;1™ e3e>$>! LX6T| FPO2-0191-00 DESCRI PTI ON  RADI O TRANSM SSI ON SYSTEM AND
METHOD, AND TRANSM TTER APPARATUS AND RECElI VER APPARATUS USED | N'PTHE RADI0
TRANSM SSI ON SYSTEM 5 Technical Field The present invention relates to a
radi o transm ssi on system and nethod and, nore particularly, to aradio

transm ssi on system and net hod configured to vary spreadi ng
i nformati on synbol sequences 10 according to cell environnejlmmwﬂﬂ@U’ﬂmm
propagation environments, using thecerirhagenal frequency and™co on
mul ti pl exi ng scheme. The present Favemnttom also relates to transhitter
appar atus used i ;0 d¥ARgT AEHOMEIRITEM ARD TIHRANSMISEIHR

i nvention ﬁ@FFﬁpr§%$§¥g§§?§Nr§%£|ver apparatus used in such a radio

transm ssi on é%é%hg@st Z&%kgggggq\,@@t IbeadarWEdetanD) - OOMATHICORRAII @i si on

Mul tiple AEE was adopted as a radi o access schene in 20 the

third generati%gﬁﬁggggf §§§é$59nnunication (I'Mr 2000: International Mbile
,and

Tel econmunidty t was clarified by experinent that it was
feasi bl e toTjEEIenegtEgigqiquality 2Mbops transm ssion of | ess than average
BER -° 10-6 i d by neans of this 25 WCDVA radio interface.
Wth recent progress i npragdbandizadioionf relatBB02-0191-200 radePnet
services through wred Retmorks, it is, however, considered that it is also
necessary ! q [SA A8 MgNsgpeed andl e thieranel, aveessPRACEERLAFAY -

envi ronnent s of HObI 1 e tel econmuni cations. Since the 5 data traffic is
expect ed to\)écgcé eASE; Hecausen Db s tlomns patemgand netbed aAaffdrgedvbPune
files from sites and various databases, particularly, through downlinks
by which data, ig é%@é‘é@iﬁ@eda&tomradi:oibﬁeemstéprloﬁé’méﬁa PEEEFYET Sat
nobil e stations, the essential 10 is packet transm ssion suitable for

up- dpyn asyngeLs+§iggMMUBbCat tedlandebuisonmeaksni sSon. PORESFLTER

ci rcunst ances, proposals have been nade on HDR (Hi gh Data Ratg) speci al i zed
for data congypisshikenten thwerastiseobrthegprsads FRAPINY efFacé and
real i zi ng high-speed packet transm ssion at the maxi muminformation
“transmi ssi ongiaieioh RAudthbpexiing iseheM®5 MHz band, and 3GPP (3rd

Generation Partnership Project) also worked on the sche of a ing the
"WCDMA radi o interfane pmeseatii@vﬁméﬁ0§péé§°p§€b€%es W AnRAE

aratus used in such a radio transmission system.

app

15 The present invention further relates to receiver

apparatus used in such a radio transmission system.

Background Art

The W (Wideband)-CDMA (Code Division Multiple

Access) system was adopted as a radio access scheme 1n

20 the third generation mobile telecommunication (IMT-
2000: International Mobile Telecommunication 2000), and
it was clarified by experiment that it was feasible to

implement high-quality Z2Mbps transmission of less than

B this
average BER = 107° in the 5 MHz band by means of

25 W-CDMA radio interface.

With recent progress in broadbandization of

(MR
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20 transm ssion at the maxi muminformation transm ssion rate of
approximately 10 Mops in the 5 Mz band (HSPDA: Hi gh Speed Down Lbgk-Baskeio
Access). These schenes utilize the so-called adaptive

nodul ati on/ denodul ati on technol ogy of changi ng nodul ati on/ denodul ati on

met hods 25 according to channel conditions, by which it becones feasible to
i npl ement information transm ssion rates 2 FP0O2- 0191-00 over 2 Mips in
good channel_condition. Disclosure of lnventi.aon Eqr dextygenggation

nobi | e t el edevRARI®at | BV YTHR f BF?Hggengrl%telgonn(r%otbwltol}g( t'el econmuni cat i ons)
after 5 I MI-2000, it is necessary (.0 substaniiate;cellylagssysi,ensot hat
permt wide Wﬁﬁ?rﬁ'catqwlccg%%égeé%?éw%% h%%ghe% %:nf ormation transm ssion

rates (throughput), j.e., _specifically, [ Lhr oupghpyt 10 2200 Mops
or hi gher forre%j]o]v%ﬁihkghaﬁa £ emrcr’g%lrfé/ur%%?%%ug pg"[éggf 10 20 Mps or hi gher

for uplinks in consideratigon of .the dd dd nkpeof data
traffic in t%vjcliﬁqr%‘?ﬁt%ef)?ulmaorblsl%t g%.@gmeg?#ggg?oac%{h based on the
af orenment i oned_expansion _of .exi st i radi g 4 nt ALse (HER-ande HSBBA) have
thei r21i ni ts&f‘ba 15€F?it£%%sellgn t%%g%%r?fegl(rjrrgctdl onﬁﬁ ansnission rates and it is
hard to realize {he I ogmei nf L Qn SKhsEhen fiatess of rahowebl00
Mops. For ex Wt?a%g% osg}én&{rge é:gélg tl)glr%g\%i I{dr'?h of 5 MHz allocated to

W CDVA (DS-CDh@ bas is angi apppa¥tiBtiehy190- 180rbkizgh t he 20
br oadbandi zatt on; |§1)eld E%ﬁ@?gch?%%?g?%gsw IF permt i rrgr ovenent in

resol ution Oéo@fi‘i?ﬁk@”g resulh idatSepas atiOnshit ted@nfexmr eadliy basge nunber
of paths in a snma Si gf\<al power per path. Therefore, this will cause
increase of Miltizpat hnhnterteveacat(MBbllandtakidegy adaki essehtdadnnel
estimation accuracy, so as to 3 FP02- 0191- 00 cancel out the Rake tine
divergity effgchq phicCh Mirldmiend dm duictssle nfot hept dawsniasyioetyower for
realizing the required reception quality at the required information
transm ssi oncpahesiandidackaasbogski nkahsedpadony. Accordingly, the radio
access schenmes based on DS-CDVA are not suitable for high-speed and

| ar gecapaci ty packghdbransatksi ohrcumsbenbesadiznebeiabs- TV aHLSSthe
orthogonal frequency division nultiplexing 10 (OFDM schene_used in digital
‘terrestrial hreadcastimpr WHisjtes®altaN, Rafid) ot feesiathredecfeasdalti

i nfluence of MPI in such a way that the synbol period of each subcarrier is

set adequat elopminomg caittiltinn onhéhealges iherfe tite (IS-AF madihtIRE A T%r t han
delay tinmes of nmultiple .
15 and realizing high-speed packet transmission at the

maximum information transmission rate of 2.4 Mbps in
the 1.25 MHz band, and 3GFP (3*9 Generation Partnership
Project) also worked on the scheme of expanding the W-
CDMA radio interface to realize high-speed packet
20 transmission at the maximum information transmission
rate of approximately 10 Mbps in the 5 MHz band (HSPDA:
High Speed Down Link Packet Access). These schemes
utilize the so-called adaptive modulation/demodulation
technology of changing modulation/demodulation methods
25 according to channel conditions, by which it becomes

feasible to implement information transmission rates



15 paths, i.e., the synbol rate is |lowered and that a guard interval is
inserted into each symbol. Therefore, in conparison with the aforenmentioned
radi o access scheme using DS-CDMA, OFDMis able to keep down the FP02-0131-00
degradati on of characteristics due to MPl in 20 connection with the

br oadbandi zation and is thus suitable for high-speed signal transm ssion in

t he bandw dth of 50-100 MHz or higher. In the OFDM however, co-channel
interference does not allow use of a common carrier frequency in 25

adj acent cel lsvean® Mt ywowelisthasingk|¢enditeeessary. In the OFDM

system therefore, a frequency 4 FP02-0191-00 band that can be used per

cell is a barﬁvg 1B_bé adf‘%\pé‘n@i iding the entire frequency band of the
system by thkeéiigf—reqnenvy—reusea—/r} | uster size), and this decreases
efficiency of utilization of frequency. This 5 OFDM system requires

sophi sti cated Dynarfar GHenriegxiatgeseeta oiry W@l¥%rt?e%¢?%‘tlﬁlb‘ﬁa5%°?ﬁe
frequency reuse of one cell and control becones very |icated. In

addi tion, the(tde | fawebucIRL TS |I§°1e%]s%n¥$a?c?%?‘u’éb?£gho%%ht?SFeEhannel s
such as broadcast channel s, 10 pagi ng channel s, et %ch ar e ﬁnstantly
transmtted tBIECARRM catl ndSusBeSesRagdl | §° OAUPA aBFF’n@ Shah@l ik the case
of OFCDM (Orthogonal Frequency. and Code Di vi si o . ul t| | exi ng% base
mul ti-carri erSXNS o3I RELRLT (Y 1%°IPIP%%&‘¢?~ §PBnC eg?%ﬁa 5 I&Bfead on

the f t he_| nmbol t hi d f
Sub- car i o1 o et TR FREH Shncer SFENBF TRty oHtken. Fbr e RPEERBaEon, i1

‘5%22 Y eg‘inf%'e?&greé@%?fﬁﬁéél#thaﬁh%ﬂfen Wineh ARG SF PREcHo8s k

VTC2000S , 922 Hi i

Abet a, aﬁtrjl rl\]/g?%rﬁlgg g}t ],dqvﬁ}d]dé‘.qﬁsgg%ﬁi% iPLReLorﬁ%%%\g%kaggagg?oLer
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case of multi<% stens, as conpared wth OF

_ but had the 5 fﬂﬁgggﬂglg% 0@ Q{QP' § hadni % W%Sdggafﬁ¥§¥fh@ iR kpal ement

hi gher capaC| case of 1solated cell systens |1 ke wreless LAN and

of fice envirg OOTEfLRe 881faiRare sYehb, ORRM L pup) VhﬁﬁrBQcﬁQEGBQBBG oh A

first object e present Invention is thus o provi de a radio
transm ssion tﬁﬁ( stem o O £Shd @ Valpaieadi ng f ackeristhieg tr2asiit t ed
ro

information t ugh use of OFCDM and thereby enabl e broadband packet
transm ssion {f-ufg-£6l | (BPREr a3g@ HSPDA) have their limits to
15 increase in the information transmission rates and it

is hard to realize the maximum information transmission

rate of about 100 Mbps. For example, supposing the

radio bandwidth of 5 MHz allocated to W-CDMA (DS-CDMA

base) is broadbandized to approximately 50-100 MHz, the

20 broadbandization, i.e., higher chip rates will permit
improvement in resolution of paths and result in

separation into an extremely large number of paths in a

small signal power per path. Therefore, this will

cause increase of Multi-path Interference (MPI) and

25 degradation of channel estimation accuracy, so as to



10 A second object of the present invention is to provide transmtter
apparatus used in such a radio transm ssion system A third Obje%%o%toﬁ@%—oo
present invention is to provide receiver apparatus used in such a‘radio 15
transm ssion system A radio transm ssion systemaccording to the present
invention is a radio transm ssion systemconfigured to, on the occasion of
radio transm ssion of information between a transmtter and a receiver, 20

performthe radi o transm ssion of infornmation_ usi a orthogﬁnaklﬁrequency
and code di vimioml mohiti phexiBrke r bHEfi 84VERSENe cncpar‘?’a]i“r |y

transmtting identical information by a plurality of sub-c [ wher ei n
the transmi temd tonﬁnbﬁéésééﬁvéhﬁiﬁg%ﬁﬁﬂ%?%%ﬂn %%Eaf?5|?§53§%§89ting
channel -coded information in accordance w th synbols t S

si mul t aneoustlye ar@BIirecP02r 828Rt H90s prdtifi Ny medhs H%%gsgkégggred

ing a
sequence of parallelized synbols in at |east one . of a fr cy -diprection
and a tine dinferiahie) atsEpPeBUPAgOBod&2EEGuhRE ogeggggggggin&q gﬁtor
determ ned based on a 5_plurality of changeable_s di t Sceglhi s
radi05transnt@@ﬁ@htyystéﬁF@éﬁlﬁgxﬁadéﬁ¥%]%¥%“%sa ﬁéggchﬁﬁg%g%F%kiSystenlby
changing the radi o paraneter of the transmt . S & cghyen' s eadi ng
factor in thens&®s i IR cBRE §8ﬁgﬁéing%n%ﬁ$§ 0 %%go%,&it bé%gges

feasible to provide flexible, use of t t e QCM a3k 1@FPM and
to provide aCPBGFétﬁcB€§¥e§cﬁgﬁgsgégggﬁg g?‘?%b ???ﬁ§ﬁ¥%rge capacity with

hi gh frequency utilization efficiency (the nunber of conmunicating users
capabl e of n¥ £i'ng the required 15 reception quality per cell), independent
of cell configurations an at L& OB $i orh N rh1e: 0l ng
transm ssi on systehﬁSf ?ﬁghgégﬁggt #ﬁ%%ﬁ?%o%, the spreading neans is

pref erabl y copli g o 10 SREAIN0 A SRHenes s il hsddzeshsvnig) s in

wireless LAN, and others, can decrease the influence of

MPI in such a way that the symbol period of each sub-

carrier is set adequately long within the range where

it is sufficiently smaller than delay times of multiple

15 paths, i.e., the symbol rate 1is lowered and that a

guard interval is inserted into each symbol.

Therefore, in comparison with the aforementioned radio

access scheme using DS-CDMA, OFDM is able to keep down

the degradation of characteristics due to MPI in

20 connection with the broadbandization and is thus

suitable for high-speéd signal transmission in the
bandwidth of 50-100 MHz or higher.

In the OFDM, however, co-channel interference

does not allow use of a common carrier frequency in

25 adjacent cells and frequency reuse of cells is

necessary. In the OFDM system, therefore, a frequency



20 a frequency direction and a time direction by a spreadi ng code sequence
of a spreading factor determ ned based on a plurality of changeabl e
spreading factors. In the radio transm ssion system of the presentfE#2-0191-00
invention, the transmtter is preferably configured to conprise a spreading
factor determ ning neans for 7 FP02-0191- 00 obtai ning a propagation
environnent indicating a condition of a propagation path between the
transmtter and the receiver and determ ning the spreading factor according
to the propadeandnthaivi eahaneat Ussd petheelddiis 13 dpaniesibn ehsréneef this
configuration, the propagation environnment, which jndicates the condition

of the propadat i &hpaind bEboeeRtikne £remyprcyeladid heth@ceYSEP™ PY first
obt ai ned and the spreading factor is then varied accqording to the_ 10
propagat i on €r¥§ r diftfent . LHeselGhpIFEUShe (FariSaEiton Séfe he &PFeadPA§ fact or
is carried out in such a_way, that the spreading factor is set at .val ue

not |ess tmmﬁQFF?ﬁs%ﬁpﬁ%fﬁééﬁ?%ﬁ %EVPngﬁﬁﬁFlgPePgr%Fﬁ&uﬁﬁgﬁatigﬁlﬁn OFCDM

that th di f act i s, set at for. 5 ti ' t
o1 cf o171 ng_ opSrat | oY § rPIOFCRRIBLT RS r osaPe: St hEeraal oSPRaRL SShORPEat om of

th t i ti 1 | ecti h f th h

(CRCOM soherth biOREOTGHOTR) SoF { SBF L FoF L3 pf bp5lht FERZERDEYoRRERE. 201 n
the radio transm ssion.system of %he pgesent iqyentign %heaggread&%g
factor deterrihi ABenEaH |%943%?% L8ty PESRIEGursd % SR &t 2 E°der ay Pspr ead

i ndicating a agat i on,del ay, pr oper he; del .ead t he

f or egoi ng prd%%%gEﬁ% ’eﬁ@ﬁroﬁ%%gtgﬂfgh%gﬁgfcgégfky,l?neﬁﬁgﬁﬁ%%?'-ggfrier
schenes |i ke a l.ay ad. J ndli i de 8

FP02- 0191-00 %% |pa?%§S¥£¥%e%§gg égtsgﬁég %E%agfgg%g %Freégéﬁggﬁgélective

fadingeln the, bandy 0a@felo allec! AecheaeR! LORSERALAct BLLALGRLRY USI NG

the radio tr on system of the above configuratio however,

feasible to r@@Jé&ﬁhﬂﬁ@b§f¥§%4?ﬁgﬁgeiﬁa8991§.Of adaptively setting the

spreadi ng factor according del ay spread of propagation paths which

“can affect the recepfi oppghatagles’ i Ko, | ntheneadidd anssi spipepmsyst em
of the present 10 invention, the transmitter is also preferably configured

‘to conprise sespRkoSHRLRdIFRGfuaslcyr &4 ecalei o viaans, frh1debeeringng the
first spreading factor on the basis of a command from out si de.
based on multi-carrier CDMA for multi-carrier
15 transmission of signals spread on the frequency axis,
the lower symbol rate is achieved using a number of
sub-carriers, so that the influence of MPI is reduced.
For this reason, it can implement larger capacity than
the radio access schemes based on DS-CDMA, as is
20 reported in Document 1 [S. Abeta, et al., IEEE VTC2000-
Spring, Pp.1918-1922] and Document 2 [Hiroyuki
Atarashi, Sadayuki Abeta, and Mamoru Sawahashi, IEICE
Technical Reports RCS5-2000-136, October 20007 .
However, this OFCDM permitted increase 1in system

