbtdfokhsi gnal s

7 insteadn9bnthensi anal caﬁnﬁm@aﬁi%rne@ggteﬂw 1 ifQuesh| gﬁw&f{?é&%a&n this
case, the antenna wei ght controller 981 92 calculates CIR differences or

di f f er enBe¥FRALYRY ? F 2rEh & OYHWER BHIng?ihe antennas 511 to 51n. Wen
cal cul at gedeyaligsyof CIR differences or interference power differences
bet ween the antennas 511 to 51n are equal to or snaller than a threshold
val ue for Cl R ¥ FPerFBAdeEIandhg thREeASLERRLY Sdrasad PRRESRSEY ofAnfennas

di fferenegs dd 1t eaf BLEREE thOWe! s2GRAD SR 3REBRNESi ts b, 2Rt eydR ,Wai ght
controller 981 determnes antenna wei ghts using EGC or MRC. Wien a
cal cul at ¥§19AF uELTHEOELRIdi §%%r eARERN  ShERRE o CORREN e UNditf f €3 Bncas

among t he a8y eAE@SeRhl chbRvetfer $5u) 4 Rerexeess Rhet fend W 1ashoLs; valsae for
CIR differences anong the antennas or the threshold value for differences

i n i nt er PePeE@lpsRe a8 darceRn A8 L tiRE1GRS eARG. nai gHura@dhtY oPfer 981
det er m nggpabhepNer WRlight SmdraRAntiraned £ hopratediTRied: GhRo¥al d4ssi1ehngnt enna
M Ont s B RO LNl & oY al) ke FaT Gonvertes S5, 4 datn demeculsrar 57,
an error-correction-decoder 58, and a data symbol recovering unit
59. The signal processing units 652; to 652n have a symbol timing
detector 52a, a guard interval deletingunit 52b, and an antenna weight
multiplier 652c. The plurality of antennas 51; to 51ln, the
serial/parallel converter 56, the data demodulator 57, the
error-correction-decoder 58, the data symbol recovering unit 59, the
symbol timing detector 52a, and the guard interval deleting unit 52b
are substantially similar to those of the receiver 5 shown in Fig.
8. Therefore, they are indicated by like reference numerals in Fig.
21 and will not be described here.
After a transmission signal 6 is received by the plurality of
antennas 51; to 51ln, processes similar to those in the receiver 5
shown in Fig. 8 are performed up to the removal of guard intervals
from reception signals 7 at the guard interval deleting unit 52b.
The weight controller 608 has an antenna weight controller 681
and a sub-carrier weight controller 682. The weight controller 508
adijusts antenna weights and sub-carrier weights such that the

spreading codes for the plurality of data channels #1 to #n are



In the receiver 905, sub-carrier weights are determned first because
antenna diversity conbining is perforned after despreadi ng. Wen the
. receiver perforns despreading after antenna diversity conbining, the
antenna wei ght controller determnes apfenna weights first. Then, the
antenna signal conbining unit conbines reception signals 7 nmultiplied by
“the antenna wei ghts anong the antennas . The signal to interference power
rati o esPrrRPHRABSL esa¢hmrdheg]-RSThe whaghbcephfoRl Yyl s& mredfendhliyave

been_conbl gk AMBAGLhE @eigﬁ@@s nd TBEDSUREERLL | GLIRLINGLERNERGE! Ghe
adjusts t sub-carrier welghts Gy "ch fhe reception signals mul ti plied
by the ampeaadinvgigiiss dic ttheb@luuhlipyi efl dasedclmniedisi ddt e $nRaval ues.

In the FSS@M@@%P% %%@h %QBSE‘%&"@{IQH%I«]%Q“E}V&A% sﬁﬁ%é‘%ﬂﬂké@é thene
nodul ati on net ho oP e reception signals X the spreadi ng code duration)
t he nunbeeighit puhtirpl bxedO8addsstsaatenhawedaht siamdesdtercaned eraved gbski mat ed

val ues obab e JAGrLer ehEe, ol ARSoRuch. 5 SHR.A5 AN ananye! glil, daay When

t he antenna wei ght con etermnes an S usi ng EGC or
MRC) it acqui rBs amtenna weigiitt cdatroIteaamoéBhede exapinesn astgnad weighteach

Symbol BTN Shtea o ORBRR R REchOR, SRECRE BEcERH® G FAL k' 10
The sub- catioeromigingnly nebhodl | Fhe 3B ammp aeqoht eeguiroddersesl vdiqglatidat a as

done in gggwﬂ%ﬁ?%%%%.59§A§ ' EHdF1§b ﬁg% be 8§ed as the antenna weight
controller 681l. The sub-carrier weight controller 682 determines
sub-carrier weights using ORC, MRC, EGC, or MMSEC. The sub-carrier
weight controllers 821 to 828 shown in Fig. 12D and Figs. 13A to 13G
may be used as the sub-carrier weight controller 682. The antenna
weight controller 681 inputs antenna weights to the antenna weight
multipliers 652c of the respective signal processing units 652; to
652n. The sub-carrier weight controller 682 inputs sub-carrier
weights to the sub-carrier weight multipliers 657.

The antenna weight multipliers 652c of each of the signal
processing units 652; to 652n multiply reception signals 7 received
by the antennas to be processed by the signal processing units 652;
to 652n by the sub-carrier weights. The sub-carrier weight
multiplier 652c of each of the antenna signal processing units 652;
to 652n is required only to multiply one reception signal 7 received
by the respective one of the antennas 51, to 51n by the antenna weight.
Therefore, it is necessary to provide only one such unit in each of
the signal processing units 652; to 652n. The configuration of the
signal processing units 652; to 652n is thus simplified. The antenna
weight multiplier 652c¢ of each of the signal processing units 652;
to 652n inputs the reception signal 7 multiplied by the antenna weight
to the antenna signal combining unit 653.

The antenna signal combining unit 653 combines the reception
signals 7 input from the antenna weight multipliers 652c of each of
the signal processing units 652; to 652n among the antennas 51; to
51ln. Antenna diversity combining is thus performed. The antenna

signal combining unit 653 inputs the reception signals 7 combined



(Met hod of Communi cation) A description will now be nmade on reception of a
reception signal using the receiver 905 shown in Fig. 31. As shown in Fig.
.32, the receiver 905 performs steps S801 to S804. Steps S801 to S804 are
substantially simlar to steps S701 and S703 to S705 shown in Fig. 30.
Next, the receiver 905 determ nes an am8enna wei ght for each of the
“antennas 511 to 51n using the estimated SIRs (S805). Specifically, the
recei ver 905 £omRaRRSehRSs 9V, €850 G Hﬁefﬁmﬁﬁe%h%e{,e@&%ﬁe@emﬂ%hhe
antennas and the difference between the estimated Sl R val ues anong thé
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95 antennas 511 to 51n, processes simlar to those in the receiver 505
shown in Fig. 19 are perforned up to the combining of reception signals 7

. over the spreading code duration at the synbol conbining units 552g. Next,
the signal to interference power ratio estimators 852 estimte SIRS of t he
receptl on signals 7 conbined over the 8Preadi ng code duration at the synbol
“conbining units 552g and i nput estinmated SIR val ues of the reception

signal s {,digniheniyelighti egonisioldrir 148 Jﬁ!ﬁaaﬂl&@alc&d& | QLA RIeEe ppver
ratio estimators 852 input the reception signals to the antenna wel ght

mul ti pl i eFessdngTaedeaffcar thendatichanaehei bhttonﬁntawmm%t%@lhhlthqol y
the rece&téc%%t%gnehgzafhea@@sgzegaﬁﬂser%% ?@wamé&n combi ned over the
spreadi ng code duration by an antenna Wwel he antenna signal conbi ning
unit 554 conbi Aesth@ereeismt 6ASsi ‘gln%ll@tﬁnm@l Ve poh ednbht itid eanst éhm aei ght s
anong e Anteapasphe Legndi. prifiedeafigPhhons Sk eial o7 ¢30lbIATE: Y, LG

ant enna si gnal nbining Unit 554 Is 1nput to t e serial paralf converter
56. Ther e‘@fqe@ﬁ}opr%tm TsPHi the angenhaseeightshe apdcthe amte0Bashbywral n
Fig. 19 wiilintRg lﬂé&ae%/ %’Bﬁ’tblﬁ@ﬂ)&gﬁ]'%n‘énm% e 33t ﬁna{f%?ﬁh%g s1He ﬂgé

synbol recovering unit recovers data sy ave been subj €ct ed
to an er ridre- C@iﬂ?éf:réi%q}mrm%@énﬁgrmbééésdem@bt@lﬂxatbe|Iremtcll@m hegnaln be
out put t t e

meacuring Garer 10F RRBIAERYBARNG LRD Arkeial 1ihd A RREEERLP LR &Y
recepti oragbabhbycafride. diha syrasoliagr ecdy erdd iplorrs heS6 ecdtipdn egnal s
7. The rec y j uni error rate
(BER) and FrRR0R T o Pa? 0 B o Fhe= 4ot Siesanars oaast fubo Sisls G

qual ity ehnteheadat®lsyirbobin Whéngedbpt ismregdahot wormsurmgmﬂmm 13fe

i nputs u r%x) t o] ald8 .
The recggsﬁ%on%gﬁggkuﬁé%tshﬁﬁﬁg%%??y 1 Zr\ul(e E8E?puts cee&)gg%)% é%/ 5. The
wei ght contomol tlee ZOSpéesiven sutt-eargiess ghtteonthel bembm:ﬂ.n@ndntmg the
sub-carrigr h coptr hl ek C er 8,.ad]

ant enna V\gll gﬁmggatr? [E g’a%’r |b r%\?\)& g f%swggg}g&f hgfg }#4 sp?%%dpﬁ% %:%{eosl for

t he plur aiqnfcyn@hgdanat@hfaﬁﬁweioslb#metmem e @hehalgmwdlrtg) cedehdotdmeron The

wei ght caq r bl tgt]]tﬁ nd, sub- er
wei ght s Sl?(::f:lg%h ]a%?[ne %ia{?qspyee%g% ng c Eget %% urdgl i t§%o¥g%[ ﬂ
channel s gflthe cmmbamangrahct@@nsymnd eamhlmtrmemnahd GﬁﬁohdahatsyalbgtieaareSNR
wll be f 1. L0

SUb- car T Lo R S SR e e Be o S A 2 S B Ik e
separ atelqodth@tV\éhghtre@ﬁtllUMIer 108 adjusts the antenna wei ghts and
sub- carri er weirght 5 Dasad08: Lhe) FeaGHSAtkd Bt ObyhBESRI A AUl il o
obt ai ned by the reception quality neasuring unit wel ght” controller
108 adj ustd® tire Bmpwhnbe wehghssriall/ranitldedr icoOnvREtght S6bas@teonaftrr,
esti mat esz%'d@s\é@lsuﬁm%&ﬁ' PSR g $haNabcd frd MLIHOLANGE POYers I Ald O
estimators 852. First, the sub-carrier weight controller 182 determ nes
sub- car r irarigaght tespﬁgpm@awm@m@s or MVBEC. The sub-carrier weight
cont rol | ers 82154 0cf28: 500k 1603 GnobaDindMdgfl a3, 120 bA:dAfk My
used~as the sub-carrier weight controller 182" The sub-carrier wei ght
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previ ously determ ned antenna wei ghts can be determned in the case of a
great increase of reception quality and such that the sane antenna wei ghts
as the previously



97 determ ned antenna wei ghts can be determined in the case of a snall
increase of reception quality. For exanple, when BER or FER is neasured as

_-reception quality, control is performed such that antenna weights different
fromthe previously determ ned antenna weights can be determned in the
case of an increase of BER or FER in tIfd excess of the threshold val ue and

- such that the sanme antenna wei ghts as the previously determ ned antenna
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interfer OMatEOShOFoRCSi BRERI 7. WWhen a greater increase of reception

qual ity indicatigs @effRat 86nfLsCdd Wosofackaeens i Ancatial idai@s BER: 0OhndER
does ) the antenna weight controller 18Z sets a smaller threshol d value for

a i ncr easBIRDICHFEEEHt VoRIRfudiateytremaesprrier si98atinbathesds thriseleghives in

the nmodul @0 TRt hethod hRagRheR Hatd oCOskD 19U nathdhod, hErROUMRE! & MMsEC
mul ti pl exed codes, or the other cell interference. It sets a greater

t hr eshol - dSRS £ oPSvEPPER| BRsFBY - reepiticoRNGERPRt YelqiHe Grdareter he8hunber

of multi-yaluasd AinkBRNADHM i utEPERel, a th:eptieadsDgn&Pde f%fnatvhp&a the.
‘nunber of nultiplexed codes, or the other cell interference.

contrary, 9%1%1‘1lat@ﬂé%ljf%PaH@ctre@&s@eJoﬁ‘t%Eié&ﬂe&F%}P’E"erarﬁdii%é%‘é’s“%uﬁ%’éat er

reducti onsof JRCEMLCANLAYAMGE Yoedrh el BDEA W G a6 08hAS d&Ignk8htSehs a
smal l er threshold value for a_decrease of reception quality, the smaller

t he nunbe?innfuMetabdl BEdtiplite tRAFUI¥SN on net hod, the 98 spreading

code duration, the sustheir-abrididny 38e-s0N8s 682 tetbhfiabbafuehkrier
interference. It sets a greater threshold value for a decrease of reception

qual i ty, YHeresrardtde IRGRBEFOBSIANALE- {AUEE Pave Reeroarmineshanetfhod,
the spreaghdigaedeagusal i €, 5itthetnyrBesan tdndalldiigphexesnsndasy wahitt Bes ot her
cell interference. Thus , the antenna weight controller 181 controls t he

t hr eshol OSB3 ke B6*eHatPLP] BnEeCEP F R A Lq08I PESD t PR &AFEIEE atcFR%erion
for the agimstimiiucdlbyanbevda: aeicght sared echusip Casd iringesghdsaibasedasn t he
nodul ati on net hod, the s r eadi ngl iode duratio t he nunber of mnul tlgl exed
codes, or2tnh&h&t ﬁBFeegW i PSPt BPERERIIGHT o &l FhsYaHERnRaY el ght Bo8h
subhcgrrlrﬁmlw@mmf b9 bﬁltﬂgjal.t&tl%d wve:ﬁgmss (rzllrgtatum tsﬁbt-b@rfm_d:lﬂ aﬁn@mt

nmet hod, the spreadi ng code duration, the n er. of e

the ot her™EFIPIiRTS %é?eﬁ@@: fﬁ‘él anFBﬁnﬁuQ\e‘fab“rﬁleEoW?iL%ﬂ e?onfé?fléle%gﬁ%l ds a

ref erencecal uetéphin€cepei @abgquakrrigr Wekghist he anhemnarmqhtt@ome ol l er
181 conpar t he reference val ue of .receptjon uallt with a dvalue
of recept?’bﬁl‘iﬁb‘ﬁ &F &€ dIB't‘J\ell c?ltslolnnﬁgthf? R cﬁb?’i’%]r?mc?i

measur i Nganterinal wkigbemnmddeompasimedrvahee ambngeum)anoenqmlsmlytosaln sfies
the reference valu for ception qualit na_wei ht controller
187 det or FEER mnitBAnSU R GET, RALORF Fireoding o Fhe B e mpneryFler

det erm neﬁlefgﬁieaaaa\a@qgliﬁ:sd Afbenrddep tTeasdirgee 1 ¢ al ﬂﬁomﬁmnenaptelmﬁlquﬁbet y
does not satisfy tl reference val ue for I’ECEEEI on quc%ﬁeé\g/ antenna

wei ght cont ridtd é}“ 18R LLGR LR PhEPTRFT Y 6RIBF Thé %1’?’ SRICE
recepti onpégwial ¢1:}fnm’éft@dantfﬂmraeﬁmmghmoﬁenappmfd;&rlatalshmdarﬁm pmaeghosus
nmeasur ed val ue of LLece 8021 5\,:, rﬁlnd cal cul %toe§ f d|6f8f erence Qg}:é/vee a
measur ed 93P RE GPTRERENL I SACGEATT ¢ Yo+ Apuf e OP&CHY iFSTUgtal ity
measur i ngsupi tatbilermndiighe Aaed ﬁl:ISmVHdamlﬁ)tJNaXBlgn&hE antteiuia hagiegheen
controll er 181 conpares the controlled th hoI d vahuse’ for vrarl atl Lons of
reception a‘ﬂ‘é]rﬁg/{g?‘?@ £ Cc & EGF&P ﬁor\‘/aﬂgﬁl ot "of e S RS EF v A us Bt
reception quality. The antenna weight controller 181 determ nes antenna

wei ghts based on the result of the conparison. Wien an increase of a

nmeasured val ue of reception quality such as BER or FER is greater than the
t hreshol d value for variations of reception quality, the antenna wei ght



99 1 controller 181 determ nes antenna weights that are different fromthe
previously determ ned antenna wei ghts. For exanple, when the previous
_-antenna wei ghts have been determ ned using EGC or MRC, the antenna wei ght
controller 181 uses an estimated SIR v iue for each of the antennas 511 to
51n input fromthe signal to interference power ratio estimators 852 and
--determ nes an antenna wei ght proportionate to the esti mted SIR val ue. \Wen
t he previtdure/dmeanaacywiogiest éave 4baeiwidistlehavaad ti reqr npotipldred wsing

esti mat ed, SI.Rs¢alu h e i, ght troll.er 181 ernj nes antenna
wei ght s ugﬁkbdéég gﬁdﬁéthSQ%%Qﬁ%egﬁéggagéaéhﬁé}4%§%§%§§dg§ I%%%bf reception
gual ity such a¥hBRRwmy oEERh¢ subgquakrier ereightl dartndidershe24 hseshad zi7 val ue
for variati f .receptian guality, .the nna i.ght controJler 181
det er m n%sndg@eér)m%hov\“fenl gh gEthq%dt iazb%l tlt#;’sgl:;e 'asarid\t/ﬁl bt VioUEIST d6t erifi ned
ant enna weitghisriBor wexghpl eontlredlehe 6gRevisubs cantr-éana watgghbt fatavei een
determ ned usin &C or, NMRC ,the antenpa. weight cantrol]er 181 determ nes
ant enna RS ET TG ST oL oG | RETRPCOREs Ba ARRR=RET o < Have
been det exymbo@dcombpiioppuhioa 458 .esThimimateS| R talsyedle theiapienpaigei ght
controller 18ZSuse§:an e Eiqpted SIR vﬁlue f&é eaqugg t he antennas 511 to
51n i nputP SRSt e BSREP T T It MPETRRh COTSERET oF 1190 ST aridr §285%%nd
det ezm nesibaraztennac ghghlata apast kogaieed aad hie ast.i mated SI R val ue.
Thus, the weig controller 108 adjus t he_antenn i ghts by_which the
ant enna wei ght %SHt&b‘T N 'f@frf‘grt‘{?]ﬁ’&?&t F%?V?%&p??gﬁs@?“ﬁhélns%ﬁi cHhave
been mul tisphised dzythdeudubachi ¢ eeivht ghins rdel er raare ds ity- ddre-isubweiagid er
wei ght controll er 2 i.n_advance ased _on g .neasured. v e of receptjon
R LY S U R L e e BB
control |l em t adpusirardremyaswbi-ghtsiandobssts .car Ther sueh gitisi drasedi gnt a

measured val ue_of r ptian | i of .data synbol s _or_estinmated SIR
Values. - RO Bddroer oA o5 onay Gy eleke i bEr ra ke G or 2 s e Rap 8754 o

esti mat i mpheCr&sepifidiheigeakmt onreashgna scakrderi. ntBiieaehoes powechafndihe
reception signals s the interference state be en the reception signals
7r ot ead ur Wit 3R T PRuEP BrEr esloReRor ot IS it ab, SRS G fhi <
case, themantieneaewetaids eantinatders2bdlcdetartdinea andingla eseights, tdat are
proportionate to.estimted C R val ues or antenna rghts th are

b opor | AT a8 e o brit STHBEFT - BB oLIERTTONENCE ToREP. TP e
recei ver odf0mu(ltspheradrcedesveirghpscai v detforrieaetd &ubstabeicatise ant enna

di versity conbini is perfor fter. despreading. Wen the receiver

per for s’ deapr BT SHPEveR KB, SHPE S E OOt P RS ST TSR0 Heei gh
control | errodéiedniioess ardeniod whe gt serfria seighhemultiyel iznt 6ARa i gradh

wel ght s Sirong% e e b T L o sPorPeRanc” phikt wlh o Lhe

est i mat orsin@gZregtienay ec8vREtefs tdfethegepprohive grignel pmitesls ihgwa ibeen
conbi ned ng, t he ten ) b- car. i i ght I dj usts the
sub-carri%%)weféht% y \ﬁnaggﬁ t%‘gg?%%g)p igégg%b%\glg fe?r'u{?ﬁrlitilg%lfg% g(i/rltr?e

ant enna weibglebsraee-bp- s mdrtriiplri bdsbastu Ure ameasar edgual ueordfimiggept i on

quality of .data.s I r_esti IR v . iver t he
ant enna \%&l%h%g?:bﬁg?%\l%r iﬁﬂ%ﬁéﬁgg,ﬁ%ghﬁ%ﬁ%ﬂ%&hﬁﬁe lﬁ%glp\gﬁefhe ©
recepti onsspghal seduixed he mprigadiyngne otcegtiani vignalhg reorioedoby the

mul tiple e r LRte n j V, s..0f the
interfer éﬁe%g%gg g? 3 otsn%c%PgEg&n&ggéa%%tlé%tﬁgsrl\%éic%%dt Ja:ggts 21.% we%ﬁ%’eﬁgﬁéﬁ na
wei ght comlyoloner stghh detterin meshanfehia sdanghit proseaglEEONGtsVREZ: ito
acquires enn i f X i I t.enna
whi ch hasﬁ?&én 'gi?) iaﬁig Wg\?{ek?e Fﬁg%é‘gg%{| ngBT(E:o‘g{e\é %&9gg?o%rcgc§/esgﬁggsy %]
conbi ni nadni te 652y taxs WomdmpAifhedrecei ver 505 shown in Fig. 19. The
sub-carri i 0 . 182 may acquire sub-carrier weight data as
done in t%*@&?&e‘r&%gms%%{vﬁf]nsn Fig. 19. (Method of Communication) A
descri ption w A demwiptiondd ldmavekbepafenngfecaptéopnmifi onesephiain ssdny t he

etves LSO, (D DR AR LI b B

t o steps 138@1 vand 6880deshowms istePisgS582. tNS&03 -heSte®eiSkdrl 10550@3 ea%f nes
an antenna i . f e sisng e asured
val ue of Srueb\é\%é}qgr?lggag?ﬁgl% %%ﬁ%}%ﬂ%gﬁz g%i%i%s%%#orﬁFEkgén%@'t he

estimated SIRS (S905). Specifically, the receiver 105 conpares the
reference value for reception quality and the neasured val ue of reception
quality of data synmbols . When the neasured val ue of reception quality
satisfies the ref erence value for reception quality, the receiver 105
det er m nes



