»e3eUR| 26hT9< MULTI - CARRI ER CDVA TRANSM SSI ON SYSTEM SI GNAL FORMAT 5
Technical Field The present invention relates to a nulti- carrier CDVA

- transm ssion systemsignal format, and nore particularly, to a signa

format of a signal transmtted via a nulti -lcarrl er CDVA trans m“\“\
system the signal including data synbols and a pil ot synbol Wm \\ﬂm\“ﬂ‘ ‘
pur pose of estimating a channel state for each of a plurality © USEL®-
Backgrround Art 15 In a nobile connuggg@@fgy%éﬁgﬁronnent receptlon
signal s can undergo anplitude variations an ase variations due to
Rayl ei gh fadi ng attendant upon changes in the relative positions of the
base station antUIlTEl WOARREER! 8DMAN THANSMEBESSIBN SYGUIEM i QIGHASt BORMAT
typically, data is transmtted by the carrier wave phase of synbols before
and after operational coding, and, on the receiving end, information data
is recogni zed aRgchauicakifeddfferential detection. However, because 25

differential detection |nwpﬁgeﬁrggghging@gngpghngqutggp1&;@9§ﬂh§§&on dat a
as descri bed above, reless interval_anounts tqQ a

S bit et or i n PRET A, (A chEARERLas qth STRERY BRAGASRTIREYT ngnGy ot ers
(BPSK nmodul at i omprenpadtBéuiavdyve toyrchsogmwat fetrmatti @f & heignghal power

to noi se power E%Qd%ﬂf%%ad“bFé Qeggﬁﬂﬁggﬁgnéfért BMia@§éH§$f%%95 rate

(by, for exanple, approxi nmatel ional 'y, althoug sofut e

synchr onoust 35 6§F5@H«NFh%rShﬁ&§&n%%f¥¥@%%%p@?6ﬁ SYERALSHARE at an

absol ute phase ofileachsynitso Vi do2l thprpairpekesot oeshiiglaltyef fa céeahnel

reception, it |§ %QQQ#égt 19 of % $%H1 ff%r £e8§%t|on si gnal absol ute

Eiise in aRayl ei'g i Ng EhVir Bhinen exa a met hod of
i mati ngand correcting fading dlstortlon usi ng pilot synbol s5of known
phase |nserted ghokeahp{g | Ak er val s bet weendata symbol s has been proposed

( Sanpei , CANFadlng E]itortloH rrection for Terrestr,ial
3 bt

Mbbi | eCo cati ons" Rh? B8R 1P SARMIRLRRELCRS SOt TPAmeRty No. 1,
pp. 7-15, JanuarycﬂyﬁbonI$ﬂgha$$0namhmmd&rgophmptl$ydboWaﬁiahbmns

transm ssi on phgsgi $SHNASETEH18¥EbKsS R YBROLS 41 connunlcatlons
channel and the cha%he estln%tednbg That fdﬁ%Qlﬁ ghh d é?
lattendant upon changes in the relative p031tlons of

the base station and the mobile station. In phase
20 modulation systems, typically, data is transmitted
by the carrier wave phase of symbols before end
after operational coding, and, on the receiving end,
information data is recognized and read using
differential detection. However, because
25 differehtial detection involves operational codiﬁg
. of the transmission data as described above, a 1-bit
error in the wireless interval amounts to a 2-bit
error in the information data, so in binary phase-
shift keying systems (BPSK modulation), which
30 involve synchronous detection, the signal power to
' - noise power ratio (SNR) will be degraded for the
" same bit error rate (by, for example, approximately
3 dB). v
Additionally, although absolute synchronous
35 detection for measuring a reception signal phase at
.an absolute phase of each individual symbol makes
for highly efficient reception, it is difficult to

T
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.ase.0 e rece ve p using tis, anplitude and phase of a reception signal
for15each transm ssion user at pilot synbols at thebeginning and end of