25 capacity in the case of multi-cell systems 1like

cellular systems, as compared with OFDM, but had the



The radi o transm ssion systemof this 15 configuration is able to provide
the spreading factor to be set at the transnmitter, according to emit-ent $1-0060
control information included in a control signal fromoutside, e.g., from
the receiver (e. g., a nobile station) or a network. 20 In the radio
transm ssion systemof the present invention, the second spreading factor
determ ning neans is preferably configured to determ ne the first spreading
factor according to either _information indicati nfy 1 ion or

dem At nita et SR ngeracPar. o EnBea e o s

i nf or mat i onpZeL included in contro

information representing the conmand.fr.q { dee19 PPEm9191:1® I n the
radi 0 trans®e®ecahYsysPent CACS c%ﬁfikﬁﬁéﬁ%éﬁi the c%gtrol i nf or mati on

sent fromthe receiver, e.g., om a ' shati on 4 RImptesed heith

i nf or mat i on Vigelgss diidl i?fgdt%g%%%egg?%!)?%ct or. 5 Since the nobile
station determ nes the s readisg?gL fa%]tncq] to be set at the transmtter, based
on a propag&ﬁQM1%ﬁW 2t o5t downl 1k (the delay profile), and notifies

the information designatin S, |No,fastRE . ihgehhechr ansnthber by the
contrdl 10 infor i%n?s?tgpiggga?ifg?%{tgpperform adaptive control of the

spreadi ng factor_of . OFCDM |j e JJowiiisid EPetemndicorfiangrddsston system
of the preséﬁ% Pﬁ@gﬁggoﬁf %%%%?oﬁgghfoﬁhation sent froma network station

includes information ingdicati £¢l 1§35 epwanonteved ThhSormébiemtion on
t he cell env‘far]i)\ﬁrre%%]rélglnc rﬁ%‘esf?cn ormation for letting the transmtter

operate in a‘i n}glﬁéﬁ celdc enyd r oM  GadcelkhelrabyenenebirenbyosdbpRflor mati on
for letting lhe ansmtter operate in a single-cell environnment (a closed

space 20 envj L ke Wiy ehess Wk otelbecbirkeageAccordi ngly, because
t he spreadi n%égg%fgl?r%%n %oe vari ed based on the cell information, it is

feasj{)?l e as a result sLeohealdgredtheosdapid veresant olinofenttiens pi2adng
fact of OFCDM in tﬁe downlink. 25 In the radio transm ssion system of the

present iang{gggdetfgkgﬁgﬁﬁﬁ%ﬁrisag@h&b&m&blwsednfigur%wphofﬁoradlo
FP02-0191- 00 conpri se spreading factor control receiving neans for
" separating ar{gsehy8dishgpgktan.the receiver, into at |east one of

_sub-carriers and tine-axial synbols and integrating.coherently,attleast one
of sub-carriers and third object of the present invention “is to

provide receiver apparatus used 1in such a' radio
15 transmission system.

A radio transmission system according to the
present invention is a radio transmission system
configured to, on the occasion of radio transmission of
information between a transmitter and a receiver,

20 perform the radio transmission of information using an
orthogonal frequency and code division multiplexing
transmission scheme of parallelly transmitting
identical information by a plurality of sub-carriers,
wherein the transmitter comprises converting means for

25 parallelly converting channel-coded information in

accordance with symbols transmitted simultaneously; and



5 tinme-axial synbols the nunber of which is equivalent to the fi

?preadlng factor determ ned based on the pIurinty of changeable;;BQeggbmgoo
actors, using a channel estimation value and a specific spreading code

sequence. 10 In the radio transm ssion systemof this configuration, the

receiver despreads in phase at |east one of the sub-carriers and thé

ti me-axial synbols the nunber of which is equivalent to the spreading

factor designated, using the channel esti j % i fi
_ . ue 15
ar;gﬁladll ng CoieR ce, M€Y s t e aﬁﬁreer?%hg%erg%e in %:DMIh&or %ﬁgf; IeCi n
oM n the raqtﬁ%%{an nl;%boﬂ systegkofléggtp%gégnéfidegfé@@engye
rece:z?;glﬁ§§ﬁ§¥for ézasoﬁ ?iéd % conprise spreading factor contro
| eparating a i s{,gn - e i
Dot h_sub-card| e A mcpﬁl.ax.fa% ) BTSN | Rfoqt at Fig cand ot Ty both-
- Ci i me-axial _s t ' [ [
the first spﬁ%%ﬂ?%@efSE?d? 88¥§$§#ﬁ%dQgggggbﬂﬂeQérM@héﬁ O et

on the plurality of changeabl e

pr ot ng conbiSeltencar SiaRuERteoTRiehh Y PRCtOL T T anent ssi on'

: ( I'n the radio transm ssion syst
of th j BV yerem
e present invgntion, .1 0e, 30k &AL 00-HA5Y Ot efOBEAObel REGEVEDYaTEANS

as an OFCDM or OFDM system by changing the radio
parameter of the transmitter's and receiver's spreading
factor in the same radio access scheme. For this
10 reason, it becomes feasible to provide flexible use of
the two schemes of OFCDM and OFDM and to provide a
radio access scheme capable of realizing large capacity
with high frequency utilization efficiency (the number
of communicating users capable of meeting the required
15 reception quality per cell), independent of cell
configurations and propagation environments.

In the radio transmission system of the present
invention, the spreading means is preferably configured
to spreading a sedquence of parallelized symbols in both

20 a frequency direction and a time direction by a
spreading code sequence of a spreading factor
determined based on a plurality of changeable spreading
factors.

In the radio transmission system of the present

25 invention, the transmitter is preferably configured to

comprise a spreading factor determining means for



is preferably configured to conprise spreading factor determ ning nmeans for
determ ning the spreading factor 5 on the basis of control information
included in a control signal sent fromthe transnmtter as a comuRP@arPhgLl-00
correspondent. In the radio transm ssion systemof this configuration, the
receiver is able to control the 10 spreading factor on the basis of the
control information notified by the transmtter as a communi cating
correspondent. In the radio transm ssion systemof the present invention,

t he spreadi ngbftadtndmodet &£r nombpggatdns | seri®l prmhentbl ynddapitdtded 2 o
determ ne the spreading factor according to either information jndicating a
cel | confi gurcandirt iem iaf @ matdpeyaddsing et im g et winre ddiend- Faetor L t¢€hicl uded
in the control signal fromthe transmtter. 20 In the radio transn ssion
system of thisicoriiée gueativar el réckemeinbhangbs ke egshidsdi FRCFaEt or on
the basis of the systeminformation notified by the transmtter, e.g., on
the basis of adwrndifray et itdve inTdiReetad i ROEERTINRERS r onment or the 25
informati on designating the spreading factor. (1) A case where the,

i nforration notifidd bythhe rRdiFPoRTransRiseirRansittd i &5 nihh@tion
indicating a cell environment In this case, since the transmtt r.ée. g., a
base stati on)candiaeatimnsysthf i FEARAIIHON | t SHSLFPPESD ’nndﬁ?% Btations
of cell environnment information as the_control inforpation acco ding to a
cel lul ar systigWigtates tihe cadislonrohnthe PEIRAIZEIIR (REEY. ,eé‘ﬂe?ﬂdoor
office environment), so that the nobile stations set the spreading_factors
suitabl e for theiFrangpeeisyend e I Tt Yohmeht S.Pl](%S %bﬁ%ﬁs%eg\,hgrrlg t he

MEGCIRR UL JENPIE s S aE RS e R IR
10 propagation environment. For example, the variation of

the spreading factor is carried out in such a way that

the spreading factor is set at a value not less than 1

for a propagation environment preferring operation in

OFCDM or that the spreading factor is set at 1 for a

15 propagation environment preferring operation in OFDM.
As a result, the radio transmission system of the
present invention permits selection (changeover) of the
access scheme (OFCDM scheme or OFDM scheme) suitable
for a propagation environment.

20 In the radio transmission system of the present
invention, the spreading factor determining means 1is
preferably configured to obtain a delay spread
indicating a propagation delay property and use the
delay spread as the foregoing propagation environment.

25 Particularly, in the multi-carrier schemes like

OFCDM and OFDM, the delay spread indicating delays of



15 stations of the information designating the spreading factor determ ned
according to propagation conditions of uplinks (delay profiles o& tOBg I iglie_)OO
at the transmtter, as the control information, and the nobile s gtior%‘ Set
the spreading factors suitable for the 20 propagati on environnents. The
above schenes (1) and (2) enable a device equi pped with one radio interface
to be connected in a seam ess manner between different cell environnents.
As a result, it becones feasible to provide high-speed i.nformation .
transni ssi onmser waEhsindergdilif ez Ehecksl Itb@nvb%ﬂﬂgﬂ{fs For THEFPETSNd t hus
greatly enhance user's 13 FP02-0191-00 conveni ence. A :?2% 0 tr%p1 m ssi on
met hod” accorsk hect ové he gatissenini nvkat ikARds &% aBfo 1 afemi$d o et hod
configured to, on the occasion of radio transm ssion_of %nfor%tiioon

t

bet ween a troeseptien amtharacd@diadiicCSer f or MYt he'F 4P o sni-§sion of

i nformation using an orthogonal freqguency and codg. di vi€ilon mflct iigl exi ng
transm ssi ontsehemkssiopapibben it AR ARITHCTUeh? tTatt T hf of matién by a

plurality of sub-carriers, 10 wherein_converti ns h s itter
conprbses a Boepver, peaisidliey tonv8RLTEAG ?ﬁ?ﬁn%éﬁé@d%ﬁ%ﬁ%o?a Gi o%m
according to synbols transmtted sipultaneously, -a rei r | ng
neans of theOfraﬁ@ﬁiﬁ’@ﬁ—ycéﬁﬁrtilg‘gstg%s?@ﬁefi‘glg‘ér éggﬁﬁghgcgggﬁﬁl@ga%f

paral l elized synbols in 15 at | east one of a f e irecti atinme
direction bythespeéadi fpr&sde %écﬁfe%%g%?l%n p?ég%?ngﬁ%gt g‘ra%dgggr@rﬁ]ﬂed

based on a plurality of changeabl e spreading factors. In the radio
transm ssi onthet HSSeBFlpﬁeCg%&?&ﬁterfﬁtﬁr#énti on, preferably, spreading

means of the transnpitter congr(i)fsggagsﬁl&ggégg %%f&aéild Ngr a5 edyantserad

parallelized syrrboF§ iT%otH uency direction and a time direction by

a spreadi ng ¢ode sequence of a j.ng f.act grg detgrdg ned, hasech®ny a
plurdfity of l%egﬁéﬁéléabl éC%seprea%{a%% ggcteg?s. In the radi g) transm ssion

met hod of the present 14 . PO2- 3 i nygathgn, eleqahly, fadsdr
spreadi ng f aCCO I FEEE i nitRy rr%%ﬂ}g}é?gt he transm’tfﬁser conpri ses a step of

channel bt v RE T B e nd Getermming the o
spreadi ng factor 4ccqf difd B & ProHRageidan B ranende .
The radio transmission system of this

15 configuration is able to provide the spreading factor
to be set at the transmitter, according to contents of
control information included in a control signal from
outside, e.g., from the receiver (e.g., a mobile
station) or a network.

20 In the radio transmission system of the present
invention, the second spreading factor determining
means is preferably configured to determine.the first
spreading factor according to either information
indicating a cell configuration or information

25 designating a spreading factor, included in control

information representing the command from outside.



In the radio transm ssion nethod of the present inventio

n, t

he first

spreading factor determning neans 10 is preferably configured to obtain a
del ay spread indicating a propagation delay property and use the §8Pgy0191-00
spread as the foregoing propagation environnent. In the radio transn ssion
met hod of the present invention, preferably, second spreading factor 15
determ ning neans of the transmtter conprises a step of determning the

In the radio
transm ssi on net hodimf the pres®m | tvensmdssiche sevdhamsprdadi Biifact or
determ ning 20 nmeans is preferably configured to determ ne the spreadi ng
factor accordiowfiguedtien, i ther neenbrol ndindarmag i®rcepenEorffiFur &fon or
informati on designating a spreading factor, included in control information
representi ng téwetoamanc fa.om suesi de. BEP1et wEatdan drgdesiessi Shenet hod
of the present invention, preferably, spreading factor control

spreadi ng factor on the basis of a command from outside.

FP02- 0191- 00 imfeinghipmeafisrof defd Jnaddinger ohpriRERAGIRY

a received signal at the receiver, into at |east,6 one O£
time-axial syddete ablei mielgihei ngtebherendfesbiresst t8
and 5 tine-axial synbols the nunber of which is equivale
factor deternfaetobased et el whal ithe oftréﬁléﬁkjg;lﬁre s
using a channel estimtion value and a %pecifi spteadin
In the radi o PFPRaRELPBN MEtHEF G t heTpr &sen OWE@&H io

1
eprF%QEparating

sub-carri.ers and

Re SPTEEB:RHrriers
t to the spreading
%raéﬁ(ﬁii n§" ators,

d . 10
g, code égguence

nithit ef

BYy,

di ng fact trol i vi f_th i yer . ¥
Spreading ocl ot £l o feeel BTN 1 Lhe {056 MECs SRR So8sa 1
b-carri d time-axial synbol d 75 | i th

Sub-carri o s SREPENNEI s SynboPs THE AUASE I i OF 1S Lo VAT en

S er "of Whi C

i S equiva

ent to

the sphead ”g'ff‘é}:x%%g?ﬁta?;i' ned bagednon EREpREULaL hY-Bh1cRangRatle

a specitl

spreadi ng code ggggﬁ gggg %gé?ﬁéﬁﬁgEagkog%Eﬁﬂsgh?%h%”dgﬂéhgﬂ

spreatfng fact® haRn stimatTon value an

i nvention, pr8f sp ctofr deternmining mean

of the present
t he spreading

factor control recelLyi . CO i . st e f; t FALN
k%g%%ﬁg%%gﬁxg g?£h§ﬁ§s§i§ﬁ @y%teQF(§fhEHé deR@nt

spreadi ng factor on SIS contro

Information included in a

control signal , sent;EROM LBGL LEANSTH S EhafiBoR COMMINI &k NG 18etwork

station includes information indicating

a cell

15 environment. This information on the cell environment

includes information for 1letting the

operate in a multi-cell environment

transmitter

(a

cellular

environment) or information for letting the transmitter

20

25

operate in a single—bell environment (a closed space
environment like wireless LAN or the like).
Accordingly, because the spreading factor can be varied
based on the cell information, it is feasible as a
result to realize the adaptive control of the spreading
factor of OFCDM in the downlink.

In the radio transmission system of the prgsent

invention, the receiver is preferably configured to

10



FP02-0191-00 correspondent. In the radio tr 1 SSi
! : _ : ansm ssion neth
;nvgntlonz t he spreadlng factor determning neans is prefe?gbfg'éggéjgiﬁizgo
iﬁdiggf{gbng Egﬁlsgge?qlng factor 5 according to either information
_ ~configuration or information designati [
factor, included in the control si R G
, _ gnal fromthe transmtter. Atr i
apparatus according to the present 10 invention i i Bt o
configured to performradi o trapsm ssi D e oo Lot SPparatus
' ! ) i nf j t ]
ref:e! ver apparBryse @Q_rr?@dér?gor %%B%Ea%gpr%té:a&en%/é%%ﬁg%dlgggfleiegdgnth :
mul ti pl exing transm ssion schene, of .835@ I etl I3 d r pBSHL L L4 i heentd
i nf or mat | onsbpasatsrgl & AFTS BT stbICarr i%ers, the ??%nsﬁ??#granénﬁal
comyr 5 g convert 20 Teens Lo gkl ek Sonpertina Chmml ot
_ 0 ransmtted sinultaneously, and [
rears Tor "Spresdi g 8 sesicnce o, 0 001 s SHALS Gt D ot one,
of aé;_preadi ng f_a(}:{t_or det rorfgwtqlebq.ﬁ%é)ﬁn@f mmyr/(ﬁfiis;r;iafw e Codgt;equence
;sg\r/gnt: 2% fthe s§r:aar}i ( rans_mtteéE apparatus of the present 25
) . el PE2RSLLS £ &S aklot cotirigur edstad s j
?fggﬁgﬁgyogfﬁfZ?iFéﬁlzgﬁpsyngo?g in both 17 FPO£?3191?00 5p?8a?§ﬂgoa25 a
_ on and a tine diiact i aprévdangpr €aditngs¢odessagued
;sg(r:tegﬁilsng féijtuoqa]tfre}[%rm ne%lhbag%g on a plurality of chgngeabl e gpr eggi (rjlg :
' channel estimation value and a specific spreading code

seguence.

10 In the radioc transmission system of this
configuration, the receiver despreads in phase at least
one of the sub-carriers and the time-axial symbols the
number of which is equivalent to the spreading factor
designated, using the channel estimation value and the

15 specific spreading code sequence, SO as to be able to
operate in OFCDM or operate in OFDM.

