; DEFGHI e3e| | zz{| "6TTNi SPECI FI CATI ON PATH SEARCH METHOD, CHANNEL
“ESTI MATI ON METHOD AND COVMUNI CATI ON DEVI CE 5 TECHNI CAL FI ELD The present
invention relates to a path search nmethod, a channel esti rrat t hod and
a comuni cation device, and particularly relptes to a 10 pat Mﬂﬁ@@mm hod
used for RAKE reception, to a conmunication device using suc rch
met hod and to a channel estinmation nethod for estinating channel*s9&ri ati on
and .a conmuni cati on devi ce using SUCBPRCIFICANI@St | nati on nethod. 15
BACKGRQJND ART Recently, CDMA (Code Division Miltiple Access) system has
_ beconme one of the nobile communication systens of a greater interest. CDVA
20 systemis a conmunicati @Nfb%%yb’é&m@@w@% BEEIMATHON
technol ogy. Generally, in EUHOD CANDNUONMMUXICAT BOW i DEVDIEAt, Since a
signal transrgtted froma transm’tter reaches to a receiver via a plurality
of 25 propagatlon paths, i.e., a so-called a multipath propagation path, a
recei ved signal ECHN%QN@(FWL% sum of nultipath signals. Therefore, the

received signal is conposednef g &¥\éh+ COARARAIGH hewl e ¥aEbOUS path :
time-of-arrivals |tud‘§ﬁcgnd phﬁlses 30 Wen a com*run}lpgdl on bet ween a -
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ti mes and then conbl ned after cophasin roved transm Ssi d
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agai nst interfer d r (o) T o]

i-nport ant techno?fgélﬁgg&l r\]}af}%_% éﬁg emQ%E,&IuQ{l %Qs(g%ré teh&i’lfn(%

det ecting nul ti paBRhs52at |°ﬁaﬁ§’§%mﬁﬁtﬁ“é§h9pdmgﬂ-hl gh accuracy for
resolving intso path conponents in a proper nmanner. An exanple of a. proposed
prior art path s mo py be found in an article "PathSearch

Per f or mance of in Laboratory 10 and Field Experinents
(Aoyama, M zuguchi, Yoshi d&egea tAyok aViztMA Tli€odec Driiveiad i dresealt thpReport  of
the Institute ofp o] , apd LCEU ngi neers, RCS
97-164, pp. 51- SSE&ﬁgézn{%g{r&%e&Qg{% %&%@&rﬁg ng to t%?ﬁs‘ p?ogosed path
search met hod, t??r‘?"ﬂﬂnaéf’&ﬂnor?yo?t%“%a?ﬁ Psg’—'@p’l%n’t%’@l@b%gerfﬁpw\ng a
correl at i on2eal cay atemnipr acemal Gy eiagi RecPhAIRSSy Basear ehatsﬁfie\éd ues,

and a peak det eCé#QQtPPBC%%%hn%ﬁo%{ pil ot synbols of a known 20 phase which
are periodically Tnserted in a receivedsignal. In the correlation

cal cul ation process, in ordepergldari vien aasryﬂheﬂ—ec@rqnmwn@mtmmue a
despreadi ng procesgitsnmentqr mhdy AbigphYi R anmitited sysfioks of the

received S'gna|'9¥a§s§9£%%% reaches to a receiver via a plurality of
25 propagation paths, i.e., a so-called a multipath

propagation'path, a received signal is composed of a
sum of multipath signals. Therefore, the received
signal is composed of signal components having
various time-of-arrivals, amplitudes and phases.

30 ' ' When a communication between a base
station and mobile stations is based on CDMA, a so-
called RAKE combining reception is possible, in |
which a signai received via a multipath propagation
path ig resolved into path components having

35 different delay times and then combined after
cophasing. Improved transmission characteristics of
the RAKE combining reception may be achieved by
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25 code. Further, based on the fact that the phase of the pilot synbols is
known, the above-nentioned synbol correlation values are sunmed after
cophasing, and then the val ues obtained fromthe sunmmtion after cophasin
are power-sunmed for a fixed tine 30 duratiop- Using a sequence of synbol
correlation values (instantaneous delay profile) extracted by the
above-descri bed processes, a peak detection process is inplenmented for

sel ecting paths a\eprewieg3s HesiRAKE cioywa I 8g-pbwext oftidlagainath

havi ng t he maxi o a first path fromt sequence qf
synbol correl at %@%ﬁﬁ%ﬁéﬁ#ﬁeéﬁﬁagﬁermq I%%ggﬁd p;r?‘ﬁr P h PRI ﬂg t he
~maximum | evel is the deesl imﬁwth@%wmnwgéfaat don the GBMAavy atjer
timng at a di stance Glatl Sehbah Medinpledr ClbPcehnipiifk foler separate
fromthe timpg q__fingihe 5 flégt path.s,gathggeﬁtlﬁn |cs I npl enented in a
simlar mannef for & 181 r&-path SRGSIGHPP LY Bt PRe PSRk ¥h et hod of
a prior' art is, degoleximypl entepr ppabecdmparenatsi thea 'phooperd menisepn Path

Sear ch Performance of Coher}@,pte,ggmgfgﬁglgi Sgﬁp%ﬁ%d%%cﬁl gaeij_;?di 0

(Fukunot o, GChkawa, Andoh, Sawahashi | . ch
Report of the | nS§&hfte RELtEPAcPRENPEs TAURDr bt 2Bn2ghkd cdemiiBatEut i on
Engihneers, hRCS awquf)meﬁﬂeﬁﬁanwayo@wlcm&ﬁl ﬂy‘g?@éﬁi A _mﬂa}_ehmpp]?sed
path searc t 3 Bl ot i sin slot are r summed after
cophasi ng toméer%sled ?nl%n%%ﬁgﬁgg%E%hgﬁﬁgﬁa%‘gti FrERc ’ué{,%se hen the
channel esti nati @8d #tnkawd: sTeeetschaiogd Retsanch Repoophaskdhsummed .
and squared, so anstqterdd ast BDebBEbANCANCOUSE PANRE 1 DRl angProfile. After

extracting and ayeraging. .instantaneous power dsé) y_profiles of a plurality
of slots, upper FPE‘é‘?‘ﬁ‘sl KA GPeAPERTS oGS aé?g‘;wi PRi-n Xv@ 8wer aged

power del ay 25 pNoviembexr el 3¥Hat ded as a desired signal, and the power

obt ai ned by javeragi ng the mgEjid paL h$Lex%cl .1:5195 e ths is
assuned as a noi se gloger Pn.. A poiv.\kg? Ievgrl )é]f ﬂél:fﬂ actéo?e%?eﬁll (%Fgfrﬁgx 30 noi se
pover Pn is takefieE8°% « FrebRg FA9EeGE1PEr ofath RRFRCcEPoAMPARMeRtSE Mavi ng
si gnal powers expeediompiiy s tdwesébhdiane caalacl£cli 6 pabheself, RAKE
conbi ni ng. Howevgg ey Ve i Qpe th search 35 nethod applies to a
Circuit-swtched syst m“%ﬁ%\ﬁﬁgfgf gio%%%tjr'uaﬁ:leéqét‘l’%ﬁuﬁafvﬁggi r?‘ol?iqag‘ o
stations and a b#d&&estdoroProgemal suesng mides swsbelst hfoagkawwn -4 a

period fromzche phase whildie £l Péri6aNSHIIY GhsdPEEEl Phea 28] Jdif case
nal s do not exi st

of signal transnyssion based qn packets, .i.n which the si ]
conti nuously bupggéléla?r'ansrﬁ tftqb% ?fﬁ?g?ﬁilf’flerﬁal Uk 361 AR 0P EOREREI-0idd pat h
search nethod ma?}’é'ﬁ#etIOi si@_r(iore_a Prophbailt ket ral vissmgvalupr, oeess in a :
fixed period of &ksBreamnely %d&@é@@gtﬁér%%éw Sy %%Hifcigggin@e%%ed-

m ~a

path search accurgié 10 #g A ];O(c)‘{, nobi T e, communi cdatj on sy :
phenonenon cal | €8 Gi Ay ?‘/so rERReT B6CAVERaITdETH e ReFREPRE position
bet ween a m8bi | ecedati oRuartdhesr hasessd abhonheFaddiaty tilsa® phenprasen oM
'Wh'Ch an intensi{yeobiipe %?ﬁﬂ&fgifgefﬁghﬁ,fkﬁéjabove—mentioned

symbol correlation values are summed after cophasing,

and then the values obtained from the summation

after cophasing are power-summed for a fixed time

30 duration.

Using a sequence of symbol correlation
values (instantaneous delay profile) extracted by
the above-described processes, a peak detection
process is implemented for selecting paths available

35 for RAKE combining. First of all, a path having the
maximum level selected as a first path from the '
sequence of symbol correlation values. Then, as a



15 tenporally changes according to the state of a nmedium serving as a ,
passage of an electric wave. Due to the fadi ng phenonenon, the signals are
received with their anplitude and phase being varied. Therefore, for an
absol ute coherent detection system 20 in whigh information synbols are
denodul ated from absol ute phase of the received signal, it is necessary to
provide a nethod of accurately estimating the variation of anplitude and
phase, i.e., a seecandgpattannel paahi akivamg aitte Zﬁaf.ﬂmﬁmnaékzieag itdhe channel
vari ation. Conve st for [ rrpl enment i ng
absol ut e coher entgteé%tégégt%/ofn% %ﬁ% Qgﬁl:o‘i rdgr%%sée%gt\/\gg ggsplhl ot "ol s
havi ng known pha§émlA€c@rtdlahgiit%t¥th§ éﬁaﬂme efshalha@toheagtm-mu,ps he

pi | ot synbol s hagitngpkean diass aégata@@srﬂztaneduba BehRlgPe edical |y
mul tiplexed wth the tra mtted Slgﬁiﬁfz and at the recel ving end, the

channel vari ati ofi*6f % R& PeceifAt s HOTedty nHiRLenePRgt & & | ot
signals. Then, basmdlanx &r&nm résnl & ohitdde pasih naid 08¢ anchannel

vari ation of inforrrations a pi i s.estinmated.
General ly, the channel vari atl on }P%peﬂagﬂ QFEQ%ht |“loe(r?él}s&ér{rbn?(;?sg rl &

esti mated by tenpbFaftfy ifergtirleg Pﬁépelﬁ’&%e‘lnv%i?laﬁbﬁlébt a| ned from
t he periodi cal | y"Erpettiedntid ain syatll Seakeh Mﬁﬂﬁnamaet be abhiedledrt' An

Anal ysis 5 qfy Pi S |+ at fo el h Fadi ng '
Channel s" ?FO h%gE 16‘@&%1@%? ansa%ﬁ%s“g% e 5@% n8P ay pp.
686- 693, voI o°hhéwa4 AN&Phrlg?'ﬁ")ahaahFreﬁhdd Acbaqi‘rﬂopogbd Tachhiicklan

‘anount . of channréswakicat Repdet wepntmel hstRAles df HfebBEBRRBLAt ed using
a Wener filter

in the artjc Rayl ei gh Fadl Corrpensatl on’ for QAM
in Land Mobile RB’P%S TRB IR c,a:itc{ o‘#%"““‘(%lc S5 "eX¥inalieS PEEEC
Transacti ons on dehi du-48, Téend XB8) " pp. 1370147 15 vol . 42, no. 2, May
1993)", a channel. esti natkgggqg %dgos @ﬂgp§§8 ols a?% OV, eveI
me

Gaussi an i nterpol ation i s use i nterg ods such as
those usi ng | i neB¢ P Ater B_&/P—&ﬂixii’mb°l%1r‘él his &rw ase in order
to i nprove an acsumnaes afftehraramqjhaﬁin@atboaerav@tahpduwt@ﬁ@aﬁéadsi n which

an_absol ut e cohesfahadet eCtiig.dit,] TPLEVEN ed using qnly fhe,piiot synbols,

and the tentative data decision infornatibn synb S are r ated and .
fed 25 back. Aft@¥timatioph¥alaes af sigaabsizee tvd t33¥tedabg the conpl ex

conj ugate obot hecépldabaak sybRls ardlds gRabat | @ GIMmanent s8¢ hgnoved to
gener ate non- data #at ed i nfor mat 11‘?‘?]08 nboI% and th se s nbol s as wel |

as the pilot synbols>ara 68K BOW e refti nd CHEhner CE_EL ARSI on
|n a repeated nvarrmbraVSueglagnBtrﬁsdxhnmné@usepawplre de:les_;crp:b@ﬂllés of
"Synbol - Ai ded Plys,Dgegis r R o] RS n on
Shadowed Mobil e stagt) el |t29859fa%:\1tr?eLdSI E‘&%IZLL ?v%%rethanglatple&/bsﬁg%glﬁég | EEE
Journal on Sel ectx¥P% e%ngﬁSCUhmrba‘tl?%névﬁﬁagf%@% dedrY SAC 10, Dec
1992) " -BSA gmofinlerdee reguedisek ddiea dakaided wi@hﬂ,r cdnd®f thee ' :
tentative data %éﬁo&btaifléﬁ% O%fvse\’:@zgiﬁ 2naELR %msntg”gg‘“t' p which the
£ or ec

i nformati on synbol s are or ne correc ion o‘%n ng
process. I n thi se’Efa]s“éd“E-‘énFaﬁ verga & Atk ohsi 3siswplesh@f cal ndiee

absol ut e coher enowtet epd i on using only the pilot synbols and after an error
correction decodi ng proce Far anple uch_a pet ho S i bed in 10
"Per f or mance of Coherent ét%%‘f’?’é Sivert &il%l%?lc EdB% l'k\d %é:&beol ation and
Viterbi Decdlli nquBOPTIRA PAzdsatakeguas anthEesboltheradlnocekoli ngs of
the 1994 Autum g Q§ENeer9bnt NEnkngladnd onsf i ELCSLEANICHo o mti on and

Communi cat i on Eﬁg{l nee ?5?5 wever, the’above-nentioned channel
estimation meth ci‘l’gﬂ%l 1‘:}6{'33§ SISquéi ATRISELECHEE i@F Pafhu®fon where
channel s are al BAKE assmigiwingby. , . ci,rcu,it-switcl ~sysm during a 20

communi caton_, etween a @&bt&eﬁathgna%%% L aeey Shal! 1A d slage are

conti nuousl y-transnitted~~and .retei §" and tihe
informatio %ynﬁlﬂ‘%‘%eﬁ@%bﬁﬁt &e @D(ﬂﬂl%ﬁﬂbﬁ‘éﬁ#ﬁ@m §:m'@emennvmlcmhe

tentative data d@®d Y Gdbmmunication mt‘étlons and a
base station, signals continuously exist throughout



35 informati on synbols are renodul ated and are all fed back. However, in a .
nobi | e conmuni cati on system since the reliability of the received signal
varies due to noise, interference signals, etc., it is not preferable to
renodul ate the tentative data decision inforgmtion synbols and feedback

all of them 5 DI SCLOSURE OF THE | NVENTI ON Accordingly, it is a general

obj ect of the present invention to provide new and useful path search

met hod, channel e@stpienstddnf met hohle asdacanmoitiod i endde¥i ee ansmid £ibh he
above- ment i oned 10 probl e nate I irst_and re specific
obj ect of the present |nvg2ﬁ%§?€%£g1 gg qn éh%rf%%%rcﬁ ﬁé?ﬁ§¥xWHch can
be used for RAKEtH%ﬂ%ﬂH%ﬁﬁ%ﬂmpééﬂdlﬁﬁl@mﬂhe¢ﬁghl%cﬁhigéyq@ﬁt$kgnﬁhm

irrespective of #b e @Mdﬂ%éﬂtﬂﬁubh@ltyrmﬂ§§é0’8r§hgﬂl§|tt@w a
ath,search neth s a second and

conmmuni cat i on: de
nor e s:oem :‘l (r:5 objxggarc@ttq%en%r Seﬁ{’)el ﬁegﬁtei—&?q%l%?%gl H@t SFah
esti mati on nmet ho@efhiogh mean dine enkae hkiogla gombley fBathannelveastigirati on

irrespective of pheceadt s yfpieahﬁeﬂ%@sraéseﬂpeSegﬂahtaﬂ.% a - .
comruni cati on devi Cﬁ§USI t%iuc a channel estimation net is a still

anot her obj ect of™P MG n"YRWE | 5/ 5Ud Hsi deradpaed §é§|hcl$e@é-‘t¢¥bd 25
for detecting respeatiawg.ti mngs of path corrponents i ncl uded a signal
received vigg@ multipath pmg,agagddtona Rﬁ&ﬂu&.h%o oel udi ng the St eps
of: a first path search ste f'or detecting respec |ve |mngs F
conponents Usi ngPBFPSE“e%(ﬂ%lJcﬁd af?s@lRﬁomYpr%@# révedsd ﬂnctlhelgﬁ gnal

‘received via thelﬁul:hlepatdlanﬁﬁm%sﬂﬂlaﬁt Betiibd Sar6PH1paALRa%aRCHh step
for detecting re cti t| Qnent s_.usi i nformatian
synbol s deri ved ?l?gmga}%l gna duI 2%38 &Pdl%gpl?%n?‘ﬁgn?f‘nfﬂg Irﬂ'é’ttbct ed
35 in the first §at hn§éaﬂéﬁ'-3{st°é5p el reeepiiedt edyariutiof faekdown phase.

According tast het@:a.gabr&@aﬁ;cfwmi&w Qécébal%e%%“tﬂélvﬂéten gshnce
respective m_ngs d by searching a

%Aa;ﬁ ngonents are detecte

path using pil ot %9??5& §e5f"lé“-7k PPag8agsn@ L ian e oFrtachaysth
conponent are dePeeted abei fadsing pienoméabagt ithie syidohl seairved 5 froma
si gnal denodul at d t ne ngs and pilot_s ol s
of a known phaseiegcﬁg{;ggl1 w%@a&:%%%c%@é%&%“?e b'—:gejml5 n%?‘mg/ed%e’fﬁl% v ggb
above- ment i oned FReEeLBEPecEost amhabsmbutromohenast e@%@lecn@onnsysd;wnof an

asggclt th?tZDL Iﬁnexfz]fllﬁheﬁlhgb(igfdﬁlﬁﬂ Ysymbﬁsea&epﬁiéhmjl:ﬂ%easwemplloth
synbol s of a kno ase t he enent i ng path search again using the
result of the pa%lg é)jé]‘é?c rkngtq:F T OFESY gyﬁﬂ'(ﬂr’sae]andth Si nformation
synbols, in 15 tfkﬁcﬁamhrseﬁpc@mﬂﬂm adetsethbdd oFb@csmurdeelnf or mat i on
synbol s derived d§omibeng gnal ﬁ@m&@ﬁegfasﬁgﬁq'e&é Oamepﬁamengs

detected in the first pat I.C enerat ed despr éadi ng t he

signal received ¥Vi% thd #” Ffﬁ&ggh "%t)”f)‘}}?r%%a‘éaf B ieRh ording to the .

timngs det@bteddmpemsatingt that h:rﬁaaare:h saepatdophasi ng and sum*n ng the

i nformation synbol S desppr@é\g@gn@g_ |lr}g tg% ;hghgﬁﬁgﬁctésvtgmpa rgl m ngs
e

i'n a synbol synbol _manner atl % coophaseéd fmed 25
respective |nfo khoh §?ﬁbb¥‘§1&ﬁ@r‘itﬁﬁ}% %Phgt&atcah(%%ﬁrsﬁ ctetéetéof, and
renmodul ati ng thaembttlaodietsspﬁapsls@aalvﬂuc\d&tﬂséucbla.op:atéyn&ﬁﬂ&hhaﬁih d,
despreadinn is i accqrdin othe m n ctedjntrhe irst
pat h search sted{m4 esu?t’ 38‘ch in%espréfé m%gﬁrn&e LI%183ph3Beed and
sunmed, and3? he “tﬂfﬁk%eeﬁhanﬁléewlfmﬁh ned v bngs kmoeins Rhaasedeamdul at ed.

Al so, a cophasi Rg-a¥h StHEENY oae&a&j Yo BYd DA £ YT n8d tAP1 Wed f@L XNl €,

RAKE combi ni ng. é@@rtraég%f££gg gg%na s, anéegtbk ngece1v1ng end,

the channel variation of the received signal is
estimated using the pilot signals. Then, based on

- 35 the result of the estimation, a channel variatibn of
information symbols other than the pildt symbols is
estimated. Generally, the channel variation of



. 35 and feeding back and using it in the second path search, respective
timngs of the path conponents nmay be detected with an increased accuracy.
~g_ In view of an aspect that the nodul ated information synbols having
relatively high reliability are selected and.used, the information synbols
derived fromthe signal. denodulated 5 according to the timngs detected in
the first path search step are selected and fed back such that information
synbol s sati sfyi ngfaymadister symsdleokdin in eseineteadt 8y vAGRYHNDY)Y,

si nce nodul at ed i;af i .00, S i r Lvely high.10 reliability
are sel ected and ltg}s%r ot o%raﬂ@?é%%ngg%rg ,g\ﬁrnér%' ec%?l\t'/%g??}r{ﬁ roléga&fnﬁ%egrp%f?h
conponents may b&h@eREtiAirahlininaer dkketraypbolien view of an

aspect that accuracy is inpdveskdnplepeahedne i 4wt £8E8t IRY Rﬁ%ﬁg%ﬂ%LCh

in. 15 the pq;h s%arcq thod descri be Qve, 1he secaond path séarch step
may be repeated ORt i éﬂgr %fngﬁaas EXMIYHL 28100t £oFi BaYLled@®t di ngl y,

i mpl enenti ng denfadiamg cthageehs Usidg Khe Qaatdr sealEBEr @sahis aeft iithd ngai oved
accuracy, the dat@nd@.Aenl SiaAgEULY  AEEUM Ae [8Y3 beybipr gyed  Thep, by
feedi ng back the data _decision resu “of “an I nprovell accuracy and repeating
path search agai NoVrhéd?9dth' searBptBeduiscProapased nén vhpebvead ampuntul ts
in a further inppévemamnedf adwiaaiondpeitsiedh mesLbt . s@hbblsviigw of an
aspect of eﬁkﬁndFHQeE %ﬂ%fﬁ&jﬁg ¥§€a PQJH%%[¥§fk§§arch met hod descri bed
above, the signal recéived via %p nmul Ui path propagati on path may be
transmtted in accordance W4IP-a il theapritdcleodRallesglonFadingpl ex

sKstemI 30 It iscsmbbhﬁa(rjtq]gd}erf&pj@m oh l%@xdorbﬁﬁ?ﬂeiﬁaﬁ%i on to perVi de a
channel estimati thod for estjpating channe| varjation using pilot
synbol s, the netﬁgagﬁﬁﬁQiﬁﬁﬁfsa b§?o%a@9ﬁﬁoﬁggxﬂﬁr#%@agFepngg acquiring
pi l ot synbol s of Taakaewt igmssoBVemttulied Techreosgyedppackstplard a
channel esthqptioalstqplfgr.iquqﬂgpti a¢hannel i opt Lop. Usi t he
acquired pil ot s%ngglg.,Acébrding to,tﬂg ? 11% éﬁ%ﬁ%@ 'e%ggﬁggkg%nhethod of
the present invefiEFBRY BF¥ BFWPIE PRI BhisPnvollowtlevrhofAupEaSE f or
channel esti mati bnteapbilgitizocursaaysedafoel iastdspilon 8. posshkke

( . f L3207 e . . "
irrespective o &Q%héd%?ntsh@tﬂ E)a%/s ﬁ}hé@& ﬁﬁi‘ﬂ?g‘lfi?egicﬁier@tgﬁl_rﬁ?ﬂ Y3y the

. ; £ion
above-nmenti oned second objec e 1 nventi nothe channel
estimation met holr8edLPPh@FOROARL - the pil ot synbol of a known phase may be

10 time-mul giopl exed on theapaeketin ldrsaehtd eapeovidhamiddusyspobof a
known phase may ransm tted hy tinme-nmulfiplexing it on_ the cket. In
“the channel esti%ﬁ?ﬁ%ﬁﬂng &Ea§€§3}16%d“3t§9 ,Hﬁu§%ﬁ3?ﬁe§yhﬂopglﬁp &%nown
phase may be 15 @bglelubet cpherenhtwiddtedbipachet imfiusyented pasbhgsynbol s -

of a known phasewBy bRet paASH tdyalh Vs COQEHUEH&'@H&EB#%%AQJ he packet.
Cc e

In the channel estimtion, nethod Qescrlbed above, the ann estination
step i npl enent s QW tRARReFPESEMPE Bh YRBABI AFSy Bame Pl dtedyansl fe6f a
. known phaseZand pid¢bt skfibels thad ,udgte | neoctherdpadkeisld ramsm tted from

the sane transiigei O seRECBy HHL did 104 CEBRYLAG LU, £SELARLLEY DY
conbi ni ng pil ot Sﬁgﬁg?s of ayknown p_ége anggpﬁl%% Sy d?skéﬁg%ﬁggd in
ot her packets tr 1§ ed2PFofrand addRN t FRRBANESLEN aFRurkamocedntel
estimation accurgmyerayebrohrdaeeethodilated ftFohaiatalirecdymbol e Rhasent
invention to prqwui ﬂg | _estimation pethod.for 30 .estinmatin annel
variation usingq%} O?a%§ g?g,a% Wl ' 2 OES pllO% symbgis are go%ﬁ
30 " used for implementing channel estimation in a
repeated manner.
Such a method is, for example, described
in "Symbol-Aided Plus Decision-Directed Reception
for PSK/TCM Modulation on Shadowed Mobile Satellite
35 Eading" (G. T. Irvine and P. J. McLane: IEEE Journal
on Selected Areas in Communications, pp. 1289-1299,

vol. SAC-10, Dec 1992)".



the nethod including: a pilot synbol acquiring step for acquiring pilot
synbol s of a known phase included in a conmon control channel in a

mul ti pl exed manner; and a channel estimation step 35 for inplenenting
channel estimation using the acquired pilot-gynbols. According to the
channel estinmation nmethod of the present invention, since -11 the pilot
synbol s of a known phase included in a conmon control channel in a

mul ti pl exed manner can be uslexb f oinchadeel testieditcentha Hagh- deirhicon
channe] estimati @adsy ROSSLRL o LhESERGE '&éeté)fdégfs;.’ogo@%xf%@trﬂ[ g Lhe

transm ssion si gna'lir% ove=nenti oned secon
i nventi on can be S¥BROAhfd a IW?%@dchanmo%ﬂ‘%‘ﬂbﬁhwﬁbﬁodn(f@sr@ratbholabove

the pil ot synbol syobod kv phaseried RE kY téreopubbirplexadnni th the

comon contr C | ca he pilot s own, phase
may be trans(rﬁ ttggggﬁﬂni&é&?? g ex?ﬁgtﬁj{lsw?%s?het\{ﬁ%gﬁgfvel % ls:tane channel
estimati on net hoéeﬁé%-rqué-ﬂ& mented @ifitar sbdolytel cahlexemt phase nay
be code-nul ti pl exeeetitifod hﬁsﬁﬁf@ﬂl?oﬁh@' lcf@@n@mbbg gSHUGR & £4a5€ a4 Ne

e-

pil ot synmbol of a_known ase ge transmtted mul tiplexing it
with the packet.®38°Fn< | deEPAARG é’rF‘?ﬁ's?%d descri be above, the
channel estimation step nay!'drrrpdmmuephaﬁﬁal aesidredd Ofs byes@RbbeidNGd he
pi |l ot symbolyg of --@&%%aﬂlkaéeof‘r@oﬂéwégslﬂmcsti%'Hiﬁ'gﬂ brﬁl ?Lts*i%r packets

transmtted fromthe, sane transm SSion AcCcOr
i npl enent i ng chaRREAPESH TRGUP Y2 EdABI ARMY Wi o‘?"-‘@?ﬁﬁégs °(§1f a known
phase and pil ot BgAbOMA"i nelzided, i TagubRL parkelind f ankai Pkedehaqmgtshe sane

transm ssion sougge.,ehanRe ﬁ.fédx{{??té Re8EEUACY, the]éxlﬁggﬁg PEEL O s

a further object_of the prese |nven I'on"to provide a tion
nmet hod for estiniPA§rERd ol W¢Ema§h0@5|a1’gi pFémnugyebdliion thregimebaod,

i ncluding: asfirst3pshqt synbol acquiring step for acquiring pilot symbols
of a known phase 35 includ 102 pac ket and in a common control channel in
a multipl exed manner; a se§8ﬁ’&vﬁ’ﬁ ot %?n%%?vﬁcﬁ‘ﬁﬂ’%’?d‘%q e 3vRedhcqui ri ng

pi |l ot synbol s ofegtimatiopnowthphhsesingl pdéadt rsytnhmmmnamaar @Eor
channel ; and a ciggneh ssrsll%tat%étmeéerchm'n%@t#a]% £hagps! estimation

usi ng t he acquire gl | ot, synbol s. Accordi ng t mat i on
met hod of the 5 ?ﬁ‘% ERedi RVedt iOrF CYhks pRiEehadusysten Juripdnaphase
i ncl uded in20he cemmunédapiokebetivbém & hhRobameDEteid®| agdiaanbhsen a

nul tipl exed manngg ¥nPELAC t e i Ther Lor.e,
i npl enenti ng channae egt ?Ir%gt %ﬁ’gﬁ\{%e"m ﬁ%’ fgg ;S}}nbofans Eﬁl_oﬁﬁl hase
i ncluded in the ¥2€®1Ved packet and in the common control channel, channel

estimation accuracy nmay benbwptevedwikHisa Qekahow&r@@dsor@&é@gond
obj ect of the |nve t| on. can be ach ved. 1 5% ﬁé{urther obj ect of the

present inventior o prbi 48150 %Ef?ﬂa?? Ho® f or estimating -
channel var#gati dinrmﬁirngtpeﬂdu:espm¢ in ha fethad icadllsd nuprclkepsl, ot synbol

acqui ring step forgReoyi £E8Y 1 Rite@imiSHTOL By 0&%'&9{1‘4&&&?%& ZP?J:QELgQEd in

a recei ved packe a tentative channel estl mat1 on ste I'ng
tentative channétU%eR¥ kPP ofiCHEMRY Gatet A R FHE P I%f“%l%tahl?ént ative
dat a deci sion i rdret matbasesgubaliogenereziangist ep kay camensiiong for the

channel 25 vari &ypbi§ ance nneI
estimation gn&ai%néggﬁ?gnggﬂx\/@g g’ata §§¥1{"sm%f]n‘%‘Wn syrrgofes l
fromthe coﬁgen%&"ﬂ ?hfBRfmei tched gusf@mrel estination step for
generating an infornation BDssynbﬁalt;‘a Wﬁﬂ@mﬂiﬁéﬂtﬂbh@@l CHEmaEents are

removed using t a de i,si,on_info S
i npl'enmenti ng ch}ﬁsr#ﬁ%q u5| ctlhe %??o%ngbn%gles%gﬁt?ﬁ rﬁﬂ&’r‘é{'ﬁon
synbol s. Accor dian§ tthe h?enéanmeltlem |srymhcohs meb bod fobmt lt&le?)&lqmelsaaﬂion

invention, tent @tdmfﬂ:rcé}aweéréskbmwe@“ i hd "PLATRRL GQ la%!elg c% féléé{”bo' S
and t hen CW%?”E' me igg é§m£"RLe@?§‘¥L$§éQ aggg gth%éz all fed

back. However, in a mobile communication system,
since the reliability of the received signal varies