- such data synbol interval arenmeasured, and a variation in the channel for

t hedat a- synbol interval is estimated by i nt er pol ati onbet ween t he neasured

val ues. 20Addi-tionally, in nobile connunlcaﬂﬁonssystens according to the

| S-95 (CDMVA transm ssionsystem currently in service, the downl i nk i nvol ve

susing a pilot channel, conmon to 1 users Itlplex si gna
transm ssi on ac F@ﬁﬁ%2§b§eﬁ§Pﬁ 9§(§ﬁﬁ??#ﬁﬂg ﬁ&l %$r%%d?ng code
foreach user. ARalylieigicef &dhggeedvitduwnnpn bt channeland the data channa

are separated by despreadpfig, aghanuglayafiat L ofiekhoBsldamal e Hiak g

pi | ot channel, and the data syribol's are ate usi ng30t he est t|o
results. Fbmeveram41QQFWE@FiBQrﬁﬁ@ﬁnauﬁﬁ$%ﬁéﬁigglHﬁ%ﬂ&n&%&oﬁ pYuPalist y of
sEb calr rierssar %lfsﬂéfixdvih pshésemidaler tedarhot di(:jégﬁ&ﬁlrsilrm‘erwléldbéi:@é%mt
channel variati rrier. 35Addi m ssi on
signal is sprea 4%ﬁ %% fiaﬁ?ﬁe Q§W%§5?%%Seé ?g mPé&,l?lévgﬂ endit. is
necessary to maFad&imestisborshohoCogmactlon for3Teameshrial tHebdhiep -

| evel prior to Bt R010AS "2 DRMEA J&hbSTBQEhI%S%é%J@aiQhEWDVQYL
directly the channe varlatlon éstimation method ng %yg q@% gﬂin133|on
systens that usd A TR NP eadi n§P(-DI S TOMGNLALEK 3987395 HRsERrBed above
ina multi 1@armeahdamﬂbmeapsmbsasymuqSt@ﬂtkﬁdﬁntmmmddmassnoa phase

di rect - sequence sspradl AoV st Be MY qiel gambBIdad tywni ch Tt s

assuned t hat transn135|on user. (each nobile
n‘tl on) using WW%ﬁaﬁﬁél chiannesl AR bhe chaspslrstimatedannel by

l IO' exi ngm;qh%rﬁng)ttmaﬁe@blwmé%aéﬂ gﬁer pilldanemaibol n cenes, ;or
exanpl e, in whi ions .are condu iy 15 specific
beam pattern foﬁ'eaéﬂgEQ% u%?hgpq %ﬁuﬁtﬁn% Fgg t%%%&g ?%b §ﬁ§adapt|ve
array antent@a, eecltdmansvhasion arsen hat chhhasl syowalwdiak dihe user s

differ, so chanpgl ﬁﬁtiﬁf&taﬁaf Qhdt R Cétmndatbogyﬁtmnetn@@fr@et heeused
for the channel s for 20 |nd|V|duaI users. %Bsur of the Invgﬂtlon The .

present inventi easired. | #89.fevantads: %%t PoFPER e hebPEntBsef ul
multi-carrier 23333#%?mh0$nia$amvamﬂmswnstgmateﬂobwahmﬁerpmlah1bhe

above-descri bed ﬁ“&éﬁmtﬂ ﬁggsg@gﬁﬂgéfﬁ@% art are solved. The present

i nvention has as | Speci fi c object rovide_a signal format in a
nulti-carri®® 30 CDMA traﬁ@ﬁF§QQQ?¥%¥n i RoRALen comel caELPRELi on can

be perfornmed folsyatdmsis@Ecorag napave- m@cxsbed Qb:jmmt uﬁaﬂmlpseeant |
invention is achjeved

y | t.i carr| CD@? o t hat
reproduces data QVHH%YE c%ErSPngsjfh proﬁ tuce lgng¥§%§@;
frequency axis, Uﬂﬂng[ﬂlE%lpﬁeChﬂﬂﬂﬁﬂﬂﬁﬁmﬂgﬁat§yﬁﬁdl@ﬂﬁﬁﬁbS@i§hdlng code

and perforns wléﬂ&&@éﬁtmamf{p&@;@rsignél Of:rQﬁEEt\l'é%'i'@ﬂl aacpééthptttsheqf
sub-carriers_ofdifferent fre nci e a Si ng fornat atrana %SIOH
signal used®%heP¥ RIR9ng § 5@ GFgﬁﬂﬁﬁn?gr Bsfli R %P%a?? Bi

c‘mel andbper fe@ah ngseynchhdndahe defeelvongt bedpi Itdste ydbot bObanged
common pi |l ot sy afetetasta%tt%%ézt @fé'@b??gt%&:wrlféﬁ%glgﬁﬁlh% eagch

user,the signal Tormat_incl user-speciti.cl0pi |
per f or ms connquQﬁqQﬁﬂlﬁaEéﬁ§ﬁﬂ9 15 re et HRe teHoMSHRY RHE8Er i bed
channel . I n such changen| &aadnthe dat i ymbolsndrie tdenpdulated using

30 the estimation results.