In the radio transmission system of the present
invention, the receiver is preferably configured to
comprise spreading factor control receiving means for

20 separating a received signal at the receiver, into both
sub-carriers and time-axial symbols and integrating
coherently both sub-carriers and time-axial symbols the
number of which is equivalent to the first spreading
factor determined based on the plurality of changeable

25 spreading factors, using a channel estimation value and

a specific spreading code sequence.

11



The transmtter apparatus of the present invention is preferably configured
to conprise first spreading factor determ ning neans for obtainifgoa-0191-00
propagation environnment indicating a condition of a propagation path

between the transmitter and the receiver and determ ning the spreading
factor according to the propagation environnent. In the transmtter
apparatus of the present invention, the first spreading factor determ ning
means i s preferably cqonfigured to in.a.d r gad tinrdiwad & agt a
propagati on del ay Iﬁrd%éﬁ'tgaghﬂ %gggt%h‘gs%éﬁgye%ﬁ%%g gg ttr?e pl(r;opagati on

environnment. The transmitter appar hes I SSENt e d MR d Ofle &8s
preferably é@ﬁ’ﬁr’di}roé{j %%oﬁ%ﬁpag%nzc{e(ﬁan Osfpreadi ng factor determ ning neans

for determ ning the spreading f r t ks Qfpraummngaétom
out si de. InJ{SheP’f?g‘?nE%?erFoﬁEﬁ %%t%t?so%f tgﬁggg%sentp i nvenri?%ion, the second

spreadi ng factor determnin S i |9 € O o SBAE t padedber m ne
t he spreadi rﬂf?%‘tﬂ”&%%‘?%ﬁ%??g 8F?ﬁggng?1§1&lg?n%§i g?i ndi%g%i ng a cell

configuration or information-18 FO2- 019590 iesi gnaldIn@iedl spneadi ng
factof, i nclPedh g’gﬁtlrsol 8an%?rrlr€t(?on representing the command from

outside. Areceiver a tus agoor dishgmt 0 e peesaphitheentiam i8 a
receiver app%‘?%‘iﬂcg{ co%glgé%rled to receive 5 a signal radio-transmtted using

an orthogonal frggygggyngngogpggpgﬁagﬁtgn mul ti pl exi ng transm ssi on schene
froma transeiiter apparatus, the receiver apparatus conprising spreading

factor control recgjVvingeapsifor separsdisidon resgsted sighal thi st he
receiver, 10 into at |east one of sub-carriers and tine-axial synbols and

i ntegrating (?gﬁﬁ_{@ﬁ{.gyi@ﬁ,! easd e dfveubdarribls aml tdandred altheynbol s
t he nunber o i I's equivalent to a spreading factor determ ned based on

the phurality,pf. ghagoeaid e spread ngchact dresisusi ng a e chaendirol
estination value and a specific spreadi ng code
information notified by the transmitter as a
communicating correspondent.
In the radio transmission system of the present
invention, the spreading factor determining means is

15 preferably configured to determine the spreading factor
according to either information indicating a cell
configuration or information designating a spreading
factor, included in the control signal from the
transmitter.

20 In the radio transmission system of this
configuration, the receiver changes the spreading
factor on the basis of the system information notified
by the transmitter, e.g., on the basis of the
information indicating the cell environment or the

25 information designating the spreading factor.

(1) A case where the information notified by the

12



sequence. In the receiver apparatus of the present invention, the spreading
factor control receiving neans is preferably configured to conprise
separating a 20 received signal at the receiver, into both sub-caFPPér818aa00
time-axial synbols and integrating coherently both sub-carriers and

ti me-axial synmbols the nunber of which is equivalent to the first spreading
factor determ ned based on the plurality of changeabl e spreadi ng factors,

25 using a channel estimtion value and a specific spreadi ng code sequence.
19  FP02- 01%=03nlirt tere recei veinfippmahias of indécptdsent ighventebh, the
spreading factor control receiving neans is preferably configured to

conpri se spreagiingrmacttor det erm ni ng neans for determ ning the spreading
factor 5 on the basis of control information included in a control signal

sent fromthe trandm tihdrs amse,coimad ddtd g avmidsyondent9- 1 n2 th@sSeecei ver
apparatus of the present invention, the spreading factor determning neans

is 10 pref er atlaticonif i ganedeso e esiishent hien Qe oy f adt o?oﬁbgb‘?%i ng to
either information indicating a cell configuration or information

desi grfat i ng ancipirlendstat¥ors ot FA&LuGEY LrRnMes te dMEVMa ififal 2% r bRt he
transmtter. 15 The present invention w |l beconme mpre fully understood

from the det actdretmﬂestmfgrm@ﬁlgﬂvé‘ﬁ%ﬂéinﬁbeq‘bv@aﬁgq'llﬁéa&cc%‘(ﬁ%%i ﬂé

drawi ngs which are given by way of illustration only, and thus,are not to

be consi der edvakt1n¥e t FAgLENe B 3Rt SPARERE TEL L0 (BuPt hertcHPECGF

applicability of the present invention will| hecone apparent fromth

det ai | ed descefpitoneyviERTHERE) nafIr Fh%\/\etgbﬁ',m?}?lgﬁmﬁ eorh%dgfgt ood
that the detailed descrjption and specifjc _exanples, wiile_indicating
preferred enb%kﬁrnﬁﬂﬁ?@@ﬂnﬁhe?QStPﬁ§en?Pﬁh?b ?quﬁbeﬁhﬁﬁrma§eggbﬁﬁﬁhgtration
only, since varjous chaQ%gs and nodifications within the spirit and 20
FP02-b491- 00 cell environments.

(2) A case where the information notified by the
transmitter is information designating a spreading
factor

In this case, the transmitter notifies mobile

15 stations of the information designating the spreading
factor determined according to propagation conditions
of uplinks (delay profiles or the 1like) at the
transmitter, as the control information, and the mobile
stations set the spreading factors suitable for the

20 propagation environments.

The above schemes (1) and (2) enable a device
equipped with one radio interface to be connected in a
seamless manner between different cell environments.
As a result, it becomes feasible to provide high-speed

25 information transmission service under different cell

environments for users and thus greatly enhance user's

13



5 10 15 20 scope of the invention will
the art fromthis detail ed description. Brief Description of EXamﬁn%

1 is a diagramshowi ng a configuration exanple (No. 1) of a nobi [E€0
comuni cation systemas an embodi nent of the present invention; Fig. 2 is a
di agram show ng a configuration exanple (No. 2) of a nobile communication

system as an enbodi ment of the present invention; Fig. 3 is a diagram
showi ng a configuration exanple of a base station according to the present
Fegnvdnisnaedi agram showi ng spreadi ng and interleaving in the

i nventi on;

Fig.
01

beconme apparent to those skilled in

-00

frequency domain; Fig. 5 is a diagramshow ng a configuration example of a
nobi | e station acchr dadid o e oriesHimn | ddbnagheFdifng s te s¢h&mati ¢
illustration showing a spreading code allocation nethod; Fig. 7 is a
di agr am showbngsantonfinyenatoon ésanpl e 03959 | obra3PABEFSLPBY @ﬁ&hﬁ@
_ _ Flg..SA is a diagramshowing a multi-cell environnent; Fig. 8B
i s a di agrancehbiynged §Pngbe- EBRI 02528APRr BANEALL OFitd 2NGIHLS S O &ﬂfan1

showi ng a configuration 21 FP02- 019l - 00 exanple of at i
processi ng skofoomakcphon between a transmitqgr and aragzgéﬂgg},baseband

estimation;

10

15

20

25

perform the radio transmission of information using an
orthogonal frequency and code division multiplexing
transmission scheme of parallelly transmitting
identical information by a plurality of sub-carriers,
wherein converting means of the transmitter comprises a
step of parallelly converting channel-coded information
according to symbols transmitted simultaneously, and
wherein spreading means of the transmitter comprises a
step of spreading a sequence of parallelized symbols in
at least one of a frequency direction and a time
direction_ by a spreading code sequence of a preading
factor determined based on a plurality of changeable
spreading factors.

In the radio transmission method of the present
invention, preferably, spreading means of the
transmitter comprises a step of spreading a sequence of
parallelized symbols in both a frequency direction and
a time direction by a spreading code sedquence of a
spreading factor determined based on a plurality of
changeable spreading factors.

In the radio transmission method of the present

14



the case where the variable spreading factor OFCDM of the present invention
is applied to a dowmlink; Fig. 10 is a diagram showi ng a configuration 5
exanpl e of a receiver baseband processing section in the case wheF&0@2h&191-00
vari abl e spreading factor OFCDM of the present invention is applied to a
downlink; Fig. 11 is a diagram show ng sinul ation specifications used for
eval uation of capacity of the 10 vari abl e spreading factor OFCDM of the
present invention by simulation; Fig. 12A is a di agram showi hg an exanpl e
of the channelnvartelorshownpirafBirgblyl; FifjiirdB i spaediddggam shewbag an
exanpl e of the 15 channel nodel shown in Fig. 11; Fig. 13 is a graph

show ng capacidtemvialirat i Deachardctidre stresshhttae soAgrdses| 12 eplrPPonnent
in the variable spreading factor OFCDM of the present invention, 20 Fig. 14
is a graph shofiv oiptedpdoigt yaever eradahl ehareastigionmeands ARAERATHING | 2cel |
environnment in the variable spreading factor OFCDM of the present

i nvention; FigpndBtisn a difagram showiagg tdpreademenael 2bstmest ealthfg in
the frequency-tinme domain; Fig. 16 is a diagram show ng spreadi ng and 22
FPO2- (B91- 00 iraresthitiéng amdt heher eqesedyeti nedbmedeemining  §hy

di agram showi ng spreadi ng and interleaving in the frequency-tine domain;
Fig. 18 i s a spnerhing shbadt®er a ppoeesdinag t hkos tHBAsni PEePaBaséCBand
processing section; and Fig. 19 is a flowhart showing a process at the
recei ver baseclbaHEPPRRESSIi Nng section. Best Mdde for Carrying Qut the

I nvention The enbodi nents of the present inventi ill_be 10 described

bel ow on the basis ©¥ Ehe éfﬁg\?m‘.’nd}s)'farﬁlbl.ssil‘?% .Iﬁegﬁa\énr & sHYW RESER Exanpl e
of the radio transnjssio syften1as an_enbodi.nept of, the Eresent invention,
e.g., an examPeeRELNnpbit e %B%Wﬁﬁ?gbﬂgséé?g% %?g?“i Shods g9

Conflggratlonis preferably configured to obtain a delay spread

indicating a propagation delay property and use the
delay spread as the foregoing propagation environment.
In the radio transmission method of the present
invention, preferably, second spreading factor
15 determining means of the transmitter comprises a step
of determining the spreading factor on the basis of a
command from outside.
In the radio transmission method of the present
invention, the second spreading factor determining
20 means is preferably configured to determine the
spreading factor according to either information
indicating a cell configuration or information
designating a spreading factor, included in control
information representing the command from outside.
25 In the radio transmission method of the present

invention, preferably, spreading factor control

15



15 exanpl e where the systemincludes a radio network control station, and
Fig. 2 a configuration exanple where nobile stations are directlypgprnestedo
to a core network (IP network), without intervention of the radi o network
control station. 20 In Fig. 1, the nobile comunication systemis conposed
of a core network (CN) Z00 and a radi o access network (RAN) station 200.
Furthernore, the RAN is conprised of a radio network control station 201
and a plurality of base statians_202, 203. e e ;skatipngtdd 292, 203
are confi gurr@d:eilﬁ’lélgse@?%?ssﬁ{e eArpeé:cel%Levte-g;i ﬁgg@ From the corée net wor k
100 is transmtted via the 23, FEPQ2- 1- fadi e.petivark Gedd ohtstation
201 to a basersrabisy 2@3r@§?éﬁﬁfjsﬁilﬁglja§ rag%i 6 Tink with a robile station

300. The radio network controller h Eix £OMDIsRMD1s and
(upl i nk) / di staasfut PBR Cowmt? nﬁ?r¥§%% i g‘?ligagg%%f t*handover is carried out

for uplinks, and fast (or .slow 1, splectione fOF Sewntapkser Spendfical ly,
in the case Jd'ftq‘iﬁéaWé ncf&t}e%e%%]gfe%tc éagr;nel transmtted fromthe nobile
station 300 is received at I i oF Selhsiéhase sgaivabshtotosoft
handover carfdi¥EiEs & %?lf%lggh%%over and the packet signals received at
the base stations are tran d feheoughed Waded ransthsespbarblneyto the
radi o netmr@%oﬁ??%’f‘?gﬁ Zg%ggégbe cgnbi ned based on reliability

i nformation. the o ha bdithe Gasedfs,t heustovel i akschabnan

i dent i cal pa‘?;gnet Cg?ﬁﬂ% B{Lg tr@grrlgraﬁ tltlgg fromthe radio network controller
201 to cel s of , hapdgyer .cand dahgs (hasespbalfnus) sErdmsims! atpes having
t he smallestef) thotoss difference wth respect to the nobile station is

sel ected out O&u&ﬁ cbase stations of 20 soft handover candidates, and a
packet chann@F4i's "sent fromthis sel ected base station to the nobile
Statign 300. Concefpi Ry et hes sl eethnBmOEsLbhs mehiodal o Tethe( Passesttati on),
t he st cell selection and the slow cell selection are defined as a nethod

of 25 instan&ﬁgggg%ﬁ sel getiragadllase Spatiadingo agacdodchi Pafatsfenals s
smal | est path |oss difference to the nobile 24 FP02-0191-00 station in a
short tine pegidvial aneags f adi nthe arieatiiye randonpaatfhg & hetBBs& st ati on
sel ected and as a nethod of selecting a base station with the snallest path
| oss di f f er enegadhiahgs hadpstagveansiigniadn zarp e stan&bevaSRIOH as an
average of fading variation and updating the base station _selected
respectivel yint eiddier cage cadms qackatndthdnima-a%siala PR 3% one
optimal cell (base station) with the smallest path | oss iffer_en}t{:fali n
orden s o decreaseyratiord ercdreceentilnh DR ORI (1T A0 S THe

propagation delay (delay profile) differs dependi ng upon each_cel r each
sector, the spméading thect oumbersePbha¥bdChn ésde?a‘;}lgﬁ?‘éﬁg rr%%su#%% at the

base station 202, 203 or at the _
spreading factor determined based on the plurality of

changeable spreading factors, using a channel
estimation value and a specific spreading code

20 sequence.
In the radio transmission method of the present
invention, preferably, spreading factor determining
means of the spreading factor control receiving means
comprises a step of determining the spreading factor on

25 the basis of control information included in a control

signal sent from the transmitter as a communicating

16



nmobil e station 300. 15 Fig. 2 shows the configuration in which each base
station 202, 203 is coupled directly to a packet gateway of the E9F®e-0191-00
network 100, without intervention of the radio network controller 201 (cf.
Fig. 1). In this configuration, when handover is carried out at the 20
nobil e station 300, the packet signal transferred from (or those
transferred to) the core network 100 is distributed (or are conbi ned) by
the original cell (base station) before the handover. The handover

oper ati ons icortkspopd@Rd -down |inks are carried out 25 according to the

procedure simlar to Fig. 1. The base.statio 383 rpRoW-ddert gs. 1
and 2 25  FP02- 0191-WtF (Faeipasé3Srhr ﬁgﬁJﬁ% ge denot ed g?:only

reference synbol "202" because the bas I QL 202, 3hd hechase B¢ ation
203 have t ha.nsmngiionst r GthentSHT %usgf’l&%gﬁ)%e confi g%r ed, for exanple,

as shown in Fig. 3. 51n Fig. 3, the t.afi &S54L rasedrof a | ow
noi se anpl i faaferpbly tQ%Erﬂ%%nt%rfgﬁa?%%lrﬁélngaZ%%i 0 flggguency

di stributor-conbiner 13, aradio tr ] bk eceiyekafdfnga Haseeband
si gnadd procexsxRTARNY 5 W reeﬁdré %mlgl'{sfé(?nlﬁ%?{ne interface 16, a controller 10

17, and an antenna 18.,L The oqper ati luagggghgﬁfﬁ'oa,2Q§rmhﬁﬂnbe
out | i ned beIQﬂ@ﬁ%ﬂ@?ﬁ;%ﬁﬂﬁioégréﬁﬁégﬂgﬁi?ﬁe base statf%n 202 shown in Fig.