-13 and information synbols. Thus, the above-nenti oned second object of the
i nvention can be achieved. In the channel estimation nethod descri bed
above, the tentative data decision information 5 . synbol generating step
may include a weighting process for weighting-the tentative data deci sian

i nformation synbols according to the reliability. Accordingly, by

i npl ementing a weighting process for weighting the tentative data deci sion
informati on 10 sypuslto avebsd| nijnteriflee-arste abightays,t kecchannel ieshoant i on
accuracy can be i el a1 ' ' th descri bed
above, the tentaE?%ggﬁﬁngﬁeg?s?gﬁgpﬁpgﬁ#%ﬁ?%%n?%hgquggngghE?n F st Tay

i ncl ude an error IPF R oBYPPBLEs @i fegdbackoriécriforthdstodi ng of the
tentative data decision information synbols and error correction encodi ng
agai n. Accor di nghy, inel udi a rrection process for error
correction dg%odb&S RE &P e Iv 8% si on 20 information synbol s
and error correction encodidtregdinglyheithdmel @enérali ohjactumnettioan be
|nproved. In thepeearinl saeiddelbRncBeRhof ARScHEpednaPAR ANt all ve
data decision in orna&ion 5 %ynbol enerating step na¥ I ncludeé a wei ghting
process for wei gRifATE MEEIIOr CRRRBEL &% IR PR NPEEPPE @& deci sion

i nformati on synbolosumaodarati iwn tdetvheer éni ahildl yehécebodierglent iyn avei ght i ng
the error cqnyecb&ggrgmyxgréq@%@&iﬁgtgg%a 30 decision information synbols
according to the reliability, the channel” estimation accuracy can be
further inproved. It is a fifrtiferd obi®eeE B8R MR cxreeifhoepbiestt ©f

provi de a channekhespiresdmn imi&wdibar t35 pasdvi®é i agpehanaehwari ation

usi ng pilot synb h od. i ncl udi ng: ) rier _acquiring step for
acquiring a pl ur%k??ftdo%hrsiﬁfoﬂga?arée 1S Fﬁ?gﬁg’ﬁ iltﬁﬁ?é-’iﬁcﬁp &88; \?é’gi r&'e?c"Eet; a
pil ot symbol acqdMPilegesitehifgh-aceuracygpratyl wwedrcly bfrpspectiymbas of
known phase lisncl uded ot I HII S | £)e O ralGAIdd £5:5. s{§5RECLILYKELY; and a
channel estimation step far. 5 i$$lenentin channel estiimmtion for each of
the subcarriers ESWWBnPﬁgﬁﬁQR Y8t UsiiE WAhoRsPakbc FRRLGRP teethad.
channel estinmation nethod dft tilse gpresmonidi andnmioars spwdi £i aebb9dcrry the
applied to a mul tygapbi.8h 1,554 stesidiee ity 10 of pilot
synbol s of knomﬁgﬁaggbﬁﬁaﬁgmﬁé%ﬁgé%u%’al it yd%fa &J%%gég#ers, :
respectively ar e®3EFURLte@NaMe tIRthierieBt FaRt iigip kementchigh-ageuracy

subcarriers2ios i ocphrmedt edtisiatgdhel prespeictd v o | ©he SYoReLALiIAY RAS
been descri bed e iat 15 synmbols_aof _a known phase nul tiplexed
with either theagg%kgfgggmgﬁ%ﬁ%?(ﬁﬁ#ﬁ%ECSH r & %ﬂﬂﬂﬁﬁ;£%5h°ﬁedﬁ§é&% n the
above- descri bed PpaitRIsededh arahirstnel testimatdorheretbpdct of the present
invention to provide a commenigatl tideri £802RekNebYdEdNT o Patile S€arch neans
for detecting rﬁgpgggk e.t%ni S of(gath component s i ncluded in a received
signal received N1 a8 mul{Vpt %ﬂwﬁ)gﬁﬁ?gﬁggaﬁhﬁiﬁqu?ﬁ¥fﬁ BGRBBAs of a
known phase2pnclfreieddeherhd nge gwspet i gaat imand sc e s tle st ompohen t@eans

included a signal received via a multipath

propagation path, the method including the steps of:

a first path search step for detecting respective

timings of path components using pilot symbols of a
30 known phase included in the signal received via the
multipath propagation path; and a second path search
step for detecting respective timings of path
components using information symbols derived from a
signal demodulated according to the timings detected
35 in the first path search step and the pilot symbol
of a known phase. According to the path search
method of the present invention, since respective



25 for estimating channel variation using the pilot synbols. According to
t he communi cati on device of the present invention, the above-nentioned-
first and second objects of the invention can be achieved. The path search
means may include: a first 30 path search pagt for detecting respective
timngs of path conponents using the pilot synbols; and a second path
.search part for detecting respective timngs of path conponents using an

i nformati on synbdlisnideys vefl thenpatai geaipaicemtsl atredda&:(é@rﬁﬁdlgay% to the

timngs detectedg rst h rrbols In
such a.case, respg}(ftllté\}gj'l{# g geéf u%ﬁ'% gf %n’%%ﬁ%%?‘ aFJn
detected with a Eih@tﬁeazcc%n%c'ylmm9§ o% @cﬂﬁhjrﬂ@hhl oAmpeniend @apfabl e of

perform ng hi ghaa@treamed?ﬂéﬁagmbgma I @IRPH 10F0 £ABL B8 83 eAd a ey £dannel
estinmati on i ncl.ude:

nma yirin art for ‘acquiring
pi | ot synbol s7i nglru ed |%qrh%lr‘38’85988a§|%£%cc%ﬁ lﬁgcﬁgn% e t4gmation
part for inplenmerbited rddhrinishimgsi antli pi i ngyrhibel acqfi laectn;mvdrotprsa/mpl S.

I'n such a case, RheOWEHH CBLd Lo, dE¥EG a% eZCHI? 0 11.19 pgLbarm r'}g’fu%’h the

hi gh-accuracy channel’ estimation can zed iTre specti've
‘continuity of th&PEf ﬁﬂﬁ%%ﬁ%eglﬁﬁﬁ% %@%Me?hésﬁpﬁﬁpté@rparﬁ nay

i nclude: a tentabchdesteannel estimation part for inplenenting 15 tentative

channel estiyyation using t uire ilot s ent at i_ye dat
deci sion i nflorqarratl on synbolrﬁggﬁgef at?%ggparafp %ohﬁ%n’s%tf‘ﬁg F%F‘ctlﬁ

channel vari ati of©i ﬁi&'@@d{malﬁmlﬁﬁ\?htaplaﬁulﬂeaﬁch hesingt Riled cymbels
estimation and gefieaalkingra pmaé@naﬂal ‘tﬁe‘iﬁatl%ﬁ@héh@ﬂngnﬁﬁ'tﬂms'e@}c?}’nbo' S
fromthe conpens%ésd |r‘11f qr matlrtl)n s ?% 533:8_1 a channel hl mation part for
generating i nf or ARET-On “SyMAsHI ¥ on %‘F m> SR B i’,ﬁﬁﬁﬁ e é’rsemr%rmved
~using the tentatthe @atl@tda}{r@cnhsmﬁdr thei mmmﬂnmﬂ:mandyﬂﬁoumpl enent i ng
channel estiyeti eReUpkif irasiid Ghe SHOROLS S W oLBBYLONLgYMDOl S The

pi l ot symbol acquiring part may inc a subcarrier acfuiring part for
acquiring a plur éPFf’fm&f“'&ibc%f"i‘tP‘é#% AAELYQSd fuprm Hehe egdgpad 30 signal ;

and a pilot synbdémadqmaltlemg sdfrd Diig aeguithieN G idn i ¢ abét¥c8bdpPiiOtthe
synbol s of known P?? |a%;1| ydec ed i.n the pl ura |ty of su€ %Eél ers,
respectively, 5 e P&Ranne est% TP oft b’a © rgaipff’fﬁ) &feRY * channel
estimation for e‘é@ﬁpﬁﬁaﬂhél%sﬂsmtﬁ:wmabr segeilvpd holpl thal nuytopaphl ot

symbol s. It 2igs apiupta?altl%lﬁl tiPfadber@iggehlo HNENLIRINES QERULIS A
communi cati on deyic I ementie g&pat h search for detecting

fespective tinm ngd epgﬁﬁs&orﬁ?o%rﬁ%a¥ﬁ E® ia ORfIET 1R cRPFeguimd ng
nul ti path propagtleoanfatrmattilon dexiloel s ndksgivegidenl fdccsér@hhl geatek part

for 5 detecting respeethye Halthdsidinpa! inCOMROARIUS AT LGBl pot symbol s

- of a known phase incl uded signal_recelved viat ath
propagat i on pat H'23R8%a §€E‘8l’i’él‘1r%ﬁlﬁl%e*éli‘%hcﬁﬁhasfe@r &t etWAgdr espect i ve

ti mngs of path respecehve usifogmkltidh 0symboas Sl UehéNednfr aBa
signal - dermdul ated. 26508010804 M dd 0 0G5 dstested A Lhe 1 Tast path

search step and t kRown ase. ccor
conmuni cat i on de'%%%a%f‘ - t h¥ifhe saygh |¢1V@$\Fhoﬁeatrl¢él m%ntl oned first 15

obj ecttof thetl rdlﬁlbréﬂdﬁ:ﬁg he a.(ﬁxﬁjlﬂéh%h%éa hgcérfdirrid"%o Oth{;@%ifintgge
present inventi vi.de catjon _devi or i enent i

channel esti matlcgné‘?o?égs Pk m%l q?] k}alsfaﬁﬁ SL]:seIFngn%?T o’fe§9$rgol s,
the device 20 imf uﬁhﬁgdeappeladtln@ymcmquwl rgppasted andcsummedg pi | ot
symbol s of a knay pbRgccbBRLULEd dri %Lfﬁﬁéawﬂfe%%eémﬂ% b &gnagL

estimation part for | Ierrentl ng channel estimation using t'he acquired
pi | ot symbol s. g-t h@lso, a cophasing and summing

operatlon may be carried out by, for example, RAKE

combining. By remodulating the demodulated signal
35 and feeding back and using it in the second path

search, respective timings of the path components

may be detected with an increased accuracy.



25 conmmuni cati on device of the present invention, the above-nentioned
second object of the invention can be achieved. It is a further object of
the present invention to provide a comrunication device for 30 inplenenting
channel estimation for estimating channel vagiation using pilot synbols,
the device including: a pilot synbol acquiring part for acquiring pilot
synbol s of a known phase included in a conmon control channel in a

mul ti pl exed nanner; 35 and Bn chhanebfeahn rRip«dt pehatfl 6hel MoldRMBILdNY

channel estimati 1S iLred.pil. S s..Accor.di,ng to the
communi cation de\%%c%&%%gﬁp%@gh?g h%f?’%%v%%?lg%ﬁye@ﬁe%&@&\/e- ment i oned
second obj ect of THe athivekiEY oareanebecastd erd. usedi s thef imtframatiest of
tEe prlesent_ i n;/_erstyirr]gjbltsf,) c%k?@i/itréé @rﬁﬁﬁﬁﬂhl@ C@igl;&?;dééhsau&%rtezl% lt npl rerbﬂﬁlntl ng
channel esti iqgn faor..estim 1annel variatjon using pilot synbols,
the device i%l uGCFSEHHY &9 tﬁ?go By RS ‘ﬁ%?ﬁ???ﬂglﬁart?‘ef FloqRIthg
pi |l ot synbol s of sgaawdwe pdmserensklidedted) angatéét banit ismch ara®mn contr ol
channel in a 10 gwled Rl 8XE5h0 158 aS iLo iryng part

orT bR Le R STy P D8 2 BB ettty

for acquiring pilot synbols ' I'n the conmon control
channel ; and a cRERGEItI i3%e | Rl patedt-or AGRARHERGLINg SRASSel estimation
ufsi_nﬁ t he acqui r medpillatteds yiropd ﬁmaﬂ.SoACGaqlhdid(}gs tl@aﬁ-ﬂﬁgﬁ@@!ﬁ@iﬁr@ﬂﬁpmﬂﬁ’{i ce
of the pres i LQR, s Jd.he oyes ti.oned, second_obj ect . of the
inventign cgﬁfbegég%%gﬁgiéﬁualg %g%gggﬁg’%ﬁﬂeﬂﬁe%ff?ﬁepﬁ%gséﬁ?HQmenion
" to provide a conFBAPE&AYINE delirtrd$ op £2¢hiemFatientdmponhatsemagsthiamat i on
for estimating chameeltemridn 0dn UshBgeRisled =3dMPASy .t he device including:
a pilot synmbol acquiring part f.or acguiring piIotli%nbols of a known phase
included in a received packét VY ht ativESERE AP EstFFREFRRY25Spart for
i mpl ement i ng t eni@Preyeschdmeatersatedl yonmpdiemprtitinacpathedepicdt, sitrbol s;
a tentative idat ardechahdn ddUNBhé PRoSY BRYl: ApdPePathel Qecong |
conpensating for_the channel variation in accordance wih a result é% t he
tentative channePaEEtFﬁéﬁ PRy eRer ZePRf ted e Biive data decision
i nformation synmbpkredetemmtimed anpedseied isf aatid fresynbatssrasdqa ychannel
~estimation part i i k erefrom ul ation
'~ components are r%ﬁ %gggagﬁﬁiEQééqéﬁ£§%#§g §§g§9g§5¥g? n£é§ P%?grnation

synbol s and i npl BRBRERNG S Af ean | HEPreNegsianFutrRcyi | thesgatsel s and
i nf ormat i on29ynboésisheaordsiy  Gdder&EYNHANC Hd Ayt €. Of Thenl8 Wyhe
pr esent inventiogeeagﬁ a?%%%- rgi ged aecon obj ect of t?e i nyenti on can
be achieved. It T a fdrther ottt CREIFrEfemeTHen?T oAt dMBFEViISse a
communi cati on de¥feerfgy Sndmlepaatimg pathneleagsth rega m, f bheephitimt i ng
channel vari ati ogealﬁeﬂgae!ch%ciywl&:’éﬂérd@mg%déw'é&% nsfsglggb‘iﬁr o er

e

acquiring part fB%F€5QU|n|n a plurality of subcarriers inclu in a

recei ved packet ; bt t FiemeHui ¢ F nfRpafe trodetdfi R nge28lE plural ity
of pilot sy@&bols of known phasdewneolfudad aspébe pltureatdndig stiwearriers,
respectively; angi & §hgenglyestimahi t [ [ chann
estimation for e chl(gf a?hgggdbggpﬁﬂeér)g}%g%naggkghmfﬁgwé E% CE#S?
synmbol s. Accor diFRPY®- the 298G ImAActYeR Wédi &deomulfelprelent invention
t he above- nent i gesbasgadthdnobpett nafy the tANABMiGR AN D FEdEi8¥Rde The

B et L D S e
It is still another object of the present

invention to provide a channel estimation method for
estimating channel variation using pilot symbols,
the method including: a pilot symbol acquiring step
for acquiring pilot symbols of a known phase

35 included in a received packet; and a channel
estimation step for implementing channel estimation

using the acquired pilot symbols. According to the



in which respective timngs of path conponents are detected using pil ot
synbol s of a known, phase included in a reception signal received via a

mul ti path propagation path; and channel estimation 25 neans for perform ng
a first channel estimation step in which chapgmel estimation is inplenented
for estimating channel variation after the first path search step, the path
search neans inplenenting a second path search step in which respective

'éli i ngzI ?0 o.f p_aﬂfammq.)oeeﬁjli.maaﬁ.en?ateﬁﬂ-tcﬁﬂ <]?|;_si ffel %fr@rd&fiﬂ QM $&me0bs,
erived froma si a ter .t i pst annel _estimation step .
according to the b(ti{]%lsn%gggg#%c%ggoﬁn Styﬁrg?qfe? s?£p3t %ngé'élr ARatRFARd the
_pilot symbol s of hameh phhiteating,t ke viglmetc85aeyt icmnirayl neans
inplementing a seaithLpamel sepbsaabIQAN 1St £Psh8c WL eh &hannel estimation
is inplenment egi forOn Sitl ti nﬁgchﬁgn | variation usi n% -19 information
synbol s derived 19 a{“‘gﬁ%‘ﬁa dERBd AP T t RLIFRLSt iy the
‘estimation step abeoretingntbondd segomngs adeiect edfi thehdnseeanicbpatd sear ch
'step and the pil @y s of a known phase, 5 and thereafter, recursively
i mpl ementing path search and channel estimation b%/_ repeating the processes
of inplenenting the second PhttRecaheRngle s alsinatioe PALbpRatiese bl s
dem)du:_at ed aftenabtdwe,setnmobi:naﬂlnsymb@tli e i Dk sbRR phE spi :cn&ty Yol s and
10 i npl enment4 ng S¢ . n estimation step using information
synbol s fed d;cktﬁgﬁlea%g%r%aé%%xg\ngtﬁnt & EAH bt etPedoeh fh&3ond Hat h
search step and Pilelt Sk ofcgokdowy phase maynoei taanemidmeddopf the
present inventi okinfehenuli Bh0NLL ABNEEOBR thid Sjadidesecond objects of the

i nvention can be achi eved. _The pilat Sﬁnﬁol stg_%}/ be included in at | east
one of a packet and a commdf ctc}ﬂ r%ﬁ‘a’& Shn&s oMt ReFhed degraibadt nay
be nmultipl exed oAbawve20 theamibee symbhédspadket lamowhhphasemmayc e r ol

channel . The 9bj eetis-dRaarihed: ahoyecHRLNRE ARUEYE DindsCOmRUNLGAdON
devi ce i ncl udi ng ga h_search and channel estimation neans for i enenti ng
at | east 25 one 8 "‘b&tll‘? R cRARTE Mest Bt FeRneBihged bot cpdmrol s

of a known phasemoi tamplienfiorgret t omi 8y nbhks parddarled in at | east one of a
packet and a common control._C el,. o recei.ved .signal., Accqrding.to the
i wn%h%‘gngl GS%lmﬁ%laqrgll‘é%E?o‘gngeﬁfx ked

comuni cati on device of 'the prese Fmvention,
above- nenti oned RPP¥E afdeschmnnebj estimatidre §tarnimphemantise achi eved.

The pilot syrbol shanyehe dstinmidetbn bt cbfdithiOnRe e apPREKELyARL 18 GMDON
control channel gf khh%nr ecel veed sigélaf. Al so, the co ni ¢cati1on 35 devi ce
‘may further inclAd& PEBIBREE SrelS B bt O Fe8aFRY Wa T Hededt SRnRERGK

synbol s, and t hePpakhtse&ransanic tednfizbme Shienstams treamsmimyivacur sivel y

-20 inplenment pagbusear.chrand Qﬁﬂ%l@ﬁéh%%igorbr@hﬂépeé‘éi:ﬂ?aEEBSe%ﬁres of
“inplenmenting path search usi, i'nformation _synibol s decoded after charinel
estimation and pf? lgffﬁﬁofps?'lg‘r?d S MEnPEng FnAvdhiRaet #Rdt PéAOdsi ng
i nf or mati on28ynbeysbbdd bhack wdend tire éerdbapkckeans trameRotdaacErvi h a

timng detected {potBhemRa ; j synhal s. JFurther objects and
advant ages of the %reslgnt ttlgr?\?lg?f{l%n%gl?b%gggl’ugﬁgﬁ%eedlfer%?rﬂlﬁglkﬁ
expl anati on desc?FPeH2EE BRYWPEh imFeeepde to the fol | owi ng draw ngs.

It is a further object of the present
invention to provide a channel estimation method for

30 estimating channel variation using pilot symbols,

' the method including: a pilot symbol acquiring step
for acquiring pilot symbols of a known phase
included in a common control channel in a
multiplexed manner; and a channel estimation step

35 for implementing channel estimation using the
acquired pilot symbols. According to the channel
estimation method of the present invention, since



BRI EF DESCRI PTION OF THE DRAWNGS Fig.1 is a bl ock di agranmshow ng
al5general configuration of a first enbodi ment of acommuni cati ondevi ce of
the presentinvention;Fig.~2 is a flowhart for. explainingprocess
stepscarried out by the comuni cati ondevi ce-f-t hefirst enbodi nent; 20Fi g. 3
is a block diagranshowi ng aconfigurationof a first enbodi mentof a path
searchpart of the communi cation device ofthe firstenbodinent;Fig.4 is a
bl ock di agr anshowitueg pd253cordymlio hsi ofioh &meoorphasbodnoindedf im pat hsearch
part ofthe comupgi iy j fisrst i L Elig is . a block
di agr anshowi ng agg?lr?{déﬁ:bﬁfrlof gﬁtaﬁlﬁ(raé é’r@oag_irmrrgﬁgﬁféxggt ngéléléerrch%a(fbart of
t he communi cat i oRed&#eke 5% rhapnrel eBSdMadHio g2 shighaapgicyaiacy
di agranmshowi ng achahn@lr aid wiedt 8oh0llbt boddaadi drent refpachatased Ghdart
of t he comTuni5cat icgp1 q%\{li.ct[e of . the fifr st 35enbodi nmenj ; Fi g 7 is_a block
di agr anshowi iy aGoRFgUrat: S of 8 FFRAPRTTOR et SR 55 pat Ah8Sar dhe - 21
part of the combBhivatimemtdenied sécohd bbismctnbbdteninvEngio®h icara bl ock
di agr am showi ng geC@phii@yf i on of a sixth enbodi rent of a path search 5
part of the communication device of the first enbodinment; Fig. 9 is a block
di agram showi ng a confi gur ati 5% sthaRRedi fg Hife tdan mRtRegnaespaibe
versus i nterfer eabevpl, ushwoirsiel poweymbal soo fl& Rirgpwrd Ophasa hkgclhedi agram
showing a canfig L fs [ - search part of
t he communi g;oti oﬁiggvﬁgé(%&ﬁ%?f?‘%g%ﬁg@nggd%OSI F‘?%’pg;lqll §ﬁgnl51Ie ck
di agr am showi ng &118UCEoRf iCRFt i Bhe dPLAoti symbadfo Freat knpwa phameel
estimation part @hytbe evaEnsMictddbpevime-ahulltigfdtshgenbodimBntndig.
12 is a diagram Qggielag a structure of a packet wherein a pilot synbol is
inserted; 20 Fi gﬁ i'S a di agram showi ng anot her structure of a. packet .
wherein a pilot synbol is.Inngdve etharfigl édtimaiibinoclethiadrdasshahieng a
configuration of aBo$8GORA LAY TESYm9b 1 8 6?6%29‘&&%5%3@5&98 gart of the
s a da

comuni cati-on devi ¢e of -lt he first enbodi nent; Fig. I 'agr am showi ng
still another stTUREUPBLGAPFENES FhFRERR FPMECTs \RRTTChr ehpRBEAted; 30
Fig. 16 is a di afmasushoa egsest Emothblost syabwle off Packets phase n pil ot
synbol s are insepi&dpeFkgankfil ck,dLa Shaow J .conflguration of
a third enbodi mantfof'ea cﬁgrj?né&?ﬁd ggsfi‘lr'gr% Foglhgamrl?qo%%{}g%a%%%*ﬁﬁc Fon
device of the fiRP3¢k8kbodi nent; Fig. 18 is a di agram showing a further
-22 structuee of packets whar ehe RH29insy ot smake onnsRItH ddferifei s a
di agr am show ng th structure of a cket wherein pilot synbols are 5
inserted; Fig. 2%?%9%1’ bfe'égk? | élélreéns%sowtﬁggé88nfsit§l§’r é‘{"‘\)bn“m{%‘f‘éﬁ?:t h
enbodi ment of a cHedmeebsepimadqrarty of ehleindmgutiheatn idnatevs grebol st bef i r st
enbodi ment ; 10Fi Ga Rdows phBkacknd 0as®hoyhBe1ac A digided | o0 9fnalbi fth -
enbodi nentof a chanj?e eS%I mat i qQn payt_ofthe communi cati ondevice of thefirst
enmbodi ment ; Fi g. EAFFE 3 FBBﬁmditﬂrﬁ;‘Fﬁ)‘W He a2 SRS BHLYR asi xth
~ enbodi nent of5a ctrarned est Apabirddngaiyt, dfy hempbemenitdalg atdewier of thefirst
enbodi ment ; Fi 0. £exiSa@ihho [ m ' s [ (S No] sgyent h
enbodi ment of a. hannael 20es§|§nglt°?%rﬂ' par m%‘??hégggfﬁn% |cégtjié;nooev$c}gl¥§ h
thefirst enbodi S ydoRil ety syl S LRF hHEREWLRg oM iRpfkeESN of  an
ei ght h enbodi nerirafsmi thadn€kest ithkd isaindat anbinlie saeMyyAdd ondevi ce of
t he25first enbod] i ' | ock_ diagranshow.ng aconfiguration of
ani nt h enbodi me(r?t 0 %fc%%%%g lgzto?ina%cglnrap%%“o?’t g ¢ nicati ondevi ce of _
thefirst enb®di nent; 30Fi g.IR6l#saafyrsbenicyienthofi bheapaessientr ati on of

atenth enbodi nentnvain @i sMapgepesiitRl 0t maite of B8 1 RTIWH ¢aldipngerige of
thefirst enbodi nent.; | ock .di agranshow ng a35configuration of

Fig. 27 js_ a 0 .
achannel esti mati0 “bad%trl’?rp?%ﬁﬁﬂtegdv Ak oR S{RE g’&&@é’risé’rm‘%@q%ence
inthe tenth enbdédienmetividt hecthding: estfimmst opipatt symbol acquiring

step for acquiring pilot symbols of a known phase
35 included in a packet and in a common control channel

in a multiplexed manner; a second pilot symbol

acqu_iring step for acquiring pilot symbols of a



-23 Fig. 28 is a block diagram showi ng a configuration of an el eventh
enbodi nent of a channel estinmation part of the conmunication device of the
first enmbodinent; and 5 Fig. 29 is a bl ock diagram showi ng a configuration
of a channel estimation part inplenented forjgach of the subcarrier
sequence in the el eventh enbodinent of the channel estimation part. 10 REST
MODE OF CARRYI NG QUT THE INVENTION In the follow ng, enbodiments of a path
Sﬁarch met hod, a kmwmebheséi ﬂgt&&ﬂd&tﬂgogtmdcamﬁ?m@'n@dlorblg:%Yﬁéf of
the present inve escri.be eference to the

A \Mlgl‘én&gl § glg‘lat&?rﬁl V\% Shod Ry &

acconpanyi ng draw ngs.
configuration of channesk %?rbb@ﬂ#énn @trsnalg:omgnagauwnddwlms: osfymlhels

present inventi omcc%:?&xc@rmantﬁat b%nti'f‘éa s 41 H80E6a! Inoét'h%{ ke s, 1 pat h
search part A512 L th, sear%h art 130, a %ﬁread code replica
generator 116> aPddl %))‘%br’oré‘éﬁg t8 t'r(’}lh1 eP ot BRRROLENGEr ik AR s 110-1
to 110-3, a RAKE pbarats rgrcvdedainokéeente et eed | pacpatt ahdll in?5 e
remodul ating parbokin AbeLLgl ERRALY q%§§M%9gga&gd1%%n£e A

correction encoding part -2 an a swit are conhec
shown in the figte a°§‘~’§j‘n‘éﬁ§ af ethec spFed Wimouyhda - nulhegatfio ger.opagat i on

patlh V}S el errent in@ucdme&stﬂ[g %ﬁﬂhamnésﬁﬂdtﬁﬂ&enﬁylﬁgﬂ‘é%t ylloacnh q
anal og/ di gi t qnverder and a ch.are not, shown, an
are +input to g)“‘tb% s%eaO:%th YA gg %&Q%mg%‘lihlgeﬁ}’@hrﬁ&ﬁl%dﬂo and
to the RAKE fi ngé’lacdqertcu'ift% 11 Othet gommon3 cBH:- Ahk phahnedar chapardl A 120

general ly incl Ud@%t&n@ﬂﬂdr?'é@éuﬂ-gé whgke i tlht?pf@&@cﬂvedTﬁhgnalt%eare
supplied, a spreagocode I &n, | i ca gﬂfﬁ ator a delay profile

generato 123 nd a°path seél elc‘?rb?dlﬁﬂc é&?etr a‘f sthe dpve 1t°ﬁ’e°&é’th
search part A 12be Sichiileardd)., the path search part B 130 gener ally includes

a multiplierpsl31 5 wheretoftthg 4 eacef £6n81933 Ir_ﬁecacreo Igge §_pread code

replica generator 132, a delay prof | e generato and a pa?% Sel ect or
134 whi ch gener alBY¥ERFIGH it RFOYHEE pat Fhasmedh ¢ukimaticn. mefdosutian s of

the path search pattimAti2g a:rrdaﬁz’ﬂ@l leaeabmlwrmr@r iBo#38yabe1suppl i ed
to the RAKE fi NOgEf o Chme%?m' tﬁ Oltldto 110- ﬁ"ﬁat he deia con%(rol ler 117.