However, in a multi-carrier CDMA
transmission .system, a plurality of sub-carriers are
used to perform data symbol transmission, with
different channel variations for each sub-carrier.

35 Additionally, the transmission signal is spread in
the sub-carrier direction, so at the receiving end
it is necessary to make an estimation for each sub-



-te e es ma e a channel comon to each user canreceiving end based on a
Change (frequency variation, 15phase variation) in comon pil ot

- synbol . Addi tionally, a state of a user-specif is channel canbe estimated at
t he recei'ving end based on a changein the individual pilot synbol even when
t he user-specific channel is forned using'ah‘adaptive array20ant enna. The
channel common to individual users asdescribed above is a channel that can
be utilized i ncommon by all user fo e he fo dusi t he
data channel or A& he® anﬁnS a%qé?ngga%riS Qﬁﬂ%fcﬁéﬁEgr.l %the
above-describedannasubefriér1€DMMH1HQSSshlenteysm@mqmgﬂmﬂe¢blma¢healI or
some ofthe pl ur@\ﬂ] dohf é&.‘P ae%here%meadtwnsme@ﬂber eﬁm&@é@nlﬁan be used

as sub-carriers en30s ea E£ ot synbol  al ong a frequenc¥

axi s. Addi t i onal [tFansm l?%cé §Fﬁ$ rﬁpa?n gendige e SRy et Eng0(D8par at e
t he pil ot Swﬂbobﬁﬁﬁﬂ|$uchhaspEBGgﬂﬂddKﬁﬁlbaﬂ bbowveddrt a bwol thegonal on
the spread freq i n 35pi nbol sequences can be made
to be orthogonaF%ﬁ§¥H%gt¢%%ﬁagFéﬂ1H% glé@ % éve described nulti-carrier
-5 CDMA transnission systéﬁﬂeﬁgmﬂakkﬂfm&ncandE€e§6nﬁ%£HQﬁF%o that the

s!gna: Ior mat algiten t Q{;staa Rlugaimgy) oéutaulbaearzrs-@% ;Jﬁledwhmchhe
signal transm ssi,0 i e on e quency
axis and insert qsi/rﬂﬁ)?urg gh@?{% ﬁﬂ'ﬂ?ﬁ; ngégﬁt e %J?E ot synbol
and theiruﬂ@id@acnnusmrsyeboh mahkjais@méadnhguﬁhygﬂthEIeauerection of
the time axis i ‘%&HﬁiSUPtCEErg%%%ﬁﬁlénﬁgdeéeihg%emﬂﬂg SARRLL byl0 AL

the receiving en In ternms 0 ein e to separate the pilot synbols

ly, the spr@%&qﬁ?%ﬁﬁ%nﬁthPh@ﬁiﬂﬁnﬁpiﬁPﬁ §9Wm&nzﬁﬂi?%% YBPESdi ng
c‘e for the speiivdwenp) | bh swusgesl, car bexampeet 0ile wiritdtogonal . 15 These
and ot her objectg; d VUYL AHE =X ntion wll
becone nore apparer%ﬁ?%%%??ﬂggfo?ﬁb&#ﬁg d%%%? Bg gggb E%”%ﬂgﬁﬁth ref erence

to the accohpany@b@f fitoi hgam Pethemdf fREceaphi Y§est QQE?Hraﬁﬁng§CH(3 1
is a diagram shgiyyidéins £Xe1Bhg efsialg r sad &b €1 veOo RfrirGiy aanwnﬁar the

the present i nvaiitite Shepial 3nd e GiRnafloRht dRdivEREoRERE " ©
exanpl e of a codfififiemt i 90 ohaamaﬂ(ﬂstgm¢m¢5|ﬁger¢h§1qnmmmmtplﬁpﬁ 13|s a

di agram show ngd'hafdrréi eéaﬁelteb%f e 96k £REMBhann¥ & Ifer4 is a diagram
showi ng a second exa a signal format. FIG 5 is a diagramshow ng a

third exanpt@® ofindigy %ﬁlfBFﬁﬁﬁ FIG 6 is a diagramshowing a fourth 35
exanple of a signal format. FIG 7 is a diagram showi ng an exanple of a

spreadi ng code i LO f a - ific _6_ pilot synmbol. FIG 8
is a diagram show I a S|gnal format . SPreferred
Enbodi nents for Worki ngs The Pﬁﬁﬁﬁ4§nﬁpﬁ%§5 PPt h&$ @S 11 HdwPHeTrgilden

of embodi nment s Ofohtj'tﬁc@rf«‘éeﬁi'okrﬂ‘d@lta cmawvmﬁb nsbenanerilx i headr avicngs. A
e e ah TR TERRA Snd e B S ELEREY, TR bR ohig e,
F 1.id i above-described problems of the conventional art are
solved.
' The present invention has as its specific
object to provide a signal format in a multi-carriler
30 CDMA transmission system in which channel estimation
can be performed for each user.