1. Packet data sent fromt radi,o tworde kG ontdidier 20toit hehpacket
gat enay cont¥3FFRF of *Phe" %rje gdélt V\g(rﬁk) is received via the wire

transm ssion_line ig{;erface 16 by the base band signal processor 15 and an
CFCDNIsignaIthnﬁﬁh Gt ed according to the spreading factor set by the

controller 17. A D A2 : tenoohrbhtesr adicdddiansnid t ehér preseat 14
converts this GC%/I El‘:gﬁgﬁgﬁ%o Iarllj-?)Phase and Quadrature conponents, and

they are then_conyerted,into iyntardmediade- famgenms (ldnSignEds Bp a
quadigture nﬁHﬁF3¥6P£tol%e %pconverted to RF nodul ated signals. 25 The

upconverted RE mpdyl atad si-gnaksiake opowiti nedoatathenr ddise thegqueridy
di strubutor-ESﬁgugner ti‘g the 26  FP02-0191-00
a receiver apparatus, using an orthogonal frequency and
code division multiplexing transmission scheme of
parallelly transmitting identical information by a
15 plurality of sub-carriers, the transmitter apparatus
comprising converting means for parallelly converting
channel-coded information according to symbols
transmitted simultaneously, and spreading means for
spreading a sequence of parallelized symbols in at
20 least one of a frequency direction and a time direction
by a spreading code sequence of a spreading factor
determined based on a plurality of changeable spreading
factors.
In the transmitter apparatus of the present

25 invention, the spreading means is preferably configured

to spreading a sequence of parallelized symbols in both

17



conbined signal is anplified by the power anplifier 12, and the anplified
signal is transmtted fromthe antenna 18. On the other hand, a received
signal through the 5 antenna 18 is anplified by the | ow noise anpf?$2=p131-00
the anplified signal is subjected to allocation at the radi o frequency

di stributor-conbiner 13, then the signal is downconverted into an |IF signal
at the radio transmtter/receiver 14, and the signal is subjected to 10
guadrature detection to be converted into anal og i nphase and quadrature
components. Themriheygnave cameerttied i rinal digi ttalmesi ghiafesthyoran by D a
converter in the base band signal processor 15, and the digital signals are
thereafter depepdulddned andderr osedibenoe r ectii onadecepeeaddng ec AAEFTA
transmtted packet data sequence. The packet data recovered in this way is
transferred \deaetrtd ned daseahom ssipdndaligy mierdhangeaad ke eeadhd
network controller 201 (the packet gateway controller of the core network).
20 The contr dacttorkl. perforns the setting of the spreading factor as

descri bed previously, and this spreading factor is set based on the del ay
spread neasured at Thee radieosmidnex ttapppsasiver o4, Foheexamp?Eehen the
del ay spread is large, as shown in 25 Fig. 4, anplitude (phase)_varjation
becomes | ar gelnwierttiiors mib | Hrestpraithy baaBSionred &Rt FPAPEASE vii 5Sbf 27
FP02-0191-00 a snual |l er nunber of sub-carriers, and interfegence bet ween
codes i ncr easaw deatinge foictoast Aederddndndor FREGSnaFPEy PREEHRIEHse? of
spreadi ng on the frequency axis using orthogonal codes. Therefore, the

spr eadi ng 5ip¥QRﬂQ¢%UﬁbuﬁnWﬁr§@H@€§rrF@?lF%FéPgal% PSR T8 aftpl i Fude

variation can be assunmed to be npst constant._ _Nanel.y,, the spreadjng
factor is setPrPaFatiRibePabh 2%69’13?% e?‘%‘ei n F RSy raar%eagm%gre t he

anplitude variation can be assuned, to he al npst .10 con t ral
wher €l @ he si Z&eR1¥%e R4 P PR TS %b?i%ﬂe%%“%? ?%éeéggr%%%(?ﬁgfggctor SF
neets the following rel ation etting the | argest spreading

., SF ~1/z B
fact or mﬁthihU%h%hQEP%QRﬁﬁ?E%R?s?%y+if?%%p§bove relation, it is feasibie to
mnimze the influence aof interference w her -ce . e
cading Tactor | Samatte | AABSBEC 5F or T OL: Symeors Bre mhbged

spreadi ng factor i s mat ion synbols are

(Trequency-interleayed) oyercLhe, eablLeapys! £OLPBRuet cbnindhbORSaRR] the

sub 20 carriet's’® pr eadl g cones larger, the number of

i nformation synbal n agrps id he suB16§ I kpES
 SYEPALS FRL, 64N Do SRR AUPS DL e SuB16d | BpEsad

decr eases. case,” because the information data is mapped across

o1 RIALEELRY SPrBROkRg,pLokr SURnEY prkerigniang, Lt {tec
descri bed, th@e?§§es§£@£&oﬂs the propagation environment.

The transmitter apparatus of the present
invention is preferably configured to comprise second
spreading factor determining means fdr determining the

20 spreading factor on the basis of a command from
outside. |

In the transmitter apparatus of the present
invention, the second spreading factor determining
means is preferably configured to determine the

25 spreading factor according to either information

indicating a cell configuration or information
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28 FP02-0191-00 according to the present invention is able to realize the
OFCDM schene capabl e of adaptively setting the spreading factor gﬁggggigg_oo
to the delay spread of the propagation path. 5 The information d

spreading and interleaving in the frequency domain in Fig. 4, can be

repl aced by spreading and interleaving also in the tinme domain as shown in
Fig. 15 to Fig.l7: In Fig. 15 1 information synbol is transmtted by 1
OFCDM synbol (tine-axial 10 synbol) and 4 sub-carriers. In Fig. 16, 1

i nf or mat i on dagthplatiing r ansspr eadiby 4f¥¥¥QmAsyﬁ58W§%§uﬂﬁfs%%%%f?}er. I'n
Fig. 17, 1 information synbol is transmtted by 2 OFCDM s W30|5 and 2

sub- carri er sinflormFtgd15 tepr@Iett7ADRg Heh g preEmHy Fat o u?%l €-15 1t is also

possible to acquire the information on the spreadi ng factor set t he
oot thhe BEralhe

controller 17, frdm tleseiagiro ARPABAKLE0RFHPTLI201 %r e Rora°net wor k

100 which is a superordinate station over f{he base.station 2 Fig. 5
is a diagranimﬂmmﬁh@nai%o@f?%ﬁﬁ%ﬁ?%na%R%ﬁﬁFBSO?O?gégﬂﬁﬁglg°s?§??§%e300. I'n

B et DO D RIS O S22
25, “a quadr SETRGLmAUl 206, SIS o 3951 ROR LIGT 00 1) SHNErCEr oy, a
Conver Lo 315cheRAGCLARI | F1 oF 9954 fedar APAPESAL ot O 33 A D
Channel decotPaaEuancerPar ~UBFeCer SR (BIcRBL "Gt 5P G5t Sct Lon) Seet | on 38,

and an antenna 39. The operation at . il at i;@n +3Q0 paideli g ,out | i ned
bel ow wi th rBfeR&niart §° ﬁéagéﬁg 8r5%?%ég% OS$ e%érﬁor det ection code

attachment section 21 atta hegngrrgg q%P%dig@i%qgesaﬁgRCﬂymaﬁaxﬂal
€

trandfitted b&EReta at eff ansmtt informati on data), the channel encoder

?ﬁtérﬁégsragg %ﬁ%;g%dpg%@%%&a%@%%dkg%éyéﬂﬂr§(gﬁfleéyﬂjdﬂﬁﬂbﬁfkhb—
carriers and time-axial symbols the number of which is
equivalent to a spreading factor determined based on
the plurality of changeable spreading factors, using a

15 channel estimation value and a specific spreading code
sequence.

In the receiver apparatus of the present

invention, the spreading factor control receiving means

is preferably configured to comprise separating a

20 received signal at the receiver, into both sub-carriers

and time-axial symbols and integrating coherently both

sub-carriers and time-axial symbols the number of which

is equivalent to the first spreading factor determined

based on the plurality of changeable spreading factors,

25 using a channel estimation value and a specific

spreading code sequence.
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15 23 perforns the interleaving operation thereof. After that, the encoded
data sequence is nultiplexed with pilot bits for channel estinnt'ﬁgbgﬁgbl_oo
| ower -1 ayer control bits to be data-nodul ated at the data nodul ation
processor 24. The in-phase and quadrature 20 data sequences thus

dat a- nodul ated are converted into analog signals at the DJA converter 25
and the anal og signal are then quadrature-nodul ated at the quadrature
modul at or 26. Then the quadrature-nodul ated si nalg S Eonvert%gu%ﬂ;o an RF
signal at the up Gonverthter ZRCefNer2s5 FRPRITYFHAF | &Ttanp PFi ed by The power
anplifier 28, and the anplified signal is transmtted fr.Qm.t nna 30
FPO2- 0191- 0Gn3@ntTe, sitiealsPreasdmd (fEF e iYed ea%eolggr}dsq%‘%e?daﬁim tted

in the formof an OFCDM si gnal according to the spreadi fa t by the
control l er 2% Braferdelvt ﬁ@?lfhaﬁé?daﬁod:%ﬂ\‘??rﬁ%a?plrggeﬁlq\?gd%%%%gh t he

antenna 39 is anplified by the_| ow noi se. anplifier t Lfied signal
is then dommtﬁmmmﬁn&EQ(mQﬁﬂﬂFf%¥gﬁ§FeE?lPHBgd 5§%§§¥pg¥?g%%kand the IF

signal is linearly anplified by the AGC.1Q ampli.fier .32, .5agreaftes, the
anpl i i ed siggnalthies Bapiéct@d <P atlﬁ&é’r & e orllﬁgtlu;&he quadr at ur e

detection section 33. The quadrature-det ect I ng i Apdrquady atyre
signal s are aoHak edSigRaldi G4 d&F 8™ by tt(:f-gee Ayggggﬁbgrtgr 34 and

thereafter the digital, data 15 is qgnugulated. The denodul ated data is
dei nt er | eavedPHR He e ht ST BN secti on 36 and then the channel

decodi ng section 37 error-correction-d tlike data tod ecpvesehbe
transmtted packefnhatﬁ.eﬁgfeﬁf%%gg c%%%gg?ual diagran1shom§ng al l ocation

20 of spreadjng codes in.the ' r&8adi ngefachoni FCAMancoiding to
t he present }?§E9ﬁ+%%( Egesh%éﬁééﬁg%ﬁe%gﬁne figﬁre, doubl e spreading is

carried out usi cranbl i s (1 kfhkcthe kpspeatihyefaelkbs and
or t hbgonal CBH%ggf%?{%s%%ngggggggn%éna%gg?gh%% Fhe ZE cellsgand used for

i dentifying code _channe i 0. cellsordheisar anghipgteades aspeeilflic to
the cellis ar%CgﬁrglE%02£§19§}%%ggodes obt ai ned by cutting a code of a very

| ong period ingo. NS CQlf eSpeRdiAg ile tBesnynbeingf alipsebddng ers.
The orthogong?ng6égggég§nbg§valsh codes or other codes. The length of the

orthogonal cedes, i . €in-3uldhe spreading fesioreli sstonatol fedmactdedi ng to
a cell environment’ and a propagation environnent (delay spread) . Fig. 7 is

a di agram shewpgpat¢@pfiguration exanple of pilot synbols for channel
estimation.

15 The present invention will Dbecome more fully
understood from the detailed description given
hereinbelow and the accompanying drawings which are
given by way of illustration only, and thus are not to
be considered as limiting the present invention.

20 | Further scope of applicability of the present
invention will become apparent from the detailed
description given hereinafter. However, it should be
understood that the detailed description and specific
examples, while indicating preferred embodiments of the

25 invention, are given by way of illustration only, since

various changes and modifications within the spirit and

20



10 As shown in the sane figure, pilot synbols (1) are tinme-multiplexed at
the front and rear ends of a packet in a coded synbol sequence. FBy2addiaig-00
coherently FFT output signals of all the pilot synbols at the front and
rear ends of a packet of each sub 15 carrier, a channel inpul se response
(channel estimation value) of this packet can be determned. Particularly,
when the delay spread is small, a fading correl ation between adj acent

sub-carriers is very large. In_that case, hal l-83t | @t i-eBseal ue can
be det er ni nedop® ®ift HEWHE gﬁ@?’e%&ﬂpaé‘ﬂ/ﬂ% %%{’]grln%i n%@%ﬁannel estimation

val ues of respective sub-carriers esti aGLAS g5 ¥ahali oadj acent
sub-carrier§kahhe¢uFFhEPea9E%agF88 ?hggrggﬁgrently? Thehﬁollomdng\MIl
present the result of 25 theog,t' ianalysis on the downlink capacity of
t he vari abl Br3pted8PR§Pactsr—orebMaccording to the 32 FP02-0191- 00
present invention_, (Eq..2).bel ow j RPRIHBUITR € £XpesSigrategmesent i ng
the relationship Eéémee% the H%nberéfg% users SE% cell satisfying the

required receptiqgn 5 gual.ity. i of c CECINLand OB shieE@RMasn darNo FDM
NoFCS~r w _PXem CoriRl ot e MRS R M SE 1 ' o pFCDAI

FOFCI ?M SOFDI | NOF r 8! S RRIntGRId; satisfying the required
reception q@gh W%giéﬁﬁﬁﬁ%bagséﬁmnber of users per cell satisfying the
10 required receptj.on qual ity of QFDM Sk sShewatyngaf acdrofi@Mixtiewnmber of
mul ti pl exed codes%gﬁ'OF%DNFEat?sfyi%%%the required quality rl OFCDM power
ratio of nulti I%eacg\fgs %ﬁ Lat gr fisbenee dommuinitdapdtcn i spssrdrerahcen of OFCDM
" | OFDM pomé?‘ i 0 multiple access interference to nultipath
interferenceﬁgqé}ﬁ@ﬂgxg¥l@ﬂerp&@gﬁntﬁimmﬁmtimmquency reuse of OFCDM FOFDM
r

nunber of cel equency reuse of OFDM 20 SOFCDM sectoring effect of OFCDM
10 Fig. 3 1is a diagram showing a configuration

example of a base station according to the present
invention;

Fig. 4 1is a diagram showing spreading and
interleaving in the frequency domain;

15 Fig. 5 is a diagram showing a configuration
example of a mobile station according to the present
invention;

Fig. 6 1is a schematic illustration showing a
spreading code allocation method;

20 Fig. 7 1is a diagram showing a configuration
example of pilot symbols for channel estimation;

Fig. B8A is a diagram showing a multi-cell

environment;

Fig. 8B 1is a diagram showing a single-cell

25 environment;

Fig. 9 1is a diagram showing a configuration

21



SOFDM sectoring effect of OFDM According to (Eq. 2), since the OFCDM i s
configured to nake copies of an identical coded synbol sequence pyophe191-00
nunber equivalent to SF, allocate them 33 FP02-0191-00 to SF

sub-carriers, and transmt them the frequency utilization efficiency

t hereof in one-code transmssion is 1/SF of that in the OFDM but the OFCDM
allows multiplexing of CMJX code channels spread by different 5 orthogonal
codes on the frequency axis. |n.th | £ i egilentyn Sehect i ve
fadi ng) chag¥er®, eh&/‘vye\?er ,ragﬁgllotﬁ%ogrgéén%%&]agn%%é%o%%dchannel s on the

frequency axis is broken mainly by vgriat] . L he raapbit ugdemonppnent s
anong sub- c&hE 535¢ AEREF 8 ﬁ&ey,v%%aﬁélcﬁuéng?&%%g code-1 o- code

interference, the nunher, of | tipd chapnebsncaprpl e of satisfying
the requi redheeddHs ddb\f?I}rElenﬂeglosrere s% er than SF. Therefore, the

follow ng relation, holds., (1LSF =0 Srewiny 18 | forpigsphsied cell
envi ronnment (cf. |Jgg 8%)O | i Re %M re esrsa LAN (e. ng’ , | EEE802. 11), the nunber
of users capabl e of tisfyLpg;the npolgadi reeepkbeinguaddyicaf CRCDM
i.e.,2the caeﬁéaéﬁ‘lftj)e, ?%usa bglég?nlas smal ler than that of OFDM 20 In a

mul ti-cell vi rongen o Y- v8A aBlet BprebienghaiuttdrecebSRMt hé OFCDM
i nvol ves thgtr}éeprggglgngh\%%teh scraYTbI ing codes specific to the respective

cells inthe.fre dpﬁqr?é' i &R €1 agrp?ii@aueaca bewdldah;be used in

nei ghbori ng tZkél%lj %%%%ftce s&tJA%IEoﬁi ngly, it 25 is feasible to realize the
cell frequency reuif of k.4 Injgontzastdiytdn | mhdwemeasesémulhEioRDM t he
sane 34 FP02- 019 %O frequency band cannot be used in nei ghboring

(adj acent) C%géi?fggﬁsngf dshk@ cfpchanathathoar fofr eragcing ohe thé |
frequency reuse o IS required in the case using 2-branch antenna
divergity regeptighe Acegg{ inigly, thetbrfoldruwiMg odl attlms REEGent

C,~~"~ ~0.5< 1.0, FPD "~ = 3 SF ~"oFC~ As a result, the capacity in the
mul ti-cell epxieapABAt bYf SOMGCDMhenenes greater than that of OFDM without
consideration to the sectoring effect. Wien the 10 sectoring isf fLcher
taken into consi derati.on2a hies a diagram showing an examplé of the

channel model shown in Fig. 11;

Fig. 12B is a diagram showing an example of the

15 channel model shown in Fig. 11;

Fig. 13 is a graph showing capacity evaluation
characteristics in the single-cell environment in the
variable spreading factor OFCDM of the present
invention;

20 Fig. 14 is a graph showing capacity evaluation
characteristics in the multi-cell environment in the
variable spreading factor OFCDM of the ©present
invention;

Fig. 15 is a diagram showing spreading and

25 interleaving in the frequency-time domain;

Fig. 16 1is a diagram showing spreading and
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OFCDM permtting the cell frequency reuse of 1 denonstrates the greater
capacity increasing effect by the sectoring than OFDM so that the capacity
i ncreasing effect of the OFCDM beconmes nuch greater 15 than that Bf02H@l91-00
OFDM As descri bed above, it is seen that the OFCDM and the OFDM are
suitable for their respective cell environments different from each other.
Accordingly, by determ ning an access nethod (either the OFCDM 20 schene or
the OFDM schene) to be activated according to a cell environment, it
becomes feasijbkerlieavtalg 1@ the fastesndynfdmetdanaityiansni ssion rate in
each cell environnment and achi eve increase of capacity. Specifically, SF
greater than 1 is gded i A7t hés35a FRERIEID]-SIEWHASL | SEd9adiig r nt |ike
the cellular systemor the like, so as to realize the cell frequency reuse
of 1. On the ieither dwaricdg SR the ifyesptenaytthansidagiadvel | environnment |ike
wireless LAN or the like, so as to 5 change the variabl e spreading factor
OFCDM t o the OFDM Ftker ey imceeddiomghaird fshepiartya uPrPr2ati &t e¥4¢ ci ency.
The conventional systens required devices with respective radio interfaces
for disffer entt reeldmilteanhasen femds PR T3P d e Sak bl S pr eadi ng fact or
OFCDM i s adaptable to the different cell environments by sinply varying 5F,
thus reducing the dust. fi6? iasealflemchat g ud. PEPGESS i%t a%%/agram
showi ng a configuration 15 exanple of the transpit baseband processor in
the case whereadieammais O SHAGRFTRY oFSEHIM of the present invention

is applied to the downlink. The transmt bas bandt rocessor is placed in
t he baseband Basgfhafods rﬁ%&ﬁrﬂlzm&m shown in Fig. 20 3.
In Fig. 9, the transmt basepand processor i s conpr.i.se f .a n

encoder 40, an i nt efeafRROFYME t%ﬁ’%i %E&xé?e/l?e , le{lvc?git;or{lodﬁ?g?o?g%, a

mul tiplexes B 44, a serial/parallel converter (S/ copi er 46, 25
nul tilgq)i ers Aﬁ;qsqylpe%rpe?}:%]p- VAT s%a?hitogoﬁé?e&?‘?grﬁgsbrn? section 48, a

guard interval inserter 49, 36 P02- 0291: 00.and S h Ag d
generator 50. The dpk¥at ot n?t algrraaﬁ%mspgg%gg b%ndgggggggsofpwgple be

described belfgéiéCftrggéhiégfgﬁy §§Qtem as an embodiment of the

present invention, e.g., an example of a mobile

communication system. Fig. 1 shows a configuration

15 example where the system includes a radio network
control station, and Fig. 2 a configuration example
where mobile stations are directly connected to a core
network (IP network), without intervention of the radio
network control station.