101 antenna weights that are the sane as the previously determ ned antenna
‘wei ghts. When the neasured value of reception quality does not satisfy the
_-reference value for reception quality, the receiver 105 conpares the

t hreshol d value for variations of reception quality and the variation of
the neasured val ue of reception qualit§2 \Wen an increase of the neasured
val ue of reception quality such as BER or FER is greater than the threshold

val ue for varigéions 1k reseptiaan dusgl idoberiM@eseCol Minal0Re deh £4 MRS
ant enna wei ght s that are different fromthe previously determ ned antenna

wei ght s. "WhERPEIES it r€gsetdPnt hoTrdadupédeadl & dherargnrasn Squatid Synsuch
as BER opyFERei SnedHil wel g8l %Hal;I@étéﬁa%ehh%sgbaﬁsh%gn\/aﬁﬂerééi%elmr

vari ati ons of reception quality, the antenna weight contro
determ né§5a%@@ﬁ&?%h@hwc@m&mhﬁégﬂﬁéssbr%ﬂ% tthé PR eAIBS 5y det Slmi ned

ant enna g?h@%‘ §s. Am%ﬂnat@fvézeﬁedg"%mﬂ% r‘ﬂ&" id RhESpd 1% ﬁaﬁgﬁ@& S't‘;lﬁgl !

at each t he” ant ennas 521 1n by has been co over
spr eadi ngecodeedus A i RAT dpyrmsn tameéﬁn@qwmcgzhthnrv@ssaetl epmi bleel wawepidichor ns

nbi ni ; h |y 105
ﬁgashpggg%ﬁﬁggcjép?? gﬁéquﬁ y oftth%a?ae%eggggﬁ)sm%g% \ﬁg%(gre%&?@éover ed
through déspadid n@{ _S@@D)Cameemaslwéngva@h%f@ﬁeﬂtecéptaqowlfqmaﬂ i thpto
obtal ned;ghept £ S04nk s Yneslslb- SLah, gcfsabdss%gpsa%bﬂgsgé angggna

wei ght s. € conmunication system el ver o
comruni caecehvas 60ﬁwmﬁsmmnpr®ﬁe@es3a@\m e{gébe%ﬁdmngwoﬁys

s iar b9 4hose Gl heSATBHNL AN SYALE L den BERLNAN R, | A, LRRoTE NOC

of cormun own | t he redep Fo
qual ity neasuvemgGQﬁnimullﬁJplrms hhes regeppioons j@rd ig y7 afeaeew@vaelbgd tdat a

nbol h t
SR ot PRACeSLATR s SEE PSR, BRI So2EE B RS
ant enna detghtsammgls e ssouliatedr with weiehteselpdded smgltxdnbs e'St(S(mJUed val ues

of reception t Y0 §s¥”g§b| S St.i I

Ther ef ore) thgy%ﬂcelger "Clj%%ealcan et%r%Q%er}ngge%u%%gaé;%el%ﬁ?V}&%gﬂﬁgs and

sub- car rinett el igg shdem@n@rtmgnmgmhé qreeaht suh- q@altletwbmfth@adexe;ynbeﬂs and
the interfer e S e t. S| | s.7 hi s
al T ows { ReeTEacs vl UGS BSole ThEF PoetfTer TSP L X iEsRs end

char act ereseptson givhats Es&pve@r &hpyspreiadday v deederateion] 06 tbersmadingne

a”te””a %5593%5%9 S sg}f d% vel ghhs ‘M&Brégﬁdb%%kcaoéyr{b%ﬁ%péﬁ%ﬂga' Ity
recovere ata s O? ante na wel ﬁ ts an sub carrirer wel g S Cah

m)r e adqu<a©‘e¢§le<tiépethﬁmdta[ia’%rblGﬁOEﬁﬁﬁm mehtipSigatiisni ohshemtrdadinbe

i nventorg uill, noww Qsaqsrﬁgué&ed NDRE prt%@dfg&fvsrp@dg BéPP@'rn?J gegpé%%na

diversity conbining using the receiver 5 shown in tenna
di ver si t §ocopb? rﬁ‘»h@hlosfnpérﬁf%#gmé%m%H%§5hﬁxt?ﬂﬁﬁlr3aﬁifé %‘&ﬁﬁfmtﬁ@lﬁﬁt hod,

and despreading {5 PISOGMAY kB ERigesARRl aachey.. 15, a ., MMBEC, ECC,
and ORC ( the schenes are hereinafter expressed by NRC( ) [ MVBEC( Desp ),

VRC(Di v. )/ EGC(Pedp. §, camdumetHion )%G—'Q@(‘De§;?cﬁlvleés68§tl ﬁéﬁy)“ethﬁ@eﬁﬁa

di versi t ¥oGRaRi 84 Hibd %aﬁeﬁxf&flra%da&k%mgteaes@&é@na@m C@.erl@ﬂrngo r{%@@d and
despreading is performed in two approaches, i.e. E C and ECGC (t

schenes afeiqéediMarther CONpRRSSREL WY SE@@FE) ¥) I MVBSECEDe Sp . ?n%rﬂkﬁtmd of

EGC(Di V) L& RPESP: Jon A_smo%nandmgw by 85 H&Ifoy. rreﬁuahtl@f dasPrHadhag Usi ng
the receiver 505 shown in Fig Despreading is per f ormed usi ng MVSEC,

and ant enfaglt \ﬂé’rléiltp}lééﬁbﬁﬂ%g‘uilslbéYf'fé’terrﬁeic%ﬂfg“ shenatmal o3t 8fbi ni ng
net hod (the Sehemsi $1,hel suHaJyt St SN RS SQck By r IMNBERE Destepkh B ilnwa )y, For

t he purpose of conpari son despreading is perforned sinply using MMSEC and
EGC. ThesPRfl AEmBAEiBIeXehPY ceheo i Ie/SEGIBANGY sPPRVRF T1E Sf £StorntE & 32,

total nupbespefoRalilsiak on €4chad¥ the ARIAY:a$PEERY, Sind thed AnWeERRa diigdas 35
shows average received Eb/No ( signal power to noise power
combining unit 653 combines the reception signals 7 multiplied by

the antenna weight among the antennas 51; to 5ln. Thereafter, the
time/frequency converter 654 demultiplexes them into the reception
signal on each of the sub-carriers. The sub-carrier weight

multipliers 657 multiply the reception signals 7 on the respective



density ratio per data bit) versus average packet error rate when the
nhunmber of nmultipl exed codes Crux = 8. As shown in Fig. 35, the best
characteristics are achieved by the MVBEC(Desp, )/ EGC(Div.) schene in which
despreading is perforned using the receiver 505 shown in Fig. 19 according
to MVBEC and antenna diversity is ther &af t er performed according to the
“equal gain conbining nethod. Wth the receiver 505, inter-code interference
at t ri but ablhle- ¢axr miestsr big tsubr catrbet heganaki t FibetlagentispseadbNEdaddasngan be
reduced at_each _aptenna .i ndependent!ly, by usin espreadj ng enpl oyi ng. MVBEC
at each a‘ﬁ?le%snaégghecoérlamggqu%ﬁ ﬁﬁ?‘éﬁﬁjagrbli %9’3‘?%/ @orfﬁlﬁn' 159 o %hEOS
conbi ni ngsthadanefdreatsgit § ferenate spréadaig code daretien esEem@aagnthe
ant ennas. ared to the sinple despreadi ng using MVSEC and EGC, high
charact er7% E?ng”g‘s are achi eved by any of the MRC(Div.)/ MVSEC(Desp.),

MRC(Di v. ) / EGC( Desfrelf oWBC( fhey ti mOIRECEBSINJy cBEXE Pt or )6 MVBERE REN. chrrad
EGC(Di v. )/ ECC(Desp.) schenes._ Fi g 36 shows required average recei ved Eb/ No
per ant enfel THarddtePlseF e L A hafReath YRR LaGRr Rt Ih &Rét Sef 2 Hrareapat -

10- 2 rel atdopei et thepsnadiar toé prdcespl e @dmG0des] GMng r8sephoym Jilnkhg. 36,
excel l ent_characteristics can be_achieved regar dl ess of the nunber of

nul ti pl exbd led BGP WITEN SEHEAE i's°] §RERt SURT R Siiead sy PrIREERRBEE (
Desp . /B digliping dh&ic B BRaibi-Bavhi 61 wdegRE £a@nAG HSpPE&Ed ¥ BBEMDIiAgng he
recei ver 505 shown in Fig. 19 according to MVBEC and ant enna diversity
conbi ni ngth% TR e S IFBALSr delVEE cBRAi FRFIREC.cads Surgdigngebdthe

char act eréstd£8i ryf ctdy evgshiit e FHCELI . 9F ESCHRREP . Yecd¥ed by the
EGC(Di v. )/ MVBEC( Desp.) schenes in which despreading is perfornmed after

ant enna dPWEr&EiY COnbANFsTdas P ihdOr effifon dPaEmbe < aneiee AfFeaHaRBEr of

nul ti pl exesheades 654 sBbIsunt-RarVREt KeV ght BICEDRS Pers $EHENEPERY sGRBg00d

characteristics in which despreading is perfornmed after antenna diversity
conbi ni ngCAR NG the R idcei 28 52RhERRIPANFitYe @PTom8SEHpPdr elrMUlitdmlesénabove,

when the recqiMen 2ibfayused inttol § RAIAHARI 81§Ral1Se NRCatR A RGeS, @
great diversity gain for diversity conbining and to perform despreadi ng
usi ng EGCHorPIRHcaF 7§ FUAsiBEYIRY oe™ BYeedBR-GBBUtC AT @N SweAnGatnat i on

at each splydid bercaidiniibyt e eetepR¥n isAgaal 80 80et NBlLshSe S g S8BL
i nfluence_of inter-code interference, F'ogfﬁ 37 shows required average

recei ved BN Oh&fadtber FEFPRUR R0, | ARCEREF Yy S A et’ OPtELNedte =
10- 2 rel athdsud0 Gompiraadi @ th@ehorhdF pikirg1i8y showatehasackelisbi §sn
achi eved when t he nunber of mnultiplexed codes nornalized by the spreading
factor (CRRXYSSEIYSYr, As shown in Fig. 37, excellent characteristics can
be achi eved regardl ess of the spreading factor by the

MVBEC( Desp. )/ ECC(div.)) schene in which despreading is perforned using the
recei ver 5[6)511‘-&%3%@?9@?@??19 according to MVBEC and antenna diversity is
t hereaft er per foesRMuNSEA ey s YWhemddoednugher aof i MU empbaxeen€adesns s

_thus smal | coqgaredi t he spreadin _ 84 f factor, .significant

i npr ovenehtV I - Hala J?é‘r"i""stfef @gs%u&%% e& a8 Ctﬂ?“‘t“ﬁ‘é"ﬁ?@é%’é%ﬁé?ﬁ@}?ﬁé@( Be.)

scherme whiLitH emdedinent @i tHei Ngrddtd oneh&s \ee it raAbm etk mhaioaha s eflosst Sn

differences inJnierr qode hteLlerePce amng the ot enas.
(Transmitter)

As shown in Filg. 23, the transmitter 404 has a plurality of

signal processing units 441, to 441n, a signal combining unit 442,
a frequency/time converter 43, a guard interval inserting unit 44,
and an antenna 45. The signal processing units 441, to 441n have a
data symbol generating unit 4la, an error-correction-encoder 41lb,
a data modulator 41c, a serial/parallel converter 241d, a spreading
code generating unit 4le, a plurality of symbol copiers 241f, a

plurality of spreading code multipliers 241g, a propagation path

variation estimating pilot symbol inserting unit 441h, a weight



Fig. 38 shows required average received Eb/No characteristics that satisfy
an average packet error rate = 10-2 relative to a fading correl ation
.coefficient between antennas . Fig. 38 shows characteristics achi eved when
t he number of multiplexed codes Cnux = 8. As shown in Fig. 38, good
characteristics can be achi eved when the correlation coefficient is small
"Wwith the MVBEC(Desp.)/EGC(div.) schenme in which despreading is perforned
usi ng t he'PE&EEinePi505 ssigoan 1 Fitdnglonbe ddhdi igd 8 dMNBEChamue hstignaa

di versity b diereafligr sReyformed using EGC. [ Mdif ication ] The

i nvention 1s not |mteél1 t0 the above-described first through tenth

enbodi ment s and?h@ay bdatadi f issfrtiod var peusralyng Fornékanpl eflea tranbaitter
may have a nunher .o Ltiplsxsed codgs d ra 4 and dat a
generating unit 41 a:g]dshown In Fig. %39 effﬁe nu e&bgglgpﬁl pljzfelféd o%es
dat a gen%m&mnmrmd&lgerg@rfelrmgesmdasﬂl:@nctémnrfngquhecylm cohverter

mul tipl ex ta,chanpel.s.#1 to #n
that are ?9 %gg§§§ aﬁ[@f’gﬁ?{;%% {“?S exe g{é?na {L%erb%r%e é%?ggytsémé Thunber
of nmulti pt@xte@seodestrcmma}inamdttmm shovntim Fheg. dat aThynﬁnﬁiaggrparrarleeg uni t
4la. The ener S o h er of
mul ti pl exéj%; co éasr}%d 4{1’}9 U{He éﬂragﬁ?c? ?utﬁh g{‘%oal éé‘ ealnsdaic}la{ %

sound tr ambmdltiey tof aspmaﬂm@ @qﬂﬁarmmp&mrsnmﬂs tetre &amsdanttihmylat a
synbol eratin t . Ba f pLex codes data

i nput fro£r1n ﬁlearngﬁbu%lroso ‘iht%r E?g?(%glépe %gb%aowglenlgrﬂa n% uﬁﬁlﬁer& P*8hd the
dat a ot hetesdmip ttilves ponteemofs nemittEdexied Fégdeg83data i nput fromthe data
generating uni h a K ni.t .4la grate dat a
synbol s i ncl udrtPngyt?gtaﬁ!’L ?E?%th giéggglr%rg%{éﬁéﬁéﬁ‘?? g’l Orta‘g.r"r n119 “585?5“%. gnal
i ncl udi nguthte 4sumbenset taupiiqy @ymoeedeQr Osttamadiagr ecreﬂromgatmer pho e,

t he recei a ir u pl exed odes d from
the data \\’s[%glnaaﬁ%rnngﬁ 8e§né| r?i%’acgre ep ?%nrr?}%%arf?;t |Srr¥(%:gg n SRR ﬁa%%s t he
need for gehmmt@ccies‘s ehidsta riatansglgu’mel mdberpnﬁomhgnpleﬁ(cad ersctdmatﬁhgt he
sub-carri n I 1 er 9 i gs. E .and_ 26 and
consequenﬁ?aeq [ n*ronlat géh?he'%r%e%%?or th Iggnurrriﬁ)%l Xe(rr%i] tip 3°e° 5 %

esti mat i ngplartkie8264 ratmdseeage kidren rtrooeersfscearvdrcbrﬁtmguursaﬂr a9 t(h’impﬂ)]aot
simplified, .The s [ r ma bt ain
sub-carri eﬁrmborl gh 05: ue}r ng an ct u%lrgggégﬂérgl e of %gatﬁér?rlber%hg pliOt

mul tipl exeﬂnmﬂcteiqmssemmngammmned patthuerarThitsonl doaudeie by the
sub-carri g ﬁ%g t r ate
sub-carri %C%\V%%eqﬂ%%f%%@#éﬁﬁﬁ |p%%gt§§g pagh(r)&e)%%a\r}elrm ot g\%%ceptf‘ur ality
of addi ngsigmdls. 529. Each spreading code multiplier 52e |nputs a recepti on

signal 7 on th e v rg_n:ﬁ p to
the adding uni ?fh{fZ‘S”ggﬁﬁjtc uf})s a&g'g%ngﬂf(ﬁ%t rgirie}ésg%ﬁg]ﬁagrﬁg%afﬂ 911&89{95
sub-carri xexldjy Ssumladar Eperubdstiing wedohtolnhe ﬁti:drdngauﬁIIQHSQQ afl‘euaurrber ed
by #1 to d s the
recepti on#sr gsr'nhj]ssﬂ%’ #%%‘Hﬁ#g%grﬁrfggﬁéﬁ%t%gﬁgr @l%mg dad’b %l?lcgir ng?gl?ﬁgut

t her et o aptbrdefayepdahény Walghes éir@e@thtenleﬁew eélmh@%ls wihee @aeilhgudami t s
529 i nput e CTeteTo M I i er
52f . Theaﬁ@%oe%% ogréece ti gﬁ %?%%%c%l%e%gs a%uggicgg}?eﬁgbﬂéoﬂgﬁtﬁ?#er

basi s i npﬁ@ﬂ@&&f@@ddﬁnghuﬁr t §N82gikay HeoreHifsf épéntlpﬁmﬁll@drela!ddﬁngr@nr t
529. Th_usasetb Byadel gcemélsfézesacqqrattfiﬁgreeeeeglamweeer@lreczprQ&Qlaﬁgf been
mul tiplied by sprea I ng codes at the spreading code multiplier 52e and

aver age thewmT laspreddiagt forh tTONSHEEARLYD SHENEES PevPdtersubhearstept i on
signal s 7,af & @added aRon aaa%egegmwlé ydbE 8O0 Ofnd rpequsmwy@f IaQea
addi ng units 52g, the antenna weight mul'tiplier, sub-carrier weight

mul tipli e@harsrrﬁjlscdﬂlr &et i1y eanelightP 1At Fppels &% REELPREYNG Rrapasapipon
signal s 7, by, SPb- CAITdRS Al Q'?Jes ,plqette@gabm gfléls,?gfm GR heaighys, wehght s.