The above-described object of the present
invention is achieved by, in a multi-carrier CDMA
transmission system that reproduces data symbols,

35 aligns the reproduced data symbols along a frequency
axis, multiplies the reproduced data symbols by a
spreading code and performs multiplex transmission



-d t.Ts prov a base he transmtter e astation of a nulti-carrier CDVA
transm ssion system15In FIG 1, the transnitter has signal generator

- circuits 100(1). . . 100(n) correspondingto individual users (nobile

- stations). Each signal generator circuit 100(1). . . 100(n) generates

asi gnal corresponding to each user, so the®Otransmtter has an data source

11 of the information(voice, data, etc.) that is to be allotted to

eachuser,, a channel coding unit 12 that encrypts thedata fromthe data
source 11 accor &nga'P a‘b?gﬂgt 8r Ritie 'b’br?fh%‘%écarrlers of'

seri al - paral | el A3dfemssst ofireguenictiell forsigaadnmfowmag: aplaralityof
symbol's si Ml t aReaslals 81 bAPEIGUeHT Ak dd reibh 14502l drprodyeesethe data

(data synbols) ffo eserral - pdr conversi on circu

quantityto equals¥®ahefpunpetinptdmy curvaeiationd ofnshannati A8 and a
nmodul ator 15 i) pgdidtoriig PsvAsazehougnmdteepioedyced by the reproduction
circuitl4 by a spreading %ﬁde glA diti Q%Ll¥e.each %J nal qgffr%tor
circuitl00(1). . . 100(n) §sP & (ﬁyék' of °1Adeft SONEEE 1Rtir? 20 for each
user. The pil ot syytsl i fiserthenpuinpose @O éatdnasipgr aaddsdnrepi |l ot synbol

correspondi ng t @ Rafdh USST eh8nt i8edat 2 (data synbol s) from the channel
coding unit 12. The pilot synmbgl is used for estinatin&ka state

(anpl i tudevari ati on, phastP@afigfiodn)t HFmAt HRAAEAIRG eHF?ﬂéﬁE@P&féﬁbbile‘
stations) ang tpd leetseswhibbdlonhaltt pehdidrndeconmead ichadtidmein a ,
above- descr! bedpliney ”Q%g%?éﬁftt Ak bnoYeCRR e GO | rERARY a5 ! O

insert (or add) ap correspondin 0 each user to an output from .
t peserial - paral | el conver 8nofueity @igigmal oheE®Adi.ng trEigtion in

ot e; descri bed s %%lﬁlﬁone%@)ﬂ e%icﬂﬂaisa.lﬁn_eafxt Béd@srthuﬁéﬁQ@(é):- the

n) outputs as a signal t ach useri_t | ang. t a .

spread signal olfteaﬁer?zvagrb% ﬁﬁgyﬁﬁgﬁ‘%f’{ H& %lb?%gai Rg’,f’i:e & 5 Yiglﬁlgla)étl%n'
synbol 15cor¥esp@idisey vartathondedn THwwmon BigAal symbedchconponent of each
frequency out puta 410 R&D1§1, 98alINY & Pra Chse¥Lsple@i(fllc chanAB89( @han S
mul ti pl exedby a nultyﬁégxes 50, The nulti Ifxes 5Q 1 s copposedof . a '
conbi nati on uni PSL% aE%ﬁbPﬁe§htené:esci’%£‘é B90PPEm r&hsHi SBABYSsi gnal
gener at or ~Ci r cuiitrs #¥¥ 1dndividh@l( pilaotd syhboik- Ervequerian comeeuseorunit 52
(I FFT) that perf JH%§. = NG\ i QR e 'éﬁﬁﬂ C LRed by