20 In Fig. 1, the mobile communication system 1is
composed of a core network (CN) 100 and a radio access
network (RAN) station 200. Furthermore, the RAN is
comprised of a radio network control station 201 and a
plurality of base stations 202, 203. The base stations

25 | 202, 203 are configured in a sector system. A packet

signal from the core network 100 is transmitted via the
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Packet detection codes are first attached to 5 packet data (transmtted
information data) and the data is channel -encoded (error-correct !F?ﬁ 9%‘1@‘1)—00
at the channel encoder 40. The information data channel -coded at g

channel encoder 40 is subjected to the interleaving operation in the tinme
domain at the 10 interleaver 41 and then the data is nultiplexed with
control data at the nultiplexer A 42. The coded data sequence nultipl exed

at the nmultiplexer A 42 is mapped at the data nodul at or 4,% gnd tgg data is
further mul tigdiexetewidik promEral t stabkor hatheFO e3t PAREI DhehhA™ 15 2ont r ol
information synbols of the |lower |ayer at the rrulii pl gx}gr B ?ﬁ Thi s
mul ti pl exed sytdiol i stetreg sequente 150k b Bt ad™PBL L8r PAFFParP8r (S/ P)
conversion at the serial/parallel (S/P) conveLter 4& t% be ﬁgngg(rggd into
paral l el data in tHee noeso egaiork 2PRtHe! hehber®bf P4T1 S8BYC4FFi ers/the

spreadi ng factor step S01). The spreadi hg factor .i.s eci.fi
sBreadi ng fa@@mi)lséawi E@H#@ﬂn’éﬂ%-TPF%k?‘bqﬁ‘%bnﬁld&vﬁwrt@ge%héﬁggp%ﬁe

spreading factor is specified by the pr ation nvirQn , i ch
i ndi cates t hgoEbndrpferess ltshéaﬁtr&ﬁé?gé’ﬁocgﬁ%ptatlﬁpJbé?ﬁ%’ené{lﬁeg‘tirggné% ter and

the 37  FP02-0191-00 recejver, The sang inf.qrymtio 1§ the synbol
dat a sequencelawi ecethe 5§]F9%Bh%r§P5n%gdng&glc]?gbedg%%%gg?g?]éigbpi ed to

continuous sub-carriers_in the number 5 equ o] r eading if r (SF)
at the copi ethﬁ6cé§teer9f50§1)“? RP ﬂﬁ??’tiane? ee1E cg%gﬁﬁéﬁoger élti oln of the

sane synbols to the SF suyh-carriers be. i ed+by rapsatiad
readi ng out EREMs{RBOMO éﬂ&e&t@%ﬁo&m N a Prrgr:r%rﬂg.gaAtgtt %erpcopi er % t he

same i nformation synpol s are .al so \preterably £oREEHe10 Geiduts OFCDM
synmbol s. At Phe i%r ‘485t hseta}sarﬁssnsl)nf §?n1as?]|@on synbol s are al so preferably

copied in both a frequency directi @t t EBndh seeticenvelhatspiteadi ng
factoP is de&uﬁﬁ&?eggﬁ\?os‘%rreaa|C(r£1gh$é;c€fg)§ settigrﬁigl information 15 fed from

the controller. Afte : the oF £pphipUpHSa | dentbegh syarbolwisesuences
are spread (g>|as cr aﬁ%fﬂl}ég?}lﬁy sg?eadi ng codes of the spreading factor SF

al l ocated peculiarl.y...Them {he sgread syJhd segwenresontridld enunder
equi val ent t%rtah%linr%r%ggl glf all 20 sub-carriers are subjected to the

inverse FFT (I FED QReliaidPhled N IRAR Sactiton vefdmef fect
ti me/frequency conversion into nulti-carrier conponents orthogonal on the

frequency axis. Fingll dhiRder val the icaser tee e odewsyimis, of each
q y A [Dhe o OYWEF OhbRd £
sub-carrier 25 of the nmultiple carriers at the guard interval inserter 49.
Thi's ;guard inter ikRsant i packeti ht ek by ragsmifrezl 0£9emo0tlkepyi ng a
R £ Y@enthe@nt 1 g e
Si gna]1 wavef orm equi valent to last NG FFT
radio network controller 201 to cells of handover
candidates (base stations), a base station having the
smallest path loss difference with respect to the
mobile station is selected out of the base stations of
20 soft handover candidates, and a packet channel is sent
from this selected base station to the mobile station
300. Concerning the selection of this optimal cell
(base station), the fast cell selection and the slow
cell selection are defined as a method of

25 instantaneously selecting a base station so as to

achieve the smallest path loss difference to the mobile

24



sanpl es of each synbol, to the head of each synbol. The transmt baseband
processor transmt the processed data (step S04). 5 Fig. 10 is a diagram
showi ng a configuration exanple of the receive baseband processor FPA2t-R&91-00
case where the variabl e spreading factor OFCDM of the present invention is
applied to the downlink. The receive base band processor is also installed
in the 10 base band signal processor of the base station 202 shown in Fig.
3. As shown in the same figure, the receive baseband processor is conprised
of a guard i nftertviadn r etmvea 5shoatsyhbok tipenigdetfectlwiry afzddnge
estimator 53, an 15 FFT (fast Fourier transform section 54, multipliers A
551-55n, mul tigdiicarisomn &6l -Esket g i thehae atltetigy, salpakad| endsefi al
(P/'S) converter 58, a spreading code generator 59, a |ikelihood_cal cul ator
60, and an era arettood ecfi snldetbder a6pase0 SHad isperationthe $heltesti ve
baseband processor will be described below (cf. Fig. O Fig. 19) The
recei ve baselmatth prlocss s ol fifegenge tﬁétﬁﬁan§HﬁﬁP@énﬂatHaFé?gb°81l§?dThe
synbol timng detector 52 first detects the 25 synbol tinmn gwhich is the
tinmingfor exbiotltdnge oVaFERtépar @S oANaRYSHATH P& dasH &l %@ LEEFOR ndow
timng) 39 FP02-0191-00 fromthe multi-carrier sigpal received.. The
detection of ayhbePAetinHg td¥h BRS¢ nptakdRfed DY Tt el LEFBREHLYELY i on of
guard interval spaces. The guard interval renover, 51 renoves, si.gnals of
guard interval® ¢+bhe¥neasesy kb6l PGSy %Iﬁt%ledl%ttjf%&%ﬁ‘ﬁ%? Eirﬂ‘inng
detector 52 as described aboye. Thereafter, the EFT_section. 54, perforns the
FFT operati orPMaseRt dRaLheeddt i(hat&d SERF MM d W & nf iy ?%agﬁﬁ§ErPa§ﬁe

mul ti-carrier_signal into parall el ;%nb0| eguences. gin e_the re %hved
signal 10 unde?SerdlEReraRtei - bht ArFeHi hg ‘?? bgaghicy™ 8F§8FF{}Sef a%i fg)
through terrestrial nobile felecqommunication_propagation,] h ul ar
systefhy the dW%ﬁn@F@%ﬁi?&&iﬁ'53%é§5ﬁnﬁ 3 Pﬁgpéﬁgﬁﬁg iqﬁnﬁ%e?gggé nse of

$12)) “The. corfeieht Fahder: Srbhr e Ry SR n R e BTG ng)

on the frequegggtor, the spreading factor is set based on a delay
spread measured at the base station 202, 203 or at the
mobile station 300.

15 Fig. 2 shows the configuration in which each base
station 202, 203 is coupled directly to a packet
gateway of the core network 100, without intervention
of the radio network controller 201 (cf. Fig. 1). In
this configuration, when handover is carried out at the

20 mobile station 300, the packet signal transferred from
(or those transferred to) the core network 100 1is
distributed (or are combined) by the original cell
(base station) Dbefore the handover. The handover
operations in the up and down links are carried out

25 according to the procedure similar to Fig. 1.

The base stations 202, 203 shown in Figs. 1 and 2
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axis of OFCDM synbol s of SF sub-carrier conmponents fromthe channe
estimation values of the respective sub carriers and the spreadigpg2cades.-00
used in spreading, 20 thereby generating an information synbol sequence
(step S13). At the coherent adder 57, perforns al so preferably coherent
addition on the tine axis. At the coherent adder 57, perforns also
preferably coherent addition both on the frequency axis and on the tinme 25

axis. The despread information da nmbol s Lpt qﬂggfr g@dalnic@ (the
nunber of altheubras# r§ersItHe ﬂéa? %%b288§3E980Q§brea |n5 factor) are
subj ected to P/'S conversion at t r e L@l ogonNYRAL €he Hhewr are
deinterIeaveumbahd"ﬁﬁgregﬁFépsgr?%Fggﬁg%%c%é%ﬁiggcoded at the error
correction decoder 61. Then the inf j ahekh15 eguegeatdfder the
error corre6tasioBecdt ndeYS §§8jé¥¥%%a§%9§6?¥ decision to recover the

transmtted information dat ste : HRld oW ng gwi 13, descri be the
handover op@ﬁ@tp@@ﬁlﬁuFﬁ54c3§% W Fgﬁé%eé§2§%able spregm ng 10 factor OFCDM

of the present invention is i t Q. Lhe Jowyd nk idbridie gad ta £ cel |
envi onnent in théncgﬁﬂPgara?ggnb%%nggénﬁl Supposing a radio link of a

comuni cation channel has. already, begnestahliisshes keipreeier riohi |2 station
15 stayingiL?%nPQ&?ﬁi?ﬁp%h %%?g?%él base station before handover, and the

base station, the bile stati j -@ﬁﬂgﬂigbmﬁiﬁgmellaspe@jfina@t®anb|e
code of a hdﬁH%V%rngﬁggFﬁ%%?onqggﬁﬁjby a control channel attached to the
conmmuni cati on channel . @l the Gelbss@ Bandr edegrerin pedceaso® (fixed
val ue) is:ﬁﬁr%ﬁ§@ﬂgﬁﬁgi§ﬁ§%ffactor of a common control channel far each

mobi l'e statipon of a | nk 1.0 fbkStiest abtéshaaerafli oal coktrehéekobil e
station mﬁlllgb %Hﬁ%gggg%%Q%Tve the common control channel of the downlink

chartiol of the’ NaRdoer “Beetaal on cel | {ncl udes oo comre
The operation of the pase station 202 will be

outlined below in the configuration of the base station

202 shown in Fig. 1.

Packet data sent from the radio network

15 controller 201 (the packet gateway controller of the
core network) is received via the wire transmission

line interface 16 by the base band signal processor 15

and an OFCDM signal is generated according to the
spreading factor set by the controller 17. A D/A

20 converter of the radio transmitter/receiver 14 converts
this OFCDM signal into In-Phase and Quadrature
components, and they are then converted into
intermediate-frequency (IF) signals by a quadrature
modulator to be upconverted to RF modulated signals.

25 The upconverted RF modulated signals are combined at

the radio frequency distributor-combiner 13, the
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41 FP02-0191-00 information for designating the spreading factor of the
communi cati on channel, it is feasible to give a command to desi gagye-bhe1-00
spreadi ng factor of the comruni cation channel, to the nobile station. The
spreading factor 5 is determ ned at the base station of the handover
destination cell. Specifically, the base station of the destination cel
determ nes the optinmal spreading factor on the basis of the delay profile

generated fromthe received signal. of. t carmuni j hapnel pf, the 10
upl i nk fr omadmd imsist Isel%laé'tilosn.gan@%cgel‘?%}%ase gé%?élfogé}noé: t he handover
destination cell provides the command to desi ibe.gpreaghngthactor, to
the mobil e sngd i dihes Qi‘&élc]r’{]lt?ég aFoloq}éa}lthlegrm | esenétation is able to
recei ve and decode 15 the conmunicati on channel of the downlink of the
handover desaiiritB®ni®el |, using the spreading factor thus designated. Fig.

11 shows the sinulation specification T g evalat | errohigeapnei ty of
the variabl e spreéﬁ?h@P%OgF%EfoﬁaEgCD%Iggggﬁé preé%%t i nvention by

simul ati on. The eval yation_of i Cialy i 66k fat shasedien Lhe average
Bl ock3 Er r or %?@?%ng)lﬁf a@%ﬁg%%&ngl cated in the sane figure, the

radio bandw At %5%?%‘%@@“%@&%%@%% nackel1 4Packen a5 keegt h)

consi sts of y S o and OFCDM coded i nformation
symbol s of Nd_=. 60. _The er A2 R0 kAG e sub; catherrstNe is 512,
SF 1 (OFDM) 5RiS2 CEEEBW onéﬂpacﬁﬁet in OFDM i ncl udes 60 (Nd) x 512 (N-)

- 30, 720 information I ds, of F ogegpatket itheOE@DNOI ncl udes
i nf or mat i on §§;ﬁB8ﬁsgsu%%?ﬁgvé%?%ud?q%tgpmz (N~)E?32 (SF) - 960.

Therefore, upder fhe.gondetEegeef 1aneabloekeotighall nEosuBtiesresy g0l s, t he
capacity eva GatT0n was ' conduct ed by conparison between capacities of OFCDM
and OEDM based .9 a@\ﬁ?%agf‘etf’é@ﬁoﬂheonwl abhosartrethdgsd oan®hog in-

Modult&t i on/ Sprea I'ng 10 both were QPSK~ the channel codi ng/decodi ng net hods
( Channel cod%&g/sgec%dlg)qm&@fyol gbipoakntedi ng Bheh t k&eyodidif rate
(R of 1/2 and the constraint length (K) of 9; the channel decodi ng was
done by Soft degicsicem Vires biidecati sgonthe MaxiamnhDBp oSy s ofy e]g{hency
was 80 Hz. Concerning the nmultiple access interference in the nmulti-cel
envi ronnent , 1§eNShAEathad Wad ggialenprocienserf ernc@nty ofhei xdkEttal

surrounding the target cell in the case of OFCDM and to interference from
g g €
Si X signals are thereafter demodulated and error
15 correction-decoded to recover a transmitted packet data
sequence. The packet data recovered in this way is

transferred via the wire transmission line interface 16
to the radio network controller 201 (the packet gateway
controller of the core network) .