Therefore the weight controller can reduce the nunbers of antenna wei ghts,
sub-carri érff/@regm Qllahémpﬂééﬁqy\/élwwléfetld breugedeimenel ofvihecAakakes
it possi b&eal}g eI £ % |l oad of the process for determ ning weights.
Si nce the nunber o e antenna wei ght multipliers, sub-carrier weight
mul tipliers, arﬂl%(ﬂdt@cphven@bﬁ@rﬁnarhlcpmbwemg W%é%éd@@&ﬁnq lredata

confi gur arg!r&ﬁ'ap,f ol DB SECRENE] oDt RlY fESfhgation path variation and



106 Especially, when the sub-carrier weight controllers 827 to 829 shown in
Figs. 13F, 13G and 26 are provided as sub-carrier weight controllers and

. sub-carrier weights are obtained using adaptive algorithm the anount of
calcul ations carried out by the wei ght pdating parts 827c, 828d, and 829g
i ncreases with the nunber of sub- carrle wei ghts ( this applles to the

" weight controller 308 when it has such features). Therefore, a reduction of
t he nunber péflogubigmais diog tlDdfb’@inewenghtleﬁl Eak'hsof ttheodstdlahannenedtice t he

anount of, cal cul S u he tin rts 827c, 828d,
and 829g an%ht 0 T?(ia Slget‘f%{eﬂle& go%ol?’h th %ﬂﬁlgfj%ﬁ ggp%t ng Peleiter
may have c':metheaiauaysngf;na:ﬂelaagzmmg.tdexlexeé u52hgamzﬂea dplviis abn tyn 16 padgi my
units 52i p din L |er uts eception.signhals 7 on
a sub-carri er 31 éﬁ Y %’I él(ri%l%g!sﬂ%)ée Hy it pFI O|51r 85 ‘F‘Iﬁ]léé‘gt%o %e

del ayi ng adeid.ce$n52te andnamtdttmgs anitt sth52p11dtnsmgd&1 floar apldiamrrgawepgmm
signals 7 ub-carrier b carrler basi t thereto in

di rectiorf 6? ?IQI ﬁgng; hl%Phe BiCurHigt y© %(f V&;#HB Ia‘égFJc%Js ’Sef‘n %ﬁe%erat e
milr ecepﬂuldﬁ@egt&dl gitfhotha ;&Ulm—tcaign@l mr sulnmatim@rpﬂmmgatﬁbatp@ﬂe
shifted in t.i mlsantura eption si

v i i aj 9% ti g gg &e
sub- car ri er=15y- %%Jr??e H&sPs ?Jr%‘bt“}‘V' RpEEtPY o™t hEREE? ed: fg Tode
mul tiplienslti36exedusadths dheediasin sifgpakimdhexefore, m 1 del ay devices

52h are provid h dela device 5h2h del ays, a ece 7 i nput
thereto by a p%&e&%g PS?GY?WQ( u‘f’#'f thlr?dt%‘ﬁ% ‘?Elnc gaﬂiah%’;&

del ay devilee p@ﬁfo&ﬁdptdcéd;msichilmiganntcbstrﬁﬁe ihhehdetwyhdnit el T8) shewmset at
one synbol | ength. nits i add a pluralit reception

si gnal>/s TUbe;l%gsaub % Fllag aﬁoﬁﬁﬁif:&n%b% r??ﬁﬁﬁt na?‘g%?ﬁﬁ?t Phes in
the dir ecdgtmma&flntghpllwre;yamw ﬂmbra;\m@axgelﬁ kenhi thgdte dhtecymbolefaide
tinme axis .. Theadlng its b52i ut t he added reception signals 7 to the
ant enna &itgHt $XITR9 |%Is %%lmaFHE nETBRAIBF L% cRPBER oﬁa’é:fiﬁfeﬂ 0 orPey

sub-carr Iﬁrllhyl. /@&b‘a@&éﬂ_lcﬁi’nv@iﬁﬂe&sl MUd atdtfTeraddi tigndsi t ShdL] tHBYdHEs
different b tgeen fécnr each f t he ngl?ngf)umt 52| Since the rece t| on
i

signals P aF??ePl 9t s B TheStdMaFEng hREORIEG Ly F3ER he
di rect i onvenfiathienisi AReaxise - d:hasﬁjognahlt1ﬂ>1)a7xermvveSpé<mﬂswas.aypowé datid 0

(SNR) of th receptio signals 7 n, be_i ncreased, by conbini veraged

recepti or?yg} A& s nfi gl%? gl’igogprs EP}@ E8he e&%?ﬁﬁb‘# aﬁﬁoBi’lg%I%soﬁ’r ithg t he

sane. Es pmmaalﬂlymsv\m@ tipusubecc atrttte eﬁemmlphramnél otbevertkls t1 182 %Ktshown

in Figs. 13 13 and 26 are{)rowded ub carrliatgght controllers
[~gor

and sub- % Ve tREE BY eSEbT R Ui ﬁg gﬁﬁpstvfjﬂfé: PR hef&iynal
power to sieitRa spoResmr athie0 ddtd hewodetepdionascgral stie afdedtiadgspr&BIEINg

df d h h I h
et gt cORIBIEEr 308 et 1 Dis (ol pBapurdl FoRBhye ERk sBBPre Tl ol o

t o det er mmpanai-dicar r peth weigghitas imnth fror eggedagetivmacypatth anariwtisased
speed. T r { .CO a
sub- carrlha :Srtr \%/ga?cll\ié Prg?%t Z’ro aSSHQas S o%lﬁﬁ‘{%qlg# 84§Eé Oslezi‘gsugggﬁs?feelr
wei ght comrmﬁﬂt@trsa@dlé sub carrier weight rmultiplier. Alternatively, a

ht troll f - [ '
L o 9018k AR 09 hhen POV QAL 005 OF o SRl By A
nul tiply rrmimle:dme\re el gpegs fonmtpreoqessiesi oimigfart he tHhosecan riler reee iar
Itipl t bi t
String oo SgoRE Y EA4530:c AR NS ShrbShl cE0R hell S8 B8 ©)
pl urali tymdftlglmbaher epl@taamlpoforomtmngapsphemhnmg:mdeandllthqol i er

830d, u o] err esti

wei ght up({ci_:l %m]t%g&}!%ée% s(s:)petrel)ar(ligigaLH tgrogég unlg@ %égég‘%“%h

refer encemslytnildllegené‘tm Angut rﬂatta88mnaalrsea8@|lmtlamtsmﬂa}ssf¢nr Iearcmc\tlr‘ma bi t
501 09, SLLAGR L SR, S0deA DELSRCLRREE SUIBOly ARNCRAl LG AAY L BRRE of
synbol gecrrerewtdm gcmcilées ascbvhmmSveabeen@@ﬁcélsym ntdié;tlplltexg@rt@r’dtaas to
the synbo epld gatdin i S replicating portions 830c
replicat eéaftLe Crﬂe fer en%é}e%a g&ﬁbﬁﬁq{g G%’ﬁ?istggggual to the nunber of the
spreadi ng code The aat@r@meﬂhelgrpihadmhgnuw@s;ltihﬁlsppeablumg thedéata
Codes t 0 G P ay bt BPencd 8r i Re Frcat i i Peahagr Fip iR "
per Fornms frequency/tinme conversion on the reference signal to gener ate a
reference signal that is spread anong a plurality of Sllb-carriers
(hereinafter referred to as "reference multi-carrier



108 CDMA signal ™). The frequency/tinme converter 830e inputs the reference
rulti-carrier CDVA signal to the error estimtor 830f. The sub-carrier
.weight nmultiplier 52 j is provided upstreamof the tine/frequency converter
52c. The sub-carrier weight nultiplier ¢2j nmultiplies a reception signal 7
by a sub-carrier weight. The sub-carrier weight multiplier 52j inputs the
"feception signal 7 nmultiplied bé%the sub-carrier weight to the error

est i mat or VB3 Y LPhRE tHAEFTTEHTE RAPTC MY S8 Ch3Ke daié ehpppels #1 to

esti mat or B30f test h4m8d @aaaﬁegrsri%a@ew@ﬁ@lih@euﬁﬁ@ahhﬁmrfﬂlﬁnake \MmlinBas
been nmultiplied by the sub-carrier weight and which has not been subjected
to tinel fietfieRty 2bhvardi Bhlpl otk #9e ¢FMENaiegudreopagahient eptsoc

and the referencs MY thheCaiphel &M SingnahitThezwei ght updating unit 8309
obtains a weight that is gradually updated to m nimze a nean square error
of the error bétfedtiché YRe2PtiDRidP§nalImeahHinERIRARIbERAE rAfilti prpeds by

the sub-caf1d€k1WRhehtsdrNBYka 1MbNEN S RQr 1188 L BRLOT Ak 138, WY ghohas
not been subjected to a tine/frequency conversion process at the
ti me/ f reqihcyl Eorheriaing Rbtadaetnby r BREEERbEL N | the ddloite sYTPMAS sfgnal

usi ng ada\%&é’ﬁrg_;lqtggggflgg]byﬂﬂﬁeSég?ﬁecgbfjeg(ﬁiﬂ{]fic%ﬁgscgéltt!hglsg%ugﬁﬂ)lq_ed on

sub-carrier wel Oh thus obtained to the sub-carrier welght multiplier
52j . Thi stialeddoittsypdxslishfer teg tdpaaieg therepdoataan pathwiaghetionmitnkhe ze a

Tean SQUAL Ly Rl OloBELYRGY A1 RECARL 08 SN re WhkGD: RARLIRLnGGEN Subp ect ed

to a tinme/frequency conversion process at the tine/frequency converter 52c
and a transhiigsliean gignaimeg: disglisdonegultiridned udatar pigralei ghd pohotol | er

830 achi eyvgs, A &ffecktifatids ﬁdﬂabﬁ%i%ﬁ thia&&awsnéa%;g&; Ffirglfn YgL ght

such that ‘a mean square error betweén the Tteception sign
di spr eadi ¢etarrhannelt sagRad sxirindngnunibs i &tlh wifnthedsignalopracwaaing s

clai med ig;;ds 4&1[%‘9%\4%’01‘3%@9%&& -+ 1§ Ph A AldHNnEh s APt €BNAS A fgﬂgred
to receive signals that are obtained by multiplying a plurality o at a
synbol s tphkshisigedleviar asplurtblia prepagriterc Rafhetarigdiings shreddFngn codes
for each pf,theydata chappehs, g%%atac%)ﬁgggkngel ng, £ angny Lt ed gver,a
plurality of sub-carriers having ditfferent frequencies; a spreadi ng code
mul ti pli epodtordivigieos -meledpiepl Pasteept iTHerspr§hars rtoeeifirsgiugpcyrbime

pl ural i ty; of anisnnas: iy aRESad ng ﬁ@ﬁk"cﬁcu{sogréé?@sélé’é 33 MRABPS!S those

corresponding to the reception signals; a weight controller configured to
adj ust ant®ene WEagsnd tsprwhi 8RO riscdpdi-od - si gnal recei ved by each antenna

is to be multipld @dredAd SUPtTARENEEs VB GRlGBalY 6 MU L RHBWhEELREILN 281 ghal
recei ved over each sub-carrier is to be multiplied; a weight multiplier

confi gur e?PEHNAA 1 i giny thite trERERLFRICT | GHEIA AR -t 184t éAFRANBI BBE sfand t he

sub- car rigfq N gle 1 8t 41 $hadadya LRgnueE Ghla £0D1HAkLEEVIiSh-multiplexed
in the direction of the spreading code axis, and the pilot signals
63d for updating weights and the data signals 61d are multiplexed
with pilot signals 62d for estimating propagation path variations
on a time-division multiplex basis in the direction of a time axis.
The pilot signals 624 for estimating propagation path variations and
the pilot signals 63 for updating weights are time-division
multiplexed using the same spreading codes. The transmission signal
6d is spread in the direction of a frequency axis to become a
multi-carrier CDMA signal.

Thus, propagation path variation estimating pilot symbol
inserting unit 441h and the weight updating pilot signal inserting
unit 4411 are separately provided in the transmitter 404. Therefore,
the transmitter 404 is capable of separately transmitting optimum

pilot symbols for estimating propagation path variations and optimum



a conmbining unit configured to conbine the reception signals multiplied by
t he antenna wei ghts and the sub-carrier weights at the weight nultiplier

. anong the antennas and over spreadi ng code duration of the spreadi ng codes.
2. The receiver according to Claim1, wherein the weight controller adjusts
t he antenna wei ghts and the sub-carrier weights such that the spreading
codes for the plurality of data channels are orthogonal to each other. 3.
The receipidptasymbdiagfvs CpPdRrhiNg whitgkin that wellght eontosolHewead) wst s

the ante L ght s, | t b- rier . wei S su t t.he spreadi ng
codes fo%?ﬁg%%gﬂrgllggglo%%égga(%}?r‘?r?glfi%}qgr %Wgr tio%%%%%] SOSIé)étlch&c‘rllnrf1 " and a
great si gmaltheo, nthsecqpowerittari 404 saaclgeseedtastippdsiadblsaisdiod heigreaei ver

accordin . ' i.n _the .wei t Lusts. -t he ant enna
ner ohts St re R oisheg HhEl et 0B I SB20 A 4 i B R S g
the 1l1@osubxamplé ersineeghts sidpdr aighyls to3e der gidahilng peight<dmwe ses

an antenna, wei ght_rul tiplier fLgur Lip a _reception. signal of
each of taﬂleon%‘?%ﬂ%%lsorbygf klsglogﬁtc:i glnﬂﬁ V\g?gtﬁ?‘ SW&% Jaé/dsuu e—%%ar"% %EPJV%JT e
mul ti pl i eheocdniieguiedst onamkltiplexadreidepthodasagighatn 6ddch THeddfdre,

sub-carriers by the sub-carrier i S,.and the canhining unit conprises
an antenr%aglf}gé/nfafltlcégﬁﬁ?’nciaﬁlgb%?%PP%%Y)%P% uurSéLélgt%O(%eo ]‘lvﬁglf)ﬂem?géleppltel’%ﬁlg
si gnal s okt £ipé i widl diy stigraaat E&hdoneugid sianoedghhe. armhenpaset a1y nbol

conbi ni ng an%ot co {i%.rned to cor foﬁe t.he rece .toinon}Psiﬁ}qnalhs m tiplied by
the sub- CAPHi%r SRETTRE S HREPIFE OB Y K™t uP AT 6B, % ver
accor di nghtoefbae m fimevhiireisiohheulei ghéxiogntuay |t wddistor tire giierna
b chot RASPaLaptfor & srar Bt o v ReBr PRk e Guaiie piF B8 P8R gnt
mul ti plienteultode i estarfeacepei an shenalilon edghabd the Sab-€atinaarisigof
each of E)Q‘%pg‘gggfgr?‘spa ¥1 \tfarl]r_eia(l:toiloln%c.t i'i(heis\,N?niaQQts;ita%gssible to improve the

accuracy of estimation of p;opagation path variations performed by

a receiver.

As seen in a transmitter 504 shown in Fig. 25, in order to
time-division-multiplex data signals with pilot signals for
estimating propagation path variations and pilot signals for updating
weights, the signal processing units 541, to 541n of the respective
data channels #1 to #n may be provided with a propagation path
variation estimating pilot symbol inserting unit 441h to insert pilot
symbols for estimating propagation path variation in the
serial/parallel converter 241d and a weight updating pilot symbol
inserting unit 5411 to insert pilot symbols for updating weights
in the serial/parallel converter 241d. Further, in order to
code-division-multiplex data signals with pilot signals for
estimating propagation path variations and pilot signals for updating
weights, there may be provided a propagation path variation
estimating pilot signal inserting unit 541h to be inserted between
pilot symbols for estimating propagation path wvariations in the
signal combining unit 442 and a weight updating pilot signal inserting
unit 441i to be inserted between pilot signals for updating weight
in the signal combining unit 442.

In such a transmitter 504, appropriate methods of multiplexing

can be selected and combined to multiplex data signals, pilot signals



t he conbining unit collectively conbines the reception signals nultiplied
by the collective wei ght anpng the antennas over the spreading code
-duration. 6. The receiver according to Caim1l1, further conprising a
j-udging unit configured to control an order of multiplying a reception
'signal on each of the sub-carriers tha®8has been nultiplied using the
spreadi ng codes by the sub-carrier weights, conbining the reception signal

on each e@brthgasting akfiigats, oamphmetSQi@@éimGoﬁogﬁtﬂﬁHﬁngBromawﬂJnY' ng a
reception signal of each of the antennas by the antenna wei ghts,

conbi ni n§3{FRe’F A snh sTB%&FaBFméEEﬁf§p4th%1§H¥bﬁﬁﬁ@bhﬁﬁﬁbgﬁh%r%hMéhnas

wher ei n hﬁeo@@kﬂ@ﬁ f&@ﬁgﬁhggybna@@ghgg conbi ning unit perform despreadi ng
and antenna diversity conbining under a control of the judging unit . 7.

The receil#&Fed¥eBlding to Claim6, further conprising a 111 neasuring

uni t configureghd® JmRASH end reeBdi b8 Ohobhessecepll Bhs IHERAl $nrEGRi ved by
the plurality of antennas, wherein the j dglng unit controls an order in

whi ch t hé . ddspt 2adnfAg e Hee sshraRARE 1PN 61 N8 Y TcHidiudiing nirle tpeymiasrlsed
based OnfEQeeQQMéEirQé‘ ﬁoﬁégﬁtﬁ.@ﬁeﬁéiﬂnvﬁﬂ{@.o%sn%%ﬁuEﬁgopys fEeagy i ng

unit. 8. The receiver according to Caim4, wherein the sub-tarrier weight
mul tipli épdﬁmlﬂ@ peiLgB t6 He opddept F He sl tgedl 4 WhoB&OH - 6f selhecarui-ecargiights t hat

has been.pykLbpldeds148i0 sThB@nSPxE ead, n@sca%sb@yué&f SHRnEaLL) € eéaff;fieqht S

after the antenna weight multiplier nultiplies the reception signal of each
of the aneéahhscoytidelehtt@nnddiei ¢ s W3d rHeb8At erfie dieghatesonbitmieng

uni t perE%”Ea?ﬁi@f‘nﬁeﬁéﬁ@rédr{ﬁfoq%@ @%Jggingy 68BEDY N & NEy rﬁfee%él%t

si gnal s anon e ant ennas conbi ni ng unit per
despreadpﬁgtﬁylé@ﬁﬁﬁQﬁrﬁpwﬂblmeEéstlbﬁ signals, which have been nultiplied

by the sub-cargi e i 9htS VS, tth@ Sy cading cadedurat L o aft §£9tn %O

antenna diversity conblnlng i's performed. 9. The recerver according
Cl ai m 8, anpleadient estimator 829a, a noise power estimator 829b, a number of

multiplexed codes estimator 829c¢c, a weight calculating unit 8294,
an error estimator 829e, a reference symbol storage unit 829, a weight
updating unit 829g, and a switching unit 829h.

The channel estimator 829a, noise power estimator 829b, and
number of multiplexed codes estimator 829c are substantially similar
to the channel estimator 826a, noise power estimator 826b, and number
of multiplexed codes estimator 826c of the sub-carrier weight
controllexr 826 shown in Fig. 13E except that they use pilot symbols
72a for estimating propagation path variations to estimate respective
values of interest. The weight calculating unit 8294 is substantially
similar to the weight calculating unit 8264 shown in Fig. 13 except
that it inputs sub-carrier weights determined by the same to the
switching unit 82%h.