The RAKE finger crrcurtaofdiichedyd9s: 32k S¥RRO APSALRGusHSFon and
t he RAKE finger f8rcihcquiitrint)-Hilmnespinbylisncfudeskrowel phapeocessor .
112-1, a nublg pl ige1hddyl 1 £LNANE] v 88T HERIIAG RATEedt 201 1o ahsﬁg%ge'

esti I'TB.'[I ng part a chanpel vartration conpensating part

Qut puts of the Rﬁ?(%l?lf‘ﬁdé’f’ SHHRi T 13pPiemsnting %ﬁ’ét?ﬁlgﬁpﬁpﬁéﬂetlo t he
RAKE conbi ner 14€stimathenc simasg Maemtquﬂxrednmmissﬂlmnlpalss 316-1 to

216-3 (only 216- éeh’éa%’i@éﬂd'artat *Ef‘eéiélﬂéﬁ‘) 1ﬁ@ rHa i p&ﬁé’ n the RAKE

conbi ner, and then suggl ied to the coherent et ectl on 41. The :
coherent det ect | DA PARLLIEF1 SRR fRA deRmAeREREANDE VUt he . clrAsngat ect i on
out put obt akBed ¥aohathencaherstoxibiresi wntpaat rebhls sgpphéed to an
error correctio r 3-1 which,perforys_error. correction

decodi ng procesg%agﬁg% !ngt @ﬁtaém;egi eersf%lfm%g BcPBS S But put 30
signal . The out pe@nseEhEP Fllaf}'m decigion . infprvettiion doowelbhy Paonm thd-1 is

subj ected to an ﬁrﬁpénﬁétéaChh%MﬂW}Ogjn'ﬂﬁo@rsoc%%?i34 dienREL OT
correction e”COdéJf‘Ql,RQP 143-2 érl'g’ hen su I|ed to.the swtch 50. The

det ecti on out put"3Fom tha 35 Eeh é:ntg%ré?ﬁ f‘BH Bor tMEPERRELPRo suppl i ed
to the switéh S5EYMPelsuvherediromhencsitzhis compechebank,ané arémeved -

renodul ating pardsﬁ;@gtﬁ@ thatdelidd% RIPfd ! gecision information
symbols and implementing channel estimation using
the pilot symbols and information symbols.
According to the cannel estimation method of the
35 ' present invention, tentative channel estimation is
implemented using pilot symbols and then channel

estimation is implemented using the pilot symbols



-25 generator 133 of the path search part B 130 and to the channel
estimating part B 30-1 to 30-3 (only 301 is shown in the figure) of the
RAKE finger circuits 110-1 to 110-3. The renodul ating part 142, 5 the error
correction encoding part 143-2 and-the sw tciy50 form a decision feedback
processor 60. As will be described later, the first enbodi nent of the
communi cation device is particularly characterized in configurations and 10
operations of thanshtinSeemahipar 8yAbbd( . t HEhpat htheambvtea-mter&ﬂ&ﬁ)e@nd

t he channel esti ' 0 ; y [ QN and_the
channel estimati %dpcgﬁs Eg'éce 68, 1;5,% 2{1%é9§% ?ng ll"sah%vm he RAKE
finger circuits 110-1 to 1R 3th§5°‘hﬁn§ a|e|3t3tm1%t3p%ttlhm§§§9€1hqur1/b6120

and the path seah(eibvrha,r ttife 186ntavekee qatd r&écpatbnsaa%f}nétﬁl%rand a
second path sear %h and thg RAKE finger cj rc s 110-1 to 110-3 invol ve

9P
‘a first channel ma i T 2P A0 S5 P SBH Jcl'hcét B 30%ELS %hg step. In
the first path S@msﬁ e r vhehghttiegt ithe respeative tiiam:iang&cnfsnpﬁt h

conponents i ncl Ud%(idrﬁtaé\:i&?eé%ﬁgoﬁbgaélcorﬁﬁ.q{dlegoWcﬁet be 1 TuldsiRat
pr opagati on path the ig esgectl ve t| t he onent are

det ect ed using p yaltk‘ ep"r'fa‘srtgvﬁ‘u‘ﬁﬁgggtFHSI BEFOF T thr
recei ved signal. WIer:tgthlte.rmecldmi penbasemectdas.tapdemﬂspent lmeotmm*d’igﬁz of the
path- conponelr[ts aLapdatectad, formmti ri Jdoma 30
si gnal denodul at eg accor di ng %%ilgﬂeetal Irt;'ilgn Ir%etéej%t'%%gy ﬂ% rs pat h
search step and BEtdMadyiflbiaCH T ACKnERR denpreceddi ngl y, since

respecti ?/e ti mmr;gs of f the pat tthrcé)rmp@@ﬂég gge;la%%c&?qn&@yoaeaﬁgaiﬂg,e@ pat h
using pilot sy ase i_m of e t h conponent -
are detected aga?‘tﬂ)gﬁ’% nlggi} i n‘f%ﬂ‘r‘éf’l gﬁs: rd}%l%’e‘r"?v’e’a ?Fa%ta% gnal
denodul at ed accoBfdmRglt @etﬂﬁeratttmgobtapnmayt iimaigsdeananpekobr -26 synbol s
of a known msasecomeceatdal 8RS &8s ACEYEARY AN é&fé@tpaﬁdde%d&% gder

hand, the first % .chanpe| egtlmatlng st.eps i ncl ude,

estimting 5 channél earl I %h CE%T‘?] FFBP‘°§’yHﬁbqe ’“"t“’esp%cf’VWBPs}s 295 | ot
.synmbol acqui ri ngesrep forrestfuign r@npodmngswtmaalrs ofAacé&ndungpigasey ncl uded
0 Lhe recel ved shanaliaddh SAE! SELLERLINI (AR 0" coIPLETRAL g

channel estinmation usi ng t he acqw red 10 e second

channel esti matiAGFELEFLOBhARFAding | ot £BR t@“itrﬁmi'e‘ﬁ%n‘tléﬁlauéﬁﬁgsmn

i nf or mat i on 29y nbbh Sodmaitied fsmmdm ah@nak réenubid i egi ésCcehdbdno the
timngs detected, ﬁglkhet i rs:th cha testl matin ste and thg pi | ot
symbol's, 15 of ~a_Knowh phase. %?/ R R OPhE TS Tt FBR Bfnbol s and

the pil ot syrrbolsmEFOHeFénown phase for channel est| mat i on, channel

estimation can be inplenentadtale %Hyﬂ{bﬁcégﬁﬁﬁ)ét'l'bhe%%dd’edé’écI:EBed
continuity of th LLans ssion signal is to be noted that the

f ed- back informatTonc sy M6l &EREEFYE p%‘ét’hasgﬁf:&ﬁla’ﬁ’d IR ELSRI mat i on

steps need A&t b¥vmbelecgenerkdinmistemamah andlmtdemraelwee:sghﬁnhgon st eps

but can be sharesko88s3S£be ildiliddiPE ﬂaeeEQ‘srp%RJt}h gegur acy and
a sear .

~the channel esti Jat E accyracy.. That' is to_sa channel
estimation stepscTARRbivPe é‘ft?l N LR eh’éﬁ?éﬂatl&;?npe"r}f“é??ﬂ%g the first
path search stemdoordihgctondhecseaciavel Lt ngac@forpﬁttﬂtgr,prrppﬁents usi ng

Dt hel 1o, OLgBe kRO MB35 J N IRl L B b8 JREP i SLANE! qRpRe Ve

via the nultipa pro agation path or mn i <t Fmating
. step for es'?’Pnatq%“fh‘énchaﬁﬁé'ma\ﬁa-rqfatﬁxmb‘ai@eaCFI@efdflmgsttQ)atlhesearch st ep,

perforning the sesigbphibysedheh chardep éotifatech REJESNSFLENS bENM Ng
of path corrponer}ttgréi,s L 00, i nf QL tion symbols derived froma signal
or

denodul at ed acc 1 Ng Jfo“t'ﬁe tF ‘ngs detected
: : It is a further object of the present

invention to provide a channel estimation method for
.35 estimating channel variation using pilot symbols,

the method including: a subcarrier acquiring step

for acquiring a plurality of subcarriers included in




-27 in the first path search step and pilot synbols of a known phase,
perform ng the second channel estinmating step for inplenenting channel
estimation in which channel variation is estimated using the 5 information
synbol s derived froma signal denodul ated viptihe first channel estimating
step according to the timngs detected in the first path search step and
pil ot synbols of a known phase, and thereafter repeating the second path

search step 10 usi medefvedupackesynaolpst ldetmosiyhiab & d aatudrr itrte stemnﬂor
channel esti mt'%’&q’ih%r?é“a%i?}gi%’{?ﬁ' ;Fpp]h(gge ﬁgggg% gﬁ‘ £stimation

step using informatlon nbol’'s e de I .SIon processor
60 according to %8 uﬂ%@eé?e&hlenRW%&%dOESSHWI@r@@%h st ep.
Accordingly, si n&esmaidtﬂealy,h and ah@mn@téﬁrﬁtmealaheslt@pl egnted in a -

recursive nman er 4 %}ﬁ{esr}{\?r arnl}{ta&al Is\h%)ar@l erre E’?LI?IF‘*& ath search

accuracy and the Thanne |on accuracy ¢ fVed. 20
Fig. 2 is a flowsh®dangierkptaingngher @deas:salsx‘epsoﬁapmeat @urmll:wtsthe

cormuni cati on dewceertziut&tetélfﬁé efbadicdestiMafion MetBbdSiaP 3 2
recei ved packet is stored in a nenory. After storing the received

Si
packet signal i nP&%sﬁ@tZSl%%HPnpaPHC%leér detRod HpR¥NBAt é‘él’Pd:%er?g B 13t
synbol s of of a kwdwigamsiesr steapnSaisAfiosr pedtemseanes, aapdez&rarleia@ ng

process and & Ch%%nf)lll%ﬁ:“sl?;r&tg&f p{)gceg%walr ‘i:l?a@é Jeﬁl?%gdgge %I ved si gnal

according to receivin sel’ect ed RAKE
combi ning i s i npPeNe& Y R stwhpcaBrigrsgt é&%cth’éGMKEr@oﬁtﬁ%@%i gnal
i s denodul at ed byxndotm@aente]deéaecim@ﬂlaﬁd fliohereach edf ath¥esdpdbarda@ s on of

i nformation sy_rrbglasllm 1%§nez{ e\@fﬁgdthgh qturgét 1L 8P, gp?é?{ %‘o E}B’atl ve

data deci sion information sy oIs
val ues thereof are fed bacRsf dvas besnpdencrdbesh. abﬂ@%t ephé, ppabh search

is inplenentiesd usymBobet bt he mé@ﬁ §MHE@| &uaruiﬁlt&é@fwwﬁt BQRN &
usi ng the fact that he phase | ot synbal s is known and the p ase

of the informatiBACKSSy FFol® r}%ﬁ/e b%° Rhcﬁ’)?trﬁﬂlt i PIARGLt Aigh BY Ufed
f edback conpl ex t;onjtbgata@maa-tmcﬁibed path sesmdh metsdbap S7,

despreadi ng process and chagnglg eastf‘j@‘%ﬁgﬁegggg‘a%}swﬁ et‘f“’@éfﬁg the

recei ved signal at recel ving timngs h and t hen
RAKE conbi ni ng i $*VRBFERents&d Pretde o2 §PE‘5‘“§8°%W’RA€I’EV&6%| ned si gnal
i s denodul akéd bincdhdient: geitdctsenrchtmehap $dr idetSctehgr mi ned whet her

or. not to repea£e%§8ceﬁu%£?¥yéﬁgét§9 and, oy %&?ahdrfgg#adggtén a

determnation is Y eturn to ste enen
tentative data deBFeiv¥Rdopigmal rﬁ?ﬁ%?ﬁ@nvsy?lnﬁolﬂsllﬁrmthtBSOPheattemnat| ve

data deci sion i nf@tAahEeAgS YINQ S %J,ggdbgc&s HA&::@%@A@& £RB HaaWe
val ues t her eof f% Qﬁgh search 20, he ot he&l , if the result of

determi nation at>st&p-sserE NG ﬁ%eg’b%ia ABEi SRS FIEIRabhPBuleaPSst ep
S10, and théSpr o%@sseéhdslatASIgha@amee\l deacu.abe@nabmamg pebé seaoeh and

channel estimatiHpmp8Yshe hERIGBHELK "tAe communication device of
the present invention, the above-mentioned first and
second objects of the invention can be achieved.
Thelpath search means may include: a first
30 path search part for detecting respective timings of
path components using the pilot symbols; and a
second path search part for detecting respective
timings of path components using an information
symbols derived from a signal demodulated according
35 to the timings detected in the first path search
- part and the pilot'symbols. In such a case,
respective timings of the path components can be



25 recursive manner, in other words nutually conplenentarily , by perform ng
path search of step S2 and channel estimation of step S p in the order of
the first path search step --> the first channel estimtion step ~ the

second path search step - 30 the second chanpgl estimation step --j the
second path search step -> the second channel estimtion step ~ the second
path search step -~ the second channel estinmation step --> ..., so that the

pat h search accurdafiecteldtwethhanhdlghestdamtacp. acThuagy a35 may be further
i mproved. As has &6k, i bed , h_ sear accuracy, can be

i nproved by i npl errentir?\gégﬂgﬁzgégg\é%t SARPEL (o 2 CBLE BRI Y S

i nformati on synb@ASCUFATYPRBFENEPAY ipat Ir erepthoandashiengleadsizenht i on
‘using the pilot synbols, anthd heRanfigReadlitithdtioRahbafisamnal %iea{a;&éw |
tentative dat% deci ion 53':?:1;01,”3“ on sﬁol S ang t he gl |.ot “synbol's. Then, °
using the path séafch Tesit or 3RS AEP AT ut @By 2T dddHEe &F: IR} pr ocess
is inplemented agampolshdindludadniel thst inmxteéevedr stgaalandridea RAKE
- conbi ni ng processhairhell d d N ; i ci-sion

i nformation synbaol s .and t hée@irﬁigg?gg Fn%?lts%%aﬁn?%ﬁg&%%}égg rrtt??lnag%'ésfgnal IS
denodul ated by c6&fF IRt 63103, thRepSSR i oo RELPEcYYBPOdISe ddim
deci sion result sachbe iggmoyea. cdhmanikytfierdidgvbaskchpabl? @at a deci sion
result of amdnp : n eat.| e th_search st agai n,
ho path seareh Becaramid ol N aeh Tt T PEL R T TR S A on
result will be faeehdEghprrrIpeativedofgithe Sontetunityebf tégeating a
sequence of 20 preasswdsfomadigseasch, despreading, and channel
estimation, both accuraci,esrh%an e inproved in.a mutually affecting manner.
Fig. 3is a block di agram showHfH tonfPHaPAGISN H25E (2%t 1BAbYARTeR® of
a path search 25tpatetiive mhamoredinestimen ideyipser 0f £6 heimplemeardiodi ment .
The first enimpdi ﬁ’Eﬁﬁ:ani@Q:erHrhef?é&ﬁtﬂmﬁ%ritonam:?%at%é[%Eqﬁ@%@' ment of a
ch o

pat h search net hod. of th%@pres_ent invention and each of the’second to
seventh embodi meRt&°8t PPt h 3 EPRAEH VEa AL QT+ Bhen| ARép ragdicn
second to sevent Ayshbddigesrsratofng hea pat ifoxe aroadp eved dotingf Folhe tpeesent
invention. In Figpagd glﬁgprqt Sd.m | ar shown in Fig. .l are

i ndicated with cor?eggqn i n%jte e?e%@eé%gﬁ%rﬁ%%g{e g’%‘%f%rf?%‘dl'}:oolgi d:_he& ,
the received packBPtatdys chennek esthmatiemoand rgenebawhly and then, via

a termnal 20la sepphiedet @athe FRAKEs{bATJEH formddidd Célﬂiﬁlﬁoiéof}ohotkjbeo'&
to the path searﬁglm anbaR.42Q and to Ihe gat earch 30, It is to be
noted that, in the gresent emBodi AT COR BYPESHS ‘art h R PELh three
fingers is shown®&Sizatdoaxmaite, futgéneyendng infirermea hyn bsyabylsat ur al
nunber of n- RAKE/héR@EEof modiuiiS t e @@ﬁ\ppﬁeﬁ&%ha&%trén&&@d'Hpkﬁgen_ts a
"~ despreadi ng procgss ak ;__hgiq_ulg lier 121.in su%h a manner that t pi | ot
synbol s of the stppl red 10 réc ‘E&fd ‘{3%%1(%%°§i JRACTHA AR t$prPedshinthe
spreadi ng céfe gEnelemedtangt chasmredladestiymakipephisimqettes apdLot22. The
despreaded pi | otgegHOL S apike€ 4 %ﬁ?ﬁ% d ﬁﬂm at the profile generator
123, and a del ay profil eai S éenerate .&258 e pgt_'h.sel ector 124 is supplied
with the delay profile frofftEhBidetaPyRsal | acgeheiagonrart3 aKl sel ects the
paths to be RAKEmahbdeeda $hecpailiesel £640irirg pupR ifsr i 0dQh IRLAGN a0
the selected pathisLg1 1D 98 U988 £OLERLESR 11 M@ M i vea
30. signal; and a pilot symbol acquiring step for

racquiring a plurality of pilot symbols of known

phase included in the plurality of subcarriers,

respectively, and, the channel estimation part may

implement channel estimation for each of the

35 subcarriers using the plurality of pilot symbols.
It is a further object of the present

invention to provide a communication device for



20 switch 118. The switch 118 operates such that it is connected to a
termnal (b) side when performng the steps S2 to S4 of Fig. 2 and
connected to the termnal (a) side when perform ng the steps of Sb-S9 of
Fig. 2 . 25 The delay process controller 1ll4igentrols the timngs of
despreadi ng processes performed in the RAKE finger circuits 110-1 to 110-3
based on the timngs of the paths selected in the path selector 124. In
detail, the del ajMrlrreenbirgipath seakich ¥ 30 @eteetungdedeaqpetdtmmppl i ed

recei ved packet HieNAH s t@ﬁeﬁaﬁﬂ beﬁlbfo&h%tﬂt@su%yeaeﬁy g felay process
controller 117a and the read mgﬁ processes are I npl errente In the

mul tipliers 114- TSS9 3v § FuPELSiPats (RecRgpFL R Pét&ivddpacket
signal s by 35 theespramadinabiedrger at €d rigt tﬂwtlspseadchl paait e i ca

generator 11 T Eé_g r, -31 at_the RAKE
conbi ner 14065 Thlg%l-%% r?ibdle QE@?\’%I . lB@é‘EI tﬁé’m&? SRS
detection part 12fifgemilkdle %Y@ha 8j 9fd@rrdﬁmmeldhand ihelugisdatinetiuat a
deci sion of the hﬁbﬂdﬂﬂﬁéﬁb§V8aob§a|%Héﬂﬂﬁi répageafilsf pddie;

tentative data deC| |on|nfo on_s s are ied tq the

renodul ation parf 142 5i° r%#m%‘ﬁ#atisﬁ rtcﬁ’eﬁarﬁ*brﬁ‘égl 9RteGi89s, and the
conpl ex conj ugat Eepplerdsl whetbnings eofepalidc lcampementel agipgofil e
generat of 133 of 1higeialdd SR Eb RS ! abd18 el Jes Panagar ch part B 130

despreads the p| I ot S ol s, and the information sy t he received
packet signal . tcea%ea%@fﬂéngattﬁ’ &g cW’bh‘FgSAdEEGCtFﬁe i5 1tde
-synbol s and the f5r|srtf @raruh i seRsyhbst epanedaesps epafdbdtl Bymbelsulotf @ i er 131

such that the spcp]ﬁgqmc ner gg giaéh%o %he dﬁgﬁr}ﬁlégggﬁéhﬁ enerator

132 is multiplie ther espreadeéd sy
- synmbol s wher ef r oftft ﬁé‘enﬁ’@tﬂseﬁfﬂbnl%‘oﬁpﬁemstéﬁearlewme!deusllngeﬁhélfm t hat

the phase i 9 Knovohecof HHE ﬁMtﬂ@ﬁdcahh%@%fédéd synbol s incl ude
the information synbol s vvh h are rgltlﬁ . .the congl ex con!tugate
efSaPPJ B

val ues fed back fromthe 25 flf’} S FroRPTRPEAtt he
nmodul ati on conpohBMED tdom rte?nu.medud'eeadebmqmafaﬂmxgedevater £33 cophases

and surs e val ugp18hRISH, I8hdHDY ! B chliS oIl 244 ogeparLions [rom the

despreaded synbol g s to generate a de y profile
fromthe del ay pFofPR gé"ﬁér"éctdr°r13‘351-§gseﬁ I°|tecFYt"8°‘H‘r% phhf devdeeor 134

wher e pat hs 2t00 bénRHicgnbiangdi laoe sghbolledcqliia inas hosetegber 134

supplies infornma d_p s tothe dela racess
controller 35 11£7b§?5}15:§h§t ?\?\i q:h W@Easeg onzitttnr?wrfl nﬁg%"g% %ﬁmgﬁg g
sel ected in the patFAcsérect @raci%!lt tared del @y Giragesk estBpatdanr plalvdr 117

controls the ti nf@g Qﬁpd@ﬁl@h&ﬁdi %ﬁ&@@ﬁsea‘é&mrﬁl% ld‘six‘fﬁ FRKE fi nger
circuits 110-1 t tall edebécontroller 2-1 to 112-3

~serve to del ay t%e suppfil &lr %cel \73%10 AckefCEOEIRE DAY on i nstructi ons
gi ven by théSdel @§mprBéestioondestice df 7thenp reserdesreenthgnpr tbess i s

i mpl enented in til@oﬁk”—ﬁ\bﬁltll%h%dl%éoﬂ@ dB4ed by smild Pl ageibg sdppl ied

recei ved packet SI gna}i the spread code generated in the spread signal.
10 replica genera?o‘? i%v he despreaded signals are RAKE conbi ned at the
RAKE conbi ner 140. The RAKEtcmeiancf@zsﬂgmll ob3jestpplfi athel prdwecoher ent

detection part 14l MRei6nt kg ?rgﬂﬁb Sy dggmH}_&;:gcii% d &é}g %%nfg%l ve data

15 decision_of the informatio SISIn‘p enent e tecti on out put
fromthe coRér er&m%?‘éﬁPFbﬁgpﬁhanI@ll iesbimptiped fomomstianattingnal 102. A

sequence of proagsamsel Npheiafich usidy PaLbtSegmed1R 13hdsisgithe

above- nenti oned including: a pilot symbol acquiring part for

acquiring pilot symbols of a known phase included in

a common control channel in a multiplexed manner';

35 and a channel estimation part for implementing
channel estimation using the acquired pilot symbols.

According to the communication device of the present



20 tentative data decision result is repeated recursively for n-tines
(n:.natural nunber). Thus, by recursively repeating the sequence of
processes including path search,. despreadi ng and channel estinmation, the
path search accuracy and, the data 25 decisipp.result accuracy can be
inproved in a nutually affecting manner. It is to be noted-that in Fig. 3,
the spread signal replica generator 122, 132, the delay profile generators
123, 133 and t he ipatdnisebect 6he 3601re24nezﬂisﬂoﬂéa peevndedriedtdivi ¢hal

el ements, but theg %ml%g n%grgg ab ds a bl ock di agram showi ng a

configuration of a secon odr meAt of ‘& path search part of the
communi cat i on devi ce of théf¢|¥%ta35uéﬁbGdlﬁﬂhIeCtn0§|ghe4prebenﬂnts

sinmlar to those lsimwh Feg.- p§o€=&ae' i S YA B 69" BeSAQYifY. r ef er ence
nuneral s and “gﬁP be ex Ialﬁ -33 detail Referrlagﬁéﬁﬂ ig. 4,

the error cortec Dt ?Pn&ﬁdQﬂﬁ%%ﬁ?{ﬁncSPFeéﬁt&W ing part
143 corresponds tc(hatrtmalervanrla‘oioacmsmmg:lqmorbtlgspﬁbbl§43thearaﬂa\i1h§b error
correction encodi; 43 o] i ratlo of Fig.
4 1is characterlzé%%qﬁgﬁPéslaaﬁgfgglg%lgk en erroragggregg 5t ol are
included in the Pﬁﬂ&ﬁﬁtiwP%%ﬂ%oPEmbaﬁ&ﬂQQwacbﬁ@@étpbﬁseeé@ﬁhuﬂe¢ in

i mpl enented 10 oa toaeKet cindltinnasSyshalonh W¥mtred Byahastatinve data

deci sion, a t ctign encodi ng. an Iatlon are
| |nplenentedq§%al%ﬁaeg}ggéégf@dﬁﬁgck f'o Fﬁ°?§u& g%grﬁﬁgggﬁ
tentative data d@&r$ diPHfaediel abngnpéledt isombsyhdod § byknhUnCGhEﬁﬁnt

det ection part l4hclideed e ahe ecOmhandeont N | MEQRABL L 0RngyMhpl s are
supplied to the error correction, decoding fpart and error correctian -

encodi ng part 14372RREH -3 LHOROPREL TOF JEMRAPRGRELnanFham@eled. The
.20 information synﬁaﬂstunﬂuﬂmwg thpeacendetdrpilotosymbbiien decoding is

error correaty onaeededidqqal 'é°ﬁﬂgﬂhd§{lﬁﬁE§F?%?QDQE| hlngﬁ%brt 142

The renodul ating, gart 13 renDdu ates the supp or mat i on (ﬁnt:and
feeds back the 25N¥EREHLER cdritipheveamgasiomatoieeond hebiersy ofr otid e
generator 133 of ihkrenpdion sear de pachiBvédQ. Other processes are sinmilar to
those of the first enbodlngQ; f t@gdp h sea r.ch EH%M and_t hus £A|| not be
explained in detail:. 30 As has héen HeseFfne 388 e (RSP by
correction decod%ﬂgeﬁ§ﬁpnam9eﬁ#QNl@Qraermmwnmﬂﬁnn¢@ pavicewfiemr an error.

correction gade 1ﬁp&aﬁbw$migleéKhéDfeéﬁﬁth&dﬂ”ﬁE¥5es£ﬂh§t§ﬁ50r
correction code cgn be. effectively used for 35 inproving a path search

accuracy and a data#&di it tUSELEr By O tREVES TR nbALet BeKige. 5 to
7, a path -34 $ealvHipgrt angilde ﬂgmbolbad@hﬂrxhgmpﬁerEbe a

miticarrier {ransgheshan BHAAMImANORt 8d. Fudioh L2 bl o6k fldar am

showi ng a configuration 0 di nent searcC
t he conmuni cati oh H%GF&gengﬁﬁ¥qq¢sﬁ tentatlve Channel estimation
25 part for implementing tentative channel estimation

using the acquired pilot symbols; a tentative data
decision information symbol generating part for
compensating for the channel variation in accordance
with a result of the_tentative channel estimation
30 - and generating a tentative data decision information -
symbols from the compensated information symbols;
- and a channel estimation part for generating
information symbols wherefrom modulation components
~are removed using the tentative data decision
35 information symbols and implementing channel
estimation using the pilot symbols and information
symbols. According to the communication device of



. cireuit 200-1to

enbodinment. I'n Fig. 5, elenents simlar to those shown in Fig. 4 are
i ndicated with correnspondi ng reference nunerals and will not be explai ned
in detail. It is to be noted that the configuration of 10 Fig. 5 is adapted
to a path search nethod according to a nmultitgsrier CDVA system having
.msubcarriers. Wth this nmulticarrier CDVA system since signals for a
plurality of nobile stations are nmultiplexed by COVA for each subcarrier,
it is necessary tfdlelabrmghemnvpatthoseartmefaboeaetnesnthmarerd edecdiedlerring
to Fig. S5 the !eusjacd PACKRE $hoBRlich LK ofe! DRy Yy (not shown),
modul ator 210 Vi

and then supplied to a nulticarrier a the termnal 101.
The nulticarrier denodul atoft24® 20 Pé@%é’?l‘%"%uﬁﬁl FBe Paesieandd packet
signals into COfTTJ-Un&HI‘ITSlQIi eacphrauvhdar A efommuidisHpRbnedeva ddieegat rcuits

200-1 to 220-M % Or@%&réhggngg_ %q:elq& tignl §°torrgnt gn%tsﬁ_d t hat the

mul ticarrier dermélIl erealze usmge ¥ 25 as a
di screte Fourier Gtm]or‘hﬁiﬂ@ﬁ gevued n@DmpH) 1ot asymbPodsi, ethier atesfiorerat i on

devi ce (FFT) and ifidihRisngThe SAKEakirAger gdcf&yfiﬁglﬁgr% TfQ)rljah gt £ g Pat h
search part A 12Q %gﬁ”vﬁm[‘ngath se ch part I Nc inthe circurt

200-1 are suppli &d |%ﬁ§1af’ SPrﬁrl&f& e’r’?’ﬁﬂéﬂegubt‘}arﬂr T&CL ¥ t he
multicarrier denpddkettor 210iléh shmbpleseniu g paet, farCIarcqurlng

arrangement g that Efl%%afllntgfréf' ﬁ%ﬁg‘?_"\’%yﬁﬁ:ﬂ s eé@”PhSwang;g %ﬂ.%

there may be any  nat nber © er circuits search
part A 120 inpl ed®nt eaHj]éb’f:ﬁJe’a'EIYn@ pr‘E’é’@sr’alte%%e FrEPPPEF'-Iléﬁelml amﬁ sach a
manner that the. phlagnnedy rdzot smat ibdhepaumplicasd 1mp13&néﬁeﬁ=hgedh|a&@1l@.qt si gnal
are nultiplied bg r n ted.at_the spread _signal replica
generator 122. Thg ge?%%eoggg%p%lﬁgggﬁsg?rb%% sa’“%be %ﬁ’ﬁﬁ?l gd 35 ofile
generator 123. 5P sumaldryy o f Hel besperabed spi | iceyndbng apetmppl ied from

circuits 20Q-:5l teoR@RnDdat idie @é@itéeoﬁe&@feat ededt IH@eH%':.%Yx prgfd | e
generator 123 cogggses an Suns the d 1?iprgade pq%]ot symbol s_at ‘each 10

LA sTBERP e UFBVERE108pIFaded and

sumed result fobeeaélhl@u'lﬁshrrl er by power-sunmation, so as to generate a

delay profile. The path sehgel Qjb{ladcd SdéHEE':.b%Qi Wiy d hﬁaf%gy profile

fromthe del ay pr0|Ie 5 enerator 123 sel ects pat hs e RAKE
conbi ned. The path" s&VE fzf%’ﬂb‘b‘i‘?-%gthﬁPordrPdﬂ% b?c%ﬂélgsl e®B&d pat hs
to a reprodédi ngsparch?2ibansa fidie perfobmihg. alhel reprpdtki Bgapeht s Jeg)

el ay

reproduces the Z_Qnsuﬁpllc'heg:e%ﬂ}&ﬂﬂté)rgﬁgagg S2NE wlggmt&q@n :)Vtg{}e

process controllers 117 o clrcui %1 %% Spec It is
to be noted thatdERECERE: &5 1B Rkl ¢onrrwbed st @faatémﬂml playesi de when

perforning the siepsuSadt @nSh GfeddptidnaBigalicauecieeyt9ithg terninal
(a) side when p st.eps. of 55- e dela rocess
~controller 117 ?g%??gkgqphg OPAGR Ut 83?3%5‘&418’%%%@ e%E?"F%FE@& in the
RAKE fi nger 2€i rcrmﬁssﬁerlpmfmmq)aeseﬂluntt e a3t &l nesgsmatibhespaphs

sel ected in .theipaihissl eﬁta%ehﬂesﬂﬂngﬁiah' ist H%lﬁieén?é/n@&ﬁ’cfﬁors 112-1
to 112-3 serve tg gfm i.ed ased on i nstructions gl ven by

uppl
the del ay process COI’]?¥6PP€F I BNARETL cF‘fﬁ%tﬁ8§pra5§tﬁrnd*tﬁ otkEdtiRat
i npl enented i.n $FArdGk stkpi pither patthl-deénchlihednsy implemdythggt e

suppl i ed recei v%@@ﬁgebaghgg@aﬁ,%y élxﬁge\pspﬁe@ 1%372 e(__lrLa:L g tnﬁ; % spr ead

si gnal repI § CFgerator signal's ave een
conbi ned in K2 ERnbPREPE L iake L@%ﬁepﬁeﬂh@%%mn@mtiono 200-m -

are supplied to synisehs| @brhesefirdtm Ca)rw_e@ﬁen dbho N tdd e £ €L NPhe

converted into n up to_the cqoherent detection part
141. The RAKE cor%%%dghgnﬁg ?gggﬂna%ilcg% ?gePhgc&?ﬁ: é’fﬁ et ¥Re i on part

141 where the sitghiings ‘ééﬁﬁ@ﬁleété@ aiﬁtﬁt%hratl petias®adedi sdtoep odndhe
information synitle p51o68PbeRABBLRJ0f a known phase, and the channel

35 estimation means implementing a second channel
estimation step in which channel estimation is

implemented for estimating channel variation using -



10 After inplenenting tentative data decision of the information synbols by
the coherent detection part 141, the tentative data decision informtijon
synbols are supplied to the error correction decoder and error correction
encoder 143 where error 15 correction decoding-is inplenmented. Then, the
error correction decoded information synbols are.error correction coded
again, and then supplied to the renodul ating part 142. Then, the
renodul ati ng par tinfAgrmatbonl aysboflise deupiplte @df ramoanatiigeralsynbol s and 20
feeds back the c L 40 al.ues 4. o] e | rofile
generator 133 ofQgﬁgﬁ%ggﬁegga?%ﬁe%a%ﬁ%Béégggl%h%gn%g g%£ﬁ%§}QQEﬁtﬁﬁen
error correction3ERAERE HOt thactdadads deeechedr int itde 22apntbapathas