t hecombi nation Gt %ggﬁhéﬁg#ﬁngggﬁgﬁfé?ngg%?Po%EEfg%U|tséﬁogg?bﬁg

si gnal genet@toandie®ats 100(1). . . 100(n)described above are, for

exanpl e, configured asshovhei @hlan®e?.cdbni 8o Gadiviatual suskels 28l, SW2
and a pilot sy | generator 22 garrespondi e er .. I i t,ches
SVL, "SR ar o SwRHER B0 aP8 P et e o g, SR e e ur Sl SH'S
user conduct i ng tacanmeIn sBY oAl usexrsusaan@peayf Eorasxaniisatber Rormesh an

adaptive array y{yerRé HhAeal il dbffene bhald e deia shanaeh As a
result, a35user-specific pilot synbol special to such user isinserted (or
ﬁéj 9%%093 En&ERATY

agded) fro he ITRT s *to the signals (data synbols) from
t user's g In the above-described multi-carrier CDMA

transmission system signal format, all or some of
the plurality of sub-carriers used in signal
transmlission can be used as sub-carriers when
30 spreading the pilot symbol along a frequency axis.
Additionally, at the receiving end, in

terms of being able to separate the pilot symbols
.easlly, the pilot symbols can be made to be
orthogonal on the spread frequency axis, and further,
35 pilot symbol sequences can be made to be orthogonal
on the time axis.
Further, the above-described multi-carrier



o pllot synbol s an

-transm ssion data generator (data source 11, channel coding unit

'12) . Addi tional ly, separate fromthe pilotsynbol generator 22 correspondi ng
- to each user asbdescribed above, the transmitter has a conmmon pil ot synbol
generator 21 (not shown in FIG 1). Thecommon pilot synbol generator 21
generates a conmonpil ot symbol used for a wser conduct i ng transm ssionw th
a pattern that i's the sane as the antennalOpattern used when transmtting a
dat a channel % 3’ nnel to . all use ECF:L dat a @hannel . For
users using the & [ﬁ’m ?)??[8 s§§f|%’olsysttheelh T g{)a h’ré“ 1 eRF a pat a
ypasses e switclenfSueadSye $bpitl dtheymboghagefiorawdr a2lotndsone sifgnal

from thelst ranS@r&Sl;ﬂtﬁP&iétgeeer ah@ - d4Af fe$OULSR Al Lin GHREONSE gAANNG uni t
12) is supplied to t nul ti pl exes 50w t hout havi ng a user ﬁem fic pilot

synbol i nserted(ttﬁa‘a'ﬂﬂje%ﬁl?ﬁu§° G ALt SHMERLC R Yis@L9B@specific:
pi | ot synbols arthedafwegyahols axiamdrid pile.xerltas adewbdileoba@@eﬂcar e
processed by ag I ertl o (L5 fi d anplifier
55, and the prot:tgisg:ed%ﬂyg#gkgr%et rﬂaensrb %%%tar%ygﬁ ennaﬁﬁnlt a56 The
ant enna25uni t SGT’rﬁaisVi‘b‘PaéxEﬁféPéi ﬁY"ﬁtfabt‘il%énar Ray Paeachig afdigBali N s

possi bl )e tA odgener &t erécbeam pEt teyen ﬁ‘iqﬁ@aaifais nélhtod4de L@ﬁsf &a?b&bes f
station). escription iven of aconposition of a frane of a
transm ssion si &#31'1 %MS%PnEBﬁd@sl o‘tnﬁ?ﬁ“la?lg user-specific pilot symbols
anda data sy@bol at a trahsmtmerrdtaa/imgnghendnf dgurteimon dEsbeibgd
above.In a fi rs%éﬂ’%%%e%ﬁrﬁ*&@"&ﬂé’ gifot syﬁbeqemmﬁf uggeE- specific

e_data synbo are tinme nultiplexed ﬁmgslble
nsert the pi ISRAre34HRe §POEp IS dth&rFYmRAR Réaﬂ’tofsém?t?%heat‘ G€at el y
bcedl ng the userre:bdmgyebdle foxO tise $bhé&ciBlie) pilatt tdyembenddcand bieai | of
the framesi medi %yt(prg egﬁ:lﬂg ?lasijcceedl ng the user datasynbol (FIG
3(b)), or perlo vam h rane(see FIG 3(5%9) If the pilot synbol
length is 2Np5t hen user - sBBesE @ans |khaynpbiscésn Featusese@8BAong 2N

users .In a seCcHElLHXBAPELE, o&S th@vpﬂ:ééeﬂﬁ: Ginéen&s_mio@h:qubleesme%bre.