The error estimator 829%9e is substantially similar to the error
estimator 827a of the sub-carrier weight controller 827 shown in Fig.
13F except that it uses pilot symbols 72b for updating weights to
estimate errors. The reference symbol storage unit 829f holds pilot
symbols for updating weights to be transmitted by the transmitter
304 or 404 as reference symbols. The weight updatingunit 829g inputs
sub-carrier weights determined by the same to the switching unit 829h.
The weight updating unit 829g does not determine sub-carrier weights

when it first receives a reception signal 7 because there is no pilot



the antenna weight nultiplier nultiplies the reception signal of each of
the antennas by the antenna wei ghts before the reception signals are
-demul ti pl exed into the reception signal on each of the sub-carriers; and
the antenna signal conbining unit conbigges the reception signals nultiplied
by the antenna wei ghts anong the antennas before the reception signals are
dermul tipl exed into the reception signal on each of the sub-carriers. 10.
The recei V@ dc 861 BF e IRF QUM ZSAnirab e tiRatipg eaﬁharmrghfm@uwcimt er
rrul tipliegpdde dyeerpt 'a%gswrwhe%lgacéh@tam@a@my%@m té %eaw&f@?@

wei ghts after deésp readln? he spreadi ng code nu l'1Ter Iplies
t he receptittifigghais 837agh ﬁ@%ﬁﬂéa@@h@%d’@é@ﬁrc@%@r@dﬁ: 8RAnskdwn
correspoqgiqgéﬁolgge reception signals) the sub-carrier weight nultiplier
mul tiplies the r 112 reception signal on each of the sub-carriers by the
sub-carrier weiT§ht sWitgnidna Hels\8A96! iepwid FERgCaRTier webohbs itnpaitr Beempt i on
signal's myd gBh'ﬁﬁQ M ddiesuR- &Fﬂ 's%%d"‘eﬁicﬂghﬁ Qé(ffl%ﬁ%eigﬁ%({ E) & +CPHGN
dur ation; e antenna signa Ining unit perforns antenna diversity
conbi ni ng;ftwwe@ght nindptting vetepridgntsitgeadeb nmAniisr eeidyt mhétapl serm
wei ght s n e _ant pr [ i e s Il
rece|ver%ggcgr%?néﬁg%ggfgﬁﬁﬁ%%?gm%2§%gﬁ%tHgﬁae? %@@hééﬁfﬂg d%ﬁ %?nes
the ant erfha lWei ght saibdsddaon the qoé-d@pttllm ngmm mwhltcplrms Iedno€ ot ned
by the syhal, £OMioal BEURI 1, MET. URE GiPGeadl poheodmduration. 12 The
recei ver ‘according to a|n13 i rﬁher conprising a propagation path state
esti mat or conf Wgpened receﬁmlqnamegaaprEpagdbm@ﬁ pachlEQQueﬁum¢ewhhehe is
transmtted \Y% r.ai n er
adj Ust's TRePieErs 8P Ee hdARaEh e hodtIzel! ok o el iho GTLEEE!
esti mat ed-hrabuétofiinhanptopifatnpat patuh- s#arieeleweﬁghte@ebyrmhee@mag@tl on
path stalg, el MBA1aldng T ¢ 858hVES AREU-RA-E R Mk HLUELDPLe
conpri sing an |nter erence state estimating unit configure {9 estima
i nt erferdrfce55Lat er kstAwenthehgoddeepivewedghhans] t Mhdesi 31521h@swengt1ial
controll ust ten t.S.8 rj er ' ed on
an esti mPARR U e i £ AR SR e ST e RO T e
state estwaimhitngpdaring WwhitTB8%geteither sabcoruiiiny woldhhimltipfldethes,
COMPr| Si NG, A4 1G08RYI BN GHE! LA SRASY ,BOGHAI fu GABRIAU 86,1 0 FRASURS
reception quallt ata sy recove romthe reception signals,
wher ei n tite p\@@lsghtlecmtmdlﬂl@rlyaup@sn@eméoansm Webyhtereamgprhpriate
sub- carrigf; (yej;ohts hased QHbaCQPéﬁﬂfﬁglﬁﬁkHe of the reception quality

neasuredjby the reception quality nmeasuring unit.
The switching unit 829h may be appropriately set to input

e an

sub-carrier weights obtained by the weight calculating unit 8294 or
the weight updating unit 829g to the sub-carrier weight multipliers
54, 552f, or 657 or the collective weight multiplier 352f. Accordingly,
the switching system is not restricted to one described above.
Such a sub-carrier weight controller 829 makes it possible to
obtain a channel estimate, a noise power estimate, and an estimate
of the number of multiplexed codes more adequately using pilot
symbols for estimating propagation path variations that are optimum
for estimating propagation path variations. The sub-carrier weight
controller 829 can estimate an error more adequately by using pilot
symbols for weight updating that are optimum for estimating an error
between a reception signal after despreading and a transmission
signal. The sub-carrier weight controller 829 may properly use
sub-carrier weights determined by the sub-carrier weight calculating

unit 8294 or the weight updating unit 829g depending on situations.



15. The receiver according to Caim1, further conprising an 113 addi ng
unit configured to add the reception signal on each of the sub-carriers and
-averaging themin a direction of a frequency or a direction of a tine axis.
16. Atransmitter, conprising: a dividefgconfigured to divide a data synbol
transmtted over a plurality of data channels into a plurality of data

“synbols; a synbol copier configured to copy the plurality of data synbols
di vi ded by the H%iS¥er SPRILEY Wyc%f&l%ﬁFESasﬁﬁnﬁéP' 2Gppeadidfycande
duration gkeSpieashing coRes1§0rILIRANGERgh Ghddtedat anahenged & -Quer1vhi ch
the data synbols are transmtted; a spreading code nultiplier configured to
mul tiply VRéIAatPAMEEs BehHiEd Byet Hee wﬁﬁ% SRR 738 fgr et igpitéadi ng
codes cor pespagsh Nch tPat ey ata iGhanigles Qgr ohi gl Fél%%ﬁ&ﬁifﬂ‘ﬁ@h%n@re
transmtted "to provide data signals; a spréading unit configured to spread
the data SPRREPSISHIBEAPES 8d8 UG LR igsr-ehth F§Ichbes aBDtYe 136riendragd code
mul tipliepsoyef o Rhdr 8hbhldarfie3URa €8k ¢ | &Int BAYLPG A figer eng, f r@uengises
for transmtting the data signals; and a guard interval inserting unit

conf i gur ef882 o°% N tregedys¥ d° i mMEr v A0Si- naR@dct dfshowa datBigs grfal 41lspitead
over the phira idy wBbnStis GAGhET Sobrd e SBEGAGE thel!2bbe PP Bhoyn
interference between the data signals. 17 . The transmtter according to
Claim 16 inf fipherlbcomsy i Sidigfeapiresn efnBoy PhAsdiei mphnsiarréenf wgagbt to
insert a pifetopydholginte Khg data synbols, an anplitude and phase of the
pi |l ot synbol being known to a receiver that receives the data signals. 18.
The transnitterThge cormdiung cRe1On afysuem andert@iansmhetens 0d04 and 504 thus

described can provide advantages substantially similar to those of
the communication system 1 and the transmitters 4, 204, and 304 shown
inFigs. 2, 3, 5, and 7. Further, since the propagation path variation
estimating pilot symbol inserting unit 411h and propagation.path
variation estimating pilot signal inserting unit 541h are provided
separately from the weight updating pilot signal inserting unit 441i
and weight wupdating pilot symbol inserting unit 541i, the
transmitters 404 and 505 can transmit the pilot symbols for estimating
propagation path wvariations and the pilot symbols for updating
weights separately. Further, the transmitters 404 and 504 can
generate a transmission signal 6d using a method of multiplexing
suitable for each type of pilot symbols. The receiver can obtain
a channel estimate, an estimate of noise power, and an estimate of
the number of multiplexed codes using the pilot symbols for
estimating propagation path variations more adequately and can more
estimate an error using the pilot symbols for updating weights more

adequately.

[Sixth Embodiment]

A description will now be made on a communication system
according to a sixth embodiment of the invention. The communication
system of the sixth embodiment has a receiver 705 as shown in Fig.
27.

(Recediver)

receiver 705 has a plurality of antennas 51, to 51n, a plurality



synbol inserting unit conprises: a propagation path variation estimating
pil ot synbol inserting unit configured to insert the pilot synbol for

. estimating a propagation path variation used by the receiver for estinmating
a propagation path variation of the data signals into the data synbols; and
a 114 a wei ght updating pilot synbol inserting unit configured to insert
the pilot synbol for updating a weight used by the receiver for estimting
an error et aeerataprosesHidls Wfittsr d@spiteadPRy. r ecdindgdnpyunhe réeei wer

and the data-sjgnalisptransm tied py;the transmjfier into the data synpols.
19. A communication system conprising: a transmtter configured to

transmt éegprdasiioigt-afted - @yvers tiylopmbdgnangl ur al ivyitof dat &5zdynbol s a
transmtt M A al ity F ; ' spr.eadin odes . for
cach of 11 Gt EEhbafLhita fte CURAERAREL iy RSP PIOLID RS T 108
di ff er entcémrequenches;a dath demedelaerr S@n@N srmr c@ingcaliohyentodet 8anas

configure Qr ive th i r itte t.he transmtter, a.
spr eadi ngrgrclz% ed%u%st |¥%T}ira%f %&’%’&%ﬁ?éd %(S)tmr?lt?l't ?IBF% Srlgcrzlgtth F](:)(r)lc‘asslsglr?eﬁ npERei ved
by the plu$al itby 76Rnahbeanassyshaly Sipriegdidegecodess5iar 4 hguadat dantceanael s

correspondi to the . receptiaon_signal.s, a Lght caontraoller configured to
adj ust an?%fn%al eight sgg?/' v%l%cﬁ i ee%ﬁléjr?af\i\?ré%gicvoengnﬁ)} oga%%asalﬁﬁléﬂ?ggn?g
mul tiplietsland sub-carrier weights by which a signal received over each

sub-carrier is ltiplied.  a-weigh tipld.er configured.to nulti t he
reception signal's %%/lpﬁ%]elqa’n fe\r%‘ﬁggﬁ/}é?%%? § tgng& hetsy e éar]:railgﬁl\ﬁé)lné’ﬁgggr
adj ust ed by, tdeeravdieghtiutatdvr d1.ererrandcarcanbion-egpcoiet S®Nfdaiar egmbol

conbi ne fthec rvecrepti on, i ghal s lti. I.ineddebe/ec;tthe ag%enna wei hi .and th

sub- car ri eT°Wei'ghy? gt ?hsgyv\é?ﬂ&ﬁ‘? PRl T armong” the aélﬁlt%'ﬁ%% lé’ﬁﬁrmir

spr eadi ngdelde mifutat t ©6 20fatdsuisprasdialg ycoieislar to those in the receiver
5 shown in Fig. 8. Therefore, they are indicated by like reference
numerals in Fig. 27 and will not be described here.

The reception signal condition measuring units 751 are
measuring portions for measuring the state of reception signal 7.
The reception signal condition measuring units 751 measures the power
and fading correlation of the reception signals 7 as the condition
of the receptiOn signal 7. The reception signal condition measuring
units 751 are provided in a quantity equal to the number of antennas
51; to 51n. In the receiver 705, the signal processing units 752;
to 752n associated with the antennas 51; to 51n have the reception
signal condition measuring units 751 configured to measure a
condition of the reception signals 7 received by the plurality
antennas 51; to 51ln. The reception signal condition measuring units
751 may measure either power or fading correlation of the reception
signals 7, and other parameters indicating the condition of the
reception signals 7 may be measured.

The reception signal condition measuring units 751 of the
signal processing units 752; to 752n measure the power and fading
correlation factors of the reception signals 7 received by the
antennas 51; to 51n, respectively. The reception signal condition
measuring units 751 input measured values of the power and correlation
factors of the reception signals 7 to the judging unit 752. The

reception signal condition measuring units 751 of the signal



20. A nmethod of conmunication, conprising . receiving signals obtained by
multiplying a plurality of data synbols transmtted over a plurality of
-dat a channel s using spreadi ng codes for each of the data channels and
transmtted over a plurality of sub- carrlers havi ng different frequencies
by a plurality of antennas of a receivet? multiplying reception signals
received by the plurality of antennas using spreading codes for the data

channel s p@bCeS@Dﬂi\@iWﬂgthihet(D gcent imfuts tpaatecaptt ibhes 1@0aisv erreasdjviest i ng
an ant enn b h aI ecei ved by each 115 antenna is to
b mil t1 pPF eI te LA, Thr £ sl AParIS Gy P ERt SO8 YA Bger Yol Tover
each sub-carri erhé s jh@gbeg nuhitphszdcoﬁuhbl@| ¥hngrihe Lecerflitap1ghidgaks by
t he ant enna wmﬁhts and_the s b arrier &H%hts adj usted by the adjusting
step; andTEGABFHPHGLIERBL PECEHTT Oh LgRAP CAALETS Tt Bes tirsndmt EniRd 1860 ght s

and the sybiggriHekpreb@hig aaeg thenans s rare P¥EeFhisPr eafhNgitPdRe
duration of the spreading codes. 21. The nethod of conmunication according

to d ai m 26CCRREPRISHIPRE CfréEéFOeprf LBP FUPs CRRELGRE OISR Wt GRESAGHEO G9de

sub-carri graei@ht smaueBiyhagy 4 hecspt eadlisagnadss cheh shanal Hhedhdas of data
channel s are orthogonal to each other in adjusting the antenna wei ghts and

t he sub- chPpi@temigHedahds. aftk CRBPRBHGHICoRRERPELRR G 9addoP i 8fc ai m

20, wher eifetdier dBGRY aﬁangehn&hﬁtéx&ea@nt PRE 3 R Gyt §n@9d75tzheo§yxbof@%ber
wei ghts such that the spread |ré% codes for the plurality of data channels
é

are orthog&far Otfod%%&?a@tlﬁ@ra NEGRAT EhERT Sl tgr edtbWHigital TReidiis@ligwer

ratio i s aphi-fMRA ndSuPos 5Bl & troad) i bAget be Al ﬁBBéeé"@'oﬁhﬁél@iQﬁ ing
sub-carrier weights. 23. The nethod of communication according t arm 20)

wher ei n t ReF@EFE W8 SAAREStS OPhRAGh SERNGATRIYhDY afitP 1978 T4 6B- @%Qh@ at

the sub-carrier weight multiplier and combining the reception signals
7 multiplied by the sub-carrier weights over the spreading code
duration of the spreading codes  at the symbol combining unit
(despreading) and the process of multiplying a reception signal 7
of each of the antennas 51; to 51ln by antenna weights at the antenna
weight multiplier and combining the reception signals 7 multiplied
by the antenna weights among the antennas 51; to 51n at the antenna
signal combining unit (antenna diversity combining).

The judging unit 752 controls the order of despreading and
antenna diversity combining based on the condition of the reception
signals 7 received by the antennas 51; to 51ln that are input from
the reception signal condition measuring units 751 of the signal
processing units 752; to 752n.

The judging unit 752 controls the order based on the measured
values of the fading correlation factors of the reception signals
7 at the antennas 51, to 51n. Specifically, when the reception signals
7 at the antennas 51; to 5ln have great fading correlation factors,
the judging unit 752 judges that despreading is to follow antenna
diversity combining. When the reception signals 7 at the antennas
51; to 51n have small fading correlation factors, the judging unit
752 judges that antenna diversity combining is to follow despreading.

Thus, when there is high fading correlation that reduces the
gain of antenna diversity combining, the accuracy of channel

estimation can be improved by performing despreading after antenna



wei ghts to determ ne the antenna wei ghts and the sub-carrier weights
separately; nultiplies a reception signal of each of the antennas by the

-antenna wei ghts, and conbi nes the reception signals anong the antennas; and

multiplies a reception signal on each of3the sub-carriers by the

.Sub-carrier weights, and conbi nes the reception signals over the spreading

code duration. 24. The nethod of communi cation according to C ai m 20,
wher ei n t REVFETETX EPMRAPERTs (TRETRAPERNS ReFYRT S2BhtRE Weighb-eantitiodder

wei ght s t gafl @i HHRE cRaffbl eSdt R tWBhORL tiPYh 1WA BBctPRc¥ @GERT | Prsdgnaks are
to be collectively nultiplied; 116 nultiplies a reception signal on each
of the suP-T&ctéps B thadiisr of Re@tenpafiyensy tv hevhdeh eakes ét\msisghibde and
col | ecti velyaLQiies dhemiRCERE L Qv Siegnaks gAEL | Riued PYot leghive
wei ght anong the ghteﬁﬁgsﬁover t he spreading code durétio%.gggﬁg¥ﬁé9§%thod
of conmunfeat +BPr At ot fgied Glgrml20rangetss v iwharacteyestont r ¥hsnan

order of EHLEL PLY! 06, Arh@ERP! SO SNBh , OBneBhRa Ohs TR, SUP SR nERS DAt
has been nultiplied using the spreading code by the sd%-carrler wel ght (
combi ni ngPeRECTREE pREBAT sidPFRIr c8A1RG c h WBLChhea Shfysc ak ¢ emgtoyR2 Medght

spr eadi ng 6, diati Prye 1BYtinR! WnREnAal GELRAEON: ST SO RF236R @F Eps
antennas by the antenna wei ght, and conbining the reception signal of each

of the aniehhnamefdginirrisncenndtvesa Pe fotachvenslenil hje sinpeatienna
divers ity;ynder 7a G §OLprfiinfne Mt hogk %fi&éﬁ‘i@@b?q_lﬂeoé‘r@r%%rn@ﬂgyt 0

Cl ai m 25, erein the receiver neéasures a condition of the reception
si gnal s retdhectpinpding grdasal | THuDHf thAtmessaseradvd evnimpreveahhersdgnaln

whi ch the, §§§Hf§?ﬁ6ﬂ3éH%}aEQ@r%QE?@Q? diversity conbining are perforned
based on the condition of the reception signals.

The judging unit 752 may control the order based on the measured
values of the power of the reception signals 7 at the antennas 51;
to 51ln. Specifically, when the power of the reception signal_s 7 at
the antennas 51; to 51n is small, the judging unit 752 judges that
despreading is to follow antenna diversity combining. When the
reception signals 7 at the antennas 51, to 51n have high power, the
judging unit 752 judges that antenna diversity combining is to follow
despreading.

Thus, when the reception signals 7 have low power that reduces
the accuracy of channel estimation, the accuracy of channel
estimation can be improved by performing despreading after antenna
diversity combining. This allows the sub-carrier weight controller
to perform channel estimation with high accuracy to determine optimum
sub-carrier weights. Thus, the receiver 705 can improve the final
signal transmission characteristics. When the power of the reception
signals 7 is high, the accuracy of channel estimation is already high.
Therefore, antenna diversity combining is performed after
despreading to allow the antenna weight controller to determine
antenna weights in consideration to the influence of interference
between the data channels on the reception signals 7 after despreading,
i.e., the influence on the orthogonality of the spreading codes. Thus,
the receiver 705 can improve the signal transmission characteristics.