Ln the firs; enb?ﬁdﬁﬂﬁréFTﬁhgnaaghe59&¥?ﬁr§¥%F°ige?Eeat%Hﬁ#%(Bﬂébe’ t

eci sion infofmatjg ols, may be remdul.ated a .conpl ex “conj ugat e

val ues ther eo$ ne?;llldgeé?ee%e%é%ﬁrt orﬁﬁé‘r&é"a‘:’i}%rJo‘f‘??@‘“ﬁ@ﬁéf‘&?%ia%ss-%r‘g%e

path search part aBdi3thamgteThes pamhtdear iy peepedtisq ihpl premtesses of

despreadi ng procesp1imddit flg SMHQOEéc%% i @%Agﬁhsxg‘gg' %lsqfncgﬂ slgnal
e pa '

supplied for eachP%ybcarrJer. . As_in the case o sear art A
120, the despreadP@IOCRR FEPRbPeAEMOAPr IRt o5 2F BRYi Fge35 e Di | ot
synbol s and the ichiagnrel iestsyabbda etephamlippliet sygbalsbuna spread code
generated aty 4 he; i I pLLGA..GE [ 1 . =37 _The despreaded -
synbol s incﬂd%e #ﬁ§%§ﬁ§ﬁ%s %ﬁ% 5%%?39?gﬁ%ﬁﬁgghngéFé??gﬁogoﬁéﬁﬁénts are
renoved using t h&Si&& infRrmaelphagembelisndisd ckhénoahepridamde t he
despreaded synbols thnahieciiend dotecral am eHd0ssc¥hlCBaghe s@atdpl i ed

by the conpl ex cqnjugate, val.ues fed back fromthe renpdulati on part 142 and
from whi ch the n%gjﬁk&agﬁlgn\i’clolrﬁ)%nsém‘g° Pe r&?&?&fﬁ%e 8e#§§ profile -

gener at or 133 cophREsERinatimmedeniceabfieshehirarewen byidGentdoni,ngHene

modul ation peti @B%vfer—fﬂfédﬁl%mpffﬁgﬁdaﬁﬁnw&)rf&”oﬁ{gégt§Pg@artﬁuieer and
~then suns the cophased .and d results for each subcarrier by

and su !

pover - summat i on $BVERH O &Rt R ACREP¥§Iprofile. The path selector 134 is

supplied with the 15 del ay Threofpilleot roypmbbe sdalagy by dfid¢ rugedaeiat ar 133 and
sel ects paths to C g h_s 4 pl.ies

lQﬁs%Aléﬁe Si%ae?ﬁgacﬂ_@@ Qﬁh a eéo%r‘i@z{ é’?’gntéﬁﬁfvcaapﬁxglsm t ch

i nformation of the selected . to a_reproduci ng par I

118. The repr oduffn§ifareCLiy ed it bae bsanfe myp e e bbipherednpor @dt i on
and suppl i e20t hetreaistt baedelfaytiy qs£6Ke €0RhHO WY oo cbhereircuits
200-1 to 200-m &ﬁggggtively. The del ay process controller 117 control s
the tim ngs of despreaérng rocess perforned in the 25 RAKE finger circuits
110-1 to 110-3 based on th&he ebigctsd déscpibed sdloowt ewhy rbé hachatke '

sel ector 134. |rpgehacbmmula dlidh p&&&fééo_&%c&%ﬁ%%ééﬂ'§e§§&ﬁea g del ay
the supplied sigpal baied the del ay process

Ln ol instructions glvequy

control ler 30 1172838t RE 4 iMPDP 0l8Ss W LERALHERT @it hepRE
mul tipliers2bl4-anecofipazghbseandl miyd nghtheedupstiionhisi gnahsihy t he
spread code genesfigd LHmblas ' I | The
despr eaded signgés arg gAKE gg%%?%g é?@?hgﬁ%%ﬁEggbgﬁ?E%?fﬁéﬁgéggnThe
signal s whi ch ha¥¥"BRLA RRREVCSDiITe Lt nleREtRARE &fnit RA%KaB0andcRuded in
the circuits 200zdmmon266anmralle chigléEdo f Oaarpaederl -digmer i al -38
converter 212, g4 bei.n ony. L0 a single seguence, supplied
to the coherent det§%§?éﬁ ggr%h 4%éﬁﬁé§%ﬁ@£988ngfﬁg %ﬂ%ﬁki ?spgﬁﬁggFed to
the coherentOdetiRYEBRipAErt 2t41opndy oneecEi hal above-wmmmiidme@df andtt hen

the tentative daimddeetsh@nodfeldtes id¥ OFHEL L AVBLTRY TdrS bdPASHESLEY.
The pilot symbols may be included in at

least one of a packet and a common control channel

of the received signal. Also, the communication
35 device may further include feedback means for

feeding back the information symbols, and the path

search and channel estimation means may recursively



A process sequence descri bed above perforned in the path search part B 130
using the tentative data decision result is recursively 10 repeated for
n-cycles (n: natural nunber). Thus by recursively repeating a process
sequence including path search, despreadi ng-gnd channel estimation, a path
search accuracy and an accuracy of data decision can be inproved in a
mutually affecting 15 manner in a nmulticarrier CDVA system Fig. 6 is a

bl ock di agram shoumpigeraesbnpaghr aiiaacinfard f ehahheenkediiimidiod By pat h
search part of t i.cat.i Vi Ce- O fi enbqdinent. In Fig. 6,
el ement s sirrilarllfe tEoseézgkéﬁgﬁ%%%14§ggméfg?gnfghﬁb§é£$\ﬂ?%FCh
correspondi ng refEtigiE el REREREEd ogn @Y L hodepadedpifitead dhanteehi | . The

configuration of ddtgim&tiscnchagaptienitzefmsol Hahnlihempaldhetfdingh part B 130
i npl enents despr i r sses.of pil.ot synpols 25 and infarnmation

synbol s for e‘gch%g%g{(}ger‘?i%%&rﬁﬁglf’ﬁpﬁlg sygg?ﬁg}aémﬁ Isémﬁ’é’(r)}é’r aﬁt?‘gn and
path sel ection. Peclpariasthecferdbasks mppinesinnaocoaddanteofwitie sel ect ed
paths 1o a reprodusiliy pdetedlda 30 Hie [SREAUNERIEP AL 234 LEPLOANGSS the

supplied path information and supplies themto the switc
circuits 200-1 to 200-m rdSpeReferhiects and aleanbagast REt thee switches
118 are connect eprtement exmvantibh) wiilde bahesl peifotaung ke t3% steps S2 to

54 of Fig. 2, @and o) rminal, (a). sjde en _perfqrm t he
steps of S5-59 of. I%ig. é%ﬁgégﬁﬁagﬁg |é)li’(r’j‘ge]'so(e"‘ﬁtv"le{r;r%oﬁfe ﬁte?‘cf e’ |
simlar to a prod@dd PeprdeaWingshe fourth enbodi ment of the path search
part is inplenmented and the infornmation, synbols error correction coded 5
again are suppli t empdul at ng, p . e renodul ating part 142
renmodul ates t-he gg%%’% edufsémcE $§cbgs}%g{cb%%€ppl i es conpl ex conjugate
val ues thereof to a serial Fig-pakalsed bdoedr thra@rifn Jhewing a _

seri al -to- paral | glneonierddie Z36: CORURT b e 10, 8 URbhAINEATPLEX conj ugat e

values to a plurality of sequences, and then feeds _ e conver
conpl ex conj ugat 809‘5%{’6’é§ac%lqrhed%|‘é+ﬁ9 pfofiNe Rieaent oinY8BtaPIhe circuits
200-1 to 200-m respectivelpig.The pats seakehaial tfdk lefpdgspigagds the 15

pil ot synbols an i_nf ion_s ol.s,of t supplied,signal for each
subcarrier. As igrtt)ﬁgsgassg!éﬁét%éerf)agﬁ SR% & B%f? ggﬂﬁ?lfﬁ 188spreadi ng
“processes are i nBP¥AER &F ithe Helpeitt epbioddmerdy; i ncl uded in the circuits
200-1 to 20@am 20 respect irdg).y,3 sikha thabckheaikidim SYdwLsgand the

i nformation synb f supplied signal are multiplied by the spread
code gener at ed a?gﬁﬁggs%%gcal(frgi% al fég??cg“ﬁ’é’ﬁgﬁ‘ﬁrb 3%2? éﬁgp‘défﬁrr&ﬂjed
synbol s i ncl ude PA&tppotthrs' cammimi sawhenedeomaeae frodue afipatconponent s
are renoved usi ngmbbBaikeit t hat the phase is known. On the other hand, the
despreaded synbol s include_the information synbols which are nmultiplied by
the conpl ex conjugate val uEd9%ed Hati@ P barknedisgradhsdit i dndpart 142 and
from whi ch £ike noodufaguea tdompene ssacendermbedimdie: def ay paehil e
generator 133 co . i_ne . Ipg the .

nodul ati on port igﬁ§§fg§o%a?ri%s%ﬁa%%h‘“géﬁg%}tgogloddaés)‘yjf(éggg%ejregtee A*§& ay
profile. 35 The PAPRALBEBEors 134 included in the circuits 200-1 to 200-m

respectively, are suppliedrigthst e delsyo Pk ol hgrhomHAG figl Yy profile

-40 generator 13 t._paths tg be.RA qQnbi ned. . The th selectors
134 supply infor%%l??gﬂag%%gﬁg ;%é"ilqeact%‘d“f)%t ﬁg{’@’f“ﬁé‘ dihy2 p‘?% sgearcg
control | ers3877 R3att A€ Shiet communiig:a bigw cdenilngl wf dieefpash i nf or mati on
for each subcarrémodifehrdi vidually supplied to the delay process
controllers 177, the tim ngs of the despreadi ng processes performed in the
RAKE finger circuits 110-17t8-1%018% AP IRCE ALRIFPEY ShGWiskE R 10
subcarrier. A proveSigsegténae odescridertabembopemeortTest i) pden pat h search
part B 130 usi nggddech [ a:%q&i ' Ul 4y ecur sivel ¥, repeat ed
for n_Cycle§5(meéggég;iiggﬁ%grﬁﬁﬁ%hus @ﬂ?@a%ggﬂ heéiéé o SLYE' ¥1 LR

Fig. 7 is a block diagram showing a
cpnfiguration of a fifth embodiment of a path search



15 recursively repeating a process sequence including path search,
despreadi ng and channel estimation, a path search accuracy and an accuracy
of data decision can be inproved in a nutually affecting manner in a
mul ticarrier CDVA system 20 Fig. 7 is a blezk-di agram showi ng a
configuration of a fifth enbodi ment of a path search part of the

comuni cation device of the first enbodinent. In Fig. 7, elenents simlar
to those shown i PaRity.o% the councatieadtiidih devieepolidithg Faxsf erence
nuneral s and wi | lenii¥q Hfe lained in detail. The configuration of Fig. 7
is characterized in that the path search part A 120 and the path search
part B 130. inpl ement despricsdii n§) pPodebieskfdingrrmsghpsingand

i nfor mati ons Sanblnﬁfbdﬁtﬂ@@hoEUECaﬂ.ﬁdth enbedihbatdegPaeadad Ridotch
synbol s are sypp tgtet}f)éoél | e eneratoors 123 incl ugﬁd N L the circuits
200-1 to 200- especctl ve AELO8h AR TG aRE SHEAFSSt the

despr eaded pi I ot %@W%ifor each subcarrl er, soas to generate a del ay

profile. The path sel ectorsilg4 9 nchudegibeid f&_a{af&ylgﬁogQQ 1,to0 200-m
respectively, are -41 SL@glle w t.h the delal%/& profiles fromthe del ay -

profile generat o3 e %rpgﬁhévtlél%e KECRLRBANEd I Pie RONSF
sel ector 124 suppleresis nﬁmeuafenanoé pmasseioacﬁecbméHSrhnlbhe delay 5

process contypllers 117 vi ggthe syifgh 1ﬂ’§8°gcmr%, %g{'gﬁsht he path

informati on for each subcarrler are|n|V| edeIa
controllers 117, °PREIGURATgODIOf ha ﬂégﬁpéa’dl‘ﬁi@%ﬁ%%@‘éegfpér perted in the

RAKE finger 10 ceeaurlcltSpJaJﬁ}:lof otHd Oc3mah ik W r@bb edef 8F @a@N first
subcarrier. A prg&ﬁ §ueeq1q:[e_nce descri bed above performed in the path search
part- B 130 using the tentative data decision result is recursively 15
repeated for n-cycles (n: HdGur adll nisberyloThuslingnase slsowbhyg mepeating a

process sequesncecbﬁﬁll@dxlﬁag:m{ ho £ s&af.@bstdew&adtémtaaﬁl Ehéﬂaﬁhel
estimation, path seartch accurac%%a{_bg an accuraq%t_r $ deci si on can be

i mproved in.a mEdaHF AP &3y RnEPTH T GRS aF PY P e COMM st em
Fig. 8 is a bl ocﬁldﬁ&gleaﬂnoslmntg a confi gur ati on of a sixth enbodi ment of

a path search part of the ggmmunicatd o i ment . _
is to be noted that, in Fle% Erru ‘ftalAZSQp(gtg seanr gtltl r{d fgosg}?ﬁgg fructures
3¢

of the path searth ﬁaPtaCES e kN I@t@lipﬁgéﬂsﬂ%ﬂd W\@%@#ﬁﬁﬁer 220 are .
illustratedzion a sinplifi ed'lq;anrler id heseiagyahe sh%&hlnéjechx?&théﬁr exanpl e,
the configuratiog, in F Th KEfln ers, .an E. conbi ner
220 corresponds %‘]o’?{]g%ﬁ&@f |%n SoRT T oY Fgeﬂ’O%l It’bl°_Lt1033\’3m}’<31 the RAKE
combi ner 140. Al 3®Serfedig. 8, elenents simlar to those shown in Fig. 3
are indicated W|th correspgm@ ng 4r Qjﬁf@@ﬁoaﬂnaﬁab%aﬁﬂ@%dln of be

expl ained in det % rate rems)tdul atin 5 é{%@ ermfl%éat es the supplied
i nf or mati on synb SippM &5 St e oﬁf“Bﬁ’ ? hehepReto a

deci si on feéébacﬁstlmdzlg}lrrb’@lrts@Iﬁectthetgcgamtmzzau'ﬂwe dieci se onff erdback
synbol sel ectingrpast gggoa%peqlt@ k synmbols (k s Nd, k: natural nunber) out
of the supplied Nd synb Nd: _natural nunber), and feeds back conplex 5
conj ugate val ues thereof tB Bhelpat Seiaghamt SROYIDg &dddridiarethethe
deci si on f eedbacktsyabokeselfepioke trarth@2@i mp idelteayniyl § eedeback any
successive k- pari$se fRY¥g sel ect and feed back any 10 discrete k or may

sel ect and feed back all’(k=Nd) of the Nd renodul ated.information synbols.
Al so, when S8l ecting k synbdfs, 1fhdssynishiagrag phowaRkedsth anaEhremnce

with the reliabidtiycohréhefr paeikert SyHdossnapd16rY sSalRAls are
' inserted;
Fig. 17 is a block diagram showing a
configuration of a third embodiment of a channel
35 estimation part of the communication device of the
first embodiment;

Fig. 18 is a diagram showing a further



15 and feed back in a descending order of the reliability, or may feed back
after weighting the synbols in accordance with the reliability. For

exanpl e, reception power of the received synbols nay be used as the
reliability of the received synbols. 20 As one-enbodi nent, the reception
power of the received synbols may be derived by nmultiplying the RAKE

conbi ned received synbols by the conplex conjugate values of the tentative
dat a deci si on restituabize nefl packez sdersits it | phlprosgmbodrad ad= squari ng
the val ue obtai ngd Hy-¢dle. mul tiplication. As another enbodi ment, the '
reliability of the received symbols may be obtained using a desired signal
power versus interference- & nb? s&Spaweiadnae Provkedr acEprsdesymbol s.
One configurati ost¥hdire esti di packbits vty nepi1bs ayaewilisgwal i on shown
in Fig. 9. Fig. isserakebc; ock di agram showi ng a configuration for deriving
the desired si gnaln power versus. interference-plus-noise power ratio. The
desired signal power can beéi3b. adprbsi eabdddk didgrahyshgwihg RAKE

- conbined recei ved o iRl r V1 4460 £ 0P RN AN IS &1 ¥BhYES 0L Ly tative
dat a deci sion result, of Iihelten(t)ati ve -43 data Jéleci Si on parteaé1 %ﬁand

squaring the val &8 T3FRHEIREY BRTEnREntPe ROt bR EiPRgIgViGGarrE mltgiplier
+ 232. Al so, the i fitiemsfteresriped joherst poi se power may be approxi nated at each
RAKE T1nger Syclreul ts usiig siiiarg gubhbbhd & fdlehysagiEhyng the RAKE

k mul tiplier an

conbi ned pilot synbols in the square n . F 1}d_squarrng.the sum of
an average val ue8PEHIER Hirraver agi A fithe ambadimentiné 3qeheaned tiplier
234 in an a?/eragbsginarﬁio?ﬁfiaaﬁd iféehequ@mh nsad Aei oh a?emeanelf \@f% ation
estimte value. E:;Q..10Q },S k di agram showi ng a configuration of a
sevent h enbodi rreﬁtiggf %"%Ja %"Rs)éerg\?bh part of the commrunication device of the
first enmbodiment. In Fig. F3.9.el%hehs sashbhpcdr diegrmsesiewshgwa in Fig. 8
are indi cat a W EBngakiesROl e I £ 81 RREE YT Bhen ANGE Wy Ehﬁﬁtnege
explained in detail. The confi ura%i og of Fig. 10 is characterized in that
the error correcEPSATA&EEH RFD0 Phr FRENG MM G 1 9% r FR¥LFBNOEn&HE ng
part 143 is provfdedtbembestindret coherent detection part 141 and the

remodul ating part 142. Thakiis (50 SAY. 5 35 EQRRI i guration of
Fig. 10, when th‘g?iﬁrﬁltornati érclgssynb(s)?ésl ?nc?u[&e g%ra r %ﬁ%@%ﬂ%ﬁ %:odes, 25

the information SRYTHHAThRE 1R 3 eWeRLhy eMpadingrt spbnaafbaspeds
correction décodedtimatdonc @amrctdOnthededmagaiitatswdidaied, ogndhleed

back. It is to bg,pgte 4N Fig. 10, the structure of each part is
illustrated in a éi@n%l igfnlbggitlr’rrnaér{{r}ce’r, but 30 these may be realized as, for

exanpl e, the configurati onFdow#4 risig. blhockhdipgragbishiawing ahe recei ved
synbol s. nmay be ebhafigaeakion d¥e AboyLgHEsCmRHIMRGEPtd LN PENShngR t he
i nformation synbglsgi%ngit he degﬁ_;r efg %? si gnal power.. vecisus '
i nt erf er ence- pl us: ol e POWER F%tg enﬁgmﬁ'gnﬁé‘?g&% feLFekefi kB6d ratio
_of the recelkved £iyatl embedifmemter ror correction decodi ng. - 44 For
exanpl e, when a convol uti Oﬁi?QdQSi gyg%f@ckhgigg?g\;? %q{c{)ﬁqoéaog code, a

| |

val ue of a path metflc calculated in a grocedure : ter codi ng may be
used as the reliSHPFHEYPEBECRe Y& iR RtR| gREPIITCR: 12f dHeehayReer | bed
above, with the ¢psetmationbpdintentif theiceomienticaitigm afevispesti yvhepat h

conponents are defeetednByqgimRaenting path search of pilot synbols of a
known phase, and the ti1m ngs 01Jl r'espective path conponents are detected 10

agai n usi ng>Pnformation syhb8ls28edisyad Blpek t dbageasdsdostigmla accor di ng
to thus-obtai nedccdhfiggsaandnt bE @ lt¥neyNBabhsdimeRd bBeareka@esur acy can

ear oh Peediy [brPar e SETRANAUP S LORRGHERNRL 01> SR Lo U NERLe PRUN
first embodiment; . :
| Fig. 27 is a block diagram showing a
35 configuration of a channel estimation part
implemented for each of the subcarrier sequence in

the tenth embodiment of the channel estimation part;



accuracy, a data decision result accuracy can be inproved. Further, when
path search is repeated again by feeding back the data decision result of
an i nproved accuracy, a path search accuracy is further 20 inproved and as
a result the data decision result can be fwdfer inproved. Fig. 11 is a

bl ock di agram showi ng a configuration of a first enbodi mrent of a channel
estimation part of the communication device of the 25 first enbodi nent. The
first enbodi ment of the chahigl Z\Stiaahi hﬂopﬂ{td:eal@ﬁaﬁ 8hbiwhialg @nbodi ment

of a channel estiJgat Lion nd .each .of t
~second to el event ngr%’?hd‘:%e%t?xg g% %ﬂe Schanne ,%{8 f‘mgn% grftef ac&aé}r?%]gd

| at er adopts 30 %&ﬁ@ﬁ’@%l@éﬁtﬁfeﬁb@dlqmmlsnmathencﬁ&mle eft ittes i on
nmet hod of the predentt igneidimentyV hRdgt he configuration shown in Fig. 11,
when a com*rur\%'catlon IS rrac}e betygeen a_base zﬁt}a jon and a npbile station
using a packet wirel ess acCess sﬁ%tgmg it 39T af POKBRpéri enced by |
a recei ved packe€o®ifgigmratsiant ¢ frneedhanme lctestmishattaonaphart i S conpensat ed

and then detect edm lenfthddy chgr ddcnt Be &@F@'é&ﬁ%&@fk@ﬁ: §le&ﬁ%'nde %Ppp' I ed

to a delay part Qr. to nel. estimatin art viaa swt
The channel vari %{%‘l or?lgértel ‘?‘fgb?ﬁ?'{“eﬁﬂocfor p%‘?’rﬂ%nﬁé eREinatiomel

estimating partspAr20-1 to 20-3 and channel estimating parts 30-1 to 30-3
shown in Fig.g1l. The switch 210 is switched between the termnal .(a) side
or to the term nal &b%m&de SO as to separate a pilot synmbol rp (i) and an
i nformati on synbEFs dMODE OR) GARRHENGcOHTy SHEHJRENTBIQNRal . Note that the

Itﬁtterni) of ]Ehe pi | Et synbamn Ftﬂ{d )fdnf)lelawma Uréhﬁaﬁﬂ?@nt@ntgfnﬁy x}gh%/hur) to
e nunber of sy ot_s 0 e 0 e
i-nformation syrrbgPQl %Fl %ﬂelq:g%a& na ur%?nﬂﬁﬂrb&st@éqﬁfﬁr%?/ mek é §paP8‘ #5 the
nunber of synbol SOBMUAACAFiGMedevhceyaboltheNgr eiwn t himvehtiani atiildn
estimating. pat Bad4desphamrid %fmnﬁéfeﬁéhb%ﬁtﬂoortr}@'J'Qcéxhﬁaﬁxﬁﬂlg' ed pilot
synmbol rp(i) anddFSBEI ies conpl ex conj ugat e val ues ~d(i) hannel

estimation val ue RE€%20 channel variation conpensation part 216. Note .
that the letter i of t he c&npl.ex amjajgaleckaumas_;rad(is)hdvﬁlragn@tur al

nunber, and nmay 19!1‘%@9 o] y of jlot.s Nd. On
t he ot her hand, ?‘ Pa%ggtgrlt% d‘gexi1 of 8 %ggs}ppﬁwb:odé)l n?orné?ban 25
symbol rd(i) andC%’ﬂ‘ﬁBPiL§§t&ﬁr’i ot i © §§}ﬁb@lrerﬂd5(ﬁ9 invembichannal

vari ation CGI@penG&hmﬁﬁlﬁaltho&lﬁie\ﬂihzﬁe cha@egbrua.myatllm&&é@easla&tﬁn loatr]I t
216 conpensates e MAriatlio correspondi ng
position of the %%ég{igp floroffatl o%a@i}n%SFrF gq hJ;&?: mlex -

COI’lj ugat e val uessllﬁfﬂl ﬁﬁéesa?mﬂlilésa tq\%neoﬁpemétléd |a1fdﬁmumnosyarbol

r'd(i) to a cohesemtréeieet 1an ,pHAKE 18i ndbe ea&%&ras Chelt@cilea P@6L3218
corresponds to thR&QEereT% dete t) on art. 141 shown Fig. The

coherent detection part a%%]BFﬁFE cgﬁgreé?ﬁl%t%‘?:’ﬁomaﬁ t he
i nformati on2§yrrbi)lr¢m@1@u}aamngom>tapm sl42e sat errordGodemsstiwnresult. Fig.
12 is a di agram shoYhiMgapatiuglad a ofaR gagket o FeR A | HesdlRg! o are

inserted. In Fi gp 12 a packet includes a t1he 1 exed
143-2 and a sw1tch 50, which are connected as

shown in the figure. Signals are received through a
multipath propagation path via elements such as an

30 antenna, a frequency converter, an
'analog/digital(A/D) converter and a mémory, all of
which are not shown, and are input to the path
search part A 120, to the path search part B 130 and
to the RAKE finger circuits 110-1 to 110-3.

35 The path search part A 120 generally
includes a multiplier 121 whereto the received

signals are supplied, a spread code'replica



5 synbols inserted therein. The pilot synbols may be inserted at any
position, may be arranged in a tenporally continuous manner, and may be
arranged in a discrete manner. Also, any nunber of insertions of pilot
symbol s may be inplenmented. 10 Wen the packej- shown in Fig. 12 IS
received, according to the configuration shown in Fig. 11, the=eceived
packet S|gnal is tenporally separated into the pilot synbols rp( ) and the
information synmbglemerd(tigr 22w &clietgyt par-afilehgdhe2a@o
vari ati on esti mat| tedé € a no. f _chann r
using the pil ot % %bo%?i %g3 ﬁ%hnahgﬁRe%%kﬂ%%ﬁ?%n %oﬁﬁ& iﬁ% t 216
conpensat es for Pﬁéhcﬁﬂﬁﬁﬁh\ﬂﬁiblﬂthDn addioridemcly wi thet pethnmesdraf

channel 20 vari apheh. BchaU cgéygéyalwelﬁ%h%ﬁféﬁ Q%@fuﬁﬁ!lw 3318
|rrpl ements absol ute c nt det ectlg he channel vari ation conpensated
S

i nformation synmb¥ §rle %nﬁe‘bﬁ%ﬁﬁ St’-ﬁé‘adagc £TRcPUPBhiPds Pt SPTRd 13 i s
a di agram shovm ngodleoirle@rlz;}fa sgemetaterofl 32 packdtlahepebfipiel ot synbol s
are inserted |ngBhrakh: 3 pRCkel Lnphudes diodeaul 1ip! GHEHyP Oltysy"bol s

i nserted thereln The pilot sy e arranged 1n a

conti nuous rrannegeﬁﬁéfaﬁ:&‘f b”é‘a‘?‘?%ﬁ‘l‘g‘édo ntﬁledlpe?&l'bt%e%{)chnﬁﬁﬁt BAIL3®, - ' any
nunber of |nsertEBESOthppu'dSJtoisymbélpaﬂnyslé%ﬁdmlpﬁmﬂtﬁdlzﬁ\haﬁdt h@egpacket
shown in Fi 13 r | d' to the confi at in Fig.
11, the codg' mul ?%Peg‘% %o?‘ araé:e3§u§éﬁara é 4588 ?‘% \ﬁ{gl | ot
synbol s rp(i) anf@ipger ﬁﬁ@rqmltﬁ%nll,‘anotQ Ad0i-)3 b&a-%t Ulegpdeédyng process.
The channel varlabheaogg_@ﬂrqtlﬂg part 214 estinates -47 an anount of

channel variation using thg pi | ot sympol s rﬁéi ). .,The channel variation
conpensating part 216 conpeR€atedy Finger RARFML LA LR THnt? nl4Bedr dance
with the anpbunt e&cbhhaselthearsate otonbidacartdiorgland ttiee cnhEEelﬂth@Qtzecti on

part 218 |ngl5eneg1§cgg§ollqtoe]] c&'@l{ﬁ%}‘; ggt Sﬁ%‘l‘&'&e@c ét'@e%gu}?nﬁggcgg §_ti on

corrpensat ed inf O?I’- mat i on sy ecCl sl
result. Fig. 5231l gcRUditddt s h Mﬁéraamh@dwﬁqlgw%ﬁ:matengapg@@ond
enbodi ment of a zhaonel, estihmairen @ﬁtimﬁflhbephﬁl’ﬁﬂmliﬂﬁ-tloﬂnde&l ce of the

first enbodi t t | hown i
clo:ns’runlecat?l quelns nxaéhgé Q%r&%rgllc%gré&{éﬁg?lgo%lwl a?n(ftq 2% ite SSE?PBESUSI ng
a packet wirel es3f atBesBAKfstfdngashapiecuiasi adilod éxpelrl@rﬁiedrby a

recei ved paegket §m1gﬁﬁheust65tﬂh@t1@€kEt@@n@!ﬂﬁaﬁehmar\haé"&E‘e'éh&ﬁﬁ@@”sat ed
and t hen det ect ed s to be noted that th gcel ved packet in a packet

in which tinme 20 %fl%Bﬁgnnﬁloﬂpﬁne%?e‘H”b‘ﬂB?rE?nﬁ 0% §hsetted fArkPacket s
(k: natural nunbet§-1r dasshowed ifr drhe hfigare)t radsrdd exombiné&diginld, the

recei ved packet @HQ”ﬁAKEScéHBHHeQd thd hendg! B4pRAr ile 1% Oéhéocéh&h.éﬂ@e' 25

estimating part 220 via the switch 210. The chaninel variatlon esti nat

part 220 correspthoRCHHORhRaE Farkfd - esTIi“?ra?PHSrﬁ&l’:t slegegrjon papt, ?34&nd
channel est2fmat ippephdes 30détiecti®B chiopntin Phe detedie e dn@h 440 is