PSk in which commn anduser-sp i Sy ls ;h ve be tiplexed

i s10i nserted beftREEER gﬁa“‘ %Zjlr? fc°slequ%‘%t1’&% g?%glg}? ‘%ﬁ%ﬁg OPn whi ch

i ndi vi dual user vddtha sgfiboeacRatebddre nutcopbarydndl rﬁndw:bn@aanpl e, a

di stinctivefeature is that k nunber of sub-carriers out of nnunber of
sub-Carriers is used to sread the |Iot15 mbol . It thus beconmes possible
“to transm t2Yat EEARferdess S S+=whi ch no pilotsynbol is
inserted.In a third exarrpFeG aa sihovm dnaEr&n Shoasipre aan segamblee(qxj‘era:e DS

of a symbol seq srtgg{)g@ E0n SCAINIL B4 | Pb-S¥IANsmRaERg e

user-specific p| seq uen and 1 ndi vi dual user ata SyIIr)”O
have been mul ti @ aéi@éaglénﬁﬂspﬁ‘lle;&fm%a%q’@rdé&@ht}ﬂ |te sSRPefifgat
beenspread al ongfm ﬁm@qpfag;anaxus;vemctfomne axis. Here, 25the length of a
SI ngl e dat ynbol DS cor po ds doa | e0 f o o a_UPS and each
ot synba:f’ so t hat g?% recel v?gﬁgknggf’l %%g‘} I ro}lté’:}"”‘ Bof'can be
ved by nul tlsmeg@h@i@yexhelpﬁtel otf pteerfilguratiomn taf e&anvblet as shown

|n FIG 6, 30userssymisd Ngi He8EtIRCiIdikcwit 0t synmbols are dividedinto L
groups and pilot synmbols |n erte peri odj cal | as read

S
si gnal sequence of a synbof?! equ?e n hﬂ?ﬁﬁx‘l ﬁ&loﬂid't?al?lsgi s
have been multi pfexeds hgrailnfermed3bat predet erm ned | ntervaI s | n a

direction o§ t hef requencyFa@ S |ir5 Oéd&ia Egﬁmsamsﬁrﬁg)l sggggﬂge
PS1mul ti pl eX| ng.,a common p| | ot synb 3 user group 1 10 user-specific

pi l ot synbols t &%ARRAePE séqﬁét%@bm??:pl exi ng user group 2
user-specific pilotsynbol $1G.n Swvhisha cOtagram Istiowsitidpoa stimhy dbexanipiced)
to a synbol seq C e LSmul ti pl exi ng user group L
user-specific pi ef(;tégy%?%flgi |§_=on ch common pilot synbols may beincl uded) .
By such a configuration, F3G-hé rﬁtﬁtb%r@iaﬁFﬁ@t S % asfonrthhen it is
possi bl e to3s Icgmepiépggl Bl SiRjrdot wﬁfﬁats am)ng 2" X L users. 10The
configuration of the spreading e fo 0 du r i,fic pi
'signal s may forexanple be gg’ shﬁvﬁ ﬁ r%m §§ eﬁﬁﬁ‘ es oefgaghp
one conmon p o(cﬂpmﬁiagdcpmee@q:s’etg@petibncfmn @& wmo‘ane(:#.flps#z and
,(are used). Additionally; it is assunedthat all pilot synbols assune
the value "1''. At atime tl, each pilot synmbol (comon, #1,#2 and #3) is
orthogonal to the codi ng sequencespread in a frequency direction. At a tine
t 220synchroni zed with the next synbol, the spreadi ngcode shifts by one
chip. This operation perfornspilot synbol cyclicization. In so doing, the
pi |l ot synbol s are orthogonal to each other at eachrespective sub-carrier fl,
f2, £3 and f4, and by25nultiplying by the codes of each respective tinefrom
tltot4 it |s p055| bI e to separate the commnpl I ot sequence (common) and

o T |




--11.In this exanple, as showmn in FIG 8, everyp carrier anong n nunber of
sub-carriers is used asa pilot carrier just for the pilot synbols, with