20 The controller 17 performs the setting of the
spreading factor as described previously, and this
spreading factor 1is set based on the delay spread
measured at the radio transmitter/receiver 14. For
example, when the delay spread is large, as shown in

25 'Fig. 4, amplitude (phase) variation becomes large

within small frequency bands, i.e., within intervals of
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20 proximal cells using the sane frequency in the cell frequency reuse of 3
in the case of OFDM A signal from each cell was assuned to be affected b¥
the fourth power rule for distance attenuation, shadowing in the FP02-0191-00
| ogarithm c normal distribution with the standard 25 devi ation of 8 dB, and
mul ti path fading. Figs. 12A and 12B show Channel nodels of the multipath
fading. The 43 FPO2- 0191- 00 channel npbdel s enpl oyed were a 24-path nodel
(the delay spread a - 0.21 us) consisting of three path groups, each group
bei ng conpri sedsableéieght npabhs i ofa subacyorberdi standutiieoferfitage
recei ved powers (cf. 5 Fig. 12A), and an 18-path nodel (a - 0.29 us) in an
exponenti al ®iettwdebut iconigscf .irkingaskzB) bestaie Dotlimeds ryslek¥nt 0% he
capacity evaluation in the single-cell environment, the capacity

char act eri st icaxtHoydrizd igiyngire-tded [camwiobramrrading e 1the aFFBIRNSYHr eadi ng
factor OFCDMwi || be first described with reference to Fig. 13. Wen in the
si ngl e-cel | emiis amsteng cobpagbsah codeade Fherelore r ddiff r TR 2ReIRGe

recei ved Eb/No characteristics for average BLER - 10-2 (w thout 15 antenna
di versity recept icomrisghi ot changsubnceREiRGMERTBEVALPL i PREXBd ERBes, the
nunber of nultiplexed codes in the OFCDM (SF - 32) satisfying tfe same
required averaagd itards vetRIER OIS ERAt PR t RESOEBH ($° - 29 i3 PRtkntially
up to 32 in the case of the 24-path 20 nodel , ileit.,is agpq% 28 in the
case of the I@nsitantodelaBelyhe tBRSRARALINYI S2FFd0t 18n 5550 W FBresul t
in the frequency utilization efficienc ower than in the cagse of 1

This is concelWiiy HbcaUSs ceRe 1G&Sr eéi reHRRENDEATTE Pt ?ﬁ?d%ﬁgeéseé
|l Uence of BIRERdEm oY2bi Ehbgonarrhy B { RS FACH FRGD: G151 b PF Bquency
char 68 er | st G Egher GHangEnATaie HORBSr B MILepl Sked hodde inder the
Bt econdi t1 onsSHERELL et CATAPEGE T0ck vEA°EBPR Lo ha Ha 1" ciereas 20 db

antenna diversity_reception en into consideration, and no control
was made on t%%%s fﬁggﬁ%g.rg?§t£g§'

SF ~ 1/t
By setting the largest spreading factor within the
15 scope satisfying the above relation, it is feasible to
minimize the influence of interference with the other
cells. When the spreading factor is small, a lot of
information symbols are mapped (frequency-interleaved)
over the entire system band, i.e., across all the sub-
20 carriers. As the spreading factor becomes larger, the
number of information symbols that can be mapped across
all the sub-carriers, decreases. In either case,
because the information data is mapped across all the
sub-carriers by spreading or frequency interleaving,
25 the adequate frequency interleaving effect can be

achieved thereby. As described, the Dbase station
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10 As shown in the sanme figure, average BLER with SF - 1 (the nunber of
mul tiplexed codes is 1) is approximately 10-1 (OL in Fig. 14),

reason for it is that influence of the co-channel interference fron1t e
other cells is great in the cell frequency 15 reuse of 3 to degrade the
performance. It is seen fromthe sanme figure that the nunber of nultiplexed
codes with SF = 32 satisfying the average BLEB equal to that mﬁth SF=11is

about 16 (20 in Fig. 14). Let us define here the, caﬁgg t%opqg ~ by the
20 equat i onabeboviinghete thei Braferst sMHRHOPR rkhsAPSSi &F rate Th use of
the entire radio bandwi dth, ~ an insertiq ss, of ar 1$e and

pi | ot symboltde FOFﬁBMfréﬁ@%%%y'?%ﬁER§ énKagﬁgtﬁgﬁbg Q?k ﬁ%ip exed
codes.. 45 FP02-0191-00 ~1=Rb.~.| .k sF Th cap W oF £nd (=
r~oF~ as a capaadipngefacery BFC@ﬁéMPgu &% |ve§&'w r\gﬁs 80 x 106 |,
512 . 60 ~,1,1= 20.9Mops ~F"" 1 C512+100 64 3 5 Further nore, the capacity
r~wth SF @IﬂpigaﬁMHFémﬁQm a capacity per cell of OFCDM is derived as

follows. 6 ~/' 80xI 0 512 ~

A1
This verifies t hatTTI% %HQOWFFFOEe(qateahv??%/%Qnéﬁ @#%m%?%@g%d@ggt 0

than © tor éﬁff‘éi@étyﬁ%feﬁﬁtsﬁégﬁha?w%%séhﬁf 2 e BLES " Tt €y “aghi evi ng
CRCDM sl ng T GbPBds FrEEa g RAR or Sl bys 6 2B foandt he
envi ronment 18Rt hz & 1Bhe ot %ﬁ?ﬁgﬁgp*aﬂ.etff oy The” ool | *Frequency reuse of
Frequency utPTIBaLT OF el Proraney o206 Rce t e cor savi ronmente and
propagatlon 4ymbol and 4 sub-carriers. In Fig. 16, 1 information

91-00

symbol is transmitted by 4 OFCDM symbols and 1 sub-
carrier. In Fig. 17, 1 information symbol is
transmitted by 2 OFCDM symbols and 2 sub-carriers. In
Fig.1l5 to Fig.l7, the spreading factor is 4.

15 It is also possible to acquire the information on
the spreading factor set at the controller 17, from the
radio network controller 201 or the core network 100
which is a superordinate station over the base station
202.

20 Fig. 5 1s a diagram showing a configuration
example of the mobile station 300.

In Fig. 5, the mobile station 300 is comprised of
an error detection (packet error detection) code
attachment section 21, a channel encoder 22, an

25 interleaving section 23, a data modulation processor

24, a D/A converter 25, a quadrature modulator 26, an
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FP02-0191-00 environnents are used as paraneters for variation of SF, the
connection between different cell environnents can be made seamgss, idhdNepo
sanme apparatus configuration. As a result, it is feasible to cover a 5 w de
cell coverage w thout need for use of individual devices for the respective
cell environnents. In the above exanples, the serial/parallel converter 45
corresponds to the converting neans, the spreading code generator 50 to the
spreadi ng neans, the 10 del ay spread acquiring_function, of -t radi o
transmitter{ipecenvertés £d,t hePPWESt aFr J&PﬁgzﬁacﬁoFoﬁg%éﬁﬁgﬁié%ﬂneans,

and the outside interface function of the controller 17 5? the nd
spreadi ng f actlom desisar anmbi Fbahs 30Thé T ofPRYSS8 51 “the HobiTe 15

station 100 corresponds to the spreading factar controk.recegiVving geans and
t he out si de amptléiffizge fIdhctidn 8quﬁ§§§%%rcé%kﬁé%égtog§he %%fead?ng factor
determ ni ng nmeans of the receiver apparatus. Ath empodi ment

descri bed albonwexier20 éémfigéredd?ggagiFﬁﬁPg th%ngg?%g?on of ' propagati on

paths at a certain nonment and perform wei_ght] thedasi satthergef, it is
al so 5possi blde i exdraHiHéd nF%FEﬁPPon ynﬁblgﬁga5ggiﬁgﬁélonally copi ed on

the frequency axis and on the ti axi_s t v ams g&ppier).
By perform yadie detgrtiny uma}qq%?ngegr%ryrura%{%#ﬁgréq%ggﬁci es gﬁd tines

as described, it 47 FP02-0191-00 becones feasible to extract a nore
accur at e recsidean AN gai nst variation in the tine direction, i.e.

agai nst the fading variation, as | r ' : hoﬁmkhuﬁ'ﬂEsbéibea, iy
% R s R LDe, ERvembhon s

wi |l be 5 obvious THatOPfEd s 0 e invention may be varied in

many ways. Such_variations are n regardedsasecagdepanture fromthe
spirit and seapklefdt %i%%V%hf?oﬁ%féﬁﬁggilggugh n%di?ications as woul d be

obvious to one skilled in the i ntgnpdedr f QehABntnadarstiioon wtLhi n t he
scopElof the foIIdt?%geEFgﬁhsqg$%%€£§?ial Applicability In the present

invention, this radio t ?R§nis I SUSHEM edhebe NecRCt 0 cagiesAs arroOFCDM or
OFDM systen1%§§§ﬁ§ﬁ§iné£ e ra?ﬁo paranmeter of the transmtter's and 15

receiver's spreadit cLoLkbp hheasameanadietadceasosmheden Bartahi s
reason, it bEESHEEQ?gégi%?g to provise fl exi ble use of the two schenes of

OFCDM and OF ea”g Lﬁng}i]ovéﬁ@o@efadip agcess Sohenperdmatie shangdli zi ng

| arge capaci Ty w R igh frequency 20 utilization efficiency (the nunmber of
connunicatingnggaﬁﬁ capabhe ehtAEetingg thee teguiinee mecodtioraffaiaty per
cell), independent gf cell configurations and propagati on environnents.
Hences it i s able to aovie antedieavingswbeshatnons hestead codftiifiied to

vary“Spreadi ng factors for transmitted information through use Of.QfCDNIand
48 that, the encoded data sequence 1S multiplexed wit
pilot bits for channel estimation and lower-layer
control bits to Dbe data-modulated at the data
modulation processor 24. The in-phase and quadrature
20 data sequences thus data-modulated are converted into
analog signals at the D/A converter 25 and the analog
signal are then quadrature—modulated at the guadrature
modulator 26. Then the quadrature—modulated signal is
converted into an RF signal at the up converter 27, the

25 RF signal is amplified by the power amplifier 28, and

the amplified signal is transmitted from the antenna
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FP02-0191- 00 t hereby enabl e broadband packet transm ssion in w de cel
coverage. 49 FP0O2-0191-00 dains 1. A radio transm ssion system2-0191-00
configured to, on the occasion of radio transm ssion of information between
a transmtter and a receiver, performthe radio 5 transm ssion of

i nformati on using an orthogonal frequency and code division nultiplexing
transm ssion schene of parallelly transmtting identical information by a
plurality of sub-carriers, wherein said transmtter conprises: 10
converting ¥eans for parallelly converting channel -coded information
according to synmbols transmtt I danequs| yeard isieadbdgereass for
spreadi ng a sequéﬂgé(ﬁl?ﬂﬁ IIHJ%@%&F%y ols in at | east one of a frequency
15 direction and a tine, di t] ~BY anseresd BEgeade asequenng ¢o a

spr eadi ng fEﬁﬁ%ﬁmkﬁﬁ%Sﬁ%ﬁeéﬁéagggmoﬁ a“plurality of changeable spreading
factors. 2. The radiqg.tra 1SSl syst eALaeeatdongdetro26.ai m 1, wherein
said the spF%%d?Hﬁeﬂgéﬂg ?%Ekégrgggin 20 a sequence of parallelized

synbols in both a_freguenc i regid,qn angh a grgpy digiertalon dered vsysk eadi ng
code®sequence of gnspeggdi%%g%%ctor det ermi ned based on a plurality of

changeabl e r eadj ng.fac . 36he; 4 agie1 i FaBaNissi dne sy swemadctordi ng to
25 Clain1l,%aﬁ8pg nqggidéﬁﬁgﬁgﬁitter conp?ises first spreading factor

det er mi ni ng_neans.for obfgi ni ngh@ 50impFPH28191s@Bnpiopagdat i orkledivi r onnent
i ndi cating 3m8§ﬁ§ﬁ??on ggﬂa propagatid% path between the transmitter and
the rece Verdo%@oﬁ%%{é‘d”it%g SAITF fdirgetalspreadingiductemecerdihly to the

propagati on “envi ronment.

and the IF signal 1is linearly amplified by the AGC
10 amplifier 32. Thereafter, the amplified signal 1is
subjected to quadrature detection at the gquadrature
detection section 33. The quadrature—detected in-phase
and quadrature signals are converted into digital data
by the A/D converter 34 and thereafter the digital data
15 is demodulated. The demodulated data is deinterleaved
by the deinterleaving section 36 and then the channel
decoding section 37 error-correction-decodes the data

to recover the transmitted packet data.
Fig. 6 is a conceptual diagram showing allocation
20 of spreading codes' in the variable spreading factor
OFCDM according to the present invention. As shown in
the same figure, double spreading is carried out using
scrambling codes (1) specific to respective cells and
orthogonal codes (2) used on a common basis to the
25 cells and used for identifying code channels in the

cells. The scrambling codes specific to the cells are
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5 4. The radio transm ssion systemaccording to Claim3, wherein said first
spreadi ng factor determ ning neans obtains a delay spread indi catpng-a191-00
propagati on del ay property and uses said delay spread as said propagation
environment. 10 5. The radi o transm ssion system according to Claim1,
wherein said transmtter conprises second spreading factor determ ning
nmeans for determ ning said spreading factor on the basis of a command from
outside. 15 6. The radi o transm ssi y j t b& Bodwher ei n
sai d second S ARFFIRE Y d%]tléﬁngﬁi %géktag]ng%ggd{ g}rén%le%rs%?% spr eadi ng
factor according to e ther infa td i ndi i | becenfi gsmwti on or
infornation%ﬂ%ﬁgiﬁ?gh Sa?ﬁ&ﬁ%ﬁﬁ&%?éﬁéfggtg?% Fﬂgﬁﬁggd in control
information representing th fr tsidepe? walllkd résdds or
t ransm ssi orf eerrﬁ'accg?%i §§%B§Hgﬂgflm%aﬁe§ée?nbgai d receiver conprises:
spreadi ng factor_control recei\i HEaH ro2ehS6PR4 At t8ges, r €ceiye signal
recei ved at ‘?thtée¥e%%ﬁﬁ%e'r, 1:%net oléat eastS%}ﬁ]%) %f sub-carriers and tine-axial
51 P02-0191- 00 ipte hRegrsohegeattyrainbeast aoneldf
subcarriers %ﬁ%l ??%@%il E‘Jgt %‘i sg%ﬁ%bnurrber of whi ch ig equi valent to the
spr eadi ng fact_\(}){r%%;l%rlgi ned joased grophgaplibhal idnwdfomeangealidelsagr eadi ng
factors, usi%% a channel estimation value and a specific spreadi ng code
sequence. 8. TP 25 dio transm ssion systemaccording to Claim?7, wherein
sai d recei ve?pcorrp ises: spreading factor control receiving nmeans for 10
separating a recei ygggi onal ; 4 ecei vad @tart hehoedeigver, icondigorhtion
sub-carriers and tine-axial synbols and integrating coherently both
sub-carriers.gogot ENMBrayi abtS¥mbbs st fiernehbhenedf ewfriizlationequi val ent to
the first spreading factor determ ned based on the plurality of 15
changgabl e spreadi pg farker Sinusheg samharfinglirest ipitdtonsvabaésand Ja
specitic spreadi ng code sequence. 9. The radio transm ssion system
accor di ng t 0 @kaitme-miierai rexsad daspreéadi fipritacedd deR ¥R Pécéd ving
means conpri ses spreading factor determ ning neans for determ njpg said
first spreadipagkkact om onat heolasl s syfmimoint r 9¢ANARGE At | oRYi n@ in a
control signal sent fromthe transmtter as a connunicatin%

coherently FFT output signals of all the pilot symbols

at the front and rear ends of a packet of each sub-
15 carrier, a channel impulse response (channel estimation
value) of this packet can be determined. Particularly,
when the delay spread is small, a fading correlation
between adjacent sub-carriers is very large. In that
case, the channel estimation wvalue can be determined
20 with higher accuracy by obtaining channel estimation
values of respective sub-carriers estimated across
several adjacent sub-carriers and further averaging
them coherently.
The following will ©present the result of
25 theoretical analysis on the downlink capacity of the

variable spreading factor OFCDM according to the
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correspondent. 25 10. The radi o transm ssion systemaccording to Caim?9,
wherein said spreading factor determ ning 52 FPO2- 0191- 00 neans
determnes said first spreading factor according to either inforn®94n0191-00
indicating a cell configuration or information designating a spreading
factor, included in the control signal fromthe transmtter. 5 11. Aradio
transm ssion nmethod configured to, on the occasion of radio transm ssion of
information between a transmtter and a receiver, performthe radio

transni ssi onpebsentotmeenadonsi ng an orthogonal frequency and code division
mul ti plexing transm ssion 10 schene of parallelly transmtting identical
information by a pl(Egal i y ofbesudw catsi eas, WRRPLOKANESRY e XRIF SRS of
said transmtter conprises a step of parallelly converting channel - coded

i nfor mati on aepeediengihy symbdolrsletdosshitedoebwephulthneBUEPGT Sarff wher ei n
spreadi ng neans of said transmtter conprises a step of spreading a
sequence of paealsl elgezed aadbol saths fyingasthene 6@ e quiSP g ¢t i on
and time direction by a spreading code 20 sequence of spreadi ng factor
det er i ned based ity dnplugealdft PESDM ke e éﬁsaﬁ@ad%@ Fefetors. 12. The
radi o transm ssion nmethod according to Caim$9, wherein spreadi ng neans of
said transmtter conprises a step of spreading a sequence of 25
paral l elized symbols jn bothja frequengy,gi rEghi 08.ap6 tine direction by a
spreading code sequeng&-of =a53CumnFROZ=0TIT-HU Sprgadi ng factor deternined
based on a plurality ®¢rgharteabl e s%ﬁ@ﬁﬂ?ng“ﬁ&ﬁtoﬂ?y 13. The radio

transm ssion nethod according to aim111l, wherein first spr@@ﬂmﬁg factor

determning 5 neans of _ said transmtter. conprises a step of LRg a
propagati on éWRRSNNEHt iYRACht iRfT a Condi tTON D y%p%rdgﬁgat?%%@%g%ﬁ

between the transmtter and the receiver and determ ning said spreading
factor accor (ﬁerﬁflct%lqrhequpﬁ'rﬁo]p%a‘ﬁ o@eﬁgi ronment .