Skl ched betweenbiiigihea kagh, (il Sldife.ln " d&eeU&i{ﬁffﬂB{@' pat J( to bn)

side so as to separate T) and
i nformati on synb?i%lép+%l?‘il)t8f aPh@rrréTt?’elc'?fé’éF‘p‘a‘ék@fl éegmlng\lcn@rt hag3the

letter i of the wiiie §¥ffb6b:ﬁxsrlé1(r'&r ,cd&écéibn, dtelaole_lllg( préSeds8at ural
nunber, and may 3r15 Y

ug gtot erg)u er of Egg‘o %1 eaorfgqc{]ot synbol , Np.
Al'so, the letter] Ra P nfBr P& RAHoF pRS deg A ERYhber, and
may vary up3901ﬁﬂgnal48 The output signal from the error correction :
' decoding part 143-1 is subjected to an error
correction and encoding process at the error
correction encoding part 143-2 and then supplied to
the switch 50. The detection output from the
35 coherent detection part 141 is also supplied to the
switch 50. The output of the switch 50 is fed back,

via the remodulating part 142, to the delay profile




nunber of synbols of an information synbol, Nd. The channel variation
estimating part 214 inplenents channel estinmation using the supplied pilot
synmbols rp (i) , rp,I (i) , rp,k_ 1 (i) and supplies 5 conplex conjugate
val ues ~d(i) of the channel estimation valued4.0 the channel variation
conpensation part 216. Note that the letter i of the conplex conjugate
values ~d(i) is a natural nunber, and nmay vary up to the nunber of synbols
of 10 a pil ot syseseraihr G833 hefother praa:dfd,setetneckﬂepaytparuamzard:elws t he
supplied infornma n r i t r t|o rd(i
pp th@n chaHR) éiétlmae@ng;%%ftega 3151 NEQr 4BLIHON ssyitbolo rd(i)

to the channel variation conpensatian annel var| a Y on
conmpensation part 1% ?I’é’“ﬁbn’dén%la?eglgglret)h@fch@mew\ﬁﬁr fargex by

mél(tl)pl)yl ?ﬂ the emrrbex&mdulrrt&posatwo gf thmegtho&hwdlhﬂi%ﬁwﬁn Mztfbg'
rd(i y the co X ate values ~ and s conpensat'e

i nf or mati on SS;C/nbrrg g r&}%?iﬁ g:ior]f%% %:SPieF“él& %&%c‘f?‘gﬁ 528§pé gngygherye
coherent detecti éﬁlﬁszlht P Eanxml 2ndacs saboolfigesivatier enbcdetecat i6on of 't he

i nformation synbols r' d(I)A%nGluquLtrwéSdéBer%% qeaceéf on g gsplbgFigs. 15
and 16 are di agra élll gﬁ% el_ré 25 structures of the present errbodl ment
o

of a packet V\/ners e rempHadcadd.on ey4ee 18 and 16, tine-
or code-mul ti pl emedtpnchdtaﬂwmmsram'eumzeﬁt dh idorkf ppeketSohnls: anat ur al
nunber) tra t h t i Q pil

synbol s i ncpmedgﬁgrggg%%agéﬁ? é%ﬁ?g%%gg ré(}‘{%eﬁeg achﬁ % tglt

synbol s are combfRBICBoPALY & iTdN et thRashannesk |¢1%1‘@1—I®ﬂtnggPa_r.5$sﬁows a
structure sinilazotd tbe20acketortiy F2g-112si Bhehioh dh@ vhbotnayakal s are

35 time-nultiple 1 ructu ar to the packet
of Fig. 13 in V\h%(gﬁi{néltiggl g)aqrstysrrg%lggv\?e%(?oég ?r’u {ﬂ'b]rs%%éi ! ls4§p‘ﬂh'g‘ﬁ t he
packets shown inofi ‘ghelgAKIEe fdgvgg wecli ravd tedild@ -tlo ttchel tON3i gurati on shown

in Fig. 14, 1she packets ar Qnt amrﬁllytﬁépﬁa%egea%@x fﬂé&@ﬁ zgygnal S Ip
(i) . rp, 1 (i) informati on symbdl's r

swi tching the svﬁ‘l?%hp_i%a sf‘l"i‘é'c :Hﬁre‘? Bat? 8t IIBNOéé”ﬁ r?atfh@sbaP?tQZO
estimates an anosedrch sluapnalnd/aflsaéa:mdupang tsleafoH adteyndelisthe (i)

rp,l (i) , rp,k ) £4 toc ensat i a . -
216, conpensat esﬁl%met ﬁu@g% nei E/%ﬁjéﬁl %nlal n?'g@cg{rs anccgl%’t?'l fhEsEmount
of channel vari affl?%nekcééﬂlémlylg theer ohefent s¢eosst idmprel 218

i npl enents absoledeimabengnktdgl.ection of the channel variation conpensated
information synbols r'd(i) and, outputs the data 15 decision result. When
the packet shown in Fig. 187 ghFegé'lr\f‘ PIHL 2BAESRuPEER e ¥tEDi | ot synbol s
are separ at ed Hﬂ%t%%’élpm sEspeetdive tim{nygs, ofpphath cqmponéntd(i) and

the information iyahedsedr @Jﬁl )a Q)écan%cd%ﬂgﬁéﬂl Bacarl%%%la?h&&ha”“e'
vari ation esti I'TB.'[I a£ est . mat es nham)unt of c annel vari ation
SIPEED 5 Jer

using the pilot Sy pf??agartﬂ'qn ®@3th.  BhR Fegpectifg tHahREs
vari ation. %6rrpetrfsdth¢1gp@aht c2hp onenpiensat @sdévecthe ﬁntsam@elp:wdst ation in

25 accordance wg ugt h t he
coherent detecti ggngga% acg?SQl ﬁ?lfog%e tsesl' s‘é‘rﬁl?e %cg)hé'lr%%%tq{ e ec |%}heof t he
channel variati &t s3te8alnf ofPattiheh s5eoRAsPAtl(iSeamah cikemis the

dat a deci si on remdgec®3Dvé&i gimiigiss oF hlmkpﬁtngeaﬁpah@wt@g a&onfiguration

of a third enmbodidE n tlo rt of the .co i cation
devi ce of the f:arst etrié @SEE? Qalflﬁ&t IgPac%n |gu¥ |§5ndseﬁolv‘\'nwzﬁr& 217, 35
when a commifhi &Y demedubatrdencsaringtte i bheatdmd ngshidetated on

using a packet Wi &6 St RESESHathSERBrH WG ¥REi BLIGR SXREIJIGNGSE Dy a

received -50
known phase. Accordingly, since respective timings

of the path components are detectedﬁgg searching a .
\ﬁﬁfHMUSlng pilot symbols oE”EHSGKf;Base, and timings

35 'of each path component are detected .again using the.
1nformat10n symbol derlved from a signal democdulated

according to the thus-obtained timings and pilot

——{

e




packet signal is estimated using pilot synbols applied ,in the common
control channel, the channel variation is conpensated and then detected. A
nobi | e conmuni cation systemis generally 5 provided with a common contr ol
channel for announcing various control signets-froma base station to

nmobi |l e stations: Therefore, packets with pilot synbols nultiplexed
therewith may be transmtted fromthe base station to the nobile 10 :
stations via the SYFheve cohtacknowanpdlasd n the. path skeercdceaiomt-pagket
signal transm ttedd run gnpps§eedtation to a nobile station is separated
into pi.lvt synmbols cp(i) and inforpation synbols rd(i) multiplexed in the
common 15 control channel &7 tHen8bheE damd othantlsapprrdd segomse
channel vari ati ocheonpensatt hogapany 3tepy irheledapnehevakisatin@itgggi mating

part 222. Thegchal ard.ali op. estj [ . 22, correspaonds .t.o the
channel estinati n%%g_{?ﬁ\is ‘,}A JOQ{-l]l?% Bgﬁ%&;%dﬁtac% %\l)m%ﬂgﬁnelre«??ﬁcﬁﬁ‘t‘feﬂgy parts
B 30-1 to 30-3 sRowdliat mynbal apguirhiag tikep eferracqoufirang ipdtlstynbol
cp(i) is a naturalymboTeraf aNCkABYNVBhY s itr Tle dUTREE haf r@é@l‘?}cfsd of a
pil ot synbol, NP_% Alsoa, C{he letter i of an information synmbol rd(1) is a

nat ural nunber, Egggr? 7 VArSPapRes EREIMATART 0P tEPbBFs of an
i nfornation synbémplm}eﬂlﬂrﬁg@ meneizaeisa:tﬁnmt;iem imatnggther kel red
| mpl ement s alAnngh 18 iSMI NS US| £ LA SWRRPRbRLL KRGk GR ) and

suppl i es conpl ex %og ugat e 30 val ues ~d(i) ,of the channel estimati“on val ue
to the channel vEFFEri SatiperdStiBatpan: if dmmNeReRhad BEéNGetter i of
t he conpl ex conj dgfpemadiives syhihdlssdaraeied dromnties, sagdammy vary up to
the nunber of syghpbs.9f ' 0 : The channel vari.ation
conpensati on part _21%@3%&%‘%%5"’?%&8; lﬁg C éanﬁ:glﬂ;'&la -“T’-a@f cﬁﬁgm'}lnt i‘_:g'ﬁ(jfng
the correspondi n§*p8%i ChGRIAL (ptimatingugercdnchf themplbatsyymblod s d(i )
by the conpliex cofj aganewrlpitssed(iThas] SYPRIdi8Ry [ige COABEPRALEEN

i nformation synbggaggig(if;)ﬁg‘"%‘éorﬁrﬁnt d tz_cti opc%a%t& 218. The coherent
detection part 2 plieent s dbsof bt 8YE8Rerett FRtBRYBnPBRSENE °Fuppl i ed
i nf or mati on synb&Ranped( s tdmn iaput chahsedates tdeitsiam casube. Figs. 18

and 19 are di agrafplefewcad el 1Bi4NChEERS a0k ﬂé@ﬁ@éﬂﬂ&eegﬁogh@em of
8 and 19, tine-

a packet 10 wherein, pil synpbal.s are inserted. Nn Figs.

or code-nulti pl ?(%ﬂtgfl}lg%ysf:%(ﬁ}%e AEPPRBLEEAQT B gﬁbagjsoﬁmn control
channel of £Re packets tralgniitst ab freomdbedbahatsttaid Fed-bddie nobil e
station. In thisj;gaSEmallbat I Lnel u in the .commopn control
channel of each Jbagiﬁe?ég?'ggex ractctie% %% Jitlillé1 g)%grhac eeacfcprl1 1 s?ﬁﬁﬁfl?(iare
conbi ned so as tPSFHPREABAt SHeRcieedt ottt Pondififgrers: sfonspatht r uct ur e
simlar to the paskethohnBi ghahhidln eWi thathenpish@lpsSWDO! Salrse 20

time-nmul tiplexedgy e n.control, channel . Al'sg, Fig.. 19 shows a
‘structure simlar %If)&'?heggac et™Cof uﬁ%r}eESIT‘ﬁrmfec%%[%ep%ﬁ ot®2¥5bol s are

code- mul ti pPexeRFFU¥REY caRfpheomhasinehanntinatien tawypermket s shown in

Fig. 18 axe 25 received, acgQtdiBgti0 ddie, GONEh OHEALLEAN SOWhd L &1 9. 17,
il ot synbals cp(1) and the

the packets areré)se Io]g lly separated i.nto the pi, A

i nformation, synbols rgl(‘?%(. s%%@*”cﬁa?ﬁhetfe v’é?‘i:’éfgb?fe &t RS ST pEed by2
estimtes an amRARfofmihantbe fdrsdt ipnthissegrthe s@ifct dytdet sngp- (i) .
The channel var|,_aéé@Ptiggﬁgﬂﬁgsng)fp?gg?@gﬁgnﬁgﬁgg%%t S .00 I%d_hfmghannel

variation igoacc T-eaRe-e—\Wi -fe-anmount” of vari atiom “Accordingly,
t he coher ent” detBEHVhs paft 22kBorRp PORER sinplbfate inokdreemearivedi on of

the 35 channel \sirgretl orecefipedsatiad th aiubtipathy pholpadatd(dn mdeh out puts
the data decisi qplE&Suhing WAB ERG SRAGKENLSIPWI, EmEEthl%éé% for

estimating the channel variation after the first
path search step, performing the second path search
35 step for detecting respective timing of path
components using information symbols derived from a
signal demodulated according to the timings detected




-52 received, the code-nultiplexed pilot synbols are separated into the

pil ot synbols cP(i) and the information synbols rd(i) by a despreading
process. The channel variation estimating part 222 estimates 5 an anmount of
channel variation_using the pilot synbols cpf7). The channel variation
conpensating part 216 conpensates for the channel variation in accordance
with the anmount of channel variation. Accordingly, the coherent detection
part 218 10 i npl dmertilee abbostit patbheeentcided eepi andopiflloe cyanywels vafi ation
conpensat ed i nf ondg O3y HROl egfgghhnﬁldcrwwg%énhh%ﬂ%% deci si on

result. Fig. 20 is a block di agram's a con uration of a fourth
“enbodi nent of a &R tHYT eZEPRAEPEN lﬁmltemﬁn%h@gcgh:ﬁmeéaﬁmmm of
the first enbodi mentwhiWH rbmmnsmniraguraa;tlldm sHovbtifakied uddngale a
comuni cationgis q:npie%lvggn amgg %t atllvoen apd a nobi,l e _station using a
packet wirel 63s ALCEH Syste cﬁa SE AT i 2t PBn2eR p8FPdnced by a
recei ved packet Qegmul%t&tnm theudiimg tpidlmangehbebtimppliingd strep he

common control ctA@rajaﬁJd o et&h@ﬁl@et Hah Id)&éété&”ﬁﬁn%ﬁtee% gﬁh
detected. In Fig tlheé]re cei s nélgl%tl ncl udi ng 25 t he rel%glq:v acket

signal and the CSW&%&E?%@% aﬂﬁiP%alsé(“gle]p? |%ﬁ 2oKROUB BPaFE aZ!L
to a channel est ithereaf trar tr@@datiagt theswdadn@lPatiheecakahnaltapr i atl on

estimating payt Q434 nePliBaPAnds: LR Ep%%?%n@%c?@iﬂggﬁngfggtsch% 20-1 to

20- 3 and 30 channel estl mating parts The
switch 210 is swPeeRad b-‘é’c%mltﬁ%twﬁww (&P s3re Biles ﬁw@btoéanamis

(3|( ;ind 32) |S|dethe a;lsedomcsec?mmelplebetm&wﬂﬁi s?]wg)lﬁsmaf Qhrf%trln&rtl%wbolé
rd(i) and pil ot tj plex tht

channel of the re%g::&\%e pacck %gng? t‘?‘lﬂene chanhes ™ g??ggmég 8§t°|cr?€ﬁchrg
part 224 inpl eneffsasieantkingste neheohimdingg detewpedi dd the53 egionat

symbol s rp (19 aﬁﬁtﬁDs(da)rcﬁlﬂ%@é’ﬁD"Eéc@%@i'n@iforﬁi&g@éepﬁﬂhug§ar@(ﬂ) of
t he channel esti rratl o val I he channel variation congensatl on part -
v

216. Note that tRBY SPEEAS oefs"t’rf%aﬁb?fﬁl 8% Sc IMRIFAREP 5 vafuds ~d(i) is a.
natural nunber, aﬁéumy-vwam}arupaztn ineonhmetwocﬁdsymdmhalbj/ a pilot synbol,

Np. On the ot hercbﬁﬁden{e'?&ﬂ%laj}’ pens 2a2ndglas. ;@g&&g dnn gt i on

symbol s rd(i) and s gpl ies the informatlon sy annel
variation 10 conp Eﬁg £ or‘?sﬁ%i'r“lat?i‘ﬁn qﬁ%ué'ﬁ&ﬂnéianva‘?? veRhesnpERSAVIEsSh part
216 conpensaties for the cham@el vaird ad | Phoyhabttt |fpizy|é}q:1$l£n£ﬂ<§r espondi ng

position of the d glnf y I t he conp Lex 15
conj ugat e val uesﬁgg?%ﬂg r}_?cy f%,},?f eggg bé’ngtell'%e “(I)Ir”ﬁ% oﬁnsynbol
r'd(i) to the coR@Véfe eét éé’tq (ﬁ“ﬂ-%ﬁteﬂedlmﬁ@fcohé’rreml@etéctansp&pt 218
corresponds to t&e, caheeerti vaat %dmp§i§n$411$1%bféh Fif. almedBey.
coherent det ectlggng t_qt%18 20 }gg)I enment s a z(t}cohere t,detec |on of
t he |nforma'(ta:50n sy (PP P St prtEePhRAGRSTE IR bniPERUFPe Fig. 21
is a block agrlaﬁmgnmw PQtd cedngiurss | dmpdemenfteld heirmodp kot of a
‘channel 25 esting$mpo1Babl @f ]J‘_G_h_%ﬁéé‘écak't?@t% Vige OfAf@@r%

nication

enbodi ment. Wt h-the configurati own In Fi when a co
i s made between 3HRER’sfa e&lﬁ’raﬁ‘?dhé‘%F?Ee§Faﬁn@n yShrpRehacket wirel ess
access 30 systemgsthmahébnyproaieson eaxe@eapphded ly aheaeeyetvpacket signal

s estimted usi ]Qgiogcgger;giqlnécacppl]_L&ﬂeigﬁkﬁnel ceptLol channel and

pi | ot synbobé e receiv var atl on 1S conpensated
and then de cte%le ¢¢ted BBttho B@hJiRen t RAKEt Bembiimdndrigode- mul ti pl exed
pi l ot synbol s ariEmpheeeheddi,nak- padgets3 (k: natural . nunber) transmitted

fromthe same transrn'tter.At step S4, the RAKE combined signal is
demodulated by coherent detection and then a
tentative data decision of information symbols is
35, implemented. Then, at step S5, the tentative data
decision information symbols are Iﬁodulated and
complex conjugate values thereof are fed back for



-54 In Fig. 21, the received signal including the received packet signa
and the common control channel are supplied to the delay part 212 or to a
channel estimating part 226 via the switch 210. The 5 channel variation
estimating part 226 corresponds to the channg_estimating parts A 20-1 to
20-3 and channel estimating parts 30-1 to 30-3 shown in Fig. 1. The switch
210 is switched between the termnal (a) side or to the termnals (bl to
bn) side so as 1path separehe pAbosteynisol paph(sparchPils (implemdnked (i)

, information sy l.s, (4 : il o] i plexed with the
common cont r ol c%ne gic((:%%l ?ﬂgf L?Eg%rg el vgegppagﬂgldht?i gr?gg.rmﬁwelocrhannel
variation esti matSYPPat tu 969 15hpnfRete e tHehaePhase odt ithe usikett he

supp: ied pilot syyadialy Fiéilhlmwﬁpagd_( it}xelg ;{rﬁagelofi kPandP%rfda)tiaé}dl' t
suppl i es conpi ex _conj ugate val ues ~d(i) o e, channel estipation value to
t he channel v%ri aSP(imcl)Jr? %or%%’ﬁ:%?i %ﬂ°ﬁ§r %’Yzi%%lm tRdt tgﬁé‘ Pt ttdve ifef- 20
t he conpl ex conj bgatke acpilesx ~cdénjugsta matlured . nunber, and nay vary up to

the number of symbol's of a g h her hand,  the .del
part 212 del ays the c%g%x AT SRR sttt el ST "TpredBang

i nf or mati on synb8F& )21 oBapRelcRafigia ting R TORSE8nPERSs PP gshr t
'216. The channel teartha imsceonpensaghal par tr déi eDRPedsatagsfi oF the '
channel variatio i i r | posiiign_of .the supplied
i nf or mat i on li‘inbgﬁg’*iﬁﬁ%lﬁ‘-yﬁgp%?ﬁp?g? TR R POShELREa8 ) and”
suppl i es the conpBRIEMER G or rBReRN 3FnBSIeP S&( i fheoRRKE combiared

detection part 2&&gnBhe icohsmeduligteat ben dodred8 depberephs absolute
coherent detection of the i formati%é; S%Fbols r' d(i). and out puts the data
k a

35 decision result. Fig. 225 &% gfaf e oRFgar 8Fion of a
sixth enbodi nent net Fochmprdt thé&Spathi melirarh petrdp pfablie ¢dmehei cation
device of the fikgkuerbed fH’éEerMAQtEBEaS‘iQ”fy'E%JI aéﬂgqg%gﬂﬁﬁn%%tﬁlr%’s 22,

when a conmuni cation is nade between a e station dilé station
using a packet wPeP&E® Foc&d ippLtaments, feadaivesizhat fagispemnax
vari ati on experi theednfip rmateicei veegmipatket meidgnate€otipensahtagiaed

detecting the chaghal Qe Al d fo fREALRMINY I LRI CFLRROUAN Qe |

f eedback | oop. 10 In_Fig. 22 e recelve sighal “rs-sepa
pil ot symbol s rpfPYFPA/Y CRPIUEREDVAIMBS| $hedEof il thethnseamahi.on

sygo: s rc(:l_(i)z)o arensupp! et ero Hhal’tftlﬂeiﬁ)’}:ﬁég e sddt A 238 ANfnbBe ol 'aQtA -
synbol rp(i) are pkibed .t Q.1 he .channg variation estimating part

and the del ay pa??g§4g.b ?‘F?e%c aﬁﬁﬁ @%’F?a&?&r’rséé’t“i et T gt ph? ¢ © 9@@5 atd the
channel vari ati ohteBt SAfti agdoditte PrdGesor easisond to the channel

estimting parts A 20-1 t0ag0ndsanddheichennsbacablovl ! Hhiadss Bi0-1 1O
30-3, 20 respecti vgl éE?The chaq:lr}lgrlI variation estingating part A 2%

i npl ements chann@f PREL 6% UG PhemRYpBR d0RHaMnSAbbR 2p(i) and
suppl i es coRPl exreownfajaee maangess, 41 dftheof wbrdscharmedl st i mati on val ue
to a 25 channel ¥@hhabin@A+GRTASNS Y P : e heel r i of
t he conpl ex conjugat e val ues ~§?i'§bt}_% gﬂ%_ %%rﬂrzglé ﬁl%ler%%%ﬁ# ngf/ g%rg up to
the nunber of syihoPRAoFhanpeloeshifaiionpofABEEP Mot Hotsthke neFdert oft hose
of vgri_ousderrbod&ri?nfSrlgf: pthBf&e@mmeit t e ﬁ@gfﬁ!?ﬁtt @%ﬁgﬁ{eqed abﬁve
may be.used as a gchann esti mating thod using a pilot synbol. On the
ot her hand, the %ﬁt‘ca ’a’{}agé?{‘ §§8pdéra§g%t & I‘?%ghi ﬁFBFﬁgt iB&FRsyibol s
rd(i) and .38uppthessenendntbrmateilore syivbot Sondgitept ot hbe3s echannel
variation conpensiin ofepgth s¥dp THerhlAMRloNRILALLARICAIRIRAALIGH Part
234 conpensates for the c}pannel variation by nmultiplying the

step — the second path search step — the second

channel estimation step — ..., so that the path

search accuracy and the channel estimation accuracy

35 may be further improved. _ |
As has been described above, the path

search accuracy can be improved by implementing a



-56 correspondi ng position of the supplied information synbols rd(i) by the
conpl ex conjugate values ~~,d(i) and supplies the conpensated information
synbols r'd(i) to a coherent detection part 236. The 5 coherent detection
part 236 inplenments absolute coherent detectjen of the supplied information
-synbols r'd(i) and outputs the data decision result. The coherent detection
part 236 supplies the tentative data decision information synbol to 10 the
modul at or 244. Theemmaitd @ ofla 244 dered\yiaie So £ heh 8 UPRIFioechal i3 NEfuse1 8y nbol

rd(i) again and | | npl ex.conjugat e_val ues xd(i)_ of, the sequence
to the multipli e%%‘.\%&%ﬁ}%gggh&a ar‘?aé,a ﬁ%$a§ig6£ﬁelzgﬁ§fd‘éﬁl%%°? he
suppl i ed i nf or et ARy Dbl etr dympodisd samp@l thent, heepefadrinsg i e synbol s
rd(i)to the nul tigatiters d2ch THE1AY! thidl itdin 2421 PUI HhRhi 83 dikA &pr r espondi ng
position of t§1e supplie Jnforrrr%l gn ) ol rgél_l by conpl.ex conjugate

val ues xd(i) of HERARRNTENLL 83281 TP Bt 8TafYPRCdSmat i on synbol
sequence yd(i) wherefromthermwduhsalngnthemnpaiant searehr eagved. ocfhein

mul tiplier 242 -sqgg,llioe;,se& hgc(ggpgégtéretg ig@%g;é@%%g?sgggg%s%eq_%ence yd(i) to

t he channel variatiqgn estinating € délray part 240
del ays the suppl FE@LSMsRtey d@rirp( ppdatdies praneel| estimasden i on symbol
rp(i) to the chapielcesy iid 06hé ORRRAS BoimdI G BredbssTheechannel

vari ation estd mat| r.t, B, 246. i npl enent s channel .estimati.on agai n using

t he 30 suppﬁlded %%@t&%ﬁﬁ)eoq Tt %ﬁﬁ HFE 53 JO‘F%‘F?%?I ggﬁt’fé‘lmé’equence |
yd(i) wherefrom tREoFBRH N ofymoebanands tdre rihovesdymBoisl, exncorjhmat e
val ues R d(i) of R Wailesd vedgslenasl RHJIRLd 00a VBl Uesnasniubplied 1o
t he channel vari ?tl on,.Go eqé_gtl 35 part 234 again. e c annéﬁ variation
conpensating par 254 ¢ SHend i 20Y or 2PhECONERRY hr PR §AtBy decipdon

mul ti pl yi ng the tesmdsparadi fgp posptooadol Blessuppyi dedDhgr Bakikor sy nbol

rd(i) by theso _ 1 ~=, d(i); plies._the co nsat ed
i nformation ssflnbngga%fé' &%{B)ﬂ%%ﬁg %o lg:rﬁgn?.f g%déin@(y?‘g%&)p%%?uﬁégy ?ﬁ’gip%’é'her ent
detection part 236PPApHER e Adh useazehesdi® cegatr i ohhef paltd suppl i ed

i nformation synmbskatcl( ialcciivh Gut Palt smbhevdat,a Aaci s 0n resuht, The data

deci sion informaLLon synhol. may 10 be ditectl utput as a detection output
or may be fed baéég o%t%ﬁésc PAhnets T‘i‘ﬁf‘ﬁgn%@gt %ﬁ?% HEPFOBeY46 via the

- modul at or 244 andceREddmgilivpl ity Deiuagaivelyo rEpdat irpeat sthreprec oIS
sequence foroncystesekBesN}AUF c NWOSE:L , 18 eH efa?éiﬂ ,-aag{joghaghgg_ram
a

- showi ng a confi gurgtl og,of a sevent h enbodi nent o channel -estinmation
‘part of the comtiirtERTdR"denoT; ACTHEAFLPS: CBRHRE MERTOYRIFLE. 223,

el ements sinm | armgbuahdye agf@oting mann@2.are indicated with 20
correspondi ng reference nupgpral g ;Th Lgu I S in Fig. 23 is
characterized in that a wei ght er?erga_tg?f él% ?gg %%\l}nl %glgﬂble een the

nodul at or 244 ant®®TheIHERELPA &f M ELigek aubedjment i 2 cpptihl aeeschhe 25

suppl i ed inR6rmpanh synbble awthriiiipdd €50k 08BNeEC U Ugad e ¥asdes xd(i) of
t he sequence to | geperatar_248a The.wei ght generat oy, 248

i npl enents wei gh%rpg%&%}rqg?tﬁé sg'glel ifg'drsc%n%ﬁﬁgég‘ﬁf’ gate Rr}éﬁ’ u%%é}%dff"?rf:hw
For exanpl e, thé3ktghtlogEferatfdrstyemrrgimens wsi ghtdatth vedarchd(i) in

accordance Wwit h nideheandkt ikaa P‘méﬁ}? 10 @h BRbhOR N3 L i S regsi ved. As
an exanpl e of the wel _hj":in va wd(i).to be outputted, it is possible to

p
use a val ue 35 propor |oﬂa?ef’8n§‘?\/aﬁ TFOeRES 8fei RatghaFepbSRr of the
recei ved syfbol nhrtyedebgrihedr ilagexr \adaptsf sthenchamnadewattiat i on

conpensat ed receinsis8Res of the path search method of the present
invention. 1In Fig. 3, elements similar to those
shown in Fig. 1 are indicated with corresponding
reference numerals. :
35 Referring to Fig. 3, the received packet
' signal is stored in a memory (not shown), and then,
via a terminal 101, supplied to the RAKE finger



-58 sequence xd(i). A value proportional to the desired signal power versus
interference power ratio for each received synbol may al so be used as the
wei ghting 5 values wd(i). In order to derive the desired signal power
versus interference power ratio, for exanple3p-using reception power of the
i nformation synbol as the desired signal power, a calculation is perforned
to derive a squared value of a difference between 10 the channel variation
conpensat ed receicigsitihol 1¢dli foand Oa 3squan ethe apaehofs eatrsic el a
estimation val uesndddes aéhévgseges@f& tﬁkf@oove&t'\'qs g@%s LSedged
as an interference signal. Fur controll1ng the weighti

control l er 248, i3ty ddbs‘?}b‘F eP%'BSGBﬁt Ieﬁlb%ﬁq‘—mﬁntaoﬁlﬂfﬁ@l@orrpl ex

conj ugat e val ues a)td:a(mjexﬁéhtbewiﬂﬂ bﬁ%&e Eqrncj:é(@émi@ shb@ni Rfsorzypt i on synbol
m%l ues of back, It is to be not ed

havi ng a wei g@tlpﬂgla (1 q:s}
that other processSes e & IJeﬁ1 ?Snﬁﬁé 20 PHoceshaX Be ppy nex
therefore w |l noumbere)qf i rRAKE nfdsgeird cikiqui®g.is a bl ock di agram

showi ng a configuration of man ¢l hsgabadli ?%rst en%z@hﬁgﬁfjamgﬁtt mgtion

part of the co |cat| on device of the 25 )
el enents similar MhRFCFRSE 8t Eheam kP thesdlvit anér‘-‘ffg*spﬂ)ndl ng
ref erence nurreratnsnam: witidt nite beikapl aymbdlin dftehé. skppleed i guration

of Fig. 24 1% 30,60a43GPilLntbt o 1hak 308 WL I EELI B dRgoder and

error correction encoder 50 IS provi t ween e cohe detection
part 236 and t heSREEGEATG e JeResprtsd adr rtdrq | Ipreedoddégnadd error

correction encodeep23@ac ferRSRONeSs 192themrer @ef&r@@dé&%h@ﬁtﬁ%@%@%’lé‘m 1
e coheren

and the error co ctlon encoder ,143-2

det ection part Zé%g SPEASTE %’B‘%o?’df“@% Vg] F‘He pg8§l&§t SRNGR I t he3-
supplied infor rra@tldnasyﬂmi@ly lpldﬂ(fl)landm gehexerttesit ent ati ve data deci sion
of the infonmation synbol . Tﬁf&emrﬂieé{%%cabqn RArd 305 SHPRLLAS £R et NE

tentative data dg é)smn i rrralons mbaol to the error correction . ecoder-
and error correctfofiYeRES et AelaypREd 1 SPRREREATs RS0l i s
error correctionasddeelechs errre)rpa:ths etbi be Gaclerominined( or Ther paaih on

Corroct i on_encbck pEe o tmA e, hos; hAEpATeRdoRP PLALReLSERA ¢ e

correction encodi ngal S | rrp enent

‘error correcti orP@bB&dtPnitSende iy syReeesagsion taird seippt } Esvinetben ugat e
val ues xd(ipoof shetsrquesce tmhd heritikhi PhBebpidatahesichStARdulat gis 244
corresponds to t dul ating .part. 14 wn.in Fi her rocess
will not be desc’?‘l?% nﬁe%e% i3 gtoeztg“%%ag ngcﬁl(ﬁ]ie d‘?}g‘?ﬂs?l%%?@mé g the
configuration ofseepsnéR &ebSdi metF i . a2 chadneon2®@atstd mad i thepart of the

communi cati on deﬁ’éﬁxﬁlﬁglt he)f isisle eROMI PBDE o i ol %n@%ﬁ%@”@?téssb@ lar
to those shown F%%(a \/\,433 and 24 are indicated wth correspondi ng

reference numara?% not be explained in detail. 25 The .
configurati@h of Fig. 25 |'§hehelleé.<atyer1:imde:t$1 tbatrbhadear ridr7 cseedion

decoder and errogh@o{{,gghbgno«gnlq%%? 244 a | tﬁ\éleg%%%?é,#&’wg gher ent

detection part 6 and thé nodu enera or 248 is

provi ded 30 bet weth RHEEbdnesTocixar iR he-kute g Oe‘r3 sedhenwehght i ng
gener at or 248 neyimbegs hefmt;ghpart@srﬁéwcteapb.al Itez@ Wadth redpeense to

decodi ng 1 he. ot cor Fack PaR dsard thl “BEOERRTER A A TR iR i
it is a.convBl utioieg tedéelayyihge sotpralmdhrﬁetewedcadamk@n egxligmads
procedure of Vi terdid degodhBe raRY iR d5plred 59 tBR delay process
controller 117, and the despreading processes are
implemented in the multipliers 114~1 to 114-3 by
multiplying the supplied received packet signals by
35 the spread code generated in the spread signal
replica generator 116.