- theother carriers used for the spread signal sequence5of the synbol
sequence ‘i n whi ch individual user datasynbols have been nultipl exed. For
each pilotcarrier, a synbol sequence is trérsmitted in which acommon pil ot
and a user-specific pilot synbol havebeen nultiplexed.10It is preferable
that a pilot patternhaving the snallest possible correlation (forexanple an
ort hogonal codePiH@tusEHRRLt he pil ot sequence. According to such a frame
configuration, 15t he peri oHIGf Bhdspid aiipgiaer shoatinke d ehipf tienegamgpplict i S
easy to reduce CQ weenpi l ot patterns. Additionally, a state
of a channel ofgggu J%ﬁ%?%rgg ﬁg% ‘than the pilot carrier can be20obt ai ned
at the receiving end fron1the channel stateestlnated fron1the pilot carrier
using a method pyeas;rdd ofclsl! i .‘ eC 3G ah

according to thepresent gvantlo gﬁd} ﬁ% nneI comop to aII25users
can be estimated at the r P§Pﬁap % bﬁg SfQ&NEHan (anpl i t ude
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30 spreading, and a modulator 15(i) that multiplies
each signal reproduced by the reproduction circuit

14 by a spreading code c.
Additionally, each signal generator circuit
100(1). . . 100(n) has a pilot symbol insertion
35 circuit 20 for each user. The pilot 3ymbol
insertion circuit 20 inserts (or adds) a pilot
symbol corresponding to each user to the data (data
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10 According to the above-described

configuration, each signal generator circuit
100(1). . . 100(n) outputs as a signal to each user
" a spread signal obtained by multiplying the data
symbol by the spreading code and a pilot symbol
15 corresponding to each user. Then, a signal of each
component of each frequency output:from each signal
generator circuit 100(1). . . 100(n) is multiplexed
by . a multiplexer 50. The multiplexer 50 is composed
' of a combination unit 51 that combines the signals
20 from the transmission signal generator circuits
100(1). . . 100(n) and a time-frequency conversion
unit 52 (IFFT) that performs time-frequency:
conversion of the signals combined by the
combination unit 51.
25 The pilot symbol insertion circuits 20 of
" the signal generator circuits 100(1). . . 100(n)
described above are, for example, configured as
shown in FIG. 2. That i1s, each has a switch SW1,
SW2 and a plilot symbol generator 22 corresponding to
30 each user. The switches SW1l, SW2 are switched so as
to select the pilot symbol generator 22 for a user
conducting transmission with a user-specific antenna
- pattern from an adaptive array antenna or the like
. that differs from the data channel. As a result, a
35 user-specific pilot symbol special to such user is
inserted (or added) from the pilot symbol generator
22 to the signals (data symbols) from that user’s
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channel common to all users such as a data channel.
For users using the common pilot symbol, the

" switches SW1 and SW2 'select a path that bypasées the
pilot symbol generator 22, and the signal from the

15 transmission data generator (data source 11, channel
coding unit 12) is supplied to the multiplexer 50
without having a user-specific pilot symbol inserted
(or added).

Thus, signals in which common and user-

20 specific pilot symbols and data symbols are
multiplexed as described above are processed by a
guard interval insertion unit 53, a filter 54 and an
amplifier 55, and the processed signals are

. transmitted from an antenna unit 56. The antenna
25 unit 56 has for example an adaptive array antenna,
‘. and so it is possible to generate a beam pattern for
each individual user (mobile station).
A description will now be given of a
composition of a frame of a transmission signal that

30 includes common and user-specific pilot symbols and
a data symbol at a transmitter having the
configuration described above.

In a first example, as shown in FIG. 3, the
common and user-épecific pilot symbols and the data

35 symbol are time multiplexed. It is poésible to

- insert the pilot symbol group PS at only the head of
~a frame immediately preceding the user data symbol
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In a third example, as shown in FIG. 5, a
spread signal sequence DS of a symbol sequence in

20 which a common pilot symbol sequence CPS, a user-
specific pilot symbol sequence UPS and individual
user data symbols have been multiplexed is
multiplexed. That 1s, each pilot symbol has been
spread along a frequency axis and a time axis. Here,

25 the length of a single data symbol DS corresponds to

" a length of one chip of a UPS and each pilot symbol
CPS, so that at the receiving end the pilot symbol
can be removed by multiplying by the pilot pattern.