The judging unit 752 may control the order of despreading and

antenna diversity combining based on both of the fading correlation



27. The nethod of conmuni cation according to Caim23, wherein the receiver
multiplies the reception signal on each of the sub-carriers that has been

-multiplied using the spreading code by the sub-carrier weights; and

perfornms despreadi ng by conbi ning recep7t4i on signals, which have been
mul tiplied by the sub-carrier weights over the spreadi ng code duration,

“after nmultiplies the reception signal on each of the sub-carriers by the

ant enna wetginss afd ther foraBtbon avlivaadpsveraid ytheombiwaingt byhe amdgiepicignt he

reception 'rggpjggs I.C . I pli ten i ght s, anong
t he antensr’lgés. g .%e&ﬁ%%\hi%dbﬁféggan%%gggg ?oﬁélza%tggfglgnagtﬁge%‘e%ﬁnvﬁllu?
wher ei n tHer rdeeifadinguterydliadd onhfac ermptandnasilgreshodfd eathe ofort pewer

ant ennas a Lght s .he . ept.i signal s. are .

denul ti pl %{ae%%% ‘ﬁ%g%%t SiAﬁ]e r%égp({e?%%mglggﬁ F&oegggggﬁ O&‘? tﬁﬁedessggﬁgg?’rrl?er s;
and conbiamed theenezegtivensstgnabsbinidrtg.pl i Edrdyy, ttiee aptémnhay wehght 35anmong
t he ant enpas brefsorme tsr&e rece téspr})fsitgga%asdﬁ{e denulti 9' ex§d t| nt o 2
recept i on“&1HHAl" SSEERTtHE STotEar TP DG THRETRB Hog- e of the
communi catéeospaicoos tigngls 0 @ imed3hy wheraitenhhe Flaces Ben tmatt apd ieput he

recepti onflsirgn%e of each. of t.he anten g@ig}/ t he antenna.

i.ghts; nﬁ

perforns antenna FETRY Oyrl oo ni ng by conbrP%a?sﬁld:JTnﬁ’euPé“\ggB?'?oﬁigﬁg Bfs
mul ti pli ethiyslidiel aaflernfondisgiing eomrgl dthenafibetoas, #wheertipehdeasnoBed
despreadi ng, b mr_{Ut' | yi t he reception_signals _using the spreadi ng, codes
for the d‘é% u‘%lsha? né::n% %85?%%%%%6 6Q38ntﬁaécgoercseﬁtfi ghesf%%%?gl,onnﬁllﬁpgﬁi ng
t he recept imredivgdaby dthecanhenfag 15¢, sub5taradeegsebyet hanubhe amhirieghold
wei ghts, an c%nbi [ t he recept.ion_signals ltiplied by, t sub-carrier
Wel ght s OURTUS He s BRERBYneP ode daP af oot S50 e Thatotneh S st CommIAPESt i on
accor di ngthat Gesdppe2@ ingier ebnfd hbow eagienan déversi e scdnlte ndmgenna wei ght s
based on the reception si nai?) whj ch has _been .conbi ned .over the spreading
code durati on. n tgﬁem‘?w%t% ¢ %‘?i%%s Yant A Fgﬁngcccod‘:rr(ﬁ]ﬁélPB ca'c%sz'? ,
wher ei n t tige mreceiptebndei gialisndsradecivedr by chenantanmasa 534 atce 50h tH are
reception, si n%{so hti glei gd b tshenaQt enna. Weoinght S Qor.to 1i;td' ushsahe state
of the rebBRTT o 8l SRS SOREPETSH g By PHRTHHCIN S ARET SRE SRR 15 1b3ERd o
t he ant ensquakeitghts diyaMitdrchhahethectepéslorld vghaé SE@ar €afihy i qurnredataod
adj usts the sub-carrier weights. b d.opn a result af .determ nad;?io . 32. The
et hod of LSGHIEN dhE dnodeed iy 0g APRPRTEY oo BaRS: AT e, Bpsdd
det er m nesntite aowemrnatwehe Meselpyiosi siggrelsequalwigal theondasinegl ratthesl and
det er m nes t?‘e ub-carrier ights by using a mnioumnmean.square error
Conbi ni ngo PRGN GO IR TR of e FeRBULOR S LOpRLS teot gt
conmuni cato @r aceblal nhahocd ahredhldwelws nthe judging unit 752 compares

measured values of the power of the reception signals 7 received by

all of the antennas 51; to 51n that are input from the reception signal

condition measuring units 751 with the threshold value for power.

When the measured values of the power of the reception signals 7

received by all of the antennas 51; to 51ln are smaller than the

threshold for power, the judging unit 752 judges that despreading

is to follow antenna diversity combining. When any of the measured

values of the power of the reception signals 7 received by all of

the antennas 51; to 51n that are input from the reception signal

conditionmeasuringunits 751 is equal to or greater than the threshold

value for power, the judging unit 752 judges that antenna diversity

combining is to follow despreading. The judging unit 752 inputs the

determined order of despreading and antenna diversity combining to

the configuration switching unit 733.

The configuration switching unit 753 switches input of the



118 the receiver determ nes whether to maintain a state of the reception

signals multiplied by the sub-carrier weights or to adjust the state of the

. Teception signals nultiplied by the sub-carrier weights again, based on the
sub-carrier weight by which the receptign signals are multiplied, and

adj usts the antenna wei ghts based on a’Pesult of determination. 34. The

" ‘met hod of communication according to Caim29, wherein the receiver

det er m neseddye: ismbs DaTaliseT . Wehghtegeby i o8 signal $i7eaanviedasy SiikliaheeRidOr

conbi nin hod.and det ermi nes, fhe ant enna, weights . using.an_equal gain
conbininSSEEEHOg;HS%Fe1%ﬂ? FﬁoﬁgﬁfC?R#ﬁﬁﬂﬂaééPPgﬁwéE%3%Qﬂlﬁ? to7éﬁg ﬂ?@g,
wher ei n tﬂf‘rga r:_ﬁitﬁaip?t&l’oﬁesti.bﬁal e@or&iiﬂfi@pagg?hﬂﬁ:}jrp@tdhisﬂﬁﬁsli Rfwiihe hs@gnal )
transmtted signals have e agat e adj usts the antenna wei ghts
o e S g un Y e B L aR e MRS el S i on Sp S rl B ediat  on
pat h st at®ivasidist €6mb BbinglAet sRided By tGRMLdG Ored uamt aEeol gid1gd enfdt@i m
35, wherein the receiver conpares a threshold value of the pro %gation pat h
state to B UNbCIT WHALIER| SHLFORLh SithtudOent COPSR NP abhe nia k] Tht s
and the sadsmREdielh Wed diitennat iddwsiast tombesimalinguef ride theogagaiidn
path state, and_adjusts the antenna weights and the sub-carrier wel ght
based on Witedgpkr e @8%%{9?5@'}1}:0“ switclling unit 753 inputs the reception

signals 7 at the antennas 51; to 51n to either of the
despreading-after-diversity-combining unit 754 and the
diversity-combining-after despreading unit 755.

In the case of the order in which antenna diversity combining
is to follow despreading, the configuration switching unit 753 inputs
the reception signals 7 at the antennas 51; to 5in to the
diversity-combining-after despreading unit 755, as indicated by the
solid line in Fig. 27. In the case of the order in which despreading
is to follow antenna diversity combining, the configuration switching
unit 753 inputs the reception signals 7 at the antennas 51; to 51n
to the despreading-after-diversity-combining unit 754, as indicated
by the dotted line in Fig. 27.

The despreading-after-diversity-combining unit 754 comprises
a configuration for performing despreading after antenna diversity
combining. The despreading-after-diversity- combining unit 754
comprises a time/frequency converter, a spreading code generating
unit, a plurality of spreading code multipliers, a weight controller,
a plurality of antenna weight multipliers, an antenna signal
combining unit, a plurality of sub-carrier weight multipliers, and
a plurality of symbol combining units. The weight controller
comprises an antenna weight controller and a sub-carrier weight
controller. In the despreading-after-diversity-combiningunit 754,
those features are arranged to allow despreading to be performed after
antenna diversity combining. Specifically, the time/frequency
converter, the spreading code generating unit, the plurality of
spreading code multipliers, the weight controller, the plurality of
antenna weight multipliers, the antenna signal combining unit, the

plurality of sub-carrier weight multipliers, and the plurality of



37. The met hod of communi cation according to Caim 20, wherein the receiver
estimates an interference state of the reception signals and adjusts the

- antenna wei ghts and the sub-carrier weights based on an estinated val ue of
the interference state. 38. The nethod of conmmunication according to Claim
37) wherein the receiver conpares a thréshol d val ue for difference of the

“interference state between the antennas to be used as a criterion for an

adj ust meniy ol e @ahennautetaidy Al drhansbl 68111 &N PRI By oo

difference of the estimted value of the interference “stat
ant ennas, TeFRLEdjsusSt-s 20he ant ehva siwghtinaRdgehe8. 11O angb2darri er wei ght

based on a resyHn0kngOrRAL SQUL s3gnalbie; R had ofr SO, CaLL aly accor di ng
to C aim 20, vvhergi n the re%:ei ver's rgnggsures a reception qgjallli éy o] d%?%l

synbol s rEtwterfaent then cort yau@dtioonseipeining vaid 8P ustden Hdeanbehnal
i ght ) - i i . f.th
ot T or AR U R e S esedaohy A s L iR

reception quality. e neth ation accordin
wher ei n tielt et®l verocasgrar ethea Tdnaadtiond siginaésof’ .a \Bpeicafioaldy, t hige

ti | it . as. i i f j t..of th

ant onna v St TR HREEER BT Chhe b BRa B e B s B B e
val ue of ¢dmbimeéagptindh Fodhlimiltipdydthe] Tstepttive angeaha’ vl ghichand the
“a . et R BT 41 Wl GATBRE: DA, eng, angerna shnaly an, e
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, 4, , (re ition signa on each sub-carrier multiplied by a spreading code
*< mhc/Y . ;
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plurality of antenna weight multipliers, an antenna signal combining
unit, a plurality of sub-carrier weight multipliers, and a plurality
of symbol combining units. The weight controller has an antenna
weight controller and a sub-carrier weight controller. In the
diversity-combining-after despreading unit 755, these features are
arranged to allow antenna diversity combining to be performed after
despreading. Specifically, the time/frequency converter, the
spreading code generating unit, the plurality of spreading code
multipliers, the weight controller, the plurality of antenna weight

multipliers, the antenna signal combining unit, the plurality of
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dispreading. Next, the antenna weight multipliers multiply the
reception signal of each of the antennas 51; to 51n by antenna weights,
and the antenna signal combining unit combines the reception signals
7 multiplied by the antenna weights among the antennas 51; to 51n
to perform antenna diversity combining. The
diversity-combining-after despreading unit 755 inputs the combined
reception signal 7 to the serial/parallel converter 56. Thereafter,
processes similar to those in the receiver 5 shown in Fig. 8 are
performed to output data symbols.

While the judging unit 752 controls the order of despreading
and antenna diversity combining, this is not limiting the invention.
The judging unit 752 may control the order of the processes involved
in despreading, i.e., the process of multiplying a reception signal
on each sub-carrier multiplied by a spreading code by a sub-carrier
weight and combining over the spreading code duration (combining in
despreading) and processes involved in antenna diversity combining,
i.e., the process of multiplying a reception signal at each antenna
by an antenna weight and combining among the antennas (combining in
antenna diversity combining)/

{Method of Communication)

A description will now be made on reception of a reception signal
using the receiver 705 shown in Fig. 27. As shown in Fig. 28, the
receiver 705 measures the power and fading correlation factor of each

of reception signals 7 received by the antennas 51; to 51n (S601).
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correlation factors that is to be used as a criterion in determining
the order of despreading and antenna diversity combining (S602).
When the measured values of the fading correlation factors of the
reception signals 7 are greater than the threshold value for the fading
correlation factors at step S602, the receiver 705 judges that
despreading is to follow antenna diversity combining. Then, the
receiver 705 performs despreading after antenna diversity combining
(S604).

When the measured values of the fading correlation factors of
the reception signals 7 are equal to or smaller than the threshold
value for the fading correlation factors at step S602, the receiver
705 compares measured values of the power of the reception signals
7 received by the antennas 51; to 51n with the threshold value for
power (s603). When the measured values of the power of the reception
signals 7 received by all of the antennas 51; to 51ln are smaller than
the threshold value for power at step S603, the receiver 705 judges
that despreading is to follow antenna diversity combining. Then,
the receiver 705 performs despreading after antenna diversity
combining (S604). When any of the measured values of the power of
the reception signals 7 received by all of the antennas 51; to 51n
is equal to or greater than the threshold value for power at step
S603, the receiver 705 judges that antenna diversity combining is
to follow despreading. Then, the receiver 705 performs antenna
diversity combining after despreading (S605).

In the communication system, the receiver 705, and the method
of communication as thus described, the judging unit 752 controls
the order of despreading and antenna diversity combining based on
the condition of the reception signals 7 measured by the reception
signal condition measuring units 751. Under the control of the
judging unit 752, the configuration switching unit 753 inputs the
reception signals 7 from the antennas 51; to 51n to the
despreading-after-diversity-combining unit 754 and the
diversity-combining-after-despreading unit 755. The

despreading-after-diversity-combining unit 754 and the
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Thus, the receiver 705 can perform despreading and antenna
diversity combining in an adequate order depending on the condition
of the reception signals 7 from the antennas 51; to 51ln. Therefore,
the receiver 705 can further improve signal transmission

characteristics.

[Seventh Embodiment]

A description will now be made on a communication system and
a method of communication according to a seventh embodiment of the
invention. The communication system of the seventh embodiment has
a receiver 805 as shown in Fig. 29.
(Receiver)

As shown in Fig. 29, the receiver 805 has a plurality of antennas
51, to 51n, a plurality of signal processing units 852; to 852n, a
weight controller 808, a plurality of antenna weight multipliers 553,
an antenna signal symbol combining unit 554, a serial/parallel
converter 56, a data demodulator 57, an error-correction-decoder 58,
and a data symbol recovering unit 59. The signal processing units
852; to 852n have a symbol timing detector 52a, a guard interval
deleting unit 52b, a propagation path state estimator 851, a
time/frequency converter 52c¢, a spreading code generating unit 524,
a plurality of spreading code multipliers 52e, a plurality of
sub-carrier weight multipliers 552f, a plurality of symbol combining
units 552g, and a signal to interference power ratio estimator 852.

The plurality of antennas 51; to 51n, the plurality of antenna
weight multipliers 553, the antenna signal combining unit 554, the
serial/parallel converter 56, the data demodulator 57, the
error-correction-decoder 58, the data symbol recovering unit 59, the
symbol timing detector 52a, the guard interval deleting unit 52b,
the time/frequency converter 52c¢, the spreading code generating unit
52d, the plurality of spreading code multipliers 52e, the plurality
of sub-carrier weight multipliers 552f, and the symbol combining

units 552g are substantially similar to those in the receiver 505
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After a transmission signal 6 is received by the plurality of
antennas 51, to 51ln, processes similar to those in the receiver 505
shown in Fig. 19 are performed up to the removal of guard interval
from reception signals 7 performed by the guard interval deleting
units 52b.

The propagation path state estimators 851 estimates a
propagation path state in which signals transmitted by a transmitter
has been propagated or the propagation path state between the
transmitter and the receiver 805. The propagation path state
estimators 851 estimate delay spread, the number of paths, and the
maximum Doppler freguency as a propagation path state. The
propagation path state estimators 851 are provided in a quantity equal
to the number of the antennas 51; to 51n. In the receiver 805, the
signal processing units 852; to 852n associated with the antennas
511 to 51n have propagation path state estimators 851 for estimating
the state of paths in which reception signals 7 received by the
antennas 51; to 51n have been propagated. The propagation path state
estimators 851 estimate the propagation path state in which the
reception signals 7 received by the antennas 51; to 51n have been
propagated based on the reception signals 7 received by the antennas
51; to 51ln. The propagation path state estimators 851 input an
estimated value of the propagation path state to the weight controller
808. The propagation path state estimators 851 input reception
signals 7 to the time/frequency converters 52c.

After the time/frequency converters 52 demultiplex the
reception signals 7 into the reception signal 7 on each sub-carrier,
processes similar to those in the receiver 505 shown in Fig. 19 are
performed up to the combining of the reception signal on each
sub-carrier over the spreading code duration.

The signal to interference power ratio estimators 852 are
interference state estimators for estimating the interference state
between the reception signals 7. The signal to interference power
ratio estimators 852 estimate the SIR of the reception signals 7 as

the interference state of reception signal 7. The signal to
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by the symbol combining units 552g. The signal to interference power
ratio estimator 852 are provided in a quantity equal to a number
of the plurality of antennas 51; to 51n. In the receiver 805, the
signal processing units 8521 to 852n associated with the antennas
511 to 51n have signal to interference power ratio estimators 852
for estimating the SIR of the reception signals 7 received by the
antennas 51; to 51n. The signal to interference power ratio
estimators 852 estimate the SIR of the reception signals 7 received
by the antennas 51; to 51n based on the reception signals 7 received
by the antennas 51; to 51ln. The signal to interference power ratio
estimators 852 input an estimated value of the SIR of the reception
signals 7 to the weight controller 808. The signal to interference
power ratio estimators 852 also input the reception signals 7 to the
antenna weight multipliers 553.

The weight controller 808 comprises an antenna weight
controller 881 and a sub-carrier weight controller 882. The weight
controller 808 adjusts antenna weights and sub-carrier weights such
that spreading codes for the plurality of data channels #1 to #n are
orthogonal to each other. The weight controller 808 preferably
adjusts the antenna weights and sub-carrier weights such that
spreading codes for the plurality of data channels #1 to #n are
orthogonal to each other and such that the SNR is increased. The
weight controller 808 adjusts the antenna weights and sub-carrier
weights to determine the antenna weights and sub-carrier weights
separately.

The welght controller 808 adjusts the antenna weights and
sub-carrier weights based on an estimated value of the propagation
path state obtained by the propagation path state estimators 851.
The weight controller 808 adjusts the antenna weights and sub~carrier
welghts based on the estimated value of SIR that is an estimated value
of the interference state obtained by the signal to interference power
ratio estimators 852.

First, the sub-carrier weight controller 882 determines

sub-carrier weights using ORC, MRC, EGC, or MMSEC. The sub-carrier
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control portions 821 to 828 shown in Fig. 12D and Figs. 13A to 13G
may be used as the sub~carrier weight controller 882. The sub-carrier
welght controller 882 preferably determines sub-carrier weights
using MMSEC and, in particular, it is preferable to use the sub-carrier
weight controller 826 shown in Fig. 13E.

Next, the antenna weight controller 881 determines antenna
weights based on the estimated value of the propagation path state.
Specifically, the antenna weight controller 881 first controls a
threshold value of the propagation path state to be used as a criterion
for an adjustment of antenna weights and the sub-carrier weights.
As a threshold value of the propagation path state to be used as a
criterion for the adjustment of antenna weights and sub-carrier
weights, the antenna weight controller 881 controls a threshold value
be using as a criterion for determining antenna weights such that
an antenna weight by which a reception signal 7 is multiplied becomes
appropriate for a sub-carrier weight by which the reception signal
7 is previously multiplied.

The threshold value of the propagation path state is preferably
controlled such that an antenna weight will be determined using EGC
or MRC in the case of a poor propagation path state and such that
an antenna weight will be proportionate to an estimated value of SIR
in the case of a good propagation path state. For example, when a
delay spread is estimated as the propagation path state, control is
performed such that an antenna weight is determined using EGC or MRC
in the case of an estimated delay spread greater than the threshold
value and such that an antenna weight proportionate to an estimated
value of SIR is provided in the case of an estimated delay spread
equal to or smaller than the threshold value.

The antenna weight controller 881 preferably controls the
threshold value for the propagation path state based on at least any
of the type of modulation of the reception signals 7, the spreading
code duration of the same, the number of multiplexed codes, and an
other cell interference. The antenna weight controller 881 acquires
the type of modulation, the spreading code duration, the number of
multiplexed codes or the other cell interference from reception

signals 7. The other cell interference 1is the quantity of
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In the case of a propagation path state parameter that indicates
a better propagation path state as its value decreases, e.g., a delay
spread, the antenna weight controller 881 decreases the threshold
value for the propagation path state, the smaller the number of
multi-values of the modulation method, the spreading code duration,
the number of multiplexed codes, and the other cell interference.
The threshold value for the propagation path state is increased, the
greater the number of multi-values of the modulation method, the
spreading code duration, the number of multiplexed codes, and the
other cell interference.

Therefore, in the case of mocdulation methods involving a small
number of multi-values such as QPSK and BPSK, the threshold value
for the propagation path state decreases. 1In the case of modulation
methods involving a large number of multi-values such as 16QAM and
640AM, the threshold value for the propagation path state increases.
On the contrary, in the case of a propagation path state parameter
that indicates a better propagation path state as its value increases,
the threshold value for the propagation path state is increased, the
smaller the number of multi-values of the modulation method, the
spreading code duration, the number of multiplexed codes, and the
other cell interference. The threshold value for the propagation
path state is decreased, the greater the number of multi-values of
the modulation method, the spreading code duration, the number of
multiplexed codes, and the other cell interference.

Since the antenna weight controller 881 thus controls the
threshold wvalue for the propagation path state to be used as a
criterion for the adjustment of the antenna weights and sub-carrier
welilghts based on the modulation method, the spreading code duration,
the number of multiplexed codes, and the other cell interference,
the antenna weights and sub-carrier weights can be adjusted in
consideration to the modulation method, the spreading code duration,
the number of multiplexed codes, and the other cell interference.