Norom: number of users per cell satisfying the

10 required reception quality of OFDM
SF: spreading factor
Cwsx: number of multiplexed codes of OFCDIM
satisfying the required quality
NoFCDM power ratio of multiple access
15 interference to multipath interference of OFCDM
Norom: power ratio of multiple access interference
to multipath interference of OFDM
Forepm: number of cell frequency reuse of OFCDM
Forom: number of cell frequency reuse of OFDM
20 Sorcom: Sectoring effect of OFCDM
Sorpm: sectoring effect of OFDM
According to (Eg. 2), since the OFCDM is
configured to make copies of an identical coded symbol

sequence by the number equivalent to SF, allocate them
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10 14. The radio transm ssion nmethod according to Claim 13, wherein said
first spreading factor determ ning neans obtains a del ay spread ingic ébﬂg 0
a propagation delay property and uses said delay spread as said EP 55@ i
environment. 15 15. The radi o transm ssion nethod according to O aim 11,
wherein second spreading factor determ ning neans of said transmtter
conprises a step of determ ning said spreading factor on the basis of a
command from outside. 20 16. The radi o transm ssjion nethod_according to

d ai m 15, whes eBF sailt- cecorer spr eadi dgranetbe 868y ni S g hEFHEDGE! er ni nes
said first spreading factor according to either infornagion i ndi_ cating a

cel | confi guriat 1 bmabionnébf hateoay deBegrati AB ano5CepFeAGPRG™-SE6F,

included in control information regresenting t he conna&&Tﬁ%Pn1g%t%jde. 54
FP02- 0191-00id7.1/BR pédithat arsni S5PorPHRN ho@ccbh i CPai m 11,

wherei n spreadi ng factor control receiving ans of said receiver conprises
a step of sepatbiphgxingeodi Vausi gREP FEEENFS aﬁpﬁef?é?rgge?j\}?ﬁe%ieﬁ%o at

| east 5 one of sub-carriers and tine-axigl %%rbols an%; nteg&%;iQ%e
coher&ntly avrtbagonahe 6pd8Eb- O&rritdfs &FF HMEYaxi® Synbol's t e nunber

of which is equivalent to the first spreading,factar t erm ed on
t he pIuralitWUbtiEhéhgééﬁﬂggsﬁ?é&&?ﬁ&cﬁaéﬁ&ﬁgﬁldgin&dg%?g g%%ﬁ%§$%§

estimation value and a specific spreadi ng_code seque e diadi o
transnissionhﬁE?ﬁQéra&ﬂﬁcﬁ?@ﬁ?%og?i?ﬁy1%F°Rﬁeﬁ§¢%s%gggﬁ%%% Egbtor contr ol
recei ving neans of said receiver_conprises t Al 88 and

recei ve si gnAFCABEBLYedPtS t HE rRER rfnailrﬁlt%‘fb%?hqial%%?gr riers and

time-axial synbols and integrating ¢ r | : ub- Gavdd & ,
ti me- axi al s?WB&P§Wﬁ%aQRﬁﬂéheQﬁs ?gﬂaiggéqﬁﬁegﬁgﬁ% toq?%e firé%ngpreading

factor determ ned based . on the, pl.urali : %?Egggﬁggﬁééﬁgsﬁﬁmﬁgﬁrﬁﬁ

fact 30s, usiP@céuéﬁaﬁ elt sfFﬁ%?ﬁ%hq%%%%éggh a specific spreadi ng code

sequence. 19. The radi o, transm ssi t ALGOr disngshei Skai Ayl 7chaherei n

spreading fa F%ﬁﬁ%ﬁ%ﬂ nFﬁéanegﬁégg?fgai spreadi ng factor contro

recei ving neans._cQq i.se ded e i 1 Bpd el dhdrstsBpreadi ng
s M

factor on thé S5~ mation included in a control 55
FP02-0191-00 si gnaly,senfs ffOmithe dd@ansiiid eFe Bt forc aignds cat i ng
(1/SF) *Cwx » 0.5 £ 1.0

15 In an isolated cell environment (cf. Fig. 8B) 1like
wireless LAN (e.g., IEEE802.11), the number of users
capable of satisfying the required reception quality of
OFCDM, i.e., the capacity, thus becomes smaller than
that of OFDM.

20 In a multi-cell environment (cf. Fig. B8A) on the
other hand, because the OFCDM involves the spreading
with scrambling codes specific to the respective cells
in the fregquency domain, the same frequency band can be
used in neighboring (adjacent) cells. Accordingly, it

25 is feasible to realize the cell frequency reuse of 1.

In contrast to it, in the case of the OFDM, the same
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correspondent. 20. The radio transm ssion nethod according to C aim 19,
wherein said spreading factor determ ning 5 nmeans determ nes saiel_ld]?éé'_rﬂgl_oo
spreadi ng factor according to either information indicating a c
configuration or information designating a spreading factor, included in

the control signal fromthe transmtter. 21. Atransmtter apparatus
configured to 10 performradio transm ssion of information together with a
recei ver apparatus, using an orthogonal frequency and code diVvisi o)n
mul ti pl exi g rbkpeskys band sehews de paes 18 Ne ng i w3t cal

information by a plurality of sub-carriers, the transmtterﬁgﬁpdoa%atus 15
conpri si ng: ceanwerddéduismeant frve peo-athaingl chpbeF fFRERERanIS ¢ Hed

information according to synbols transmitted sinulta ousl%/' and.g r eadi ng
means for speaadifiguesenuertsooRE dd A9BHHRY Jsri/:}%bef CFFE alfszfe(gst one
of a frequency direction and a tine directi On'q?f)x/ a s%t ea(?i ng%)?odﬁhgequence
of a first gphaadialy drautrora dbiee s Hed PGt a FEA T of ' chdngeabl e
spreading factors. 22. The transmitter apparatus according to Caim25 21,
conprs si ng Siwldah imgy ekt ¥a3rs drhdi ng a sequence of parallelized synbols
in both a frequency direction 56 FP02-0191-00 and a tine direction by a
spreadi ng code sequence of a first spreading factor determ ned based on a
plurality of changeable spreadF‘;}gufagtors. 23. The transm tter apparatus
according to G—ﬁ'r G0y 2105 8difbri ~fPirst spreading factor determning
means for obt a¥ ing a propagati%fenvi ronnent indicating a condition of a
propagati on path between the transmtter and the receiver and determ ning

said first spreading factor accordi to gath on.g0vi-pomerrt . 10
24. The trand®i @t%?Slébbar‘é]?%sc%ﬂﬁ?ggnbnt (%H%I lglﬁ?negB?E\t/L\Ee?gi n said first

o opagat on @6l SFGOpEFETRaRd LSE ey BRI oy Sor G20 Geaai g ond @

consideration to the sectoring effect. When the

10 sectoring is further taken into consideration, the
OFCDM permitting the cell frequency reuse of 1
demonstrates the greater capacity increasing effect by
the sectoring than OFDM, so that the capacity
increasing effect of the OFCDM becomes much greater

15 than that of the OFDM.

As described above, it is seen that the OFCDM and
the OFDM are suitable for their respective cell
environments different from each other. Accordingly,
by determining an access method (either <the OFCDM

20 scheme or the OFDM scheme) to be activated according to
a cell environment, it becomes feasible to realize the
fastest information transmission rate in each cell
environment and achieve increase of capacity.

Specifically, SF greater than 1 is used in the
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propagation environnent. 15 25. The transmtter apparatus according to
Claim 21, conprising second spreading factor determ ning nmeans ffep2-0191-00
determ ning said first spreading factor on the basis of a conmand from
outside. 26. The transmtter apparatus according to Caim20 25, wherein

sai d second spreading factor determ ning neans determ nes said first

spreadi ng factor according to either information indicating a cell

configuration or information_desig i_n £8H 19 fasten, obnecheded in
control inf@@#ﬁ”%ﬁl?‘eﬁpgééﬂﬁ“ﬁah Egﬁcgo%lr%n}‘p%rom 25 o%tsi de. 27. A

recei ver apparatus configured 10 receLv 15 re iR P18duHO siEgnal
radi o- t r ans#i¥€edS8sidfy ‘g‘?} 5‘??#@6%%?% (raceegtuencﬁ/ed;nd c%de di vi si on

mul ti pl exi ng transm ssi on._sche rom,a {gLagspi tityer tREPHiaigls-cedild
receiver apgar &es %Btﬂ(?ﬁi ?iaﬁg.’n%épr eédi}hég ?act olr control receiving nmeans

for separating the receive sige ei gt tidhe reereyerso i asotat | east
one of sub- @&V%F@P@eﬁﬁd %ﬁfﬁe-gggg}ggénb% s and integrating coherently at

| east one of subcartiers I e axi@hn s WAy R pMirdeertief QHIMN is 10
equi wal ent €H2RIE FOFE § Fggg)iltﬁgg?}ar%;éor (?Zt erm ned based on a plurality of

changeabl e spreading f .Usi Ng ghehanngtegsénapt i omtvial ika taieh a
specific sp%&&&ie%’d codgﬁégéégﬁgg 28. The receiver apparatus according to

Claim 15 27, glecr.eein%;ai d spreading factor control receiving nmeans for
separating e YEEPe si gnal received at the receiver, into both

sub-carriers and tjne- axhaknsyBhalS @petéms egreaapiinedodervéaesy Hoth
sub-carriers and thaggsal Islynbol s the nunber of which is equivalent to a

20 first spreasgg&gc-ﬂ‘@ect or, Galer Mmineeifased onfarpl udafEeyest chadgéabl e
spreadi ng f dcYOrs, usi ng a channel estimation value and a specific
Sprgﬂying CQQ@fo%&E%H%%, whereas the wvariable spreading factor
OFCDM is adaptable to the different cell environments
by simply varying SF, thus reducing the cost for
installation of apparatus.
Fig. 9 1is a diagram showing a configuration
15 example of the transmit baseband processor in the case
where the variable spreading factor OFCDM of the
present invention is applied to the downlink. The
transmit baseband processor is placed in the baseband
signal processor of the base station 202 shown in Fig.
20 3.
In Fig. 9, the transmit baseband processor is
comprised of a channel encoder 40, an interleaver 41, a
multiplexer A 42, a data modulator 43, a multiplexer B
44, a serial/parallel converter (S/P) 45, a copier 46,

25 multipliers 47:-47., an IFFT (inverse fast Fourier

transform) section 48, a guard interval inserter 489,
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29. The recei ver apparatus accordi i
pal ng to Claim?25 27, wherein sai i
:gftgg cogkgglOagiebglggtgeans.conpriges spreadi ng factor determ%@;g%ﬁgg;%%
02- - ( rmning said first spreading f i
of control information included in i Tt o Chet e Dasts
_ _ _ a control signal sent fromthe
222253};te[ azla_connunlcatlng_correspondent. 30. The receiver apparatus
gto aim?29, 5 wherein said spreading factor determ ning neans

determ nes said first readi ng f i i
det ¢ _ carding to eith i i
i ndi cati ng @ﬂ@e@lsEﬁﬁ?égﬁgaf?%% 8§ﬁgg%8§%a?an gesign;tiﬁg ;ngg:ggé:ﬁg

factor, included in the control i | i
. - he n t
o ol L o, e e R A T A B A Rod . A

| . A A A3. A>&Y. AFs. Al &Y. A, : :
A A 29§Y.AS$F=§L .\l(AIS).eAfjﬁs.Cﬁ REERORNEH ﬁ_(&%ég@lﬁﬁ_xiﬁﬁ' RN, A
. CACA _s . " . L ’ .
05 Fg[a ]hz} xen d_ZU]AI%QFtk,ﬁ]:C??%% C5H20) (SPRST i) oal oo CAaat]tCaaC]hCea"]l Cat]OC o] cal cal
T EbikouoRsrie GRS P dcaf ey ?Z}l%ﬁﬁ%%;%ﬂ?ﬁﬁ%éf*ﬁmmw %
_ cal ¢
1 f;‘! ??L(@ng]éga%fﬁéfﬁgdﬁﬂ Ca](8@1’6@]-@a]:@a]:tabﬁeﬁhagd(@?7%1152%8815gg]gg?
ca] ca] ca] cal ny xsfit & 2] ca] ca] cal ca ca] caj ca] cal ca] cal cal cal ca] cal cal
oS oy @é%&%}?ﬁc %?X'Wsﬁﬁd%ﬁ gﬁ}mr@wctea EEoJu
_ ca
cal ca] ca] cal ia] ca gal eabaabsal eakeakan] oaf calsa] Cabbartarcatical carsal Ve
AR AN i BpREEOO honodal M) xomi ok oal: ;
ﬁgfi}c?]f?}fa éaica ca]ca]ca]ca]ca]ca]ca]é%?gg%ggﬁgg?%gﬁﬁg}gnggTEQ}gg¥ﬁﬁLﬁ
{qu]g(g] ;:(] ol Cj%i%é;w]ljg%?\gl]} r ﬁjﬂVIa}t@/}/tl{ljél{lpthe data is multiplexe wlgﬁ '
ca] ca] ca] ca] ca] ca] A
colce el el coleal ol cal sl caecpeans oty e i Sfeffe el calal'
ca] ca] ca] ca] ca] ca] ca] ca] ca] ga] ca] cal ¢

a] ca] ca] cal WY | ca]calc
B e e

at the data modulator 43 and the data is further

multiplexed with pilot pits for channel estimation and

15 control information symbols of the lower layer at the

multiplexer B 44. This multiplexed symbol data

sequence 1is subjected to serial/parallel (S/P)

conversion at the serial/parallel (s/P) converter 45 to

be converted into parallel data in the number equal to

(the number of all sub-carriers/the spreading factor)

20
(step S01).
The spreading factor is specified by spreading
factor setting information from controller (step S02).
The spreading factor is specified by the propagation
25 environment, which indicates the condition of the

propagation path between the transmitter and the
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- 8109 () - +adualdloed'the spreaddnggf@cton | (SBLOGXLERS- copier 46

(step S03). At this time, the copying operation of the
same symbols to the SF sub-carriers can be implemented

by repeatedly reading out the symbol sequence stored in

a memory. At the copler 46, the same information
10 symbols are also preferably copied to continuous OFCDM
symbols. At the copier 46, the same information

symbols are also preferably copied in both a frequency
direction and a time direction. The spreading factor
is designated by spreading factor setting information
15 fed from the controller. After that, the SF,
continuous, identical symbol sequences are spread (or
scrambled) by spreading codes of the spreading factor
SF allocated peculiarly. Then the spread symbol
sequences in the number equivalent to the number of all
20 sub-carriers are subjected to the inverse FFT (IFFT)
operation at the IFFT section 48 to effect
time/frequency conversion into multi-carrier components
orthogonal on the frequency axis. Finally, a guard
interval is inserted into a symbol of each sub-carrier
25 of the multiple carriers at the guard interval inserter

49, This guard interval insertion is implemented by
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copying a signal waveform equivalent to last Ner FFT
samples of each symbol, to the head of each symbol.
The transmit baseband processor transmit the processed
data (step S04).

5 Fig. 10 is a diagram showing a configuration
example of the receive baseband processor in the case
where the variable spreading factor OFCDM of the
present invention 1is applied to the downlink. The
receive base band processor 1s also installed in the

10 base band signal processor of the base station 202
shown in Fig. 3.
As shown in the same figure, the receive baseband
processor is comprised of a guard interval remover 51,
a symbol timing detector 52, a channel estimator 53, an
15 FFT (fast Fourier transform) section 54, mnultipliers A
55,-55,, multipliers B 56,-56,, an in-phase adder 57, a
parallel/serial (P/S) converter 58, a spreading code
generator 59, a likelihood calculator 60, and an error
correction decoder 61.
20 The operation in the receive baseband processor
will be described below. (cf. Fig. 10,Fig. 19)
The receive baseband processor receive the
transmitted data (step S11).
The symbol timing detector 52 first detects the
25 symbol timing (which is the timing for execution of FFT

operation and which is also called FFT window timing)
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detection of guard interval spaces. The guard interval

remover 51 removes signals of guard intervals from the

5 symbol timing detected at the symbol timing detector 52

as described above. Thereafter, the FFT section 54

performs the FFT operation based on the estimated FFT

window timing to convert the multi-carrier signal into

parallel symbol sedquences. Since the received signal

10 underwent the multi-path fading (frequency selective

fading) through terrestrial mobile telecommunication

propagation in the cellular system, the channel

estimator 53 éstimates the channel impulse response of

each sub-carrier (channel variation), using the pilot

15 symbols (step S12) . The coherent adder 57 performs

coherent addition (i.e., despreading) on the frequency

axis of OFCDM symbols of SF sub-carrier components from

the channel estimation values of the respective sub-

carriers and the spreading codes used in spreading,

20 thereby generating an information symbol sequence (step

S13). At the coherent adder 57, performs also

preferably coherent addition on the time axis. At the

coherent adder 57, performs also preferably coherent

addition both on the frequency axis and on the time

25 axis. The despread information data symbols in the

number equal to (the number of all sub-carriers/the
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and thereafter error correction-decoded at the error
correction decoder ©61. Then the information symbol

5 sequence after the error correction decoding 1is

subjected to soft decision to recover the transmitted
information data (step s14).