In a fourth example, as shown in FIG. 6,

30 users using user-specific pilot symbols are divided
into L groups and pilot symbols inserted
periodically. That is, before a spread éignal‘
sequence of a symbol sequence in which individual
user data symbols have been multiplexed are inserted

35 at predetermined intervals in a direction of the '
frequency axis, in order, from a symbol sequence PS1l
mﬁltiplexing_a common pilot symbol and user group 1



& 10%Q & ()-@S3 & 1090 & () - @& $$$$$9BPX<5S3 & 1097 & () - @ "&* S3
&*10%Q & ()-@S3 & 1090 & ()-@"& S3 & 10%Q & ()- @ S3 & 1097 & () - @ Y8REABL
- O OKK+5S3 & 10%Q & ()-@S3 & 1097 & ()- @ S3 &*10%:4 & ()-@8S3

& 10%Q & ()-@S3 & 1090 & ()- @& S3 & 109 " VBURARYe YA YCYEYK K+5S3
& 109Q & ()-@S3 & 10%) & ()- @ S3 & 10%Q &ﬂ(g @53 & 1090 & ()- @ S3
& 109 & ()- @"& S3 & 109 & () - @ E%IA06 %986 W5S3 S3 & 109 & ()- @ S3

& 109 & ()- @ "& S3 &* 10% ( 3 & 10% ) @

& 109% & () - @0 %é%g é?@ ])3?% @s?YM/d%q%?n@A
multiplexing user group 2 user specific pilot
symbols (in which common pilot symbols may be

-included) to a symbol sequence PSL user group L

5 multiplexing user group L user-specific pilot
symbols (in which common pilot symbols may be
included). By such a configuration, is' the number
of pilot symbols is 2%, then it is possible to a lot
user-specific pilot symbols among 2" X L usefs.

10 The configuration of the spreading code for
the common and user-specific pilot signals may for
example be as shown in FIG. 7.

" ' In this example one common pilot symbol

(common) and three user-specific pilot symbols (#1,
15 #2 and #3 (are used). Additionally, it is assumed
that all pilot symbols assume the value "1". |
At a time tl1l, each pilot symbol (common, #1,
#2 and #3) is orthogonal to the coding sequence
spread in a frequency direction. At a time t2
20 synchronized with the next symbol, the spreading
code shifts by one chip. This operation performs
pilot symbol cyclicization. In so doing, the pilot
symbols are orthogonal to each other at each
respective sub-carrier f£1, £2, £3 and f4, and by
25 multiplying by the codes of each respective time
‘ from tl1 to t4 it is possible to separate the common
pilot sequence (common) and the user-specific pilot
sequences (#1, #2, #3) allotted among individual
users. As a result, by studying a state (amplitude
30 variation, phase variation) of each pilot symbol
obtained by separation, a state of each individual
channel (data channel (common), channel #1, channel
#2, channel #3) can be estimated.
Further, a description will be given of a
35 fifth example of a frame configuration of a
transmission signal fhat includes common and user-
specific pilot symbols and data symbols.
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p carrier among n number of sub-carriers is used as

a pilot carrier just for the pilot symbols, with the
other carriers used for the spread signal sequence

5 of the symbol sequence in which individual user data
symbols havé been multiplexed. For each pilot
carrier, a symbol sequence is transmitted in which a
common pilot and a user-specific pilot symbol have
~been multiplexed.

10 It 1s preferable that a pilot pattern
having the smallest possible correlation (for
example an orthogonal code) be used as the pilot

_ . sequence.
According to such a frame configuration,

15 the period of the pilot pattern can be lengthened
and it is easy to reduce the correlation between
pilot patterns. _

Additionally, a state of a channel of a
sub-carrier other than the pilot carrier can be

20  obtained at the receiving end from the channel state
estimated from the pilot carrier using a method such
as, for example, interpolation.

As described above, according to the
present invention a state of a channel common to all

25 -~ users can be estimated at the receiving end on the

" - basis of a change (amplitude variation, phase
variation) in the pilot symbols. At the same time,
even when having user-sbecific pilot symbols for
users and using an adaptive array antenna to form a

30 user-specific channel, by making the above-described
user-specific pilot symbols correspond to a specific
user, a channel state corresponding to such user can

be estimated at the receiving end on the basis of
changes in the user-specific pilot symbol.

35 Accordingly, even in a multi-carrier CDMA
transmission system in which individual users
utilize a common channel such as a data channel, or
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4. The multi-carrier CDMA transmission
system signal format as claimed in claim 1, wherein:
the signal format allots some of the
10 plurality of sub-carriers used in the signal
transmission to the pilot symbols discretely along
the frequency axis and inserts a symbol sequence
. that multiplexes the common pilot symbol and the
' individual pilot symbol using a spreading signal in
15 a direction of the time axis into the sub-carriers
allotted to the pilot symbols.

20
5. The multi-carrier CDMA transmission
system signal format as claimed in c¢laim 4, wherein
the spreading code for the common pilot symbol and
the spreading code for the specific pilot symbol are
25 orthogonal. |