Next, the antenna weight controller 881 compares the controlled

threshold value for the propagation path state with an estimated value
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from the propagation path state estimators 851. The antenna weight
controller 881 determines antenna weights based on the result of the
comparison.

For example, when the propagation path state is undesirable,
e.g., when an estimated value of delay spread is greater than the
threshold value, the antenna weight controller 881 determines antenna
weights using EGC or MRC. For example, the antenna weight controllers
812 and 813 shown in Figs. 10B and 10C may be used as the antenna
weight controller 881.

When the propagation path state is good, e.g., an estimated
value of delay spread is equal to or smaller than the threshold value,
the antenna weight controller 881 determines an antenna weight for
each of the antennas 51; to 51n proportionate to an estimated value
of the SIR of each of the antennas_Sll to 51n. The antenna weight
controller 881 uses an estimated value of the SIR of each of the
antennas 51, to 51n input from the signal to interference power ratio
estimator 852 to determine an antenna weight that is proportionate
to the estimated value of SIR.

As thus described, the weight controller 808 adjusts an
antenna weight by which the antenna weight multiplier 881 multiplies
a reception signal 7 which has beenmultiplied by a sub-carrier weight
previously determined by the sub-carrier weight controller 882 based
on an estimated values of the propagation path state and an estimated
value of the interference state such as SIR. Thus, the weight
controller 808 can adjust antenna weights and sub-carrier weights
based on estimated values of the propagation path state and an
estimated value of the interference state such as SIR.

Thereafter, the antenna weight multipliers 553 multiply the
reception signal 7 of each of the antennas 51; to 51n, which has been
combined over the spreading code duration by an antenna weight. The
antenna signal combining unit 554 combines the reception signals 7
multiplied by the antenna weights among the antennas 51; to 51ln. The
reception signal 7 combined by the antenna signal combining unit 554
is input to the serial/parallel converter 56. Thereafter, processes

similar to those in the receiver 505 shown in Fig. 19 are performed
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& ()- unit for estimating CIR of reception signals or interference power
of reception signals 7 as the interference state between reception
signals 7 instead of the signal to interference power ratio estimators
852. 1In this case, when the propagation path state is good, e.g.,
when an estimated value of delay spread is equal to or smaller than
a threshold value, the antenna weight controller 881 determines an
antenna weight proportionate toan estimated value of CIR or an antenna
welght proportionate to the inverse number of interference power.
In the receiver 805, since antenna diversity combining is performed
after despreading, sub-carrier weights are determined first. When
the receiver performs despreading after antenna diversity combining,
the antenna weight controller determines antenna weights first. Then,
the antenna signal combining unit combines the reception signals 7
multiplied by the antenna weights among the antennas. The signal
to interference power ratio estimators 852 estimate the SIR of the
reception signals 7 combined among the antennas. Then, the
sub-carrier weight controller adjusts the sub-carrier weights by
which the reception signals 7 multiplied by antenna weight are to
be multiplied based on an estimated value of the propagation path
state and an estimated value of SIR.

The signal to interference power ratio estimators 852 may
estimate the SIR of reception signals 7 on each sub-carrier before
being combined over the spreading code duration by the symbol
combining units 552g instead of the SIR of the reception signals 7
which have been combined over the spreading code duration by the symbol
combining units 552g. Alternatively, the signal to interference
power ratio estimators 852 may estimate the SIR of the reception
signals 7 combined over the spreading code duration by the symbol
combining units 552 and the SIR of the reception signal 7 on each
sub-carrier before being combined. The weight controller 808 may
compare the estimated SIR values before and after combining to control
the antenna weights and sub-carrier weights using the SIR of higher
accuracy.

In the receiver 805, the antenna weight controller 881 acquires
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duration, the number of multiplexed codes, the other cell
interference, an estimated value of propagation path state, and
estimated values of the interference state such as SIR as antenna
welight data. When the antenna weight controller 881 determines
antenna weights using EGC or MMSEC, it acquires antenna weight data
from the reception signal 7 from each of the antennas which has been
combined over the spreading code duration by the symbol combining
units 552g, similar to the receiver 505 shown in Fig.19. The
sub-carrier weight controller 882 can acquire sub-carrier weight data
in the same way as done in the receiver 505 shown in Fig. 19.
(Method of Communication)

A descriptionwill now be made on reception of a reception signal
using the receiver 805 shown in Fig. 29. As shown in Fig. 30, the
antennas 51; to 51n of the receiver 805 receive a transmission signal
6 that is a multi-carrier CDMA signal (S8701). Next, based on
reception signals 7 received by the antennas 51; to 51n, the receiver
805 estimates delay spread as the propagation path state in which
the reception signals 7 received by the antennas 51; to 51n have been
propagated (S702). Next, the receiver 805 obtains estimated value
of noise power, an estimated value of the number of multiplexed codes,
and a channel estimate on a sub-carrier-by-sub-carrier basis for each
of the reception signals 7 received by the antennas 51; to 51n. Then,
the receiver 805 determines sub-carrier weights using MMSEC (S703).

The receiver 805 multiplies the reception signal 7 on each
sub-carrier received by the antennas 51; to 51n by a sub-carrier weight
thus determined. The receiver 805 combines the reception signals
over the spreading code duration (S704). The receiver 805 estimates
the SIR of the reception signal 7 combined over the spreading code
duration (S705). The receiver 805 determines an antenna weight for
each of the antennas 51; to 51ln using the estimated delay spread and
SIR (S706). Specifically, the receiver 805 compares a threshold
value for delay spread and the estimated value of delay spread. When
the estimated value of delay spread is greater than the threshold
value for delay spread, the receiver 805 determines the antenna weight

using EGC or MRC. When the estimated value of delay spread is equal



10zz! *F"10%z& ()-4! LF"10%z& () -4, -- 0722222} ASH=! 10g 10g

10g9G' 10%g& () - g! C@3" 10%ggé& ()-! 933" 10%gg& () - 10%g&' () -

"10%g& ()--22[48::;y;z;}[9+=
1055!VFZ"10%55&'()-4!CFZ"10%TT&'()-4!H%§'10%TT&'()-4!>FZ"10%TT&'()-4FZ"10%T
& ()-4f109%& ()-z;{;|;; =9@Ca?=

1055! VI [ L" 109%&' ()-4! LL" 10%& ()-4! LL" 10%& ()-4L" 109 ()- 4, 109&' ()- 1055

1055 CQDROSDPOVBH ar\/ 7085 r3te] Ousegs HOLaW FL U $0 & de)layFap ddiw. &L K e re@nves’ () -

10 10 1013l 0% ) bV AP0 Bo A P10 A iy s O
the SIR of the reception signals 7 at the antennas 51; to 51n. Finally,
the receiver 805 multiplies the reception signal 7 at each of the
antennas 51; to 51n that have been combined over the spreading code
duration by an antenna weight thus determined to perform combining
among the antennas 51; to 51n (S707).

The communication system, the receiver 805, and the method of
communication as thus described can provide advantages substantially
similar to those of the communication system 1, receiver 5, and the
method of communication shown in Figs. 2, 8, and 15. Further, the
propagation path state estimators 851 estimate the propagation path
state. The signal power to interference power ratio estimating
portion 852 estimates the interference state such as the SIR of the
reception signals 7. The weight controller 808 adjusts the antenna
weights and sub-carrier weights based on estimated values of the
propagation path state and estimated values of the interference state.
Thus, the receiver 805 can adequately determine the antenna weights
and sub-carrier weights based on the propagation path state and the
interference state between the reception signals 7. This allows the
receiver 805 to improve the signal transmission characteristics
further. The receiver 805 can be provided with a relatively simple

configuration and can be easily controlled with a small control delay.

(Eighth Embodiment]

A description will now be made on a communication system and
a method of communication according to an eighth embodiment of the
invention. The communication system of the eighth embodiment has
a receiver 905 as shown in Fig. 31.
(Receiver)

As shown in Fig. 31, the receiver 905 has a plurality of antennas
51; to 51n, a plurality of signal processing units 952; to 952n, a
weight controller 908, a plurality of antenna weight multipliers 553,
an antenna signal combining unit 554, a serial/paralliel converter
56, a data demodulator 57, an error-correction-decoder 58, and a data

symbol recovering unit 59. The signal processing units 952; to 952n
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have a symbol timing detector 52a, a guard interval deleting unit

52b, a time/frequency converter 52c, a spreading code generating unit
52d, a plurality of spreading code multipliers 52e, a plurality of
sub-carrier weight multiplier 552f, a plurality of symbol combining
portions 552g, and a signal to interference power ratio estimator
852.

The plurality of antennas 51; to 51n, the plurality of antenna
weight multipliers 553, the antenna signal combining unit 554, the
serial/parallel converter 56, the data demodulator 57, the
error-correction-decoder 58, the data symbol recovering unit 59, the
symbol timing detectors 52a, the guard interval deleting units 52b,
the time/frequency converters 52c¢, the spreading code generating
units 52d, the plurality of spreading code multiplier 52e, the
plurality of sub-carrier weight multiplier 552f, and the symbol
combining units 552g are substantially similar to those in the
receiver 505 shown in Fig. 19. The signal to interference power ratio
estimators 852 are substantially similar to those in the receiver
805 shown in Fig. 29. Therefore, they are indicated by like reference
numerals in Fig. 31 and will not be described here.

After a transmission signal 6 1s received by the plurality of
antennas 51; to 51n, processes similar to those in the receiver 505
shown in Fig. 19 are performed up to the combining of reception signals
7 over the spreading code durations at the symbol combining units
552g. Next, the signal to interference power ratio estimators 852
estimate the SIR of the reception signals 7 combined over the spreading
code durations by the symbol combining units 552g and input estimated
SIR values of the reception signals 7 to the weight controller 908.
The signal to interference power ratio estimators 852 input the
reception signals 7 to the antenna weight multipliers 553.

The weight controller 908 has an antenna weight controller 981
and a sub-carrier weight controller 982. The weight controller 908
adjusts antenna weights and sub-carrier weights such that the
spreading codes for the plurality of data channels #1 to #n are
orthogonal to each other. The weight controller 908 preferably
adjusts antenna weights and sub-carrier weights such that the

spreading codes for the plurality of data channels #1 to #n are
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The weight controller 908 adjusts antenna weights and
sub-carrier weights based on the estimated values of SIR obtained
by the signal to interference power ratio estimators 852. First,
the sub-carrier weight controller 982 determines sub-carrier weights
using ORC, MRC, EGC, or MMSEC. The sub-carrier weight controllers
821 to 828 shown in Fig. 12D, and Figs. 13A to 13G may be used as
the sub-carrier weight controller 982. The sub-carrier weight
controller 982 preferably determines sub~-carrier weights using MMSEC
and, in particular, it is preferable to use the sub-carrier weight
controller 826 shown in Fig. 13E.

Then, the antenna weight controller 981 determines antenna
weights based on estimated values of SIR. Specifically, the antenna
weight controller 981 first controls a threshold value for SIR
differences between the antennas to be used as a criterion for the
adjustment of antenna weights and sub-carrier weights. As a
threshold value for SIR differences between the antennas to be used
as a criterion for the adjustment of antenna weights and sub-carrier
weights, the antenna weight controller 981 controls a threshold value
that be used as a criterion in determining antenna weights such that
antenna weights by which reception signals 7 are multiplied will be
appropriate for sub-carrier weights by which the reception signals
have been previously multiplied. The threshold wvalue for SIR
differences between antennas is preferably controlled such that
antenna weights are determined using EGC or MRC in the case of small
SIR differences among the antennas and such that antenna weights are
proportionate to SIR in the case of great SIR differences among the
antennas.

The antenna weight controller 981 preferably controls the
threshold value for SIR differences between the antennas based on
at least any of the modulation method of the reception signals 7,
the spreading code duration, the number of multiplexed codes, and
the other cell interference. The antenna weight controller 981

acquires the modulation method, the spreading code duration, the
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1000 1000reception signals 7. The antenna weight controller 981 decreases
the threshold value for SIR differences between the antennas, the
smaller the number of multi-values of the modulation method, the
spreading code duration, the number of multiplexed codes, and the
other cell interference. It increases the threshold wvalue, the
greater the number of multi-values of the modulation method, the
spreading code duration, the number of multiplexed codes, and the
other cell interference.

Since the antenna weight controller 981 controls the threshold
value for SIR differences between the antennas to be used as a
criterion for the adjustment of antenna weights and sub-carrier
weights based on the modulation method, the spreading code duration,
the number of multiplexed codes, and the other cell interference as
thus described, antenna weights and sub-carrier weights can be-
adjusted in consideration to the modulation method, the spreading
code duration, the number of multiplexed codes, and the other cell
interference.

Next, the antenna weight controller 981 calculates differences
between SIRs of the antennas 51; to 51ln based on an estimated SIR
value of each of the antennas 51; to 51n input from the signal to
interference power ratio estimators 852. For example, the antenna
weight controller 981 calculates the difference between the maximum
and minimum estimated SIR values of the antennas 51; to 51n. Next,
the antenna weight controller 981 compares the controlled threshold
value for SIR differences between the antennas with the calculated
differences between estimated SIR values of the antennas 51; to 51n.
The antenna weight controller 981 determines antenna weights based
on the result of the comparison.

The antenna weight controller 981 determines antenna weights
using EGC or MRC when calculated differences between estimated SIR
values of the antennas 51; to 51ln are equal to or smaller than the
threshold value for SIR differences between the antennas. When a
calculated difference between estimated SIR values of the antennas

51, to 51n is in the excess of the threshold value for SIR differences

between the antennas, the antenna weight controller 981 determines
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proportionate to the estimated SIR value of the respective one of
the antennas 51; to 51n.

For example, when the calculated difference between the maximum
and minimum estimated SIR values of the antennas 51; to 51ln is equal
to or smaller than the threshold value for SIR difference between
the antennas, the antenna weight controller 981 determines antenna
weights using EGC or MRC. For example, the antenna weight controllers
812 and 813 shown in Figs, 10B and 10C may be used as the antenna
weight controller 981. When the calculated difference between the
maximum and minimum estimated SIR values of the antennas 51; to 51n
is in the excess of the threshold value for SIR difference between
the antennas, the antenna weight controller 981 determines an antenna
weights for each of the antennas 51; to 51ln that is proportionate
to the estimated SIR value of the respective one of the antennas 51;
to 51n.

Thus, the weight controller 908 adjusts antenna weights to be
multiplied at the antenna controller 981 on the reception signals
7 which have been multiplied by sub-carrier weights determined by
the sub-carrier weight controller 982 in advance, based on estimated
SIR values. This allows the weight controller 908 to adjust antenna
weights and sub-carrier weights based on estimated SIR values.

Thereafter, the antenna weight multipliers 553 multiply the
reception signal 7 at each of the antennas 51, to 51n, which has been
combined over the spreading code duration by an antenna weight. The
antenna signal combining unit 554 combines the reception signals 7
multiplied by the antenna weights among the antennas 51; to 51n. The
reception signal 7 combined by the antenna signal combining unit 554
is input to the serial/parallel converter 56. Processes similar to
those in the receiver 505 shown in Fig. 19 are thereafter performed
to output data symbols.

The receiver 905 may have an interference state estimator for
estimating CIRs of the reception signals 7 or interference power of
the reception signals 7 as the interference state between the
reception signals 7 instead of the signal to interference power ratio

estimators 852. In this case, the antenna weight controller 981
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calculates CIR differences or differences in interference power among
the antennas 51; to 51ln. When calculated values of CIR differences
or interference power differences between the antennas 51; to 51n
are equal to or smaller than a threshold value for CIR differences
among the antennas or a threshold value for differences in
interference power among the antennas, the antenna weight controller
981 determines antenna weights using EGC or MRC. When a calculated
values of CIR differences or interference power differences among
the antennas 51; to 51n is in the excess of the threshold value for
CIR differences among the antennas or the threshold wvalue for
differences in interference power among the antennas, the antenna
weight controller 981 determines antenna weights proportionate to
estimated CIR values or antenna weights proportionate to the inverse
numbers of interference power.

In the receiver 905, sub-carrier weights are determined first
because antenna diversity combining is performed after despreading.
When the receiver performs despreading after antenna diversity
combining, the antenna weight controller determlnes antenna weights
first. Then, the antenna signal combining unit combines reception
signals 7 multiplied by the antenna weights among the antennas. The
signal to interference power ratio estimators 852 estimate SIRs of
the reception signals 7 which have been combined among the antennas.
The sub-carrier weight controller adjusts the sub-carrier weights
by which the reception signals 7 multiplied by the antenna weights
are to be multiplied based on estimated SIR values.

In the receiver 905, the antenna weight controller 981 acquires
the modulation method of the reception signals 7, the spreading code
duration, the number of multiplexed codes, the other cell
interference, and estimated values of the interference state such
as SIR as antenna weight data. When the antenna weight controller
981 determines antenna weights using EGC or MRC, it acquires antenna
weight data from the reception signal 7 at each antenna which have
been combined over the spreading code duration by the symbol combining
units 552g as done in the receiver 505 shown in Fig. 19. The
sub-carrier weight controller 982 may acquire sub-carrier weight data

as done in the receiver 505 shown in Fig. 19.
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(Method of Communication)

A description will now be made on reception of a reception signal
using the receiver 905 shown in Fig. 31. As shown in Fig. 32, the
receiver 905 performs steps S801 to S804. Steps S801 to S804 are
substantially similar to steps S701 and S703 to S$705 shown in Fig.
30.

Next, the receiver 905 determines an antenna weight for each
of the antennas b51; to 51n using the estimated SIRs (S805).
Specifically, the receiver 905 compares the threshold value for SIR
differences among the antennas and the difference between the
estimated SIR values among the antennas. When the difference between
the estimated SIR values between the antennas is equal to or smaller
than the threshold value, the receiver 905 determines antenna weights
using EGC or MRC. When the difference hetween the estimated SIR
values among the.antennas is in the excess of the threshold value,
the receiver 905 determines an antenna weights that is proportionate
to the estimated SIR value of the reception signal 7 at each of the
antennas 51; to 51n. Finally, the receiver 905 multiplies the
reception signal 7 at each of the antennas 51; to 51ln that has been
combined over the spreading code duration by the antenna weight thus
determined and performs combining among the antennas 51; to 51n
(S806) .

The communication system, the receiver 905, and the method of
communication as thus described can provide advantages substantially
similar to those of the communication system 1, receiver 5, and the
method of communication shown in Figs. 2, 8, and 15. Further, the
signal to interference power ratio estimators 852 estimate SIRs of
the reception signals. The weight controller 908 adjusts the antenna
welights and the sub-carrier weights based on the estimated SIR values.
Therefore, the receiver 905 can determine adequate antenna weights
and sub-carrier weights depending on the interference state such as
the SIRs of the reception signals 7. This allows the receiver 905
to improve the signal transmission characteristics further. Since
the receiver 905 adjusts antenna weights and sub-carrier weights
using estimated SIR values of the reception signals 7 which have been

combined over the spreading code duration, adjustment can be
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performed with high accuracy. The receiver 905 can be provided with

a relatively simple configuration and can be easily controlled with

a small control delay.

[Ninth Embodiment]

A description will now be made on a communication system and
a method of communication according to a ninth embodiment of the
invention. The communication system of the ninth embodiment has a
receiver 105 as shown in Fig. 33.

(Receiver)

As shown in Fig. 33, the receiver 105 has a plurality of antennas
51; to 51n, a plurality of signal processing units 152; to 152n, a
weight controller 108, a plurality of antenna weight multipliers 553,
an antenna signal combining unit 554, a serial/parallel converter
56, a data demodulator 57, an error-correction-decoder 58, a data
symbol recovering unit 59, and a reception quality measuring unit
151. The signal processing units 152; to 152n have a symbol timing
detector 52a, a guard interval deleting unit 52b, a time/frequency
converter 52c, a spreading code generating unit 524, a plurality of
spreading code multiplier 52e, a plurality of sub-carrier weight
multiplier 552f, a plurality of symbol combining units 552g. and a
signal to interference power ratio estimators 852.