. The despreaded signals are RAKE combined



-60 operation of the weighting generator 248 and the error correction
decoder and error correction encoder 250 used in the configuration of Fig.
22 will not be explained here, since an explanation has 5 been made with
reference to- Figs. 23 and 24. Also, as has bgen described above, a feedback
path of the information synbol to the channel variation estimation part B
246 of Figs. 23 to 25 and a feedback path of the information synbol 10 to

thef path search partthé HﬁﬂEﬁéoﬁbgﬁeES 1t41)1.10R'ﬁ?¥ hQKEh%ro‘ﬁd)idJe;d @i&%aal
configuration su t hat wn_in Fig. 1. Referring nowto Figs. to
29, the channel girsl‘t ?-ssu L?h%lne%a?? \VV}‘FI G g’eiﬁ%’g’i‘gﬁﬁef’ag°3 e ljsquvm‘té‘?%rﬁ
mul ticarrier trarkdf ssianmrbyisedenodadeptest]. afd gth6 ties ta tilvac kdaltagr am -
showi ng a confi gWediibofop tRAt Rneham iy Q}frmﬁoigag'&elinﬁa?:‘én@@& part
of the communjicatj.on device of the first enbodiment. The configuratron of
Fig. 26 is a 20 CONFitRAERT onthReFENtRE MMt 2nBBEE TR dP fotanatiemel
estimation part isymgwild exrpastppllied td rtle caamodhiae ioaMpattCat4 DN i S
made between a b ' il t.at] sing, a.nul ticarr.ier
transni ssi on sys?e%% frtrég&ndsﬂhf??%%&i g\?(%r rlfgltﬁ%or%&%g?%}é gyg'goﬁ'lsm A4 R
subcarriers. In GPFRLa% GO wgeke vehaesntthireetianei fed imalak dar rikee
transm ssion sysdemayi tpx@fﬂ@@(ﬂ%éﬁéiaﬁ:_@ﬂ Eentcxdapaeh gebi M £ or
each subcar rigr. Aﬁ%(brdl ngly, the received packet signal 30 is supplied to
a serial-to-par aPI el” "converter 260, resolved into conponents of respective
subcarriers and seri al -to- Fealdath congecheparthd ef3I0 edesheeads the
serial -to-paral | ph1eenemy1260ndeeRkbYes fdignStidh | 89nbBEST vad dpacket
~signal into sequ%g%eeiﬂ,%r 35 each subcairi er. and SUJ:E Tes themto the
channel estimati g part AP Coher #he0akt ecfiSortTharte 988e10f0 ther DRtdt t he
subcarri ers. - 6¢aCicinpairteA | 12l j ohhenp ile tappimissll § oagdclihgequence of
the subcarrijgy 1§ I } e Nt | S in _Fih.qg.. 27. Fig.
27 is a bl oc? di gn?g%%gﬁgvﬁ Warhg%in i%grgai‘ﬁe%z’%d%@%hgﬁ\é%e5m8&t PRatith
- part inpl ement ed:fdr S¥&&n té‘fagtt Heh & upR BE e £oskey Earerd hedhatt sheh ,
embodi ment of thepekadneligesil edp Dicfagbnelratd9.127, 1 8 gEERLEp13ed | ar to
t hose shown in Fiigerg% are indicated with correspondi ng reference nuneral s
and will not be exploeii ned in detail. Firstly, the channel variation
estimating part A 232 inpl éreéndesaraatedesyimbatisod nesliude pthet psyoibol s.

The channel 2@st i spibolsMhRe@ fusdn ot R demBihi2h tIWH U SinfiEYe REs 25 PR hod
adopted in eithe{_ergne éS of. thetﬂ‘ir tc;t:oﬁéi fth _enbqdi nents of t channel
€ t

2V Fhed>af& & 2EH&Fe PRARS at F ofReBBpen®at i on

estimating part descri ; £
part 234 conpenstiiesotbert hanchamiet despatadedbysymbdlHTiHEGIake thenpl ex

conj ugat e values; grérhadibhn) %1;41 i vgd a s 5. 120 i Lon val ue
by the corresponJ(':IIi1 ng%li ﬁf 8r n’B.tSI on s;efan@?isgﬁk?g?i )Qlﬁhq't%léﬂé)?'ucgrsgegﬁggégt ection

part 236 inpl enEntBPLF*aF880 HEE it Bte s dEedc bk fiPm ekitati ve data
deci si on i s2Bnpl eemodetathohh@artf Aramt498 SyshoksicHhe-ienhedhyecdata.
decision 25 inf j | s.are suppli t paral | el -toseri al
converter 264. The %{r?g ?ér??é?- S::Zern}oa ecgbnv'gg?ergegé‘x EHREHS IRREEASBF ed
plurality of sequehceePBeseghead isaims jwhe ovalyenglod tedqashdey by

paral l el -to 30 ssshaviggnyRESmedulad SPPbiesohle raldiviad éé%gi‘gaagguence
to an error corr 'gfsdggoggr tand error, cor rgg&i on encoder 26 The error

correction deco ANd- ervof corr ST Bhcdder 286 PFET oS error
correction dBcodi ng on theThapgeles pinedlid S5fsequehee dalcdyo iyl he

obt ai ned Sequemg%ﬁéké@@rnpgglng%uggiied to the path selector 134
where paths to be RAKE combined are selected. The
- path selector 134 supplies information related to
the selected paths to the delay process controllér
35 117 via the switch 118.
Based on the timings of the paths selected
in the path selector 134, the delay process.



At the nodul ator 268, the supplied single -62 sequence is error
correction coded again, nodul ated, and supplied to a serial-to-parallel

- converter 270. The serial-to-parallel converter 270 perforns

serial -to-parallel conversion on the suppli-eb-single 5 sequence of conplex
conjugate values ~ k,d (i) , separates the supplied single sequence into
-respective sequences of the subcarriers and feeds back to the channel

es'ltoi mat i ng parlg @E@tgjitd{mplﬂét zzgtu?lpartﬂm Zﬁﬂnhgoo£63e@p&fed&1?1g
subcarriers. 8 i : e#ﬁgﬁp [ i.ng.part, ar
coherent detecti gn ;():artsﬁz%z-caﬁ?o Zég rtlzthof e gﬁ %gg%l grgéc#g'ltts’l d‘llspat e
recei ved symbol b9 tH€Ted betidebpplex thenjdgjere vantosllek, d1@L tso as
Components are 1 STnNad. The. channel Vert St ot oot ] at ron bart PE | ¢
supplied with theq?’xl%orsrraaaisoen s%/rﬁb%?gg§ﬁ?&(ii°)n§/\/r%’r‘é??oﬂ¥tﬁ °r8§diedt i on
conponents are rPBHEFEGSarPnttroblént 1iynbeansl thel deppeeedisgcpanradss

teﬁti mat i on 20 -agabnim‘ﬁh@ln@amHlizyafﬁét thQttﬁ&hitih@fé gmeaiétﬁh%‘lﬁ—l%u%‘}} I es
catimat | on val uelSTs TP RE A YRP Lt Pon eI PAG pr £ 199RL TRy
cha_nn;a! va[)i at i szeimm iotgj}?agénéﬁdtedm;gnlstaifsijﬁi(i_e?dgsI’Ltbﬁag_hannfal
variation by gwl $iBhY gg(r?};] kon synbol rk, [ y e conpl-ex
conj ugat e val ues ~BH, Etaa I e\er'lancfé')’% %%iét a decision result is obtained by

i npl enenting absol ute coheféft dRARIY3YRd afigRa leolrre Akt eombanegar t

236. 30 The dat aadeehsi BAKENfcunBidon sy0hol THy kel éembliequsRYNLiad as a

detection out put; or fed ck to the channel variation i mati ng
part B 246 so aslgos{rlgéégt%dt %eo %a%n%&%gfpgaae&?%wléb%%Fﬁt iﬁéoﬁ@reérﬁ

det ection procesthgegiigned figr demriulated end ridteurtdntvambee) dakag: 28 is
a bl ock di agsam aee%menao@rﬁuagqr@saﬂnaeioﬁns?!n@\eqrﬁ h;@ffm;?wﬁea gl.a
channel -63 els:,}ﬁgaél on %art of the comunicafion device of the FI rst
enbodi nent. In Fr g 28 CEFEMEh O W | BF OR o thRo SEORETRIME | FEERGELB are

i ndi cated with d@e¥respéidiing ondfparttred finomr she drecemiindl nbd2be 5 expl ai ned
in detail. The configuratigns@bukhGe 28 582698 !sgg_;r%;tlle% 164 €; S hepninth

enbodi ment of the channel estimation part 1s applie artrcularlyin-a case
wher e comuni catfdhRi 8€AREE Betldde i HLMAsEh St abrye-MrntElowedl e station
using, a nmul 20cartertatver dage WAk SYwt eastilansd tidgwatdd or mati on usi ng
a plurality of L order. to inplement cqgherent detectjon in a
mul ticarrier tr?r:%%@%é%géigyskpgmn TS nngéés‘rslﬁFyrta i'?%{lé‘?’r‘é)nt chgﬂﬁel _
estimation for dREhreGuEab¥alyi aeperdtciondi hhey seauence ai f/ qurpaekeessi gnal
i's supplied ]E_o aﬁexﬁ@ingopg@hals!e@r&p,n\d/&ééls_fela@QngS%Hﬁil fér%ﬂnﬁaio g
conponents of respec su rriers and serial-to-para converted.
Therefore, the sezsﬁ?gf‘ég%?%ar gsleepaé%h\fe??%‘sh2%6°§§6§ryat tHe® 22 Sapplied
recei'ved paé¢Ret dggrdonnresvdguaccafary eaah babdapriosredanih saippl i es t hem

to the channel esfiw®iipdapabbting aAIEILN! detection parts 26f-1 to 262-n
of the subcarriers. Channel estimtjon may be apgl ied to each 25 sequence

of subcarrier in accordancetwt®nhtPhRecHFisFlrEti?BniBnERE -i 3 Fitdie 29. Fig.
29 is a block disggresd shoghal aepdnlagueiéoatot azehanrse, asid neéigp part

i mpl enented for gacdy .M i48f; S n [ he _tent h .enbodi nent of
the 30 channel ést] mal%lE 0%3%3?%?8?6 &::25 glg#?e%gﬁegpé g’iant'l zf‘rejteoc??'uf)sse shown
“in Fig. 27 ¥e iffcat¥ IFenpEsViEssornd rpdbyifdsade eh@merdis, dmitwi | | not
be expl ai ned i ntdaiswd Imayibet bdarkhe channel variation estimating 35 part A
232 inmpl enents channel estimatipn, usi ngilpi l.ot . synbol s._ The channel

estimation method using the il otteyRnsrS My 952 et A8 8906t ed in eit her

one configuration of a second embodiment of a path
Search part of the communication device of the first

35 embodiment. In Fig. 4, elements similar to those
shown in Fig. 3 are indicated with corresponding
reference numerals and will not be explained in



-64 of the first to fifth enbodi nents of the channel estimating part

descri bed above. Next, the channel variation conpensation is inplenented by
mul ti plying the conpl ex conjugate values ~ a,x,a (i) of the derived 5
channel estimation value by the correspondingsinformati on synbol rk,d(i),
an absol ute coherent detection is performed and the information synbols are
.tentative data decision. The tentative data decision information synbols
are supplied to aet®rijar alRefetoiser ital Rxgwe4tethéGér&bﬁqurﬁEhtﬂbﬁ
parallel-to- Ser'@edHHEﬁHtﬁ%r€6§nﬁoﬂﬂgwé%£&F égEPEE%QO #h|lé art
sequences of subcarriers into a single sequence arall el -toset é?
conversion, and &ﬂ&bHQ£$??EP%%FaFﬁe&h9|ﬁ£¥9H50@§qeéﬁé9nt@aﬂﬂﬂanor
correction decod@mnﬁu148+braﬁ@rtﬁ§tb&&dﬂ“ﬂ&k&eaﬁﬁonTgﬁc%Hmﬂb(ﬁHf@Ct'0“
decoder and egron 451 egld.on fHCQQ 66 perforns error correction decoding
on the supplied S|ngle sequence af dt puts the obtai ned sequence to the
20 nodul ator 268. At the|ﬂﬂhﬁzﬁQﬂfQGBFath@nmqﬁﬂEEQ séngbe sequence is

error _correctionchaded a3 fed "PAULALET. flﬂtlsé{PPékf te ! gener at or
272. The wei ght generat or 272 ma be o a conf urat?on Ih%nﬁlrgﬂa:t he 25

wei ght i ng pr oces58STEFIPtBY Tt eaEGVéHFHHQ?4u¥RhtEﬁbbﬁﬁREMQikﬁnthe
channel estinatlegmb@dmﬂ:anr&temﬁnbeﬂreEM1dMHqﬁ&o@Eﬁgraboﬁm f2nfdidd es
t he wei ght ed; $i nghe SEAUEES- qgﬁ; u i), fO the
serial-to-paralle go%vgrter rﬁz%i%f(?#p!g?%%se“ ?e ngrg %onveret er 270
perforns serial - FéﬁérQqQ%s%Rﬁweﬁ%ﬁoﬁhGﬁ FﬁeQﬁﬁﬁﬁ|%@r§ﬁﬁglens@mmaﬂanﬁ
conpl ex conjugatandakummdﬂ¢ati¢ﬁ Xkedifnb)l emered 24 @8ihheanPrRhesd S0l e
sequence into regpgagtiye Jﬂggs of the su carrier% gnd ?eeds back to the
35 channel estimating par oheY 3hE"dBf&cti on parts 262-1 to 262-n of
the subcarriers. The nultl@fuﬂn;tantiﬂlvhedaManmac1sxdﬁieﬁtthatlng part
and coher ent; glet Qﬁtb@&a&arotxﬁ s?ﬁ&él& Op262nR Yo é?’b&é%éb%&éil”;ka&’tp' y the
va

recei ved synbol gg the f conpl ex conjugate ues Wx, a
. so as to generafd- aﬁhﬁnﬁﬁqﬁﬁﬁkﬁﬁSdéyﬁbéﬁQ§§$Rﬂukﬁ§%r@§F}Omh§W@hQ%ﬁthe
nmodul ati on conpoaeatsu@p&n@ﬂnﬁﬁxthéherﬁb&n@drﬁéﬂﬂfﬁﬂ0@e@§&hﬁ§tbﬁ&tpart B

246 is supplied. juit B tRe ﬁy}yéggig %ggﬁ n%i% lgxa g(lgn§hghefron1the

nodul ati on conponents are renove ofs Ffpl ement s
channel estlnat|%ﬁraﬁaFﬁrrHﬁ?%ﬂﬂuﬁEFOQhﬁgaﬂﬁoﬁmﬁﬁqmﬁnt@@ pafheB 246
suppl i es th@O0conphfurmanjiogatsgmbd Leswhrith kawre( dxpdfidhi@edhesrderi ved
channel estimati to t nnel variatiaon 15 conpen ing part
234. The channel8€5¥?gF?§H ggég§%é§1f§ par r2§85§ﬁﬁﬁﬁ%%l%%a?% agﬁén
channel varlatloﬁn%ylﬁuﬁpppﬁwQQ;QQmihﬁfDemaduénhypﬁxpartrk4ﬂ (i) by the

conpl ex conj ugate val ues ~TaexI@m@d)ulaer&ﬁ@eggékalé%wmlffé&%é Lfe
obt ai ned by |nplenen#ﬁ§g 20 ;absol ute coherent detection at the coherent
d

detection part 238P APEOFBESTh SHRRP hit PBE SRR BARSK bEREIirect !y

out put or nédy becdmpléanckong ugadec haineds vaheakbdn testimatdépapart B 246 o)
as to. repeat thep?&ffbéngéhe%étd oFRLi O @fdtﬁgsgkléﬁue R;é%n*}e&FQSa eLac

process sequence_ for XC es (n: natur nunb een % lbed
above, accormlanQFEaBﬁ EﬁﬁﬁﬁPméﬁe(ﬁ1W¥%PEh§Hn§PQ§ﬁ|Qﬁu¢hﬁ)%k@@t si nce
pi | ot synbol s ofembdadtmenphasfe the gsearh fosaBdOhcharnel a0ri itmidsopila

hi gh- accur acy Cmﬁﬂmﬁeeéi#ﬂﬁikﬁﬁ'filﬁgﬁﬂfﬂe irrespective of the continuity
0

of the transn155|on si gna the piTot synmbol of known phase may be
transmitted®By being tlne-%%lbﬁﬁlbﬁéa Gle stidb erub PP pRex #d tén thee Qbror

transmi ssion paaﬂ«atrefumﬂeaecbum@l @ﬁmea@@wgée%crc'oti%&ﬂa&we'

estimation methaod fq{ conngnlcgtlon device, it is possible to realize a
encodin art, when an error correction code is

included in the information symbols, this error
correction code can be effectively used for

35 improving a path search accuracy and a data decision
result accuracy.

Referring now to Figs. 5 to 7, a path



-66 conmmuni cati on device capable of inplenenting a highaccuracy channel
estimation. In the first enbodi ment of the conmmunication device, it can be
easily understood 5 that any conbi nation of any one of the enbodi nents of
the path search part and any one of the enbogioents of the channel
estimating part may be used, or, either any one of the enbodinents of path
search part or any one of the enbodinents of the 10 channel estinmating part
may be used. Al s@educkagpabet wadill pesemsdhibetihfonse @ﬂ‘asﬁe pri &t e synmbol

described with r%&ﬁﬁéﬁEﬁ%fPeE' §ané#1§§f§n 0oL hg]t O hanne

estimation but may is also |ca searc " 15 words,
al though a method of nulti pﬁ'Jegu ng %ﬁeapbll@tckydmrﬁassbeefnn@@rl bed with

reference to Figsonguratién 36 al¥nand lénbéﬁﬁmahltobfsﬁmiﬂltﬂn%éépéﬁxed
with the receéve so be used

th_such nul ti.pl may._ al
for path searth %e g’? Zﬁlde%%?‘mﬂgd‘c\ﬂ rfe‘#%\%eﬁﬁe ?O%IEI ggfizsto | 0.
Therefore, the plelff@ip@yfrﬁ}bts i fpuFtigd tSo tdleemémnhaebimaliaat itan tsdsemt i ng

parts 214, 220, 2%2wr2dh 226 d@SSE:lebg‘ideéJ\:é&fﬂ?HC‘é trQ'e%'s%% dilhg 14 17,
20, and 21 may be ed for path search as wel it
estimation. Next[ féreeébcrf'd %%%ﬁ??’rﬁn?ngf Wiel RmREcsEPIR1BER dat of the

present inventi ode\nalJJl .be esisi bedbel notdesl snﬂmdtnabednm@m@tit&}e of
conmuni cat i opy dey ods 0 lLot_s
described with re%éeer?greiest gaf%éﬁ;l@eHE&Btg ?Iaoclrhsb% %I? aélﬁﬁo a1 T4 lb%th
search part or i b6t H‘ué-ﬁa‘rﬁfﬂrlﬁﬂ FRMAN g YFdram dneivihg paﬁhbs@anmmmrt

The second ‘enbodivaent t(hflst e COIBaPEEaki epMId eyt &:ﬁ ak&ﬁc@)élﬁln%clsorov' de
an effect si mIa% g:o t of the ab ove-describ

Iilﬁ ir e enb di rrﬁ EL ed
communi cation device. UFY het |, mPR& LSy égstﬁﬁl?rh?/eﬁfﬁoﬁuﬂ@lﬁdte’ﬁdm ted
to these enbodi nBHt §DMé\né’?QFar€¥%Ehoﬂ‘sbaﬁdrm,f|Jdat1@nse¢raysbeyrrmbe wi t hout

departing fngmthapsearatofpddle PELSERt FoRY UUIP sudcarz 88, CNAIMS 1. A path
search method for detecting respective timngs of path conponents included
a 5 signal received via a Ifteﬁ’%a’t’}g prOpBydti on it rectHvadt Ragket

conpri sing the sségsadf is stored in a memory (not shown), and then
supplied to a multicariier demodulator 210 via the
terminal 101. The multicarrier demodulator 210
20 resolves the supplied received packet signals into
components of each subcarrier, and supplies to the
circuits 200-1 to 220-M for each subcarrier
component. It is to be noted that the multicarrier
demodulator 210 may be realized using elements such
25 as a discrete Fourier transformation device (DFT),
fast Fourier transformation device (FFT) and filters.
' The RAKE finger circuits 110-1 to 110-3,
the path search part A 120 and the path search part
B 130 included in theléircuit 200-1 are supplied
30 with signals of predetermined subcarriers from the
multicarrier demodulator 210. In the present
embodiment, a circuit arrangement with three fingers
is shown as an éxample, but in general, there may be
any natural number of RAKE finger circuits.
35 | The path search part A 120 implements a
despreading process at the multiplier 121 in such a
‘manner that the pilot symbols of the supplied



a first path search step for detecting respective timngs of path
conponents, using pilot synbols of a known phase included in said signal 10
received the nultipath propagation path; and a second path search step for
detecting respective timngs of path conponehis using information synbols
derived froma signal denodul ated according to said timngs detected in 15
the first path search step and said pilot synbols of a known phase. 2. The
pat h search net hd®osivedipeakeh shgnall amhenel hipiied biyortiet i on synbol s

derived 20 from ihe ity clegudy le%%%t%%owleﬂetg tRgqt g7 detected in
the first path search ste are enerated b Ierrentln the steps of:

despr eadi ng sai d *§® rETRTTRHOY d22he ?l PR BREE é’tﬁl&d: p%X'FPOlS
according to sai @re raurgslﬂédd'ebethedpirrmﬂﬂeef@éﬁéraablﬁ dear.ch step;
cophasi ng ands sugi p a cordln o said
respective pa5t h tim %gafsﬂlei,n 2&% gg&{asge%’égg&f fr‘g?mgefﬁgggrsm Ul at ﬁ%’% ?ﬁ

i npl enenting dat T80 FEE I BRS o?ogaﬂ-dt@oﬁ%‘é@i ’%hdtbanﬁﬁéflié@ectl ve

i nformati on synbglesierartbsyr ex@giul ati ng sai d data deci sion signal. 3. The
path search nmethod as cl ai r,ﬁld i i

sai nf or i on
synbol s derived fromthe si gnalcpdé%dﬂfggnég‘ @ced}ecﬁ$fg°fogt°‘hé°f’?g%ﬁ
detected in the RRdssussd theadespseadedr pidaiteciyubols6atarached back such

t hat i nf or matg oncgyehals 2&%4151‘% Ngoa-Rr %Gii eéé&ﬂl%&@&ﬂk&b%ﬂ %rnfa sgl&et ed.

4. The path search nmethod as .clained in claim1l erein said second path -
search step is r8pB5t é:&‘eljrﬁqlThaas?)?eﬂﬁf’eFW TR F ofoFseashi sfied. 5.
The path search mebRedrd®x|y neewen-ilmoldiimnl, sdesei tosgetdetiagitala

-received via theggybt,l %ﬁigﬁﬂé)‘pagﬁéo?aﬂfnt Qe‘l%é{&ns%&tfg Eﬂﬁgﬁg%rdjance

Wltharrultlcarrler co V1 SI on
esti mation met hod*£Hr t8& |drFeHar3‘th’€<P1§hi‘aél fyam é%h%rﬁ%?ﬂgpﬁplfétlesynbol s,

salng Imet h]?d lcSErrpgeaemgtoa: mZa)targdmbéieaQQUpradﬁlgs S&@E:é ORAﬁEgébEnb&%eQi : ot
synbol s of a knoyp.p ed_i 0_recei,ved packets, . an nne
estimation step ?@r Pg%ﬁe e|c%:g chg% ef" Bgﬁ ]d'?i’cc%’f“?\'élgﬁl Eg'ﬁ red
pi | ot synbol s. 7se#ﬁét€ﬁamhses¢¢ nmwenrnﬂumaxga@a@st c2bfnedai nhel ai m 6,

wherein said pil ekiggrbohg .of a known phase are tine-nmultiplexed wth the

ackets.
P The reproducing part 214 reproduces the

20 supplied path information and supplies them to the
delay process controllers 117 of the circuits 200-1
to 200-m, respectively. It is to be noted that the
switch 118 is connected to a terminal (b) side when
performing the steps S2 to S4 of Fig. 2 and

25 connected to the terminal (a) side when performing
the steps of S5-S9 of Fig. 2.

' The delay process controller 117 controls
the timings of despreading process performed in the
RAKE finger circuits 110-1 to 110-3 based on the

30 timings of the paths selected in the path selector
124. 1In detail, the delay processors 112-1 to 112-3
serve to delay the supplied signal based on
instructions given by the delay process controller
117, and the despreading process is implemented in

35 the multipliers 114-1 to 114-3 by multiplying.the
supplied received packet signals by the spread code
generated in the spread signal replica generator 116.



8. The channel estimation nethod as clainmed in claim®6, wherein said pilot
synbol s of a 30. known phase are code-nultiplexed with the packets. 9. The
channel estination nethod as clainmed in claim1, wherein said channel
estimation step inplenents channel estimati-ed6-by conbining said 35 pil ot
synbol s of a known phase and pil ot synbols included in other packets
transmtted fromthe sanme transm ssion source. -70 n. /10 A channel
estimation method for estinmgt§ nyt@RdhBewhigh fiavm heengRPKEoCompiEd,

sai d net hod CO”pﬁhSMMﬁ ﬁhKEF%éfblﬁ&&@0h4ﬂxﬂhélﬂ?e%tgﬁ Eg%(ﬁiﬁ%ﬁ%%%ntro

acqui ring- - pil ot ols a_known included in a

chgnnel ?n g mul € %%rgXeftﬁﬂﬁuﬂ aﬁﬁdsﬁaﬁlﬁﬁdgt%s?lHﬁFFoﬁeéféﬂT%ﬂr¥al

i mpl ementing 10 GhawmmtexHthl|mnduaEMgrsmeingxnmnedrpeBOHn&knbolS Ilg

Th h I t c 1 [ aid pilo
Soonannel optt data Widihas, cLapiRd o ol Al 100n HERE B3P O

“synbol s of a known hase are tine- € conmon C
c%annel 12. TheP@r&nriéil est?%twﬁinﬁf’ﬁ'@&n&d dignel ia suapdiedl twherein

sai d pilot synbotbeokoheemnn phiesetnon peda mMAT i phexedtwet B iighe icangon 20
control channel . 3lf,al18 «ipn0eh ﬁ’cgﬁﬁv%” d’“?éahcﬂ P 1%%' d,in claim 10,
channe s

wherein said channel estimation step I nplenments fon by
conbi ni ng sai d 28nfpraatdamhoiynkela kﬁowmﬂﬁﬂmﬂnt#@ pi | ot synbol s incl uded

in other pagkets transmtt@.&ﬂdxom:ﬁﬂmexﬁéﬁﬁlh@a&%ﬁt%%% S@MECdecisibh / A

“ch I timati g for 30 esti g---channel_ variation using
glﬁgPesyﬁgo:s sa?dtggtﬁg F*%?nﬁygg°ﬂﬁr§w|ﬁq%nc%§ﬁﬁspta9&6ﬁqqk?%tep

for acquiring pibartsydiol $hef Eemevaphdaaaldﬁaxhﬁbmnlpﬁokohsnmui|n a
common control Cgﬁﬂﬂshs'%r%3¥%ﬂB&£é&ngée@h%ﬁ@¥¥Prf%é%ﬁQEQiBh'ﬁkﬁ%%ﬂgﬁ

n ep for ,acquirin I'l"ot . s ol s of nown ase I nclude
1 sai A combn Bt PR AMHeCEiRR Sncoder 143 whefs errox
15 correction decoding is implemented. Then, the error

correction decoded information symbols are .error
correction coded again, and then supplied to the
remodulating part 142. Then, the remodulating éart
142 remodulates the supplied information symbols and

20 feeds back the complex conjugate values thereof to
the delay profile genefétor 133 of the path search
part B 130.

It is to be noted that when error
correction codes are not included in the information

25 symbols, as in the first embodiment of the path
search part, the tentative data decision information
symbols may be remodulated and the complex conjugate
values thereof may be fed back to the delay profile
generator 133 of the path search part B 130.

30 The path search part B 130 implements a
despreading process of pilot symbols and information
symbols of a signal supplied for each subcarrier.

As in the case of the path search part A 120, the
despreading process is implemented by multiplying v
35 the pilot symbols and the information symbols of the
. supplied signal by a spread code generated at the
spread signal replica generator 132.



a channel estimation step for inplenenting channel estimation using said
acquired pilot synbols. 5 15. A channel estinmation nmethod for estimting
channel variation using pilot synbols, said method conprising: a pilot
synbol acquiring step for acquiring pilot sydbels of a known phase incl uded
in 10 a received packet; a tentative channel estimation step for

i npl ementing tentative channel estimtion using said acquired pil ot

synbol s; a tentative data dete siesprapdesatsyorbdbs synbbhdgerdreatdidptst ep

for conpensating syatbdihe ﬂb@ﬂ@?koh’la'&h@t i Ta 8L6R" daR P%n‘@ntt}b qfesul t of
sai d tentative channel estimatio g&f" enerat i teptative data decision

i nformation synbdlS FrSmtie" %o Hriaei BRASGnES Lnowy 20°m
channel estinmati Mestoe:ghehorh@edlerahengaswmamdoaymyamel i nwlerdd remwe
modul ation cOMPORGIHS Rl S BV VST B 13 hienhaltygadana § RUT

i nformation synbols and 1 npl enenti ng annel estinmati usin saldplot
synbol s and i nf oFRERIIGY BPRIwPRES. Vééue’ﬁhé%d?m‘ék &semn#hieon net hod as
claimed in clai mrémodulertsidn Sgagtt EQEaTaln\éF i Weetsi ehel H\foQﬁ{IBéﬂﬁh

synbol generatin | cludes 30 a cess f ar wei ghting said
tentative data dgm gl i-on p;n oarlfr%tlgxﬁog ?}b‘%ccg? hgPE8 11I]r§ CETSAF T y.