The following will describe the handover
operation in the case where the wvariable spreading

10 factor OFCDM of the present invention is applied to the

downlink in  the multi-cell environment in the
configuration of Fig. 1.

supposing a radio 1ink of a communication channel
has already been established between a mobile station

15 staying in an area of an original base station before

nandover, and the base station, the mobile station is
notified of a cell-specific scramble code of a handover
destination cell by a control channel attached to the
communication channel. If at all the cells a
20 predetermined value (fixed value) is set as a spreading
factor of a common control channel for each mobile
station of a downlink to first establish a radio link,
the mobile station will be able to receilve the common
control channel of the downlink of the handover

25 destination cell. Therefore, 1f the common control

channel of the handover destination cell includes
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channel, tg) g%b (y%&égtggn. The spreading factor
is determined at the Dbase station of the handover
destination cell. Specifically, the base station of
the destination cell determines the optimal spreading
factor on the basis of the delay profile generated from
the received signal of the communication channel of the
uplink from the mobile station.

Since the  base station of the handover
destination cell provides the command to designate the
spreading factor, to the mobile station as described
above, the mobile station is able to receive and decode
the communication channel of the downlink of the
handover destination cell, using the spreading factor
thus designated.

Fig. 11 shows the simulation specifications used
for evaluation of capacity of the variable spreading
factor OFCDM of the present invention by simulation.
The evaluation of capacity was carried out based on the
average Block Error Rate (BLER) of OFCDM.

As indicated in the same figure, the radio
bandwidth (Bandwidth) is 80 MHz and one packet (Packet
length) consists of OFCDM pilot symbols of Ny = 4 and

OFCDM coded information symbols of Na = 60. The number
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information symbols, and one code of one packet in
OFCDM includes information symbols numbering 60 (Ng) x
512 (N.) /32 (SF) = 960. Therefore, under the condition
of one block of 960 information symbols, the capacity
evaluation was conducted Dby comparison between
capacities of OFCDM and OFDM based on averadge BLER.
The modulation methods for Data Modulation/Spreading
both were OQPSK; the channel coding/decoding methods
(Channel coding/decoding) were Convolutional coding
with the coding rate (R) of 1/2 and the constraint
length (K) of 9; the channel decoding was done by Soft
decision Viterbi decoding. The Maximum Doppler

frequency was 80 Hz.

Concerning the multiple access interference in
the multi-cell environment, consideration was given to
interference from six cells surrounding the target cell
in the case of OFCDM and to interference from six
proximal cells using the same frequency in the cell
frequency reuse of 3 in the case of OFDM. A signal
from each cell was assumed to be affected by the fourth
power rule for distance attenuation, shadowing in the
logarithmic normal distribution with the standard
deviation of 8 dB, and multipath fading. Figs. 12A and

12B show Channel models of the multipath fading. The
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spread o = .21 us) consisting © three path groups,
each group being comprised of eight paths in a
triangular distribution of average received powers (cf.
5 _ Fig. 12A), and an 18-path model (o = 0.29 us) in an
exponential distribution (cf. Fig. 12B).

gince Document 2 presents the capacity evaluation
in the single-cell environment, the capacity
characteristics in the single-cell environment in the

10 variable spreading factor OFCDM will be first described
with reference to Fig. 13.

When in the single-cell environment comparison is
made as to the required average received Ep/No
characteristics for average BLER = 1072 (without

15 antenna diversity reception) against change in the
number of multiplexed codes, the number of multiplexed
codes in the OFCDM (SF = 32) satisfying the same
required average received Eo/N, as that in the OFDM (SF
= 1) is potentially up to 32 in the case of the 24-path

20 model, while it is about 20 in the case of the 18-path
model of the exponential distribution, so as to result
in the frequency utilization efficiency lower than in
the case of SF = 1. This is conceivably because the
decrease in the number of paths decreases the diversity

25 gain and the increase of the delay spread magnifies the

influence of breakdown of orthogonality on the

44



100 10% & ()- 10% & ()-! "10% (& ()-10% & ()-10% & () -
104 & ()- R ",afapa}™?k” A L6 10%0% & ()-3 #10% & ()-!'v3 #10%/( V(& (2) -L
104 & ()-'qg y#10% (& ()- 10% & () - paa>bbcCchcz[ <k A L6, 8Y FP02-0191-00
10%4 & () - 3&6#10% & ()-S2310% & () -!'3*#10%d(d( & ()-!'3*#10% (& ()-! &
10% (& ()-hckcl cncne{cl ddde~\:
F#109%x<& ()-1'#109% <} <& ()-1'd#10% <t <& ()-1, &109%& ()- 10( 10(
10(<10% & () - def gh{ h~hhhhwXMB7 10< 10< 10<<
109%<&' () - ! #10BseRI€NC ! D9 <&' () - 1! #10Ux<x<& () - 1! #10%<<& () - I1hhhhhhi dEMB7
10< 1fFI0%& ()-@ ,,10%<& () - . . _
"10%<& () - 10%<& () -Fisd 0%k gHovea ot ¥9swll j o§ UkianuBapion to provide
!fFlQ%K<&f()-@D!fFlO%K<&f()-@3!|fF10%K<&f()-@D!folO%ﬁ<&'()-@9!an10%ﬁ<&f()
-@!i f FI0%<&(9rag@%| Bdgk] fqha}naﬂw;rqsqlgzslo%g]aggr@t 3shange “in the
10%& ()-310%& ()-1109%& ()-'fF10%<& ()-@'fF10%<& ()-@I L1111 Pm_=
0 numégr of m& tiplexed éghé? under tﬁg @%ulti—ceﬁl -
5 environment in the wvariable spreading factor OFCDM.
The preconditions were that average received Ep/N, at
the cell edge was 20 dB, antenna diversity reception
was taken into consideration, and no control was made
on transmit power.
10 As shown in the same figure, average BLER with SF
= 1 (the number of multiplexed codes 1is 1) is
approximately 107 (@ in Fig. 14), and the reason for
it is that influence of the co-channel interference
from the other cells is great in the cell frequency
15 reuse of 3 to degrade the performance. It is seen from
the same figure that the number of multiplexed codes
with SF = 32 satisfying the average BLER equal to that
with SF = 1 is about 16 (@ in Fig. 14).
Let us define here the capacity per cell n by the
20 equation below, where Ry is an information transmission
rate in use of the entire radio bandwidth, B an
insertion loss of guard intervals and pilot symbols, F

the frequency reuse, and K the number of multiplexed

codes.
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The capacity n with SF = 1 (= norm as a capacity

per cell of OFDM) is derived as follows.

80x10° { 512 60Y1
- : S0V _ 20.9Mbps
Morou =~ (512+1oo 64] 3 P

5 Furthermore, the capacity n with SF = 32 (= NorcoM

as a capacity per cell of OFCDM) is derived as follows.

6
Noscon =3°>3<;° { 512 -99}1-16=31.4Mbps

512+100 64/ 1

This verifies that in the multi-cell environment
the OFCDM is able to secure the capacity greater than
10 the OFDM. Namely, SF is set greater than 1 to realize
the frequency reuse of 1 in the OFCDM, thereby
achieving the greater capacity.
As described above, the variable spreading factor
OFCDM using the variable spreading factor employs SF >
15 1 and the multiplication of scrambling codes on the
frequency axis in the multi-cell environment to realize
the greater capacity by the cell frequency reuse of 1,
and SF = 1 in the single-cell environment to realize
the increase of frequency utilization efficiency.

20 Ssince the cell environments and propagation
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SF, the connection between different cell environments

can be made seamless in the same apparatus
configuration. As a result, it is feasible to cover a

5 wide cell coverage without need for use of individual
devices for the respective cell environments.

In the above examples, the serial/parallel
converter 45 corresponds to the converting means, the
spreading code generator 50 to the spreading means, the

10 delay spread acquiring function of the radio
transmitter/receiver 14 to the first spreading factor
determining means, and the outside interface function
of the controller 17 to the second spreading factor
determining means. The controller 29 of the mobile

15 station 100 corresponds to the spreading factor control
receiving means and the outside interface function of
the controller 29 to the spreading factor determining
means of the receiver apparatus.

Although the embodiment described above was

20 configured to estimate the variation of propagation
paths at a certain moment and perform weighting on the
basis thereof, it is also ©possible to combine
information symbols two-dimensionally copied on the
frequency axis and on the time axis by the copying

25 means (Copier). By performing the weighting utilizing

a plurality of frequencies and times as described, it
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signal against variation in the time direction, i.e.,
against the fading variation as well.
From the invention thus described, it will Dbe
5 obvious that the embodiments of the invention may be
varied in many ways. Ssuch variations are not to be
regarded as a departure from the spirit and scope of
the invention, and all such modifications as would be
obvious to one skilled in the art are intended for

10 inclusion within the scope of the following claims.

Industrial Applicability

In the present invention, this radio transmission
system can be made to act as an OFCDM or OFDM system by
changing the radio parameter of the transmitter's and

15 receiver's spreading factor in the same radio access
scheme. For this reason, it Dbecomes feasible to
provide flexible use of the two schemes of OFCDM and
OFDM and to provide a radio access scheme capable of
realizing large capacity with high frequency

20 utilization efficiency (the number of communicating
users capable of meeting the required reception quality
per cell), independent of cell configurations and
propagation environments.

Hence, it is able to provide a radio transmission

25 system configured to vary spreading factors for

transmitted information through use of OFCDM and
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1. A radio transmission system configured to, on
the occasion of radio transmission of information
between a transmitter and a receiver, perform the radio

5 transmission of information using an orthogonal
frequency and code division multiplexing transmission
scheme of parallelly transmitting identical information
by a plurality of sub-carriers,

wherein said transmitter comprises:

10 converting means for parallelly converting
channel-coded information according to symbols
transmitted simultaneously; and

spreading means for spreading a sedquence of
parallelized ‘symbols in at least one of a frequency

15 direction and a time direction by a spreading céde
sequence of a spréading factor determined based on a
plurality of changeable spreading factors.

2. The radio transmission system according to
Claim 1, wherein said the spreading means for spreading

20 a sequence of parallelized symbols in both a frequency
direction and a time direction by a spreading code
sequence of a spreading factor determined based on a
plurality of changeable spreading factors.

3. The radio transmission system according to

25 Claim 1, wherein said transmitter comprises first

spreading factor determining means for obtaining a
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according to the propagation environment.
5 4. The radio transmission system according to
Claim 3, wherein said first spreading factor
determining means obtains a delay spread indicating a
propagation delay property and uses said delay spread
as said propagation environment.
10 5. The radio transmission system according to
Claim 1, wherein said transmitter comprises second
spreading factor determining means for determining said
spreading factor on the Dbasis of a command from
outside.
15 6. The radio transmission system according to
Claim 5, wherein said second spreading factor
determining means determines said spreading factor
according to either information indicating a cell
configuration or information designating a spreading
20 factor, included in control information representing
the command from outside.
7. The radio transmission system according to
Claim 1, wherein said receiver comprises:
spreading factor control receiving means for

25 separating a receive signal received at the receiver,

into at least one of sub-carriers and time~-axial
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equivalent to the sp ading factor determined based on

the plurality of changeable spreading factors, using a

5 channel estimation value and a specific spreading code
sequence.
8. The radio transmission system according to

Claim 7, wherein said receiver comprises:
spreading factor control receiving means for
10 separatiné a receive signal received at the receiver,
into both sub-carriers and time-axial symbols and
integrating coherently both sub-carriers and time-axial
symbols the number of which is equivalent to the first
spreading factor determined based on the plurality of
15 changeable spreading factors, using a channel
estimation value and a specific spreading code
sequence;
9. The radio ¢transmission system according to
Claim 7, wherein said spreading factor control
20 receiving means comprises spreading factor determining
means for determining said first spreading factor on
the basis of control information included in a control
signal sent from the transmitter as a communicating
correspondent.
25 10. The radio transmission system according to

Claim 9, wherein said spreading factor determining
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in the control signal from the transmitter.
5 11. A radio transmission method configured to,
on the occasion of radio transmission of information
between a transmitter and a receiver, perform the radio
transmission of information using an orthogonal
frequency and code division multiplexing transmission
10 scheme of parallelly transmitting identical information
by a plurality of sub-carriers,
wherein converting means of said transmitter
comprises a step of parallelly converting channel-coded
information according to symbols transmitted
15 simultaneously, and
wherein spreading means of said transmitter
comprises a step of spreading a sequence of
parallelized symbols in at least one of a frequency
direction and time direction by a spreading code
20 sequence of a spreading factor determined based on a
plurality of changeable spreading factors.
12. The radio transmission method according to
Claim 9, wherein spreading means of said transmitter
comprises a step of spreading a sequence of

25 parallelized symbols in both a frequency direction and

time direction by a spreading code sequence of a
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spreading factor determined based on a plurality of
changeable spreading factors.
13. The radio transmission method according to
Claim 11, wherein first spreading factor determining
5 means of said transmitter comprises a step of obtaining
a propagation environment indicating a condition of a
propagation path between the transmitter and the
receiver and determining said spreading factor
according to the propagation environment.

10 14. The radio transmission method according to
Claim 13, wherein said first spreading factor

determining means obtains a delay spread indicating a
propagation delay property and uses said delay spread
as said propagation environment.

15 15. The radio transmission method according to
Claim 11, wherein second spreading factor determining
means of said transmitter comprises a step of
determining said spreading factor on the basis of a
command from outside.

20 16. The radio transmission method according to
Claim 15, wherein said second spreading factor
determining means determines said first spreading
factor according to either information indicating a
cell configuration or information designating a

25 spreading factor, included in control information

representing the command from outside.
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5 one O sub-carriers and time-axial symbols and

integrating coherently at least one of sub-carriers and
time-axial symbols the number of which is equivalent to
the first spreading factor determined based on the

plurality of changeable spreading factors, using a

10 channel estimation value and a specific spreading code
sequence.
18. The radio transmission method according to

Claim 17, wherein spreading factor control receiving

means of said receiver comprises a step of separating a

15 receive signal received at the receiver, into both sub-

carriers and time-axial symbols and integrating

coherently both sub-carriers and time-axial symbols the

number of which is equivalent to the first spreading

factor determined based on the plurality of changeable

20 spreading factors, using a channel estimation value and
a specific spreading code sedquence.

19. The radio transmission method according to

Claim 17, wherein spreading factor determining means of

said spreading factor control receiving means comprises

25 a step of determining said first spreading factor on

the basis of control information included in a control
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20. The radio transmission method according to
Claim 19, wherein said spreading factor determining
5 means determines said first spreading factor according
to either information indicating a cell configuration
or information designating a spreading factor, included
in the control signal from the transmitter.
21. A transmitter apparatus configured to
10 perform radio transmission of information together with
a receiver apparatus, using an orthogonal frequency and
code division multiplexing transmission scheme of
parallelly transmitting identical information by a
plurality of sub-carriers, the transmitter apparatus
15 comprising:
converting means for parallelly converting
channel-coded information according to symbols
transmitted simultaneously; and
spreading means for spreading a sequence of
20 parallelized symbols in at least one of a frequency
direction and a time direction by a spreading code
sequence of a first spreading factor determined based
on a plurality of changeable spreading factors.
22 . The transmitter apparatus according to Claim
25 21, comprising spreading means for spreading a sedquence

of parallelized symbols in both a frequency direction
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5 21, comprising first spreading factor determining means
for obtaining a propagation environment indicating a
condition of a propagation path between the transmitter
and the receiver and determining said first spreading
factor according to the propagation environment.

10 24. The transmitter apparatus according to Claim
23, wherein said first spreading factor determining
means obtains a delay spread indicating a propagation
delay property and uses said delay spread as said
propagation environment.

15 25. The transmitter apparatus according to Claim
21, comprising second spreading factor determining
means for determining said first spreading factor on
the basis of a command from outside.

26. The transmitter apparatus according to Claim

20 25, wherein.said second spreading factor determining
means determines said first spreading factor according
to either information indicating a cell configuration
or information designating a spreading factor, included
in control information representing the command from

25 outside.

27. A receiver apparatus configured to receive a
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signal radio-transmitted using an orthogonal frequency
and code division multiplexing transmission scheme from
a transmitter apparatus, said receiver apparatus
comprising:

spreading factor control receiving means for
separating the receive signal received at the receiver,
into at least one of sub-carriers and time-axial
symbols and integrating coherently at least one of sub-
carriers and time-—-axial symbols the number of which is
equivalent to a first spreading factor determined based
on a plurality of changeable spreading factors, using a
channel estimation value and a specific spreading code
sequence.

28. The receiver apparatus according to Claim
27, wherein said spreading factor control receiving
means for separating the receive signal received at the
receiver, into both sub-carriers and time-axial symbols
and integrating coherently both sub-carriers and time-
axial symbols the number of which is equivalent to a
first spreading factor determined based on a plurality
of changeable spreading factors, wusing a channel
estimation wvalue and a specific spreading code
sequence.

29. The receiver apparatus according to Claim
27, wherein said spreading factor control receiving

means comprises spreading factor determining means for
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determining said first spreading factor on the basis of
control information included in a control signal sent
from the transmitter as a communicating correspondent.
30. The receiver apparatus according to Claim 29,
wherein said spreading factor determining means
determines said first spreading factor according to
either information indicating a cell configuration or
information designating a spreading factor, included in

the control signal from the transmitter.
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