The plurality of antennas 51; to 51n, the plurality of antenna
weight multipliers 553, the antenna signal combining unit 554, the
serial/parallel converter 56, the data demodulator 57, the
error-correction-decoder 58, the data symbol recovering unit 59, the
symbol timing detector 52a, the guard interval deleting unit 52b,
the time/frequency converter 52c¢, the spreading code generating unit
52d, the plurality of spreading code multipliers 52e, the plurality
of sub-carrier weight multiplier 552f, and the symbol combining units
552g are substantially similar to those in the receiver 505 shown
in Fig. 19. The signal to interference power ratio estimators 852
are substantially similar to those in the receiver 805 shown in Fig.
29. Therefore, they are indicated by like reference numerals in Fig.
33 and will not be described here.

After a transmission signal 6 is received by the plurality of
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7 over the spreading code duration at the symbol combining units 552g.
Next, the signal to interference power ratio estimators 852 estimate
SIRs of the reception signals 7 combined over the spreading code
duration at the symbol combining units 552g and input estimated SIR
values of the reception signals 7 to the weight controller 108. The
signal to interference power ratio estimators 852 input the reception
signals 7 to the antenna weight multipliers 553.

Thereafter, the antenna weight multipliers 553 multiply the
reception signal 7 at each of the antennas 51; to 51ln combined over
the spreading code duration by an antenna weight. The antenna signal
combining unit 554 combines the reception signals 7 multiplied by
the antenna weights among the antennas 51; to 51ln. The reception
signal 7 combined by the antenna signal combining unit 554 is input
to the serial/parallel converter 56. Thereafter, processes similar
to those in the receiver 505 shown in Fig. 19 until the data symbol
recovering unit 59 is reached. The data symbol recovering unit 59
recovers data symbols which have bheen subjected to an
error-correction-decoding process into a state in which they can be
output to an output apparatus and inputs them to the reception quality
measuring unit 151.

The reception quality measuring unit 151 measures the reception
quality of the data symbols recovered from the reception signals 7.
The reception quality measuring unit 151 measures the bit error rate
(BER) and frame error rate (FER) of the data symbols as the reception
quality of the data symbols. The reception quality measuring unit
151 inputs measured values of the data symbols to the weight controller
108. The reception quality measuring unit 151 also outputs the data
symbols.

The weight controller 108 has an antenna weight controller 181
and a sub-carrier weight controller 182. The weight controller 108
adjusts antenna weights and sub-carrier weights such that the
spreading codes for the plurality of data channels #1 to #n are

orthogonal to each other. The weight controller 108 preferably

adjusts antenna weights and sub-carrier weights such that the
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separately.

The weight controller 108 adjusts the antenna weights and
sub-carrier weights based on the measured value of reception quality
obtained by the reception quality measuring unit 151. The weight
controller 108 adjusts the antenna weights and sub-carrier weights
based on the estimated SIR values obtained by the signal to
interference power ratio estimators 852.

First, the sub-carrier weight controller 182 determines
sub-carrier weight using ORC, MRC, EGC, or MMSEC. The sub-carrier
weight controllers 821 to 828 shown in Fig. 12D, and Figs. 13A to
13G may be used-as the sub-carrier weight controller 182. The
sub-carrier weight controller 182 preferably determines sub-carrier
weights using MMSEC and, in particular, it is preferable to use the
sub-carrier weight controller 826 shown in Fig. 13,

Next, the antenna weight controller 181 determines antenna
weights based on a measured value of reception quality. Specifically,
the antenna weight controller 181 first controls a threshold value
for variations of reception quality that is to serve as a criterion
for the adjustment of antenna weights and sub-carrier weights. As
a threshold value for variations of reception quality to serve as
a criterion for the adjustment of antenna weights and sub-carrier
weights, the antenna weight controller 181 controls a threshold value
that uses as a criterion in determining antenna weights such that
antenna weights by which reception signals7 are multiplied will be
appropriate for sub-carrier weights by which the reception signals
7 have been previously multiplied.

When a greater increase of reception quality indicates a
greater reduction of reception quality, the threshold value for
variations of reception quality is preferably controlled such that
antenna weights different from the previously determined antenna
weights can be determined in the case of a great increase of reception

quality and such that the same antenna weights as the previously
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increase of reception quality. For example, when BER or FER is
measured as reception quality, control is performed such that antenna
weights different from the previously determined antenna weights can
be determined in the case of an increase of BER or FER in the excess
of the threshold value and such that the same antenna weights as the
previously determined antenna weights can be determined in the case
of an increase of BER or FER equal to or smaller than the threshold
value. On the contrary, when a greater decrease of reception quality
indicates a greater reduction of reception quality, the threshold
value for variations of reception quality is preferably controlled
such that antenna weights different from the previously determined
antenna weights can be determined in the case of a great decrease
of reception quality and such that the same antenna weights as the
previously determined antenna weights can be determined in the case
of a small increase of reception gquality.

The antenna weight controller 181 preferably controls the
threshold value for variations of reception quality based on at least
any of the modulation method, the spreading code duration, the number
of multiplexed codes, or the other cell interference of reception
signals 7. The antenna weight controller 181 acgquires the spreading
code duration, the number of multiplexed codes, or the other cell
interference of reception signals 7. When a greater increase of
reception quality indicates a greater reduction of reception quality
as BER or FER does, the antenna weight controller 181 sets a smaller
threshold value for a increase of reception quality, the smaller the
number of multi-values in the modulation method, the spreading code
duration, the number of multiplexed codes, or the other cell
interference. It sets a greater threshold value for variations of
reception quality, the greater the number of multi-values in the
modulation method, the spreading code duration, the number of
multiplexed codes, or the other cell interference. On the contrary,
when a greater decrease of reception quality indicates a greater
reduction of reception quality, the antenna weight controller 181
sets a smaller threshold value for a decrease of reception quality,

the smaller the number of multi-values in the modulation method, the
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spreading code duration, the number of multiplexed codes, or the other
cell interference. It sets a greater threshold value for a decrease
of reception quality, the greater the number of multi-values in the
modulation method, the spreading code duration, the number of
multiplexed codes, or the other cell interference.

Thus, the antenna weight controller 181 controls the threshold
value for variations of reception quality to serve as a criterion
for the adjustment of antenna weights and sub-carrier weights based
on the modulation method, the spreading code duration, the number
of multiplexed codes, or the other cell interference, which allows
antenna weights and sub-carrier weilghts to be adjusted in
consideration to the modulation method, the spreading code duration,
the number of multiplexed codes, or the other cell interference. The
antenna weight controller 181 also holds a reference value for
reception quality.

Next, the antenna weight controller 181 compares the reference
value of reception quality with a measured value of reception quality
of data symbols input from the reception quality measuring unit 151.
When the measured value of reception quality satisfies the reference
value for reception quality, the antenna weight controller 181
determines antenna weights that are the same as the previously
determined antenna weights. When the measured value of reception
quality does not satisfy the reference value for reception quality,
the antenna weight controller 181 calculates the variation of the
measured value of reception quality. The antenna'weight controller
181 holds the previous measured value of reception quality and
calculates the difference between a measured value of reception
quality newly input from the reception quality measuring unit 151
and the previous value.

Next, the antenna weight controller 181 compares the controlled
threshold value for wvariations of reception quality and the
calculated variation of the measured value of reception quality. The
antenna weight controller 181 determines antenna weights based on
the result of the comparison. When an increase of a measured value
of reception quality such as BER or FER is greater than the threshold

value for wvariations of reception quality, the antenna weight
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previous antenna weights have been determined using EGC or MRC, the
antenna weight controller 181 uses an estimated SIR value for each
of the antennas 51, to 51n input from the signal to interference power
ratio estimators 852 and determines an antenna weight proportionate
to the estimated SIR value. When the previous antenna weights have
been determined in proportion to estimated SIR values, the antenna
weight controller 181 determines antenna weights using EGC or MRC.

When an increase of a measured value of reception quality such
as BER or FER is equal to or smaller than the threshold value for
variations of reception quality, the antenna weight controller 181
determines antenna weights that are the same as the previously
determined antenna weights. For example, when the previous antenna
weights have been determined using EGC or MRC, the antenna weight
controller 181 determines antenna weights using EGC or MRC. When
the previous antenna weights have been determined in proportion to
estimated SIR wvalues, the antenna weight controller 181 uses an
estimated SIR value for each of the antennas 51; to 51n input from
the signal to interference power ratio estimators 852 and determines
an antenna weight proportionate to the estimated SIR wvalue.

Thus, the weight controller 108 adjusts the antenna weights
by which the antenna weight controller 181 is to multiply reception
signals which have been multiplied by the sub-carrier weights
determined by the sub-carrier weight controller 182 in advance, based
on a measured value of reception quality of data symbols or estimated
SIR values. This allows the weight controller to adjust antenna
weights and sub-carrier weights based on a measured value of reception
quality of data symbols or estimated SIR values.

The receiver 105 may have an interference state estimator for
estimating CIRs of the reception signals 7 or interference power of
the reception signals 7 as the interference state between the
reception signals 7 instead of the signal to interference power ratio
estimators 852. In this case, the antenna weight controller 181
determines antenna weights that are proportionate to estimated CIR

values or antenna weights that are proportionate to the inverse number
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of interference power.

In the receiver 105, sub-carrier weights are determined first
because antenna diversity combining is performed after despreading.
When the receiver performs despreading after antenna diversity
combining, the antenna weight controller determines antenna weights
first. Then, the antenna signal combining unit combines reception
signals 7 multiplied by the antenna weights among the antennas. The
signal to interference power ratio estimators 852 estimate SIRs of
the reception signals 7 which have been combined among the antennas.
The sub-carrier weight controller adjusts the sub-carrier weights
by which the reception signals 7 multiplied by the antenna weights
are to be multiplied based on a measured value of reception quality
of data symbols or estimated SIR wvalues.

In the receiver 105, the antenna weight controller 181 acquires
the modulation method of the reception signals 7, the spreading code
duration, the number of multiplexed codes, the other <cell
interference, and estimated values of the interference state such
as SIR as antenna weight data. When the antenna weight controller
181 determines antenna weights using EGC or MRC, it acquires antenna
weight data from the reception signal 7 at each antenna which has
been combined over the spreading code duration by the symbol combining
units 552g as done in the receiver 505 shown in Fig. 19. The
sub-carrier weight controller 182 may acquire sub-carrier weight data
as done in the receiver 505 shown in Fig. 19.

(Method of Communication)

A description will now be made on reception of a reception signal
using the receiver 105 shown in Fig. 33. As shown in Fig. 34, the
receiver 105 performs steps S901 to S904. Steps S901 to 5904 are
substantially similar to steps S801 and S804 shown in Fig. 32.

Next, he receiver 105 determines an antenna weight for each
of the antennas 51; to 51n using the measured value of reception quality
of data symbols such as BER or FER and the estimated SIRs (S905).
Specifically, the receiver 105 compares the reference value for
reception quality and the measured value of reception quality of data
symbols. When the measured value of reception quality satisfies the

reference value for reception quality, the receiver 105 determines



10zz!' x"10%z& ()-4!'n"10%z& ()-4Fbcdeh}oPl 13Y"10%a& ()- @10%a& ()- 10TT
10TT 10TTI QM 1099 T& () -4! >m' 109 T& () -4!4m' 1099 T& () -4T}~?0P1
13Y"910%@& () - 2F" 10%a& ()-!4"' F"10%@& () - Y" 10%@& () - 3" 10%a& () --! C3Y" 10%aok
"()- @?@Q\D* X_= 13!CBnT10%TT&'()-4!93nf}§? T& ()-43m" 109%0& ()-4S109%0& () -
10@10@ 10@ ; 10%@& () - KxuVv4 1! >*m' 10%gg& () -*nm' 10%9& ()-!" "10%gg& ()-!
“10@@&T()-!10@©&T()- 10TT 10TT

antenna weights that are the same as the previously determined antenna

weights. When the measured value of reception quality does not
satisfy the reference value for reception quality, the receiver 105
compares the threshold value for variations of reception quality and
the variation of the measured value of reception quality.

When an increase of the measured value of reception quality
such as BER or FER is greater than the threshold value for variations
of reception quality, the receiver 105 determines antenna weights
that are different from the previously determined antenna weights.
When an increase of the measured value of reception quality such as
BER or FER is equal to or smaller than the threshold wvalue for
variations of reception quality, the antenna weight controller 181
determines antenna weights that are the same as the previously
determined antenna weights.

Then, the receiver 105 multiplies the reception signal 7 at
each of the antennas 51, to 51ln by which has been combined over the
spreading code duration by an antenna weight thus determined and
performs combining among the antennas 51; to 51n (S906). Finally,
the receiver 105 measures the reception quality of data symbols, which
have been recovered through despreading (S907). The measured value
of reception quality obtained at step S07 is used at step S905 to
determine the next antenna weights.

The communication system, the receiver 105, and the method
of communication as thus described can provide advantages
substantially similar to those of the communication system 1,
receiver 5, and the method of communication shown in Figs. 2, 8, and
15. Further, the reception quality measuring unit 151 measures
reception gquality of recovered data symbols. The signal to
interference power ratio estimators 552 estimate SIRs of the
reception signals 7. The weight controller 108 adjusts the antenna
weights and the sub-carrier weights based on the estimated values
of reception guality of data symbols and the estimated SIR values.
Therefore, the receiver 105 can determine adequate antenna weights
and sub-carrier weights depending on the reception quality of data
symbols and the interference state such as the SIRs of the reception

signals 7. This allows the receiver 105 to improve the signal
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transmission characteristics further. Especially, since the receiver
105 can determine antenna weights and sub-carrier weights with
feedback of reception quality of recovered data symbols, antenna

weights and sub-carrier weights can be more adequately determined.

[Tenth Embodiment]

Simulations made by the inventors will now be described.
Despreading is performed after antenna diversity combining using the
receiver 5 shown in Fig. 8. Antenna diversity combining is performed
using the maximum ratio combining method, and despreading is
performed in three approaches, i.e., MMSEC, EGC, and ORC (the schemes
are hereinafter expressed by MRC(Div.)/MMSEC(Desp.),
MRC(Div.)/EGC(Desp.), and MRC(Div.)/ORC(Desp.), respectively).
Antenna diversity combining is performed using the equal gain
combining method, and despreading is performed in two approaches,
i.e., MMSEC and EGC (the schemes are hereinafter expressed by
EGC(Div) /MMSEC(Desp.) and EGC(Div)/EGC(Desp.). Antenna diversity
is performed after despreading using the receiver 505 shown in Fig.
19. Despreading is performed using MMSEC, and antenna diversity
combining is performed using the equal gain combining method (the
scheme is hereinafter expressed by MMSEC(Desp.)/EGC(Div.). For the
purpose of comparison, despreading is performed simply using MMSEC
and EGC. The simulations are carried out based on a spreading factor
SF = 32, total number of paths L = 24, and a delay spread s = 0.29
psec.

Fig. 35 shows average received E,/Np (signal power to noise power
density ratio per data bit) versus average packet error rate when
the number of multiplexed codes Cmux = 8. As shown in Fig. 35, the
best characteristics are achieved by the MMSEC(Desp.)}/EGC(Div.)
scheme in which despreading is performed using the receiver 505 shown
in Fig. 19 according to MMSEC and antenna diversity is thereafter
performed according to the equal gain combining method. With the
receiver 505, inter-code interference attributable to destruction
of orthogonality between spreading codes can be reduced at each
antenna independently by using despreading employing MMSEC at each

antenna. The subsequent antenna diversity combining allows
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Compared “to the simple-despreading using MMSEC and EGC, high
characteristics are achieved by any of the MRC(Div.)/MMSEC(Desp.),
MRC(Div.)/EGC(Desp.) ,MRC(Div.)/ORC(Desp.), EGC(Div.)/MMSEC(Desp.)

and EGC(Div.)/EGC(Desp.) schemes.

-

Fig. 36 shows required average received E,/N, per antenna
characteristics that satisfy an average packet error rate = 1072
relative to the number of multiplexed codes Cmux. As shown in Fig.
36, excellent characteristics can be achieved regardless of the
number of multiplexed codes even when there is a great delay spread
by the MMSEC(Desp. /EGC(div.) scheme in which despreading is performed
using the receiver 505 shown in Fig. 19 according to MMSEC and antenna
diversity combining is thereafter performed according to EGC.
Relatively good characteristics are achieved by the
EGC(Div.)/EGC(Desp.), and EGC(Div.)/MMSEC(Desp.) schemes in which
despreading is performed after antenna diversity combining.

In the region of Cmux < 8 where the number of multiplexed codes
is small, the MRC(Div.)/EGC(Desp.) scheme provides good
characteristics in which despreading is performed after antenna
diversity combining using the receiver 5 shown inFig. 8. As apparent
from the above, when the receiver 5 is used it is preferable to use
MRC that provides a great diversity gain for diversity combining and
to perform despreading using EGC for which no consideration is needed
about noise power variation at each sub-carrier attributable to MRC
in a region there is only small influence cof inter-code interference.

Fig. 37 shows required averagdge received E,/Ny characteristics
that satisfy an average packet error rate = 1072
relative to a spreading factor SF. Fig. 37 shows characteristics
achieved when the number of multiplexed codes normalized by the
spreading factor (Cmux/SF) is 1. As shown in Fig. 37, excellent
characteristics can be achieved regardless of the spreading factor
by the MMSEC(Desp.)/EGC(div.) scheme in which dJdespreading 1is
performed using the receiver 505 shown in Fig. 19 according to MMSEC
and antenna diversity is thereafter performed using EGC. When the

number of multiplexed codes is thus small compared to the spreading
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factor, significant improvement of characteristics is achieved by
the MMSEC(Desp.)/EGC(Div.) scheme which is carried out using the
receiver 505 and which reflects differences in inter-code
interference among the antennas.

Fig. 38 shows required average received E,/Ny characteristics
that satisfy an average packet error rate = 10°°
relative to a fading correlation coefficient between antennas. Fig.
38 shows characteristics achieved when the number of multiplexed
codes Cmux = 8. As shown in Fig. 38, good characteristics can be
achieved when the correlation coefficient is small with the
MMSEC(Desp.)/EGC(div.) scheme in which despreading is performed
using the receiver 505 shown in Fig. 19 according to MMSEC and antenna

diversity is thereafter performed using EGC.

[Modification]

The invention is not limited to the above-described first
through tenth embodiments and may be modified in various ways. For
example, a transmitter may have a number of multiplexed codes data
generating unit 41i and a data generating unit 413j as shown in Fig.
39. The number of multiplexed codes data generating unit 41i
generates data concerning the number of multiplexed codes
corresponding to the number of the data channels #1 to #n that are
to be code-division-multiplexed (hereinafter referred to as number
of multiplexed codes data) and inputs it to the data symbol generating
unit 4la.

The data generating unit 41j generates data other than the
number of multiplexed codes data, i.e., data such as images and data
such as sound transmitted to a terminal apparatus and inputs the same
to the data symbol generating unit 4la. Based on the number of
multiplexed codes data input f£rom the number of multiplexed codes
data generating unit 411 and the data other than the number of
multiplexed codes data input from the data generating unit 413, the
data symbol generating unit 41a generates data symbols including both
of the data. The transmitter transmits a data signal including the
number of multiplexed codes data to a receiver.

Therefore, the receiver can acquire the number of multiplexed
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codes data from the data signal included in a reception signal 7.
Since this eliminates the need for the process of estimating the number
of multiplexed codes at the sub-carrier weight controllers 826 and
829 shown in Figs. 13E and 26 and consequently eliminates the need
for the number of multiplexed codes estimating parts 826c and 829c,
the process and configuration can be simplified. The sub-carrier
weight controllers 826 and 829 may obtain sub-carrier weights using
an actual exact value of the number of multiplexed codes instead of
an estimated value. This allows the sub-carrier weight controllers
826 and 829 to obtain more adequate sub-carrier weights.

As shown in Fig. 40, a receiver may have a plurality of adding
units 52g. Each spreading code multiplier 52e inputs a reception
signal 7 on the respective sub-carrier multiplied by a spreading code
to the adding unit 52g. Let us assume that the reception signals
7 on a sub-carrier-by-sub-carrier basis input to the adding unit 52g
are numbered by #1 to #n (n is a natural number). Each of the adding
units 52g adds the reception signals 7 #1 to #n on a
sub-carrier-by-sub-carrier basis input thereto and averages them in
the direction of frequency. The adding units 52g input the added
reception signals 7 to the antenna weight multiplier 52f. The number
of reception signals 7 on a sub-carrier-by-sub-carrier basis input
to the adding units 52g may be different for each adding unit 52g.