17. The channel ¢&38i e@PhAsaRetand alsmSSt(hleammldJem cbbaiméd, byherei n sai d

tentative datm dQém%WQ&d'ﬁﬂgrﬁﬁd@ﬂaﬁigho d¥¥¥3ﬁ§'ﬁgoﬁtgﬁe'ﬁglﬁ¥gﬁ
error correction r rgor error correctlon - 72 decod I Ng Sa tentative

data decision i n? FyritttR SFPERTEAES W rEReR oRUBACE®ENg agai n.
18. The channel egphmtadoram:btsmmw beshaitmeddmn edahnsiBcanhréreai bysai d
tentative data dgglsi-abifliBH 08 s¥mhEl GGRGLALL NG gLeR, T BELYISS 2

wei ghting process:-for weighting sard error “correc entative data
deci si on i nformati on synboffead3iti ¥R eetehe 134 iigbidurnyliad woth channel

est hmatl ﬁndm hodef ay @&Tdfrmld NGk S aeRe| diéihlyatﬁx%’!ﬁilfﬁé NgenBikh@br gyH0l s
sai met hod conp i u rrler u of acquiring.15 a
plurality of sub%grar ?gr S%Itflsd ?%%e é'%g’t%eéa pﬂ:‘l égﬁbol
acqw ring step f®elaegarr ildd @qﬂnﬂrmmynébrplaltotorswrt)otheoﬂeaelclmm

R paths_to. 3 ﬁ@ﬁ%ﬁﬁdémﬁgdﬁgrhnziﬂ(¥ﬂﬁl%ﬁ@'§¥legh 118.
subcarrl ers, 20 {.gspectl Vﬁé’ﬁldlrgf a chgﬂnel estimtion step

i npl ement i ng channel “&8EP R ath? of SRZCHUG R R ¢ e?‘épaéilﬁ& said’
plurality ok0pi|patByibfogmaioz0.anki coupphiieat itdrendets ceheodpliagi ng: ath
sear ch means 1orpsLecti B kesAAGLY e 14 M B0 HAf Al GoIPepEn; s Lncl uded
in a reception ;ﬁ@ recei ved Vvia tipath propagatron pat iSing ip
| ot synbol s of otn pRIPECSTIMaIded in 30 sai d reception signal; and

The delay process controller 117 controls

the timings of despreading process performed in the

25 RAKE finger circuits 110-1 to 110-3 based on the

~ timings of the paths selected in the path'selector

134. 1In detail, the delay processors 112-1 to 112-3
serve to delay the supplied signal based on
instructions given by the delay process controller

30 117, and the despreading process is implemented in
the multipliers 114-1 to 114-3 by multiplying the
supplied- signals by the spread code generated in the

spread signal replica generator 116. The despreaded
signals are RAKE combined at the RAKE combiner 140.
35 The signals which have been RAKE combined

in the RAKE combiners 140 included in the circuits
200-1 to 200-m are supplied to a parallel-to-serial



channel estinmation nmeans for estinmating channel variation using said pilot
synbol s. 21. The communi cati on device as clainmed in 35 claim20, wherein
said path search neans, includes: a first path search part for. detecting
respective timngs of path conponents using-s®d -73 pilot synbols; and a
second path search part for detecting respective timngs of path conponents
using an information synbols derived froma signal 5 denodul ated accordi ng
to said timngs detresteter n2iBe &hdstfsh setmghcpaverard saith | ot

symbol s. 22 The GWRIN GO0, 08Y! SEpRY iRl tBAhl ELARTLAY Wotdurdliprein
sai d channel estimation 10" nmeans |nclp es: a pilot sgn‘gol acqui ring part
for acquiring pi P& Syiblol s Thel BHER combdineq eebgRadnisi gw@pliad o
channel dest: mat i (mxepi’ﬁdhefﬁéni: nﬁéeaeﬁabm p&@hﬁgnedms&tei %Iei %i;ﬁlnafai d
acquired pi S .23, The comunication device as clained in claim
22, wherein géai d¥lc %r?r’ile a it ?i gﬁeﬁa#‘% r&ef’hta%g?‘vﬁodﬁ%faeﬂte&‘is\}é”bl‘%ﬁmel
estimation part ft&e iimflammentiony spmbatlisvd schammeémestiedati on using said

acqui red pilot synbols; a ten.aldyes d3baudatiesidll d 96 d8LHEEYSY DOl
generating part faor annel variation in accordance

onpensat i for _the 25 ch )
with a result of péagifg‘l’ﬁr@#a]t’? v@gﬁhﬁﬁﬁél s@?ﬁcﬁhtf?%ﬁtaﬁdlagné‘ﬁ&ﬂ%g‘:h&?
tentative data déeindiadiivienfdatmt deoisyoiolresulom i hereonpeiveatied
i nformation j5ynbelkpe %&ngféy mati o élfl%mgggzrat % 3Qan

i nformation synbol "wher efrom tiron ‘conponents are rembved "usi'ng %ai d
tentati ve data dEECSIESHVSHbrivRedRIBYNBoPF OARES NPeERERE LN NCAadIalg

estimation usi ngpa&hd spidxaih Syddob Se @A ngha@IdTEIH N Y MBSk $mad3 o, Ehe

comuni cation degg%@l %_sea(i_lce}{ ngaéjciln. ., claiim 22, -74 wherei n sai d pil ot

synbol acqui ri ngPRart S Rel UHeR CH 3TB AP &P &SfHTIRY ?)ng £8r acquiring a

plurality of subggeisdod iarsl lrkedinpreuwed 31 eceptiwnlby gadfecanag '
- 15 manner in a multicarrier CDMA system. :

Fig. 6 is a block diagram showing a
configuration of a fourth embodiment of a path
search part of the communication device of the first
embodiment. In Fig. 6, elements similar to those

20 shown in Fig. 5 are indicated with corresponding
reference numerals and will not be explained in
detail. The configuration of Fig. 6 is
characterized in that the path search part B 130
implements despreading processes of pilot symbols

25 and information symbols for each subcarrier, and
implements delay profile generation and path
selection.

. The path selector 124 supplies information
of the selected paths to a reproducing part 214.

30 The reproducing part 214 reproduces the supplied
path information and supplies them to the switches
118 of the circuits 200-1 to 200-m, respectively.

It is to be noted that the switches 118 are
connected to a terminal (b) side when performing the

35 steps S2 to S4 of Fig. 2 and connected to the
terminal (a) side when performing the steps of S$5-59
of Fig. 2.



a pilot synbol acquiring step for acquiring a plurality of. pilot synbols
of a known phase included in said plurality of subcarriers, respectively,
and, 10 wherein said channel estimation part inplenents channel estimation
for each of said subcarriers using said plurayity of pilot symbols. 2~ A
conmmuni cation device for 15 inplenenting path search for detecting
respective timngs of path conponents included a signal received via a
mul ti path propagati on pat h,Isathedpresendonpubsdirgensa,f ar plroaaids sear ch

part for det ectirsqnzﬂéﬁswcsiﬁﬁokggisngﬁ%ﬁ?ma{a CRAMRANETH R, 48| g pilot i-

synbol s of a known _phase included in s gnal received via the nmultipath
pyopagation pathFWﬂ%ﬁiﬂ%@Eoﬂﬁ Eaﬁhgééﬁwﬁﬁiﬁﬁ?.PBFtdéﬁeémHﬁf?Qﬁﬁﬁﬁtive
ti mngs of path enﬁbdmﬁmtSnﬂGfﬁgt&BnZ&jmﬁdlmﬁﬁrﬁBrSEg&&bﬁﬁ?ﬂ%}6%§$&OPL3

' ' ~0.Sal i, t n e firs a
search step ahd SotYds "Rheti 88 Bo R LI RRatTa bl pe ot 1450 P
conmuni cat i on Qeﬂhﬁ;#QwoﬁuéﬁbhEGtPﬂgtcHdﬂuﬁemgduhatben;hm'gﬁﬁpk&ﬁdng
channel variati OR ni%#ih i 410t s pMHBLSS antPidh, %T%E EBHP&'&' ’&anvaﬁu%#é)t
synbol acquiring p rt for. 35 acquiring pilot 'synbols of, a kno ase

i ncl uded in recei?g&ﬁﬁnﬁ&ﬁ§?°§n3°aacﬁﬁﬁﬁﬁlEEPrﬁﬁFﬁ&&%kUQ?EB?rter 216.
i npl enenting - Thecisamisll est+patabbelsicun st te ACUE ednpidrais iHoOl S.

27. A communjgat is‘&%lp(i%.\éid:%Jr%léfpégﬁgﬂ?g{&smgé g8t éﬂg&h@%f&[}, of

estimating 5 channél variation_using pi sai evi cé conpri si ng:

a pilot synbol aSGEYERRSF Pardnd obhaRqfiredsy BRdlptthgnBonyested larounl ghase
included a.-n a.commmganﬁnv;ﬂueﬂaﬁﬂethbnd@ﬂn&Tﬁﬁiﬁfﬁgtggﬁ@Qgﬁﬁéﬁgggg a
acaui red pil ot syroute AeHE RPN Leedtis oS A2PPREEERINT ng channel
estimation for estinmating Ghenmdtlvaseéarcbnpasim® pi3dtdeypbebds shied

devi ce conprissi ngi1atf isysibdlid UndYFRE! 1 ACGUnd )b P fmb Bl s26GUIHNT i | ot

symbol s Qf a known Bgase inCluqufég ggc a%ﬂ%é%éﬂ%té? aAgognghgpgggg

channel in a nul tPBPELES el .

. of the path search part A 120, the despreading
processes are implemented in the multipliers 131
included in the circuits 200-1 to 200-m,

20 respectively, such that the pilot symbols and the
information symbols of the supplied signal are
multiplied by the spread code generated at the
spread signal replica generator 132. :

The despreaded symbols include the pilot

25 symbols wherefrom the modulation components are
removed using the fact that the phase is known. On
the other hand, the despreaded symbols include the
information symbols which are multiplied by the
complex conjugate values fed back from the

30 remodulation part 142 and from which the modulation
components are removed. The delay profile generator
133 cophases and sums the values obtained by
removing the modulatioh portions from the'despreaded
symbols so as to generate a delay profile.

35 The path selectors 134 included in the
circuits 200~1 to 200-m, respectively, are supplied
with the delay profile from the delay profile



a second pilot synbol acquiring part for acquiring pilot synbols of a known
phase included in said conmon control channel; and . 25 a channel
estimation part for inplenenting channel estinmation using said acquired
pil ot synbols. Q9 A comrunication device f©40+npl enenti ng channel
estimation for estimating 30 .channel variation using pilot synbols, said
devi ce conprising: a pilot synbol acquiring part for acquiring pilot .
synbol s of a kno®ensHaees nkdddaadi sedest \raittpacket be RAKIS conleinedi ve

channel estinmati ahdPdtH Osel SRLEFBNGIZAY JPY B | YRFEBARRG S MBIL ON USing
said acquired pilot sc%/tn%)cgl S a.tenpative data decision _infornmation

: -76
symbol. gener at i n§ 34 PLEDehCatPfy Fha¥ HR* RAgHAe FoRImot&H i h/7

accordance with aieediie sfisahdst 2miBati ve channel estimati on and

generating a s tentative dafddaglskey, ! BLIIIAY A, SYRPOLAELBN s
conpensat ed i nformation synbols; and a channel "estimation part for
generating i nf or F&GHorP teGharef Aedinodinat 1 vnSeBRpERENTE® e r enpved

usi ng said tent atielaydgirocess scont 10 1ilkixey M7 pnthy NBemhs ngad Jepdpsrent i ng

channel estimati ' ' I mhol s. and i nforppti ols. 30 A
communi cat i on de\%%cs%sr:‘é}gi% ?%%‘%’Jé%éﬁ?iysngecrﬁfaorﬂ'é?é et?i gﬁf’i g‘%@%?’éﬁ‘?ﬁati ng
channel vari ati ofiFsivdgs pilGtl syabdle-3saiah dewi centoapilesi fpr &ach
subcarrier agui subgaRaited Or acquiring a plurality of subcarriers included
in received 20 packets; a pilot synbol acquirin art. for acquiring a
~plurality of pilot synbols fP%Fo%W phagBERCRc| ibedafBOFRuUral ity of
subcarriers, respectfiorsied iandtl2é mathaseelrdstpamt i Bnlpar usfiag the

i npl enenting chagagh .gStdmid Q) d061526R % i@.f&'bfé‘éﬁ'kgﬁ_%regiﬁ ng said

plurality of pilot synbols. A communication device conprising- 30 - path
search neans for *FEFRHAA fP % FT7%ELpat Hrse IR HHOGR) ch Fd3we kY ve
timngs of pdth recursively cmspeseinhg ar rdeierd esegsengepihet uampl s of
a known phase inﬁggge

propagati on path; andgflbar}c daﬁe?e%%gigﬁéb%g%nr#e%%gr}%%l \SIESF%?‘%Elﬁ%talnga%hr st

channel esti nati BAtSt ganehvicInzaayinandean mmdwra¢y ¢fiplatent ed for

estimati ng chann@kcision can be improved in a mutually affecting
manner in a multicarrier CDMA system. '

20 Fig. 7 is a block diagram showing a
configuration of a fifth embodiment of a path search
part of the communication device of the first
embodiment. In Fig. 7, elements similar to those
shown in Fig; 6 are indicated with corresponding

25 reference numerals and will not be explained in
detail. The configuration of Fig. 7 is
characterized in that the path search part A 120 and
the path search part B 130 implement despreading
processes of pilot symbols and informations symbol

30 for each subcarrier.

_ When the despreaded pilot symbols are
supplied, the profile generators 123 included in the
circuits 200-1 to 200-m, respectively, implement
cophasing and summing of the despreaded pilot

35 symbols for each Subcarrier, so as to generate a
delay profile. The path selectors 124 included in
the circuits 200-1 to 200-m, respectively, are



variation after said first path search step, wherein said path search neans
i npl ements a second path search step in which respective timngs of path
conponents are detected using 5 information synbols derived froma signal
denodul ated after said first channel estinet4ien step according to said
timngs detected in the first path search step and said pilot synbols of a
known phase, and 10 wherein said channel estinmation neans inplenents a
second channel ‘e§tPPatiesh witdp thewdedhycpanfallest fran thei deilmy ement ed

for estimating cpaamel evayjdrid+HForSiNg hRLOIIHLd OFs SYAPALS tdebley eg g OM a
si gnal denodul at ed[l%fter said first chapnel 15 imation step accordl ng to

said timngs det S8FEGNST t heF Re A pae e§§é’rrcﬁ%‘{ eP"BRYUIE4i d pilot synbols
of a known phase;nénatmarteroeafd:’értheesaﬂ_emteldy pantm:en‘eot theg pattAysearch and
channel estingati RY s e s .qf 2 ege ti.ng sai d
second path searglgos%égg %?ﬁ\ﬂgﬁglailgf g?rr%?‘%on% n% % uI ated after
sai d second channel esti naﬁlcmrsilé’{g%md pinge mm%tmnmfmem:ml ng said

second channel eﬁbt”&bbﬁndﬁﬁﬂhﬁﬁﬁéﬁ 5 PEOK PRt vAAS | supgdiBackd Rne
accordance 25 WI Qlt hectl de tec#fg |n sai_d secon ath search step and
pi | ot symbol s. e 88 RS eviBE HTHMEHeYE i FP®l ai m 31, wherein

said pilot synboqigsareadmgjdmqusw apelré&smnecmelmftlpacRBKE ahdgarcommon

control channel eirsai@sraa@ivedsi ggls 3n Béecfd}mmfé&' PB-dQYicGe as
claimed in claim 3%88Whel‘6I n said pilot synbols are multipl exeé 35 vvlth at

| east one of sai 3" Patk&t-§€¥and said common control channel. 78 34. A
conmmuni cati on device corrprhspnrgaqwm saquehcandeayided@sdbaovgs i on nmeans for

Lol enti"g A pERsbrANa G RAD SeAK clea0dnohANNe s R4 TRLARY RGNT P11 OF

synbol s of ‘a kn ase or t| on s ‘1 ncluded gast one
of packets and at@BFfbAhVeoREH mﬁ@no#‘e&uﬁew s wt ghwely35. The

conmuni cat i o deﬂepeaastEalreridybré@l %34na‘v&ﬁ<¥aeﬂ i & Pi | OkpayBel s are
i ncluded in 10 a}%%ggi aG kets and conmbn control , channel of said

received signal gmﬁle SR %e@ﬂ?geS? ASFHERCT n“&? P84 or 35,
further conpri s@@tlﬁeéebae?kl megEspriERding f andi gdaracidl ses dinatbongt aon

synmbol , wherei n said @é&bcﬁe&b@mﬁw ch@dngh aelurRidp rbfmééléarecurS' vely

i npl enents path earch and _channel esti tlon b rocesses of
i npl enent i ng patt sear@h G8PnES BRI TSONn Eyﬁbé‘l “g’g'aﬁd’ec"g%g%lc’éﬁlﬁr channel

estimation dAd pﬂar@meswbolasmrictmqﬁzexmntCDgAclsgrrsn:ezlm estimation using

~information synmbols fed bagkgyvig sai ¢ %@?chlgﬁggﬁs @lé)g&q,% dance with a

timng detected in sald path search an
CACALCALL AHL . AY.RE RgupgtApnaoiaRy. %#tmmm«vdmvwoxﬁ A LI YeABCAF. AY.

?AI AF. Al F. AF. Agart . éﬁ'ﬂheAHE&mNﬁy@éﬁ&bﬁ\éev1ce of the first
Tnan Ay TReae e e (o Chan SRl i e Ay aohe
A37=>WYi | n£> Ppath search part 120 the structures of the path
search part B 130 and a RAKE fingers and RAKE
combiner 220 are illustrated in a simplified manner,.
these may be realized as, for example, the
configuration shown in Fig. 4. The RAKE fingers and
30 RAKE combiner 220'corresponds to the RAKE finger
circuits 110-1 to 110-3 and the RAKE combiner 140.
~Also, in Fig. 8, elements similar to those shown in
Fig. 3 are indicated with corresponding reference
numerals and will not be explained in detail.
- 35 The remodulating part 142 remodulates the
'supplied information symbols and supplies complex
conjugate values thereof to a decision feedback
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10 squared value of a channel variation estimate value.

Fig. 10 is a block diagram showing a
cohfiguration of a seventh embodiment of a path
search part of the communication device of the first
embodiment. In Fig. 10, elements similar to those

15 shown in Fig. 8 are indicated with corresponding
reference numerals and will not be explained in
detail.

The configuration of Fig. 10 is
characterized in that the error correction decoding

20 part and the error correction encoding part 143 is
provided between the coherent detection part 141 and
the remodulating part 142. That is to say,
according to the configuration of Fig. 10, when the
information symbols include error cdrrectibn codes,

25 the information symbols obtained by tentative data
decision are error correction decoded, error
correction coded again, remodulated, and fed back.
It is to be noted that, in Fig. 10, the structure of
each part is illustrated in a simplified manner, but

30 these may be realized as, for example, the
conflguratlon shown in Fig. 4.

The reliability of the received symbols.
may be obtained from the above-described reception
power of the information symbols and the desifed

35 signal power versus interference-plus-noise power
ratio or may be based oh the likelihood ratio of the

received signal used for error correction decoding.
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- 10NOPQoRpRqRr R Fﬁ@mphi@f'pllot symbols of a known phase, and the
timings of respective path components are detected

10 again using information symbols derived form the
decoded signal according to thus-obtained timings
and the pilot symbols, a path search accuracy can be
improved. .

Also, when demodulation is implemented

15 again using the path search result of an improved
accuracy, a data decision result'accuracy can be
improved. Further, when path search is repeated
again by feeding back the data decision result of an
improved accuracy, a path search accuracy is further

20 improved and as a result the data decision resulf -
can be further improved. |

Fig. 11 is a block diagram showing a
configuration of a first embodiment of a channel
estimation part of the communication device of the

25 first embodiment. The first embodiment of the
channel estimation part adopts a first embodiment of
a channel estimation method of the present invention
and each of the second to eleventh embodiments of
the channel estimation parts described later adopts

30 second to eleventh embodiments of the channel
estimation method of the present invention.

With the configuration shown in Fig. 11,
when a communication is made between a base station
and a mobile station using a packet wireless access

35 system, channel variation experienced by a received
packet signal is estimated, the channel variation is
compensated and then detected.
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terminal 31de so as to separate a
pilot symbol r,(i) and an information symbol rg4(i)
10 of the received packet signal. Note that the letter
i of the pilot symbol r,(i) is a natural number, and
may vary up to the number of symbols of a pilot
symbol, N,. Also, the letter i of the information
symbol rq(i) is a natural number, and may vary up to
15 the number of symbols of an information symbol, Nj.
The channel variation estimating part 214
implements channel estimation using the supplied'
pilot symbol r (i) and supplies complex conjugate
values £4(i) of the channel estimation value to the
20 channel variation compensation part 216. Note that
the letter i of the complex conjugate values £ 4(i)
is a natural number, and may vary up to the number
of symbols of a pilot symbol, N4. On the other hand,
the delay part 212 delays the supplied information
25 symbol rg(i) and supplies an information symbol .
rqa(i) to the channel variation compensation part 216.
The channel variation compensation part
216 compensates for the channel variation by
multiplying the corresponding position of the
30 supplied information symbol ry(i) by the complex
conjugate values £ 4(i) and supplies the compensated
information symbol r'4(i) to a coherent detection’
part 218. The coherent detection part 218
_correSponds'to the coherent detection part 141 shown
35 in Fig. 1. The coherent detection part 218
implements absolute coherent detection of the
information symbol r'y(i) and outputs the data
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1% 110% 5 symbols inserted therein. The pilot symbols may be

inserted at any p031t10n, may be arranged in a

temporally continuous manner, and may be arranged in

a discrete manner. Also, any number of insertions

" of pilot symbols may be implemented.

10 When the packet shown in Fig. 12 is
received, according to the configuration shown in
Fig. 11, the received packet signal is temporally .
separated into the pilot symbols ry(i) and the
information symbols r4(i) by switching the switch

15 210. The channel variation estimating part 214

~estimates an amount of channel variation using the
pilot symbols ry(i). The channel variation '
compensating part 216 compensates for the channel
variation in accordance with the amount of channel

20 variation. Accordingly, the coherent detection part
218 implements absolute coherent detection of the
channel variation compensated information symbols
r's(i) and outputs the data decision result.

Fig. 13 is a diagram showing .another -

25 structure of a packet wherein pilot symbols are
inserted. 1In Fig. 13, a packet includes code
multiplexed-pilot symbols inserted therein. The
pilot symbols may be arranged in a temporally
continuous manner and may be arranged in a discrete

30 manner. Also,-ény number of insertions of pilot
symbols may be implemented.

When the packet shown in Fig. 13 is
received, according to the configuration shown in
Fig. 11, the code-multiplexed pilot symbols are

35 separated into the pilot symbols rp (i) and the
information symbols rgq(i) by a despreading process.
The channel variation estimating part 214 estimates
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- 10 configuration of a second embodiment of a channel

estimation part of the communication device of the
first embodiment. _
With the configuration shown in Fig. 14,
when a communication is made between a base station
15 and a mobile station using a packet wireless access
system, channel variation experienced by a received
packet signal is estimated, the channel variation is
compensated and then detected. It is to be noted
that the received packet in a packet in which time-
20 or code-multiplexed pilot symbol is inserted in k-
packets (k: natural number) transmitted from the
same transmitter. _
_ In Fig. 14, the received pécket signal is
supplied to the delay part 212 or to a channel |
25 estimating part 220 via the switch 210. The channel
variation estimating part 220 corresponds to the
channel estimating parts A 20-1 to 20-3 and channel
estimating parts 30-1 to 30-3 shown in Fig. 1. The
switch 210 is switched between the terminal (a) side
30 or to the terminals.(bl to bn) side so as to
separate pilot symbols rp(i), zp,1(i), rp,x-1(i) and
information symbols ry(i) of the received packet
signal. Note that the letter i of the pilot symbols
_ rp(i), xp,1(i), rp,x-1(i) is a natural number, and may
35 wvary up to the number of symbols of a pilot symbol,
Np,. Also, the letter i of the information symbol
'rd(i) is a natural number, and may vary up to the
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5 complex conjugate values £ 4(i) of the channel
estimation value to the channel variation
compensation part 216. ‘Note that the letter i of
the complex conjugate values £4(i) is a natural
number, and may vary up to the number of symbols of
10 a pilot symbol, Ny. On the other hand, the delay
part 212 delays the supplied information symbol
rq(i) and subplies the information symbol r4(i) to
the channel variation compensation part 216.
The channel variation compensation part
15 216 compensates for the channel variation by
multiplying the corresponding position of the
supplied information symbol rs(i) by the complex
conjugate values £4(i) and supplies the compensated
information symbols r'y(i) to the coherent detection
20 part 218. The coherent detection part 218
implements absolute coherent detection of. the
information symbols r'y(i) and outputs the data
decision result.
Figs. 15 and 16 are diagrams showing other
25 structures of the present embodiment of a packet
wherein pilot symbols are inserted. In Figs. 15 and
16, time- or code-multiplexed pilot symbols are
inserted in k-packets (k: natural number)
transmitted from the same transmitter. In this case,
30 pilot symbols included in each packet are extracted
and the extracted pilot symbols are combined so as
to implement channel estimation.
Fig. 15 shows a structure similar to the
packet of Fig. 12 in which the pilot symbols are
35 ' time-multiplexed. Also, Fig. 16 shows a structure
| similar to the packet of Fig. 13 in which the pilot
symbols are code—multiplexeg.
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When the packets shown in Fig. 15 are
received, according to the configuration shown in
Fig. 14, the packets are temporally separated into
the pilot symbols rp(i), rp,1(i), rp,x-1(i) and the

5 information symbols rg(i) by switching the switch
210. The channel variation estimating part 220
estimates an amount of channel variation using the
pilot symbols rp(i), rp,1(i), rp,x-1(i). The channel
variation compensating part 216 compensates for the

10 channel variation in accordance with the amount of
channel variation. Accordingly, the coherent
detection part 218 impleménts absolute coherent
detection of the channel variation compensated
information symbols r'y(i) and outputs the data

15 decision result.

When the. packet shown in Fig. 16 is
received, the code-multiplexed pilot symbols are
separated into the pilot symbols rp(i), ry,i1(i), rp,.-
1(1) and the information symbols r4g(i) by a

.20 despreading process. The channel variation
estimating part 210 estimates an amount of channel
variation using the pilot symbols rp(i), rp,1(i),
Tp,x-1(1) . The channel variation.compensating part
216 compensates for the channel variation in

25 accordance with the amount of channel variation.
Accordingly, the coherent detection part 218
implements absolute coherent detection of the
channel variation compensated information symbols
r'q(i) and outputs the data decision result.

30 Fig. 17 is a block diagram showing a
configuration of a third embodiment of a channel
estimation part.of the communication device of the
first embodiment.

With the conflguratlon shown in Fig. 17,

35 when a communication is made between a base station
and a mobile station using a packet wireless access
system, channel variation experienced'by a received
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packet signal is estimated using pilot symbols
applied in the common control channel, the channel
variation is compensated and then detected.

A mobile communication system is generally

5 provided with a common control channel for
announcing various control signals from a base
station to mobile stations. Therefore, padkets with
pilot symbols multiplexed therewith may be _
transmitted from the base station to the mobile

10 stations via the common control channel.

In Fig. 17, the received packet signal
transmitted from a base station to a mobile station
is separated into pilot symbols cp(i) and
information symbols rg4(i) multiplexed in the common

15 control channel at the mobile statioﬁ, and supplied
to the channel wvariation compensating part 216 or
the channel variation estimating part 222. The
channel variation estimating part 222 corresponds to’
the channel estimating parts A 20-1 to 20-3 and the
20 channel estimating parts B 30-1 to 30-3 shown in Fig.
1. Note that the letter i of a pilot symbol c, (i)
is a natural number, and may vary up to the number
of symbols of a pilot symbol, Ng,.. Also, the letter
i of an information symbol ry(i) is a natural number,
25 and may vary up to the number of symbols of an |
information symbol, Nyg.

The channel variation estimating part 222
implements channel estimation using the supplied
pilot symbols cp(i) and supplies complex conjugate

30 values £4(i) of the channel estimation value to the
channel variation compensation part 216. Note that
the letter i of the complex conjugate values £ 4(i)
is a natural number, and may vary up to the number
of symbols of an pilot symbol, N;.

35 The channel variation compensation part
216 compensates for the channel variation by
multiplying the corresponding position of the



1109 & ()-* 110%W & ()-* 110% & ()-* 110% & ()-*EWKYZ[ vwgG+? ! 109 & () - *
P10 & ()-* 110% & ()-*#3 % '10% & ()-* 110%W & ()-* '10% & ()-*w_C+?
P1I0O% & ( 1109 & ()-* T10% & ()-* 110% & ()-* 1109 & ()-*&#3 %
P10 & ()-*|\8+? 110%#3 % !'10% & ()-* '10%&LL)-* !10@8&f()-*
P10 & ()-*#3 % !'hL, ? 110% & ()-*
supplied information symbols ry4(i) by the complex
conjugate values £4(i) and supplies the compensated
information symbols xr'sg(i) to a coherent detection
part 218. The coherent detection part 218
5 implements absolute coherent detection of the
supplied information symbols r'g(i) and outputs the
data decision result.
Figs. 18 and 19 are diagrams showing other
structures of the present embodiment of a packet
10 wherein pilot symbols are inserted. 1In Figs. 18 and
19, time- or code-multiplexed pilot symbols are
inserted in the common control channel of the
packets transmitted from the base station to the
mobile station. In this case, pilot symbols
15 included in the common control channel of each
packet are extracted and the extracted pilot symbols
'are combined so as to implement channel estimation.
Fig. 18 shows a structure similar to the
packet of Fig. 12 in which the pilot symbols are
20 time-multiplexed in the common control channel.
Also, Fig. 19 shows a structure similar to the
packet of Fig. 13 in which the pilot symbols are
code-multiplexed in the common control channel.
When the packets shown in Fig. 18 are
25 received, according to the configuration shown in
Fig. 17, the packets are temporally separated into
the pilot symbols cp(i) and the information symbols
rq(i) . The channel variation estimating part 222
estimates an amount of channel variation using'the
30 pilot symbols rp(i) . The channel variation
compensating part 216 compensates for the channel
~variation in accordance with the amount of channel
variation. Accordingly, the coherent detection part
. 218 implements absolute coherent detection of the
35 channel variation compensated information symbols
r'¢(i) and outputs the data decision result.
When the packet shown in Fig. 19 is



1109% & ()-* #3 % 11096 & ()-* 1109 & ()-* 110% & ()-*

11096 & ()-*!",-.abcdH, ? 110% & ()-* 110% & ()-* '10% & ()-* !10% & () - *&#3
% 110 & ()-* 110% & ()-*cdex <, ? ! 10%3 % !10% & ()-* 1109 & ()-*
1109 & ()-* 110% & ()-*#3 %hL,? 110% & ()-*5410% & ()-*#3 %

received, the code-multiplexed pilot symbols are
separated into the pilot symbols cy(i) and the
information symbols ry(i) by a despreading process.
The channel variation estimating part 222 estimates
5 an amount of channel variation using the pilot
symbols cp(i). The channel variation compensating
part 216 compensates for the channel variation in
accordance with the amount of channel variation.
Accordingly, the coherent detection part 218
10 implements absolute coherent detection of the
channel variation compensated information symbols
-r'd(i) and outputs the data decision result.
Fig. 20 is a block diagrém showing a
configuration of a fourth embodiment of a channel
15 estimation part of the communication device of the
first embodiment. -
' With the configuration shown in Fig. 20,
when a communication is made between a base station
and a mobile station using a packet wireless accéss
20 system, channel variation experienced by a received
packet signal is estimated using pilot symbols
~applied in the common control channel, the channel
variation is compensated and then detected.
In Fig. 20, the received signal including
25 the received packet signal and the common control
channel are supplied to a delay part 212 or to a
channel estimating part 224 via the switch 210. The
channel variation estimating part 224 corresponds to
the channel estimating parts A 20-1 to 20-3 and
30 channel estimating parts 30-1 to 30-3 shown in Fig.
1. The switch 210 is switched between the terminal
(a) side or to the terminals (bl and b2) side so as
to separate pilot symbols rp(i),'information symbols
rq(i) and pilot symbols cy (i) multiplexed with the
35 common control channel of the received packet signal.
The channel v&riation estimating part 224
implements channel estimation using the supplied
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pilot symbols rp(i) and cp(i) and supplies complex
conjugate values £4(i) of the channel estimation
value to the channel wvariation compensation part 216.
Note that the letter i of the complex conjugate

5 wvalues £4(i) is a natural number, and may vary up
to the number of symbols of a pilot symbol, N,. On
the othér hand, the delay part 212 delays the
supplied information symbols ryg(i) and supplies the
information symbols ry(i) to the channel variation

10 compensation part 216.

The channel variation compensation part
216 compensates for the channel variation by '

- multiplying the corresponding position of the
supplied information symbol r4s(i) by the complex
15 conjugate values Ed(i).and supplies the compensated
information symbol r'y(i) to the coherent detection
part 218. The coherent detection part 218
corresponds to the coherent deteétion part 141 shown
in Fig. 1. The coherent detection part 218
20 implements absolute coherent detection of the
information symbol r'y(i) and outputs the data
decision result.

Fig. 21 is a block diagram showing a
configuration of a fifth embodiment of a channel

25 estimation part of the communication device of the
first embodiment.

With the configuration shown in Fig. 21,
when a communication is made between a base station
and a mobile station using a packet wireless access

30 system, channel variation experienced by a received
packet signal is estimated using pilot symbols
applied in the comman control.channel and pilot
symbols of the received packet, the channel
variation is compensated and then detected. It is

35 to be noted that the time- or code~multiplexed pilot
symbols are inserted in k-packets (k: natural
number) tiansmitted from the same transmitter.
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In Fig. 21, the received signal including
the received packet signal and the common control
.channel are supplied to the delay part 212 or to a
channel estimating part 226 via the switch 210. The
5 channel variation estimating part 226 corresponds to
the channel estimating parts A 20-1 to 20-3 and
channel estimating parts 30-1 to 30-3 éhown in Fig;
1. The switch 210 is switched between the terminal
- (a) side or to the terminals (bl to bn) side so as
10 to separate pilot symbols zx,(i), rp,1(i), rpx-1(1),
information symbols r4q(i) and the pilot symbols
multiplexed with the common control channel, cp(i)
of the received packet signal.
The channel variation estimating part 226
15 implements channel estimation dsing the supplied
pilot symbols ry(i), rp,1(i), rp,x-1(i) and c, (i) and
supplies complex conjugate values &£4(i) of the '
channel estimation value to the channel variation
compensation part 216. Note that the letter i of
20 the complex conjugate values E4(i) is a natural
- number, and may vary up to the number of symbols of
a'pilot symbol, Ngq. On the other hand, the delay
part 212 delays the supplied information symbols
rq(i) and supplies the information symbols ryg(i) to
25 the channel variation compensation part 216. _
The channel variation compensation part
216 compensates for the channel variation by
multiplying the corresponding position of the
supplied information symbols rg(i) by the complex
30 cdnjugate values £4(i) and supplies the compensated
information symbols r'g(i) to the coherent detection
part 218. The coherent detection part 218
implements absolute coherent detection of the
information symbdls r'q(i) and outputs the data
35 decision result.
Fig. 22 is a block diagram showing a
configuration df a sixth embodiment of a channel
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estimation part of the communication device of the
first embodiment.
With the configuration shown in Fig. 22,
when a communication is made between a base station
S and a mobile station using a packet wireless access
system, a process of estimating channel variation
experienced by a received packet signal,
compensating and detecting the channel variation is
- repeatedly implemented through a feedback loop.

10 In Fig. 22, the received packet signal is
separated into pilot symbols r (i) and information
symbols ry(i) and the information symbbls rq(i) are
supplied to the delay parts 230 and 238 and the
pilot symbol r (i) are supplied to the channel

15 wvariation estimating part A 232 and the delay part
240. The channel variation estimating part A 232
and the channel variation estimating part B 246
correspond to the channel estimating parts A 20-1 to
20-3 and the channel estimating parts B 30-1 to 30-3,

20 .respectively. '

The channel variation estimating part A
232 implements channel estimation using the supplied
pilot symbol r (i) and supplies complex conjugate
values £,4(i) of the channel estimation value to a

25 channel variation compensation pért 234. Note that
the letter i of the complex conjugate values £ ,4(i)
is a natural number, and may'vary up to the number
of symbols of a pilot symbol, Np. Alsb, methods
Similar to those of various embodiments of the

30 channel estimating part described above may be used

~as a channel estimating method using a pilot symbol.
On the other hand, the delay part 230
delays the supplied information symbols rgq(i) and .
supplies the information symbols rg(i) to the

35 channel variation compensation part 234. The
channel variation compensation part 234 compensates
for the channel variation by multiplying the
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' and supplies the compensated information symbols
r's(i) to a coherent detection part 236. The
5 coherent detection part 236 implements absolute
coherent detection-of the supplied information
symbols r'y(i) and outputs the data decision result.

The coherent detection part 236 supplies
the tentative data decision information symbol to

10 the modulator 244. The modulator 244 modulates the
supplied information symbol ry(i) again and supplies
the complex conjugate values x4(i) of the sequence
to the multiplier 242. On the other hand, the
delay part 238 delays the supplied information

15 'symbols rg(i) and éupplies_the information symbols
rq(i)to the multiplier 242. _

The multiplier 242 multiplies the
‘corresponding position of the supplied information
symbol rg(i) by complex conjugate values x4(i) of

20 the sequence, so as to generate an information
symbol sequence yy4(i) wherefrom the modulation
components are removed. The multiplier 242 supplies
the generated information symbol sequence ygq(i) to
the channel variation estimating part B 246. Also,

25 the delay part 240 delays the supplied pilot symbol
rp (i) and supplies its information symbol r,(i) to
the channel variation compensation part B 246.

The channel variation estimation part B
246 implements channel estimation again using the

30 supplied pilot symbol r,(i) and the information
symbol sequence y4(i) wherefrom the modulation
components are removed. Complex conjugate values £
pa (i) of the thus-derived channel estimation wvalues
are supplied to the channel variation compensating

35 part 234 again.

The channel variation compensating part

234 compensates for the channel variation by
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supplied information symbol ry(i) by the complex
conjugate values £;4(i) and supplies the
compensated information symbol r'y(i) to a coherent.
detection part 236. The coherent detection part 236
implements absolute coherent detection of the
supplied information symbol r'sg(i) and outputs the

.data decision result.

The data decision information symbol may
be directly output as a detection output or may be
fed back to the channel variation estimating part B
246 via.the modulator 244 and the multiplier 242
again so as to repeat the process sequence for n-
cycles (n: natural number).

- Fig. 23 is a block diagram showing a
configuration of ‘a seventh embodiment of a channel
estimation part of the communication device of the
first embodiment. In Fig. 23, elements similar to
those shown in Fig. 22 are indicated with
corresponding reference numerals.

The configuration shown in Fig. 23 is
characterized in that a weight generator 248 is
provided betwéen the modulator 244 and the
multiplier 242. The multiplier 244 remodulates the
supplied information symbol and supplies complex
conjugate values x4(i) of the sequence to the weight
generator 248. The weight generator 248 implements
weighting on the supplied complex conjugate values
xq (1) .

For example, the weight generétor 248
outputs a weighting value wg(i) in accordance with
the condition when the information symbol is
received. As an example of the weighting value
Wa(i) to be outputted, it is possible to use a value
proportional to a value of the received signal power
of the received symbol derived by squaring a value
of the channel variation compensated received symbol
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received symbol may also be used as the weighting

5 values wg(i). In order to derive the desired signal
power versus interference power ratio, for example,
-using reception power of the information symbol as
the desired signal power, a calculation is performed
to derive a squared value of a difference between

10 the channel variation compensated received symbol
z¢ (i) and a squared value of its channel estimation
value, and then an average value taken over Ny
symbols is used as an interference signal.

Further, by controlling the weighting

15 controller 248, it is possible to control an amount
of the complex conjugate values x4(i) to be fed back.
For -example, the information symbol having a
weighting values of "0" will not be fed back. It is
to be noted that other processes are similar to the

20 processes of Fig. 22, and therefore will not be
.explained in detail.

Fig. 24 is a block diagram showing a
configuratidn of an eighth embodiment of a channel
estimation part of the communication device of the .

25 first embodiment. In Fig. 24, elements similar to
those shown in Fig. 22 are indicated with
corresponding reference numerals and will not be
explained in detail.

The configuration ofIFig. 24 is

30 characterized in that an error correction decoder
and error correction encoder 250 is provided between
the coherent detection part 236 and the modulator
244. The error correction decoder and error
correction encoder 250 corresponds to the error

35 correction decoder 143-1 and the error correction
encoder 143-2 shown in Fig. 1. The coherent
detection part 236 implements absolute coherent
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information symbol.
The coherent detection part 236 supplies
5 the tentative data decision information symbol to
the error correction decoder and error correction
encoder 250. When the supplied information symbol
is error correction coded, the error correction
decoder and error correction encoder 250 implements

10 error correction decoding and then error correction
encoding is'implemented again. The modulator 244
modulates the error correction coded information
symbol again and supplies the conjugate values xg4(i)
of the sequence to the multiplier 242. The

15 modulator 244 corresponds to the remodulating part
143 shown in Fig. 1. Other process will not be
described here.

' Fig. 25 is a block diagram showing a
configuration of a ninth embodiment of a channel

20 - estimation part of the communication device of the
first embodiment. In Fig. 25, elements similar to
those shown in Figs. 23 and 24 are indicated with
corresponding reference numerals and will not be
explained in detail.

25 The configuration of Fig. 25 is
characterized in that the error correction decoder
and error correction encoder 250 is provided between
the coherent detection part 236 and the modulator
244 and the weighting generator 248 is provided

30 between the modulator 244 and the multiplier 242.
The weighting generator 248 may use the weighting
method explained with reference to Fig. 23 or may
use the reliability of the received symbol obtained
while decoding the error correction code. As the

35 reliability information, if it is a convolutional
code, a value of a path metric calculated in a
procedure of Viterbi decoding may be used. Also, an
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operation of the weighting generator 248 and the

error correction decoder and error correction

encoder 250 used in the configuration of Fig. 22

will not be explained here, since an explanation has
5 been made with reference to Figs. 23 and 24.

Also, as has been described above, a
feedback path of the information symbol to the
channel variation estimation part B 246 of Figs. 23
to 25 and a feedback path of the information symbol

10 to the path search parts B 130 of Figs. 8 to 10 may
be shared using a configuration such as that shown
in Fig. 1.

Referring now to Figs. 26 to 29, the

channel estimation part will be described for a case
15 where a multicarrier transmission system is adopted.

Fig. 26 is a block diagram showing a
configuration of a tenth embodiment of a channel
estimation part of the communication device of the
first embodiment. The configuration of Fig. 26 is a

20 configuration where the eighth embodiment of the
channel estimation part is applied particularly in a
case where communication is made between a base
station and a mobile station using a multicarrier
transmission system transmitting information using a

25 plurality of subcarriers.

In order to implement coherent detection
in a multicarrier transmission system, it is
necessary to implement channel estimation for each
subcarrier. Accordingly, the received packet signal

30 is supplied to a serial-to-parallel converter 260,
fesolved into components of respective subcarriers
and serial-to-parallel converted. Therefore, the
serial-to-parallel converter 260 resolves the
supplied received packet signal into sequence for

35 .each subcarrier and supplies them to the channel
estimating part and coherent detection parts 262-1

to 262-n of'the subcarriers.
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configuration shown in Fig. 27. Fig. 27 is a block
diagram showing a configuration of a channel
estimation part implemented for each of the
subcarrier sequence in the tenth embodiment of the

channel estimation part. In Fig. 27, elements

similar to those shown in Fig. 22 are indicated with
corresponding reference numerals and will not be
explained in detail. | _

Firstly, the channel variation estimating
part A 232 implements channel estimation using pilot
symbols. The channel estimation method using the
pilot symbols may be a method adoptéd in either one
of the first to fifth embodiments of the channel
estimating part described above. Next, the channel
variation compensation part 234 compensates for the
channel variation by multiplying the complex
conjugate values £ ,,,a(i) of the derived channel
estimation value by the corresponding information

8symbols ry 4(i), the coherent detection part 236

implements an absolute coherent detection and

tentative data decision is implemented on the

information symbols. The tentative data-decision
information symbols are supplied to a parallel-to-
serial converter 264.

| The parallel-to-serial converter 264
converts the supplied plurality of sequences of
subcarriers in to a single sequence by parallel-to-
serial conversion, and supplies the obtained single
sequence to an error correction decoder and error
correction encoder 266. The error correction
decoder and error correction encoder 266 performs
error correction decoding on the supplied single
sequence and outputs the obtained sequence to the
modulator 268.

At the modulator 268, the supplied single
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sequence is error correction coded again, modulated,
and supplied to a serial-to-parallel converter 270.
The serial—to—pa;allel converter 270 performs
serial-to-parallel conversion on the supplied single
5 sequence of complex conjugate values Ex,ali),
separates the supplied single sequence into
respective sequences of the subcarriers and feeds
back to the channel estimating part and coherent
detection parts 262-1 to 262-n of the subcarriers.

10 © The multipliers 242 of the channel _
estimating part and coherent detection parts 262-1
to 262-n of the subcarriers multiply the received
symbol by the fed back complex conjugate values
thd(i), so as to geherate information symbols yy, 4(i)

15 wherefrom the modulation components are removed.

The channel variation estimation part B
| 246 is supplied with the information symbols ¥k, a(l)
wherefrom the modulation components are removed and
the pilot symbols, and implements channel estimation

20 again. The channel variation estimation part B 246
supplies the complex conjugate values £g,4,q(i) of the
thus-derived channel estimation values to the
channel variation compensating part 234. The
channel variation compensating part 234 compensates

25 for the channel variation by multiplying the '
information symbol rhd(i)'by the complex conjugate

~values £n,x,a(i) and the data decision result is
obtained by implementing absolute coherent detection
at the coherent detection part 236. _

30 The data decision information symbol may
be directly outputted as a detection output or may
be fed back to the channel variation estimating part
B 246 so as to repeat the channel estimation and
absolute coherent detection process Sequence'for n-

35 cycles (n: natural number).

Fig. 28 is a block diagram showing a
configuration of an eleventh embodiment of a channel
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first embodiment. In Flg. elements similar to
those shown in Fig. 26 are 1nd1cated with
corresponding reference numerals and will not be
5 explained.in detail. The configuration of Fig. 28
is a configuration where the ninth embodiment of the
channel estimation part is applied particularly in a
case where communication is made between a base
station and a mobile station using a multicarrier
10 transmission system transmitting 1nformat10n using a
plurality of subcarriers.

In order to implement coherent detection
in a multicarrier transmission system, it is
necessary to implement channel estimation for each

15 subcarrier. Accordingly, the received packet signal
is supplied to a serial-to-parallel converter 260,
separated into components of respective subcarriers
and serial-to-parallel converted. Therefore, the
serial-to-parallel converter 260 separates the

20 supplied received packet signal into sequence for
each subcarrier and supplies them to the channel
estimating part and coherent detection parts 262-1
to 262-n of the subcarriers.

Channel estimation may be applied to each

25 sequence of subcarrier in accordance with the
configuration shown in Fig. 29. Fig. 29 is a block
diagram showing a configuration of a channel
estimation part implemented for each of the
subcarrier sequence in the tenth embodiment of the

30 channel estimation part. 1In Fig. 29, elements
similar to those shown in Fig. 27 are indicated with
corresponding reference numerals and will not be
explained in detail.

Firstly, the channel variation estimating

35 part A 232 implements channel estimation using pilot
symbols. The channel estimation method using the
pilot symbols may be a method adopted in either one
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variation compensation is implemented by multiplying
" the complex conjugate values Eax,a(i) of the derived
5 channel estimation value by the corresponding
information symbol ry,s(i), an absolute coherent
detection is performed and the information symbols
are tentative data decision. The tentative data
decision information symbols are supplied to a
10 parallel-to-serial converter 264 of Fig. 29.

The parallel-to-serial converter 264
converts the éupplied plurality of éequences of
subcarriers into a single sequence by parallel-to-
serial conversion, and supplies the obtained single

15 seqﬁence to the error correction decoder and error
correction encoder 266. The error correction
decoder and error correction encoder 266 performs
error correction decoding on the supplied single.
sequence and outputs the obtalned sequence to the

20 modulator 268.

At the modulator 268, the supplied single
Sequence is error correction coded again, modulated,
and supplied to a weight generator 272. The weight
generator 272 may be of a configuration in which the

25 weighting processes adopted in the seventh to ninth
embodiments of the channel éstimation-part is
implemented. The weight generator 272 supplies the
weighted single sequence of complex conjugate values
Xx,a(i) to the serial-to-parallel converter 270. The

30 serial-to-parallel converter 270 performs serial-to-
parallel conversion on the supplied single sequence
of complex conjugate values wg,q(i) xk,a(i), separates
the supplied single sequence into respective
sequences of the subcarriers and feeds back to the

35 channel estimating part and coherent detection parts
262-1 to 262-n of the subcarriers.

The multipliers 242 of the channel
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symbol by the fed back complex conjugate values
Wx,a(i) xx,a(i), so as to generate an information

5 symbol sequence ¥x,a(i) wherefrom the modulation

" components are removed.

The channel variation estimation part B
246 is supplied with the information symbol sequence
Ya(i) wherefrom the modulation components are

10 removed and the pilot symbols, and implements
channel estimation again. The channel variation
estimation part B 246 supplies the complex conjugate
values £5,¢,4a(i) of the thus-derived channel
estimation values to the channel variation

15 compensating part 234. The channel variation
compensating part 234 compensates for the channel
variation by multiplying the information symbol
ry,a(i) by the complex conjugate values £g,,a(i) and
the data decision result is obtained by implementing

20 absolute coherent detection at the coherent
detection part 236.

The data decision information symbol may
be directly output or may be fed back to the channel
variation estimating part B 246 so as to repeat the

25 channel estimation and absolute coherent detection
process sequence for n4cycles (n: natural number) .

As has been described above, according to
each embodiment of the channel estimating part,
since pilot symbols of a known phase is used for

30 channel estimation, a high-accuracy channel |
estimation is possible irrespective of the
continuity of the transmission signals. Also, the
pilot symbol of known phase may be transmitted by
‘being time-multiplexed or code-multiplexed on the

35 transmission packet. Further, by using the above-
described channel estimation method for a
communication device, it is possiblé to realize a
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5 that ény combination of any one of the embodiments
of the path search part and any one of the |
embodiments of the channel estimating part may be
used, or, either any one of the embodiments of path
search part or any one of the embodiments of the

10 channel estimating part may be used.
Also, it can be easily seen that the use
of a pilot symbol described with reference to Figs.
11 to 21 is not limited to channel estimation but
may is also applicable to path search. 1In other
15 words, although a method of multiplexing the pilot

.symbol has been described with reference to Figs .12,
13, 15, 16, 18 and 19, the pilot symbol multiplexed
with the received signal with such multiplexing
methods may also be used for path search methods

20 described with reference to Figs. 3 to 10.
Therefore, the pilot symbols inputted to the channel
variation estimating parts 214, 220, 222, 224, 226
described with reference to Figs. 11, 14, 17, 20,
and 21 may be used for path search as well as for

25 channel estimation.

' Next, a second embodiment of the
communication device of the present invention will
be described. 1In the second embodiment of the
communication device, one of the methods for using

30 the pilot symbol described with reference to Figs.
11 to 21 is either adopted in the path search part
or in both channel estimating part and the path
search part. | :
The second embodiment of the communication
35 device also may also provide an effect similar to
the first embodiment of the above-described

communication device.
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1. A path search method for detecting
respective timings of path components included a
5 signal received via a multipath propagation path,
said method comprising the steps of:
a first path search step for detecting
respective timingsiof path components using pilot
10 Yeceived ¥ia the multipath propagation path; and
a second path search step for detecting
tespéctive timings of path components using
information symbols derived from a signal
demodulated according to said timings detected in
15 the first path search '‘step and said pilot symbols of

a known phase.

2. The path search method as claimed in
claim 1, wherein said information symbols derived
20 from the signél demodulated according to the timings
detected in the first path search step are generated
by implementing the steps of:
despreading said signal received via the
_ multipath propagation path according to said timings
25 detected in the first path search step;
cophasing and summing the information
symbols despreaded according to said respective path
timings in a symbol by symbol manner;
demodulating and implementing data
30 decision of said cophased and summed respective
information symbols; and
| remodulating said data decision signal.

3. The path search method as claimed in

35 . claim 2, wherein said information symbols derived
from the signal demodulated according to the timings
detected in the first path search step are selected
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satisfying a predetermined condition are selected.

4. The path search method as claimed in
claim 1, wherein said second path search step is
repeated until a predetermined condition is

satisfied.

5. The path search method as claimed in
claim 1, wherein said signal received via the
multipéth propagation path is transmitted in
accordance with a multicarrier code division

multiplex system.

A channel estimation method for
estimating channel variation using pilot stbols,
said method comprising: -

a pilot symbol acquiring step for
acquiring pllot symbols of a known phase included in

received packets; and _ ¢ + N
a channel estimation step for implementing

‘channel estimation using said acquired pilot symbols.

7. The channel estimation method as
claimed in claim 6, wherein said pilot symbols of a
known phase are time-multiplexed with the packets.

8. The channel estimation method as
claimed in claim 6, wherein said pilot symbols of a
known phase are code-multiplexed with the packets.

9. The channel estimation method as
claimed in claim 1, wherein said channel estimation
step implements channel estimation by combining said
pilot symbols of a known phase and pilot symbols
included in other packets transmitted from the same

transmission source.
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sald method comprising:
5 a pilot symbol acquiring step for
acquiring-pilot symbols of ‘a known- phase'included in
a common control channel in a multiplexed manner;
and _
a channel estimation step for implementing
10 channel estimation using said acquired pilot symbols.

11. The channel estimation method as
claimed in claim 10, wherein said pilot symbols of a
known phase are time-multiplexed with the common

15 control channel.

12. The channel estimation method as
claimed in claim 10, wherein said pilot symbols of a
known phase are code-multiplexed with the common

20 control channel.

13. The channel estimation method as
claimed in claim 10, wherein said channel estimation
step implements channel estimation by combining said

25 pilot symbols of a known phase and pilot symbols
' included in other packets transmitted from the same
transmission source.

:ij;>A channel estlmatlon method for
30 estimating channel variation using pilot symbols,
said method comprising:

a first pilot symbol acquiring step for
acquiring EiigE_gxmgg;gwggwgwggpggtppggg‘included in
packets and in a common control channel in a

35 multiplexed manner;

a second pilot symbol acquiring step for

acquiring pilot symbols of a known phase included in
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channel estlmatlon using said acquired pllot symbols.

5 GgQ A channel estimation method for
estimating channel variation using pilot symbols,
said method comprising:

a pilot symbol acquiring step for -
acquiring pllot symbols of a known phase included in
10 a recelved packet
a tentative channel estimation step for
implementing tentative channel estimation using said
acquired pilot symbols;
a tentative data decision information
15 symbol generating step for compensating for the
channel variation in accordance with a result of
said tentative channel estimation and generating
tentative data decision information symbols from the
compensated information symbols; and
20 a channel estimation step for generating
information symbols wherefrom modulation components
are removed using said tentative data decision
information symbols and implementing channel
estimation using said pilot symbols and information
25 symbols.

16. The channel estimation method as
" claimed in claim 15, wherein said tentative data
decision information symbol generating step includes
30 a weighting process for weighting said tentative
data decision information symbols according to the

‘reliability.

17. The channel estimation method as
35 claimed in claim 15, wherein said tentative data
decision information symbol generating step includes

an error correction process for error correction
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18. The channel estimation method as
5 claimed in claim 17, wherein said tentative data
decision information symbol generating step includes
a weighting process for weighting said error
correction coded tentative data decision information
symbols according to the reliability.
10 :
(E;) A channel estimation method for
estimating channel variation using pilot _symbols,
said method compriSing
a subcarrier acquiring step for acquiring
15 a plurality of subcarriers included in received
packets; .
, a pilot symbol acquiring step for
acquiring a plurality of Eiiggﬂgymbols of a known

———
———— ————

phase included in said plurality of subcarriers,
————n

»

20 respectively; and
a channel estimation step for implementing
channel estimation for each of said subcarriers
using said plurality of pilot symbols.

25 ,_:E) A communication device comprising:
ath search means for detecting respective
timings of path components included in a reception
signal” received via a multipath propagation path
using pilot symbols of a known phase included in
30 said reception signal; and
channel estimation means for estimating
channel variation using said pilot symbols.
: _ [
21. The communication device as claimed in
35 claim 20, wherein said path search means includes:
a first path search part for detecting

respective timings of path components using said
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5 demodulated according to said timings detected in
the first path search part and said pilot symbols.

(;;:7The communication device as claimed in
claim 20 or 21, wherein said channel estimation
10 means includes: :

a pilot symbol acquiring part for
acquiring pilot symbols included in said reception
signal; and _

a channel eétimation part for implementing

15 channel estimation using said acquired pilot symbols.

. 23. The communication device as claimed in
cléim 22, wherein said channel estimation part
includes: |

20 a tentative channel estimation part for
implementing tentative channel estimation using said
acquired pilot symbols;

a tentative data decision information
symbol generating part for compensating for the

25 channel variation in accordance with a result of
said tentative channel estimation and generating a
tentative data decision information symbols from the
compensated information symbols; and

. a channel estimation part for generating

30 an information symbol wherefrom modulation
components are removed using said tentative data
decision information symbols and implementing
channel estimation using said pilot symbols and
information symbols. . '

35

' (:;) The communication dev1ce as claimed ln

claim 22,
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a subcarrier acquiring part for acquiring
a plurality of subcarriers included in said
5 reception signal; and
a pilot'symbol acquiring step for
acquiring a plurality of-pilot symbols of a known
phase included in said plurality of subcarriers,
respectively, and, _
10 wherein said channel estimation part
implements channel estimation for each of said
subcarriers using said plurality of pilot symbols.

;gp A communication device for
15 implementing path search for detecting respective
timings of path components.included a signal
received via a multipath propagation path, said
device comprising:
a first path search part for detecting
20 respective timings of path components using pilot
symbols of a known phase included in said signal
received via the multipath propagation path; and
" a second path search part for detecting
regpeCtive timings. of path components using an
25 information symbols derived from a signal
demodulated according to said timings detected in
the first path search step and said'pilot symbols of

a known phase.

30 26) A communication device for
implementing channel estimation for estimating
channel variation using pilot symbols, said device
comprising:

a pilot symbol acquiring part for
35 acqulrlnqﬁpllot symbols of a knowqﬁg&gse included in

received packets; and
a channel estimation part for implementing
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27. A communication device for
implementing channel estimation for éstimating
S5 channel variation using pilot symbols, said device
comprising: '
a pilot symbol acquiring part for
acqulrlng pllot symbols of a known phase included 1n

a common control channel in a multiplexed manner;
10 and
a channel estimation part for implementing
channel estimation using said acquired pilot symbols.

Cg;? A communication device for
15 implementing channel estimation for estimating
channel variation using pilot symbols, said device
comprising:

a first pilot stbol acquiring part for
acquiring pilot symbols of a known phase included in

20 packets and in a common control channel in a
multiplexed manner; .

a second pilot symbol acquiring part for
acquiring pilot symbols of a known phase included in
said common control Ghannel; and

25 a channel estimation part for implementing
channel estimation using said écquired pilot symbols.

/59 A communication device for
implementing channel estimation for estimating
30 channel variation using pilot symbols, said device
comprising:
a pilot symbol acquiring part for
acqulrlng pilot symbols of a known phase included in
received packets; =
© 35 a tentative channel estimation part for
implementing tentative channel estimation using said

acquired pilot symbols;
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' a channel estimation part for generating
information symbols wherefrom modulation components

are removed using said tentative data decision
10 information symbols and implementing channel

estimation using said pilot symbols and information

symbols.

<::’ A communication device for
15 implemenTing channel estimation for estimating
channel variation using pllot symbols, said device
comprising:
a subcarrier acquiring part for acquiring
a plurality of subcarriers included in received
20 packets;

' a pilot symbol acquiring part for
acquiring a plurality of pilot symbols of known
phases included in said plurality of subcarriers,
'fggggziively; and

25 | a channel estimation part for implementing
channel estimation for each of said subcarriers
using said plurality of pilot symbols.

'31). A communication device comprising:
30 - ath search means for performing a first
<£éEP sear;§ step in which respective timings of path

components are detected using pilot symbols of a_

known phase included in a reception signal received
GI;—;\;Eitipath propagation path; and

35 channel estimation means for performing a
first channel estimation step in which channel
estimation is implemented for estimating channel
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a second path search step in which respective
timings of path components are detected using
5 information symbols derived from a signal
demodulated after said first channel estimation step
according to said timings detected in the first path
search step and said pilot symbols of a known phase,
and
10 wherein said channel estimation means
implements a second channel estimation step in which
channel estimation is implemented for estimating
channel variation using information symbols derived
from a signal demodulated after said first channel -
15  estimation step according to said timings detected
in the second path search step and said pilot
symbols of a known phase, and thereafter,
recursively'implementing path search and channel
estimation by repeating the processes of
20 implementing said second path seérch step using said
information symbols demodulated after said second
channel estimation step and pilot symbols and
implementing said second channel estimation step
using information symbols fed back in accordance
25 with the timing detected in said second path search

step and pilot symbols.

32. The communication device as claimed in
claim 31, wherein said pilot symbols are included in
30 . at least one of packets_and a common control channel

of said received signal.

33. The communication device as claimed in
claim 32, wherein said pilot symbols are multiplexed
35 with at least one of said packets and said common

control channel.
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| <;;j;>A communication device comprising path
search and channel estimation means for implementing
at least one of path search and channel estimation

R Stvisbeio
symbols included in at least one of packets and a

using pilot symbols of a known phase or information
N w

——T ) N ) .
common control channel of a received signal.

e
o

35. The communication device as claimed in
claim 34, wherein said pilot symbols are included in
at least one of packets and a common control channel

of said received signal.

36. The communication device as claimed in
claim 34 or 35, further comprising feedback means
for feeding back said information symbol,

wherein said path search and channel
estimation means recursively implements path search
and channel estimation by repeating processes of
implementing path search using information symbols
decoded after channel estimation and pilot symbols
and implementing channel estimation using
information symbols fed back via said feedback means
in accordance with a timing detected in said path

search and pilot éymbols.