Thus, the adding units 52g add the reception signals 7 which
have been multiplied by spreading codes at the spreading code
multiplier 52e and average them in the direction of frequency.
Therefore, after the reception signals 7 are added and averaged in
the direction of frequency by the adding units 52g, the antenna weight
multiplier, sub-carrier weight multiplier, and collective weight
multiplier can multiply the reception signals 7 by sub-carrier
weights, antenna weights, and collective weights. Therefore, the
weight controller can reduce the numbers of antenna weights,
sub-carrier weights, and collective weights to be determined, which
makes it possible to reduce the load of the process for determining
weights. Since the number of the antenna weight multipliers,
sub-carrier weight multipliers, and collective weight multipliers

can be reduced, the configuration of the receiver can be simplified.
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Especially, when the sub-carrier weight controllers 827 to 829 shown
in Figs. 13F, 13G, and 26 are provided as sub-carrier weight
controllers and sub-carrier weights are obtained using adaptive
algorithm, the amount of calculations carried out by the weight
updating parts 827c, 828d, and 829g increases with the number of
sub-carrier weights (this applies to the weight controller 308 when
it has such features). Therefore, a reduction of the number of
sub-carriers to be determined makes it possible to reduce the amount
of calculations carried out by the weight updating parts 827c, 8284,
and 829g and to reduce the load on them.

As shown in Fig. 41, a receiver may have a plurality of delaying
devices 52h and a plurality of adding units 52i. The spreading code
multipliers 52e inputs reception signals 7 on a
sub-carrier-by-sub-carrier basis multiplied by spreading codes to
the delaying devices 52h and adding units 52i. In order to add m
reception signals 7 on a sub-carrier-by-sub-carrier basis input
thereto in the direction of the time axis, the plurality of delaying
devices 52h generate m-1 reception signals 7 on a
sub-carrier-by-sub-carrier basis that are shifted in time (m is a
natural number).

A reception signal 7 on a sub-carrier-by-sub-carrier basis
directly input from the spreading code multipliers 52e is used as
the last signal. Therefore, m-1delay devices 52h are provided. Each
delay device 52h delays a reception signal 7 input thereto by a
predetermined delay time (Ts) and inputs it to the next delay device
52h and to the adding units 52i. The delay time (Ts) is set at one
symbol length.

The adding units 52i add a plurality of (m) reception signals
7 on a sub-carrier-by-sub-carrier basis input at different times in
the direction of the time axis and average them in the direction of
the time axis. The addingunits 52i input the added reception signals
7 to the antenna weight multipliers 52f. The number of reception
signals 7 on a sub-carrier-by-sub-carrier basis input to the adding
units 521 may be different between for each of the adding units 52i.

Since the reception signals 7 on a sub-carrier-by-sub-carrier

basis are thus averaged in the direction of the time axis, the signal
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power to noise power ratio (SNR) of the reception signals 7 can be
increased by combining the averaged reception signals 7 over the
spreading code duration and by despreading the same. Especially,
when the sub-carrier weight controllers 827 to 829 shown in Figs.
13F, 13G, and 26 are provided as sub-carrier weight controllers and
sub-carrier weights are obtained using adaptive algorithm, the signal
power tonoise power ratio of the reception signals 7 after despreading
used for determining sub-carrier weight will be great (this applies
to the weight controller 308 when it has such features). This makes
it possible to determine sub-carrier weights with increased accuracy
at an increased speed.
The receiver may have a sub-carrier weight controller 830 and
a sub-carrier weight multiplier 52j as shown in Fig. 42 as a
sub-carrier weight controller and a sub-carrier weight multiplier.
Alternatively, a weight controller having the configuration of the
sub-carrier weight controller 830 may be used, and a collective weight
multiplier that multiply collective weights in the position of the
sub-carrier weight multiplier 52j may be used.
The sub-carrier weight controller 830 has a bit string holding
portion 830a, a reference symbol generating portion 830b, a plurality
of symbol replicating portions 830c, a spreading code multiplier 8304,
a frequency/time converter 830e, an error estimator 830f, and a weight
updating unit 8304g. The bit string storage unit 830a and the
reference symbol generating unit 830b are substantially similar to
the bit string storage unit 825b and the reference symbol generating
part 825c of the sub-carrier weight controller 825 shown in Fig. 13D.
The reference symbol generating unit 830b inputs a reference
symbol that it generates to the symbol replicating portions 830c.
The symbol replicating portions 830c replicate the reference symbol
in a quantity equal to the number of the spreading code durations
of the spreading codes. The spreading code multiplier 8304
multiplies the replicated reference symbols by spreading codes to
obtain a reference signal. The frequency/time converter 830e
performs frequency/time conversion on the reference signal to
generate a reference signal that is spread among a plurality of

sub-carriers (hereinafter referred to as “"reference multi-carrier
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The sub-carrier weight multiplier 52j is provided upstream of
the time/frequency converter 52c. The sub-carrier weight multiplier
52j multiplies a reception signal 7 by a sub-carrier weight. The
sub-carrier weight multiplier 52j inputs the reception signal 7
multiplied by the sub-carrier weight to the error estimator 830f and
the time/frequency converter 52c. The error estimator 830f estimates
an error between the reception signal which has been multiplied by
the sub-carrier weight and which has not been subjected to
time/frequency conversion process at the time/frequency converter
52c and the reference multi-carrier CDMA signal. The weight updating
unit 830g obtains a weight that is gradually updated to minimize a
mean square error of the error between the reception signal 7 which
has been multiplied by the sub-carrier weight input from the error
estimator 830f and which has not been subjected to a time/frequency
conversion process at the time/frequency converter 52¢c and the
reference multi-carrier CDMA signal using adaptive algorithm. The
sub-carrier weight controller 830 a sub-carrier weight 830h thus
obtalned to the sub-carrier weight multiplier 52j.

This makes it possible to update the sub-carrier weight to
minimize a mean square error between a reception signal 7 which has
not been subjected to a time/frequency conversion process at the
time/frequency converter 52c and a transmission signal 6. As aresult,
the sub-carrier weight controller 830 achieves an effect that is
similar to updating the sub-carrier weight such that a mean square
error between the reception signal 7 after dispreading and the

transmission signal 6 is minimized.
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What is claimed is:

1. A receiver, comprising:

a plurality of antennas configured to receive signals that are
obtained by multiplying a plurality of data symbols transmitted over
a plurality of data channels using spreading codes for each of the
data channels, the data symbol being transmitted over a plurality
of sub-carriers having different frequencies;

a spreading code multiplier configured to multiply reception
signals received by the plurality of antennas using spreading codes
for the data channels corresponding to the reception signals:

a weight controller configured to adjust antenna weights by
which a reception signal received by each antenna is to be multiplied,
and sub-carrier weights by which a reception signal received over
each sub-carrier is to be multiplied;

a welght multiplier configured to multiply the reception
signals by the antenna weights and the sub-carrier weights adjusted
by the weight controller; and

a combining unit configured to combine the reception signals
multiplied by the antenna weights and the sub-carrier weights at the
weight multiplier among the antennas and over spreading code duration

of the spreading codes.

2. The receiver according to Claim 1, wherein the weight
controller adjusts the antenna weights and the sub-carrier weights
such that the spreading codes for the plurality of data channels are

orthogonal to each other.

3. The receiver according to Claim 1, wherein the weight
controller adjusts the antenna weights and the sub-carrier weights
such that the spreading codes for the plurality of data channels are
orthogonal to each other and a great signal to noise power ratio is

achieved as possible.

4. The receilver according to Claim 1, wherein
the weight controller adjusts the antenna weights and the

sub~-carrier weights to determine the antenna weights and the
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sub-carrier weights separately;

the weight multiplier comprises an antenna weight multiplier
configured to multiply a reception signal of each of the antennas
by the antenna weights, and a sub-carrier weight multiplier
configured to multiply a reception signal on each of the sub-carriers
by the sub-carrier weights; and

the combining unit comprises an antenna signal combining unit
configured to combine the reception signals multiplied by the antenna
weights among the antennas, and a symbol combining unit configured
to combine the reception signals multiplied by the sub-carrier

weights over the spreading code duration.

5. The receiver according to Claim 1, wherein

the weight controller adjusts the antenna weights and the
sub-carrier weights to determine collective weights by which the
reception signals are to be collectively multiplied;

the weight multiplier multiplies a reception signal on each
of the sub-carriers of each of the antennas by the collective weight:
and

the combining unit collectively combines the reception signals
multiplied by the collective weight among the antennas over the

spreading code duration.

6. The receiver according to Claim 1, further comprising a
judging unit configured to control an order of multiplying a reception
signal on each of the sub-carriers that has been multiplied using
the spreading codes by the sub-carrier weights, combining the
reception signal on each of the sub-carriers over the spreading code
duration, multiplying a reception signal of each of the antennas by
the antenna weights, and combining the reception signal of each of
the antennas among the antennas,

wherein the weight multiplier and the combining unit perform
despreading and antenna diversity combining under a control of the

judging unit

7. The receiver according to Claim 6, further comprising a
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measuring unit configured to measure a condition of the reception
signals received by the plurality of antennas,

wherein the judging unit controls an order in which the
despreading and the antenna diversity combining are performed based
on the condition of the reception signals measured by the measuring

unit.

8. The receiver according to Claim 4, wherein

the sub-carrier weight multiplier multiplies the reception
signal on each of the sub-carriers that has been multiplied using
the spreading codes by the sub-carrier weights after the antenna
weight multiplier multiplies the reception signal of each of the
antennas by the antenna weights and the antenna signal combining unit
performs antenna diversity combining by combining the reception
signals among the antennas;

and the symbol combining unit performs despreading by
combining the reception signals, which have been multiplied by the
sub-carrier weights over the spreading code duration after the

antenna diversity combining is performed.

9. The receiver according to Claim 8, wherein:

the antenna weight multiplier multiplies the reception signal
of each of the antennas by the antenna weights before the reception
signals are demultiplexed into the reception signal on each of the
sub-carriers; and

the antenna signal combining unit combines the reception
signals multiplied by the antenna weights among the antennas before
the reception signals are demultiplexed into the reception signal

on each of the sub-carriers.

10. The receiver according to Claim 4, wherein

the antenna weight multiplier multiplies the reception signal
of each of the antennas by the antenna weights after despreading in
which the spreading code multiplier multiplies the reception signals
using the spreading codes for the data channels corresponding to the

reception signals, the sub-carrier weight multiplier multiplies the
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multiplied by the sub-carrier weights over the spreading code
duration; and
the antenna signal combining unit performs antenna diversity
combining by combining the reception signals multiplied by the

antenna weights among the antennas after the despreading is

performed.

11. The receiver according to Claim 10, wherein the weight
controller determines the antenna weights based on the reception
signal which has been combined by the symbol combining unit over the

spreading code duration.

12. The receiver according to Claim 1, further comprising a
propagation path state estimator configured to estimate a propagation
path state in which transmitted signals have been propagated, wherein
the weight controller adjusts the antenna weights and the sub-carrier
weights based on an estimated value of the propagation path state

estimated by the propagation path state estimator.

13. The receiver according to Claim 1, further comprising an
interference state estimating unit configured to estimate an
interference state between the reception signals, wherein the weight
controller adjusts the antenna weights and the sub-carrier weights
based on an estimated value of the interference state estimated by

the interference state estimating unit.

14. The receiver according to Claim 1, further comprising a
reception quality measuring unit configured to measure a reception
quality of data symbols recovered from the reception signals, wherein
the weight controller adjusts the antenna weights and the sub-carrier
weights based on a measured value of the reception quality measured

by the reception quality measuring unit.

15. The receiver according to Claim 1, further comprising an
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adding unit configured to add the reception signal on each of the
sub-carriers and averaging them in a direction of a frequency or a

direction of a time axis.

16. A transmitter, comprising:

a divider configured to divide a data symbol transmitted over
a plurality of data channels into a plurality of data symbols;

a symbol copier configured to copy the plurality of data symbols
divided by the divider in a quantity equal to a number of spreading
code duration of spreading codes corresponding to the data channels
over which the data symbols are transmitted;

a spreading code multiplier configured to multiply the data
symbols copied by the symbol copier using the spreading codes
corresponding to the data channels over which the data symbols are
transmitted to provide data signals;

a spreading unit configured to spread the data signals
multiplied using the spreading codes at the spreading code multiplier
over a plurality of sub-carriers having different frequencies for
transmitting the data signals; and

a guard interval inserting unit configured to insert a guard
interval in each of the data signals spread over the plurality of
sub-carriers by the spreading unit to prevent interference between

the data signals.

17. The transmitter according to Claim 16, further comprising
a pilot symbol inserting unit configured to insert a pilot symbol
into the data symbols, an amplitude and phase of the pilot symbol

being known to a receiver that receives the data signals.

18. The transmitter according to Claim 17, wherein the pilot
symbol inserting unit comprises:

a propagation path variation estimating pilot symbol inserting
unit configured to insert the pilot symbol for estimating a
propagation path variation used by the receiver for estimating a
propagation path variation of the data signals into the data symbols;

and
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insert the pilot symbol for updating a weight used by the receiver
for estimating an error between data signals after despreading
received by the receiver and the data signals transmitted by the

transmitter into the data symbols.

19. A communication system, comprising:

a transmitter configured to transmit signals obtained by
multiplying a plurality of data symbols transmitted over a plurality
of data channels using spreading codes for each of the data channels
using a plurality of sub-carriers having different frequencies; and

a receiver comprising a plurality of antennas configured to
receive the signals transmitted by the transmitter, a spreading code
multiplier configured to multiply reception signals received by the
plurality of antennas using spreading codes for the data channels
corresponding to the reception signals, a weight controller
configured to adjust antenna weights by which the signal received
by each antenna is multiplied, and sub-carrier weights by which a
signal received over each sub-carrier is multiplied, a weight
multiplier configured to multiply the reception signals by the
antenna weights and the sub-carrier weights adjusted by the weight
controller; and a combining unit configured to combine the reception
signals multiplied by the antenna weight and the sub-carrier weight
at the weight multiplier among the antennas and over spreading code

duration of the spreading codes.

20. A method of communication, comprising

receiving signals obtained by multiplying a plurality of data
symbols transmitted over a plurality of data channels using spreading
codes for each of the data channels and transmitted over a plurality
of sub-carriers having different frequencies by a plurality of
antennas of a receiver;

multiplying reception signals received by the plurality of
antennas using spreading codes for the data channels corresponding
to the reception signals at the receiver:

adjusting an antenna weights by which a signal received by each
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spreading code duration of the spreading codes.

21. The method of communication according to Claim 20, wherein
the receiver adjusts the antenna weights and the sub-carrier weights
such that the spreading codes for the plurality of data channels are
orthogonal to each other in adjusting the antenna weights and the

sub-carrier weights.

22. The method of communication accerding-to Claim 20, wherein
the receiver adjusts the antenna weights and the sub-carrier weights
such that the spreading codes for the plurality of data channels are
orthogonal to each other and such that a great signal to noise power
ratio is achieved as possible in adjusting the antenna weights and

sub-carrier weights.

23. The method of communication according to Claim 20, wherein

the receiver adjusts the antenna weights and the sub-carrier
welghts to determine the antenna weights and the sub-carrier weights
separately:

multiplies a reception signal of each of the antennas by the
antenna weights, and combines the reception signals among the
antennas; and

multiplies a reception signal on each of the sub-carriers by
the sub-carrier weights, and combines the reception signals over the

spreading code duration.

24. The method of communication according to Claim 20, wherein
the receiver adjusts the antenna weights and the sub-carrier
weights to determine a collective weight by which the reception

signals are to be collectively multiplied;
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collective weight among the antennas over the spreading code

duration.

25. The method of communication according to Claim 20, wherein

the receiver controls an order of multiplying a reception
signal on each of the sub-carriers that has been multiplied using
the spreading code by the sub-carrier weight, combining the reception
signal on each of the sub-carriers over the spreading code duration,
multiplying a reception signal on each of the antennas by the antenna
weilight, and combining the reception signal of each of the antennas
among the antennas; and

performs despreading and antenna diversity under a control.

26. The method of communication according to Claim 25, wherein
the receiver measures a condition of the reception signals received
by the plurality of antennas, and controls an order in which the
despreading and the antenna diversity combining are performed based

on the condition of the reception signals.

27. The method of communication according to Claim 23, wherein
the receiver multiplies the reception signal on each of the
sub-carriers that has been multiplied using the spreading code by
the sub-carrier weights; and

performs despreading by combining reception signals, which
have been multiplied by the sub-carrier weights over the spreading
code duration, after multiplies the reception signal on each of the
sub-carriers by the antenna weights and performs antenna diversity
combining by combining the reception signals which have been

multiplied by the antenna weights among the antennas.

28. The method of communication according to Claim 27, wherein
the receiver multiplies the reception signal of each of the antennas

by the antenna weights before the reception signals are demultiplexed
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29. The method of communication according to Claim 23, wherein
the receiver multiplies the reception signal of each of the antennas
by the antenna weights; and

performs antenna diversity combining by combining the
reception signals multiplied by the antenna weights among the
antennas, after performs despreading by multiplying the reception
signals using the spreading codes for the data channels corresponding
to the reception signals, multiplying the reception signal on each
of the sub-carriers by the sub-carrier weights, and combining the
reception signals multiplied by the sub-carrier weights over the

spreading code duration.

30. The method of communication according to Claim 29, wherein
the receiver determines the antenna weights based on the reception

signal, which has been combined over the spreading code duration.

31. The method of communication according to Claim 27, wherein
the receiver determines whether to maintain a state of the reception
signals multiplied by the antenna weights or to adjust the state of
the reception signals multiplied by the antenna weights again, based
on the antenna weights by which the reception signals are multiplied,
and adjusts the sub-carrier weights based on a result of

determination.

32. The method of communication according to Claim 27, wherein
the receiver determines the antenna weights by using an equal gain
combining method and determines the sub-carrier weights by using a
minimum mean square error combining method or an equal gain combining

method.

33. The method of communication according to Claim 29, wherein
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the receiver determines whether to maintain a state of the reception
signals multiplied by the sub-carrier weights or to adjust the state
of the reception signals multiplied by the sub-carrier weights again,
based on the sub-carrier weight by which the reception signals are
multiplied, and adjusts the antenna weights based on a result of

determination.

34. The method of communication according to Claim 29, wherein
the receiver determines the sub-carrier weights by using a minimum
mean square error combining method and determines the antenna weights

by using an equal gain combining method.

35. The method of communication according to Claim 20, wherein
the receiver estimates a propagation path state in which a transmitted
signals have been propagated, and adjusts the antenna weights and
the sub-carrier weights based on an estimated value of the propagation

path state estimated.

36. The method of communication according to Claim 35, wherein
the receiver compares a threshold value of the propagation path state
to be used as a criterion for an adjustment of the antenna weights
and the sub-carrier weights with the estimated wvalue of the
propagation path state, and adjusts the antenna weights and the

sub-carrier weight based on a result of comparison.

37.The method of communication according to Claim 20, wherein
the receiver estimates an interference state of the reception signals
and adjusts the antenna weights and the sub-carrier weights based

on an estimated value of the interference state.

38. The method of communication according to Claim 37, wherein
the receiver compares a threshold value for difference of the
interference state between the antennas to be used as a criterion
for an adjustment of the antenna weights and the sub-carrier weight
with difference of the estimated value of the interference state

between the antennas, and adjusts the antenna weight and the
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sub-carrier weight based on a result of comparison.

39. The method of communication according to Claim 20, wherein
the receiver measures a reception quality of data symbols recovered
from the reception signals, and adjusts the antenna weights and the
sub-carrier weights based on a measured value of the reception

guality.

40. The method of communication according to Claim 39, wherein
the receiver compares a threshold value of a variation of the reception
quality to be used as a criterion for an adjustment of the antenna
weight and the sub-carrier weight with a variation of the measured
value of the reception quality, and adjusts the antenna weight and

the sub-carrier weights based on a result of comparison.



